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PFRATIONAL FNFRGY GROIIP FINMITER.

///ERS

ACCIDENT INVESTIGATION REPORT Page 1 /2

1. BASIC DETAILS Report number: 366 Date: 28 n.1L66
Date of Incident 26/9/2566 Time : 9.200,
Hazards source: wanTuduna ﬁ'uunm:f_mﬁaifﬁ'ﬁ GRAT
Location of Acciden fAsunn |
Did this accident result in: O Mear Miss O Disability Ol?alalily

@ Injury: Firstaid 3w @maiiou Medical reatment

O Lost time accident: 0 day(s)

O Properly damage : (details) *
Injured Employee Name: 'll'lumﬁ\'l'é Janay Age: 201l 6 iiou year(s) Experience: 1 year(s)
Position: AU Depariment: nan. ned qn'i wnmos i
Part of body 'I‘f'liﬁ a0 Nature of damage:  WWWININE !'I'mi'a'l'f'l'éﬁ pdw
Other injured employee () UiIMARMEIINAIMNBBNUAT IUHAERTA ;
Witness: wuang 47 o
Attached (Interview with and hed )

2. RISK POTENTIAL
This accident could have realistically resulted in (Tick appropriate box)
@ LOW POTENTIAL = No incapacity to work
= Plant damage < 10,000 THE.
O MEDIUM POTENTIAL - Temparary incapacity to work, one (1) more lost day
- Permanent partial incapacity to work
- Plant Damage 10,000 to 100,000 THB,
O HIGH POTENTIAL = A fatality or total incapacity to work
- Plant domage > 100,000 THB,

QPFRATIONAI FNFRGY GROINIP HINITFR
///ITHERsE

ACCIDENT INVESTIGATION REPORT Page2/2

4. BASIC COURSE FROM ANALYSIS RESULT
O Unsafe Act. Because;

6 Unsafe Condition. Because;

qunsaida@ana Tflinnnzan wazqunsal pee hifuamadludivagafiod

@ Basic Cause from O Employee O Work System
- s . - - - - - 0 -
1. 85anzvoaana b @afanfa linnnzaun Miudoafoumy uesanliunifouasvodams e Tinnnz mudulszondu

2. qunanl prE hinnnemndugailon Himuwnsadeadumuld

5. SUMMARY OF ACTION(S) TAKEN TO PREVENT REOCCURRENCE
= - m, oo Ay oy P S )
1 iwginsaid miudanahifnda efonomod i)
2 bunldoumiasvodafa i Wiawdwnozoaifuvasdands - afooTadaudanahigs )
3. dan mu‘inﬁu'afhns"uuuﬁmwidﬁa.'lﬁ'ﬁi'mum

o~ e - - A - 4 i - A
4. Fimaifiusaumsdn 2 3o (1 iandoodaluGualfond 2. Aeaheanafinty)

P ;3 -
sUsuuRvEaN IR L T dehiEduitdmiuham

Responsible person: r[uﬁ l'iﬂ-irgh Completed date: 28 UBDU 2566

JINCIDENT STATEMENT
(Record details, diagrams, photos, statements, sequences of events, experience/ Training, instructions given)

e o Y - s = - : . ' - "ot
Jui 26 n.0.66 UfjURsuamun fe Wianzvedafiabi fdfawks inlifvemnandusazgasanabinzssediasand i 2 waubiii

6. INVESTIGATION COMMETTEE

Signature (Chairman) Signature 1 ( Committee )
Signature 1 ommittee)  Signature | @miﬂcc )
- ; )
Signature ( Commiltee ) Signature 1 | Committee and Secretary)

7. FOLLOW UP BY ACTION(S) TAKEN TO PREVENT REOCCURRENCE (ITEM 5)

@ Satisfied

O Need 2™ follow upon :

Followed up by: " Section

REMARK:

1. This report should be completed within 7 workdays following the accident. To collect original report at Safety Section,

2. Copy this report to Plant Mamager and Owner representative
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Safety Talk List Safety Talk List

Date Topic Talker Department Picture Date Topic Talker Department Picture
1-Nov-23 miﬂf]u”ﬁﬂﬁ'nwﬁwlummﬂaaﬂﬁﬂ Mr. Sompop C. Control and Instrument 11-Nov-23
ax y
NIUANEIANNAUINAIVOITEUD
2-Nov-23 Overflow 910 N38i Caribbean Mr. Nopparat P. Safety 12-Nov-23
Petroleum Corporation Tl laa¥
3-Nov-23 mslfiaiianelulse lih Ms. Chadaporn K. Chemist 13-Nov-23
gUnssifunseenmaoadodu
4-Nov-23 14-Nov-23 Mr. Apichart K. Plant Manager
yana
5-Nov-23 15-Nov-23 MINATDUNIT Lock out Tag out Mr. Nattawut K. Electrical
UszmensgnINgaamnI Ty
fos nsmsamnlaoagufvaiumsants
6-Nov-23 16-Nov-23 o o Mr. Nopparat P. Safety
amailulsanugaamngsy
WA, 2565
anwaeanslumaiauny
7-Nov-23 - . Mr. Apichart K. Plant Manager 17-Nov-23
ADUNIANDT
8-Nov-23 Human Error Mr. Jirawat T. Maintenance Manager 18-Nov-23
9-Nov-23 Qﬂﬂii\f Lock out-Tag Out %Y Mr. Nopparat P. Safety 19-Nov-23
7 4
10-Nov-23 HouNUAUNEI91A15 E&C Mr. Pisit A. Operation 20-Nov-23 Tsaunhuou Mrs. Nannalin L. Admin.




Safety Talk List

Safety Talk List

Date Topic Talker Department Picture
[ EXEXXEET]
. 2 .
21-Nov-23 | anutlaeasslunsiu-asiiula Mr. Apichart K. Plant Manager
22-Nov-23 mmﬁﬁmmadﬂgmﬁﬂuiuiiwm Mr. Amornchai K. | Control and Instrument
23-Nov-23 nydiAnEd R asida Mr. Nopparat P. Safety
24-Nov-23 fonssuilgnih
25-Nov-23
26-Nov-23
ousuANuilasanslunisinau
27-Nov-23 a1 o .
Heanudsaiia
gy cc0c000e
28-Nov-23 | masisousuiie 6 Isanthnun Mr. Apichart K. Plant Manager E
29-Nov-23 M3 KYT mihau Mr. Somchai C. Mechanic
UY3ZMANTZNTNGATIMNTTY (509
30-Nov-23 mstlesfunazsziusafnelu Mr. Nopparat P. Safety

159970 WA, 2552

Date Topic Talker Department Picture
msswundszinnuesaianiily
1-Dec-23 , Mr. Phatsanai P. Operation
MIVUE
2-Dec-23
3-Dec-23
4-Dec-23
5-Dec-23
6-Dec-23 NIz
=
7-Dec-23 | M3 IsA vesnululselvlth Mr. Nopparat P. Safety
anulasanslumsianuieany
8-Dec-23 e ¥ Mr. Tanon H. Operation
i
9-Dec-23
10-Dec-23

11-Dec-23




Safety Talk List

Date Topic Talker Department Picture
y A o % PR ] @ TEmdoordhgulidula
TdnTeariniguligule wlarli
12-Dec-23 o Mr. Apichart K. Plant Manager £
uazilaeassiiga &
13-Dec-23 Safety and Energy Day 2023
M31JUiRuuAga (Drop Out
14-Dec-23 Mr. Nattawut N. Operation Manager
Fuse)
15-Dec-23 | gunsaiflosiuduasiodinyana | Mr. Chaowalit H. Operation
16-Dec-23
17-Dec-23
o A4 2 v . .
18-Dec-23 sz Tomiveamsanimew Mr. Vorawit P. Admin.
5 Adszndandanululsam
4 e P .
19-Dec-23 qmﬂﬁﬂiiimﬂmﬁﬂﬂixqﬂﬁﬁl‘iﬂﬂ Mr. Apichart K. Plant Manager
939
20-Dec-23 Millu :ﬁ 10 szmannulaesanty Mr. Apichart K. Plant Manager
ngszns Ammnasglumnims fams
nazduiiumsduanulaoai edreuionas
21-Dec-23 Mr. Nopparat P. Safety
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ORERATIONAL ENERSY GROUF LIMTED
iees ]

RATCHABURI WORLD COGENERATION PLANT

BLOCK#2 CONTROL ROOM LOG SHEET

EQUIPMENTS
TAG

SYSTEM DESCRIPTION

Al4 / A141 (SEPAM GB8O) GENERATOR PROTECTION RELAY

Specific

o or Setting

Date:

26- Dec- 2023

09:00

21:00

Ta1 GTG COOLING AR COLD TEMP. NDE#1 / NDEH2 o Hyasa, HEaES 83 / &3 M /R
v5. GTG COOLING IR COLD TEMP. DEX1 / DEM2 o H1s4, H2:59 8L / B 3 /A
T61 GTG COOLING AIR HOT TEMP. RIGHT SIDE/LEFT SIDE % H185, H2e54 88 /8% |9 /®m
_ﬁ_ﬂ [SEL-'?QE) DIGITAL MULTIMETER
ACTIVE FOWER MW SFa40728 3 b <
MVAR 5F=30546 4 'l q"\
A 144 aey
A SFe2672 31 Qo
A SF=2672 I:Ll l ‘le'lm
KV SFuil ” * G 'l\\")
KW sE=it .0 1
kY SFall .o “ﬂ
STATOR FREQUENCY Hz s st 49,99 SUO
pFT3 POWER PACTOR spe08 0-9% 0
EXCITER P1 - EXCITOR VOLT METER v SF=48 lg- L’tq
Pau‘tntn P2 - EXCITOR CURRENT METER A SFeb 9 \3 ’-] gfl
A3 -/Z{D INDICATOR -
b voe MAIN O lyouscma 24 VDC MAIN voLT cTRL
PF CTRL 24 VDC BACK PF CTRL

VARCTRL

VAR CTRL

A4 VDT BACK
AVR A OK

AVR B OK

ISYNC OPER

|BUS ALIVE

AUTO SYNC

s
o
9
Q’M‘Rﬁoﬂ
o
g
%)
o

éf [AVR B ACT

ololelojolo

|rEmoTE

~1

[oY
0
e
@)
0
2°]

A4 - LED ]IEI[C.RTOR

ﬂ}ﬂ& RATCHABURI WORLD COGENERATION PLANT
T e BLOCK#2 CONTROL ROOM LOG SHEET ’

EQUI_:.’:!GENTS SYSTEM DESCRIPTION UNIT osr"sf:::g Date :tl‘J-OU 2brDees 2(1}201
A14 / A141 (SEPAM GB0) GENERATOR PROTECTION RELAY
T4 (GTG COOLING AJR COLD TEMP, NDE#1 / NDE#2 o His54, H2ess 33 / 33 Y /W
T5.1 GTG COOLING AIR COLD TEMP, DES 1 i DEN2 b H1ls54, H2=59 3)‘ ;‘ 3);‘ .s-] I‘ gq
6.1 |6TG COOLING AIR HOT TEMP. RIGHT SIDE/LEFT SIDE * a8, H2e04 59 / 89 ™/ 40
A8 (SEL-735) DIGITAL MULTIMETER
w3 ACTIVE POWER MW SradnT2 yARL) R
o3 |REACTIVE POWER MVAR SFaInE4s 4.1 §1
i STATOR CURRENT A sFa2672 ey 1494
E STATOR CURRENT A sFa2672 W71 1 q\?}
e |sTaToR curRENT A spa2672 1204 i)
VA STATOR VOLTAGE KW sFall .9 l.\m
Ve STATOR VOLTAGE kv e B0 Na
ve STATOR VOLTAGE K st b0 s

STATOR FREQUENCY Mz Litars Geare $50:.02 ; 50 N

PFT3 [POWER FACTOR SF=08 q o ‘13’ G\cn

EXCITER Pl EXCITOR VOLT METER v sFa48 24 %8

R P2 - EXCITOR CURRENT METER A sFass 3% .9
A3 - LED INDICATOR
09:0 20!

VDC MAIN LTCTRL O lasvocuan VOLT CTRL
PFCTRL L2 | — PECTRL
lv_.qn CTRL /

VAR CTRL

oloo]ejo

@éQOOO@

\P
H
A

A4 - LED INDICATOR

09:00 21:00
O |M‘R ALARM O AVR PAULT O la\rnamar& OJM,T
O 1-FLD CTRL O TRIF EXC. O 1-FLD CTRL O TRIP EXC.
_C_)_LIMlTER O O LIMITER O
g PSS ACTIVE O |SYNC ERR o PS5 ACTIVE O |SYNC ERR
o DIODE PLT O o DIODE FLT O
O Imﬁ.svnr. O msm: O
O LOCAL r O O LOCAL O
BLK#2_CCR Log Sheet Rev_05 Page10f22 RW-FO6-0PT04.05: 24-08-2023

O |w£!\l.

09:00 21:00
O AVEALARM O [AVR FAULT O AVR ALARM O AVR FAULT
O 1-FLD CTRE O TRIP EXC. o 1-FLD CTRL O TRIP EXC.
_Q__m O O LIMITER O
QFSS.QL"]'IVE O SYNC ERR O PSS ACTIVE O SYNC ERR
O DIODE FLT O O @n‘r O
o MAN. SYNC O O MAN. SYRC O

(@) o o

LOCAL

BLKWZ_CCR Log Sheet Rev_05
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OAERATIONAL ENERY GAOUP LIMITED
e J

RATCHABURI WORLD COGENERATION PLANT
BLOCK#2 CONTROL ROOM LOG SHEET

EQUIPMENTS

TAG SYSTEM DESCRIFTION

A8 (SEL-735) DIGITAL MULTIMETER

UNIT

Specific
or Setting

Date:

26-Dec- 2023

09:00

21:00

W3 ACTIVE POWER MW SF=269248 1 E‘ 'o ILL‘\[\
3 REACTIVE POWER Mvar $F=20.1936 8 9 As
0 STATOR CURRENT A SFui766 483 Mo
i STATOR CURRENT A SFe1766 1 Aras
ic STATOR CURRENT A SFe1766 994 Bn
VA STATOR VOLTAGE K set 01 o
VB STATOR VOLTAGE [ SEall [l ] hQ
VC STATOR VOLTAGE KV SFall b] . l u“"

STATOR FREQUENCY Hz I"'ll'..";“‘:f::; 50 b OA— 530@'}
PFT3 POWER FACTOR sF0n 0.9% 0.9
EXCITER  |P1- EXCITOR VOLT METER v SFads AL 27
PARAMETER P2 - EXCITOR CURRENT METER A SFalh 4 L ‘P L\ * C
A3 - LED INDICATOR
09:00”" 21
d £4 vDC MAIN ®) ._!QLT CTRL 0 24 VDC MAIN o VELT CTRL
24 vDC BACK <] PrCTRL Qv ek PFCTRL
(=] 3] == /1 O g
@) @)
O |gcorea O lencoren
O lavsauve /6 ‘m
O |yraser O |awroswe O |aroswe
ﬁ AVR B ACT G/@TE REMOTE
A4 - LED INDICATOR -
09:00 21:00
O |.ﬂ\‘R ALARM O AVRFAULT O AVR ALARM O 'HVRFAULY
O lnnem O lmwexe O linoern O lweese
g LIMITER O O LIMITER O
Q PSS ACTIVE O lsrmcimn O [ossuenve O lsvucem
glws FLT @) O lvisvesix O
_Q.. MAN. SYNC O O O
O fioea ®) @) @)

BLK#Z_CCR Log Sheet Rev_05
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RATCHABURI WORLD COGENERATION PLANT

Wﬂm ENERGY GROUS LIMTED

BLOCK#2 CONTROL ROOM LOG SHEET

EQUIPMENTS
TAG

SYSTEM DESCRIPTION UNIT

NO.1 MASTER ALARM AND CONTROL PANEL

Specific Date:

26 - Dec- 2023

or Setting

09:00

21:00

GDOSTSA / GDORZEE

UV DETECTOR

[CONTROL SWITCH POSITION

-
o’#\mu OManuaI Iﬁnmu OManual

s | 10-iaL.zo=sp |- 0 b /-4

X5

[

/

NO.2 MASTER ALARM AND CONTROL PANEL

UV DETECTOR

GAS DETECTOR

[CORTROL SWITCH POSITION

6Auw OManual ré.ﬂulc OManuaI

% LFL 10= HAL, 20= 5D 0

[P

o] ] L

/

120 - 125

6.6 kV S5T#21 (21BBT10)
09:00 21:00
TAP POSITION INDICATOR (1-21): o: TAP POSITION INDICATOR (1 - 21): ﬁ
TAP Tap
CHANGING REMDW LOCAL MANUAE AUTO FANON CHANGING REMOTE LOCAL MANUAL nug? FAN ON
FAULT INDICATING LAMP: FAULT INDICATING LAMP:
6.6 kV S5T#22 (22BBT10)
09:00 21:00
TAP POSITION INDICATOR {1 - 21} 2 TAP POSITION INDICATOR {1 - 21): S
TAP TAP
CHAKGING REMOTE ~ LOCAL MANUAL AUTD FAN ON CHANGING REMOTE LOCAL MANUAL AUTET FAN ON
FAULT INDICATING LAMP: FAULT INDICATING LAMP:

115/ 22 kV TRANSFORMER (20ATA10)

09:00 21:00
TAP POSITION INDICATOR [1-21): f '?‘ TAP POSITION INDICATOR (1 - 21): 12—
fgrouen | rwcacure | FencAtuter, | icACuRRr FAN FAR pNaRours | FaNcRowe | FangAoure | P GRcoRR FAN rim_/
off o o o0 MANUAL AUTO oFF o OfE, o MANUAL AUTO
ocolo[d[ofole@l[o]lolalo]O
L) PR TR CHANGE CUICLOCAL QLI REVCTE L] [ R CHANTE OUICLOTAL OUICREMOTEZY OLIC SUPER
Loca REMOT FPROGRESS CONTROL cosAoL CONTROL Lock HEOTE HPROORESS CoMTROL conTRe”]  eouho:
O [} @) @) ®) ©) o1 O o Ol &
oue ounc e o
[ o,/ wau wo
ANNUNCIATOR: ANNUNCIATOR:
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%l;_ﬂé' RATCHABURI WORLD COGENERATION PLANT

T — BLOCK#2 CONTROL ROOM LOG SHEET
EQ'.".::‘GENTS SYSTEM & DESCRIPTION Unit i Dats: 267Dec2023

ORSETTING 03:00 09:00 15:00 21:00

NO.1 GT GEN OPERATION PANEL

VAR / PF CONTROL MODE SELECTION VAR or PF ! ; P‘F P{' Ps
24

MVARREF OLS
ceMRIEoEs  |MVARSETPOINT or PF SETPOINT VALUE ama a5 0.974-| 6.913 [o.60
NO.1GT & GTG INSTRUMENT
ALs T34 E
VTOO30A __ |GT FWD.LP ROTOR VIERATION mmjs | w2, sueseass [ .'L 1.6 [Eal 1M
ALe 359 L}l 2
VT00308 GT FWD. HP ROTOR VIBRATION mmfs Dhe 449, S1S53539 I J.L 3l La
Al 539
VTO030 GT FWE. VIBRATION (WIDEBAND] mmfs sisLEeT1e IVI 4.4 5.6 SA
Als 251
VT0048A _ |GT AFT.LP ROTOR VIBRATION mmfs S 323,300-159 'M ¥ Lk Fia
Al 339
VTOMER GT AFT. HP ROTOR VIBRATION mmjs Bu- 440516029 ’4 i 9-3 i1
Als 519 @lz 6 A
VT0048 GT AFT. VIBRATION [WIDEBAND min s SRERTLE 4.4 1. kL
[ LP TURBINE INLET PRESS. kP a0 m AL 31 | b
L5+ DEM,
vsv STATOR VANE 0 Fbestivion !{{/) T X 19.4 | i~

5 || I | 238 0.8 [ bua
" VIV AVEV B DEV. I 7% ?g@ J-G"I 4.4 [
um PP m-lll;;'::m J/J (3 o1 3.9

pm PP i < f 4.4 %9 ey
" DY | a0 [ 919 | 20n

. i DA s1g | 823 | n
i PP — j“z_! 13. 19.3 | e
m P-P Wie186, 5308 i’y‘ﬂ_ 14-0 |4+ b=
um PP a8, I f‘ff / 70 1 2.1 100

GEN. MEARING VIBRATION um P-P His160, 2200 z!»(g M 2.4 1A
_PTB THRUST BALANCE PRESS. kPaA 190420 //ﬂ A 88l Sh
ANSD LOW PRESSURE ROTOR SPEED pm iy 8&?‘ 3626 | 2489 e
PX36 ACOUSTIC PRESSURE paip-p AL /4 1-4 1.4 v
cop oo restucasion % corancoma o Imo ?@ Tod- 4-3 0.3,

| 3 | 81 | W

e 3548
kPad e ity ) 1960 9848 | 5»
T 1P COMP OUTLET TEMP. °c Bl o bl y N 611 S | NG
STAGEAS BLEED VALVE . R g df y a3 16.9 | ™A
on | o | Jolt] _ 100% | 100Y | Raa
T25 HP COMP. INLET TEMP. *g TasesTasez oEv. oo | - 124 107 e~
p2s HP COMP. INLET PRESS. #Pa 180.25 | -# “ 14% A2 LLES
T2 LP COMP. INLET TEMP. °c TERLTIOREY, 10 % 463 | N9 | 164
PAITO21 ___|INLET SCREEN DIFF PRESSURE (PdIT021) WPap, ey y Sl 043 | 0.06 |O:5n
ean e 12 W 0.6% [Foaw 5%
kPaA o1t ‘% 100 100 Qs
'c i ] 48.¥ | 191 | wa
yum P-P saeua? (54 Za:ﬁ 2.0 15.4 o
pm PP JRe93, M= 11T M ﬂ-}— [T' q L0y
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Doc. Code: SOP-06 Eﬂ'ective Date: 16-08-2017 Rev. No. 01
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PREPARED BY: SHIFT LEADER

DATE : 16-08-2017
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REVIEWD BY : OPERATIONS MANAGER

DATE : 16-08-2017

TITLE : GAS TURBINE - HRSG START UP AND
SHUT DOWN

APPROVED BY : PLANT MANAGER

DATE: 16-08-2017

Revision 01

Page
No.

Description of the last change

1-10 | Revise all topics.

GAS TURBINE - HRSG START UP AND SHUT DOWN

1. Introduction

This startup and shut down procedure guideline operator for action in order to bring
Gas turbine & HRSG and its associated sub-systems on line to normal operation. The startup
process depends on temperature / pressure condition including with gas turbine engine and

prevent any abnormally before start up and shut down, extend the plant lifetime.

2, Purpose

The Facility utilized two IHI-LM6000PD gas turbine generators with the spray inter-
cooling technology (SPRINT). The gas turbine is equipped with Dry Low Emission (DLE)
technology to control the emissions and exhaust gas from the gas turbine is directed to two
pressures, non-duct firing natural circulation heat recovery steam generator (HRSG) where

energy is recovered to generated steam.

3. Scope

The Gas turbine start up and shutdown for RWC power plant, a turbine draw pass inlet
filter house get the air flow going and add fuel combine ignite the mixture drive the HP Turbine
& Compressor assembly sufficiently high rate burner ABC in the combustion chamber
operation are performed by bringing the engine in the correct load in efficiently and take in

reliability in this power plant.

4. Responsibility

Operator team responsibilities when gas turbine startup-shutdown, one of the main
target load and accomplishments is to turn a profit safe unit, efficiency of turbine and lineup
procedure, kept monitor adjust data bring to rate speed of Gas turbine also combine with HRSG

successfully operation any units and reduce waste heating, control the emission in limit.

5. Procedure
Gas turbine major component
GT Lube oil system
- GT Lube oil cooling system

- GT RG Lube oil cooling system
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- GT Generator system

- GT Fuel gas system

- GT Sprint system

- GT Inlet heating system

- GT Hydraulic system

- GT Enclosure vent fan system
- GT Fire protection system

- GT GSU system

- GT Power supply system

- GT Chilled water system

HRSG major component
- Feed water system

- Chemical feed system

- Blow-down system

- DEAERATOR system

- Emission system

- Drain valves system

- De-super heat system

- Sampling system

- Instrument air system
- Aux. cooling system

- CCCW system

Gas Turbine Pre-Startup Check

The following check list is provided as a guide for the operator to use prior to every

startup of the unit. These checks are very important and must be completed prior to start up.

These same checks should also be made at least once per shift when the unit in online.
Gas Turbine lube oil modul
- Check the level in the lube oil tank add oil if necessary.
- Check for leak within the module, wipe up any fluid and make repairs as necessary.
- Check the duplex filters, verify only one filter from each set is aligned for service.

- Generator and Reduction Gear lube oil module

Page 2 of 10
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- Check the level in the lube oil tank, add oil if necessary.
Check for leak within the modules, wipe up any fluid and make repairs as necessary.
n ran ti rl i T
- Check for leak between the unit and the lube oil module, wipe up any fluid and
make repair as necessary.
Water washing module
- Check for leak within the module, wipe up any fluid and make repair as necessary.
- Verify online and offline manifold isolation valves are closed.
Control oil module
- Check the level in the control oil tank add oil if necessary.
- Check for leak within the module wipe up any fluid and make repair as necessary.
- Check the duplex filters, verify only one filter from each set is aligned for service.
j Reducti Yk il sl
- Check the level in the lube oil tank add oil if necessary.
- Check for leak within the module, wipe up any fluid and make repair as necessary.
. jiikie Gl
Check for leak between the unit and the lube oil module, wipe up any fluid and
make repair as necessary.
Fuel gas filter unit
- Check for leak in the filter unit and in the piping between the unit and the control
module, make repair as necessary.
Hydrauli ; :
- Check for leak in the unit and in the piping inlet GT enclosure module, make repair
as necessary.
Sprint water pump module
- Check for leak within the module, wipe up any fluid and make repair as necessary.
- Check the duplex filters, verify only one filter is aligned for service.
Sprint control module
- Check for leak within the module, wipe up any fluid and make repair as necessary.
Generator Enclosure
- Verify that the cooling air inlet and exhaust duct fire dampers are open.
- Verify that the cooling air intakes are free from any loose objects or obstructions.

Visually inspect the generator for obvious signs of damage and or leakage.

Page 3 of 10
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Confirm that all personnel are out of the enclosure.
Verify that all doors and opening are securely closed.
rbi nclosur
Verify that the ventilation air outlet fire damper is open.
- Visually inspect the ventilation system intake and exhaust for blockage or removal
obstruction,
- Visually inspect the gas turbine for obvious signs of damage, stress, and leakage.
- Confirm that all personnel are out of the enclosure.

- Verify that all doors and opening are securely closed.

HRSG Pre-Startup Check

- Power supply lineup check lists

- The electrical distribution system is in service.

- The compressed air system is in service.

- The blow-down system is in service.

- The feed-water system is ready for unit start up with one feed water pump started
and in operation.

- The HRSG chemical feed system is ready for operation.

- The HRSG sampling panel is ready for operation.

- All valves are aligned to normal operating position to establish a flow path through
the system, all necessary vents and drains are closed.

- All instrument test connections are closed.

- All instrument route valves are open.

- Instrument air is aligned to all pneumatically actuated valves and controllers.

- Al clearance are released and permission has been obtained to start the

combustion turbine and HRSG.

Gas Turbine Start up
The Gas Turbine is provided with a digital control system programmed to sequentially
start the unit and place it in service at the push of the button, the control system also start and

stop base mounted and auxiliary equipment which supplies lubrication, fuel cooling and

protection for the gas turbine and the associated generator, once a start command is initiated,

Page 4 of 10

TITLE: GAS TURBINE - HRSG START UP AND SHUT DOWN
Doc. Code: SOP-06 Egecﬂ've Date: 16-08-2017 Rev. No. 01

the control system progress through an auto sequence to bring the gas turbine generator from
standstill to synchronous speed.

- NOTE: An emergency stop can be initiated by the operator at any time that the
equipment or personnel are in danger, Emergency stop push buttons are provided
for each gas turbine unit, one is located on the operator interface panel in the
control room, and the others are located on the left and right walls of the gas
turbine enclosure.

- Verify that the voltage of the uninterruptible power supply system, battery and
battery charger normal by observing the meter on the UPS and charger panel.

- Verify electrical power is back-fed to the gas turbine unit from the grid, the gas
turbine MCC must be energized and all equipment breaker closed, also confirm that
all the selector switch of the auxiliary machine to be auto start are in the AUTO
position

- Verify the following

- Air intake filter house doors are closed.

- Air intake scroll drain valves are closed.

Exhaust duct drain valves are closed.

- All equipment and support system are ready for operation.

- GT shut down command is off.

- GT SDM command is off.

- GT SDI command is off.

- Motoring is allowed.

XN25<1200 rpm for 1 minute.

Fuel gas supply pressure is normal.

Verify the READY TO START window is illuminated, clear/Reset all conditions as
necessary to receive the READY TO START indication

Gas turbine ready to start condition
- GT lube oil tank level ok.
GEN/RG lube oil tank level ok.
- Gas fuel pressure ok.
- Primary and secondary air system start condition.

GT Drain system valves closed.
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GCU#1/GCU#2 ready.

HP rotor speed XN25<1200 rpm. + 1minute.

GT Motoring not lock out.

Fire control panel permissive to start.

BOP permissive to start.

HRSG permissive to start.

RESET the GT START button on the operation panel, verify the auxiliary are
illuminated, and the READY TO START window is extinguished, when the GT start is
initiated, the auxiliary machine and equipment necessary for unit startup are
sequence start by the control system logic

Verify the following sequence occur

- The Generator / Reduction gear lube oil pump and mist fan start.

- Ten second later, the control oil pump is start.

- Ten second later, the hydraulic oil pump is start.

- Ten second later, GT lube oil mist fan and Enclosure vent fan start.

- The hydraulic starter control solenoid is energized and gas turbine begin to
rotate.

- At the GT observation panel the GT STARTING window and STARTER ON
illuminate and the AUX. STARTING window extinguishes.

- At 1700 rpm of XN25 a 10 min purging timer is start, the rotor speed is held
at 2250 rpm for purging the gas turbine and HRSG exhaust duct.

- After purge end the fuel gas shut off valves are open, and gas vent valve
closed, the LPT T48 exceed 204 C, within 10 sec, the start sequence continue
and gas turbine begin to accelerate.

- The LIGHT OFF OES monitor.

- The Starting counter advances one numeral.

- The Operating hour counter start function.

At speed 4600 rpm of XN25 the gas turbine is above self-sustain speed
The Ignition light off condition.

- The hydraulic starter on and control solenoid are de-energize.

- The STARTER ON OES monitor.

- The GT STARTING window is extinguished.

- The CORE IDLE window is extinguished.

Page 6 of 10

TITLE: GAS TURBINE - HRSG START UP AND SHUT DOWN

Doc. Code: SOP-06 Effective Date: 16-08-2017 Rev. No.01

- The generator excitation occurs and voltage increase to 11kV.

- The generator reduce gear lube oil pump stop.

- Verify gas turbine lube oil supply pressure between 46-51 kPa.

- Verify gas turbine lube oil scavenge temperature is less than 160 deg. C.

- Verify LPT speed is 3560 rpm.

- Verify LPT Vibration are less than 25.1 mm/s.

- Verify HPT Vibration are less than 35.9 mm/s.

- Verify VIGV position properly position.

- Verify GCP all switch in auto mode position.

- OES command synchronized 52G closed.

- Verify generator output to a minimum load 2.1 MW.

- Ensure VT control change to PF control at GCP.

- Increasing load should be matching with evaporator not over 260 deg C.

- The gas turbine combustion exhaust temperature not exceed 460 deg C.

- When the T48 reach to maximum the LOAD LIMIT window will be
illuminate and loading is disregard, the value of active power shown GEN
KW on GCP.

HRSG Start up

- The feed water system must be preparation before start up gas turbine.

- The boiler should be refill water and vented completed.

- Adjust the Drum level for startup level control.

- Open the super heat drains valves.

- Open the stack damper.

- Chemical feed system ready to start.

- After GT light off the steam drum level must be closely monitor.

- Verify the loading rate of boiler at HP vent not more than 4.3 Deg. C /
minute.

- Closed the super heat drain valves after steam drum pressure above 275
kPa.

- Chemical feed put in operation after warm drain valve open.

- Open the continuous blow down valves.

- Verify the sampling system in operation.
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- Place the drum level controller in three element control.
- Monitor the operation of boiler and parameters correct reading.
- Adjust the pressure and temperature for tie-in steam to turhine.

- Make sure all drain valves system closed, after tie-in steam to turbine,

Shut down Procedure

HRSG Shut down
- While GT reduce load control monitor drum level control to normal level.
- While GT Flame out to close the tie-in valves.
- Close the continuous blow down valves.
- Stop the chemical feed system.
- Open the super heat drain valves, prevent condensing steam.

Allow the boiler natural cool, if maintenance require, wait until 10 psig app. 8

hours before vent and drain system.

GT Shut down
- GT Normal Shut down
- GT Reducing load to 2.1 MW.
- OES command stop gas turbine.
- Verify gen breaker open automatically.
- Verify COOLDOWN OPERATION window illuminates.
- Verify LOAD OPERATION window illuminates.
- Verify gas turbine decelerate speed

Verify COAST DOWN window illuminates.

- Verify generator reducing gear oil pump is start.
- Verify fuel gas shutoff valve closed.
- Verify XN25 < 300 rpm, then GT motoring will be start.
- Ifthe GT can’t motoring it will be lockout timer 4 hours.

- Verify Enclosure vent fan continue run 130 minute.

GT Emergency Shut down
- Operator can be emergency shutdown push buttons at local and control room, if

emergency case occurring during normal operation.
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- When emergency shutdown occur, operator shall be verify below list
Verify fuel gas shut off valves closed.
- Verify VBV open and will be closed later coast-down mode.

Verify GT will be not allow reset until core idle speed less than 400 rpm.

NOTE: If push emergency shutdown is not reset GT won't auto Motoring cool down.

GT SDI Shut Down

- A Step decelerated to core idle shut down is a protective function gas turbine
control logic and will take place if any of the following occur.

- Generator breaker open, load rejection detected.

- Primary and secondary manifold temperature high.

- Thrust balance pressure deviation high.

- VIGV position fail.

- VBV position fail.

- VSV position fail.

- A step decelerate to core idle shut down is an immediate and rapid deceleration
to core idle, follow by ten second then shut down.

- Verify power reduce to 0 MW, then generator breaker open, excitation off.

- When the GT reach to core idle speed, ten second initiate shut down, the hold at
core idle allow the GT shut down from an on schedule, stabilized condition.

- Verify the fuel gas shut off valves are closed.

- Verify the VBV are close during coast-down.

- Verify under speed and oil pressure alarm are bypass.

- Verify drain and vent valves are open by control sequence.

- Record alarm and check interlock, sequence timers, reset turbine.

GT SDM Shut Down
- Slow decelerated to minimum load is a protective function of the gas turbine logic
that can occur auto when the gas turbine is operating with an electrical load, the
SDM feature is design to prevent the unit from exceeding specific limitation which

could result in damage to turbine or generator.
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- When a specific limitation is exceed, the SDM protective logic will decrease
generator output until the condition is clear, this is achieve by reducing the HP
rotor speed at rate of 100 rpm/sec, once the condition is clear the operator can
increase the generator power by press KW RAISE button, if the condition does not
clear by the time core idle is reach, the sequence of events is the same as a step-

decelerate to shut down.

6. Appendix
Table Gas turbine specific summary data

Plant summary setting data Value Units Remark
GT Motoring 15 MIN XN25<300 RPM
GEN RG LO TEMP HIGH 76.7 DEGC
RG FWD BRG TEMP HIGH 125 DEGC
GEN RG LO SUPPLY PRESS LOW 78.4 KPAG
GEN RG LO SUPPLY PRESS TOO LOW 60 KPAG
GT LO TANK LEVEL LOW 357.1 MM
GT LO SUPPLY PRESS LOW 0.2 MPA
GT LO SUPPLY PRESS TOO LOW 0.103 MPA
GT LO SCAV PRESS HIGH 0.69 MPA
GT EXCITATION ON 95% SPEED NSD > 3420 RPM
HRSG HP DRUM PRESS HIGH 49.0 BARG
GT LUBE OIL TANK LEVEL NOT LOW 200 LITERS LT100<200L
GT RG LO TANK LEVEL NOT LOW 334 LITERS LT0150A/B <3334 L
GT FUEL GAS SUPPLY PRESS PERMIT 2.5 MPAG PIT0415A/B
GT LO SUPPLY TEMP MORE THAN 32 DEGC TT0120A
GT LP FWD >314 MM/S
GT HP FWD >35.9 UM
WIDE BAND FWD >539 UM
GT LP AFT >314 UM
GT HP AFT > 359 UM
WIDE BANK AFT >53.9 UM
REDUCTION GEAR FWD >9.0 UM
REDUCTION GEAR AFT >9.0 UM
| REDUCTION GEAR FWD X > 85 UM
REDUCTION GEARFWD Y > 85 UM
REDUCTION GEAR AFT X >92 UM
REDUCTION GEAR AFTY >92 UM
GEN COUPLING X RADIAL >100.0 UM
GEN COUPLING Y RADIAL >100.0 UM
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pH HP Boiler Drum (HRSG22). control range 9.5 - 10.0
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pH HP Boiler Drum (HRSG12). control range 9.5-10.0
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HRSG COLD STARTUP PROCEDURE

1. Introduction

This start-up procedure guidelines operator for actions in order to bring the HRSG and
its associated sub-system on line to normal operation. The start-up process depends on
thermodynamic system characteristics and consider some factors to avoid producing stresses
that will have influences on the lifetime of HRSG. When startup, some protection systems are

important to protect the HRSG to reach normal operation during startup.

2. Purpose

The function of the Heat Recovery Steam Generator (HRSG) system is to extract sensible
heat from a gas turbine (GT) exhaust gas stream, The extracted sensible heat is converted into
usable steam by the heat transfer surface within the HRSG, The usable steam is generated in
two pressure levels for use in a Steam Turbine generator set, These two pressure levels will be
referred to as the high pressure (HP), and low pressure (LP) systems, all heat transfer surfaces
used consist of Vogt Power modular type construction. Up to three rows of vertical finned tubes
are welded into a pipe header at the top and bottom to from a modular unit.

During normal operation, the steam produced in the HP section will be admitted to the
HP casing of the Steam Turbine, the LP steam generated is mixed with the steam exhausted

from the HP section of the Steam Turbine and admitted to the Steam Turbine.

3. Scope
The HRSG Cold startup procedures are written for use only on Ratchaburi World
Cogeneration Plant and the boiler is carried out firing from cold condition to normal working

pressure condition very slowly to avoid thermal stress and met target load export operation.

4, Definition
HP means High pressure steam
LP means Low pressure steam

HRSG  means Heat Recovery Steam Generator

GT means Gas turbine generator
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5. Responsibility

Operations manager is responsible for manage Power Plant including HRSG Startup to
ensure control room operation does procedure manual following step by step while warming
stress metal boiler for met working pressure.

Shift Leader / Control Broad operator is responsible for startup boiler, preparation
all equipment make it control valves has ready, breaker, motor and assign local operator to

lineup equipment before beginning startup, and after startup condition.

6. Procedure
System component
- DEAERATOR system
- Feed water system
- Heat exchanger system
- Blow down tank system
- Sampling system
- Chemical feed system
- Emission system
- Aux. cooling system

- LP Steam supply to Inlet heating

Preparation Startup
Balance of Plant
- Confirm 6.6kV and 400V Bus have been energized.
- Confirm air compressor and air dryer in service one unit.
- Ensure CW and aux. cooling water pump put in auto mode.
- Ensure cooling tower fan system put in auto mode.
- Verify chemical dosing for cooling tower system put in auto mode.
- Start demineralization transfer pump in serviced.
- Verify boiler chemical feed system start after drum pressure reach to rate pressure.

- Verify gas compressor system ready to start.

DEAERATOR System
- Confirm the DEAERATOR system for startup level control.
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- Monitor online DA feed water outlet dissolved oxygen less than 7 ppb at normal
operation refer QUA10CQ003.

- Verify DA Storage tank level control valve LAA10AAZ02 (Primary) in auto mode.

- Verify DA Storage tank level control valve LAA10AA203 (Secondary) in auto mode.

- Ensure DA PEGGING Control valve LAA10AAZ01 pressure setting 0.15 barG.
Monitor online DA pressure LAA10CP004 normally 0.20 barG to 0.50 barG.

- Monitor online DA temperature LAA10CT006 normally 105 degC.

- Ensure DA Pressure control valve of LP ECO Water LAA11AAZ01 or LAA12AAZ01
in auto mode.

- Verify POWER TRAP system to DA system put in operation and correction valve

lineup.

LP Drum
- Ensure LP Continuous blow down valve in auto mode with setting 20% command.
- Open LP drum blow down valve HADS0AA101 to startup level app. -243 mm.
- Make sure LP Startup vent valve in auto mode.
- Verify Open LP Steam drain valve while boiler startup in auto mode.
- Make sure closed LP main steam stop valve put in auto mode.
- Verify Steam flow rate is greater than 30% of full flow rate a three element will be

take action control instead single element control.

HP Drum

- Verify HP Continuous blow down valve put in auto mode.

- Open HP drum blow down valve, HAD10AA101 target drum level app. -207 mm.

- Make sure open supper heat drain valve put in auto mode.

- Make sure HP steam line drain valve put in auto mode.

- Verify Open HP startup vent valve put in auto mode.

- Close HP main steam stop valve put in auto mode.
Verify HP DSH Spray water system LAE10AA101 and LAE10AA201 are in auto
position and setting temperature control at 455 degC. Or Tsat. 440 degC.

- Ensure HP Startup vent / HP SH drain valve it will be closed it pressure prior to
startup condition is greater than 3.44 barG, and re-opening at pressure less than
1.77 barG.
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Preparation Boiler filling water
- Confirm hot well make up control valve in auto mode.
- Confirm condensate feed stop valve fully close, HAC10AA101 in auto mode.
Confirm HP Eco bypass valve in auto mode, HAC10AA101.
- Confirm HP drum level control valve in auto mode, LAB10AA201/202.

- Make sure open the stack damper put in auto mode.

GTG Preparation for Startup
- Ensure Gas compressor system auto standby.
- GT lube/RG oil system valves lineup.
- GT lube 0il/RG cooling system serviced.
- GT GCP system ready.
- GT Fuel gas system ready.
- GT Chiller system ready.
- GT inlet heating system ready.
- GT Hydraulic system ready.
- GT Sprint system ready.

HRSG Cold Startup
Cold (type C)-When the initial HP drum pressure: MPaG sHP Drum Pressure< 1.0
MPaG.
- Cold Starts: 1665 cycles per life.

GENERAL START-UP CONSIDERATIONS
1.1 Traditionally, there is a distinction between HRSG cold (C), warm (W), and hot (H)
start-ups. Those start-ups differ from each other by the time elapsed after preceding plant
shutdown and, what is more important, by the initial conditions of HP steam drum water prior
to the start-up. We increase the HP drum pressure to reach normal operation according to

maximum allowable temperature and pressure ramp curves during start-up as appendix below.

1.2 The consideration below is given to three basic types of start-ups:

Cold (type C)-When the initial HP drum pressure: MPaG sHP Drum Pressures 1.0
MPaG

Cold Starts: 1665 cycles per life
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1.3 For any start-up cycle the ramp in CTG load and/or HP drum pressure should be
controlled in order to produce a ramp rate of 15 °C/min of HP drum water temperature for cold
start-up, warm and hot startup. This ramp rate must be applied to start-up cycles only. This
start-up ramp rate shall apply to HRSG Cycle until the Drum pressure reaches a full operational
pressure at steady state Conditions corresponding to CTG load. Please note, that the HP Drum
water temperature ramp rate is calculated using saturation temperature corresponding to the

measured saturation Drum pressure.

1.4 To streamline the whole process it is reasonable to identify the initial and end
points of start-up in the following manner: For the purposes of this start-up procedure, the
initial point of the HRSG start-up is the gas turbine ignition, when the heat input to the HRSG
begins. In the start-up cycle curves of Appendix this initial point of start-up is considered time =
0 minutes.

At the end point of the HRSG start-up the following conditions are in place:

1.4.1 All Drums have also reached a constant, stable pressure and the drum water

levels are
Successfully being maintained at NWL by feed water controller to OES (0.0 mm

HP/LP drum level control).

1.4.2 Steam outlet parameters of pressure, temperature, and mass flow have reached a
constant and steady measurement.

1.4.3 When HRSG finish start-up, Re-Check and Isolation valves in main steam lines
(HP and LP) are open. It is allowable to open the valves from the very beginning of the start-up
of the HRSG.

1.4.4 Superheated steam (HP and LP) can be piped to the STG bypasses or to the STG
itself - once the corresponding system is ready.

1.4.5 All start-up vent valves (HP and LP) are fully closed.

1.4.6 Feedwater should be supplied to steam drums (HP and LP) with drum level
control valves (CV) on “Auto”.

1.4.7 Intermittent blowdown cycles (HP and LP) should be completed. Consult the
water chemistry expert for appropriate instructions.

1.4.8 Continuous blowdown systems (HP and LP) should be ready for operation.
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1.4.9 Isolation valves in water/steam supply lines to attemperators are operational -
with steam temperature CVs on “Auto”. Isolation valves will automatically be opened prior to

opening of CVs,

START UP PREREQUISITES AND REQUIREMENTS

2.1 HRSG sub-systems and Power Plant main systems and equipment are operational

and ready to support the boiler start-up.

2.2 All valves for instrumentation isolation (pressure gauges, drum level gauges, flow
element pressure differential gauges, etc.) must be open to allow for proper measurement and
control of the HRSG.

2.3 Initial water levels in the drums depend on the drum steam pressure prior to the
start-up.

Water levels in the drums should have a permissive for GT light-off.

For cold start up, initial water level is (reference to NWL):

HP Drum: -8.16 inch (-207.264mm);

LP Drum: -9.6 inch (-243.84mm).

2.4 During start-up of the HRSG, the HP drum saturation temperature must be
controlled to a 15 °C/min ramp rate for C start-up these curves define the most rapid time

allowable to reach full plant load.

START UP RECOMMENDATIONS
3.1 During start-up, it is reasonable to have the plant condenser on-line as soon as

possible. HP start up vent valve is designed to 100% capacity.

3.2 The main priority during the HRSG start-up should always be the metal
temperature condition in the HP drum. HRSG start-up is not limited by metal temperatures in
the HP superheater modules. The LP sections are not a concern. The HP attemperator outlet
steam temperature should be maintained 13.89 °C above saturation temperature during start
up. The HP attemperator outlet steam temperature should be maintained 27.78°C above

saturation temperature during normal operation.
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3.3 The HRSG is equipped with inter-stage attemperators in HP SH sections to control
final steam temperature to the STG. The HP inter-stage attemperator outlet steam temperature
setpoint is low limited to a minimum of 27.78°C above the steam saturation temperature (Tsat)
in order to prevent steam condensation in the steam attemperator piping. (Logic shall be

provided to prevent the outlet of the intermediate from reaching a saturated condition)

3.4 After the HRSG start-up the minimum flow control valve in the BFP recirculation
line to the LP should be set Auto mode and the automatic recirculation valve (ARV) in the BFP
recirculation line to the HP (min. flow line) should automatically open per the pump

manufacturer’s requirements.

TIE-IN STEAM TO STEAM TURBINE PROCEDURE
HPS p 2 I
- Make sure HP steam temperature difference with another unit less than 50 Deg. C
before coupling steam and pressure diff with another unit less than 1 barG.
- Verify HP Steam warm up valve will be auto open.
- Verify HP Steam drain valve will be auto open.
- Verify HP Main steam stop valve will be auto open while steam temp diff less than 50
Deg.C
- The startup vent will be gradually decrease stroke to fully close.
- Observed the HP bypass control valve will be gradually decrease stroke to fully close.
- Verify HP Steam warm up valve will be auto closed after HP bypass control valve
close.
- Verify HP Steam drain valve will be auto closed after HP bypass control valve close

- Verify HP steam temp outlet not over limit of working temperature.

LP Steam Preparation coupling
- Make sure LP steam temp diff with another unit less than 20 Deg. C before coupling
steam and pressure diff with another unit less than 1 barG.
- Verify LP Steam warm up valve will be auto open.
- Verify LP Steam drain valve will be auto open.
- Verify LP Main steam stop valve will be auto open while steam temp diff less than 20
Deg.C

- The startup vent will be gradually decrease stroke to fully close.
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- Observed the LP bypass control valve will be gradually decrease stroke to fully close.

- Verify LP Steam warm up valve will be auto closed after LP bypass control valve
close,

- Verify LP Steam drain valve will be auto closed after LP bypass control valve close

- Verify LP steam temp outlet not over limit of working temperature.

- After HP and LP steam coupling complete

- Make sure HP and LP main steam drain valves fully closed.

- Make sure HP and LP steam warming valves fully closed.

- Verify HP and LP drum are put in three element control with in auto mode.

- Observed Chemical feed boiler system will be auto start with remote control on by
local panel, or manual start at local panel while maintenance serviced.

- Make sure HP and LP Continuous blow down motor valves put in auto mode.

Remark Increase GT Load to normal ramp rate 5 MW /MIN, and make sure HRSG HP Drum not
less than 260 C/hr. 4.3 C per minute.

START-UP PROCEDURE: VALVE ALIGNMENT AND USE
4,1 Recommended position and operating conditions of all HRSG valves required

during start-up are outlined in Table A.1 in Appendix A.

4.2 For any HRSG cold, warm, or hot start-up, the following general valve positions
should be followed. Any special valve treatments for a cold, warm or hot start-up will also be
discussed.

4.2.1 All feedwater inlet pipeline vents and drains shall remain closed during any
start-up cycle.

4.2.2 All Economizer and Evaporator drains shall be closed. During start-up, it is not
recommended to open the EV intermittent blowdown valve (IBD) or drum continuous
blowdown valve (CBD) for water purity control. However, the IBD may be used to help control
drum water level during start-up.

4,2.3 All Economizer manual vents should be closed except for those listed as normally
open on the P&ID drawings. The EC vent header pipe MOV shall be in “Auto” and will open

when steaming conditions are measured in the EC section.
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4.2.4 No manual blowdown valves of drum level gauges shall be opened during start-
up.

4.2.5 HP superheater drains under DCS control should be set to "Auto” and
automatically open to drain any condensate formed prior to start-up. All LP SH low point drains
should be opened momentarily to drain any condensate which may be present. Automatic drain
pot valve downstream of the HP attemperator, is used to prevent condensation from damaging
the HP Superheater during startup and/or upset conditions.

4.2.6 All HP Superheater attemperator loop is equipped with condensate pots. They
should automatically open to drain any condensate formed prior to start-up.

4.2.7 All HP SH high point vents and drum vents shall remain closed during start-up if
the pressure prior to start-up is greater than 3.4474barg (50 Psig). However if it is suspected
that air may have infiltrated into the HRSG system, the high point vent should be opened to
purge the steam volume. If the system pressure is less than 1.7237barg (25 psig) prior to start-
up, the HP SH vents and drum vents shall be kept open until the system pressure builds to over
1.7237barg (25 psig).

4.2.8 The HP Steam produced shall be bypassed to the condenser. Either the HP start-
up vent valve or the HP bypass valve shall be used to control system pressures to allow proper
saturation temperature ramp of the HP drum. The HP bypass should be initiated as soon as
possible to provide cooling flow to the tubes, in order to avoid overheating and/or thermal
shock.

4.2.9 If the plant condenser is off-line prior to start-up of a HRSG, any steam generated
shall be vented to atmosphere by the start-up vents. The main steam MOV outlet stop valve on
LP and HP shall remain closed until sufficient operational margins have been established.
Opening this valve with little or negative margins may cause undesirable chattering of the
steam outlet check valve. If there is sufficient backpressure on the steam outlet stop valve (due
to a hot start), or the STG bypass system is in operation, the MOV stop valve may be opened
immediately after successful ignition of the CTG. In this manner, steam vented to atmosphere

can be minimized.

START-UP PROCEDURE: HRSG AND SUB-SYSTEM SEQUENCE OF EVENTS
5.1 Make sure the water level in the drums (HP and LP) is at a start-up level for the
type of start-up; hot, warm, or cold. The warm and hot start-up levels in the drums (HP and LP)
are based on drum pressure. When the drum pressure is increased, the initial start-up level for

warm and hot is close to “0" inch.
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5.2 Start the HP, LP boiler feedwater pump using the recirculation-line available. After
the LP boiler feedwater pump is on-line, place the water flow control valve in the recirculation-
line on “Auto”. The setpoint (water flow) for the correspondent controller should be
established in accordance with the minimum flow recommendations of the LP boiler feedwater
pump supplier. After the boiler HP feedwater

pump is on-line, the automatic recirculation valve (ARV) for recirculation line (min.
flow line) should automatically open per the pump manufacturer’s requirements and confirm
that the stop-check valve in the recirculation line is in the open position. Do not supply any
feedwater to any HRSG drum yet. Also, do not initiate any feedwater extractions from upstream

or downstream of the economizers. A reasonable sequence of actions is suggested below.

5.3 Start and ramp the CTG according to its normal start-up scenario: purge, light-off,
FSNL (if necessary), spinning reserve (if necessary), ramp to baseload. Before the CTG light-off,
verify that all the requirements to the condensate and that feedwater quality are met (consult

water professional).

5.4 Monitor the saturation pressure and temperature ramp rate in the HP drum. These
rates are prescribed by the start-up curves as appendix. The ramp rates can be maintained by

modulating the HP SH steam vent control valve and HP steam turbine bypass control valve.

5.5 To get the steam turbine bypasses (HP and LP) on-line their corresponding
pressure set points have to be equal or slightly higher than the current pressure in the
upstream main steam lines. Then, the pressure CVs in all Steam Turbine bypass lines should be
place on “Auto”. Gradually close the Superheater start-up vent valves. CVs in steam turbine
bypasses will take over the HP drum temperature ramp rate and Superheater outlet steam

pressure control.

5.6 Watch the level position in the drums (HP and LP). The main subject of concern is
the level in the HP drum. If the current level position becomes too close to the "High Level
Alarm” use the MOVs in the evaporator IBD lines to decrease the level. Do not use the
evaporator continuous blowdown system or manually operated valves in the evaporator drain

lines for this purpose.
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5.7 During start-up, the drum levels are established by single element control. As
steam is generated and exits the drum, the single element control will maintain water level
through drum swell and into continuous feedwater operation. When the steam flow rate is
greater than 30% of the full load flow rate, a three element, feedforward/feedback drum level

control loop is used to control drum water levels at NWL.

5.8 When the HP drum pressure is equal to or greater than the minimum “floor”
pressure (Floor pressure is the minimum pressure at which steam may be admitted to the
steam turbine), use the intermittent blowdown valves to improve the boiler water purity
(remove the sludge). Consult a water professional to establish the appropriate criteria for this
process (time period, valve position, decrease in water level position, etc.). Also consult a water

professional for correspondent setpoints for the continuous blowdown of each drum.

SHUTDOWN PROCEDURE FOR HRSG
6.1 The maximum allowable shutdown rate for HP drum saturation temperature does

not depend upon the type of start-up cycle during baseload operation.

6.2 The normal criterion for shutdown of the HRSG is to maintain the lowest reduction
in saturation temperature from maximum pressure in the HP drum prior to shutdown. The
overall ramp rate averaged between maximum drum pressure prior to shutdown and minimum
drum pressure prior to re-start must not significantly exceed limited shutdown temperature
ramp rate requirement. The limited shutdown temperature ramp rate is 8 °C/min from

maximum pressure at 100% GT load to HP drum pressure 0 MPa(G).

6.3 When GT is off, stop program is activated. After stop program is activated, and the

HP attemperator spray water block valves are closed.
GENERAL NOTES
7.1 Before the CTG light-off, verify that all the requirements to the condensate and that

the feedwater quality are met (consult water professional).

7.2 At the end of the start-up verify that all the requirements of the saturated and

superheated steam quality and purity, in all HRSG pressure levels, are met. Also verify the
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boiler water quality in the drums. If all the requirements of the customer specification are met

(consult a water professional), it is allowable to supply steam to the STG.

7.3 Minimum HRSG steam pressure or the floor pressure in the drums is to be
maintained by the plant control system with the help of the STG control valves or the STG
bypass system. After the steam turbine is on-line, the HRSG can be in sliding pressure operation
for a pressure range from the “floor” up to the maximum pressure (MAWP) at the CTG base
load. The corresponding logic should be incorporated into the plant DCS and dependent control
systems (STG, CTG).

7.4 Ensure that HP Main steam isolation MOV LBA10AA101 Closed after HRSG
warming completed.

7.5 Verify HP Star up vent control valve closed if no maintenance works for kept hot
packing boiler section.

7.6 Ensure the stack damper closed after GTG motoring two hours completed.

7.7 Make sure boiler feed water pumps are stopped after cool down completed.

7.8 Make sure boiler chemical feed pumps stopped after GTG light on.

7.9 Verify CBD Control valve closed for hot pack boiler.

7. Appendix

Table Specific Data HRSG Startup

System Unit Value Descriptions Remark
HP Drum MM 0 NWL

LP Drum MM 0 NWL

HP Drum MM -207 Startup level

LP Drum MM -243 Startup level

HP pressure BARG | 3.44 SH Drain VLV Close

HP pressure BARG | 1.72 SH Drain VLV Open

PH Control pH 8.0-9.5 Boiler feed water

Alkali Control pH 10,5-11.0 | Prevent acidic attach
Oxygen content ppb 2.0-7.0 DAERATOR

HP Feed min flow | T/H 36 Min. flow VLV close auto

HP Feed min flow | T/H 18 Min. flow VLV open auto

LP Feed min flow | T/H 16 Min. flow VLV close auto

LP Feed min flow | T/H 8 Min. flow VLV open auto

HP Startup vent BARG | 45.7 HP Drum pressure

HP DSH Spray C 455 HP Attemperator

HP / LP BD % 20 Continuous BD Valve
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Cold Start-Up Curve HRSG
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Mazimum Allewable Temperature and Pressure Ramp Rates For the HP Dium
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P&ID Legend & General Notes

Flue Gas P&ID

High Pressure P&ID
Low Pressure P&ID

DA & Storage Tank P&ID
Heat Exchanger, Silencers, PSV Vents & Drains P&ID
Process Flow Diagram-HRSG
HRSG Control systems philosophy description
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FEMINTIVAOVUUINOMNEBEITNIA (Pipeline Patrolling Form)

Sheet No.
aneaoulas : M Gudicrossing  Diomd O sooud Q maeenmn [ whsM /N alnsg
Inspect by:  Ground/Crossing Patrolling  Vault Inspection  Vehicle Patrolling  Aerial Patrolling  Etc. Devision / Dept.
Fims: O Wildindownsaniads M Findoansanmouiiad (2 Vens Mx4 R Month/Year 2966
Method by:  Without gas detector With gas detector (Please identify) Pipe Type: [ Transmission O Distribution 8 NGV Asset Owner: ¥ Ts0 L NGr O asm O N6y A Customer
tauiluoyan License No.: 3112310002 quluoyana License group viodafiaa galse s miziiad Tnnumonty  Route Code 410103 RWC KP. 04000 - 6:60
316M3ATINTOUININOMA (Patrolling List)
a1 adai 2 a3 aait 4 e s N adait 7 a8
No. Activity - - - - - - - -
Fuii 11102566 Suit Suit Suit Suit Suit Suit Suit
o
wy vy iy 10 iy ~ iy vy . vy iy vy wy vy Wy vy
g
1 [awreatauen Row /
2 [nwdeathelu Row : hifliumiduuaen /
3 |nwdeathelurow : Sowaniludiaea /
msyngnituiivnszuTasaemasssna a nsu.mslsznouiams /
4
WA WAL, 2550
e naodafwing Tnadnidedhuguio iosnmangai /
3 ¥ a g
[vesdy, A, Yaoon wienuiiy
onssuitorni Ifaunaeum s nsouiu, nesian, msosinsminlusz
6 30 masonumiodaifis fufiausou Zone b, &, F ammanian o, i- /
h30.-2038) 3901f130 Crossing au uaztjorh
lsdnhlundsanasedaiiiiod iy (Rapid Drawdown) Vnamuaiofoguui /
7 < PP ISP .
funda uazmioiifonssuiorni Waundouds
8 |[m3namz (Erosion) /
9 [[Auvdanions (Loss of Cover) /
10 [thefeusgadenss szuziathe > 1001 /
11 [[Test Post 13andumonio i /
12 [l SwitvluEnamveadaiomursianiviels Gas Ly /
Note / D17
wngwme: (1) Tlsaszyiuiiinisasaeundiaia @unseanng o/ luseananiideu
@ Tilsagonunruiinndlionmsni
@) Tsagmisaimsasvaeinionna uenmsud o
GERILGH] faragounamInIvaoy foyiiasuseamnnaaoy
Inspect by Check by Approve by
( wedoiand wwgassal ) ( W magauga ) ¢ wousa ufusund )
/ . Y . /
F-111.250.-0022 Uszmalaioit 8
a 1] a " o a .
1ONASUUL 1 (Attachment 1) FTHNUANVNAUNANIINTIVADUVLUINIM YT IINYIA (Patrolling Anomaly Report) SheetNo.  /
a9 . s a yoqy 4 o4 v A o .
asrvaovlas : M maduniicrossing D sooud O maoma Fms: O Wildiniowmsnmais M iavesnsinaeuiasa (521 Ventis MX4 Month/Year. Oct-66
Inspect by:  Ground/Crossing Patrolling  Vehicle Patrolling  Aerial Patrolling Method by:  Without gas detector With gas detector (Please identify)
T > . N v . o Ya 59 aa s &
WsaM/Eun: _1ns-1 Lﬁﬂmﬂa‘i&l@y]ﬂ License No. : 01.2310002 nqﬂuagmum License group : yegama gl Vh"‘hﬁnfUﬁl'J’ﬂﬂ GO TRIER AT
Pipe Type : M ransmission [ Distribution A NGV Asset Owner: I Tso 1 NGr O asm NGy 1 customer
321 ANNANNANIATINADULUINOMFTITHHAMNIITOIIINIATIVAR Y MOMBTITUIG (Pipeline Patrolling Form)
Identify anomaly found in NG pipeline right of way refered to pipeline patrolling form
¥HA
GPS
- o & ol = a a ' o a HHUMS o o
Jun Route Code (RC) KP %30 aouh N eaziBeanNuAalnfinnmInsRaUNIeMYsI A . aouzmIauiiums
N E as AU
19.0.23 410103 KP 14759 1505331 590917 4 Ty Fagnauate
19.0.23 410103 KP 2+678 1506197 591241 4 Ty Fag e
20.0.23 410103 KP 3+417 1506815 591648 4 firalgnaduuuiuane
20.0.23 410103 KP 3+703 1507045 591799 4 firalgnadnuunuane
20.0.23 410103 KP 4+152 1507462 | 591967 4 fianlgnaduuumnve
30.0.23 410103 KP 6+428 1509047 591266 1 uneathaFiniifaggunsainadndiname
A
Note / DU :
WA 215 10aBeAveITIHAUNATATIINY
P » Y ame v . vy
@aslagey HAIINANIATIVAY HOUNAITUIBINITAIIVAY aﬂ'lfn‘ﬂ!m’ll aiﬂiﬂiﬂ"ﬁllmﬁl
Inspect by Check by Approve by Corrective by Approve by
o oo o - : o o g
(W8 INY YUYITIO) (Wegua 1tMagauna) (WUoULS e uﬂuﬂum) (W8ULSH uﬂui}um)

)

F-511.250.-0022 1lsznaldnoit 8




ﬁmmmﬂaﬁammaﬁaﬁwsnuma (Pipeline Patrolling Form) Sheet No.

asavaoulan: M dunhicrossing  Dajonnd  Qsooud Qo Qdun... WM/ uHun : Un.s-1
Inspect by:  Ground/Crossing Patrolling  Vault Inspection  Vehicle Patrolling ~ Acrial Patrolling  Etc. Devision / Dept. :
Seas: O Wildindesnsniads M ntosnsandonieda (s1) Ventis MX4 Month/Year waAinon 66
Method by Without gas detector With gas detector (Please identify) Pipe Type: ] Transmission O Distribution 1 NGV Asset Owner: M Ts0 0 NGr O 6sm O Nev O customer
iuiluoyaA License No.: 5112310002 gluouayn License group : _ siodamaaldalsalihsmni3ad Tnnumondy  Route Code 410103 RWC KP. 0+000 - 6+608
FEMIATIVAOUVUMINOMN A (Patrolling List)
afaii 1 afaii 2 nfait 3 a4 il s nfait 6 a7 it s
No. Activity - - - -
Fuit 171012566 Fuil 311112566 T T a1 i T a1
Wy vy ny ‘hiny wy vy Wy vy ny ‘iny Wy vy Wy vy ny ‘iny
1 [vwneasieuen ROW / /
2 [owdeadralu Row : Lifinuaniu/duasa / /
3 [ewdoathalu Row : Do uiiuduaon / /
[syngniufivaszunTnseiofasssund aw wsumslsznouioms
L / /
ndaam v, 2550
anmauinanedeiaiing lnadwi e funguie iesnmangad
’ umﬁu,ﬁﬁmmw.waan Wioouiiu / /
Ronssuitorminauntouda wu maoudu, noeiag, iniossnaminluszoy
6 30 masnnuaodafiaa uiiaudou Zone b, E. Fawaamian n. u 1- / /
159.-2038) 330190 Crossing 011w wazajorh
szunh ludsanasethaihivd iy (Rapid Drawdown) Winmvefioguui
L PV : / /
fuaas nazieiifonssuiiowih Iiaumaeuds
8  [msnamg (Erosion) / /
9 [[Aundaione (Loss of Cover) / /
10 [thueushgaionios szuzviratho > 100w / /
11 [[Test Post $r3andoman5eli / /
12 [#u'ld Ssiivlunanoddaniionnutmmiatnddo'hi Gas Leak) / /
Note / 917 :
mnemg: (1) Tsaszayiuiihinsasaeunduaiy @unioanne /" ludesransinaoy
@) Tﬂmgiwuummﬁwdnmumnmiuuuﬁ 1
3) Tsagsenumsasnaeutionaluenasuuni 2
fasvaoy fnsIvaouNanIsATIVaOY Hoyiasuseamsnynaoy
Inspect by Check by Approve by
( wwduiand wugassel ) ( WwQuuA ma1gaNna ) ¢ wwwsa nfusund )

F-.239.-0022 szmnl¥ndsii 8

a a \ (<4 a .
NN 1 (Attachment 1) i'lﬂ\ﬂuﬂ?13JNﬂ1JfWIiﬂiﬂﬁ?‘ﬂﬁﬂ‘ﬂ!!u?‘ﬂﬂﬂ1"liﬁ§§3»l‘lﬂﬂ (Patrollmg Anomaly Report) Sheet No.  /
a " 4 o 4 4 [ a
asoaevlae : M maduitiCrossing d sooud O nmeoma 38ms: O hilfieseansnmeis M HiaTesmsnaouiasi (521)) Ventis MX4 Month/Year  WRAINIEU 66
Inspect by:  Ground/Crossing Patrolling  Vehicle Patrolling ~ Aerial Patrolling Method by: Without gas detector With gas detector (Please identify)

[l § . v . TN PRSI B aa I )
wewikun:__ 1ns-1 euiilueyaa License No.:  11.2310002 nguluenaNA License group : siodanaa ldalsa lvthsmni5tad Tawuuesdu
Pipe Type : M Transmission [ Distribution A NGV Asset Owner: I Tso L NGr 1 6sm A NGy A customer
721 ANWAAUNANMTATIIAOULLINEMFTTTUFIAMNTITDII0NITATIVAOUUUINOMFFTTNTIA (Pipeline Patrolling Form)
Identify anomaly found in NG pipeline right of way refered to pipeline patrolling form

FUA
GPS
o oA A a vol = ~ a "o a UAUMI o a
AUN Route Code (RC) KP %130 a91un 2 ‘ﬂ?.lﬁx!ﬂﬂﬂﬂ?'I‘NNﬂllﬂﬂ‘i)'lﬂﬂ'lﬁﬂﬁ]ﬂﬁﬂul!u?'ﬂﬂﬂ]‘l‘ﬁﬁﬁu?ﬂﬂ A ADUSMIANUUUNST
N E da autiums
Randl
31066 410103 KP 14759 1505342 590924 4 TiieEAng MUY
31066 410103 KP 24678 1506195 591241 4 Hirtwagnauunuaie
3W.0. 66 410103 KP3+417 1506818 591648 4 Haalgnahaninnie
3W.0. 66 410103 KP 3+703 1507045 591795 4 Haalgnaaninnie
310,66 410103 KP3+859 1507194 | 591866 5 fisogyathanuaeriey
3.0, 66 410103 KP 4+152 1507461 591971 4 fHiralgnadauumane
3
Note / DU :
= A a ad
NN 515 18azi9eaveIdralnanasIINY
o o Y e o e,
Anslaaey ANTIINANMINTIVEDY AR YI0IMINTIVTOY dmmsudly d¥useamsufly
Inspect by Check by Approve by Corrective by Approve by

(ofosand sugasTal)

F-i‘)’lﬁﬁ'ﬁ'ﬂ‘.'—[{ﬂﬁ ﬁwmﬁ’ﬁéﬁ?@ﬁ‘ g




DC Decoupler, Isolating Flange or Isolating Joint Inspection Form

(mmNe%uﬁuﬁﬂmimmaﬂmzuu DC Decoupler, Isolating Flange, Isolating Joint)

Inspected by (520 TalaE)

Checked by (n529a0u1A8)

Approved by (Fusslan)

Digitally Signed Digitally Signed
( ) (340022) (NARET P.)
/ / 11/07/2023 11/07/2023
Division License no. License name Size (inch)
‘ . ’ 4 ) Route Code: Route Name: KP )
(HHLNU) (Aﬂ\lﬁ‘luaqtymm) (m'lumgiymwﬂ) (VHIAND)
Region5 2310196 TassmsviedsmasssunallfalsallhswySnean RC410103 6.61618
1.1 Isolating Flange or Joint Measuring Record (Pipe-electrolyte Potential Method)
Isolation Type DC Volt (Vs) DC Volt (Vp) Vs-Vp Condition (Yes / No)
Item Location
Joint Flange Station Side Pipe Side (mV) Insulator | GasLeak | Painting
ON O No No No
OFF O
** If Vs-Vp potential is lesser than 100 mV. The insulating condition might be short.
1.2 Isolating Flange or Joint Measuring Record (Insulation Tester Method)
Isolation type Insulation Resistant Condition (Yes/No)
Item Location Bypass
Joint Flange (MOhm) Insulator | GasLeak | Painting
D No No No
1.3 Isolating Flange or Joint Measuring Record (Current Method)
Isolation type Pipe Locator Mode Pipe Locator Condition (Yes/No)
Item Location
Joint Flange (Inductive / Conductive) Frequency (Hz) Insulator | GasLeak | Painting
C] No No No
1.4 DC Decoupler Inspection Record
Measurement
Item Location Type AC Voltage Drop AC Leakage DC Voltage Drop DC Leakage Apperent Condition
) Current (A) ) Current (A) Resistance
Fail
1.5 DC Decoupler Visual Inspection Record (Polarization cell)
Item Location Solution Purity Tightening Greasing Rust At Case KOH (Low level) Correction Remark

F-51.997.-0025 sznAldasad 1
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