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17.1.1 45U19R09311M159A%1 Air Condition HDUAINY Fedeailunuunetieaudy (Air Duct) M)sznenliUfe ya Air
v v
Handing Unit (AHU) 118¢ Condensing Unit (CDU) $112U88198¢ 2 3a tazdosamnInmmsaaaannig dan. fmuald

A [ A Yo Y @ a & 9 I a o I 1 . A
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Yy 9

iy milgTudzdodadoy amwm“lwﬂuma an. aumﬂammmmuﬁwa

17.1.2 Air Condition {5 ushesamu Usznen 11&26 4@ Air Handing Unit (AHU) 118 Condensing Unit (CDU), 55U
madunerhe . szuumaduihing . ssuu lWfhd 1993 Power | szulihdmSuaeesarugy | High/Low Pressure
Switch , Fan/Compressor Over Load Protection Fueegarios & Q‘ﬁ

17.1.2.1 szunldhenhnnuiiuRefrigerant) douifusiia R-32 , R410a 130 R407C

17.1.2.2 wivaus e i 150z de uil 3 Phase 380/400 VAC, 50 Hz

17.1.2.3 nuummmzsﬁ'@dﬁ Magnetic Contractor ,Overload Protection HoatuvaalInves Compressor Uai& Fan

17.1.3 Condensing Unit (CDU) dosfinaienniadadl iluedaiios

17.1.3.1 Taseardanouen Mo nurumanisums fuaiiy

17.13.2 Coil Condenser Hothenuazumaszunonnuou (Fin) 1xdoainnnnmeauausiniu uazszdeundonas oy
MIKNTOU

17.1.3.3 ié“,iJiJﬂ’J‘}JﬂjJilzﬁjﬂiﬁ High/Low Pressure Switch (1411 Manual Reset) Lﬁ@ﬂ@iﬁumil?’fﬂﬁmﬂlﬂﬁqﬂﬂiﬂiﬂlﬁ]ﬂlﬂ%m

suerme

E4
v v A

17.1.4 Air Handing Unit (AHU) Apalinaiainiaaail Fluograios

-

17.1.4.1 Tassardameuen shonusumdniidunsfuaiiy meluydaenuu fomthideauiedestuimen
asity AesddurnnINeAg

17.1.4.2 Tumsnsesomea Sunmsegiifiouvioudunsewnyledunsziiannsodsihinnuazen1d17.1.4.3 5u
@041117139AM1 Filter Dryer ﬁuumalﬁmmwaufTummmmﬁmﬁmmscharge vosinzoeliuene

17.1.4.4 F5udaedossanmodmsutheoedadanuioa (Type L Taonea1siAmdud 1L Suction 1 U0
Flexible Insulation i T Tuiifianwmin lidesndt 19 mm.(3/412) waziiudremudunerhedm

17.1.4.3 fEudhavzdessanie Ve dnfuszuwmhing Tnsdauiieglufumannieorms 18 ude Flexible Insulation
siia i Ifitianumunliesni1 9.5 mm Wuuaomilwune aitetlosmunimeaneluos)

17.1.5 fFududesduiumssamans Iawunafisnan Tassluae Waiia 0.6/1KV.XLPE/SWA/PVC/UV /VP/FR
+PE V‘gilli Power Cable 11aZ Control Cable Lmzﬁamﬁuﬂa PTT ES70.02.21 Electrical Cable Spec (mm@ﬂmmuuﬁ 2) uag

a @ 1 < a o s '
dowuuenasmsnadoudis IWihonTssudean Taede Power Cable fananvzdeuilundasmaineglu Vendor
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. 4
Lists ¥04 Uan. (@uena1suuui 3)
Yo ¥ Y A o { 9 o a a 2 ) a ) 4 ]
17.1.6 5udtiniidisnszeznaizdesduiiumsaagae e sannihanes s Taszdeuionuenn 13 10%
I 1 ] [} 1 < @ 1
ihuedraios vinane Ivlihena line 12 lieyanalddeaelasaauia szdesiamarsliiunlminimue tazazdos
o 1 I a <3 5 g 4 o
MurmA Voltage drop voaae Tl 1diiuluawuasgiu 1IEC Tasdoadidenns Il ududsusesmsoonuuy naiidsy
Y Y U { Y . Yo wa 1 2 o A 4 X a
MzAesdavoyan1uevesd ez 191a Calculation sheet 1AM Uan. oyiianousuduiiudigoveaasmsaa
g’; = Aaan A = A Y 4 I
avme salan. Nanslumsvenasuanueivesmersevinavesmelieg lunasinissensy
[ @ g a 7 % [ o
17.1.7 §5031992A099AN Cable Gland TiJuwiia Stainless 130 Nickel Brass 11111 aaldauswivene vl 1dawde
Y Y @
17.1.5 Tag vz@eeaun3n 1991118 11 Hazardous Area ZonelH3® 2 Gas Group IIB @A1XIATF1U IEC 60079 H5eaUMNT
@ "o 1 I v . I 1 [ . o
foariul3idna1 Ex d 1B 1iuee19rie 1azil Index of Protection (IP) 66 11upe19tioe 3¢dnalA5Y Certify H30m3ISuI09
1 o I a @ 4
11A591W ATEX, CENELEC %3 0ifguim Iagaz@vauuy Certificate 1insounuluauesiniaie uazszaouilunansas
Ax . v 2 o ] o bt . )]
Wlloglu Vendor Lists ¥09 Uan. mniu (muionasuny 4 )uzdoanniounugnssilsznou (Accessories) a1msnld
'A% U 19V Gasket 1102 Seal
[ [ [ Jd o [ . . . o Y
17.1.8 f5U1992 A0 IN3 9 M0IAD3 §1115UTZ VY Ventilation / Air Change 110114104 Battery Room 311494 2 @7 11ag
[l 9 Y
Motorized Damper $113U 4 #1 Fananuailazdesaniungal¥au'ldlu Hazardous area Zone 1 %38 2 Gas Group 1B A%
v @ . . "o ' I 1
11A597U IEC 60079 S2AUM51I09nU Explosion protection 13@1n31 11 2G Ex db IIB T6 Gb 1iluedtios
o o 4 o . .o, . C; o
17.1.19 A5 U31980951m 5 9A113AAIUANNITHINIUYBI5Z Y Air Condition Y9104 Battery Room 1Hugilnsal PLC Tag
[ 1 % oA
141 Digital Input, Digital Output tigawen 3 15U tagdeunae spare 1306191i08 10 % 9 PLC nazgilnsaiou o
g’; { Yo 1% Id { 1 g’/ g‘/ L ] 1 {
nruaNgs DI danvzAouiluuessie Allen Bradley 111y naiiiie Tidresonis 169 1uas Common Spare Part #1114
A A o ' g Yo Y Yt . .
aulunareniuivesIsaenniy Uan.su GSP#6,ESP.New GSP#3 1Hludu TaorSud1azdoada Specification 409
s a Y wa 1 o o dy Yo Y Y @ 1 L4 Ao a
ginsaluaazsiialinig Uan. eyidnewihinmisade uazdsuisazdesansangiuiigunsal uag Spare Part NAIIY
o ¥ - ] ] a < ] v & "o { Yo U
m3dadonariualildoglu Obsolescence Plan vosgnannsluszezinat s Milusdrados Wuawaiundsusedaen
[ <3 9 o o o o . x ' ]
NunIrNandase AmMSugAIUAUIZAB1IN T Stainless Steel $S304 FITAMWHUT 2 mm.H30WINNI WUTT09

k4 Y 9 Yy 9 9 v
ﬁuamqﬁ'aa 1 ¥U mﬂuuwu?ﬁnuwﬁ’mwuuammwuiuﬁ’aﬂﬁ MUNSELL N7 YERIN IR ’E]EINIT’E)EJ 2 ¥U
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17.2 Scope of Work

Y
17.2.1 5U1992 A Id O VUMY (Project Schedule) W onudunaumsfianu Tasaziden wenuy Organization
= o ) Yo a ) o ' A o a

Chart F33zanihauazganiiums v dan. Sumsw newsuduiiums

Yo Y Y o o A o . . Yy a &
17.2.2 g5 0900z ApaimseonuuiazMuIBYIAY0UA50915U01MA Air Condition Tritlu lUaminasgiumsaans

P k2 v
gunsal lihluwaiui Hazardous Area AMUNIA5§ 11 NFPA76 ,111 W30 IEC162485-2 1130 PTT ES Standard ¥4
an. Tagi915011910 heat load TTagiiuiilieg nazdosannsargumgi lded1aites 20 osnwaiFed wazdewdasgas

o . 9 Y~ 2 Jw a A ¥ 2 P Yo ¥

mMsmuam Air Flow Trithu luauanagiu Tasazdosdiaasudsusesnnininsniena netiginisiiniedsusig
o Y Yo A 1 @ dy Y I v 2 ] 1 9 1
1111 9zdeq lasumseyianInne dan.neumsiage wazdouiluveslwinmua limerums ldnunneu

Yo Y Y o o ' 1 < aa A < (5 Y a3
17.2.3 f5udeezdesiimsesnuuunazmuisvuiavesedeandy Taslidansnseanaiuasuses Idiuluaw

9
11AF1W Installation /Typical Drawing Y84 Uan. azApaiinsAaaa Insulation ¥ Tasn1edsuiaazdesimsdisiani
' v 9y
NUEUNIATINADUIANIZTINITAAAYA Air Handing Unit (AHU) 1ag Condensing Unit (CDU) Tag@oafiuisnm
o 3 o Y Y 1 [ ~ <3 do a 1 ) Y
awnsalumssviminvesInssadieldedtasans uazlimedudsusesnniaing lest aeldmadaiuguan dan.
aylAnoUETNANTUMT
9y v Y
17.2.4 M3191201A15 199 92ADIAUUUNMIUDY Coring MU HAzYzADI I UBYNIA9N Uan. neuFuAIIUMITNAATS
Y H
17.2.5 501992 A091IN1500NUVTZUY Ventilation / Air Change 71811103 Battery Room Y9977 Main Substation
Y A ¥ L Y A vy ' 9y A
Gsp#2 Tiluliannasgiu NFPA76 111 W30 IEC162485-2 iatlazdesiian lufosnin 1,500 cmh. uazdeeliszuy
o A a o A 2 9 1o q Ay ve 4 2y °

Joanunsalinansan1995 Hieasaini g Hded ivhlszuuoulasuransyny Taesanuall Aeauaainmsmuin
Trine dan. eyii@nouuduiiums uagvaznaaounIiiauaealitdosss linu Equipment Specification
17.2.6 f5U1992A09311N1500N1LLY Motorized Damper (111U Spring Return) A1NAM AR

v '

PTT ES - 40.04 Air Conditioning And Mechanical Ventilation Spec (19N@151UUT 6) N5PUAAARIN Air Duct 914U 2 /2

v Y '
1187 Ventilation Damper 718111104 Battery Room 91194 2 @7 Tas@ed1iimsAand Canopy NU3nuduuen tietleeny
! < o ' o
duaa Fedouiluliauinnsgiu Electrical Installation /Typical Drawing ¥94 YaNn. 119113 WAUTL VY Fire Alarm 11az

Asudrazaouaneaeln11§ing Fire Alarm Panel 796-FP-001 1o 5D ayay 194 Fire 41910 Fire Alarm Panel #4n19 an,

Q Yo o @ v & X Vo 3 Yo Y Y o a 2 . A & ) v
EU&‘].IH@]ﬂ'IWuﬂ@ﬂﬁ‘]JﬁﬂJﬂJ']ﬂﬂW Vlﬂu141ﬂﬂﬁﬂlﬂg']mlﬁll Qmmmmmmmmﬂm Aux1hary Relay LN HIVEADILLIIN I

a o
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]
a a oA

Uan. ipvoyiANoUTUAUTUNS
Po  w o . ) Yo Y ¥ o v
17.2.7 4910 I011MIVILVUY Ventilation / Air Change melurios Battery Room Qimnwmmmmiaammﬂﬁmmﬁa
Y " Y
Run L4/ Duty 1 @3 1482 Standby 1 A2 1A81012AAAINNITe1 04 Battery Room %14 2 #9
a & J o @ . . . I a &
17.2.8 MIAARINBIADS TIMSUTYVY Ventilation / Air Change Ao uilu lilauanasgiumsandves dan. vie masgiu
9
International Electrotechnical Committee (IEC.), 31191’5;@11!ﬂﬁﬂﬂﬁﬂl”lﬂﬂﬂ”l’c’hﬁi‘]J‘lJ'izL‘Vlﬂl],VlfJ VDI IAINTTUADIULN
szme'lneg
Yo ¥ Y o Y 0w . . . ) A o ¥4 Y a
17.2.9 f5usedewiimseonuuuliininsesdmsy g Air Handing Unit (AHU) 13 2 9@ iivetleanuiini uazazdosan
g’; o o [ %’ { o (% o
AWYANDIADT 1T UYANNNNAT0I9DN 1ABTINUEN 1L
Yo Y v o A A F) o . .. 9
17.2.10 g5 uvzdewinimsesnuvuszuy TWihnfReades nazganiugunsiauvesszuy Air Condition Y994
o [ a a I
Battery Room 1a8@04 lasumsesnuuuiaziusesnnisns ihawlsemevesaanisans Idiluldamuasgiu
a = o [ a 1 < 9 (2 dy
N3 TUN Yan.sausy vy Ienssuaauurailszme Ine, 1EC wudy dail
4 [ a g}/
1. a1e' 19l nazgulnssitesnu saudamsaaaanalih
P ¢ o a ¥
2. Motor a1e Wi, ginsainaugu wazginssitfesiuswdamsdaainialaih
4 o . .. [l =2 L4 J o =3 a
3 .91nsalAauANMIaIUYBY Air Condition 191 PLC Taudeae i | gilnsalaauau navginsaiflosiusiwiemsaa
Y
aama'lvlih
2’,, dy a g’/ Y Y ) [ Y [ Y g’l
natllumsesnuuuaanigaiugu Tagld PLC dwmsuaiugu Tdeunsaiianlanalu Auto Mode 112 Manual Mode
¥y 2 . g I . . & o . . . o Yy A =
141! Function 119%4# 1J1 Basic Requirment #3%11n 114n15%11 Detail Engineering 31iludosiimsasuudas ne dan.ve
2 L a A = I =y @ t:y
avuans lumsinsaneyiamsdoundauilumsally aail
Y
9 1 o . o <3| 1
17.2.10.1 8351 Auto Mode #89a11139311911 1801 Function aatiiilusgnaiiaeg
17.2.10.1.1 tioda Selector Switch MAA KU Auto Mode ,Motorized Damper 1 Ventilation Damper liai¥ Ventilation Fan
a1 1 deshauuaz lluaasdniug Run @n (Red Lamp) taznat)y Start Nigaiugu
17.2.10.1.2 Ilu@@aa@a1ne Run 9 Air Condition Unit#1 A (Red Lamp)
) 1
17.2.10.1.3 910 UU Motorized Damper Unit#1 M9 (L‘ﬂﬂ) ‘Muamamm Show Open ey Feed Back L‘]Jﬂ’cjﬂmﬂ
Motorized Damper (10 131} Feed Back ndbu1nielu 10 3u1di Air Handing Unit (AHU) A4 livhau nazndhdaiugw
Show Motorized Damper Unit#1 Fault) uag Iuaasan1ug Run A Air Condition Unit#1 AU (Red Lamp) 1182 Lamp Stop A9
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(Green Lamp) (481 Alarm Buzzer A4

17.2.10.1.4 Lﬁ'aé*u Feed Back Lﬂﬂqmﬂﬂ Motorized Damper 1 inﬂlzillu Air Handing Unit (AHU) Unit#1 191U
17.2.10.1.5 ’1]1ﬂ1§!1111! Compressor ‘17] Condensing Unit (CDU) Unit#1 ¥1914

14.2.10.1.6 Temperature Display ﬁGj’ﬂmﬂm’fmm’fmmqmwgﬁzﬂuﬁmam iazAIADEanad 1Az Compressor
Condensing Unit (CDU) Unit#1 15Aeasauazae 2993muauvigin set 13 Tnsgamginesdesaunsarinuldlidos
17120 DT AT

17.2.10.1.7 Lﬁﬁ] Air Handing Unit (AHU) Unit#1 Trip /Fault Iuaasaaue Run 171 Air Condition Unit#1 921 (Red Lamp)
iag Lamp Stop @# (Green Lamp) nSouny Lamp Fault an (Orange Lamp) Alarm Buzzer A4 1182 Motorized Damper Unit#1
vgaiau (Ua) Tvluaasaniug Show Close 1ag32UVIZADY Switching {93113 Start Air Condition Unit# 2 11111

o9 1uiA 1ao Sequence Start IFUIABINUND MT Start Air Condition Unit# 1

17.2.10.1.8 Lﬁlmﬁﬂ ﬁmmuwm Fire 910 Fire Alarm Panel iz‘U‘]J%xﬁ)ﬂﬂﬁfJ‘ﬂﬂTiﬁWQTu%ﬂﬂiJﬂ ,Motorized Damperﬁ Air Duct
uaz‘ﬁ Ventilation Damper melurie Battery Room foalla (Close)i’mﬁﬁ Ventilation Fan wqmﬁﬁwm waz Iuang
0z Fire A inhdaruau minhmsadesdyana Fire ud shmanailu Reset inif1dauas Lamp Fault &1
(Orange Lamp) Alarm Buzzer ‘Vifgﬂﬁlﬂ 11ag Motorized Damper 17‘] Ventilation Damper meluiies Battery Room foaila
(Open) Ventilation Fan doariau (Running) oa lua

17.2.10.1.9 1i}0&04n13 Normal Stop Air Condition Unit# 1438 Unit# 2 iim3natly Stop inthidaiuay Tasszuuasdes
wqﬂmﬁﬁwmﬁwm #A13Y Ventilation Fan fﬂzﬁqmﬁ'ﬂﬂﬂﬂu Emergency Whlg!”u

17.2.10.1.10 MAYRZ1U Air Condition Unit 1 Running I&IRA Fault 5211928039113 Switching 1) Running Air
Condition Unit# 2 Lﬁ@qmwgﬁmﬂiuﬁ’m Battery Room f19910#1 Setting 3 0 saidod 1iiei1n5 Start Air Condition
Unit# 2 1A8 Sequence Start L5UIABINY

17.2.10.2 #1131 Manual Mode fo3asnsavians Idany Function faiifuoghaiios

17.2.10.2.1 iilo¥imsdia Selector Switch MM Manual Mode Trluansanuzfiviidaiunu awfammz Lamp
Stop (Green Lamp) !,‘Vhf!zu

17.2.10.2.2 M3 ﬂﬂﬂu Start Ventilation Fan ﬁlﬂiﬂﬁjﬁﬁi Ta ﬂﬁ Motorized Damper‘ﬁ Ventilation Damper L91% Ventilation

Fan aouiaiuuaz Ivlugasaniug Run @a (Red Lamp) ¥11n13n@1)u Stop Ventilation Fan doangasiiauuag lvluaas
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A01UE Stop AN (Green Lamp)

17.2.10.2.3 th’iﬂm!ll Start ‘7] Air Condition Unit#1 1WIe@aa011g Run A (Red Lamp) mm‘i”u Motorized Damper
Unit#1 1911 (1Wa) Trlansaniug Show Open 131951 Feed Back 1lagA91n Motorized Damper (110 11i3) Feed Back nal
w1melu 10 3uTH Air Handing Unit (AHU) do3 liviau wagmiiidaaungu Show Motorized Damper Unit#1 Fault) taz 1
HANNEDIUE Run ‘ﬁ Air Condition Unit#1 A1) (Red Lamp) 1482 Lamp Stop A9 (Green Lamp) (182 Alarm Buzzer A4
17.2.10.2.4 Lﬁﬁ]“j"‘u Feed Back L?Jﬂ’s]ﬂmﬂ Motorized Damper 189 mmi"u Air Handing Unit (AHU) Unit#1 1914
17.2.10.2.5 mm‘?u Compressor ‘17] Condensing Unit (CDU) Unit#1 MU

17.2.10.2.6 Temperature Display figaugudeaasmgangiifiudaiay naza Ao anad iag Compressor i
Condensing Unit (CDU) Unit#] 9@ 04fauazae Nﬁ)imuqmwgﬁ‘ﬁ set 13 Tasguinigiidesdesamnsaam’la lives
191 20 DAY DT A

17.2.10.2.7 Lﬁ‘ﬁl Air Handing Unit (AHU) Unitl Trip /Fault (Unit stop) Tluaasaniue Run ‘I?l Air Condition Unit#1 921
(Red Lamp) 4a% Lamp Stop @ (Green Lamp) nSouny Lamp Fault @9 (Orange Lamp) Alarm Buzzer 4 118 Motorized
Damper Unit#1 v (Ua) Tiaasaniug Show Close

17.2.10.2.8 YU Air Condition Unit# 1 #3® Unit# 2 Running tﬁmﬁﬂ ﬁmuaunm Fire 911 Fire Alarm Panel izum:ﬁ'ﬂmqﬂ
mi‘ﬁnmﬁ'wm ,Motorized Damper ‘17] Air Duct uazﬁ Ventilation Damper meluries Battery Room foalla (Close)3u
74 Ventilation Fan 1gams1a1 waz Ilueraserans Fire A fivhdarugu minhnsades dyana Fire uda shmsna
ﬂll Reset ﬁwﬁﬁé’muau Lamp Fault Al (Orange Lamp) Alarm Buzzer ROV 1ag Motorized Damper ‘I?I Ventilation Damper
mMelurie Battery Room fouila (Open) mm‘i’u%wz Manual Start Ventilation Fan 1@

17.2.10.2.9 1i}0&04n13 Normal Stop Air Condition Unit# 1438 Unit# 2 iim3natly Stop inthigaiuay Tasszuuasdes
wqﬂmiﬁwmﬁwm A3 Ventilation Fan fﬂzﬁqmﬁ'ﬂﬂﬂﬂu Emergency th!llu

17.2.10.2.10 VAV Air Condition Unit 1 Running I&IRA Fault 521192804 Stop 1azdaa'la) Switching (o Start
Air Condition Unit# 2

17.2.10.2.11 #IN&0N3 Start A Air Condition Unit#2 §16 Sequence Tumsiiamdoamilousy Air Condition Unité1
17.2.11 ;j’%’u%’nﬁ'mﬁmﬁﬁﬂg’q Air Condition uazgunsaidlsznoudus fAsamuia 2 %A (Run 1 %A 1Az Standby 1 %4A)
firfoq Battery Room YD9MUT Main Substation GSP#2 t1azdesannsashnmsaaaeima an. fvua'ld Fama dan. oz
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i u@: °mumﬂ‘ﬁﬁ1ms§ A9 ﬁﬂﬂgﬂ Air Handing Unit (AHU) 48 Condensing Unit (CDU) (140N 15LUUY 5-1,5-2)

9
9 3 a U

v 9
d1mTUARAAT A Air Handing Unit (AHU) naiig5useazdeaiimadisnanihaudiodies uazezdesduiiunmsian

a a
J
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RAYONG GAS SEPARATION
PLANT BRAND LIST

PAGE: 23 OF 47
DATE: 30 Nov 21

Rev.14

4.29.

Low Volt Cable
- Fujikura Electric Co,, Ltd.
- Thai Yazaki Electric Wire Co,, Ltd.
- Pheldge Dodge
- MCI Draka
- Bangkok Cable
- CTW Charoong Thai Wire & Cable

International
Thailand
Thailand
Thailand
Thailand
Thailand

4.30.

Split-type air conditioners
- Mitsubishi electric
- Daikin
- Trane

- Carrier

Japan/Thailand
Japan/Thailand
US.A/Thailand
US.A/Thailand

4.31.

4.32.

4.33.

4.34.

4.35.

4.36.

Split-type air conditioners (Explosion Proof)
- Warom
- MARC
Ethernet Switch
- Cisco
- Hirschmann
Fiber Optic Converter
- Cisco
- Hirschmann

Protective Relay
- ABB
- SIEMENS
- GE
- Refer to SWGR Vendor 4.3, 4.4)

Ring main Unit 22 kV
- ABB
- SCHNEIDER

CSCS (Computer-based Substation Control System)

- Mitsubishi Electric Corp.
- Toshiba Corp.

- ABB
- Siemen
- Schneider

*=Temporary List (See note 9.

China
USA.

International
Germany

International
Germany

Germany
Germany
U.S.A/Europe

International
International

Japan
Japan
Europe

Europe
Europe
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ELECTRIC CABLE
SPECIFICATION

ES-70.02.21
PAGE: 9 OF 17
REV:1

O

PTT PUBLIC CO.,,LTD

ENGINEERING STANDARD

6.1.2.2

Core identification : Red, Yellow, Blue.

The three power cores shall be laid up with non-hygroscopic fillers in round shape and a
suitable binder tape shall be applied helically over the cabled cores.

Inner sheath (bedding) : Extruded layer of flame retardant black PVC
compound with oxygen index not less than 30,
temperature index not less than 300 °C and
complying with Class ST2 of IEC 60502.

Armour : Single layer of galvanized round steel wires.

Oversheath : Flame retardant PVC complying with ST2 of
IEC 60502.

Oversheath Colour : Red.

Conductor screen, insulation and insulation screen shall be extruded simultaneously in
one operation using the triple extrusion process. The insulation layer shall be
distinguishable and easily strippable from the semi-conducting layers without the need
for special tools or heat sources.

Low Voltage Power and Lighting Cables

Low voltage power and lighting cables, both single and multi-core, comprise the bulk of
the Plant cables.

Single core construction shall be used for large power cables (240 mm? and above, e.g.,
transformer secondary cables).

Generally single core cables installed in the Plant shall be armoured with non-magnetic
aluminium wires. Single core low voltage cables may be non-armoured where they are

installed in locations (e.g. in substation buildings) where the risk of mechanical damage
is minimal.

The construction of armoured single core low voltage power cables shall be as follows:
Standards : IEC 60502 or BS 5467
Voltage : Uo/U rms = 0.6/1 kV rms where

U, is the nominal voltage between conductor(s) and ground, and

ES-70.02.21_Electrical Cable Spec Revl.doc
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ELECTRIC CABLE
SPECIFICATION

ES-70.02.21
PAGE: 10 OF 17
REV:1

PTT PUBLIC CO.,,LTD

ENGINEERING STANDARD

U is the nominal voltage between phase conductors.

Conductor

Insulation

Bedding

Armour

Oversheath

Oversheath Colour

Plain annealed high conductivity copper
stranded to IEC 60228 Class 2 (circular up to
16 mm? and shaped stranded for 25 mm? and
above).

Extruded cross-linked polyethylene (XLPE) to
BS 5469.

Extruded layer of flame retardant black PVC
compound with oxygen index not less than 30,
temperature index not less than 300 °C and
complying with Class ST2 of IEC 60502.

Single layer of round non-magnetic aluminium
wires.

Flame retardant PVC complying with ST2 of
IEC 60502.

Black

The construction of armoured multi-core low voltage power cables shall be as follows:

Standards
Voltage

Conductor

Insulation

Core identification
Phase conductors

ES-70.02.21_Electrical Cable Spec Revl.doc

IEC 60502 or BS 5467
0.6/1 kv

Plain annealed high conductivity copper
stranded to IEC 60228 Class 2 (circular up to
16 mm? and shaped stranded for 25 mm? and
above).

Extruded cross-linked polyethylene (XLPE) to
BS 5469.

Red, yellow, blue for cables with or without
neutral conductor.

27/73
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ELECTRIC CABLE ES-70.02.21
SPECIFICATION PAGE: 11 OF 17
REV: 1
PTT PUBLIC CO.,LTD
ENGINEERING STANDARD
Neutral conductor : Black.
Protective conductor : Green with yellow stripe

(for all cable)

The required number of cores shall be laid up with non-hygroscopic fillers in round
shape and a suitable tape may be applied helically over the cabled cores.

Inner sheath (bedding) : Extruded layer of flame retardant black PVC
compound with oxygen index not less than 30,
temperature index not less than 300 °C.

Armour : Single layer of galvanized round steel wires.
Oversheath : Flame retardant PVC complying with ST2 of
IEC 60502.

Oversheath Colour Black.
A For battery application, conductor shall be fine strands of high quality plain copper wire.

Color identification for single phase load (such as lighting load) shall be black for phase
A conductor and white for neutral conductor.

Color identification for dc application (such as battery) shall be red for positive polarity
and white for negative polarity.

6.1.2.3 Control Cables

Standard : IEC 60502 or BS 5467
Voltage : 0.6/1 kV
Conductor : Plain annealed high conductivity stranded

copper complying with IEC 60228 Class 2

Insulation : Extruded cross-linked polyethylene (XLPE) to
BS 5469
Protective conductor X Green with yellow stripe

ES-70.02.21_Electrical Cable Spec Revl.doc
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RAYONG GAS SEPARATION
PLANT BRAND LIST

PAGE: 23 OF 47
DATE: 30 Nov 21

Rev.15

4.29.

Low Volt Cable
- Fujikura Electric Co,, Ltd.
- Thai Yazaki Electric Wire Co., Ltd.
- Pheldge Dodge
- MCI Draka
- Bangkok Cable
- CTW Charoong Thai Wire & Cable

International
Thailand

Thailand
Thailand
Thailand
Thailand

4.30.

4.31.

4.32.

4.33.

4.34.

4.35.

4.36.

Split-type air conditioners
- Mitsubishi electric
- Daikin
- Trane
- Carrier
Split-type air conditioners (Explosion Proof)
- Warom
- MARC
Ethernet Switch
- Cisco
- (Hirschmann
Fiber Optic Converter
- Cisco
- Hirschmann

Protective Relay
- ABB
- SIEMENS
- GE
- Refer to SWGR Vendor &4.3, 4.4)

Ring main Unit 22 kV
- ABB
- SCHNEIDER

CSCS (Computer-based Substation Control System)

- Mitsubishi Electric Corp.
- Toshiba Corp.

- ABB
- Siemen
- Schneider

* Temporary List (See note 9.

Japan/Thailand
Japan/Thailand
U.S.A/Thailand
US.A/Thailand

China
USA

International
Germany

International
Germany

Germany
Germany
US.A/Europe

International
International

Japan
Japan
Europe
Europe
Europe

29/73
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BEAYONG GAS SEPARATION
PLANT BEAND LIST

PAGE: 40 OF 41
DATE: January 19

Rev13

9, Miscellaneous

9.1. PlasmaLCDLED Monitor
- Panasonic Japan
- Sony Japan
- Sharp Japan
- Samsung KoreaThailand
- LG KoreaThailand
- Dell International
9.2 Desktop Computer (Senver, Workstation)
- Dell KoreaThailand
- HP KoreaThailand
9.3. Laptop Computer
- Dell KoreaThailand
- HP KoreaThailand
9.4, Printer
- HP International
- Canon International
- Ricoh International
95 Grating
- Webforge (Thailand: Ltd. Thailand
- Siam Steel Gratings Co., Ltd. Thailand
9.6. Hot dip Galvanized Conduit
- Abso Thailand
- Matsushita Thailand
- Arrowpipe Thailand
9.7. Cable Gland
- Hawke International
-  CMP UK
- Peppers UK
9 8. Cable Transit Equipment
- Roxtec Sweden
- SMC Thailand
- TIC Thailand

Electronically Verified by WoWIANA 1aa5aliugna on 02/11/2022

Electronically Approved by Y 1w HY Tern1 on 02/11/2022
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AIR CONDITIONING
AND MECHANICAL

VENTILATION

PTT PUBLIC CO,, LTD

ENGINEERING STANDARD

REV:4

PAGE: 2 of 41

ADDENDUM

Item

Section

Description

3.2

National/International
Standards

Added
NFPA 496-2003

IEC 60079-13

4.1

General

Added

Gas detection device and Toxic Gas
detection device for Control Room.
For substation, the fresh air intake
duct shall be equipped with Gas
detection device.

Once receipt of an alarm from the
signal from the Gas detection panel,
motorized gas-tight dampers in the
fresh air intake duct and exhaust
duct shall close and isolate the
system

4.1.1

Central Control Building

Added

Flammable and Toxic gases
detection equipment shall be
installed at fresh air intakes duct.
The equipment shall send the signal
to gas detection system to shutdown
the building ventilation air intake.
The type of toxic gas detector shall

be review base on the hazard around

the building location area.

On order to deal with flammable and
toxic gases outside the building the
equipment and HVAC system shall
be selected to match with hazardous
area classification zone such as
electric damper. The program of
HVAC's PLC shall automatic shut-off
the damper in case theirs detect the
flammable and/or toxic gases.
Moreover, manual shut-off
inlet/outlet damper button shall be
provided at HVAC control panel.

34/73
37/80



AIR CONDITIONING
AND MECHANICAL

VENTILATION PTT PUBLIC CO,, LTD PAGE.: 3 of 41
ENGINEERING STANDARD
REV:4
4.1.1 Central Control Building Added

d) Condensing Unit or Chiller
Unit shall be designed to be
2x100% capacity or 3x50%
capacity

4.1.2

Substation

Added

Substation shall be provided fresh
air ventilation if it located in the
hazard area that likelihood of the
problems of flammable and toxic
gases. The hazard in process area
shall be reviewed by quantitative
risk assessment method.

4.1.2

Substation

Added

Duplicate Condensing Unit or Chiller
Unit 2x100% Capacity or 3x50% shall
be provided for the substation
building.

41.4

Analyser House/Gate
House

Added

Fresh air ventilation units for
analyser houses shall be provided
with a pre-filter for 85% efficiency
ASHRAE dust spot

4.5

Internal Design
Conditions

Added
- High & low voltage
Switchgear room/Inst.
Room/EDG panel room
At Fresh Air Changes per Hour
AC/HR add (1)
- Cable Room
At Fresh Air Changes per Hour
AC/HR add (Exhausted Fan)

Deleted
Battery room because repeated

Added

NOTES

(1) Substation shall be provided
fresh air ventilation if it located in
the hazard area that likelihood of the

35/73
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problems of flammable and toxic
gases. The hazard in process area
shall be reviewed by quantitative
risk assessment (QRA) method.

In case that the result of QRA show
no risk effected from gas leaks in
process area for location of
substation, it does not require to fill
fresh air inside the substation
building.

4.7

Fresh Air Requirements

Corrected

A minimum of twe-fresh air changes
per hour for each room within the
building shall refer table 4.

5.2.1

Central Control Building

Added

(85% efficiency ASHRAE dust spot),
main filters (after-filter for 95%
efficiency ASHRAE dust spot)
Deleted

S et st Lelust coo tonie

5.3

Electrical and Controls

Corrected
i e I  Monitor
System-ECEMS DCS

Added

The HVAC signal such as room
temperature, humidity of Switch
Room, UPS room, battery room,
instrument control and instrument
rack room shall be connected to plant
DCS.

In case HVAC supply to essential
loads such as UPS Room, Variable
Speed Drive or other critical
electronics load including with
instrument controller DCS and Safety
PLC, PLC inside HVAC control panel
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shall be redundant in power supply,
controller.
6.5 Refrigerant Added
The HFC refrigerant shall be used.
6.6 Outdoor Condensing Added
Units/Air Cooled Packaged | The control box and power terminal
Chillers box or any outdoor safety switch
shall be protected with galvanized
canopy.
The overload protection and all
safety devices shall be included in
compressor package.
Protection of the Chiller shall
compose of as following details.
o Cooler and water cool freeze
protection
e electrical overload
e thermal overload protection
e high pressure
e low oil pressure
e loss of refrigerant charge
e loss of phase protection
e reverse rotation (control prevents
compressor start)
e current imbalance
e ground current
e low chilled fluid temperature
¢ loss of flow
6.7 Indoor Units Added
The individual drain pump of floor
mounted direct with expansion (DX)
or chilled water type Air Handling
Unit shall be provided in each unit in
case that the condensate cannot
drain to drain point via the gravity
slope of pipe.
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6.10.8 Manometer Added
For Central Control Room and
Substation manometer shall be
installed at main corridor, DCS Room,
Switch room, Battery Room to
measure differential pressure.
8 DOCUMENTATIONS Added

Vendor documentations shall
conform with following
requirements.

- HVAC system and instrument
diagram for building

- HVAC Control Flow Chart
Diagram

- HVAC Cause and Effect Diagram

- Alarm and Trip Set point list
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1. SCOPE

This Project Standard describes the minimum requirements for the Air
Conditioning and Mechanical Ventilation Services works of the Building.

2. DEFINITIONS

For the purpose of this standard the definitions as defined in CONTRACT of
project.

3. REFERENCES

The design of the Air Conditioning and Mechanical Ventilation for the buildings
shall be in accordance with the latest revisions of the following Standards, Codes
and Specifications.In addition to the Standards and Codes of Practice listed, and in
other Engineering Standards, the relevant Thai National or Local Authority Codes
of Practice and Standards shall be used except where they are less stringent than
the referenced Standards and Codes of Practice. CONTRACTOR shall specify any
such alternative Standard and Codes of Practice and their use shall be subject to
review and approval by the PTT/CONSULTANT.

3.1. Engineering Standards

ES -40.01 - Specification for Civil Works

ES -4003 - Architectural Materials and Workmanship Specification
ES -40.07 - Structural Steelwork Design

ES -70.01 - Electrical Standard

3.2. Nationalinternational Standards

American Society of Heating Refrigeration and Air Conditioning Engineers
Handbooks (S.I. Editions):

Fundamentals (1993)
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Refrigeration (1994
Applications (1995)

HVAC Systems & Equipment (1992)
SMACNA -HVAC Duct Construction Standards (Metal and Flexible)

National Fire Protection Association (NFPA)
NFPA 496-2003

DIN 57510 FOR VDE 0510 Specification for Electrical Storage Battery Plants.

IEC 60654-1
IEC 60079-13

Any Local or National Standards and Regulations in force relevant to
building services.

3.3. American Standards

UBC Vol.3 - Material, Testing and Installation Standards

3.4. Thai Standards

3.4.1.

3.4.2.

3.4.3.

Bricks and Blocks
TIS 57-2530 (1987) Hollow Load-Bearing Concrete Masonry Units

TIS 58-2530 (1987) Hollow Non-Load-Bearing Concrete Masonry Units
TIS 59-2516 (1973) Concrete Building Brick

TIS 60-2516 (1973)  Solid Load-Bearing Concrete Masonry Units

TIS 77-2517 1974)  Building Bricks

Plaster and Plaster Board

TIS 219-2520 (1977) Gypsum Plasterboard
TIS 1057-2534 (1991) Ready-mixed Gypsum Plaster
TIS 188-2519 (1976) Gypsum Plaster for Building Purposes

Floor and Wall Tiles
TIS 37-2529 (1986) Floor Tiles

TIS 1042-2534 (1991) Backed Flexible PVC Flooring

40/73
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3.4.4.

3.4.5.

3.4.6.

3.4.7.

3.4.8.

3.4.9.

TIS 38-2526 (1983)

TIS 378-2531 (1988)
TIS 379-2524 (1981)
TIS 613-2529 (1986)

Tiles and Sheeting
TIS 537-2527 (1984

Mosaic Tiles

Concrete Flooring Tiles

Terrazo Flooring Tiles

Glazed Ceramic Tiles for Internal Walls

for Roofs
Concrete Roofing Tiles

TIS 1038-2534 (1991) Coat Steel Sheet Roof Tiles

Doors and Windows

TIS 1922519 (1976)
TIS 504-2527 (1984

Windows
TIS 744-2530 (1987)

Wooden Flush Doors
Wooden Frames and Panel Frames for Door and

Metal Frames and Panel Frames for Door and

Windows: Aluminium Windows

TIS 829-2531 (1988)

Metal Frames and Panel Frames for Door and

Windows: Aluminium Door

TIS 894-2532 (1989,

Windows

Ceilings

TIS 449-2525 (1982)
TIS 863-2532 (1989)

Plumbing System
TIS 343-2523 (1980)

Electrical

TIS 166-2519 (1976)
Similar Purposes

TIS 236-2533 (1990)
TIS 11-2531 (1988)

Paint
TIS 327-2523 (1980

TIS 328-2523 (1980,

Metal Frames and Panel Frames for Steel Doors and

Suspended Ceiling Steel Grids
Steel Frame Systems for Ceilings and Wall Panels

Water Taps

Plug and Sockets Outlets for Household and

Fluorescent Lamps

PVC Insulated Cables and Flexible Cords

Gloss Enamel Paints
Aluminium Priming Paints for Wood Work
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TIS 357-2523 (1980) Priming Paints for Wood Work
TIS 272-2526 (1983) Emulsion Paint

4. DESIGN CONDITIONS

4.1. General

All HVAC systems design and installation shall be completed in every respect and
shall be capable of providing the required internal building conditions stated
against the particular environmental conditions prevailing at the SITE. The system

shall be designed for continuous operation.

All fresh air intakes shall be completed with measures to prevent the ingress of
dust, water and sand. The fresh air intake duct shall be equipped with Gas detection

device and Toxic Gas detection device for Control Room. For substation, the fresh

air intake duct shall be equipped with Gas detection device. Once receipt of an
alarm from the signal from the Gas detection panel, motorized gas-tight dampers

in the fresh air intake duct and exhaust duct shall close and isolate the system.

HVAC equipment and its installation location shall be carefully selected to suit the
hazardous zone.

Where specifically required for blast proof building, the HVAC installation shall be
provided with closing gas-tight motorized dampers for air intake opening, and blast

protection dampers for air intake and exhaust openings. Rooms within the
substation and particularly the control building shall have redundant equipment.

The quantity and rating capacity of the air conditioning system shall be such that
the design condition can be achieved and shall not exceed the normal conditions.

To cater for future additional heat load in the room, spare capacity of 20% shall be
provided for all the units.

Considering wind direction, the heat exhaust from air cooled condensing units
shall not be drawn to outdoor air intake of the buildings.

4.1.1. Central Control Building

The Central Control Building and associated offices shall be mechanically air
conditioned.
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The system can be of the Split Type Direct Expansion (DX)type or Air Cooled,

packaged refrigeration units which shall provide chilled water to the HVAC
plantroom equipment.

The following ventilation plant shall be installed to provide air conditioning
throughout the building:

a) A central station air handling unit with duplicate fans to provide full
fresh air ventilation and pressurisation

b) Multiple, concealed, recirculating type fan coil units to serve the
offices, mess hall, document, meeting, first aid and other manned
rooms

c) Duplicate, central station, recirculating type air handling units serving
the Central Control room and any other rooms containing vital
instruments and equipment

d) Condensing Unit or Chiller Unit shall be designed to be 2x100%
capacity or 3x50% capacity

Conditioned air shall be distributed from the above plant to the associated
room via low velocity galvanised ductworks, insulated and vapour sealed as
required.

For chilled water type system, the chilled water from the remote packaged
chillers shall be distributed to the individual air conditioning unit's cooling
coils via range of black steel pipework and fittings, thermally insulated and
vapour sealed. The chilled water pipework system shall incorporate duplicate

centrifugal pumps, a pressurisation unit and chemical dosing pots.

The quantity and rating capacity of the air conditioning system shall be such
that the design temperature can be achieved and shall not exceed the normal
conditions. To cater for future additional heat load in the room, spare capacity

of 20% shall be provided for all the units.

Flammable and Toxic gases detection equipment shall be installed at fresh
air intakes duct. The equipment shall send the signal to gas detection system
to shutdown the building ventilation air intake. The type of toxic gas detector
shall be review base on the hazard around the building location area.

On order to deal with flammable and toxic gases outside the building the
equipment and HVAC system shall be selected to match with hazardous area
classification zone such as electric damper. The program of HVAC's PLC shall
automatic shut-off the damper in case theirs detect the flammable and/or
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toxic gases. Moreover, manual shut-off inlet/outlet damper button shall be
provided at HVAC control panel.

4.1.2. Substation
Air conditioning systems shall be provided to meet the specified design
conditions. They shall take the form of direct expansion Air Handling Units

with external air-cooled condensing units, mounted in accessible positions
for convenience of maintenance.

Substation shall be provided fresh air ventilation if it located in the hazard
areathat likelihood of the problems of flammable and toxic gases. The hazard
in process area shall be reviewed by quantitative risk assessment method.

All refrigeration pipework and condensate drains shall be insulated, properly
protected from damage and run on purpose made tray type support systems.

The condensate shall not leak onto electrical equipment such as switchgear,
motor control center, or other electrical equipment.

The air direction from duct or direct expansion chiller unit shall not direct to
switchgear or other medium voltage electrical device and above voltage to
prevent condensing of water inside the panel.

The pipework and condensate drains shall ensure no leaks or condensation
can drip or run on to electrical equipment.

The number and capacity of the cooling units supplied shall be such that any
area within the substation shall be maintained at its° design condition with

one unit in that area inoperative.

The quantity and rating capacity of the air conditioning system shall be such
that the design temperature can be achieved and shall not exceed the normal
conditions. To cater for future additional heat load in the room, spare capacity

of 20% shall be provided for all the units.

A duplicate fume exhaust system complete with automatic change over
controls shall be provided to serve the Battery Room. The exhaust rate shall

be such that fumes generated by the batteries conditions shall be kept within
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a safe level. The fan unit and ductwork shall be resistant to corrosion attack
by the battery fumes and the fan unit shall be of spark proof construction.

Duplicate Condensing Unit or Chiller Unit 2x100% Capacity or 3x50% shall be
provided for the substation building.

All electrical equipment area shall be Clean Room «Class 10,000 (designed to
never allow more than 10,000 particles (0.5 microns or larger) per cubic foot
of air)to minimize the dust particle. The Filter Elements of circulation air and
fresh air intake shall be High Efficiency Particulate Air (HEPA) to eliminates
99. 97% of all particles 0.3 microns or larger. Contractor shall design
architecture and air flow in cleaning area as laminar flow.

Clean Room's surface and joint shall be fully seal, and the entry access shall
provide the Air Showers to protected dust particles from external

Air Showers Specification:

Heavy-duty aluminum doors with full glazing, hinge sets and electrical
locks for long, trouble free performance.

Logic circuitry with built-in wall sensor activates unit

HEPA Filter eliminates 99.97% of all particles 0.3 microns or larger.
Electrical interlock system prevents accidental access to clean room.

Blower generates minimum nozzle velocity of 6,000 FPM
All locks open automatically in the event of power failure
1" nozzle effectively “wash~the worker

Durable Kydex@ Laminated interior
Modular construction with complete drawing and installation package;
provides flexibility for moving within building and during installation.

24 VDC passage lock includes built- in microswitch with fail- safe
mechanism, as opposed to solenoid plunger which is prone to failure.

Emergency panic bottoms with logic circuitry, one inside and one
outside each door, will deactivate the system.

Adequate interior lighting.

The General Regulations Sign shall be provided to remind staff activity to
achieve and maintain cleaning area.
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4.1.3. GAS TURBINE /COMPRESSOR /GTG BUILDING

4.1.4.

4.1.5.

Mechanical ventilation shall be provided for the GAS TURBINE /
COMPRESSOR / GTG BUILDING. The ventilation shall operate automatically

on the pre-set high temperature and high gas concentration conditions inside
the building. The automatic operation shall be interlocked with sensing

devices such as thermostat and hydrocarbon gas detector.

During normal condition, natural ventilation shall prevail by providing fresh
air intake louvres on low level of the building and by natural stack effect,
exhaust louvres shall be prevalently provided on high levels.

Analyser House/Gate House

Analyser House shall be provided with Direct Expansion (DX)split type air
conditioning units. The units shall be of construction suitable to the
hazardous area classification of the building being served.

Fresh air ventilation units for analyser houses shall be provided with a pre-
filter for 85% efficiency ASHRAE dust spot

Sale/Propane Compressor Shelter
The Compressor Shelters shall be provided with mechanical ventilation
system working in conjunction with natural air intake wall louvres.

4.2. Design Ambient Conditions

4.2.1.

Meteorological Data

Table 1 shall be used to determine the design temperature shall be used in
estimating the heat gains to the buildings and hence the equipment
capacities: -

Rayong 12° 38N, 101° 21°E, Elevation 3m.
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TABLE 1
METEOROLOGICAL DATA

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Ave Daily | 319 | 325 | 333 | 341 | 337 | 329 | 324 | 322 | 320 | 322 | 326 | 320
Max DB
Ave. Daily | 211|242 | 262 | 270 | 268 | 268 | 268 | 262 | 252 | 243 | 231 | 209
Min DB
Diurnal 108 | 83 | 71 70 | 69 | 61 56 | 60 | 68 | 79 | 95 | 111
Range
Ave. 365 | 370 | 376 | 393 | 395 | 380 | 378 | 380 | 373 | 372 | 370 | 375
Monthly
Max DB
Ave. 145 | 165 | 175 | 226 | 223 | 215 | 220 | 225 | 217 | 183 | 170 | 133
Monthly
Min DB
Ave. % RH 740 | 760 | 760 | 770 | 780 | 780 | 790 | 800 | 830 | 820 | 750 | 690
at 2.30 hrs

4.2.2.

The average of Highest D.B.in each year -395°C

The average of Lowest DB. in each year -133°C

Note that if official data becomes available for the SITE, this shall be
substituted for the above data, subject to review and comment of the
PTT/CONSULTANT. If approved, then during detailed design the following

temperatures shall be adjusted if necessary.

HVAC External Design Temperatures

From the proceeding data, the following design temperatures shall be used-

Dry Bulb Temperatures for of air cooled condensers 40°C

Dry Bulb Temperature for heat losses and Fresh Air Heating Load 14°C.

477173
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Dry and Wet bulb Temperatures for the estimation of-

Maximum Instantaneous Cooling Load on the building and
refrigeration plant.

Maximum Instantaneous Cooling Load for each space or room

Maximum Instantaneous Load for each zone supplied by a particular

cooling coil.
TABLE 2
DESIGN TEMPERATURES
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Max
Design 365 | 370 | 376 | 393 | 395 | 380 | 378 | 380 | 373 | 372 | 370 | 370
Dry Bulb
Min
Design 257 | 285 | 305 | 323 | 326 | 319 | 322 | 320 | 305 | 293 | 275 | 264
Dry Bulb
Max
Design 270 | 275 | 280 | 290 | 295 | 285 | 280 | 285 | 280 | 280 | 275 | 275
Wet Bulb
Min
Design 240 250 265 265 270 260 265 260 265 255 250 245
Wet Bulb

The time lag from noon for the Wet and Dry Bulb Maximum Temperatures
shall be taken as 3 hours.

Note: That the above maximum design temperatures are not the Absolute.

Maximum Temperatures, which may occur and may be exceeded for short
periods. Therefore, the internal design conditions may also be exceeded

proportionally during these periods.
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All temperatures are in °C and Wet Bulb Temperatures (W.B.) are Screen Wet
Bulb Temperatures.

4.3. Air Infiltration Rates

All buildings incorporating fresh air supply system shall be pressurised to reduce
infiltration of outside air to a minimum. Refer to Table 4 for nominal pressure in

each area.

4.4, Solar Radiation/Intensities

Intensities of solar radiation shall be calculated using the process and data given
in ASHRAE Handbooks. The buildings location used in this calculation shall be,

N120-38, E1010-21 with an approximate elevation of 3.0 m.above sea level.

4.5. Internal Design Conditions

The HVAC equipment and systems shall be selected to maintain the conditions
given in Table 4, with the maximum ambient conditions in Table 3.

4.5.1. When calculating the heat gains to the spaces, the upper limit of the
temperature and humidity control bands shall be taken as the maximum
internal space conditions.

4.5.2. Where relative humidity is not actively controlled (NAC) the cooling capacity

of the HVAC units shall be selected to maintain maximum relative humidity
of 70% under full load conditions.

4.5.3. The total air change rate, including any recirculated air, shall be determined
by the minimum fresh air change rate required, plus any additional flow rates
which may be required to satisfy the greatest of the following requirements.

- The air flow rate required to obtain the degree of temperature and
humidity control specified.

- The air movement required within space to maintain comfort
conditions.

- The air flow rate required to limit the temperature differential between
the supply air room/space temperatures to an acceptable level to avoid
dumping and/or cold drafts.

- The air flow rate required to satisfy the space/room total sensible and
latent cooling loads.
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- The fresh air flow rate to satisfy and hazardous area classification
requirement.

TABLE 4
ENVIRONMENTAL SCHEDULE
ROOM ROOM NOISE NOMINAL FRESH AIR
BUILDING/ TEMP. | HUMIDITY | LIMIT ROOM CHANGES PER
ACCOMMODATION o°Cc % RH dBA PRESSURE HOUR ACHR
Pa

CENTRAL CONROL
BUILDING
Central Control 24 60% Max 40 +25 >2
Room +2 Max
Computer room
Electrical room
Offices, 24 70% Max 40 +15 >2
Mess/Kitchen, +2 Max
Workshops, Meeting
Rooms,CoridorWalk
way
ELECTRICAL
SUBSTATION
High & Low Voltage | 28 Max 50% +£10% 60 +25 >2
Switch gear room Max (1)
Inst Room/EDG
panel room
Battery Room 25 Max 70% Max 50-55 +10 >2
Instrument rack 24 50% +£10% 60 +25 >
room, UPS +2 Max
room, Control
room
EDG room Ambien Ambient NA NA >10

t
Cable room Ambien Ambient 65 NA >2

t Max (Exhausted Fan)

50
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Gas Compressor 40 Max | Ambient | 65 NA > 25
Train Shelters
ANALYSER/ 26 Max 70% Max 50-565 +10 >2
GATE HOUSE
GATE
70% M 50-55
HOUSE 26 Max % Max NA >2
Warehouse/Workshop | Ambient | Ambient 60-65 Ambient >10
: : 24
Office, Electrical 509 +10%, 50 NA =9
room +2
Instrument and 24
Electrical workshop, 70% Max 60 NA >5
Storage room +2
General
Clean Agent room Ambient | Ambient | 65 Max NA >5
24
HVAC plant room 70%Max | 60 Max +10 NA
+2
Messkitchen/pantry, 24
i 70%Max | 50 Max NA >10
Toilet'shower room +92
24
Document room 70% Max 50 Max NA >2
+2

NOTES

(1) Substation shall be provided fresh air ventilation if it located in the hazard area that

likelihood of the problems of flammable and toxic gases. The hazard in process area shall
be reviewed by quantitative risk assessment (QRA) method.

In case that the result of QRA show no risk effected from gas leaks in process area for
location of substation, it does not require to fill fresh air inside the substation building.
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4.6. Noise and Vibration
4.6.1. Noise
The ventilation and air conditioning systems shall be designed to ensure
noise produced by the systems shall not exceed the noise levels tabulated
within Table 4 and as indicated in Engineering Standard ES -90.01.

All mechanical building services equipment shall be selected to give quiet
and efficient operation, the selection of equipment shall be based on the
lower level of the ranges given as a target value. The levels given apply to all

the possible occupancy positions within the spaces given. Due regard shall

be given to the additive effect of multiple noise sources within the spaces
when considering the overall noise levels.

Where the equipment noise levels cannot be obtained below the required
level, duct or equipment mounted sound attenuators shall be used, complete
with splitters with bull noses and eaves exits to minimise their pressure
drops.

Sound insulation material shall not be installed within ductwork.

Where sound insulation is required to reduce noise break-in, or out of a

system, this shall be fixed to the outside of the ductwork combined, where
necessary, with the thermal insulation.

Fluid velocities in ducts and pipes shall be selected to ensure that flow
generated noise does not cause the specified noise levels of the space
through which they run, to be exceeded.

4.6.2. Vibration

CONTRACTOR shall minimise the generation of vibration.

All mechanical plants shall be isolated from the building structure by the use
of anti-vibration mountings with an isolation efficiency of greater than 98«
and shall be connected to the rest of the system in which they are installed,
with suitable flexible connections designed to minimise the transmission of
vibration. Where necessary, in critical areas, pipework and ductwork shall be
supported from adjustable spring hangers. Where terminal grilles, ductwork
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and diffusers etc. are in contact with walls, ceilings etc. Non-intercellular-
neoprene strips shall be inserted in the contact areas.

Anti- vibration mounting shall be of the spring, rubber in shear, or a
combination of both to suit the vibration frequencies to be isolated. Spring
mountings shall be of the enclosed type (with inspection slots) suitable for
retaining the spring in position on failure.

Where equipment can produce excessive out of balance forces, these shall
be mounted on inertia blocks with the anti-vibration mountings supporting
the blocks.

4.7. Fresh Air Requirements

4.7.1.

Fresh air supply rates shall be determined on the basis of the greater of the
following requirements:

Fresh air make up required to balance the exhaust systems in such areas as
battery rooms, toilets/locker rooms, mess/kitchens and laboratory where no

re-circulation is allowed.

A minimum of fresh air changes per hour for each room within the building
shall refer table 4.

Fresh air required by the number of occupants, their activity and space
allocation per occupant.

Fresh air rate required to maintain the building’s pressurisation requirements.
Battery Room Fresh Air Requirements

For hydrogen generating batteries, the ventilation flow rates shall be as
specified in DIN VDE 0510:

Q -5 x h x|
Where Q = litres of air per hour
h = number of cells
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charging current at end of high rate charging,
but not less than 25« of rated charge output.

Flammable gas detectors in the fresh and ventilation air intake shall be
provided for the all the building.In the event of a confirm detection (minimum

of 2 signals), the motorised damper installed at the fresh air intake duct shall

close and the air conditioning system will operate at internal circulation mode
or shutdown until acknowledgement of safe operation.

4.8. Heat Gain Calculations

4.8.1. ‘U-Value Calculations
For the purpose of ‘U’ value calculations, the exposure value for the building
shall be taken as <Severe-.

4.8.2. External Heat Gain Calculations
CONTRACTOR shall calculate the external heat gains to the buildings using
the design temperatures given in Table 3, solar intensities obtained as
described under Clause 44 and the sensible and latent gains due to the fresh

air requirement given under Clause 4.3 and Table 4.

4.8.3. Internal Heat Gain Calculations
CONTRACTOR shall calculate the sensible and latent heat gains from the
number of personnel for each building.

CONTRACTOR shall base initial calculations on sensible heat gains from the
lighting of 16W;sq m.this information shall be checked during detailed design

against the lighting loads to be installed.

CONTRACTOR shall estimate the sensible heat gains from the proposed
electrical, electronic and instrument equipment including cable heat
dissipation’s. CONTRACTOR shall also be responsible for obtaining and

updating this information from the VENDOR of the equipment to be installed.

CONTRACTOR shall submit his calculations of the heat gains to the buildings
to justify the selection of the cooling system capacities selected for the
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PTT/CONSULTANT:'s review and comment. These calculations shall allow
time lag due to the structure and allow heat gains due to the following:-

- Internal equipment

- Internal cables

- External heat transmission including solar gains

- Internal lighting

- Personnel

- Fresh air

- Heat gains for cooling and ventilation fans, motors and drives
- Any other source adding heat load to the cooling systems

5. DESCRIPTION OF SYSTEM

5.1. General
All HVAC systems designed and installed shall be completed in every respect and
shall be capable of providing the required internal building conditions stated
against the particular environmental conditions prevailing at the SITE. The system

shall be designed for continuous operation.

All fresh air intakes shall be completed with measures to prevent the ingress of
dust, water and sand. The fresh air intake duct shall be equipped with Gas detection

device. On receipt of an alarm from the signal from the Gas detection panel,
motorised gas-tight dampers in the fresh air intake duct shall close and isolate the
room.

Where specifically required for blast proof building, the HVAC installation shall be
provided with closing gas-tight motorised dampers and explosion proof dampers.

Vital rooms within the Substation and particularly the Central Control Room shall
have redundant equipment requirements as detailed under the specific system
description as follows:

5.2. Buildings

5.2.1. Central Control Building
The full fresh air ventilation air handling units shall be located within the
HVAC plantroom provided on the layout. The units shall comprise of

motorised dampers, pre-filters (85% efficiency ASHRAE dust spot), main
filters (after-filter for 95% efficiency ASHRAE dust spot), access, DX or
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chilled water cooling coils, and duplicate, duty and stand by centrifugal fan
sections. Duct mounted sound attenuation device shall be installed up and
downstream of the unit if the PTT/CONSULTANT deemed required.

The distribution ductwork system shall be low velocity and multi zoned.
Individual zone shall serve the following area:

a) Zone 1 -Offices, Mess Hall, First Aid, Documents, Workshops and Store
b) Zone 2 -Toilets and Lockers

c¢) Zone 3 -Central Control Room

Located within the Central Control Room's (Zone 3)supply air ductwork shall
be an air purification media which shall either be an electronic or chemical
type. For access purposes this filtration unit shall be installed within the

HVAC plantroom.

In addition to the ventilation system, single and multiple fan coil units shall
be provided to maintain space temperatures within individual rooms. The

units shall be of the horizontal, concealed type, located with the ceiling
voids.Chilled water or refrigerant shall be piped to each fan coil's cooling

coil and regulated by a 3-way motorised control valve or expansion valve
respectively. Condensate from the drip pans shall be piped to the nearest
drain.

Each unit shall be supplied complete with washable filter cell. Access to

each unit shall be via demountable, 600 x 600mm, extract grille mounted
on the false ceiling and near the unit. Conditioned supply air from each unit

shall be ducted to the associated ceiling mounted diffusers.

For the Central Control Room, duplicate, duty and stand by, recirculating
air handling unit s shall be located within the HVAC plantroom. Each unit

shall comprise of motorised dampers, main filter, access, DX or chilled
water cooling coil and centrifugal fan section. Duct mounted sound

attenuators shall be installed up and downstream of the units. Motorised
dampers shall be used to isolate between the duty and stand by units.

Conditioned supply air serving the Central Control Room shall be discharge
at low level into the floor voids created by the installation of raised access
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flooring system. The pressurised voids shall leak or discharge the supply air

to the space above via series of floor air grilles, supplied and installed
exclusively by the raised access flooring contractor. Air transferred to the

space shall be exhausted at high level through ceiling mounted grilles.

A dedicated exhaust system with duty and standby, centrifugal fans shall
be provided to serve the Toilet and Locker Rooms. Duct mounted sound

attenuators shall be mounted up and down stream of the fans. A motorised

damper, local to the exhaust louver shall isolate the system on plant
shutdown. The exhaust ductwork shall be low velocity and galvanised with

associated aluminium extract grilles.

Suitably rated fire dampers shall be installed where ductworks penetrate
fire-rated partition walls and structures. Dampers shall be self-closing on

failure of a fusible link located within the air stream.

Remote controlled gas tight, quick acting, spring operated air dampers shall
be installed on all fresh air intakes and exhausts.

5.2.2. Substation

Substation shall be cooled by means of split-type air conditioning systems.

The environmental conditions of the Switchgear rooms is controlled by
ducted centralised air-conditioning units with direct expansion (DX) type

refrigeration system.

Temperature and humidity control within the Substation building shall be
achieved by the provision of digital- type temperature and humidity
transmitters. These transmitters shall be return air duct mounted. Direct

expansion control valve shall remain open should the room require
additional cooling due to raised room temperature and humidity.

Digital type Thermostat and Humidistat which shall be interlocked with
control timer shall also be provided within the room for temperature and
humidity control, indication and logging.

The quantity and rating capacity of the air conditioning system shall be such
that the design temperature can be achieved and shall not exceed the
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normal conditions.To cater for future additional heat load in the room, spare
capacity of 20% shall be provided for all the units.

Ventilation shall be provided in battery rooms. Make-up air shall be supplied
from the Switchgear room's air conditioning ducted system. Gas-tight shut
off dampers shall be provided in the battery room's extraction system.

Rooms such as the Instrument, UPS Room, GTG Control Room and those
containing major power electronics shall be provided with a separate split-

type air conditioning units with 20% spare capacity.

5.2.3. GAS TURBINE /COMPRESSOR'/GTG BUILDING
The GAS TURBINE / COMPRESSOR ; GTG BUILDING shall be naturally
ventilated on normal condition. Mechanical ventilation is provided for and

shall automatically operates via sensing devices such as thermostats and gas
detectors. The minimum design air change shall be minimum 25 A/C per hour.

The associated office inside the GAS TURBINE ; COMPRESSOR / GTG
BUILDING shall be air conditioned using split type DX units.Indoor units shall
be of horizontal free blow type with features for galvanised duct connection.
Spot cooling type shall also be provided around the gas turbine's perimeter
if required.

Conditioned air shall be directly discharge above the operator or
maintenance personnel's floor location. Air outlet selection shall be to the

satisfaction and approval of PTT/CONSULTANT.

The mechanical components of all the equipment to be supplied for the GAS
TURBINE / COMPRESSOR / GTG BUILDING shall be suitable for hazard

classification of the building.
5.2.4. Analyser/Gate House
The air conditioning system of the above building shall be as describe on

Clause 4.1.4 of this specification.

5.2.5. Sale/Propane Compressor Shelters
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The ventilation system of the above buildings shall be as describe on Clause
415 of this specification.

5.2.6. Other Buildings
The Air Conditioning and Ventilation System of other buildings shall be
determined during the detail design development.

5.3. Electrical and Controls

Each building shall have a local HVAC control panel with outgoing «common-~
HVAC alarm, which covers all individual HVAC failure, alarms, including «<high
room temperature”.

The HVAC common alarm shall be connected to the plant via the HVAC
Control Panel located inside the Substation and Central Control Building.

The HVAC signal such as room temperature, humidity of Switch Room, UPS
room, battery room, instrument control and instrument rack room shall be
connected to plant DCS.

Incoming alarm signal shall be interlocked to the HVAC control panel to close
fresh air ventilation system or trip the air conditioning system in case of any
gas or smoke/fire alarm respectively.

In case HVAC supply to essential loads such as UPS Room, Variable Speed
Drive or other critical electronics load including with instrument controller
DCS and Safety PLC, PLC inside HVAC control panel shall be redundant in
power supply, controller.

5.4. Electrical Power Supply

The electrical power supply for vital HVAC systems/units shall be either
Alternating Current (AC) interruptible maintained or DC uninterruptible
maintained.

The following shall be the electrical power supply requirements:-

Central Control Building AC/DC uninterruptible
maintained electrical supply
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Substation AC/DC uninterruptible
maintained electrical supply
GAS TURBINE / AC/DC uninterruptible
COMPRESSOR maintained electrical supply
/GTG BUILDING
Analyser House AC uninterruptible

Maintained electrical supply

Compressor Shelter AC uniterruptible
maintained electrical supply

6. EQUIPMENT SELECTION

Equipment cooling capacities for the split air conditioning system or air cooled
packaged chillers shall be selected to a maximum of four (4) different unit sizes and a

maximum of five (5)equivalent sizes units for the largest room or area.

The equipment shall also be selected to have an additional over-design capacity by
rounding-off to the next higher standard capacity of the equipment selected.

6.1.

6.2.

6.3.

6.4.

Plant Cooling Duties

The maximum instantaneous space heat load for each space or room shall be
calculated including the latent heat load to establish the required air supply rate.

Cooling Coils Loads

The maximum instantaneous load for each zone served by a cooling coil shall be
calculated, including any heat gains to ductwork, associated for power gains, in
duct drive and motor gains and fresh air loads.

Refrigeration Plant Load
The maximum instantaneous load for each refrigeration system shall be calculated
including any gains to distribution system.

Plant Efficiency
All air conditioning equipment shall comply with the following energy consumption
limits when operating at full design load:-
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a)Packaged air conditioning equipment shall not exceed 0.39 kW, kW of
cooling capacity.(1.37 kWton)

6.5. Refrigerant
The CFC refrigerants (R11, R12, R500 etc)shall not be used.

The HFC refrigerant shall be used.

In special case, the HCFC refrigerant R22 may be used for small package direct
expansion cooling units and medium size multi-reciprocating compressor based
chillers.

However, if a drop-in replacement HFC refrigerant, such as R407c, becomes:-
aicommercially available in time to suit the project schedule for delivery of

the equipment and
b)will be available locally for future maintenance work on the machines, this

shall be used in place of R22, by CONTRACTOR at no cost to the PTT/CONSULTANT.

For large central package water chillers refrigerant R134a or any other suitable HFC
refrigerant, shall be used, subject to the review and comment of the
PTT/.CONSULTANT.

6.6. Outdoor Condensing Units/Air Cooled Packaged Chillers

The outdoor condensing units or air cooled packaged chillers shall be located as
per drawings and shall contain sufficient refrigerant for the complete system and
shall be equipped with refrigerant or chilled water line fittings.

The compressor shall be of the semi-hermetic type scroll/'screw rotary/reciprocating

with internal vibration isolators and shall be located in an isolated compartment of
the unit to reduce noise level. The compressor shall be equipped with safety devices

for satisfactory operation.

The condenser fins shall be aluminium with durable protective coating or
alternatively to have copper fins to withstand possible saline atmosphere.

Equipment with cooling capacities higher than 10 kW shall be of heavy-duty
industrial applications. The entire unit shall be housed in a weatherproof cabinet
having suitable paint finishes to ensure durability and resistance to corrosion.
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6.7.

The control box and power terminal box or any outdoor safety switch shall be
protected with galvanized canopy.

The overload protection and all safety devices shall be included in compressor
package.

Protection of the Chiller shall compose of as following details.
= Cooler and water cool freeze protection
= electrical overload
= thermal overload protection
= high pressure
= low oil pressure
» loss of refrigerant charge
» loss of phase protection
» reverse rotation (control prevents compressor start)
= current imbalance
= ground current
* low chilled fluid temperature
» loss of flow

Indoor Units
The indoor units for the shall be vertical, floor mounted direct expansion (DX) or

chilled water type Air Handling Unit.

The Air Handling basic unit shall consist of cooling coil, one or more centrifugal
fans, electric motor, condensate drain pan, galvanised steel casing panel painted
with enamel finish and electric junction box.

The centrifugal fans shall be of the forward curved non-overloading type, and belt
connected to the fan motor. The fans shall be statically and dynamically balanced
and specially designed for quite operation.

The motor shall be built-in and resiliently mounted with adjustable mounting and
variable pitch pulley.

For individual rooms within the Central Control Building, horizontal concealed
ducted type fan coil units will be provided for intermittent operation of the air
conditioning system.
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6.8.

6.9.

Fresh air intake for the all the buildings shall be provided with pre-filters and
secondary filters with an efficiency of 85% based on ASHRAE dust spot test method.

The individual drain pump of floor mounted direct with expansion (DX) or chilled
water type Air Handling Unit shall be provided in each unit in case that the
condensate cannot drain to drain point via the gravity slope of pipe.

Ducting
All sheet metal work shown on the drawings shall be a standard Construction
erected in a first class workmanship. The duct shall be constructed on galvanised

sheet steel or otherwise specified in the drawings. Ducts shall conform accurately

to the dimension indicated on the drawings and be straight and smooth with joints
neatly finished.

Generally, reference shall be made with ASHRAE Manual and SMACNA duct
construction manual.

Piping

6.9.1. Refrigerant Piping
Suction and discharge refrigerant piping shall be pre-charge, pre-insulated
and quick-connect type. Copper tube shall be of phosphorous free type to
ASTM B-75 or equivalent.

6.9.2. Chilled water Piping, Valves and Fittings
Chilled water pipework, shall be heavy grade galvanized steel pipes to B.S.
1387.

Gate and Globe valve shall be flanged cast iron body for over 75mm dia.
Flanged bronze body for 60mm dia. to 75mm dia. screwed bronze body for
50mm dia.and below.

6.9.3. Condensate Drain Piping
All condensate drainpipes shall be PVC pipe to ASTM D 1748 or galvanised
steel pipe to ASTM Ab53 or equivalent.

6.10. Insulation

6.10.1. Ductwork
Ducts in unair conditioned spaces such as inside false ceiling voids and not
exposed to view shall be insulated externally with 25mm thick, 48kg/m3

63

66

73
80



AIR CONDITIONING (‘) ES -4004

AND MECHANICAL PTT PUBLIC CO,, LTD PAGE: 32 of 41

VENTILATION
ENGINEERING STANDARD
REV:4

dense mineral wool insulation roll mat. The duct insulation shall be covered

with aluminium foil sheet to provide vapour seal and to be secured with
galvanised steel mesh netting for finishing.

Ducts exposed to weather shall be insulated with 50mm thick, 48kg/m3 glass
mineral fibre complete with aluminium foil to provide vapour seal. Exposed
ducts shall also be cladded with aluminium sheet for weather and protective
covering.

6.10.2. Piping
All interconnected refrigerant piping shall be as short as possible to minimise
head loss and refrigerant charge.

Suction, discharge refrigerant piping and condensate drain piping shall be
insulated with minimum 19mm thick polyethylene insulation tube and shall
be vapour sealed with aluminium foil.

Indoor piping with insulation shall be protected with vinyl tape while exposed
outdoor piping shall have galvanised or aluminium sheet metal protective
covering.

As much as possible, refrigerant piping shall be run concealed within walls
and above false ceiling. Pipe chase and sleeves must be provided for all

penetrations and to be finished and make good to the satisfaction of the
PTT/.CONSULTANT.

6.10.3. Fans
Fans, driver and accessory equipment shall comply with the latest editions
and revisions of the following standards, codes, and specifications:-

a) Air Movement and Control Association AMCA) Standards

by National Fire Protection Association (NFPA)

6.10.4. Fans Construction
Fan housings shall be continuously welded construction with drilled inlet and
outlet duct flanges. Housing joints shall employ non-asbestos gaskets for

sealing.
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6.10.5.

6.10.6.

The type of wheel and blades shall be suited for the specified service, in this
case, shall be the Hydrogen extraction in the Battery Room. Axial flow fans

shall be furnished with adjustable pitch blades. A clean-out door shall be
furnished to permit inspection and maintenance.

Inlet guide vane shafts, damper shafts, and control linkages shall be
furnished with lubricated bearings at shaft support points and linkage ends.

Lubrication points shall be accessible for servicing while the fan is in
operation.

Anti-friction bearings shall be self-aligning and may be either ball or
spherical roller type as recommended by the manufacturer.

Fans Motor
Axial Flow fans are to be driven by electric motors of commercially silent
pattern carrying a Manufacturers guarantee in this respect. The motors shall

be totally enclosed, fan cooled.

All motors are to be positioned to permit effective ventilation of the motor
and all component parts of the fan and motor are to be suitable to withstand
the temperature conditions expected in the fan.

Electrical connections to the motors shall be totally enclosed terminal box,
secured to the exterior of the casing. Wiring within the axial fan shall be

suitable for the conditions within the casing.

Noise Level
Reference will be made from PTT Engineering Specification ES-90.01 and

ASHRAE Handbook: <HVAC Applications: Sound and Vibration Control- and
ltem 452

Fans shall not produce excessive noise as compared to units of like size and
power when used in conjunction with specified vibration isolation. Fan

manufacturers shall furnish for approval for each fan, certified sound power
ratings with an octave band analysis and also the volume- horsepower-

pressure characteristic curves from shut-off to free delivery.
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Wheels shall be statically and dynamically balanced to avoid vibration and
shall have blades designed to ensure quite efficient operation.

6.10.7. Fire and Smoke Spread
The ventilation and air conditioning systems shall be interlocked with the fire
and gas detection system and shall shut down in the event of a fire alarm
being initiated in the zone which the system serves. Intake and discharge

dampers shall close.

Fire'smoke dampers shall be installed in the air conditioning and ventilation
ductwork at all fire compartment walls and protected means of escape
penetrations, in accordance with the Local Fire Prevention Officer s
requirements.

6.10.8. Manometer
For Central Control Room and Substation manometer shall be installed at
main corridor, DCS Room, Switch room, Battery Room to measure
differential pressure.

7. TESTING, BALANCING AND COMMISSIONING

7.1. General
The testing and balancing procedures shall be in accordance with PTT
Engineering Standards, ASHRAE, NFPA and SMACNA Standards.

All balancing, testing and commissioning shall comply with all by-laws, rules
and of the Local Authorities.

Provide the necessary skilled labour, facilities and material for the testing,
balancing, control setting and commissioning of the air conditioning and
ventilation systems and any other systems installed under this Contract.

Should the PTT/CONSULTANT find discrepancies between the recorded test

results and the measurements demonstrated to him on site, Contractor would
be required to repeat the tests. Tests shall be repeated to the satisfaction of

the PTT/CONSULTANT engineer at no additional cost to the Contract.
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Room temperatures and humidity shall be measured by recording
instruments located 15m above floor level at points away from the influence

of draught or direct radiation from hot or cold surfaces.

No demonstration of room temperatures shall be carried out when weather
conditions are abnormal, at the time of wind and rain or when the external
air temperature is changing at a rate exceeding 1 degree Celsius per hour.

Upon successful completion of the preparatory tests, a reliability test shall be
carried out where the installation shall be required to operate either
continuously or intermittently as required for a period as specified by the
Company or minimum of one calendar month without fail of any kind before
the Certificate of Practical Completion or Acceptance' of the Works will be

issued.

Should any failure occur due to, or arising from, faulty design, unsatisfactory
materials or workmanship sufficient to prevent the commercial use of the
installation, the reliability test period as specified by the Company or
minimum of one calendar month shall recommence after CONTRACTOR has
remedied the said faults to the satisfaction of the PTT/CONSULTANT.

Testing shall be classified as -

@ during factory assembly
b during installation or site fabrication and
© after complete installation.

Tests classified under a)and (b)above shall be as specified in their respective
clauses pertaining to the equipment or works.

Tests to be carried out after complete installation shall be as specified
hereunder.

Supply air-filtration test filters for use during testing and commissioning
stages.

Supply and provide a necessary testing instrument generally includes the
following:-
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) Electronic flowhood
i Sling psychrometer
iii) Velometer with not wire sensing element
iv) Air velocity meter
V) Manometer for pressure difference
Vi) Pressure Gauges
Vii) Ammeter, Voltmeter, pf Meter, Megger
viiih  Tachometer
iX) One Pair of High Frequency Walkie - Talkie
X) One Pair of Pocket/Micro cassette Recorder
Xi) Thermometer, Hygrometer, Sound Level meter cw Octave
Band Filter

7.2. AIR DISTRIBUTION SYSTEM (CONSTANT VOLUME)

During installation the air handing systems shall be subjected to the following
adjustments, tests and records.

Test and adjust blower speed to obtain design airflow rates.
Test and record actual motor load amperes and power factor.

Check to ensure that all filters are clean and all in position and that no air are being
"by-passed-.

Test and record system static pressures, suction and discharge.

Test and adjust system for design recirculated airflow rate.
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7.3.

After balancing is complete, each damper quadrant and adjusting arm shall be
painted in red with matching indicating marks and firmly locked in position.

Test and record entering air temperatures (DB & WB).

Test and record leaving air temperatures (DB & WB).

Adjust all main supply and return air ducts to design airflow rates.

Adjust all zone supply and return to design airflow rates.

Test and adjust each diffuser grille and register to design airflow rate.

Each grille, diffuser and register shall be identified as to location and area.

Size, type and manufacture of diffusers, grilles, and all tested equipment shall be
identified and listed. Manufacturer's ratings on all equipment shall be used to make

required calculations.

Readings and tests of diffusers, grilles, and registers shall include the required
design and test measured velocities and airflow rates.

Set adjustments of automatically operated dampers to operate as specified,
indicated, and/or noted. All controls shall be checked for proper calibrations.

All diffusers, grilles and registers shall be adjusted to minimise draughtsin all areas.

Make any changes in the pulleys, belts and dampers or addition of dampers
required for correct balance at no additional cost to the PTT/CONSULTANT.

Air balance should be completed before commencement of water balancing.
CONTROL SYSTEM

In general, CONTRACTOR shall be fully responsible for the testing and
commissioning of control equipment and/or system supplied and installed by him.
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For AHU and FCU controls, CONTRACTOR shall be responsible for the performance
of the AHU. CONTRACTOR shall be responsible for the testing and commissioning

of the temperature and humidity controls for AHU to meet the desired room
conditions.

For the HVAC plant CONTRACTOR shall be responsible for the testing and
commissioning of equipment performance, starting arrangement, sequence and
made of operations, interlocks and alarms. CONTRACTOR shall be responsible for

the testing and commissioning of all field sensors, sequential and capacity
controllers and all system software programmes such as HVAC optimisation, run
time totalisation, etc.

CONTRACTOR shall test and commission all systems in the presence of the HVAC
manufacturer as directed by the PTT/CONSULTANT.

Check all control systems for correct sequence of operation. Calibrate all
thermostats, adjust throttling ranges where necessary and set thermostats on the
correct set points, Record the following information:

)} Thermostat number and set point.

i Make and break points of thermostat.

il Make and break point of switches.

1% Start and finish points of modulating actuators.

V) Any other information as requested by the PTT/CONSULTANT.

The actual adjusted set points, proportional bands, differentials, operating ranges,
sequence of operation, calibration for each control device shall be marked on a set
of the control drawings.

The control systems shall be tested for correct sequence operation, operating range
and safety cut-outs (test result to be recorded).
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7.4.

The control, indicating and recording equipment of electronic type shall be factory
calibrated and adjusted on site to suit actual requirements.

All pressure gauges, temperature gauges and thermometers shall be tested for
accuracy and readjusted where necessary.

All pressurestats and thermostats shall be tested for accuracy and differential
between make and break points (test results to be recorded).

ELECTRICAL SYSTEM

Electrical system shall be adjusted and recorded as follows:-

(hAdjust each thermal overload for 10% above the actual load on each motor
on a hot day and not more than the rated full load amps for the motor.

(ihRecord the nameplate rating, the measured current drawn on each phase
and the thermal overload setting for each motor and electric heater.

(iiipWhere thermistors are used, the operation of the thermistor, and the
calibration of the thermistor relay shall be checked.

Motor starter over-load relay setting shall be 10% above the actual load
current but shall not exceed the rated full load current of the motor.

Where the motor is protected with thermistors the motor starter over-load
relay shall be so adjusted that the thermistors function only as a back-up over-
load cut-out.

The minimum site tests to be carried out on each completed section of the
electrical installation shall be as follows:-

a)Soil resistivity tests and electrode and earthing system tests.
b)Insulation resistance tests.

cContinuity tests.
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d)Tests to prove correct operation of interlocks, tripping and closing circuits,
indications, etc.

e)Operation of all protective gear circuits by primary injection and system
fault tests to check sensitivity and stability.

fiProtective gear timing tests as may be necessary.
g Test operation of alarm devices.
h)Rotational tests on all motors.

hPolarity tests to verify that single pole switches are installed in the phase or
live conductor of each circuit, and not in the neutral conductor

DA test to verify the continuity of all conductors in every ring circuit, correct
connections to terminals or all sockets.

lolnsulation resistance tests to earth and between conductors before and after
fitting of lamps.

hinsulation resistance tests on any electrical plant, equipment, machine and
apparatus supplied by and/or erected under this Contract before and after
connecting such plant, equipment, machine and apparatus  to the supply.

m) Earth continuity tests for each final sub- circuit and the completed
installation.

8. DOCUMENTATIONS
Vendor documentations shall conform with following requirements.

- HVAC system and instrument diagram for building
- HVAC Control Flow Chart Diagram

- HVAC Cause and Effect Diagram

- Alarm and Trip Set point list

- Duct plan for building

- Piping Plan

- Electrical single line diagram for HVAC

- Electrical schematics diagram
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HVAC Panel general arrangement
Communication mapping list
HVAC control panel IO list
HVAC equipment datasheet
HVAC equipment maintenance manual and operation manual
design criteria and data summary
Calculation sheets for ventilation rates, pressurisation, normal and abnormal cooling,
heating load etc;
- Spare parts listings;
- Certification of equipment
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