NANUIN 31-1

LANANSLATUNAMNNIDNUASADLAUDIADLUARNLAU



B.GRIMM

B.GRIMM POWER (ANGTHONG) 2 AND 3 LIMITED

w4 SINCE 1878
Document Owner: Revision: Document Type: Status:
Safety & Environment 00 Procedure
Prepared by: Checked: Approved Page:
Date : Date : Date:
Valid for:
BPAT2&3
= a e
seigudguan
A
L3a4
= o A &y o
m‘sm‘ssladm'lamsaadu,amaua%aammmﬁl'ﬂﬂsﬂ%a
dsziansunlatandns
uiluassn | Sudculs fafune DAR 15271 | a37980U auld




B.GRIM VW [Revision: Title:szAfluu fuid Page:

SINCE 1878 [ MIATIUANNNTONLRZADURUBINTIINT I T bAe 277
Q
GRESIY

AU

1 ”mqﬂizmﬂ ................................................................................................................................................... 3
2 T DLILYF crverereeeereresssseseasesesesseseeessssesssssseasssesesssseaeasssessasssensasaseasssessasaseasssssesnseseasssestasaseasssaseasnssseassseseasnneeesanen 3
3 PRI TR cuvuereereresesasasasssasaneneseeeesesssasasasasasses st sesenananasasasasaseneneseeessesseasasssaneseseeeesesasasasasssateneseesesasasasananananenenees 3
3.1 TTIIH (FIAMMADIE GASES) w.rrverererereseeseseeseeessessssessssssseesasesssssssssesssessssssesesssssssseessessassssssssaseseas 3

3.2 MTTITUTIG (NALUFAI GAS) currrrcrrrecsesresesesessasssessssesssssssssssesssssssssssssessssssssnssssssssssssssessssssssnssssesasss 3

3.3 m@l@}mam:é’u et eeeeeeeeesseseseseeeasasasasaneseseeeasasasaseeeseee ettt asnaneseeeeeae s s aeeeeea et et et s s naneeeeeeean e s nanenenen 3

3.4 m@l@}mam:é’u et e et et et et et et et arere et eeasasanaeene et ettt s et ananereee et as s e aeeeeeaee et et as s anane st eeee s s s aneneeteeaeanannans 3

A 9 =2 & W ee o = A ) o o

35 nmﬂmmmmuqﬂ@ AU nmmLmvl,mmmm@;wmna'wmﬁq@m'm'svl,mmaamﬁﬁvlm ..... 4

3.6 LEL (Lower EXPIOSIVE LiMIt) . iiccceeiiiirrrssssirisssenssssssssssssssssssss s ssssss s sssss s s ssss s ssssn s s ms s s ssmns s ssssnnssnsan 4

4 LD IR TTILTIEI DT BT crrvrerrerereeesesesseseseaseseseaseseasssesesssessasssessasesessseseassseseasaseseasesesssesenssseseasssessasesesasesesanesessnen 4
5 T IR AN TTATLTEAIVIS cvreererereerereseesesesesesessesesessesessesesesssseseasssessassseasasesesssesessssesesssseasasesesssseseasasessasssesnane 4
51 IUADUMIUGUAIURNTIZUNG coorrrrrrereesssssssmmssssssseesssesseesssssssssssssssss s ssssssssssssssssss e 4

52 Tuao U JURRBAAMID I INTIIAR oo 5

6 BT M1 TZL TN T everererereeresesseseseseseseasesessaseseasasesesssseseseseaeaseseesasesesaseseseseseaseseesseseasssaseassseeeasaseasneseaeaseseasanesens 7
7 MTAVURNLITIN 1rrrreesssersseeesssssssssssseesssssssssssssessssssssssssssees s sssss s ssssssssss s ssssssssss s ssssssssseseess 7
8 B @ 1R TS L L3 OOV 7

[Type here]




I% ( ; I)‘ I \I \ I Revision: Title: sz Juud JUd Page:
SINC E 1 878 00 ﬂ']SWI%U1]ﬂ'l']NW%/?J3JLLQZWaﬂﬁ%adﬂifﬁﬁqsﬁvhvlw;ﬁvl‘ﬁa 3/7

1 TanUzaad

A a wva A& a a A a o o v = a
L1 wwaiduuuanislunsdoddiafiamgani@ulunsdifiadiallnilna ldadrsmaiiuazd

Uszaninn danudseanslumarinuleylinslwifanansenudefaiiasay

12 waldwinnuniisdassunmndjideanifldedgndadaiiamaanidu nsdiifiafieg | u
32 na

2 VauULUA
a mdsl' v Qs

sufoudfuanlanuuen 4. n3u e (819n09) 2 uaz 3 $1N@ Linu Immamquﬁd;ﬁumm KN

WAada NINTF LLazﬁamﬂﬁauﬁmmﬁﬁagﬂuu’%ﬂ’m
3 e

3.1 fahlW (Flammable Gases) winufis Manaunnd 20 aseafosuaziinnuei 101.3 Alathama
sutnaa W laidangunuainia 13 wasidud nIadininlasySuias nIadsranienauisndaln
1o &R K U U .-_:

U = J 4 e a v
16 12 LﬂaifﬁuﬁmﬂﬂLﬁawauﬂummﬂimvlummmmmwwumqmaammau Tagdndnalin

wHUNNINaNNA ﬁaamwaaﬁwnﬁjwﬁ LI BLLTNAY ﬁ”ﬁmmﬁw%aﬁwuaaﬁﬁ Wuen

& a =2 & P v & A a IS ' A o a
3.2 MUFITNTI6 (Natural Gas) B8 MomIUsenauay MolnkuazdmnwdwsIwiIn Lazinwsan

= ) 6 6 n &V a '

RaUw L7 ﬂ’ﬁ‘l_l'e]%vl.@maﬂvl,‘ﬁ@] Y8y Qmawum"l,ai:mmlaammmamamljﬂ%uﬂﬂ’nmmﬂ Lf]%ﬁ’]'ivl,’]vl,w

ali a:aﬁnﬁ@vl,wvl,@i”l,mLﬁa"L@T%'uﬂa’luﬁ”au awaqnaﬂvlwvlﬁﬁn RRIINWAIAL

33 wganiduszay 1 vy meanduiisansnaivquldaglugasfiiaves EC hawnsnawqulelas
L@ o & & A A o A & a v a
laidaadnilefisiTaaian lay Emergency Response Team 283U315NY MSQN&‘HQGL%@;%%VLNF]QIWLT’]@

NANITNUADRILIARDY qﬂﬂaﬁaﬁﬁ'ﬂm guen

34 1WARNAUIZAU 2 U89 1AQRNLAuN Emergency Controller ﬁﬁmmLLﬁaLﬁudwvl,&immmﬂ’mqw"L@T
1@z Emergency Response Team 22305819 n3 lnazasmahwludSunandusuinau wie
uauﬁmﬂumjﬂa FIRDIWNNTAINATY ATz NTDIe T le F0IUDANNTIVRRDINNAUILINY

ANBUDN vﬁama“ﬂmm@;ﬁfulﬁ(ﬂNaﬂi:wmiaﬁmmﬁau qﬂﬂaﬁau'%ﬁ'ﬂmﬂuan

[Type here]




I% ( ; I)‘ I \I \ I Revision: Title: sz Juud JUd Page:
S'NC E 1 878 00 ﬂ']SWI%UNﬂ'J']NW%/@NLLQZWQUﬁua@ﬂifﬁﬁqsﬁvhvl.w;ﬁvlﬁﬂ 4/7

3.5 nmﬁmmmmuqﬂé’ AN L?;m@‘i’au@iiﬁ%’mm‘fum@uﬁanmﬁ‘v&qﬂmﬁ'ﬂmmaaﬁ”ﬁﬂﬁ

3.6 LEL (Lower Explosive Limit) RUBD ﬁwﬁszqﬁaﬂ‘%mm"[aszmwaw‘ﬁ?al,wawzmﬁw ‘ﬁlmmmﬁ’ﬂﬁms
sufald mnfusunmoandianditRosna (UEL = Upper Explosive Limit) 1332 wavasialuaimear
ﬁiz@TUﬂ'mJLﬁuﬂj”uagjszwj’m@h LEL 1z UEL ﬁa'juﬂw’ﬁ'saﬁajmﬁ'm@iamnﬁmuﬁ@ Aa081968% T
USNNa3u0909Ma 1 anuAiuAT %3 1000 a3 Wind Fafdwigoinds 1 ﬁmwauagluﬂ%mmﬁ fl

i 1 luwusu (1 593 Gas : 1000 a3 Air) w38 iiu 1000 lugusin w5a 1000 PPM 1iiad

A A o
4 LNRIINLNYITDI
1
laid
5 YR BYANIIRLAITY

@
o

5.1 AuaewmIUHudluan1zlnd

511 @‘1”1LﬁumiﬁﬂamuLLa:ﬁﬂsﬁau@nml,wum?ww%aml,amauauaan‘sﬂﬁwsﬁ"hvlvﬁ”avlﬁaa natbasd

8z 1039 lasdufinnsindanaslumsrnunamidndauunuaniduuazmaszdung
5.1.2 ﬂummmum'%ww%auLLamauauaansﬂﬁ"wvh'lwvhvlw{'ﬁvl%anﬂﬂ%ﬁﬁmsﬁnsﬁaummmu%
5.1.3 AT980UTEUUANNUREAATITTULTIE ME1 RIBTLUUIN e TagIainLENe
5.1.4 ﬁ'ﬂiﬁﬁmiﬁﬂ?ﬁﬂmammﬁﬂmm
5.1.5 dalidigUnyniiafianisay
5.1.6 3nliligunsnidasriuduanodiuyaas

517 qﬂmrﬁnn"ﬁﬁ@ﬁlﬁﬁaa@iamﬂﬁu

5.1.8 msdsziduanulFessaussuuviamouaznananiuwIneaans

[Type here]




I} ( ; Pi I \I \ I Revision: Title: sz Juud JUd Page:
SINCE 1878 00 ﬂ']SWI%U1]ﬂ'l']NW%/?J3JLLaz@]aﬂﬁ%adﬂifﬁﬁqsﬁvhvlw;ﬁvl‘ﬁa 517

52 auaewdjualaianol Wi lwa

[Type here]

521  nidifal W dewinsunuiah s ine vmsdsaduaauwnmsainisia lwaana
AMENLIABIMNT lasdilstannutasansidunan ﬁwﬂszt.ﬁuuﬁaa’m’mmzﬁ'umq)vlﬂul,ﬁ@‘i’nﬁumi
DandwndsiwfaliWlidaln  nadheinngldldudaimiauus: . dufiunissenaiu
wignglasUjudann szidsunsd §udaw nsneau seusiugidnauazingnisaiifouifia
aUdwe nydhizilng VLajvlé’Lﬁaaﬂmmnﬁ?uﬁLﬁmmﬁauﬁ'fﬁsﬁ andungulouazuds luds Control

a A A o gd g A
room ‘Vanqaam*smaimmwwmgluwuw

522  \iia Control room l&suudinisiiafala s lna nIeddyy o alarm iiauand
Control  room Fiam 332 mazasialalu 1s osM uds ;ﬁ'@mm’i’umﬂug@q@ﬁag o 139l o
ymetiw 10u EC é"\ﬂmﬂﬁﬁ‘ﬂ@ﬂguﬁmuqun’n:@:ﬂLﬁuLLa:ﬂszmﬂm'szgnLﬁummmu
Uszmeannzaniin \Wol# Emergency Response Team UJUAAINUNUY ﬂitﬁLﬂufu%qw%a‘Mﬁ
winnuzaugianmdoaglulaliiiliaglugasifiazes osM uazl# osm Fniidu EC uaz
waunuel# Control room operator ﬁmﬁ’rﬁlﬂu On Scene Commander (OC) fwsulaserineves
Emergency Response Team Iwiduldanw Emergency Organization chart Emergency team
status §1uniifinusuiAaTauvas Emergency Response Team liidulUana suidsudua 389

v

ﬂ’]’iL@]iU&lﬂ’NNW’iaNﬂ’im%ﬂ @ 5.2.3 LW ’e]vl,@] gudszm ﬂﬂ’]’mi}ﬂ Lﬂ%l%ﬂa{]ll@]@d%

- Emergency Response Team § 14 Emergency Organization Chart& Emergency team

status Wi@nihluszanusuAeseuny sufoul§ia L’%iaamim%'ﬂummw%aumzﬁq,ﬂLﬁu
- Emergency Responder(E1-E7) #igamsviaunnagng mmg@mzyLwﬁa%aazﬁaaﬁﬂﬁmﬁa
ﬂaaﬁ'uvl,aﬁ”mqi”ﬂvlﬂlum suguUniniasnuduanusiuyana (SCBA)LﬁaLﬁﬁ:S’qu

mealdmsssniszes OC

'
v A

- 0C NunuamMtnljuaninee EC LLa:v‘imfﬁﬁé’lomimuqumazqmLau % 0L1a
mqw%auﬁ'u%’umﬁwﬂmumﬂiﬁﬂﬁﬁﬁwﬁhﬁmm Emergency Responder(E1-E7) o 30LAALAQLAD
Nenuld EC sunu

- CO Qﬁvlﬁ%'uuawmmrm EC vﬁaq&ﬁ@‘inmu@aq@lmmnﬁ@m@;q‘,maumm Emergency
Organization Chart& Emergency team status iJu#ansinfin dainioudayalunisasiaiudiuau
WHNITHLAZEIN WA LWN13U 089777 ‘swﬂ%iagalumﬂmamm LLEQ:L@%U&IQﬂﬂiﬂiﬂ?ﬂﬂ&lﬂ?lt%ﬂLﬁuLﬂia
wspnndredelasudasanoc Twsun. ﬁ%ﬁhﬁlumsmuqu%’nmmmﬂaa@ﬁ'ﬂua:ﬁ'@miaﬁas o
ﬂaqﬁ'u;fl&iLﬁmimm‘ﬁmnmluka"LWf\h LAENIIANUFZAINDUNII B UATNTIDHED T30S

a o v tﬁl v
mwuummurﬂiu LANILWBLIY CO




I% ( ; I)‘ I \I \ I Revision: Title: sz Juud JUd Page:
SINC E 1 878 00 ﬂ']SWI%U1]ﬂ'l']NW%/?J3JLLQZWaﬂﬁ%adﬂifﬁﬁqsﬁvhvlw;ﬁvl‘ﬁa 6/7

- Fs ffldTuuaunanaan EC wiagniidumibiggalusmiiamnganiduaa Emergency
Organization Chart& Emergency team status {JwAIRTNAINLAZENNTNAN 010384
6 A 2!‘ v
aUnsaluazanuilunisdguneoadasen

524 Emergency Responder (E1-E7) CREERST me;n’m’lé’fn’nsé’an’rmaa oc laag@iteiie

[

WaNMSAsH
1. nydifosn Inaudssludaln
- FmyiaUSunmmssavasie (% LEL)
- vnmsaasinliidudes iieanlams vialililosasda
- ﬁmﬁm‘zwLﬂuﬁwﬁm‘iuﬁnmﬁ%ﬂm ﬁaaqﬂmtﬁ‘szmﬂa

= = v @ a o o 4 o oa & o o )
- ‘W\‘iifzaﬂLﬁ&lm’]HL‘H’I?:GUH’I?TJVL%M?N ']TVL'JVLWSIN@]aﬂuqﬂﬂimﬂaﬂﬂuﬂ%ﬂiqﬂﬂu

JTuuMILeumela (SCBA) uwazdasfetioimianadation 1 an

o & o o a a ) o b
- ﬂqﬂqiﬂﬂqflﬂaﬂaﬂlﬂ ﬂa@IﬂULmqﬂqﬂﬂq%LﬁuﬂﬂN ‘Viiaagmu%mmum

U 9

- FNINURLENUINMN TN TN aatn9kay 50-100 a5 lagsay
- Lflﬂmoi:mﬂmmﬂIﬁmﬂﬁq@LLa:wmmuamﬁﬂﬁlﬁ@ﬂ‘i:mﬂ"l,w muadarias

"L%I%%aqﬂmniﬁami

- Jasnunms assgaunauamea riaszunuh

' v '
= = [ Gl =

- sanilfingamamindenuindudasldingfass Idagvrsamnauniianis
™) ' Ao & . X | v ' LA
Tlnaszuzininngafidad LEL aud 10 % Julthiesndn 10 was uszagnila
au LLa:GTaw”usLa'hagj’[m:mﬁﬂaa@ﬁ'ﬂ

- lﬁ'«ﬁﬂﬁ'@meﬁﬁalﬁl,ﬁ@mi@ﬂvlﬂﬁ

- NARHIRUS N TN e

2. naiai Inauasie Il foaauunneIouniauuszaauauaInTianany

525 lunsdiingamsslvssasmablnld WWdfivnssausunisinglasyfidans
sefsuma§uanu Mo saumuglifmouazingmniioufiagli@ing & Power Plant Ml 7 Junaiifia
sounInianA

5.2.6 ﬂiﬂﬁﬁ&l Emergency Responder (E1-E7) vl&immsnmqumﬁ'ﬁ"lm"[ﬁ @28 Emergency
Response Team 1asu55m 1% 0C &smslwvimasaszun Wi uszdosaiulainazliiants Spark fsaunssnanu
$ou a2l wazdan13let Emergency Responder (E1-E7) m%ww%amﬁaizﬁ'umq anANY War EC daddszne
MIZANARIAL 2 ULAzli1280NNTIBRABIINMIILIUANEKENANY Emergency Communication Chart
EC Narsanlwawsw lagl Control room operator NASQIQNWONEW

5.2.7 Lfia"lei’ﬁw,ﬁmé'mvmﬂmawﬂwlﬁnﬂﬁwq@mﬁ:ﬁ'um@;LLa:awmwmﬂ'\aqmmwaﬂ%nmmu
saasndmminlsswihnelu 4 il ienseseunsde Milaugamslidademisnumensniidhnntiomie

o

nsduwndgie auTazdoaluluaaunisangn

[Type here]




B.GRIMM

SINCE 1878

Revision: Title: sz Juud JUd

Page:

00 ﬂﬁiLﬂ%UNﬂ’J’]&JW%@&JLL&Z(ﬂQUﬁ%adﬂiiﬁﬁ’]‘ﬁvhvlw%lvlﬁﬂ 717

o

52.8  nImmMT R WALEIAa N TG ARNIT NN AT NI DU LA AR URWEINIT RO ARAE

¢ & o v8 v a ea &
5.2.9 ﬂ']?]JiﬁL'ﬂ']nﬂ’ﬂ LLﬁ:ﬁuw‘]ﬁﬂ']Wﬂ']U%a\‘iﬂ:}ﬂqwaﬂquﬂqimﬂlﬂ lﬂﬁgﬂﬂmquﬂqi‘USSLﬂqnﬂT LLNS

W mwé’aLﬁﬂamumsrﬁ@}mﬁu’lmuﬁUuﬂﬁu‘“ﬁmuﬁao MILATIUANUNTDULAZUNUANIA
6 NINITTUIWNIT
1A
g
7 msmuquﬂ'uﬁn
TRRLONRIT TOLONRIT FEHLIRNALAY AL UNTURATaU
8 LONRITLULTINGY
1A
laid

[Type here]




B.GRIMM

B.GRIMM POWER (ANGTHONG) 2 AND 3 LIMITED

o SINCE 1878
Document Owner: Revision: Document Type: Status:
Safety and Environment 01 Procedure
Prepared by: Checked: Approved Page:
Date : Date : Date:
Valid for:
BPAT2&3
= a e
seidauduaanu
2
138
a U A v A o
NIILATLUAITUNIBULLNSADURUDINITUBAANE
ﬂsm”ﬁmsl,l,ﬂ”lmanm‘i
uiluassd | Suisuld | érefune DAR 1827l | a37980U auid




l) ( 3 I) I \I \I Revision: Title:izLﬁmJﬂﬁﬂa Page:
». UL MILATUNAIUNIDUUAADUEUDINITH

SINCE 1878 | soas 279
]IV

e

1 JARUTZEIR e
2 DU e vereeeeeeeeeeeeeeeeeeeeeeeeee e eeeeseeeeees e seesese e eseeeseeseeeeeeseeseeeseseeeeeeseeeeeeseeeeeeseeseeeseseeeeeeseeeeeeeeeeeeeeeereereeereeees
3 BB TA ettt e et e ettt et ee e et en et en e
4 EOMBITTTIITDY oo
5 I RZEDHATIITRTIIENINIE ¢ttt e e see e seee e e seeeeeeseee s eseeseees e s eeseeeeee s eseeseeesees e sees e eeseeeeeses
51 LI ATHAADTUINTON oot eeeeeee e eee e ee e eeeeee e eeee e eseee e eeeeeeseeeeeee e eeeeeeeeseeeeeeeeeeee e
52 WHWMIIANTGUANTO NI BOANE .ooooooeoceeeeeescceeeeee e

6 T TZL DA T e e e e e e e e e e e e e e et e et e et e e
7 PTAUEUIIRTIN oo
8 LEITVETTUALITITEL ©eeeeeeeeeee ettt e e ee e e eeee e e e e e e ee et e e e e ee e e ee et ee e en e

[Type here]




I) ( . I) I \I \ I Revision: Title: sz Juud JUd Page:
. Ui MILAILNAMUNIDNUAZADLFUDIN I

00 3/9
SINCE 1878 o

o

1 anUszaen

1.1 weltidunsndjufilaieandng awiosuianianssuens g neluuisny

a

A v a l!l v a e v ] v d’ a v A o
1.2 L‘Walﬁw%ﬂ\‘i']u‘ﬂmEI’J“IIE]dﬁ']&l']iﬂﬂg‘u@]vl@]aEl’]\‘lt;}ﬂ@]adl,uﬂLﬂ@]ﬂﬂﬂﬂil

2 VALY

(7

ol JoanlsnuuTen 4.n%u mwined (@1maed) 2 uaz 3 whiu  lavaseuaguiadTuman didhan

fade NTWOF LLazﬁamﬂﬁauﬂ”\mmﬁﬁaQiuu?ﬂ'm

3 TSTePY

3.1 LM@}i}ﬂLﬁu‘ixﬁU 1 nuN8nd m@q,ﬂLau(L‘Wadvlﬂﬁ)ﬁmu’liﬂﬂ’mquv[m@U Emergency Response Team
YDIUIENY ‘m"’:’tawamaom@pfuvl,ajﬁaslﬁl,ﬁ@wam:ﬂmiaﬁmmﬁau UAARNIBUIENANEUEN
32 waanduwizel 2 PYRIRE m@;gmﬁu(mﬁﬂﬁﬁ)ﬁ Emergency Controller Ra13a41ua2tA w31 ld&n1sn
muquvl,ﬁ’[m Emergency Response Team 2841384 §99780NTIUWRNNAUILNUNEUON WIDNAVDILNG
HuAanansnudafinnday UAAANIBLIENANELEN

3.3 Pre Fire Plan wanpfis unudfudnisidesdunsthiiamaindsinad

4 WALV

T

[Type here]




I%.( ; I)‘ I \I \ I Revision: Title: sz Juud JUd Page:

SINCE 1878

msm'%'zlumww%auua:muauaanizﬁ
00 e 4179
aaAaneg

5.1

[Type here]

NYAZLBLANIIE AU

LNWLATINAMNNT BN

5.1.1 éﬁ'ml,azﬁmu@ﬁuﬁmqué’ﬂﬁﬁ'ﬂ LLazﬂszmﬂﬁuﬁmuQmmﬂszmﬂu‘%ﬁ'ﬂ 1309NNTINAUA

ﬁuﬁmuquﬁmwaﬁumq@

512 madjuanundeldifaanufeuuazdzmelndasiinnmesygiariinuay szdouns

UJuanuiieinmveeugavinnm Permit to Work uazduaamussidoud judagnaduaa

ldl o ¥ =) o a d. a o d’ v ¥
5.13 ﬁﬂ’]%‘ﬂﬂ’ld’]%@]8(1‘].]3’1?[%’]ﬂﬁﬁivL?vLW%iaﬁﬁlq33LUﬂﬂLﬂ%ﬂ’J’]ﬁJ’ﬂ’]LﬂuVﬁ]Z@]aﬂ‘ﬁ\‘]’lu

A A o A o o v A o o A a A o
5.1.4 mimummmq"L’avLWﬂmmlmmmammsa@mu‘l,%mamﬂfgwmﬂﬂi:mﬂWmamﬁmau

5.1.5 ﬁmguqﬂ%uaﬂmﬁamﬂﬁn mﬁﬁmu@]vl'ﬂ@ HLANIS

5.1.6 qﬂﬂiﬂﬂwﬂw mHVLW@val,&iﬁamwﬁLﬂumm@;ﬁﬁalﬁﬁ@é’aﬁﬁ'ﬂﬁ

5.1.7 matesnuuazaiuguanAnsdasgaanseInun)wansuazTaiwuaau e Ninetad

> o @ e o @ A A o
5.1.8 "D@'Ynir]ﬂﬂqijﬁ@lqﬂﬂimﬂ@ﬂﬂmuﬂqﬂ %iauw’](ﬂiﬂ’]iﬂﬂﬂﬂu

51.9 @IARDUNBALNDAURILAZLT LENWNNITIN B lANAEAANY ANULNWATIIRELAINURAAA Y

I@ gamMeNIINNMIANNLReanBLa: 91, Vlﬂi:(ﬂyﬂ

5.1.10 miaTasavgUnisiauiwdaialifaanuiulairgdnsaiidegaunsaldnuld Waifamg

a & 4 9 a 9 a4 &
PR VW ‘ﬁﬁﬂﬂi@l‘i?ﬁ]ﬁﬂﬂ‘ﬂz@ﬂiﬂﬂﬂ@‘u@‘ﬂﬂiﬂIﬂULWN\‘i LLQtQﬂﬂiﬂiﬁZGULﬁ@!%ﬂLﬁ%@ﬂd5] [2RN%)

u

[

DIALLNRY

Deluge Valve System
ﬁaﬁm"’mwﬁaLLazﬁlﬁmﬂﬁmwﬁa
nagoUmMBaainT LI

NI LIILWARNLAKUAE Manual Call Point

aUnsalaunAIE Tl




I) ( . I) I \ I \ I Revision: Title: sz Juud JUd Page:
. Ui MILAILNAMUNIDNUAZADLFUDIN I

SINCE 1878 |%° soas 579
L4 SCBA
L Emergency Shower & Eye Shower
L Fire Pump

mﬂwuhﬁm?ﬁwgmaaqﬂﬂstﬁazﬁaaﬁwmﬁauLLst wazui lulasdin anudsnIusINinelITa

A o a

5.1.11 Safety V‘hLLwumi“numul,mum%'ww%“auLLaf:Lquq‘,mﬁumm afnaNInNe adnatasdas 1 A9

a4 A A  em &
mamamﬂqwmirﬁwu

52 Lqumiﬁ'@miqﬂ'ﬁmﬁﬁ nInlaAANE

521 Tuaawmnlua sziumeidoadu

d‘ a 9
lﬂJfJW‘]JmﬂLWﬂ\ihlﬂﬂJ

A 4

o & 9 Y o o o a
FEIVLUDIAUAIYDIAULNAN

! !

Y 9 9 A [ a Y v 9 a wa 2
wanminanulaeane//ensng HAIRNYIVDN ﬂ;;]mmmumums
4 wa 4 o a @
IfnswieaeuaIugiansol sEdUMORNIRUILAY |

[Type here]




B .GR]NI\I Revision: Title: sz Juud JUd Page:

MILAILNAMUNIDNUAZADLFUDIN I

SINCE 1878 | Sadry 679

522 TuaaumIUfua sziumaaniduszal 1 uaz 2

y
1A Emergency controller (EC) L

sznAn Iz RNy s2AU 1

3 -~
EC1sznirmadiiunen Ia
AMENAY (OC,CO,FS)

nn m Uﬂﬁ Wamunthnly Organization Emergency Response Chart

o Co-ordinator (CO) &AL EC niaudamsontoya - o )
On-Scene Commander (OC) T181UANIN o o o A . First-aid (FS) 1189170 EC niowgil
msnTiusmaumina dszenmuauduiiv sila. Tu

vy ¥ v ¥ .
MINUNUNT 0T ﬂ]iﬂﬂﬂuﬂix@ﬂu‘lﬂ HUIBU

A 9 o 4'47
Ugumeninaiosin dszaauiu EC o

URTAMIIN o1 qafaie Wieussnud

0 EC Uiamwmasves EC

Meven uazLs intafes

Emergency Responder (E1-E7) 1ig@ MU
nnegagsunay llamayaaumwaues
o e a o A & 7
gl nssldumaaazinsedeginsol
(e & a Ay o
Tl et adunanig sive s 2 g
meldmasnsves 0C

[Type here]




B.GRIMM

SINCE 1878

Revision: Title: sz Juud JUd Page:

mim%'ﬂm’rmw%'ammmauauaaﬂsrﬁ
00 e 719
aaeangy

EC 152nAn122nauseal 2

EC dam 311 CO Uszamuaiumilsanuneue ndgemae uas

Usgamuauny 5. 3aM 595195 LA STUIBANAZANNUST AALINAIT

9 1 A
INFAWLVAD

EC a9m3nadayayIaengn

niinaunnavewewlildnasiuwa

CO A5 WABUTIHOA Emergency Organization Chart Hazudagen
¢ EC

niinaueglugasiumasun

fuiumsA UM gaMIsIunsy

Y a

AUITNITLASAUSNITUNT mmﬂaaﬂﬁﬂﬂiwmmﬁuﬁumi

o

[Type here]

s 4 o a s a = ﬁ
us N uaziuynevasfaaounasinniu saudeiuy

ANNLNAGD N

v
AUFANITAUUUNU




I) ( . I) I \ I \ I Revision: Title: sz Juud JUd Page:
. Ui . 00 MILAILNAMUNIDNUAZADLFUDIN I 8/9
SINCE 1878 Sadne

PDAIITILII: msm‘%wmwwi’auLﬁarﬁﬁzﬁ'umq A9IFNIDIRANNNTA I
1. nyowwaslnduazmasiluas 1 OC Ransananunannisadsialuih
a L = 6 L = Qs a v v va a
- giienwaw dafiudanad Audesiu uszfinasiniaainie waisu SCBA liwiau lilinisda
duiiela Valve
- mdnfhewadalv Ivdatndudaswianuan (Fog) uaznnamiiilnavasing
- Valve nadodn Ivdanvulasiinuas) Valve 1agaan wasannda Valve lwvinnisaun
- IﬁﬁUVLWIui:ﬂ:ﬁvlnaﬁq@

- udasinlasasellaise piwIagunIniazin o'la

ade

lunsainan ladudosnisszun ﬁ"l,a%%m‘nu:miqmﬁﬂuﬁ 1% aNUNANAUTLAALAGTUT

- ﬁ"mﬁuagu’%L'smﬁ‘aﬁﬁﬁmaaﬁa%?amﬁuzmiq

a

- ‘ﬂﬁ'\‘imﬂVLWﬁ'uaﬁﬂLL&i"ﬂﬁl"ﬁﬁ’]ﬁ@Lflmlamﬁaa@qmwgu
2. nydhwdelniuazihguihina
nsaAandslnd wniesltns co, wiataluns ﬂiﬂLWﬁﬂ%ﬂg%LLiﬂﬁ’LfﬁﬁﬁﬂLﬂudamﬁiammﬁu
aunsaldhaifog LLa:‘LﬁéﬁJLw’ﬁﬂmwzﬁvlnaﬁqm wioldTwy saldindadnlusinsnmdifiamalne adl
Iﬁﬁm‘]’ﬂﬂlumwu:mﬁ; Lmzmmnﬁmﬁulﬂfﬁwﬁmﬂuﬂamﬁaﬂquvl,aszma dlafwiesguninizunele
Teananiuiriud Wldiusinaung dansadunsslnay nyd I lnaiguusaidsnssguunalng 1w
angwanaansluszez 1,000 was lagsay
2. nadhdslniuszaaeiishlne
nydhAemaelnl iEntasldss co, niaiaduts niarinUsunamwnng Wildindedudesiiansalin
ashiﬁﬁnﬁ'lvlﬂlunwu:uﬁq nyghwdolnaiunn Wldihgsunmann g lumsevw waznmsdoriulwldeia
aaiduelay Lﬁiamjwvlas:mm:’i’qaﬂﬂﬁﬁﬂﬁm’vnu:mm mzﬁvlwvlmﬁ@umaﬁﬁamigmm@’lmﬂﬁawUWﬂu
aanW9luszes 800 LA lasTay

3. IﬁﬂaaﬁuﬁwL%ﬂﬁl,ﬁﬂmnﬂ'ﬁé’ul,wﬁavlmaaﬂgjl,mdaﬁ’lmwaﬂ Icﬂsmﬂ’ﬁ’mmammW%aqﬂnirﬁﬁuﬂ@ﬁuﬁ'}

a A 2’ Y a < =& o a ' a ' 3 v v
Lﬁil“/li’]x‘]iill']f;lu’]vhﬂa% Viﬂx‘]"ﬂ”lﬂ%%’i]ﬁ%ﬁvlﬂﬂiﬂﬁf]']Wﬂa%@]'m“ﬂﬂﬂ']']vl,ﬂ%LLN%ﬂ'ﬁW%Kl\'ﬁﬂ']WLL"J@]EIE]SJLL'N]E]QN

6 NINITTUIWANT

laidi

[Type here]




P (-1 I) I\I \I Revision: TitIe:S:LﬁmJﬂﬁﬂa Page:
2. Uxi MILATUNAIUNIDUUAADUEUDINITH

00 L 9/9
SINCE 1878 sas
7 MIATLANLUTN
IRRLONRIY F9LaNAT FHLIRNAALNY AL UNTURATL
8 LONRITLULTINGY
1A
laid

[Type here]




NANUIN 31-2

waunsndannsalinauAanaY Ussantn.a. 2567



usvdndoumaamdulsz ol 2567

HAHANIAY

Autunlng

Wilnmouy

-
finmulng

Dh.

AU wnHE

= o @
MHUANTTANUHIIY (D)

1Ja]3Ja]s[e]7[8]o]w]uln

qudszinat (wm)

WANg 1HIONATS

HUTEIE)

SnAAB/NTIZANIAY

- - L ¥
matouenuw uazdouurgmaunsa bl

1a7al

a1l PPM pianaolu 1

© < w o L wea
ﬁ‘i]ﬁ THHAIM I HOW/ TIAITAN T

SHE Sec.Mg 0 FBITUHAMTAUTLARG A
AUATIUIT 197U
SRR AT G T T F T IRV R TRV RN AT 3 , a1 pPM puiAn i 1
Salety SHE Sec.Mgr 1 A53/1 1} TWIUAANTUT LR Bl o G =
dlaninaimatou
5% mmadunsaima T e Tuianie wieamiins s 1l B
msFanupmamunsaim il a vindr - 4 dalsf ppM gl 1
Safety SHE SecMgr|  1a33A) 0 S MHAN TSNS 0U GG
alamndanmiton
msFeuurugaEunTdnie Toihauiming - : dalsi P onsiGinna T 1
Safety SHE SecMpr| 1534 0 T TUHaN s eUTIHNT ol i
) ] fdlamiuaimazoy
MIFRULHUYARUNT Eloctrical Switch Gear 5210a " e dald ppM owsiamoTu 1
Safety SHE SeeMpr| 17344 0 TWMHANT AU LENG L R
mlanivdaimiron
misgouEuRnRungal vads 1o lva . ” 419 PPM pianoTu |
Safety SHE SeeMgr| 19331l 0 SWAHHANFoUTUH NS e .
dlaninainmsdon
e -t e o = - PR T D T
numugiinAalfia lumsudifayminsdign@unnnal bRl A insddameg mmsud ludeiimanaounas
Safety SHE Sec.Mgr 0

b4 -
i i ihl.

AAmUNNNIl



supawadee
Rectangle


NANUIN 32

> T
LANAITNISURBAYUIANNNU L UNUTIEES (Work Permit)



i (Book No) U0B

WB.GRIMM

SINCE 1878

Tueygaiasuase

Uszmuealueygnm / Type of Permit

(HAZARDOUS WORK PERMIT)

0299

mm’% (Book No)
-
Tuoygnaani #

Work order #.

)

(3 anaviige (High Work)

T3 o (Electrical Work)

O3 swanndu (High pressure Work)

) auga (Excavation Work)

M NUMsIAN (Chemical Work)
4

3 by g (Other Work)

ﬂ’a/mﬁé'unmm (Confined Space Work)
M i (Radio Active Work)

voougARTRNM Snaulapply the work permit for)

1

.. \ -v
sonenduusun Mmboaw ATEN(Which works in the section/ department fcompany)

- _d v
Al mnwo'lumnnmmmmu;wrmn\ as the name hst attached)

ﬂ““"f"

UAIBUATOIM (Work descnptions) [ F/m( ﬂlla r ]’\y ool Pﬂ\y Vvadg .7 ,}pm 2
nmuﬁ\lﬁffﬁnu (Work location) ) fly_ Aree
i (Date) 2/ i/ &9 N (Starting Time) 10 .90 2 (t0) 1200 W lam /pm)

TUMIATINAIY (Checked List) 1 | Lils Qﬂnmﬁim'li (Equipment to be used)

1. unseiannsaliiumsiaiiduanolfotalaoady (The equipment are safe 10 use with dangerous chemicall

v S - PR L ) - P
2 hmnnﬂan\nﬁouunqﬂnmu S NLBERINA AU UATAANDISUUTBY (The area and equipment had
— been wsolated. Jocked and tagged )

8 Tadasnuulwiiigunsaiine uazAathulfuuion (The Electncal system had been iolated and Tagged )

4 ladauunsaniaauamiiuuion (M control sysiem had been isolated )

SR X

e . - v - -t L3 v v A an
5 IdhanazeagUnstiuasuinalndidumanannasail uiiv low assuanouaziagiug idaly
(The equipment & area had been cleaned from hazardous substances. tuel steam. Chenucal& flsmmable matenal)

6 mhoiReuuaslamniinnnu (Work arca was bamcaded and warming Signed)

4

7 Aeaififhsziame (Stand-By Man) (iLINMaAR0ANAY (There are Stund-by man all the imes at the
entranec)

.

8 szaviaaenld  mR/Hr Yneadudmiumshan (Radio acuve level  mR/Hr Safe for access & work)

A

[ fedumda
0 mhnn SCBA/Air Line (Full face mask+SCBA/Airline)

(}nﬁ #3110 (Helmet) Dm)(rﬁlisﬁu (Safety Shoes)

Wiy (Goggle) A3D3IANNA (Gas detector)
3&2% 7 whmnnioaaviiadi
(Safety Gloves) (Chemical mask)
Y sigmy/atouy 3 whmniulumh
(Ear plug/Ear muff) (Face shield)

(7 Bon5IuFIn (Life line)

() Wihuaaain
(Explosion proof lighting)

A v v
) wiesdadad
(Radio Active detector)

aansznuoima
{Vennlating system)

() iandaiisnu/gaiisiy (Safety BeluSafety)

0 (Fire Extinguisher)

40 1ATIVUNAYTIOINAYNY 2 5711 (Gas monitoring every 2 hrs.)

A v -

A3 (No.) 1 a3 (No) 2
Foonsiu | emeanii [mivsunsusenled | Tolasnusalvd | danvnm |%oondwu | %Medald |mivsunausenled |lalasugalild | fanwnm
(%02) (%LEL) (CO) (H2S) (Name/Time)| (%02) (%LEL) (CO) (H2S) (Name/Time)
t_‘?o.q [0} (@ (o] PP /to: 40 | 20- 9 o O ) 1% oo
1 v d g d
A3 (No)) 3 a3 (No.) 4
oandu | %meaali [mivounsusenled [lolanoudaldd | dansnm |%oanduu [%isfald |mivoueusenlyd [lalasaudalrd | dgasvnm
(%02) (%LEL) (CO) (H2S) (Name/Time) | (%02) (%LEL) (CO) (H2S) (Name/Time)
sooygalau : (feeoyyn) it © 2/% nm
Request by - (Requestor) (D) /97 \Time) 70. 50

arnaoulay : (MINIMIANATD) Suft (Date)

Reviewed by - (Plant Operator)

2/t/30

12a71 (Time)

12: 50

- e =
goynna : (mhny) Jufl (Date)

Authorized by : (Shift Leader) Tl 1 fm A (Time) b«y a
mIvetamimamn (WORK CLOSURE)
P
panasuuazTvmlay : Wil | g/ om | s 06 Work Completed
Verified and reported by: (Requestor) (Date) ; (Time)
- J
asndovlay : il / nm v
Checked by: (Plant Operator) (Date) 3 (/Zb (Time) 4@'06
o
Talueygna Tav : N 1| 1 nm g/yes INo
Work Permit Closed by: (Shift Leader) (Date) b \rw | crime) \ ok

Note : WHITE FOR CCR BLUE FOR CONTRACTOR

PINK FOR REQUESTOR

FM-SE-016 , Rev.01
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1M (Book No.) 007 " l;. (J‘ I{ l M M (@it (No. : 0316

SINCE 1o 'lumgtgmm'ﬂﬁ (PTW No.) :.....

uunmwmgﬂgummluamumummﬂ
(Confined Space Entry Name List)

%dﬁw1141\4(1!41111.,’1114')Unu/u?ﬁn(Seclion/DcpanmcnUC ompany) ......... BRI ......cccnivmeimsssssscosteesmmimsBimosespmesssuissionss
swax‘xé‘umamu(work description) ................ Ec.ﬂ!?\.<.c....“l?t.¢.4.‘v.(.vg ......... coal...tam.. otor. No. ). OPAT 9.
anunUiiAnu(Location) ... & QG‘WV) ...... L Y 5'u¢l(Datc) ................ YUY 2
na(Time)........... .00 u. BA(To)........ AT @.........u.

H¥IUIMAD(Stand-By Man) 1fmhamanasanai(All the time at the entrance Stand-By Man name) :

) ] ; RO

Mdun 3o - ana na(Time) MNBING
(No.) (Name) 1(In) [o9n(Out) (Remark)
1. tovse | 1.30
2 15.05 | [4.%0

3
-
5
6

8.

9
10
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

. P P o T
HHIUING : * AUAUATMFDINIENTILEE-aNA UBTIANTI-0N ANUNTUDIMANNATY
* Any entry, entry name, time in and time out must be recorded at all time.
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WB.GRIMM oot Book No) 0299

1000 (Book No) 006 v SINCE 1878 1
: -3 Tuoygnamani #.........
Tueygaiasuase bl
Uszmuealueygnm / Type of Permit (HAZARDOUS WORK PERMIT) Work order 4.
| .‘ 4 » v
O3 e (High Work) ) @ (Excavation Work) ﬂ’a/‘mﬁéummﬂ (Confined Space Work)
{ \/ - -y s’
O MR (Electrical Work) [ yvmsian (Chemical Work) M miid (Radio Active Work)
0 awanudu (High pressure Work) m) iy M (Other Work)
“D‘!Wmm“ﬁ\ﬁ“\l 5\u)u|appl) the work permit for) 7 Al é’muﬂo‘lumnﬂmnnnimu\-rmn\ as the name hist attached)
a - -
sahanluusun Abeaw ATEN(Which works in the section/ department fcompany) ﬂt(‘“‘,("
- 1 \
SUOVBIATONM (Work descriptions) [ F/m( ﬂlla r ])ﬁ ool Pﬂ\y vl [/ .7 fz‘/’i" Z
aonnmUURMY (Work location) (Ke3]] fly_ Arce
> o &7 n
W oaer 2/ 6089 AM (Starting Time) 10 .90 4 (to) 1290w tam 1pm)
3 P 3 7
TUMIATINEBY (Checked List) 15 | hils QUn30inABs1E (Equipment to be used)
1. gunsaiannsalEiumsaiiduanuldot aoan (The cquipment are safe 1o use with dangerous chemical) / W #5110 (Helmet) gﬂu{nﬁﬁfﬁﬂ (Safety Shoes)
v B SN sl a7 i ilsAY (Goggl Gaaiaun detector)
2 TmmsDannSousngunss v naiioenaind mdwquazaahuiuuion (The area and equipment had // NAsHB (Goggle) IIDYINAN (Gt Octecton
T been 1solated. locked and tageed ) Quiietiany {7 whmnnioaaniiall
Tyv - s o2 = - » , (Safety Gloves) (Chemical mask)
8 Tadasnuulwiiigunsalinig uarAathuiiuuion (The Elcctncal system had been nolated and Tagged ) / 5 et S
) Vigmy/aTowy 3 mhmniulumh
4 ladauunsauuauguiiuuion (The control system had been isolated ) / (Ear plug/Ear muff) (Face shield)
5 lahamiazeagunsaiuazuinaladidvmnnannariail v Toth nuﬁum1uun:‘7aaﬁuq fiaaln 0 wioviniad [ wansIumIn (Life linc)
r {Radio Active detector) 1 .
(The equipment & area had been cleaned from hazardous substances. tuel steam. Chenucal& flsmmable matenal) 0 Mihuaain
— e 7 aansznuoima (Explosion proof lighting)
8. fthofeuuaslafuuinmnu (Work arca was bamcaded and wamng Signed) {Ventlating system)

7 Aeaififhsziame (Stand-By Man) (iLINMaAR0ANAY (There are Stund-by man all the imes at the ) \nvalisiu/gaiisaY (Safery BeluSafety)

.

conrac) m) faaumd 04 (Fire Extinguisher)
8 szavisaemla mR/Hr Yasadudmiumsman (Radio acuve level mR/Hr Safe for access & work) / m) wihmn SCBA/AIr Line (Full face mask+SCBA/Airline)
**N1SATIVUNAYTIOINANNG 2 $21m (Gas monitoring every 2 hrs.) %a:j'i'wmﬁaw.@.’.f e {17070(1107'] :
AN (No.) 1 A3 (No.) 2
Foonsiu | emeanii [mivsunsusenled | Tolasnusalvd | danvnm |%oondwu | %Medald |mivsunausenled |lalasugalild | fanwnm
(%02) (%LEL) (CO) (H2S) (Name/Time)| (% 02) (%LEL) (CO) (H2S) (Name/Time)
t_‘?o .9 [0} (@ (o] PP /to: 40 | 20- 9 o O ) 1% oo
? Y4 S 4
A3 (No.) 3 a3 (No.) 4
oandu | %meaali [mivounsusenled [lolanoudaldd | dansnm |%oanduu [%isfald |mivoueusenlyd [lalasaudalrd | dgasvnm
(%02) (%LEL) (CO) (H2S) (Name/Time) | (%02) (%LEL) (CO) (H2S) (Name/Time)

weoygAlag : (Fyoeyqa)
Request by - (Requestor)

‘-l‘lﬁ% (Date) 2/‘/77 1127 (Time) 7 o 30

asnaovlae - (minnuAuaTes)
Reviewed by - (Plant Operator)
goygna - (mhng)
Authonzed by : (Shift Leader)

$uft (Dae) 2 / L / 9¢ ne (Time) | 72 g9

Suft (Date) il ‘ ™M AN (Time) b( o,

—_— e —————

m3valamaman (WORK CLOSURE)

o od
aTnasuuazIsamlau Wi | g/ /Z om |y 5.0 Wik Completed
Verified and reported by: (Requestor) (Date) ; (Time)

- J
asndovlay : il / nm v
Checked by: (Plant Operator) (Date) 3 (/Zb (Time) 4@"06

L |
Talueygna Tav - Tun il 1 nm Q/Yes Ino
Work Permit Closed by: (Shift Leader) (Date) b lrw | mime) 1 £ ok

Note : WHITE FOR CCR BLUE FOR CONTRACTOR PINK FOR REQUESTOR FM-SE-016 . Rev.01
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1M (Book No.) 007 " l;. (J‘ I{ | M M (@it (No. : 0316

SINCE 1o 'lumgtumm'nﬁ (PTW No.) :.....

vunnnevefjidenluamundueime
(Confined Space Entry Name List)

“ o
Saiambiurunmboauaii(Section/Department/Company) ........ BRI ......cccnivmeimsssssscosteesmmimsBimosespmesssuissionss
NUAZIDUAYDINU(Work description) ............ Ee.ﬂ.ﬂ.<.(......ﬁ.t.¢.@.‘v.(.vg .......... ¢oal...fom.. otor Moo ). OPRT 9.

anunUiiAnu(Location) ... & QG‘\\“) ...... L Y 5’u¢l(Datc) ................ YUY 2
na(Time)........... .00 u. BA(To)........ AT @.........u.

Sdui 3o - ana na(Time) MNBING
(No.) (Name) 1(In) [o9n(Out) (Remark)
1. tose | .30

—

= 15.05 | 1430

3
-
5
6

8.

9
10
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

. P P o T
HHIUING : * AUAUATMFDINIENTILEE-aNA UBTIANTI-0N ANUNTUDIMANNATY
* Any entry, entry name, time in and time out must be recorded at all time.
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B.GRIMM

006

1un (Book No.)

SINCE 1878

Twoygnannusuase

Usvinnualueyga / Type of Permit

(HAZARDOUS WORK PERMIT)

muﬁ (Book No.) 0 2 9 7
Tuoygaauit #.S o¥t. “)L‘T

Work order “NK21°|0 OOL

& 4
AU (High Work)

3 WY (Electrical Work)

Z) WAINAY (High pressure Work)

3 9wy (Excavaton Work)
(3 awasiail (Chemical Work)
0 awidu 9 (Other Work)

) uidueIma (Confined Space Work)
0 J\\n%lfﬁ‘da (Radio Active Work)

7

VOO MEWFIRY Smtapply the work permt for)

S

he sechio pnlnnnl fgompany) PT
\‘Y k aom dretm
amumlmmnu (Work location) Cl V' 3 LM dx‘l\'\ Sl'b(.')

it (Date) Q \)V‘wf e M (Starting Time) o\. g

4 . .
1!11141\41\1““\10 MU ATENIW, hich \\l‘!\\ m

021BYAYOIW (Work descriptiony)

112 (t0)

Al m‘nuw'lumn'muuunlulpumm as the name hist attached)

[ 1652 Nob- 0013,

4‘[‘*«3\\

\Z-

?!Pe K St vo

o0 M {am /pm)

TUMIATINADY (Checked List)

T | hils

qﬂn!tﬁﬂﬁoﬂi (Equipment to be used)

1 gunseliannsaliiuasaiisunnuldoinaoay (The cquipment are safe 1o we with dangerous chemical)

]

g»’a:mﬁsﬁu (Helmet) /gjﬁmhﬁsﬁu (Safety Shoes)

v & a ¢ - X : - - v
2 hmmﬁﬂamnnouunqxlmmmnmuoonemdwﬁuqun:anﬂmnumﬂu (The area and equipment had
been 1solated, locked and tagged )

L

- A v -
WY (Goggle) [ 1»303IAUNA (Gas detector)

WGﬁ:ﬁu 3 mhmnnseamsiadi

3 Tadmszuulwiiiqunseiing uasdathuouiou (The Elcctncal system had been 1solated and Tagyed )

(Safety Gloves) (Chemical mask)

4 Ta%auuns:uuAIANRYUT0Y (The contral system had been 1solated )

ve ‘ - v alo s $ o v 4 da
5 Tmmmozewguniniunziinadadidvsnlnaamsiad i Toh asduAnuuacTaqdug naali
(The equipment & area had been cleaned from hazardous substances, fuel steam. Chemical& lammable mutenal)

L
Vs
7
£

(7 igmy/asouy mmﬁ'ﬂunﬁ 1
(Ear plug/Ear muff) (Face shield)
(7 winataiad 3 Bong1u%in (Life linc)

(Radio Active detector)

) bhihuasadn

6 fthoiouunsTAMS MO (Work area was bamcaded and waming Signed)

) vianusznuema (Explosion proof lighting)

7 fosdifihsziamy (Stand-By Man) thihAMaAaeanaT (There we Stand-by man all the times at the
entranec)

S

(Vepwiating system)
/Zé::ﬁﬁu/qaﬁ’ﬁu (Safety BeluSafety)
..I

8 sxAuiedowld . mRHr UneeRudmiumninm Radio active level  mR/Hr Safe for access & work)

da ‘ 03 (Fire Extinguisher)

Dn

(7 minmn SCBA/Air Line (Full face mask+SCBA/Airline)

MITATINUAAYTIOINAYNY 2 $lus (Gas monitoring every 2 hrs.) fsaéﬁwmia
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ASME B31.8a-2000

Following approval by the ASME B31 Committee and ASME, and after public review, ASME B31.8a-
2000 was approved by the American National Standards Institute on December 13, 2000.

This is the first Addenda to be published 10 ASME B31.8-1999. It was issued on November 16, 2001, and
1s effective upon date of issuance.

Addenda to the 1999 Edition of ASME B31.8 are issued in the form of replacement pages. Revisions,
additions, and deletions are incorporated directly into the affected pages. It is advisable, however, that this
page, the Addenda title and copyright pages, and all replaced pages be retained for reference.

SUMMARY OF CHANGES

Replace or insert the pages listed. Changes given below are identified on the pages by a margin note, A00,
placed next to the affected area. Changes made in ASME B31.8-1999 are indicated by (99). The pages not

listed are the reverse sides of the listed pages and contain no changes.

Page Location Change
iti-v Contents Updated to reflect Addenda
7 805.217 Revised
8 BO7 Added
10 811.25 Revised
11 817.11 Revised
23 831.373 First and second paragraphs revised
31 B4L.11(c)) Revised
36 841.231(g) Revised
70, 70.1 850.43(a) Revised and redesignated from 850.43
850.43(b) Added
850.43(c) Added
850.44 Revised
74, 74.1 8519 Added
851.10 Added
851.11 Redesignated from 851.9
76, 76.1 852.52 Second paragraph added
95,95.1 A802.3 Added
96, 96.1 ABD3 Definition of return interval revised
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Page Location Change

A81l Revised
ABl4.1 Last paragraph added
97, 97.1 AB17 Added
AB17.1 Added
Ag8172 Added
AB17.3 Added
101, 101.1 Table AR42.22 Note (1} added
115 B250.1{c)(2)}b) Equation corrected by emrata to read 0.4546
183, 184 Index Updated to reflect Addenda

SPECIAL NOTE

The interpretations to ASME B31.8 are included as a separate section for the user’s convenience.
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805.12 For definitions of leakage investigation
terms, see Appendix M.

805.13 Plastic Terms

805.131 Plastic Joint Nomenclature
{a) Solveni cement joint is a joint made in thermo-
plastic piping by the use of a solvent or solvent cement
that forms a continnous bond between the mating
surfaces,

{b) Hear fusion joint is a joint made in thermoplastic -

piping by heating the parts sufficiently to permit fusion
of the materials when the parts are pressed together.

{c) Adhesive joint is a joint made in plastic piping
by the use of an adhesive substance that forms a
continuous bond between the mating surfaces without
dissolving either one of them.

805.132 Standard dimension ratio is the ratio of
outside pipe diameter to wall thickness of thermoplastic
pipe. It is calculated by dividing the specified ocutside
diameter of the pipe by the specified wall thickness
in inches.

805.133 Long-term hydrostatic strength is the
estimated hoop stress in pounds per square inch in a
plastic pipe wall that will canse failure of the pipe at
an average of 100,000 hr when subjected to a constant
hydrostatic pressure. (See Appendix D.)

805.14 Fabrication

805.141 Cold-springing, where used in the Code,
is the fabrication of piping to an actual length shorter
than its nominal length and forcing it into position
so that it is stressed in the erected condition, thus
compensating partially for the effects produced by the
expansion due to an increase in temperature. Cold-
spring factor is the ratio of the amount of cold spring
provided to the total computed temperature expansion.

805.15 Uprating is the qualifying of an existing
pipeline or main for a higher maximum allowable
operating pressure.

805.2 Design
.805.21 Pressure Terms

805.211 Pressure, unless otherwise stated, is ex-
pressed in pounds per square inch above atmospheric
pressure {i.e., gage pressure} and is abbreviated as psig.

805.212 Design pressure is the maximum pressure
permitted by this Code, as determined by the design
procedures applicable to the materials and locations
involved.

§05.12-805.233

805.213 Maximum operating pressure (MOP),
sometimes referred to as maXimum aciuval operating
pressure, is the highest pressure at which a piping
system is operated during a normal operating cycle.

805.214 Maximum allowable operating pressure
{MAOP} is the maximum pressure at which a gas system
may be operated in accordance with the provisions of
this Code.

805.215 Maximum allowable test pressure is the
maximum internal fluid pressure permitied by this Code
for a pressure test based upon the material and location
involved.

805.216 Standard service pressure, sometimes
called the normat utilization pressure, is the gas pressure
2 utility undertakes to maintain at its domestic custom-
ers’ meters,

805217 Overpressure protection is provided by
a device or equipment installed in a gas piping system
that prevents the pressure in the system or part of the
system from exceeding a predetermined value.

805.218 Standup pressure test demonstrates that
a pipe or piping systermn does not leak, as evidenced
by the lack of a drep in pressure over a specified
period of time after the source of pressure has been
isolated.

805.22 Temperature Terms

805.221 Temperature is expressed in degrees
Fahrenheit (°F) unless otherwise stated.

805,222 Ambient temperature is the temperature
of the surrounding medium, usually used to refer to
the temperature of the air in which a structure is
situated or a device operates.

805.223 Ground temperature is the temperature
of the earth at pipe depth.

805.23 Sfress Terms

805.231 Stress, expressed in pounds per square
inch, is the resultant internal force that resists change
in the size or shape of a body acted on by external
forces. In this Code, “stress” is often used synonymously
with unit stress, which is the stress per unit area.

805.232 Operating stress is the stress in a pipe
or structural member under normal operating conditions.

805.233 Hoop stress, Sy, is the stress in a pipe
of wall thickness, ¢, acting circumferentially in a plane
perpendicular to the longitudinal axis of the pipe,
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produced by the pressure, P, of the fluid in a pipe of
diameter, D, and is determined by Barlow’s formula:

805.234 Maximum allowable hoop stress is the
maximum hoop stress permitied by this Code for the
design of a piping system. It depends on the material
used, the location of the pipe, the operating conditions,
and other limitations imposed by the designer in confor-
mance with this Code.

805.235 Secondary stress is stress created in the
pipe wall by loads other than internal fluid pressure,
such as backfill loads, traffic loads, loads caused by
natural hazards (see para. 841.13), beam action in a
span, loads at supports, and at connections to the pipe.

ASME B31.83-2000

807 QUALITY ASSURANCE

Quality Control systems consist of those planned,
systematic, and preventative actions that are required
to ensure that raterials, products, and services will
meet specified requirements. Quality Assurance systems
and procedures consist of periodic audits and checks
that ensure the Quality Control system will meet ali
of its stated purposes.

The integrity of a pipeline system may be improved
by the application of Quality Assurance systems, These
systems should be applied to the design, procurement,
construction, testing, operating, and maintenance activi-
ties in the applications of this Code.

Organizations performing design, fabrication, assem-
bly, erection, inspection, examination, testing, installa-
tion, operation, and maintenance application for B31.8
piping systems should have a written Quality Assurance
system in accordance with applicable documents. Regis-
tration or certification of the Quality Assurance system
should be by agreement between the contracting parties
involved.

Ann il
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CHAPTER 1
MATERIALS AND EQUIPMENT

810 MATERIALS AND EQUIPMENT

810.1

It is intended that all materials and equipment that
will become a permanent part of any piping system
constructed under this Code shall be suitable and safe
for the conditions under which they are used. All such
materials and equipment shall be qualified for the
conditions of their use by compliance with certain
specifications, standards, and special requirements of
this Code, or otherwise as provided herein.

811 QUALIFICATION OF MATERIALS AND
EQUIPMENT

811.1

Materials and equipment fall into the following six
categories pertaining to methods of qualification for
nse under this Code:

(a} items that conform to standards or specifications
referenced in this Code

(b) items that arc important from a safety standpoint,
of a type for which standards or specifications are
referenced in this Code but specifically do not conform
to a referenced standard, e.g., pipe manufactured to a
specification not referenced in the Code

{c} items of a type for which standards or specifica-
tions are referenced in this Code, but that do not
conform to the standards and are relatively unimportant
from a safety standpoint because of their small size
or because of the conditions uwnder which they are to
be used

{d) items of a type for which no standard or specifi-
cation is referenced in this Code, e.g., gas compressor

{e) proprietary items (see definition, para. 804.14)

{f) unidentified or used pipe

811.2

Prescribed procedures for qualifying each of these
six categories are given in the following paragraphs,

811.21 [tems that conform to standards or specifica-
tions referenced in this Code [para. 811.1(a}] may be
used for appropriate applications, as prescribed and
limited by this Code without fuither qualification. (See
para. 814.)

811.22 Important items of a type for which standards
or specifications are referenced in this Code, such as
pipe, valves, and flanges, but that do not conform to
standards or specifications referenced in this Code [para.
811.1(b)] shall be qualified as desceibed in para. 811.221
or 811.222.

811.221 A material conforming to a written speci-
fication that does not vary substantially from a refer-
enced standard or specification and that meets the
minimum requirements of this Code with respect to
quality of materials and workmanship may be used.
This paragraph shall not be construed to permit devia-
tions that would tend to affect weldability or ductility
adversely. If the deviations tend to reduce strength,
full allowance for the reduction shall be provided for
in the design.

811.222 When petitioning the Section Committee
for approval, the following requirements shall be. met.
If possible, the material shall be identified with a
comparable material, and it should be stated that the
material will comply with that specification, except as
noted. Complete information as to chemical composition
and physical properties shall be supplied to the Section
Committee, and their approval shall be obtained before
this material is used.

811.23 Relatively unimportant iterms that do not
conform to a standard or specification [para. 811.1(c)]
may be used, provided that

{a) they are tested or investigated and found suitable
for the proposed service

(b) they are used at unit stresses not greater than
50% of those allowed by this Code for comparable
materials

(c) their use is not specifically prohibited by the Code

{99)
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811.24 Tems of a type for which no standards or
specifications are referenced in this Code {para.
811.1(d)] and proprietary items [para. 811.1(¢)] may
be qualified by the user provided

{a) the user conducts investigation and tests (if
neaded) that demonstrate that the item of material or
equipment is suitable and safe for the proposed service

(b) the manufacturer affirms the safety of the item
recommended for that service (e.g., gas compressors
and pressure relief devices).

811.25 Unidentified or used pipe [para. 811.1{f)]
may be used, and is subject to the requirements of
para. 817.

812 MATERIALS FOR USE IN COLD
CLIMATES

Some of the materials conforming to specifications
referenced for use under this Code may not have
properties suitable for the lower portion of the tempera-
ture band covered by this Code. Engineers are cautioned
to give attention to the low-temperature impact proper-
ties of the materials used for facilities to be exposed to
unusually low ground temperatures or low atmospheric
temperatures.

813 MARKING

813.1

All valves, fittings, flanges, bolting, pipe, and tubing
shall be marked in accordance with the marking sections
of the standards and specifications to which the items

were manufactured or in accordance with the require-
ments of MSS SP-25,

813.2

Die stamping, if used, shall be dome with dies
having blunt or rounded edges to minimize siress
concentrations,

814 MATERIAL SPECIFICATIONS

For a listing of all referenced material specifications,
see Appendix A. For a listing of standards for other
commonly used materials that are not referenced, see
Appendix C,
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814.1 General Requirements

Pipe that is qualified under para. 811.1(a) may be
used.

814.11 Steel Pipe
fa) Steel pipe manufactured in accordance with the
following standards may be used:

API 5L Line Pipe

ASTM A 53 Welded and Seamless Pipe

ASTM A 106 Seamless Pipe

ASTM A 134 Elecuiic-Fusion (Arc)-Welded Pipe

ASTM A 135  Electric-Resistance-Welded Pipe

ASTM A 132  Electric-Fusion (Arc)-Welded Pipe

ASTM A 333  Seamless and Welded Pipe for
Low-Temperature Service

ASTM A 381 Metal-Arc-Welded Pipe

ASTM A 671 Electric-Fusion-Welded Pipe

ASTM A 672 Electric-Fusion-Welded Pipe

(b) Cold expanded pipe shall meet the mandatory
requirements of API 5L,

814.12 Duetile Iron Pipe. Ductile iron pipe manufac-
tured in accordance with ANSI A21.52, titled Ductile-
Iron Pipe, Centrifugally Cast, in Metal Molds or Sand-
Lined Molds for Gus, may be used.

814.13 Plastic Pipe and Components
(6} Plastic pipe and companents manufactured in
accordance with the fellowing standards may be used:

ASTM D 2513 Thermoplastic Gas Pressure Pipe,
Tubing, and Fittings

ASTM D 2517 Reinforced Epoxy Resin Gas
Pressure Pipe and Fittings

(&) Thermoplastic pipe, tubing, fittings, and cements

conforming to ASTM D 2513 shall be produced in

accordance with the in-plant quality control program

recommended in Appendix A4 of that specification.

814.14 Qualification of Plastic Piping Materials

{a) In addition to complying with the provisions of (a9

para. 814.13, the user shall thoroughly investigate the
specific plastic pipe, tubing, or fitting to be used and
shal] determine material serviceability for the conditions
anticipated. The selected material shall be adequately
resistant to the liguids and chemical atmospheres that
may be encountered.

(&) When plastic pipe, tubing, or fittings of different
material specifications are joined, a therough investiga-
tion shall be made to determine that the materials are
compatible with each other. See para. 842.39 for joining
requirements.
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814.2 Steel, Cast Iron, and Ductile Iron Piping
Components

Specific requirements for these piping comporents
that qualify under para. 811.1¢a) are found in Chapter HL

815 EQUIPMENT SPECIFICATIONS

Except for the piping components and structural
materials listed in Appendices A and C, it is not
intended to include in this Code complete specifications
for equipment. Certain details of design and fabrication,
however, necessarily refer to equipment, such as pipe
hangers, vibration dampeners, electrical facilities, en-
gines, compressors, etc. Partial specifications for such
equipment items are given herein, particularly if they
affect the safety of the piping system in which they
are to be installed. In other cases where the Code gives
no specifications for the particular equipment item, the
intent is that the safety provisions of the Code shall
govern, insofar as they are applicable. In any case, the
safety of equipment installed in a piping system shall
be equivalent to that of other parts of the same system.

816 TRANSPORTATION OF LINE PIPE

Any pipe having an outer-diameter-to-wall thickness
ratio of 70 to | or more, that is to be vsed in a
pipeline at a hoop stress of 20% or more of the
specified minimum yield strength that has been or will
be transported by railroad, inland waterway, or by
marine transportation, must have been or shall be
loaded in accordance with APT RP5L1 or API RP5LW,
respectively. Where it is not possible to establish that
pipe was transported in accordance with the appropriate
recommended practice, the pipe must be hydrostatically
tested for at least 2 hr to at least 1.25 times the
maximum allowable operating pressure if installed in
a Class 1 location, or to at least 1.5 times the maximum
allowable operating pressure if installed in a Class 2,
3, or 4 location.

817 CONDITIONS FOR THE REUSE OF PIPE

817.1 Reuse of Steel Pipe

817.11 Removal of a portion of an existing steel
line and reuse of the pipe in the same line or in a
line operating at the same or lower pressure is permitted,
and is subject to the restrictions of paras. 817.13(a),

(f), and (i).
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817.12 Used steel pipe and unidentified new steel
pipe may be used for low-stress (hoop stress less than
6,000 psi) level service where no close coiling or close
bending is to be done, provided that

{a) careful visual examination indicates that it is in
good condition and free from split seams or other
defects that would cause leakage

(b} if the pipe is to be welded and is of unknown
specification, it shall satisfactorily pass weldability tests
prescribed in para. 817.13(¢)

817.13 Used steel pipe and unidentified new sieel
pipe may be qualified for use at stress levels above
6,000 psi or for service involving close coiling or close
bending by the procedures and within the limits outlined
in the table below.

New or Used
Pipe, Used Pipe,
Unknown Known
Specification Specification
[nspection (a) (a)
Bending propeities b} S
Thickness © (c}
Longiudinal joint factor (d} {d)
Weldability {2} Cas
Surface defects {H {D
Yield strength (g) .
5 value (para. 341.11) (h} .
Hydrostatic 1est (i} {i}

GENERAL NOTE: The lexters in the table correspend 1o the following
subparagraphs, except where noted otherwise.

{a) Inspection. All pipe shall be cleaned inside and
outside, if necessary, to permit good inspection. All
pipe shall be visually inspected to determine that it is
reasonably round and straight and to discover any
defects that might impair its strength or tightness.

{b} Bending Properties. For pipe NPS 2 and smaller,
a sufficient length of pipe shall be bent cold through
90 deg around a cylindrical mandret, the diameter of
which is 12 times the nominal diameter of the pipe,
without develaping cracks at any portion and without
opening the weld.

For pipe larger than NPS 2, flattening tests as pre-
scribed in Appendix H shall be made. The pipe shall
meet the requirements in this test, except that the number
of tests required to determine flattening properties shall
be the same as required in subpara. (g) below to
determine yield strength.

(c) Determination of Wall Thickness. Unless the
nominal wall thickness is known with certainty, it shall

{99}
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be determined by measuring the thickness at quarter
points on one end of each piece of pipe. If the lot of
pipe is known to be of uniform grade, size, and nominal
thickness, measurement shail be made on not Jess than
10% of the individual lengths, but not less than 10
lengths; thickness of the other lengths may be verified
by applying a gage set to the minimum thickness.
Following such measurement, the nominal wall thick-
ness shall be taken as the next commercial wall thickness
below the average of all the measurements taken, but
in no case greater than 1.14 times the least measured
thickness for all pipe smaller than NPS 20, and no
greater than 1.11 times the least measured thickness
for all pipe NPS 20 and larger.

(@) Longitudinal Joint Factor. If the type of longitu-
dinal joint can be determined with certainty, the corres-
ponding longitudinal joint factor, £ (Table 841.1135A
in Chapter IV), may be used. Otherwise, £ shall be
taken as 0.60 for pipe NPS 4 and smaller, or 0.80 for
pipe larger than NPS 4.

(e) Weldability. Weldability shall be determined as
follows. A qualified welder shall make a girth weld
in the pipe. The weld shall then be tested in accordance
with requirements of API 1104. The qualifying weld
shall be made under the most severe conditions under
which welding will be permitted in the field and using
the same procedure as to be used in the field. The
pipe shall be considered weldable if the requirements
set forth in API 1104 are met. At least one such test
weld shall be made for each 100 lengths of pipe on
sizes larger than NPS 4. On sizes NPS 4 and smaller,
one test will be required for each 400 lengths of pipe.
If in testing the weld the requirements of API 1104
cannot be met, the weldability may be established by
making chemical tests for carbon and manganese (see
para. 823.23), and proceeding in accordance with the
provisions of the ASME Boiler and Pressure Vessel
Code, Section [X. The number of chemical tests shall
be the same as required for circumferential weld tests
stated above.

{f) Surface Defects. All pipe shall be examined for
gouges, grooves, and dents and shall be qualified in
accordance with the provisions of para. 841.24.

(g} Determination of Yield Strength. When the manu-
facturer's specified minimum yield strength, tensile
strength, or elongation for the pipe is unknown, and
no physical tests are made, the minimum yield strength
for design shall be taken as niot more than 24,000 psi.
Alternatively, the tensile properties may be established
as follows.

(1) Perform all tensile tests prescribed by API 5L
except that the number of such tests shall be as follows:

12

10 lengths or less
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Lot Numbér of Tensile Tests, All Sizes

1 sel of tests from each length

1 set of tests for each 5 lengths, but
not less than 10

1 set1 of tests for each 10 lengths, but
not less than 20

11 to 100 lengths

Greater than 100
lengths

¢2) All test specimens shall be selected at random.
{3} If the yicld—tensile ratio exceeds 0.83, the pipe
shall not be used, except as provided in para. 817.12.
{h} § Value. For pipe of unknown specification, the
yield strength, to be used as § in the formula of para.
841.11, in lieu of the specified minimum yield strength,
shall be 24,000 psi, or determined as follows.
Determine the average value of all yield strength
tests for a uniform lot. The value of § shall then be
taken as the lesser of the following:
{I) 80% of the average value of the yield
strength tests
(2) the minimum value of any yield strength test,
provided, however, that in no case shall § be taken
as greater than 52,000 psi
(i) Hydrostatic Test. New or used pipe of unknown
specification and all used pipe, the strength of which
is impaired by corrosion or other deterioration, shall
be retested hydrostatically either length by length in a
mill-type test or in the field after instaltation before
being placed in service. The test pressure used shall
establish the maximum allowable operating pressure,
subject to limitations described in para. 841.111.

817.2 Reuse of Ductile Iron Pipe

817.21 The removal of a portion of an existing
line of unknown specifications and the reuse of the
pipe in the same line or in a line operating at the
same or lower pressure is permitted, provided careful
inspection indicates that the pipe is sound, permits the
makeup of tight joints, and has an actual net wall
thickness equal to or exceeding the requirements of
patra. 842.214. The pipe shall be leak-tested in accord-
ance with para. 841.34 or 841.35.

817.22 Used pipe of known specifications may be
reused in accordance with the provisions and specifica-
tions of para, 842.2 provided a careful inspection indi-
cates the pipe is sound and permits the makeup of
tight joints,

817.3 Reuse of Plastic Piping

Used plastic pipe and tubing of known specifications
and dimensions that has been used in natural gas service
only may be reused, provided that
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Quick opening closures shall have pressure and tem-
perature ratings equal to or in excess of the design
requirements of the piping system to which they are
attached.

Quick opening closures shall be equipped with safety
locking devices in compliance with Section VIH, Divi-
sion I, UG-35(b) of the BPV Code.

Weld end preparation shall be in accordance with
Appendix 1, Fig. 14,

831.372 Closure Fittings. Closure fittings com-
monly referred to as “weld caps” shall be designed
and manufactured in accordance with ANSI B16.9 or
MSS SP-75. [See para. 831.31(b).]

831.373 Closure Heads. Closure heads such as
fiat, ellipsoidal {other than in para. 831.372), spherical,
or conical heads are allowed for use under this Code.
Such items may be designed in accordance with Section
VIII, Division 1, of the BPV Code. For closure heads
not designed to Section VIII, Division 1, of the BPV
Code, the maximum allowable stresses for materials
used in these closure heads shall be established under
the provisions of para. 841 and shall not exceed 60%
SMYS.

If welds are used in the fabrication of these heads,
they shall be inspected in accordance with the provisions
of Section VIII, Division 1 of the BPV Code.

Closure heads shall have pressure and temperature
ratings equal to or in excess of the design requirement
of the piping system to which they are attached.

831.374 Fabricated Closures. Orange-peel bull
plugs and orange-peel swages are prohibited on systems
operating at stress levels of 20% or more of the specified
minimum yield strength of the pipe material, Fish tails
and flat closures are permitted on pipe NPS 3 and
smaller operating at less than 100 psi. Fish tails on
pipe larger than NPS 3 are prohibited. Flat closures
on pipe larger than NPS 3 shall be designed according
to Section VIII, Division 1, of the BPV Code. (See
para. 831.373.)

831.375 Bolted Blind Flange Connections.
Bolted blind flange connections shall conform to para.
831.2.

831.4 Reinforcement of Welded Branch Connectlions

83141 General Requirements. All welded branch
connections shall meet the following requirements.

{a) When branch connections are made to pipe in
the form of a single connection or in a header or
manifold as a series of connections, the design mmust
be adequate to control the stress levels in the pipe
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within safe limits, The construction shall accommodate
the stresses in the remaining pipe wall due to the opening
in the pipe or header, the shear stresses produced by
the pressure acting on the area of the branch opening,
and any extemal loadings due to thermal moavement,
weight, vibration, etc. The following paragraphs provide
design rules for the usua! combinations of the above
loads, except for excessive external loads.

(b) The reinforcement required in the crotch section
of a welded branch connection shall be determined by
the rule that the metal area available for reinforcement
shall be equal to or greater than the required area as
defined in this paragraph as well as in Appendix F,
Fig. F5. '

(¢} The required cross-sectional area, Ag, is defined
as the product of d times r:

Ap=di

where . .
= the greater of the length of the finished opening

in the header wall measured parallel to the
axis of the run or the inside diameter of the
branch connection

the nominal header wall thickness required
by para. 841.11 for the design pressure and

temperature
When the pipe wall thickness includes an allowance

for corrosion or erosion, atl dimensions used shall result
after the anticipated corrosion or erosion has taken place.

{d) The area available for reinforcement shall be the
sum of

{1) the cross-sectional area resuiting from any
excess thickness available in the header thickness over
the minimum required for the header as defined in
para. 831.41{c) and that lies within the reinforcernent
arca as defined in para. 831.41(¢e)

{2} the cross-sectional area resulting from any
excess thickness available in the branch wall thickness
over the minimum thickness required for the branch
and that lies within the reinforcement area as defined
in para. 831.41(e)

(3) the cross-sectional area of all added reinforcing
metal that lies within the reinforcement area, as defined
in para. 831.41(e), including that of solid weld metal
that is conventionally attached to the header and/or
branch

{e) The area of reinforcement, shown in Appendix
F, Fig. F5, is defined as a rectangle whose length shall
extend a distance, d, on each side of the transverse
center line of the finished opening and whose width
shall extend a distance of 2% times the header walt
thickness on each side of the surface of the header
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wall. In no case, however, shall it extend more than
2% times the thickness of the branch wall from the
outside surface of the header or of the reinforcement,
if any.

{f} The material of any added reinforcement shall
“have an allowable working stress at least equal to that
of the header wall, except that material of lower allow-
able stress may be used if the area is increased in
direct ratic of the allowable stress for header and
reinforcement material, respecnvely

{g) The material vsed for ring or saddle remforcement
may be of specifications ' differing from those of the
pipe, provided the cross-sectional area is made in direct
proportion to the relative strength of the pipe and
reinforcement materials at the operating temperatures,
and provided it has welding qualities comparable to
those of the pipe. No credit shall be taken for the
additional strength of material having a higher strength
than that of the part to be reinforced.

(h) When rings or saddles cover the weld between
branch and header, a vent hole shall be provided in
the ring or saddle to reveal leakage in the weld between
branch and header and to provide venting during welding
and heat treating operations. Vent holes should be
plugged during service to prevent crevice corrosion
between pipe and. reinforcing member, but no plugging
material that would be capable of sustaining pressure
within the crevice should be used.

{i) The use of ribs or gussets shall not be considered
as contributing to reinforcement of the branch connec-
tion. This does not prohibit the use of ribs or gussets
for purposes other than reinforcement, such as stiffening.

{f) The branch shall be attached by a weld for the
full thickness of the branch or header wall plus a fillet
weld, W,, as shown in Appendix I, Figs. I1 and I2.
The use of concave fillet welds is preferred to further
minimize comer siress concentration. Ring or saddle
reinforcement shall be attached as shown by Fig. 12
When a full fillet is not used, it is recommended that
the edge of the reinforcement be relieved or chamfered
al approximately 45 deg to merge with the edge of
the fillet.

(k) Reinforcement rings and saddles shall be accu-
rately fitted to the parts to which they are attached.
Appendix 1, Figs. 12 and I3 illustrate some acceptable
forms of reinforcement.

(1) Branch connections attached at an angle less
than 85 deg to the run become progressively weaker
as the angle decreases. Any such design must be given
individual study, and sufficient reinforcement must be
provided to compensate for the inherent weakness of
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TABLE 831.42
REINFORCEMENT OF WELDED BRANCH
CONNECTIONS, SPECIAL REQUIREMENTS

Ratio of Mominal Branch
Diameter to Nominal Header

Ratio of Design Diameter
Hoop Stress to
Minimum Specified More Than
Yield Strength in 253% or 25% Through  More Than
the Header Less 50% 50%
20% ar lgss (9} (g) {h)
More than 20% {dy (i} (i) thy (i)
through 50 %
More than 50% {c) () {e) (b) {e} {a) {e) (f)

GEWNERAL NOTE: The letters in the table correspond to the
subparagraphs of para, 831.42,

such construction. The use of encircling ribs to support
the flat or reentering surfaces is permissible and may
be included in the strength calculations. The designer
is cautioned that stress concentrations near the ends of
partial ribs, straps, or gussets may defeat their reinforc-
ing value.’

831.42 Special Requirements. In addition to the
requirements of para. 831.44, branch connections must
meet the special requirements of the following para-
graphs as given in Table 831.42.

. (@) Smoothly contoured wrought steel tees of proven
design are preferred. When tees cannot be used, the
reinforcing member shall extend around the circumfer-
ence of the header. Pads, partial saddles, or other types
of localized reinforcement are prohibited.

(b) Smoothly contoured tees of proven design are
preferred. When tees are not used, the reinforcing
member should be of the complete encirclement type,
but may be of the pad type, saddle type, or a weliding
outlet fitting type.

(c) The reinforcement member may be of the com-
plete encirclement type, pad type, saddle type, or weld-
ing outfet fitting type. The edges of reinforcement
members should be tapered to the header thickness. It
is recommended that legs of fillet welds joining the
reinforcing member and header do not exceed the
thickness of the header.

{d) Reinforcement calculations are not required for
openings 2 in. and smaller in diameter; however, care
should be taken to provide suitable protection against
vibrations and other external forces to which these
small openings are frequently subjected.

{e) All welds joining the header, branch, and reinforc-
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consideration in the design and testing of the proposed
pipeline.

841 STEEL PIPE

841.1 Steel Piping Systems Design Requirements

841.11 Steel Pipe Design Formula

{a) The design pressure for steel gas piping systems
or the nominal wall thickness for a given design pressure
shall be determined by the following formula (for
limitations, see para. 841.111):

L3S ]

St

P=FFET

= nominal outside diameter of pipe, in.

= longitudinal joint factor obtained from Table
841.115A [see also para. 817.13(d)]

design factor obtained from Table 841.114A.
In setting the values of the design factor, F,
due consideration has been given and allowance
has been made for the varicus underthickness
tolerances provided for in the pipe specifica-
tions listed and approved for usage in this Code.
design pressure, psig (see also para. 841.111)
specified minimum vyield strength, psi, stipu-
lated in the specifications under which the
pipe was purchased from the manufacturer or
determined in accordance with paras. 817.13(h)
and 841.112. The specified minimum yield
strengths of some of the more commonly used
piping steels whose specifications are incorpo-
rated by reference herein are tabulated for
convenience in Appendix D.

temperature derating factor obtained from Ta-
ble 841.116A

t = npominal wall thickness, in.

(b) The design factor for pipelines in Location Class
1, Division 1 is based on gas pipeline operational
experience at operation levels in excess of those pre-
viously recommended by this Code.

It should be noted that the user may be required to
change out such pipe or reduce pressure to 0.72 SMYS
maximum in accordance with para. 854.2.

fc} Fracture Control and Arrest. A fracture tough-
ness criterion or other method shall be specified to
control fracture propagation when a pipeline is designed
to operate either at a hoop stress over 40% through
80% of SMYS in sizes NPS 16 or larger, or at a hoop

T =

31

840.42-841.11

stress over 72% through 80% of SMYS in sizes smaller
than NPS 16.

When a fracture toughness criterion is used, control
can be achieved by ensuring that the pipe has adequate
ductility and either by specifying adequate toughness
or installing crack arrestors on the pipeline to stop
propagation.

(1) Brittle Fracture Control. To ensure that the
pipe has adequate ductility, {racture toughness testing
shall be performed in accordance with the testing
procedures of supplementary requirements SR5 or SR6
of API 5L, or other equivalent aliernatives. If the
operating temperature is below 30°F, an appropriate
lower test temperature shall be used. The appropriate
lower test temperature shall be taken to be at or below
the lowest expected metal temperature during pressure
testing (if with air or gas) and during service, having
regard to past recorded temperature data and possible
effects of lower air and ground temperatures. The
average shear value of the fracture appearance of three
Charpy specimens from each heat shall not be less
than 60%, and the all-heat average for each order per
diameter, size, and grade shall not be less than 80%.
Alternatively, when drop-weight tear testing is specified,
at least B0% of the heats shall exhibit a fractre
appearance shear area of 40% or more at the specified
test temperature.

(2} Ductile Fracture Arrest. To ensure that the
pipeline has adequate toughness to amest a ductile
fracture, the pipe shall be tested in accordance with
the procedures of supplementary requirements SRS of
API 5L. The all-heat average of the Charpy energy
values shall meet or exceed the energy value calculated
using one of the following equations that have been
developed in various pipeline research programs.

(a) Battelle Columbus Laboratories (BCL)
(AGA}

CVN = 0.0108¢ 2R

(b) American Iron and Steel Institute (AISI)

CVN = 00345072R?

{c} British Gas Council (BGC)

CYN = 0.03150RA'?

{d) British Steel Corporation (BSC)

CVN = 0.001190°R

A0O
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where
CVN = full-size Charpy V-notch absorbed energy,
ft-1b
R = pipe radivs, in.
¢ = wall thickness, in.
o = hoop stress, ksi

{3} Mechanical Crack Arrestors. Mechanical crack
arrestors consisting of sleeves, wire-rope wrap, heavy-
wall pipe, or other suitable types have been shown to
provide reliable methods of arresting ductile fracture.
The mechanical crack arrestors shall be placed at inter-
vals along the pipeline.

CAUTION: The requirements specified in {2) above assume the
pipeline is transporting essentially purc methane and the pipe
is similar in fracture behavior to that used to develop the
empirical equations above. The presence of heavier hydrocarbons
can cause the gas to exhibit two-phase behavior on sudden
decompression and thus requires a greater Charpy energy to
arrest propagating pipe fracture. Likewise, pipe that has been
control rolled or quench and tempered may not behave as
indicated by the equations and may also require a greater Charpy
energy to arrest a propagating fracture. Calculations must be
performed 1o determine If the decompression exhibits iwo-phase
behavier, and an assessment must be made as to the applicability
of the arrest equations where additional toughness is may be
required, Otherwise, mechanical crack arrestors [see (3) above]
should be installed, or the Charpy toughness requirements for
arrest sheuld be verified through experiments or additional caleu-
lations.

841111 Limitations on Design Pressure P in
Para. 841.11. The design pressure obtained by the
formula in para. 841.11 shall be reduced to conform
to the following:

{a) P for furnace butt welded pipe shall not exceed
the restrictions of para. 841.11 or 60% of mill test
pressure, whichever is the lesser. -

(B} P shall not exceed 85% of the mill test pressure
for all other pipes provided; however, that pipe, mill
tested to a pressure less than 85% of the pressure
required to produce a stress equal to the specified
minimum yield, may be retested with a mill type
hydrostatic test or tested in place after installation. In
the event the pipe is retested to a pressure in excess
of the mill test pressure, then P shall not exceed 85%
of the retest pressure rather than the initial mill test
pressure. [t is mandatory to use a liquid as the test
medium in all tests in place after installation where
the test pressure exceeds the mill test pressure. This
paragraph is not to be construed to allow an operating
pressure or design pressure in excess of that provided
for by para. 841.11.
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841.112 Limitations on Specified Minimum
Yield Strength S in Para. 841.11

(a) If the pipe under consideration is not new pipe
purchased under a specification approved and listed in
this Code, the value of $ may be determined in accord-
ance with one of the following:

(1) § value for new pipe qualified under para.
811.221 or 811.222

{2) § value for reuse of steel pipe qualified under
one of the provisions of para. 817.1

(3) § value for pipe of unknown specification as
determined by para. B17.13(h)

{b) When pipe that has been cold worked for meeting
the specified minimum yield strength is subsequently
heated to a temperature higher than 900°F for any
pericd of time or over 600°F for more than 1 hr, the
maximum allowable pressure at which it can be used
shall not exceed 75% of the value obtained by use of
the steel pipe design formula given in para. 841.11.

{c) In no case where the Code refers to the specified
minimum value of a mechanical property shall the
higher actual value of a property be substituted in the
steel pipe design formula given in para. 841.11. If the
actual value is less than the specified minimwm value
of a mechanical property, the actual value may be used
where it is permitted by the Code, such as in para,
817.1 regarding the reuse of steel pipe.

841.113 Additional Requirements for Nominal
Wall Thickness ¢ in Para. 841.11

(a} The minimum wall thickness ¢ required for pres-
sure containment as determined by para. 841.11 may
not be adequate for cther forces to which the pipeline
may be subjected. [See para. 840.1(a).] Consideration
shall also be given to loading due to transportation or
handling of the pipe during construction, weight of
water during testing, and scil loading and other second-
ary loads during operation, Consideration should also
be given to welding or mechanical jeining requirements.
Standard wall thickness, as prescribed in ASME
B36.10M, shall be the least nominal wall thickness
used for threaded and grooved pipe.

(&) Transportation, installation, or repair of pipe shall
not reduce the wall thickness at any point to a thickness
less than 90% of the nominal wall thickness as deter-
mined by para. 841.11 for the design pressure to which
the pipe is to be subjected,

841.114 Design Factors F and Location Classes.
The design factor in Table 841.114A shall be used for
the designated Location Class. All exceptions to basic
design factors to be used in the design formula are
given in Table 841.114B.
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TABLE 841.115A
LONGITUDINAL JOINT FACTOR, £

Spec. No. Pipe Class £ Factor
ASTM A 53 Seamless 1.00
Electric Resistance Welded 1.00
Furnace Butt Welded: Continugus Weld 0.60
ASTM A 106 Seamless ) 1.00
ASTM A 134 Electric Fusion Arc Welded 0.80
ASTM A 135 Electric Resistance Wetded 1.00
ASTM A 139 Electric Fusion Welded 0.80
ASTM A 211 Spiral Welded Steel Pipe 0.80
ASTM A 333 Seamless 1.00
Electric Resistance Welded 1.00
ASTM A 381 Double Submerged-Arc-Welded 1.00
ASTM A 671 Electric Fusion Welded
Classes 13, 23, 33, 43, 53 0.80
Classes 12, 22, 32, 42, 52 1.00
ASTM A 672 Electric Fusion Welded
Classes 13, 23, 33, 43, 53 0.80
Classes 12, 22, 32, 42, 52 1.0¢
API 5L Seamnless 1.00
Electric Resistance Welded 1.00
Electric Flash Welded 1.00
Submerged Arc Welded 1.00
Furnace Butt Welded 0.60

GENERAL NOTE: Definitions for the various classes of welded pipe
are given in para. 804.243.

TABLE 841.116A
TEMPERATURE DERATING FACTOR, T,
FOR STEEL PIPE

Temperature Derating

Temperature, °F Factor, T
250 or less 1.000
300 0.967
350 0.933
400 0.500
450 0.867

GENERAL NOTE: For intermediate temperatures, interpolate for
derating factor.

with the requirements of this Code shall be done under
construction specifications. The construction specifica-
tions shall cover all phases of the work and shall
be in sufficient detail to cover the requirements of
this Code.

841.22 Inspection Provisions

841.221 The operating company shall provide
suitable inspection. Inspectors shall be qualified either
by experience or training. The inspector shall have the
authority to order the repair or removal and replacement
of any component found that fails to meet the standards
of this Code,
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841.222 The instaliation inspection provisions for
pipelines and other facilities to operate at hoop stresses
of 20% or more of the specified minimum yield strength
shall be adequate to make possible at least the following
inspections at sufficiently frequent intervals o ensure
good quality of workmanship.

{a) Inspect the surface of the pipe for serious surface
defects just prior to the coating operation. {See para.
841.242(a).]

{b) Inspect the surface of the pipe coating as it is
lowered into the ditch to find coating lacerations that
indicate the pipe might have been damaged after being
coated.

{c) Inspect the fitup of the joints before the weld
is made.

¢d) Visually inspect the stringer beads before subse-
quent beads are applied.

{e) Inspect the completed welds before they are
covered with coating.

(f) Inspect the condition of the ditch bottom just
before the pipe is lowered in, except for offshore
pipelines.

(g) Inspect the fit of the pipe to the ditch before
backfilling, except for offshore pipelines.

(k) Inspect all repairs, replacements, or changes or-
dered before they are covered.

{i) Perform such special tests and inspections as are
required by the specifications, such as nondestructive
testing of welds and electrical testing of the protective
coating.

(j) Inspect backfill material prior to use and observe
backfill procedure to ensure no damage occurs to the
coating in the process of backfilling.

841.23 Bends, Elbows, and Miters in Steel
Pipelines and Mains. Changes in direction may be
made by the use of bends, elbows, or miters under
the limitations noted below.

841.231

fa} A bend shall be free from buckling, cracks, or
other evidence of mechanical damage.

(b} The maximum degree of bending on a field cold
bend may be determined by either method in the
1able below. The first column expresses the maximum
deflection in an arc length equal to the nominal outside
diameter, and the second column expresses the minimum
radius as a function of the nominal outside diameter.

{99)
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Deflaction of Minimom Radius of
Nominal Longitudinal Axis,  Bend in Pipe Diameters
Pipe Size deg [see 841.231(cH)
Smatler than 12 841.231{d) 13D
12 32 18D
14 27 21D
16 24 4D
18 2.1 27D
20 and larger 1.9 30D

{c) A field cold bend may be made to a shorter
minimum radius than permitted in (b} above, provided
the completed bend meets all other requirements of
this section, and the wall thickness after bending is
not less than the minimum permitted by para. 841.11.
This may be demonstrated through appropriate testing.

{d) For pipe smaller than NPS 12, the requirements
of (a) above must be met, and the wall thickness after
bending shall not be less than the minimum permitted
by para. 841.11. This may be demonstrated through
appropriale testing.

(e} Except for offshore pipelines, when a circumfer-
ential weld occurs in a bend section, it shall be subjected
to radiography examination after bending.

(f? Hot bends made on cold worked or heat treated
pipe shall be designed for lower stress levels in accord-
ance with para. 841.112(b).

{g} Wrinkle bends shall be permitted only on systems
operating at less than 30% of the specified minimum
yield strength. When wrinkle bends are made in welded
pipe, the longitudinal weld shall be Iocated on or near
to the neutral axis of the bend. Wrinkle bends with
sharp kinks shall not be permitted. Spacing of wrinkles
shall be measured along the crotch of the pipe bend,
and the peak to peak distance between the wrinkles
shall exceed the diameter of the pipe. On pipe NPS
16 and larger, the wrinkle shall not produce an angle
of more than 1Y deg per wrinkle.

841.232 Mitered bends are permitted provided
the following limitations are met:

{a) In systems intended to operate at 40% or more
of the specified minimum yield strength, mitered bends
are not permitted. Deflections caused by misalignment
up to 3 deg are not considered as miters.

{b} In sysiems intended to operate at 10% or more
but less than 40% of the specified minimum yield
strength, the total deflection angle at each miter shall
not exceed 12 deg.

(c) In systems intended to operate at less than 10%
of the specified mimimum yield strength, the total
deflection angle at each miter shall not exceed 90 deg.

(d) In systems intended to operate at 10% or more
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of the specified minimum yield strength, the minimum
distance between miters measured at the crotch shall
not be less than one pipe diameter.

{e) Care shall be taken tn making mitered joints to
provide proper spacing and alignment and full pene-
tration.

841.233 Factory-made, wrought-steel welding el-
bows or transverse segments cut therefrom may be
used for changes in divection, provided that the arc
length measured along the crotch is at least 1 in. on
pipe sizes NPS 2 and larger.

841.24 Pipe Surface Requirements Applicable to
Pipelines and@ Mains to Operate at a Hoop Stress
of 0% or More of the Specified Minimum Yield
Strength. Gouges, grooves, and notches have been
found to be an important cause of pipeline failures,
and all harmful defects of this nature must be prevented,
eliminated, or repaired. Precautions shall be taken during
manufacture, hauling, and installation to prevent the
gouging or grooving of pipe.

841.241 Detection of Gouges and Grooves
(6} The field inspection provided on each job shall
be svitable to reduce to an acceptable minimum the

chances that gouged or grooved pipe will get into the ..

finished pipeline or main. Inspection for this purpose
just ahead of the coating operation and during the
lowering-in and backfill operation is required.

{b) When pipe is coated, inspection shall be made
to determine that the coating machine does not cause
harmful gouges or grooves.

(¢) Lacerations of the protective coating shall be
carefully examined prior to the repair of the coating
to determine if the pipe surface has been damaged.

841.242 Field Repair of Gouges and Grooves

(a) Injurious gouges or grooves shall be removed.

(b) Gouges or grooves may be removed by grinding
to a smooth contour, provided that the resulting wall
thickness is not less than the minimum prescribed by
this Code for the comditions of usage. [See para.
841.113(b).]

{c) When the conditions outlined in para, 841.242(b)
cannot be met, the damaged portion of pipe shall be
cut out as a cylinder and replaced with a good piece.
Insert patching is prohibited.

841.243 Dents
{a) A dent may be defined as a depression that
produces a gross disturbance in the curvature of the
pipe wall (as opposed to a scratch or gouge, which
reduces the pipe wall thickness). The depth of a dent
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CHAPTER V
OPERATING AND MAINTENANCE PROCEDURES

850 OPERATING AND MAINTENANCE
PROCEDURES AFFECTING THE SAFETY
OF GAS TRANSMISSION AND
DISTRIBUTION FACILITIES

850.1 General

{a) Because of many variables, it is not possible to
prescribe in a code a detailed set of operating and
maintenance procedures that will encompass all cases.
It is possible, however, for cach operating company to
develop operating and maintenance procedures based
on the provisions of this Code, its experience, and its
knowledge of its facilities and conditions under which
they are operated that will be adequate from the stand-
peint of public safety. For operating and maintenance
procedures relating to corrosion control, see Chapter VI

(b) Upon initiating gas service in a pipeline designed
and constructed or converted {0 gas service in accord-
ance with this Code, the operating company shall
determine the Location Class in accordance with Table
854.1(c).

850.2 Basic Requirements

Each operating company having gas transmission or
distribution facilities within the scope of this Code shall

{a} have a written plan covering operating and main-
tenance procedures in accordance with the scope and
intent of this Code

{b) have a written emergency plan covering facility
failure or other emergencies

{c) operate and maintain its facilities in conformance
with these plans

(d) modify the plans periodically as experience dic-
tates and as exposure of the public to the facilities
and changes in operating conditions reguire

(e) provide training for employees in procedures
established for their operating and maintenance func-
tions. The training shall be comprehensive and shall
be designed 10 prepare employees for service in their
area of responsibility.

(f) keep records to administer the plans and training
properly
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850.3 Essential Features of the Operating and
Maintenance Plan

The plan prescribed in para. 830.2{a) shall include

(a) detailed plans and instructions for employees
covering operating and maintenance procedures for gas
facilitics during normal operations and repairs

{&) items recommended for inclusion in the plan for
specific classes of facilities that are given in paras.
851.2, 851.3, 851.4, 851.5, 851.6, and 861(d)

{c) plans to give particular attention to those portions
of the facilities presenting the greatest hazard to the
public in the event of an emergency or because of
construction er exfraordinary maintenance reguirements

{d) provisions for periodic inspections along the route
of existing steel pipelines or mains, operating at a hoop
stress in excess of 40% of the specified minimum yield
strength of the pipe material to consider the possibility
of Location Class changes. It is not intended that these
inspections include surveys of the number of buildings
intended for human occupancy. (See para. 854.)

850.4 Essentia] Features of the Emergency Plan

850.41 Written Emergency Procedures

850.411 Each operating company shall establish
written procedures that will provide the basis for instruc-
tions to appropriate operating and maintenance person-
nel that will minimize the hazard resulting from a gas
pipeline emergency. At a minimum, the procedures
shall provide for the following:

{a) a system for receiving, identifying, and classify-
ing emergencies that require immediate response by
the operating company

(b) indicating clearly the responsibility for instructing
employees in the procedures listed in the emergency
plans and for training employees in the execution of
those procedures

(c} indicating clearly those responsible for updating
the plan

{d) establishing a plan for prompt and adequate
handling of all calls that concern emergencies whether
they are from customers, the public, company employ-
ees, or other sources
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fe) establishing a plan for the prompt and effective
response to a notice of each type of emergency

(f) controlling emergency situations, including the
action to be taken by the first employee amiving at
the scene

{g) the dissemination of information to the public

{h) the safe restoration of service to all facilities
affected by the emergency after proper corrective mea-
sures have been taken

(i} reporting and documenting the emergency

£50.42 Training Program. Each operating company
shall have a program for informing, instructing, and
training employees responsible for executing emergency
procedures. The program shall acquaint the employee
with the emergency procedures and how to promptly
and effectively handle emergency sitaations. The pro-
gram may be implemented by oral instruction, written
instruction, and, in some instances, group instruction,
followed by practice sessions. The program shall be
established and maintained on a continuing basis with
provision for updating as necessitated by revision of
the written emergency procedures. Program records
shall be maintained to establish what training each
employee has received and the date of such training.

850.43 Liaison

fa) Each operating company shall establish and main-
tain liaison with appropriate fire, police, and other
public officials and public communications media.

{#) Each operating company must have a means of
communication with apprepriate public officials during
an emergency.

{¢) Emergency procedures, including the contingency
plan under para. BB55.1(e} must be prepared in coordi-
nation with appropriate public officials.

850.44 Educational Program. An educational pro-
gram shall be established to enable customers and the
general public to recognize a gas emergency and report
it to the appropriate officials. The educational program
shall be tailored to the type of pipeline operation and
the environment traversed by the pipeline and shall be
conducted in each language that is significant in the
community served. Operators of diswribution systems
shall communicate their programs to consumers and
the general public in their distribution area. Operators
of transmission systems shall communicate their pro-
grams to residents along their pipeline rights-of-way.
Operators of sour gas pipelines subject to Chapter IX
B shall notify residents affected by the contingency
plan under para. B855.1(e) of the hazards of sour gas,
the potential source of the gas, and protective measures
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to take in an emergency. The programs of operators
in the same area shall be coordinated to properly direct
reports of emergencies and to avoid inconsistencies.

850.5 Pipeline Failore Investigation

Each operating company shall establish procedures
to analyze all failures and accidents for determining
the cause and to minimize the possibility of a recurrence.
This plan shall include a procedure to select samples
of the falled facility or equipment for laboratory exami-
nation when necessary.

850.6 Prevention of Accidental Ignition

Smoking and all open flames shall be prohibited in
and around structures, or areas under the control of
the operating company containing gas facilities (such
as compressor stations, meter and regulator stations,
and other gas handling equipment), where possible
leakage of gas constitutes a hazard of fire or explosion.
Each operating company shall take steps to minimize
the danger of accidental ignition of gas.

{a) When a hazardous amount of gas is to be vented
into open air, each potential source of ignition shall first
be removed from the area and adequate fire extinguishers
shall be provided. All flashlights, lighting fixtures,
extension cords, and tools shall be of a type approved
for hazardous atmospheres. Blowdown connections that
will direct the gas away from any electrical transmission
lines must be installed or used.

(b) Suitable signs and flagmen or guards, if necessary,
shall be posted to warn others approaching or entering
the area of the hazard.

{c) To prevent accidental ignition by electric arcing,
an adequate bonding cable should be connected to each
side of any piping that is to be parted or joined, and
any cathodic protection rectifiers in the area shall be
turned off. When plastic pipe is being parted or joined,
a spray of water or use of wet rags is advised to cover
the surface to prevent static arcing.

(d) When cutting by torch or welding is to be
performed, a thorough check shall first be made for
the presence of a combustible gas mixture in the area
outside of the pipelive. If found, the mixture shall be
eliminated before starting welding or cutting. Monitoring
of the air mixture should continue throughout the
progress of the work.

{e) Should welding be anticipated on a pipeline filled
with gas and the safety check under (d) above has
been completed satisfactorily, the gas pressure must be
controlled by a suitable means to keep a slight posilive
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pressure in the pipeline at the welding area before
starting work. Precautions should be taken to prevent
a backdraft from occurring at the welding area.

{f) Before cutting by torch or welding on a line
that may contain a mixture of gas and air, it shall be
made safe by displacing the mixture with gas, air, or
an inert gas, Caution must be taken when using an
inert gas to provide adequate ventilation for all workers
in the area.

70.1
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stress cracking is found in any weld zone, a full
encirclement welded split sleeve shall be installed using
fillet welds. The sleeve shall then be pressurized by
hot tapping the pipeline under the sleeve.

{e) All repairs performed under (a), (b}, (c), and {d)
above shall be tested and inspected as provided in
para. 851.5.

851.43 Permanent Field Repair of Leaks and
Nonleaking Corroded Areas

(a) If feasible, the pipeline shall be taken out of
service and repaired by cutting out a cylindrical piece
of pipe and replacing with pipe of equal or greater
design strength,

fb) If it is not feasible to take the pipeline out of

service, repairs shall be made by the installation of a .'
full encirclement welded split sleeve unless a patch is

chosen in accordance with (e) below, or unless corrosion
is repaired with deposited weld metal in accordance
with (f) below. If nonleaking corrosion is repaired with a
full encirclement welded split sleeve, the circumferential
fillet welds are optional,

(c} If the leak is due to a corrosion pit, the repair
may be made by the iastallation of a properly designed
bolt-on leak clamp.

(d) A smail leak may be repaired by welding a |

nipple over it to vent the gas while welding and then .

installing an appropriate fitting on the nipple.

(e} leaking or nonleaking corroded areas on pipe
of not more than 40,000 psi specified minimum yield
strength may be repaired by using a steel plate patch
with rounded corners and with dimensions not in excess
of one-half the circumference of the pipe fillet welded
over the pitted area. The design strength of the plate
shall be the same or greater than the pipe.

{f) Small corroded areas may be repaired by fitling
them with deposited weld metal from low-hydrogen

electrodes. The higher the pressure and the greater the -

flow rate, the less is the chance of burn-through. At
20 V and 100 A, burn-through is unlikely to occur
when the following actual wall thicknesses exist:

Gas Velocity, fUsec

psia 0 5 10 20
15 0.320
500 0.300 0.270 0.240 0.205
900 0.280 0.235 0.190 0.150

This method of repair should not be attempted on
pipe that is thought to be susceptible to brittle fracture.

fg) All repairs performed under (a), (b), and (d)
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above shall be tested and inspected as provided in
851.5.

851.44 Permanent Field Repair of Hydrogen
Stress Cracking in Hard Spots and Stress Corrosion
Cracking

fa) If feasible, the pipeline shall be taken out of
service and repaired by cutting out a cylindrical piece
of pipe and replacing with pipe of equal or greater
design strength.

(b) If it is not feasible to take the pipeline out of
service, repairs shall be made by the installation of a
full encirclement welded split sleeve. In the case of
stress corrosion cracking, the fillet welds are optional.
If the fillet welds are made, pressurization of the sleeve
is optional. The same applies to hydrogen stress cracking
in hard spots except that a flat hard spot shall be
protected with a hardenable filler or by pressurization

~ of a fillet welded sleeve.

(¢} All repairs performed under (a) and (b) above
shall be tested and inspected as provided in para. 851.5.

851.5 Testing Repairs to Steel Pipelines or Mains
Operating at Hoop Stress Levels at or Above
40% of the Specified Minimum Yield Strength

851.51 Testing of Replacement Pipe Sections,

- When a scheduled repair to 2 pipeline or main is made

by cutting out the damaged portion of the pipe as a

cylinder and replacing it with another section of pipe, -
the replacement section of pipe shall be subjected to

a pressure test, The replacement section of pipe shall

be tested to the pressure required for a new pipeline

or main installed in the same location. The tests may

be made on the pipe prior to installation, provided

nondestructive tests meeting the requirements of para,

826 are made on all field girth butt welds after installa-

tion, If the replacement is made under controlied fire

conditions (gas in the pipeline), full encirclement welded

split sleeves may be used to join the pipe sections

instead of butt welds. All slecve welds should be -
radiographed. (See para. 851.52)

851.52 Nondestructive Testing of Repairs, Gouges,
Grooves, Dents, and Welds. If the defects are repaired
by welding in accordance with the provisions of para.
851.4 and any of its subsections, the welding shall be
examined in accordance with para. 826,

851.6 Pipeline Leak Records

Records shall be made covering all leaks discovered
and repairs made. All pipeline breaks shall be reported
in detail. These records along with leakage survey
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records, line patrol records, and other records relating
to routine or unusual inspections shall be kept in the
file of the operating company, as long as the section
of line remains in service,

851.7 Pipeline Markers

{a) Signs or markers shall be installed where it is
considered necessary to indicate the presence of a
pipeline at road, highway, railroad, and stream crossings.
Additional signs and markers shall be installed along
the remainder of the pipeline at locations where there
is a probability of damage or interference.

(b} Signs or markers and the surrounding right-of-
way shall be maintained so markers can be easily read
and are not obscured.

(c) The signs or markers shall include the words
“Gas (or name of gas transported) Pipeline,” the name
of the operating company, and the telephone number
(including arca code) where the operating company can
be contacted,

851.8 Abandoning of Transmission Facilities

Each operating company shall have a plan in its

‘operating and maintenance procedures for abandoning

transmisston facilities. The plan shall include the follow-
ing provisions:

(a) Facilities to be abandoned shall be disconnected
from all sources and supplies of gas such as other
pipelines, mains, crossover piping, meter stations, con-
trol lines, and other appurtenances.

_ {b) Facilities to be abandoned in place shall be
purged of gas with an inert material and the ends shalt
be sealed, except that:

{c} after precautions are taken to determine that
no liquid hydrocarbons remain in the facilities to be
abandoned, then such facilities may be purged with
air. If the facilities are purged with air, then precautions
must be taken to determine that a combustible mixture
is not present after purging. (See para. 841.275.)

$51.9 Decommissioning of Transmission Facilities

Operators planning the decommissioning (temporary
disconnect) of transmission facilities shall develop pro-
cedures for the decommissioning of facilities from
service. The procedures shall include the following.

{a) Facilities to be decommissioned shall be isolated
and sealed from all sources and supplies of gas such as
other pipelines, mains, crassover piping, meter stations,
contrel lines, and other appurtenances.

{b) Purge facilities to be commissioned with an inert
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material and effectively seal the ends. For facilities
where purging is not necessary and where a need to
restore to service exists, a small amount of gas can
remain in the facilty provided the gas amount poses no
potential hazard, and contains no corrosive contaminants
exceeding pipeline quality standards such a water, car-
bon dioxide, and sulfides.

{c) After the facilities have been decommissioned,
the maintenance procedures shall continue to be applied
as if the facility were still in service.

(d) The cathodic protection shall be maintained with
the periodic inspections and record keeping to continue
as if the facility were still in service,

{e) For stations where blanket gas remains, the Emet-
gency Shut Down {ESD) system shall remain in service.
Some modification to the ESD system may be required
to allow for a low pressure ESD. The hazardous gas
and fire detectors should remain in service to blow the
units and piping down, if necessary.

851.10 Recommissioning of Transmission Facilities

Operators planning to recommission (reactivate)
trasmission facilities temporarily removed from service
shall develop written procedures for recommissioning
facilities to service. The procedures shall inciude the
following.

fa) Before a facility is recommissioned, all mainte-
nance and cathodic protection records shall be reviewed
to ensure that the condition and integrity of the facility
has been maintained during the decommissioned period.

(&) Facilities to be recommissioned that have been
decommissioned for an extended period of time shatl
be repressured incrementally.

(¢) A leak survey shall be performed after the facility
has been recommissioned. Any defects or leaks discov-
ered shall be repaired before the facility is back in
full operation.

851.11 Repositioning a Pipeline in Service

When repositioning a pipeline in service, the follow-
ing are some of the factors that shall be considered:

{a) deflection

(b) diameter, wall thickness, and grade of pipe

{c) pipeline pressure

{d} type of girth welds

{e) test and operating history

{(f} presence of defects

(g) existing curvature

{h) bends

(i} valves and fittings

F. 1
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{j} terrain and soil conditions

(k} personnel safety considerations

(1} additional stresses caused by repositioning of the
pipeline

852 DISTRIBUTION PIPING MAINTENANCE

852.1 Patrolling

Distribution mains shall be patrolled in areas where
necessary to observe factors that may affect safe opera-
tion. The patrolling shall be considered in areas of
construction activity, physical deterioration of exposed
piping and supperts, or any natural causes, which could
result in damage to the pipe. The frequency of the
patrolling shall be determined by the severity of the
conditions that could cause failure or leakage and the
subsequent hazards to public safety.

852.2 Leakage Surveys

Each operating company having a gas distribution
system shall set up in its operating and maintenance
plan a provision for making periodic leakage surveys
on the system.
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852.21 The types of surveys selected shall be effec-
tive for determining if potentially hazardous leakage
exists. The following are some procedures that may
be employed:

(a) surface gas detection surveys

{b) subsurface gas detector survey (including bar
hele surveys)

{c) vegetation surveys

{d) pressure drop tests

(e) bubble leakage tests

(f) ultrasonic leakage tests

A detajled description of the various surveys and
leakage detection procedures is shown in Appendix M.

852.22 The extent and frequency of leakage surveys
shall be determined by the character of the general
service area, building concentrations, piping age, system
condition, operating pressure, and any other known
condition (such as surface faulting, subsidence, flooding,
or an increase in operating pressure) that has significant
potential to either initiate a leak or to cause leaking
gas to migrate to an area where it could result in a
hazardous condition. Special one-time surveys should
be considered following exposure of the gas distribution
system to unusual stresses (such as those resulting from
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earthquakes or blasting). The leakage survey frequencies
shall be based on operating experience, sound judgment,
and a knowledge of the system. Once established,
frequencies shall be reviewed periodically to affirm
that they are still appropriate. The frequencies of the
leakage survey shall at least meet the following.

{a) Distribution systems in a principal business dis-
trict should be surveyed at least annually. Such surveys
shall be conducted using a gas detector and shall include
tests of the atmosphere that will indicate the presence
of gas in utility manholes, at cracks in the pavement
and sidewalks, and at other locations that provide
opportunities for finding gas leaks.

(&) The underground distribution system outside the
areas covered by (a) above should be surveyed as
frequently as experience indicates necessary, but not
less than once every 5 years.

852.3 Leakage Investigation and Action

852.31 Leakage Classification and Repair. Leaks
located by surveys and/or investigation should be evalu-
ated, classified, and controlled in accordance with the
criteria set forth in para. M5 of Appendix M.

Prior to taking any repair action, leaks should be
pinpointed but only after it has been established that
an immediate hazard does not exist or has been con-
trolled by such emergency actions as evacuation,
blocking an area off, rerouting traffic, eliminating
sources of ignition, ventilating, or stopping the flow
of gas. The pinpointing guidelines provided in para.
M6 of Appendix M should be fallowed.

852.32 Investigation of Reports From Outside
Sources. Any notification from an outside source (such
as police or fire department, other wility, contractor,
customer, or general public) reporting a leak, explosion,
or fire, which may involve gas pipelines or other
gas facilities, shall be investigated promptiy. If the
investigation reveals a leak, the leak should be classified
and action should be taken in accordance with the
criteria in para. M5 of Appendix M.

852.33 Odor or Iindications From Foreign Sources.
When potentially hazardous leak indications (such as
natural, sewer, or marsh gas or gasoline vapors) are
found to originate from a foreign source or facility or
customer-owned piping, they shall be reported to the
operater of the facility and, where appropriate, to the
police department, fire department, or other governmen-
tal agency. When the company’s pipeline is connected
to a foreign facility (such as the customer’s piping),
necessary action, such as disconnecting or shutting off

75

$52.22- 85241

the flow of gas to the facility, shall be taken to eliminate
the potential hazard.

852.34 Followup Inspections. While the excavation
is open, the adequacy of leak repairs shall be checked
by using acceptable methods. The perimeter of the leak
area shall be checked with a gas detector. In the case
of a Grade 1 leak repair as defined in Appendix M,
where there is residual gas in the ground, a followup
inspection should be made as soon as practicable after
allowing the soil to vent to the atmosphere and stabilize,
but in no case later than 1 month following the repair.
In the case of other leak repairs, the need for a followup
inspection should be determined by qualified personnel.

852.4 Requirements for Abandoning, Disconnecting,
and Reinstating Distribution Facilities

852.41 Abandoning of Distribution Facilities. Each
operating company shall have a plan for abandoning
inactive facilities, such as service lines, mains, control
lines, equipment, and appurtenances for which there is
no planned use.

The plan shall also include the following provisions:

(a) If the facilities are abandoned in place, they
shall be physically disconnected from the piping system.
The open ends of all abandoned facilities shall be
capped, plugged, or otherwise effectively sealed. The
need for purging the abandoned facility to prevent the
development of a potential combustion hazard shall be
considered and appropriate measures shall be taken.
Abandonment shall not be completed until it has been
determined that the volume of gas or liquid hydrocar-
bons contained within the abandoned section poses no
potential hazard. Air or inert gas may be used for
purging, or the facility may be filled with water or
other inert material. (See para. 841.275.) If air is used
for purging, the operating company shall determine that
a combustible mixture is not present after purging.
Consideration shall be given te any effects the abandon-
ment may have on an active cathodic protection system,
and appropriate action shall be taken,

() In cases where a main and the service lines
connected to it are abandoned, insofar as service lines
are concerned, only the customer’s end of such service
lines need to be sealed as stipulated above.

(c) Service lines abandoned from the active maing
should be disconnected as close to the main as practi-
cable.
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{d} All valves left in the abandoned segment should
be closed. If the segment is long and there are few
line valves, consideration should be given to plugging
the segment at intervals.

{e) All above-grade valves, risers, and vault and
valve box covers shall be removed. Vault and valve
box voids shall be filled with suitable compacted backfill
material.

852.42 Temporarily Disconnected Service. When-
ever service to a customer is temporarily discontinued,
one of the following shall be complied with:

(a) The valve that is closed to prevent the flow of
gas to the customer shall be provided with a locking
device or other means designed to prevent the opening
of the valve by persons other than those authorized
by the operating company.

(b) A mechanical device or fitting that will prevent
the flow of gas shall be installed in the service line
or in the meter assembly.

(¢} The customer's piping shall be physically discon-
nected from the gas supply and the open pipe ends
shall bescaled.

852.43 Test Requirements for Reinstating
Abandoned Facilities and Temporarily Disconnected
Service Lines. Facilitics previously abandoned shall be
tested in the same manner as new facilities before
being reinstated.

Service lines previcusly abandoned shall be tested
in the same manner as new service lines before being
reinstated.

Service lines temporarily disconnected because of
main renewals or other planned work shall be tested
from the point of disconnection to the service line
valve in the same manner as new service lines before
reconnecting, except

fa} when provisions t0 maintain continuous service
are made, such as by installation of a bypass, any
portion of the original service line used to maintain
continuous service need not be tested: or

{b) when the service line has been designed, installed,
tested, and maintained in accordance with the require-
ments of this Code.

852.5 Plastic Pipe Maintenance

852.51 Pinching and Reopening of Thermoplastic
Pipe and Tubing for Pressure Control

{a) Before thermoplastic pipe and tubing is pinched
and reopened, it is required that investigations and tests
be made to determine that the particular type, grade,
size, and wall thickness of pipe or tubing of the same
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manufacture can be pinched and reopened without
causing failure under the conditions that will prevail
at the time of the pinching and reopening.

(b} After compliance with (a) above, whenever ther-
moplastic pipe or tubing is pinched and reopened, it
is required that:

(1) the work be done with equipment and proce-
dures that have been established and proven by test
to be capable of performing the operation safely and
effectively

(2) the pinched and reopened area of the pipe or
tubing be reinforced in accordance with the appropriate
provisions of para. 852.52, unless it has been determined
by investigation and test that pinching and reopening
dees not significantly affect the long-term properties
of the pipe or tubing.

852.52 Repair of Plastic Pipe or Tubing. If at any
time an injurious defect, groove, gouge, or dent is
found in plastic pipe or tubing, the damaged or defective
section shall be replaced unless satisfactory repairs are
made.

The damaged section can be cut out and replaced
in accordance with applicable provisions of para. 8424,
Installation of Plastic Piping. The replacement pipe or
tubing shall be 100 percent visually inspected inside
and out. There shall be no Visible defects on the inside
or outside of the replacement pipe or tubing. The
replacement pipe or tubing shall be leak tested at
available system pressure.

Repairs shall be made in accordance with qualified
procedures that have been established and proven by
test and in accordance with the following:

{a} The recommendations of the plastic manufacturer
shall be taken into consideration when determining the
type of repair to be made. Special consideration shall
be given to the extent of fiber damage in the case of
thermosetting plastic pipe.

(#) If a patch or full encirclement sleeve is used,
it shall extend at least % in. beyond the damaged area.

{c) If a full encirclement split sleeve - is used, the
joining line between the halves of the sleeve shall be
as far as possible from the defect, but ir no case closer
than % in. Suitable precautions shall be taken to ensure
a proper fit at the longitudinal seam.

{d) The patch or sleeve material shall be the same
type and grade as the pipe or tubing being repaired.
Wall thickness of the patch or sleeve shall be at least
equat to that of the pipe or tubing.

{e) The method of attachment of the patch or sleeve
shall be compatible with the material and shall conform
to the applicable provisions of para. 842.392. Precau-

Al
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tions shall be taken to ensure a proper fit and a complete
bond between the patch or sleeve and the pipe being
repaired. The patch or sleeve shall be clamped or held
in place by other suvitable means during the setting or
curing of the bonding material or during the hardening
of a heat-fusion bond. Excess solvent cement shall be
removed from the edges of the patch or sleeve,

7.1

852.52
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CHAPTER VIII
OFFSHORE GAS TRANSMISSION

A800 OFFSHORE GAS TRANSMISSION

A801 GENERAL

Chapter VIII pertains only to offshore gas transmis-
sion systems as defined in para. A802.1, With the
exception of sections A840 through A842, A844, and
AB47, this Chapter is organized to parallel the number-
ing and the content of the first six chapters of the
Code. All provisions of the first six chapters of the
Code are also requirements of this Chapter unless
specifically modified herein. Chapter VII is not applica-
ble. With the exceptions noted above, paragraph desig-
nations follow those in the first six chapters with the
prefix “A”

A802 SCOPE AND INTENT

A802.1 Scope

This Chapter of the Code covers the design, material
requirements, fabrication, installation, inspection, test-
ing, and safety aspects of operation and maintenance
of offshore gas transmission systems. For this Chapter,
offshore gas transmission systems include offshore gas
pipelines, pipeline risers, offshore gas compressor sta-
tions, pipeline appurtenances, pipe supports, connectors,
and other components as addressed specifically in
the Code.

A802.2 Intent

The intent of this Chapter is to provide adequate
requirements for the safe and reliable design, installa-
tion, and operation of offshore gas transmission systems.
Requirements of this Chapter supplement the require-
ments of the remainder of the Code. It is therefore
not the intent of this Chapter to be all inclusive, and
provisions must be made for any special considerations
that are not specifically addressed.

It is not the intent of this Chapter to prevent the
development and application of new equipment and
technologies. Such activity is encouraged as long as
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the safety and reliability requirements of the Code are
satisfied.

A802.3 Offshore Gas Transmission

See Chapter VIII for additional requirements and
definitions applicable to offshore gas transmission
systems.

A803 OFFSHORE GAS TRANSMISSION
DEFINITIONS

accidental loads: any unplanned load or combination
of loads caused by human intervention.

breakaway coupling: a component introduced into the
pipeline to allow the pipeline to separate when a
predetermined axial load is applied to the coupling.

buckle: a condition where the pipeline has undergone
sufficient plastic deformation to cause permanent wrin-
kling in the pipe wall or excessive cross sectional
deformation caused by bending, axial, impact, and/or
torsional loads acting alone or in combination with
hydrostatic pressure.

buckle arrestor: any device aftached to or made a
part of the pipe for arresting a propagating buckle,

buckle detector: any means for detecting dents, exces-
sive ovalization, or buckles in a pipeline.

column buckling: buckling of a beam or pipe under
compressive axial load in which loads cause unstable
lateral deflection.

conrnectors; any component, except flanges, used for
mechanically joining two sections of pipe.

external hydrostatic pressure: pressure acting on any
external surface resulting from its submergence in water,

Jflexible pipe: pipe that is

{a}) manufactured from both metal and nonmetal
components

(b) capable of allowing large deflections without
adversely affecting the pipe’s integrity

ADD
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{c) intended to be an integral part of the permanent
product transportation system

Flexible pipe does not include solid steel pipe, plastic
pipe, fiber reinforced plastic pipe, rubber hose, or solid
steel pipes lined with nonsteel linings or coatings.

95.1
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hyperbaric weld: a weld performed at ambient hydro-
static pressure in a submerged chamber from which
the water has been removed from the surfaces to be
welded.

offshore: the area beyond the line of ordinary high
water along the portion of the coast that is in direct
contact with the open seas and beyond the line marking
the seaward limit of inland coastal waters.

offshore pipeline riser: the vertical or near vertical
portion of an offshore pipeline between the platform
piping and the pipeline at or below the seabed, including
a length of pipe of at least five pipe diameters beyond
the bottom elbow, bend, or fitting. Due to the wide
vatiety of configurations, the exact location of transition
between pipeline, pipeline riser, and platform piping
must be selected on a case-by-case basis.

offshore pipeline system: all components of a pipeline
installed offshore for transporting gas other than produc-
tion facility piping. Tanker or barge loading hoses are
not considered part of the offshore pipeline system.

offshore platform:  any man-made fixed or permanently
anchored structure or artificial island located offshore.

pipe collapse: flattening deformation of the pipe re-
sulting in loss of cross-sectional strength and circular
shape, which is caused by excessive external hydrostatic
pressure acting alone.

platform piping: due to a wide variety of configura-
tions, the exact location of the transition between the
offshore pipeline riser(s), the platform piping, and the
production facility shall be selected on a case-by-
case basis.

(a} On offshore platforms where hydrocarbons are
produced, platform piping consists of all the gas trans-
mission piping, appurtenances, and components that are
between the production facility and the off-shore pipe-
line riser(s). This includes any gas compressors and
piping that are not a part of the production facility.

(6} On offshore platforms where hydrocarbons are
not preduced, platforin piping consists of all the gas
transmission piping, compressors, appurtenances, and
components between the offshore pipeline risers.

propagating buckle: a buckle that progresses rapidly
along a pipeline caused by the effect of external hydro-
static pressure on a previously formed buckle, local
collapse, or other cross-sectional deformation.

pull tube: a conduit attached to an offshore platform
through which a riser can be installed.
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pull-tube riser:
a pull tube,

riser pipe or pipes installed through

return interval: 1time interval between successive
events of design environmental conditions being
equalled or exceeded.

soil liguefaction:  a soil condition, typically caused by
dynamic cyelic loading (e.g., earthquake, waves) where
the effective shear stresses in the soil are reduced to
zero, and the soil exhibits the properties of a liquid.

splash zone: the area of the pipeline riser or other
pipeline components that is intermittently wet and dry
due to wave and tidal action.

weight coating: any coating attached to the pipeline
for increasing the pipeline specific gravity.

A811 QUALIFICATION OF MATERIALS AND
EQUIPMENT

Plastic pipe, plastic pipe with nonmetallic reinforce-

ment, cast iton pipe, and ductile iron pipe shall not

be used for transporting natural gas.

A814 MATERIAL SPECIFICATIONS

A814.1

Concrete weight coating materials (cement, aggregate,
reinforcing steel) shall meet or exceed the requirements
of applicable ASTM standards.

Flexible pipe shall be manufactured from materials
meeting the requirements of applicable ASTM or ASME
standards.

Steel line pipe with a longitudinal joint factor of
1.00 in Table 841.115A shall be used.

AS14.2

In addition to the requirements contained in refer-
enced standards, certain other requirements may be
considered for pipe and other components used off-
shore, depending on water depth, water temperature,
internal pressure, product composition, product tempera-
ture, installation method and/or other loading conditions.
Thus, consideration may include one or more of the
following:

fa) wall thickness tolerance

(k) outside diameter tolerance

{¢)} out-of-roundness

{d} maximum and minimum yield and tensile
strengths

{99}
ADD

(99)

{99}
A00

(99}



ASME B31.8a.2000 A8142

fe) maximum carbon equivalent

{f) fracture toughness

{g) hardness

fh} pipe mill hydrostatic testing and other mechanical
testing
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A816- TRANSPORTATION OF LINE PIPE

Transportation by truck or other road vehicles shall
be performed in such a mamner as to avoid damage
to the pipe. Provisions shall be made to protect the
pipeline corrosion coating, end bevel, and weight coating
from damage.

A817 CONDITIONS FOR THE REUSE AND
REQUALIFICATION OF PIPE

A817.1 Unidentified Line Pipe

Unidentified line pipe shall not be used for subsea
pipelines.

A817.2 Requalification of Pipeline Systems

A pipeline system that has previously been used for
gas transmission service may be requalified, subject to
the following conditions:

{a) the pipeline system meets the design considera-
tions in Sections A841, A842, and A843; and

(b} the pipeline system meets the hydrotesting re-
quirements in Sections A847.1 through A847.6, In
addition, if the pipeline system is moved, it shall also
meet the testing for buckles requirement in Section
A8477.

A817.3 Reuse of Pipe

Used pipe may be reused, subject to the following
conditions:

(a} the pipe meets the design considerations in Sec-
tions A841, A842, and AB43;

(b} the pipe meets the testing requirements in Section
A847; and

{c) the pipe shall be inspected per para. 817.13 to
identify any defects that impair the sérviceability of
the pipe. If such defects are identified, they shail be
removed or repaired.

A820 WELDING OFFSHORE PIPELINES

A82]1 GENERAL

A821.1 Scope

This Section concerns the welding of carbon steel
materials that are used in a pipeline in the offshore
environment. The welding covered may be performed
under atmospheric or hyperbaric conditions,

AS16-A823

A821.2 Welding Processes

The welding may be done by any process or combina-
tion of processes that produce welds that meet the
procedure qualification requirements of this Code and
can be inspected by conventional means.

AB21.3 Requirements

(a1} Prior to atmospheric welding of any pipe, piping
components, or related equipment, Welding Procedure
Specifications shall be written and the precedure shall
be qualified. The approved procedure shall include all
of the applicable details listed in API Standard 1104,

(b} Prior to hyperbaric welding of any pipe, piping
components, or related equipment, Welding Procedure
Specifications shall be written and the procedure shall
be qualified. The approved procedure shall include all
of the applicable details listed in API Standard 1104
and ANSIFAWS D3.6.

(c) Each welder or welding operator shall be qualified
for the established procedure before performing any
welding on any pipe, piping component, or related
equipment installed in accordance with this Code.

(d) Welding procedure qualifications, as we)) as
welder or welding operator qualifications, are valid only
within the specified limits of the welding procedure,
If changes are made in certain details, called “essential
variables” or “essential changes,” additional gualifica-
tion is required, APl Standard 1104 essential variables
shall take precedence in matters not affected by the
underwater envirenment, and ANSIVAWS D3.6 shall
govern those essential changes related to the underwater
welding environment and working conditions,

A823 QUALIFICATION OF PROCEDURES
AND WELDERS

Qualification of procedures and welders shall be in
accordance with the requirements of para. 823, except
paras. 823.1 and 823.2 do not apply offshore.

{a) Welding procedures and welders performing at-
mespheric welding under this section shall be qualified
under API Standard 1104, except that for applications
in which design, materials, fabrication, inspection, and
testing are in accordance with BPV Code, Section VIII,
welding procedures and welders shall be qualified under
BPV Code, Section IX.

(b) Welding procedures and welders performing hy-
perbaric welding under this section shall be qualified
in accordance with the testing provisions of API Stan-
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dard 1104 as supplemented by ANSIYAWS D3.6, Speci-
fication for Underwater Welding for Type “0” Welds.

A825 STRESS RELIEVING

Stress rclieving requirements may be waived, regard- -

less of wall thickness, provided that it can be demon-
strated that a satisfactory welding procedure without
the use of postweld heat treatment has been developed.
Such a demonstration shall be conducted on materials
and under conditions that simulate, as closely as practi-
cal, the actual production welding. Measurements shall
be taken of the tensile, toughness, and hardness proper-
ties of the weld and heat-affected zone. No stress
relieving will be required if

{a) the measurements indicate that the metallurgical

ASME B231.8a-2000

and mechanical properties are within the limits specified
for the materials and intended service

(b} an engineering analysis is conducted to ensure
that the mechanical properties of the weldment and the
residual stresses without postweld heat treatment are
satisfactory for the intended service. In some cases,
measurement of residual stresses may be required.

AB26 WELDING AND INSPECTION TESTS

A826.2{ Inspection and Tests for Quality Control of
Welds on Piping Systems

A826.21 Extent of Examination. One hundred per-
cent of the total number of circumferential field butt
welds on offshore pipelines shall be nondestructively
inspected, if practical, but in no case shall less than
90% of such welds be inspected. The inspection shall
cover 100% of the length of such inspected welds.
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A826.22 Standard of Acceptability. All welds that
are inspected must meet the standards of acceptability
of AP] Standard 1104 or BPV Code, Section VIIL, as
appropriate for the service of the weld, or be appropri-
ately repaired and reinspected or removed.

A82623 Alternative Flaw Acceptance Limits. For
girth welds on a pipeline, alternative flaw acceptance
limits may be established based on fracture mechanics
analyses and fitness-for-purpose criteria as described in
API Standard 1104. Such alternative acceptance stan-
dards shall be supported by appropriate stress analyses,
supplementary welding procedure test requirements, and
nondestructive examinations beyond the minimum re-
quirements specified herein. The accuracy of the nonde-
structive techniques for flaw depth measurement shall
be verified by sufficient data to establish probabilities
for the proposed inspection error allowance.

A830 PIPING SYSTEM COMPONENTS AND
FABRICATION DETAILS

A830.1 General

The purpose of this Section is to provide a set of
criteria for system components to be used in an offshore
application.

A831 PIPING SYSTEM COMPONENTS

Cast iron or ductile iron shall not be used in flanges,
fittings, or valve shell components.

All system components for offshore applications shall
be capable of safely resisting the same loads as the
pipe in the run in which they are imcluded, except
“weak links” (e.g., break-away couplings) designed into
a system to fail under specific loads. Consideration
should be given to minimizing stress concentrations.

System components which are not specifically cov-
ered in para. 831 shall be validated for fitness by either

(a) documented full scale prototype testing of the
components or special assemblies, or

(b) a history of successful usage of these components
or special assemblies produced by the same design
method. Care should be exercised in any new application
of existing designs to ensure suitability for the intended
service,

A832 EXPANSION AND FLEXIBILITY

Thermal expansion and contraction calculations shall
consider the temperature differential between material
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temperature during cperations and material temperature
during installation.

A834 SUPPORTS AND ANCHORAGE FOR
EXPOSED PIPING

Supports and anchorage for platform piping and risers
shall conform to the requirements of para. 834, except
that no attachment, other than an encircling member,
shall be welded directly to the pipeline. (See para.
A842.27)

A835 ANCHORAGE FOR BURIED PIPING

Thermal expansion and contraction calculations shall
consider the effects of fully saturated backfill material
on soil restraint.

When a submerged pipeline is to be laid across a
known fault zone, or in an earthquake-prone area where
new faults are a possibility, consideration shall be given
to the need for flexibility in the pipeline system and
its components to minimize the possibility of damage
due to seismic activity.

The requirements of para. 835.51 for header and
branch connections are not applicable to offshore sub-
merged piping systems. An appropriate means of pre-
venting undue stresses at offshore submerged piping
connections is to provide adequate fiexibility at branch
connections on the seabed.

A840 DESIGN, INSTALLATION, AND
TESTING

A840.1 General Provisions

The design, installation, and testing of offshore gas
transmission systems shall be in accordance with Chap-
ter IV as specifically modified by the provisions of
Chapter VIIL. Also, all provisions of Chapter IV that
depend on location class and construction type do not
apply to offshore gas transmission systems, except that
offshore pipelines approaching shoreline areas shall be
additionally designed and tested consistently with class
location provisions as determined in para. A840.2,

A840.2 Shoreline Approaches

Offshore pipelines approaching shoreline areas shall
be additionally designed and tested consistently with
class location provisions as determined in section 840,
except that

{99}
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TABLE A842.22
DESIGN FACTORS FOR OFFSHORE PIPELINES,
PLATFORM PIPING, AND PIPELINE RISERS

A F Fs
Hoop Longitudinal  Combined
Location Stress Stress Stress
Pipeline 0.72 0.80 0.90
Platform piping and risers 0.50 0.80 0.90
CNote

]

NOTE:

{1} The wall thickness used In the calculation of combined stress for
platform piping and risers shatl be based upon specified minimum
wall thickness, including manufacturing, corrosion, and erasion
allowances,

A842.2 Strength Considerations During Operations
AB42.21 Operational and Design Criteria

A842.211 Pipelines and risers shall be designed
against the following possible modes of failure, as
appropriate:

{a) excessive yielding

{b) buckling

(c) fatigue failure

(d) ductile fracture

{e)} brittle fracture

() loss of in-place stability
(g) propagating fracture

{h} cormrosion

{i} collapse

A842.212 Furthermore, consideration shall be
given to impacts due 10
{a) foreign objects
{b) anchors
{c) wrawiboards
(d} vessels, ice keels, etc.

AB842.22 Design Against Yielding

AB42.221 Hoop Stress. For pipelines and risers
the tensile hoop stress due to the difference between
internal and external pressures shall not exceed the
values given below:

NOTE: Sign convention is such that tension is positive and compres-
sion i3 negative.
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AB42.2-AB42.223

Sy SF\ST
S = (P~ P) g
where
D = nominal outside diameter of pipe, in.
F; = hoop stress design factor from Table A842.22
P, = external pressure, psi
P; = internal design pressure, psi
§ = specified minimum yield strength, psi
8y = hoop stress, psi
T = temperature derating factor from Table

841.116A
nominal wall thickness, in.

bl
I

A842.222 Longitudinal Stress. For pipelines and 99}

nisers the longitudinal stress shall not exceed values
found from

|5:| < 28

cross sectional arca of pipe material, in.2
axial force, lbs

longitudinal stress design factor from Table
AB42.22

in-plane bending moment, in.-lb

out-plane bending moment, in.-1b

specified minimum yield strength, psi
maximum longitudinal stress, psi (positive ten-
sile or negative compressive)

S, + 8 or §, = S, whichever results in the
larger stress value

axial stress, psi {positive tensile or negative
compressive)

F,7A

resultant bending stress, psi

[GMY + (M) P2

in-plane stress intensification factor from Ap-
pendix E

out-plane stress intensification factor from Ap-
pendix E

section modulus of pipe, in.>

absolute value

PG I
nn o non

&
i

&2
oo

Sy

i

]

(2]
i

AB42.223 Combined Stress. For pipelines and {89}

risers the combined stress shall not exceed the value
given by the maximum shear stress equation (Tresca
combined stress):




A842.223

- 2 112
2[(%) +S,1] £ F;8

cross-sectional area of pipe material, in.?
axial force, Ibs

combined stress design factor from Table
AB4222

in-plane bending moment, in.-1b

out-plane bending moment, in.-Ib

torsional moment, in.-lb
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0

specified minimum yield strength, psi

- 8, = maximum longitudinal stress, psi (positive
tensile or negative compressive)
= §, + 5, or §, — 5, whichever results in the
larger stress value
§, = axial stress, psi (positive tensile or negative
compressive)
= F,/A
8, = resultant bending stress, psi
= MY + (oMY
Sy = hoop stress, psi
§; = torsional stress, psi
i; = in-plane stress intensification factor from Ap-
pendix E
£, = out-plane stress intensification factor from
Appendix E
z = section modulus of pipe, in.”

Alternatively, the Maximum Distortional Energy
Theory (Von Mises combined stress) may be used
for limiting combined stress values. Accordingly, the
combined stress should not exceed values given by

(Sl =88, + 8.2+ 35 < 18

A842.23 Alternate Design for Strain. In sitvations
where the pipeline experiences a predictable noneyclic
displacement of its support (¢.g., fault movement along
the pipeline route or differential subsidence along the
line) or pipe sag before support contact, the longitudinal
and combined stress limits need not be used as a
criterion for safety against excessive yielding, so long
as the consequences of yielding are not detrimental to
the integrity of the pipeline. The permissible maximum
longitudinal strain depends on the ductility of the
material, any previously experienced plastic strain, and
the buckling behavior of the pipe. Where plastic strains
are anticipated, the pipe eccentricity, pipe out-of-round-
ness, and the ability of the weld te undergo such
strains without detrimental effect should be considered.
Similarly, the same criteria may be applied to the pipe
during construction (e.g., pull-tube or bending shoe
risers).

A842.24 Design Against Buckling and Ovalization,
Avoidance of buckling of the pipeline and riser during
operation shall be considered in design. Modes of
buckling that may be possible include

{a) local buckling of the pipe wall
(bj propagation buckling following local buckling
{c) column buckling
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A842.25 Design Against Fatigue. Stress fluctuations
of sufficient magnitude and frequency to induce signifi-
cant fatigue should be considered in design.

Loadings that may affect fatigue include:

fa) pipe vibration, such as that induced by vortex
shedding

(b) wave action

Pipe and riser spans shall be designed so that vortex
induced resonant vibrations are prevented, whenever
practical. When doing so is impractical, the total resul-
tant stresses shall be less than the allowable limits in
para. AB42.22, and such that fatigue failure should not
result during the design life of the pipeline.

A842.26 Design Against Fracture. Materials used
for pipelines transporting gas or gas-liquid mixtures
under high pressure should have reasonably high resist-
ance to propagating fractures at the design conditions,
or other methods shall be used to limit the extent of
a fracture.

A842.27 Design of Clamps and Supports. Clamps
and supports shall be designed such that a smooth
transfer of loads is made from the pipeline or riser to
the supporting structure without hightly localized stresses
due to stress concentrations. When members are to be
welded to the pipe they shall fully encircle the pipe
and be welded to the pipe by a full encirclement weid.
The support shall be attached to the encircling member
and not the pipe.

All welds to the pipe shall be nondestructively tested.
Clamps and supports shall be designed in accordance
with the requirements of API RP 2A, Section 3.

Clamp and suppert design shall consider the corrosive
effects of moisture retaining gaps and crevices and
galvanically dissimilar metals.

A842.28 Design of Connectors and Flanges. Con-
nectors and flanges shall be such that smooth transfer
of loads is made without high localized stresses or
excessive deformation of the attached pipe.

Connectors and flanges shall have a level of safety
against failure by vielding and failure by fatigue that
is comparable to that of the attached pipeline or riser.

A842.29 Design of Structural Pipeline Riser Pro-
tectors. Where pipeline risers are installed in locations
subject to impact from marine traffic, protective devices
shall be installed in the zone subject to damage to
protect the pipe and coating.
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{2) Radius of Exposure Equations
{a) Radius of exposure equation to the 100-
ppm level of H,S after dispersal;

X = [(1.589) M 0] %528

{b) Radius of exposure equation to the 500-
ppm level of HyS after dispersal:

X = [(0.4546) M Q] O5LE

where
M = mol fraction of hydrogen sulfide in the gas-
eous mixture
¢ = maximum volume determined o be available
for escape in cubic feet per day corrected to
14.65 psia and 60°F
X = radius of exposure (ROE) in feet

{3} Metric Equations
(a} 100-ppm level of H,S after dispersal:

Xn =[(8.404) M @) O

(b} 500-ppm level of H,S after dispersal:

X = [(2.404) M Q] *4358

where
M = mol fraction of hydrogen sulfide in the gaseous
mixture
£, = maximum volume determined to be available
for escape in cubic meters per day corrected
to 1.01 bars and 15.6°C.
X, = radius of exposure (ROE) in meters

NOTE: The cquations assume a 24-hr release. When a pipeline
segment can be isolated in Jess than 24 hr, appropriate reductions
n (Q) may be used.

(4) Examples of 100-ppm and 500-ppm RCE for
various 24-hr releases and H,S mol fractions are as
follows.
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100-ppm ROE
ROE Release H;S
ft, MMSCFD Mol
X £(1,000,000) Fraction
1,165 1 0.08
3¢ 5 0.05
4924 10 005
71,597 20 0.05
9,792 30 0.05
1,798 1 01
4,924 5 0.1
7597 10 0.1
11,723 20 01
15,109 0 0.1
2,775 i 0.2
1597 5 0.2
11,723 10 0.2
18,090 20 0.2
23,315 0 0.2
500-ppm ROE
ROE Release H;8
fi. MMSCFD Mol
X ©(1,000,000) Fraction
533 1 0.05
1,458 5 0.05
2,250 10 005
3472 20 005
4474 10 0.05
822 1 6.1
2,250 5 0.1
3472 10 0.1
5,357 20 0.1
6,904 30 61
1,268 1 0.2
3472 5 02
5357 10 02
8266 20 02
10,654 30 0.2

B850.4 Essential Features of the Emergency Plan

B850.42 Training Program. In addition 10 conven-
tional training, all sour gas operation and maintenance
line personnel shall be trained in

(a) hazards apd characteristics of H,S

{b) effect on metal components of the lines and
equipment

{c) safety precautions
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{d) operation of safety equipment and life support
systems
{e) corrective action and shutdown procedures

B851 PIPELINE MAINTENANCE

B851.7

{d) In addition to each sign required in subpara.
851.7(c) of Chapter V, for operations where the 100-
ppin radivs of exposure is greater than 50 ft (15.2 m),
a “POISON GAS” sign shall be instatled.

All surface facilities shall also be marked with “POI-
SON GAS” signs.

B851.10

When blowing down sour gas lines, consideration
shall be given to the use of suitable permanent or
temporary flare systems.

B855 CONCENTRATIONS OF PEOPLE IN
LOCATION CLASSES 1 AND 2

B855.1

{c} Security. Unattended fixed surface facilities
should be protected from public access when located
within %4 mile of a residential, commercial, or other
inhabited or occupied structure; bus stop; public park;
or similarly populated area.

(1} The protection should be provided by fencing
and locking or removal of valves and instrumentation
and plugging of ports, or other similar means.

(2} Surface pipeline is not considered a fixed
surface facility.

{d) Additional control and safety procedures or safety
devices should be installed and maintained to prevent
the undetected continuing release of hydrogen sulfide
if any of the following conditions exist:

(1) The 100-ppm radius of exposure is in excess
of 50 ft (15.2 m) and includes any part of a public
area except a public road.

{2) The 500-ppm radius of exposure is greater than
30 {i (15.2 m) and includes any part of a public road.

{3) The 100-ppm radius of exposure is greater
than 3,000 ft (915 m).

(¢} Contingency Plan. Operations subject to subpara.
(d) above shall have a written contingency plan prepared
and given to state and local emergency response authori-
ties. Plans shall include maps, location of block valves,
valve keys, and keys for locks.

116

ASME E31.82-2000

B860 CORROSION CONTROL OF
SOUR GAS PIPELINES

B861 GENERAL

B861.1 Scope

This section contains the minimum additive or substi-
tutive requirements for corrosion control of external
and internal corrosion of sour gas piping and compo-
nents. Where specific provisions are not set forth herein,
the provisions of para. 860 of Chapter VI shall apply.

B861.2 Special Considerations

Due to the corrosivity of hydrogen sulfide and the
frequent presence of carbon dioxide and salt water,
which also are corrosive, special emphasis shall be
given to internal corrosion mitigation and monitoring.

Also, due to the corrosive and hazardous nature of
the sour gas, special consideration shall be given to
the selection of the corrosion allowance.

B862 EXTERNAL CORROSION CONTROL

B862.1 New Installations
B862.11 Buried Steel Facilities

B862.113 Cathodic Protection Requirements.
Unless it can be demonstrated by tests or experience
that cathodic protection is not needed, all buried or
submerged facilities with insulating type coatings, ex-
cept facilities installed for a limited service life, shall
be cathedically protected as soon as feastble following
installation, except that minor replacements or exten-
sions shall be protected as covered by para. 862.212.

Facilities installed for a limited service life need not
be cathodically protected if it can be demonstrated that
the facility will not experience corrosion that will cause
it to be harmful to the public or environment. Cathodic
protection systems shall be designed to protect the
buried or submerged system in its entirety.

A facility is considered to be cathodically protected
when it meets one or more of the criteria established
in Appendix K.

Use of cathodic protection is encouraged to protect
buried sour gas facilities.
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accidental loads, AS03
allowable, longitudinal stress, A842.13
strains, A842.14
alternate design for strain, A842.23
alternative flaw acceptance limits, A826.23
anchorage for buried piping, AB35
anchoring, A844.25
atmospheric corrosion, A862.25
atmospheric protection, A862.12
backfilling, A844.24
basic requirements, A850.2
blasting effects, A850.7
bottom soils, A841.25, A844.22
breakaway coupling, AR03
buckle, A803
arrestor, A803
detector, A803
buckling, A842.11
cathodic protection requirements, A862.113 A863.2
coating requirements, A862.112
collapse, A842.12
column buckling, AB03
combined stress, A842.223
compressor, station design, A843.1
station equipment, A843.4
stations, A843
conditions for the rewse and requalification of pipe,
ABL7
connectors, A803
corrosion control of offshore pipelines, A860
design against
buckling and ovalization, A842.24
fatigue, AB42.25
fracture, AB42.26
yielding, A842.22
design, and protection of special assemblies,
A842.30
conditions, A841.1
considerations, A841
environmental loads, A841.33
factors for offshore pipelines, platform piping, and
platform risers, Table A842.22
design of .
clamps and supports, A842.27
connectors and flanges, A842.28
flexible pipe, A842.31
structural pipeline riser protectors, A842.29
design storm conditions, AB44.1
design, installation, and testing, A840
educational program, A850.44
electrical,
connections and monitoring points, A862.115
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facilities, A843.2
interference, A862.215
isolation, A862.114
emergency shutdown facilities, A843.431
enclosures, A843.12
environment loads, A841.23
essential features plans, AB50.3, A850.4
examination when exposed, A862.216
existing installations, A862.2
exits, A843.13
expansion and flexibility, A832
extent of examination, A826.21
external corrosion control, A862
external hydrostatic pressure, A803
facilities, A844.44
flexible pipe, AR0D3, A842.18
gas transmission, A802.3
general, A821, A830.1, AB63.1
general information, A8C1
general provisions, A840.1, A847.1
hoop stress, A842.221
hyperbaric weld, AB03
inspection and tests for quality control of welds on
piping systems, A826.2
installation fatigue, A842.15
intent, A802.2
internal corrosion control, A863
liaison, A850.4.3
loading classifications, A841.31
loads imposed by construction equipment and vessel
motions, A841.24
location class, A854
location of compressor facilities, A843.11
longitudinal stress, A842.222
material specifications, A814
minimum yield strength, A851.5
new installations, A862.1
offshore, A803
below water repair procedures for steel pipelines,
A851.45
gas transmission, A800
gas transmission terms and definitions, A803
pipeline system, AB03
platform, AB03
repair of flexible pipe, AB51.4.6
on-bottom stability, A844
operating and maintenance procedures affecting the
safety of gas transmission facilities, ABS0
operational, and design criteria, A842.21
design considerations, A841.3
loads, A841.32
operations general, A850.1
pipe collapse, AS03
pipeline, maintenance, A851
markers and signs, A851.7
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patrolling, A851.2
pipelines, A831.4
piping system compenents, A831
platform piping, A803
pressure limiting requirements for offshore
compression facilities, A843.44
profile, A841.22
propagating buckle, A803
pull tube, AB03
riser, A803
qualification, of materials and equipment, A811
of procedures and welders, A823
records, A847.5
requalifications of pipeline systems, AS17.2
requirements, A821.3
residual stresses, A842.17
return interval, A803
riser pipe or pipes installed through a pull tube,
AB42.17
safety devices, A843.43
scope, A802.1, AB21.1, A861
and intent, ABO2
shore approaches, A844.3
shoreline approaches, A840.2
slope failure, A844.4
soil liquefaction, AB03, AR44.5
special assemblies, AB42.16
splash zone, ARO3
stability against waves and currents, AB44.2
standard of acceptability, A826.22
strength considerations, A842
during installation, A842.1
during operations, A842.2
stress relieving, A825
submerged facilities, A862.11, A862.21
submerged weight, A244.21
supports and anchorage for exposed piping, A834
system components and fabrication details, AR30
test, conditions, A863.5
medium, AB47.3
pressure, A847.2
procedure, AB47.4
testing, AB47
for buckles, A847.7
tie-ins, A847.6
transmission facilities, A850
transportation of line pipe, A816
trenching, A844.23
unidentified line pipe, A817.1
valves, AB46
venting, A843.443
weight, A841.21
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coating, A803.23
welding, and inspection tests, A826
offshore pipelines, A820
processes, A821.2
welds, AB51.52
Operating and maintenance procedures, 850
features of plan, 850.3
requirements, 850.2
Operating, classification of locations, 850.1(b), Table
854.1
Operating company, 803.12
Operating pressure
maximum, 805.213
maximum allowable, 805.214
maximum allowable for steel or plastic pipelines or
mains, 845.213
uprating for higher maximum allowable, 845.6
Operating stress, 805.232
Overpressure protection, 805.217

-Qverpressuring, protection against accidental, 845.1

Parallel encroachment, 803.14
Patrolling
distribution mains, 852.1
pipelines, 851.2
Pipe, 804.211
cold expanded, 804.212
container, 804.15
manufacturing process, 804.243
Pipelines, 803.18
arc burns, 841.244
elimination of, 841.245
electrical test leads, steel, 862.115
failure investigation, 850.5
installation, miscellaneous operations in, 841.25
backfilling, 841.253
handling, hauling, and stringing, 841.251
hot taps, 841.26
installation in ditch, 841,252
leak test for operating at less than 100 psi, 841.35
leak tests for operating at 100 psi or more, 841.34
on private right-of-way of electric transmission lines,
873
precautions for avoiding explosions during
construction, 841.27
purging, 841.275
protective coatings for underground piping,
inspection of existing steel, 862.216
new steel, 862.112
repair of, at or above 40% SMYS, 851.4
surveillance of, 851.1
test requirements, 841.3
at less than 30% of yield, 841.33, Table 841.33
at 30% or more of yield, 841.32, Table 841.322(f)
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Replies to Technical Inguiries
February 1, 1999 Through June 30, 2041
Interpretations 12-1 Through 12-9

It has been agreed to publish intepretations issued by the B31 Commitice concerning B31.8 as part
of the update service to the Code. The interpretations have been asssigned numbers in chronological
order. Each interpretation applies either to the latest Edition or Addenda at the time of issuance of
the interpretation or the Edition or Addenda stated in the reply. Subsequent revisions to the Code may
have superseded the reply.

These replies are taken verbatim from the original letters, ¢except for a few typographical and editorial
corrections made for improved clarity.

ASME procedures provide for reconsideration of these interpretations when or if additional information
that the inquirer believes might affect the interpretation is available. Further, persons aggrieved by an
interpretation may appeal to the cognizant ASME committee or subcommittee. As stated in the Statement
of Policy in the Code documents, ASME dces not “approve,” “certify,” “rate,” or “endorse” any item,
construction, proprietary device, or activity.
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B31.3 Interpretations Vol. 12 12-1, 12-2, 12-3

Interpretation: 12-1
Subject: Paras. 854.1(c) and 854.1(c)(5), Requirements for Class Location Change Study
Date Issued: August 27, 1998
File: B31-98-010

Question (1): If the location class changes from Class 1 to Class 4, is a stedy required under para.
854.1(c)?

Reply (1); Yes.

Question (2): Are fences and concrete barriers installed along the pipeline within the meaning of “physical
barriers” in para. 854.1(c)(5)?

Reply (2): No.

Question (3): Does para. 854.1(c)(5) require a *risk assessment study”?

Reply (3): No. It is up to the owner/operator to determine what types of studies are needed to meet the
requirements.

Interpretation: 12-2

Subject: B31G and B31.8-1995 Edition, Para. 841.113(b), Additional Requirements for Nominal Wall
Thickness ¢ in Para. 841.11

Date Issued: May 11, 1999
File: B31-95-029

Question (1): Can B31G be used to evaluate pipe based on remajning wall thickness for corrosion that
has occurred during the installation stage?

Reply (1): B31G is not applicable to new construction covered under the B31.8 Code.

Question (2): Can para. 841.113(b)} be used as criteria for evaluating this corrosion?

Reply (2): No. The B31.8 Section Committee is currently reviewing the Code to determine whether
corrosion under the situation you describe should be addressed.

Interpretation: 12-3
Subject: B31.8-1995 Edition, Para. A843.1, Wave and Current Conditions
Date Issued: May 11, 1999
File: B31-98-021
Question (1) Is it practical o determine the most unfavorable expected combination of wave and cuerent
conditions?

Reply (1) Yes.

Question (2): If so, how?

Reply (2): The ASME B31.8 Committee is limited strictly to the interpretation of the rules. ASME does
not act as a consultant on the general application or on the understanding of the Code rules,
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12-4, 12-5, 12-6 B31.8 Interpretations Vol. 12

Interpretation: 12-4
Subject: B31.8-1989 Edition, Certification of a Listed Material to Another Listed Specification
Date Issued: Angust 3, 1999
File: B31-94-048
Question; Does the B31.8 Code address the certification of a listed material to another listed material
specification by a service center/processor?

Reply: No.

Interpretation: 12.5
Subject: B31.8-1995 Edition, Para. 842.431(g), Direct Burial
Date Issued: August 3, 1999
File: B31-98-015
Question (1): Is para, 842.431(g) an obligatory requirement for the design execution of 4 bar, direct
burial, gas plastic piping systems, in order o comply with the B31.8 Code?
Reply (1): No.
Question (2): In case para. 842.431(g) is obligatory, can DEPA utilize in plastic pipe systems the

digital mapping Geographic Information System (GIS) and pipe routing, indicating post marks instead of
clectronically conductive wire to satisfy the B31.8 Code requirements?

Reply (2): See reply to Question (1) above.

Interpretation: 12-6
Subject: Table 841.114B, Design Factor for Steel Pipe Construction
Date Issued: February 24, 2000
File: B31-99-03}
Question (1): Per Table 841.114B, does a gas pipeline (which is covered by B31.8) that skirts a compressor
station facility just inside the fence of the facility, but is not associated with the compression process within

the facility and exterior to the station emergency shutdown system, need to be designed using a 0.5 or 0.4
design factor?

Reply (1): No,

Question (2): If the answer to Question (1) is no, if the location class allows, and if it is not a fabricated
assembly, is a 0.72 design factor acceptable?

Reply (2): Yes.

Question (3): Is a nitrogen gas pipeline covered by the B31.8 Code?
Reply (3): No.

Question (4): If the answer to Question (3) is no, is it because nitrogen is an inert gas and use of B31.8
for the design of nitrogen gas pipeline will be more siringent than necessary?

Reply (4): No.
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Interpretation: 12-7

Subject: Para. 841.11(a), Design Factor

Date Issued: January 3, 2001

- File: B31-97-058

Question: For pipe produced in accordance with a specification approved in B31.8, can ¢ in the design

formula be adjusted above nominal if the wall thickness is guaranteed to be greater than the minimum
allowed by the specification?

Reply: No.

Interpretation: 12-8
Subject: Para. 841.11(c)2)
Date Issued: January 3, 2001
File: B31-99-019
Question: My analysis indicated the AIS! constant should be 0.0339 for a full-size specimen. The B31.8

Code constant is 0.0345. Would the B31.8 Section Committee consider reviewing the derivation of this
constant in the Code?

Reply: Yes.

Interpretation: 12-9

Subject: Utilization of Duplex Stainless Steel
Date Issued: January 3, 2001

File: B31-95-030

Question: Does B31.8 allow the utilization of duplex stainless steel pipe?
Reply: Yes. Please see paras. 802 and 811,
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FOREWORD

The need for a national code for pressure piping
became increasingly evident from 1915 1o 1925. To
meet this need, the American Engineering Standards
Committee {later changed to the American Standards
Association, now the American National Standards Insti-
tute) initiated Project B31 in March 1926 at the request
of the American Society of Mechanical Engineers and
with that Society as sole sponsor. After several years
of work by Sectional Committee B31 and its subcommit-
tees, a first Edition was published in 1935 as an
American Tentative Standard Code for Pressure Piping.

A revision of the original tentative standard began
in 1937. Several more years of effort were given to
securing uniformity among sections, eliminating diver-
gent requirements and discrepancies, keeping the Code
abreast of current developments in welding technique,
calculating stress computations, and including reference
to new dimensional and material standards. During this
period, a mew section added on refrigeration piping
was prepared in cooperation with the American Society
of Refrigeration Engineers and complemented the Amer-
ican Standard Code for Mechanical Refrigeralion. This
work culminated in the 1942 American Standard Code
for Pressure Piping,

Supplements 1 and 2 of the 1942 Code, which
appeared in 1944 and 1947, respectively, introduced
new dimensional and material standards, a new formula
for pipe wall thickness, and more comprehensive re-
quirements for instrument and control piping. Shortly
afier the 1942 Code was issued, procedures were estab-
lished for handling inquires requiring explanation ot
interpretation of Code requirements and for publishing
such inquiries and answers in Mechanical Engineering
for the information of all concemed,

By 1948, continuing increases in the severity of
service conditions combined with the development of
new materials and designs to meet these higher require-
ments warranted more extensive changes in the Code
than could be provided from supplements alone. The
decision was reached by the American Standards Associ-
ation and the sponsor to reorganize the sectional commit-
tee and its several subcommittees and to invite the
various interested bodies to reaffirm their cepresentatives
or to designate new ones.

vii

Because of the wide field involved, between 30 and
40 different engineering socicties, government bureaus,
trade associations, institutes, and similar organizations
have had one or more representatives on the sectional
commitiee, plus a few “members at large” to represent
general interests. Code activities have been subdivided
according to the scope of the several sections. General
direction of Code activities rested with the Standards
Committee officers and an executive committee, mem-
bership of which consisted principally of Standards
Committee officers and section chairmen.

Following its reorganization in 1948, Standards Com-
mittee B31 made an intensive review of the 1942 Code
that resulted in

(a) a general revision and extension of requirements
to agree with present day practice

{b) the tevision of references (o existing dimensional
standards and material specifications and the addition
of references to the new ones

(c) the clarification of ambiguous or conflicting re-
quirements

A revision was presented for letter ballot vote of
Standards Committee B31. Following approval by this
body, the project was approved by the sponsor organiza-
tion and by the American Standards Association. It
was finally designated as an American Standard in
February 1951, with the designation B31,1-1951.

Standards Committee B31 at its annual meeting of
November 29, 1951, authorized the separate publication
of a section of the Code for Pressure Piping addressing
gas transmission and distribution piping systems, to be
complete with the applicable parts of Section 2, Gas
and Air Piping Systems, Section 6, Fabrication Details,
and Section 7, Materials ~— Their Specifications and
[dentification. The purpose was to provide an integrated
document for gas transmission and distribution piping
that would not require cross-referencing to other sections
of the Code.

The first Edition of this integrated document. known
as American Standard Code for Pressure Piping, Section
8, Gas Transmission and Distribution Piping Systems,
was published in 1952 and consisted almost entirely
of material taken from Sections 2, 6, and 7 of the
1951 Edition of the Pressure Piping Code.



A new section committee was organized in 1952 to
update Section 8 as necessary {o address modern materi-
als and methods of construction and operation,

After a review by B3] Executive and Standards
Committees in 1955, a decision was made to develop
and publish industry sections as separate Code docu-
ments of the American Standard B3| Code for Pressure
Piping. The 1955 Edition constituted a general revision
of the 1952 Edition with a considerably expanded
scope. Further experience in the application of the Code
resulted in revisions in 1958, 1963, 1966, 1967, 1968,
1969, 1975, and 1982,

In December 1978, the American National Standards
Committee B31 was reorganized as the ASME Code
for Pressure Piping, B31 Committee. The code designa-

viii
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tion was also changed to ANSIVASME B3l.

The 1989 Edition of the Code was a compilation
of the 1986 Edition and the subsequent addenda issved
to the 1986 Edition.

The 1992 Edition of the Code was a compilation
of the 1989 Edition, the subsequent three addenda, and
the two special Errata issued to the 1989 Edition,

The 1995 Edition of the Code is a compilation of
the 1992 Edition and the subsequent three addenda
issued to the 1992 Edition.

The 1999 Edition of the Code is a compilation of
the 1995 Edition and the revisions that have occurred
since the issuance of the 1995 Edition. This Edition
was approved by the American National Standards
Institute on June 24, 1999,
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INTRODUCTION

The ASME Code for Pressure Piping consists of
many individually published sections, each an American
National Standard. Hereafier, in this Introduction and
in the text of this Code Section, B31.8, when the word
“Code” is used without specific identification, it means
this Code Section.

The Code sets forth engineering requirements deemed
necessary for the safe design and construction of pres-
sure piping. Although safety is the basic consideration,
this factor alone will not necessarily govern the final
specifications of any piping system. The designer is
cautioned that the Code is not a design handbook; it
does not eliminate the need for the designer or for
competent engineering judgment.

To the grealest possible extent, Code requirements
for design are stated in terms of basic design principles
and formulas. These are supplemented as necessary
with specific requirements to ensure uniform application
of principles and to guide selection and application of
piping elements, The Code prohibits designs and prac-
tices known to be unsafe and contains wamings where
caution, but not prohibition, is warranted.

This Code Section includes

{a) references to accepiable material specifications
and component standards, including dimensional and
mechanical property requirements

¢{b) requirements for designing components and as-
semblics

(c) requirements and data for evaluating and limiting
stresses, reactions, and movements associated with pres-
sure, temperatuce changes, and other forces

(d) guidance and limitations on selecting and
applying materials, components, and joining methods

(e) requirements for fabricating, assembling, and in-
stalling piping

{f requirements for examining, inspecting, and test-
ing piping

(g) procedures for operation and maintenance that
are essential to public safety

{h) provisions for protecting pipelines from external
and internal corrosion

It is intended that this Edition of Code Section B31.8
and any subsequent addenda not be retroactive, The
latest edition and addenda issued at least 6 months

Xiii

before the original contract date for the first phase of
aclivity covering a piping system or systems shall be
the governing document, unless agreement is specifically
made between contracting parties to use another issue,
or unless the regulatory body having jurisdiction im-
poses the use of another issue or different requirements.

Users of this Code are cautioned against making use
of revisions without assurance that they are acceptable
to any authorities of jurisdiction where the piping is
to be installed.

The Code is under the direction of ASME Committee
B31, Code for Pressure Piping, which is organized and
operates under procedures of The American Society of
Mechanical Engineers that have been accredited by the
American National Standards Institute. The Committee
is a continuing one and keeps all Code Sections current
with new developments in materiais, construction, and
industrial practice. Addenda are issued periodically.
New editions are published at intervals of 3 years to
5 years.

When no Section of the ASME Code for Pressure
Piping specifically covers a piping system, the user
has discretion to select any Section determined to
be generally applicable; however, it is cautioned that
supplementary requirements to the Section chosen may
be necessary to provide for a safe piping system for
the intended application. Technical limitations of the
various Sections, legal requirements, and possible appli-
cability of other Codes or Standards are some of the
factors to be considered by the user in determining
the applicability of any Section of this Code.

Interpretations and Revisions

The Commiitice has established an orderly procedure
to consider requests for interpretation and revision of
Code requirements. To receive consideration, inguiries
must be in writing and must give full particulars. (See
Appendix O covering preparation of technical inquiries.)

The approved reply to an inquiry will be sent directly
to the inquirer. In addition, the question and reply will
be published as part of an Interpretation Supplement
to the Code Section, issued with Addenda.

Requests for interpretation and suggestions for revi-
sion should be addressed 1o the Secretary, ASME B3I

(99}
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Committee, care of The American Society of Mechanical
Engineers, Three Park Avenue, New York, New York
10016.

Cases

A Case is the prescribed form of reply 1o an inquiry
when study indicates that the Code wording needs
clarification or when the reply modifies existing require-
ments of the Code or grants permission o use new
materials or alternative constructions. Proposed Cases
are published in Mechanical Engineering for public
review. In addition, the Case will be published as part
of an Interpretation Supplement issued with Addenda
to the applicable Code Section.

A Case is normally issued for a limited period, after
which it may be renewed, incorporated in the Code,
or allowed to expire if there is no indication of further
need for the requirements covered by the Case. The
provisions of a Case, however, may be used after its
expiration or withdrawal, provided the Case was effec-

xiv

tive on the original contract date or was adopted before
completion of the work, and the contracting parties
agree 1O its use.

Materials are listed in the Stress Tables only when
sufficient usage in piping within the scope of the Code
has been shown. Maierials may be covered by a case.
Requests for listing shall include evidence of satisfactory
wsage and specific data to permit establishment of
allowable stresses or pressure rating, maximum and
minimum temperature Jimits, and other restrictions.
Additional criteria can be found in the guidelines for
addition of new materials in the ASME Boiler and
Pressure Vessel Code, Section II and Section VIII,
Division 1, Appendix B. (To develop usage and gain
experience, unlisted materials may be used in accordance
with para. 811.22.)

Effective Date

This Edition, when issued, contains new Code provi-
sions. It is a compilation of the 1995 Edition and
revisiong to the 1995 Edition.
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SUMMARY OF CHANGES

Revisions, additions, deletions, and errata to the ASME B31.8-1995 Edition are included in this
edition. A margin designator, (99), is used to identify the affected material and comresponds to the

items listed in the Summary of Changes pages. The margin designators will remain on the pages until
the 2002 Edition of B31.8 is published.

Page Location Change
xiii, xiv Introduction Revised
-8 General Provisions and 806 deleted and incorporated into the Index
Definitions
1 801.2 Revised
802.1 Revised
2 803.17 Added
803.18 Added
803.21 Revised
} 803.22 Revised
803.254 Added
803.255 Added
4 80342 Revised
804.224 Added
2 811.222 Editorially revised
10 811.24 Editorially revised
814.14(a) Editorially revised
11 817.12 Editorially revised
15 821.1 Title added
17 825.2 Revised
19 830.1(b)}(6) Added
29 840.1(¢c) Revised
32 841.11{c)(3) “Caution” statement revised
35 841.231(b) Revised
37 841.244 Revised

38 841.272(b) Editorially revised

xv
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Location
8414
842.396

842.432(N{(2)
842.432(N(3)
843.43
843.48
844.32
845.411
845421
845.61(c)(3)
851.1

851.4

851.9

853.16
854.1(a)
854.1(c)
854.1(d)
8542
&55.1(a)(1)
856.3(c)(1)
856.3(c)(3)
862.2

873.2
Chapter VIII

A80I
A8l
ABl4

A3l4.1
AB14.2

Change
Added

Footnote 2 revised to reflect document
rights change

Editorially revised
Editorially revised
Editorially revised
Added

Editorially revised
Editorially revised
Editorially revised
Revised

Revised

Revised
Editorially revised
Added

Revised

Revised

Added

Revised

Revised

Revised

Revised

Revised

Revised

The following paragraphs were deleted:
ABIO0, ABIZ, ABIS, A822, AB23.3, AB24,
AB44.41, AB44.42, AR44.432, AB44.45,
AB44.46, AB44.6, AB50.41, AB50.42,
AB50.5, AB50.6, ABS5L.1, AB51.3, ABSLS,
AB51.6, A851.8, AB53, A856, AB6I.L,
AB62.3, AB642, A864.3, ABG4.4,
A864.41, and AB64.42

Revised

Revised

Redesignated from ABI3; former A814
deleted '

Redesignated from AB13.1 and revised
Redesignated from AB13.2
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ASME B31.8-1999 Edition

801-802.21

GENERAL PROVISIONS AND DEFINITIONS

801 GENERAL

801.1 Standards and Specifications

801.11 Standards and specifications approved for
use under the Code and the names and addresses of
the sponsoring organizations are shown in Appendix
A. It is not considered practicable to refer to a specific
edition of each of the standards and specifications in
the individual Code paragraphs,

801.12 Use of Standards and Specifications
Incorporated by Reference. Some standards and speci-
fications cited in Appendix A are supplemented by
specific requirements elsewhere in this Code. Users of
this Code are advised against attempting direct applica-
tion of any of these standards without carefully observ-
ing the Code’s reference to that standard,

801.2 Standard Dimensions

Adherence to American National Standards Institute
(ANSI) dimensions is strongly recommended wherever
practicable. Paragraphs or notations specifying these
and other dimensional standards in this Code, however,
shall not be mandatory, provided that other designs
of at least equal strength and tightness, capable of
withstanding the same test requirements, are substituted.

£201.3 S1 (Metric) Conversion

For factors used in converting English units to SI
units, see Appendix 1.

802 SCOPE AND INTENT

802.1 Scope

802.11 This Code covers the design, fabrication,
installation, inspection, and testing of pipeline facilities
used for the transportation of gas. This Code also
covers safety aspects of the operation and maintenance
of those facilities.

802,12 This Code does not apply to

(a) design and manufacture of pressure vessels cov-
ered by the BPV Code!

{b) piping with metal temperatures above 450°F or
below =20°F. (For low temperature within the range
covered by this Code, see para. 812.)

{c} piping beyond the outlet of the customer's meter
set assembly. (Refer to ANSI Z223.1 and NFPA 54.)

(d) piping in oil refineries or natural gasoline extrac-
tion plants, gas treating plant piping other than the
main gas stream piping in dehydration, and all other
processing plants installed as part of a gas transmission
system, gas manufacturing plants, industrial plants, or
mines. (See other applicable sections of the ASME
Code for Pressure Piping, B11.)

(e} vent piping to operate at substantially atmospheric
pressures for waste gases of any kind

{f) wellhead assemblies, including control valves,
flow lines between wellhead and trap or separator, off-
shore platform production facility piping, or casing and
tubing in gas or oil wells. (For offshore platform
production facility piping, see APl RP 14E)

(g) the design and manufacture of proprietary items
of equipment, apparatus, or insiruments

(A} the design and manufacture of heat exchangers.
(Refer to appropriate TEMA? Standard.)

{i) liquid petroleum transponation piping systems.
(Refer to ANSIYASME B31.4.)

{j) liquid slurry transportation piping systems. (Refer
to ASME B31.11.)

{k} carbon dioxide transportation piping systems

(I} liquefied natural gas piping systems. (Refer to
NFPA 59A and ASME B31.3)

802.2 Intent

802.21 The requirements of this Code are adequate
for safety under conditions usually encountered in the
gas industry. Requirements for all unusual conditions
cannot be specifically provided for, nor are all details

' BPV Code references here and elsewhere in this Code are 1o the
ASME Boiler and Pressure Vessel Code.

2 Tubular Exchanger Manufacturers Association, 25 North Broadway,
Tarrytown, NY (0591,
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of engineering and construction prescribed; therefore,
activities involving the design, construction, operation,
or maintenance of gas transmission or distribution pipe-
lines should be undertaken using supervisory personnel
having the experience or knowledge to make adequate
provision for such unusual conditions and specific engi-
neering and construction details. All work pedformed
within the scope of this Code shail mect or exceed
the safety standards expressed or implied herein.

802.22 This Code is concemed with

(a) safety of the general public

(b} employee safety to the extent that it is affected
by basic design, quality of materials and workmanship,
and requirements for testing, operations, and mainte-
nance of gas transmission and distribution facilities.
Existing industrial safety procedures pentaining to work
areas, safety devices, and safe work practices are not
intended to be supplanted by this Code.

802.23 It is not intended that this Code be applied
retroactively to such aspects of existing installations as
design, fabrication, instaltation, and testing at the time
of construction. Further, it is not intended that this
Code be applied retroactively to established operating
pressures of existing installations, except as provided
for in Chapter V.

802.24 Provisions of this Code shall be applicable
to operating and maintenance procedures of existing
installations, and when existing installations are uprated.

802.25 Qualification of Those Performing Inspec-
tions. Individuals who perform inspections shall be
qualified by training and/or experience to implement
the applicable requirements and recommendations of
this Code.

803 PIPING SYSTEMS DEFINITIONS

$03.1 Generat Terms

803.11 Gas as used in this Code, is any gas or
mixture of gases suitable for domestic or industrial
fuel and transmitted or distributed to the user through
a piping system. The common types are natural gas,
manufactured gas, and liquefied petroleum gas distrib-
uted as a vapor, with or without the admixture of air.

803.12 Operating company, as used herein, is the
individual, partnership, corporation, public agency, or
other entity that operates the gas transmission or distri-
bution facilities.

ASME B31.3-19%9 Edition

803.13 Private righis-of-way. as used in this Code,
are rights-of-way not located on roads, streets, or high-
ways used by the public, or on railroad rights-of-way.

803.14 Parailel encroachment, as used in this Code,
is the portion of the route of a pipeline or main that
lies within, muns in a generally parallel direction to,
and does not necessarily cross the rights-of-way of a
road, street, highway, or railroad.

803.15 Hot taps are branch piping connections made
to operating pipelines, mains, or other facilities while
they are in operation. The branch piping is connected
to the operating line, and the operating line is tapped
while it is under gas pressure.

803,16 Vault is an underground structure that may
be entered and that is designed to contain piping
and piping components (such as valves or pressure
regulators).

803.17 Transportation of gas is gathering, transmis-
sion, or distribution of gas by pipeline ot the storage
of gas.

803,18 Pipeline is all pans of physical facilities
through which gas moves in transportation, including
pipe, valves, fittings, flanges (including bolting and
gaskets), regulators, pressure vessels, pulsation dampen-
ers, relief valves, and other appurtenances attached
10 pipe, compressor units, metering stations, regulator
stations, and fabricated assemblies. Included within this
definition are gas transmission and gathering lines,
including appurtenances, that are installed offshore for
transporting gas from production facilities to onshore
locations and gas storage equipment of the closed pipe
type, which is fabricated or forged from pipe or fabri-
cated from pipe and fittings.

803.2 Piping Systems

803.21 Transmission system is one of more segments
of pipeline, usually interconnected to form a network,
which transports gas from a gathering system, the outlet
of a gas processing plant, or a storage field to a high-
or low-pressure distribution system, a large-volume
customer, or another storage field.

803.211 Transmission fine is a segment of pipeline
installed in a transmission system between storage fields.

803.212 Storage field is a geographic field con-
taining a well or group of interconnected wells that
are completed for and dedicated to subsurface storage
of large quantities of gas for later recovery, transmission,
and end use,

199}
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803.22 Distribution System

803.221 Low-pressure distribution system is a
gas distribution piping system in which the gas pressure
in the mains and service lines is substantially the same
as that delivered to the customer’s appliances. In such
a system, a service regulator is not required on the
individual service lines.

803.222 High-pressure distribution system is a
gas distribution piping system that operates at a pressure
higher than the standard service pressure delivered to
the customer. In such a system, a service regulator is
required on each service line to control the pressure
delivered to the customer.

803.223 Gas main or distribution muain is a
segment of pipeline in a distribution system pipe in-
stalled to convey gas to individual service lines or
other mains.

803.224 Gas service line is the piping installed
between a main, pipeline, or other source of supply
and the meter set assembly. (See para. 802.12[c].)

803.23 Gathering system is one or more segments
of pipeline, usually interconnected to form a network,
that transports gas from one or more production facilities
to the inlet of a gas processing plant. If no gas
processing plant exists, the gas is wansported to the
most downstream of (1) the point of custody transfer
of gas suitable for delivery to a distribution system,
or (2) the point where accumulation and preparation
of gas from separate geographic production fields in
reasonable proximity has been completed,

803.231 Gathering line is a segment of pipeline
instatled in a gathering system.

80324 Gas storage line is a pipeline used for
conveying gas between a compressor station and a gas
well used for storing gas underground.

803.25 Miscellaneous Systems

803.251 Instrument piping is all piping, valves,
and fittings used to connect instruments to main piping,
to other instruments and apparatus, or t© measuring
equipment,

803.252 (onirol piping is all piping, valves, and
fitings used to interconnect air, gas, or hydraulically
operated control apparatus or instrument transmitters
and receivers.

803.253 Sampie piping is all piping, valves, and

fittings used to collect samples of gas, steam, water,
or oil.

§03.22-803.324

803.254 Production facility is piping or equipment
used in production, extraction, recovery, lifting, stabili-
zation, separation, treating, associated measurement, and
field compression, gas lift, gas injection, or fuel gas
supply. The piping or equipment must be used in
extracting petroleum liquids or natural gas from the
ground and preparing it for transportation by pipeline.

803.255 Gas processing plant is a facility used
for extracting commercial products from gas.

803.3 Meters, Regulators, and Pressure Reliel
Stations

303.31 Meters

803311 Customer's meter is a meter that mea-
sures gas delivered to a customer for consumption on
the customer’s premises.

803.312 Merer ser assembly is the piping and
fittings installed to connect the inlet side of the meter
to the gas service line and the outlet side of the meter
to the customer’s fuel line,

803.32 Regulators

803.321 Service regulator is a regulator installed
on a gas service line to control the pressure of the
gas delivered to the customer,

803.322 Monitoring regulator is a pressure regula-
tor installed in series with another pressure regulator
that, in an emergency, awtomatically assumes control
of the pressure downstream of the station, in case that
pressure exceeds a sel maximum.

B03.323 Pressure regulating siation consists of
equipment installed for automatically reducing and regu-
lating the pressure in the downstream pipeline or main
to which it is connected. Included are piping and
auxiliary devices such as valves, control instruments,
control lines, the enclosure, and ventilation equipment.

803.324 Pressure limiting station consists of
equipment that under abnormal conditions will act to
reduce, restrict, or shut off the supply of gas Aowing
into a system to prevent the gas pressure from exceeding
a predetermined value. While normat pressure conditions
prevail, the pressure limiting station may exercise some
degree of control of the flow of the gas or may remain
in the wide open position. Included in the station are
piping and aoxiliary devices, such as valves, control
instruments, control lines, the enclosure, and ventilating
equipment, installed in accordance with the pertinent
requirements of this Code.
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803.33 Pressure Relief

803.331 Pressure relief station consists of equip-
ment installed to vent gas from a system being protected
o prevent the gas pressure from exceeding a predeter-
mined limit. The gas may be vented into the atmosphere
or into a lower pressure system capable of safely
absorbing the gas being discharged. Included in the
station are piping and auxiliary devices, such as valves,
control instruments, control lines, the enclosure, and
ventilating equipment, installed in accordance with the
pertinent requirements of this Cede.

303.4 Valves

803.41 Siop valve is a valve installed for stopping
the flow of gas in a pipe.

B03.42 Service line valve is a stop valve readily
operable and accessible for the purpose of shutting off
the gas to the customer’s fuel line. The stop valve
should be located in the service line ahead of the
service regulator or ahead of the meter, if a regulator
is not provided. The valve is also known as a service
line shutoff, a service line cock, or a meter stop.

803.43 Curb valve is a stop valve installed below
grade in a service line at or near the property line,
accessible through a curb box or standpipe, and operable
by a removable key or wrench for shutting off the gas
supply 10 a building. This valve is also known as a
curb shutoff or a curb cock.

803.44 Check valve is a valve designed to permit
flow in one direction and to close awtomatically o
prevent flow in the reverse direction.

803.5 Gas Storage Equipment

803.51 Pipe-type holder is any pipe container or
group of interconnected pipe containers tnstalled at one
location and used only for storing gas.

803.52 PBorle, as used in this Code, is a gas-tight
structure completely fabricated from pipe with integral
drawn, forged, or spun end closures and tested in the
manufacturer’s pland.

803.53 Boitle-type holder is any bottle or group of
interconnected bottles installad in one location and vsed
only for storing gas.

ASME B31.8-19%9 Edition

804 PIPING SYSTEMS COMPONENT
DEFINITIONS

804.1 General
804.11 Plastic Terms

804.111 Plastic {noun) is a material that contains
as an essential ingredient an organic substance of high
to ultrahigh molecular weight, is solid in its finished
state, and, at some stage of its manufacture or pro-
cessing, can be shaped by flow. The two general types
of plastic referred to in this Code are thermoplastic
and thermosetting.

804,112 Thermoplastic is a plastic that is capable
of being repeatedly softened by increase of temperature
and hardened by decrease of temperature,

804113 Thermosetting plastic is plastic that is
capable of being changed into a substantially infusible
or insoluble product when cured under application of
heat or chemical means.

804.12 Ductile iron, sometimes called nodular iron,
is a cast ferrous material in which the free graphite
present is in a spheroidal form, rather than a flake form.
The desirable properties of ductile iron are achieved by
chemistry and a ferritizing heat treatment of the castings.

804.13 The unqualified term cast iron shall apply
0 gray cast iron, which is a cast ferrous material in
which a major part of the carbon content occurs as
free carbon in the form of flakes interspersed throughout
the metal.

804.14 Proprietary items are items made and mar-
keted by a company having the exclusive or restricted
right to manufacture and sell them.

804.15 Pipe container is a gas-tight structure assem-
bled in a shop or in the feld from pipe and end
closures.

$04.2 Pipe

804,21 Pipe and Piping Terms

804.211 Pipe is a tbular product made for sale
as a production item. Cylinders formed from plate
during the fabrication of auxiliary equipment are not
pipe as defined herein.

804.212 Cold expanded pipe is scamless or welded
pipe that is formed and then cold expanded while in
the pipe mill so that the circumference is permanently
increased by at least 0.50%.
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804.22 Dimensional Terms

804.221 Length is a piece of pipe of the length
delivered from the mill. Bach piece is called a length,
regardless of its actwal dimension. This is sometimes
called “joint,” but “length” is preferred.

804.222 Nominal wall thickness, 1, is the wall
thickness computed by or used in the design equation
in para. 841.11 or A842.22( in Chapter VIII. Under
this Code, pipe may be ordered to this computed wall
thickness without adding allowance to compensate for
the underthickness tolerance permitted in approved spec-
ifications.

804.223 NPS (nominal pipe size) is a dimen-
sionless designator of pipe. It indicates 2 standard pipe
size when followed by the appropriate number (e.g.,
NPS 1'5, NPS 12).

804.224 Diameter or nominal outside diameter
is the as-produced or as-specified outside diameter of
the pipe, not to be confused with the dimensionless
NPS. For example, NPS 12 pipe has a specified cutside
diameter of 12.750 in., NPS 8 has a specified outside
diameter of 8.625 in., and NPS 24 pipe has a specified
outside diameter of 24.000 in.

804.23 Mechanical Properties

804.231 Yield strength, expressed in pounds per
square inch, is the strength at which a material exhibits
a specified limiting permanent set or produces a specified
total elongation under load. The specified limiting set
or elongation is usually expressed as a percentage of
gage length. Its values are specified in the various
material specifications acceptable under this Code.

804.232 Tensile strength, expressed in pounds
per square inch, is the highest unit tensile stress (referred
to the original cross section) a material can sustain
before failure.

804.233 Specified minimum yield strength (SMYS),
expressed in pounds per square inch, is the minimum
yield strength prescribed by the specification under
which pipe is purchased from the manufacturer.

804.234  Specified minimum tensile strength, ex-
pressed in pounds per square inch, is the minimum
tensile strength prescribed by the specification under
which pipe is purchased from the manufacturer.

804.235 Specified minimum elongation is the mini-
mum elongation (expressed in percent of the gage
length) in the tensile test specimen, prescribed by the

$04.22-504.242

specifications under which the material is purchased
from the manufacturer.

804.24 Steel Pipe

804.241 Carbon Steel.’ By common custom, steel
is considered 10 be carbon steel when no minimum
content is specified or required for aluminum, boron,
chromium, cobalt, molybdenum, nickel, niobium, tita-
mium, tungsten, vanadium, zirconium, or any other
element added to obtain a desired alloying effect; when
the specified minimum for copper does not exceed
0.40%; or when the maximum content specified for
any of the following elements does not exceed the
following percentages:

copper 0.60%
manparnese 1.65%
silicon 0.60%

In all carbon steels, small quantities of certain residual
elements unavoidably retained from raw materials are
sometimes found but are not specified or required, such
as copper, nickel, molybdenum, chromium, etc. These
elements are considered as incidental and are not nor-
mally determined or reported.

804.242 Alloy Steel.* By common custom, steel
is considered to be alloy steel when the maximum of
the range given for the content of alloying elements
exceeds one or more of the following limits:

copper 0.60%
manganese 1.65%
siicon 0.60%

or in which a definite range or a definite minimum
quantity of any of the following elements is specified
or required within the limits of the recognized field of
constructional alloy steels:

{a) aluminum

(b} boron

(c} chromium (up to 3.99%)
{d) cobalt

(e) columbium

{f) molybdenum

(g) nickel

(k) titanium

(i) tungsten

* From Steel Products Manual, Section 6. American Iron and Steel
Institute, August 1952, pp. $ and 6.

* From Steel Products Manug!, Section 6, American Tron and Steel
Institute, January 1952, pp. 6 and 7.
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{(} vanadiam

(k) zirconium

or any other alloying element added to obtain a
desired alloying effect.

Small quantities of certain elements are unavoidably
present in alloy steels. In many applications, these are
not considered to be important and are not specified
or required. When not specified or required, they should
not exceed the following amounts:

chromium 0.20%
copper 0.35%
molybdenum 0.06%
nickel 0.25%

804.243 Pipe Manufacturing Processes. Types
and names of welded joints are used herein according
to their common usage as defined in ANSIF/AWS A3.0,
or as specifically defined as follows:

{a) Electric-resistance-welded pipe is pipe produced
in individual lengths or in continuous lengths from
coiled skelp and is subsequently cut into individual
lengths. The resulting lengths have a longitudinal butt
joint wherein coalescence is produced by the heat
obtained from resistance of the pipe to the flow of
electric current in a circuit of which the pipe is a part,
and by the application of pressure. Typical specifications
are ASTM A 53, ASTM A 135, and API 5L.

(b) Furnace Buii-Welded Pipe

(1) Bell-welded ts furnace-welded pipe produced
in individual lengths from cut-length skelp. The pipe’s
longitudinal butt joint forge welded by the mechanical
pressure is developed in drawing the furnace-heated
skelp through a cone-shaped die (commonly known as
a “welding bell™}, which serves as a combined forming
and welding die. Typical specifications are ASTM A
53 and API 5L.

{2) Continuous-welded is funace-welded pipe pro-
duced in continuous lengths from coiled skelp and is
subsequently cut into individual lengths. The pipe’s
longitudinal butt joint is forge-welded by the mechanical
pressure developed in rolling the hot-formed skelp
through a set of round pass welding rolls. Typical
specifications are ASTM A 53 and API 5L.

(¢} Electric-fusion-welded pipe is pipe having a lon-
gitudinal butt joint wherein coalescence is produced in
the preformed tube by manual or automatic electric-
arc welding. The weld may be single or double and
may be made with or without the use of filler metal.
Typical specifications are ASTM A 134 and ASTM A
139, which permit single or double weld with or without
the use of filler metal. Additional typicat specifications

ASME B31.8-1999 Edition

are ASTM A 671 and ASTM A 672, which require
both inside and outside welds and the use of filler
metal.

Spiral-welded pipe is also made by the electric-
fusion-welded process with either a butt joint, a lap
joint, or a lock-seam joint. Typical specifications are
ASTM A 134, ASTM A 139 (butt joint), API 5L, and
ASTM A 211 (butt joint, lap joint, or lockseam joint).

(d} Electric-flash-welded pipe is pipe having a longi-
tudinal butt joint, wherein coalescence is produced
simultanecusly over the entire area of abutting surfaces
by the heat obtained from resistance to the flow of
electric current between the two surfaces, and by the
application of pressure after heating is substantially
completed. Flashing and upsetting are accompanied by
expulsion of metal from the joint. A typical specification
is API 5L.

(e} Double submerged-arc-welded pipe is pipe hav-
ing a longiwdinal butt joint produced by at least two
passes, one of which is on the imside of the pipe.
Coalescence is produced by heating with an electric
arc or arcs between the bare metal electrode or electrodes
and the work. The welding is shielded by a blanket
of granuiar, fusible material on the work. Pressure is
not used, and filler metal for the inside and outside
welds is obtained from the electrode or electrodes.
Typical specifications are ASTM A 38| and API 5L.

(f) Seamless pipe is a wrought tubular product made
without a welded seam. It iz manufactured by hot-
working steel and, if necessary, by subsequently cold-
finishing the hot-worked tubular product to produce
the desired shape, dimensions, and properties. Typical
specifications are ASTM A 53, ASTM A 106, and
AP1 5L

804.25 For plastic pipe, see para. 803.13.

805 DESIGN, FABRICATION, OPERATION,
AND TESTING TERMS

805.1 General
$05.11 Area

805.111 Location class is a geographic area along
the pipeline classified according t the number and
proximity of buildings intended for human occupancy
and other characteristics that are considered when pre-
scribing design factors for construction, operating pres-
sures, and methods of testing pipelines and mains
located in the arca and applying certain operating and
maintenance requirements.
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805.12 For definitions of leakage investigation
terms, see Appendix M,

805.i3 Plastic Terms

805.131 Plastic Joint Nomenclature

(@) Solvent cement joint is a joint made in thermo-
plastic piping by the use of a solvent or solvent cement
that forms a continuous bond between the mating
surfaces.

(b) Heal fusion joint is a joint made in thermoplastic
piping by heating the parts sufficiently to permit fusion
of the materials when the parts are pressed together.

{c) Adhesive joint is a joint made in plastic piping
by the use of an adhesive substance that forms a
continuous bond between the mating surfaces without
dissolving either one of them.

805.132 Srandard dimension ratio is the ratio of
outside pipe diameter to wall thickness of thermoplastic
pipe. It is calculated by dividing the specified outside
diameier of the pipe by the specified wall thickness
in inches.

805.133  Long-term hydrostatic strength is the
estimated hoop stress in pounds per square inch in a
plastic pipe wall that will cause failure of the pipe at
an average of 100,000 hr when subjected to a constant
hydrostatic pressure. (See Appendix D.)

805,14 Fabrication

805.141 Cold-springing, where used in the Code,
is the fabrication of piping to an actual length shorter
than its nominal length and forcing it into position
so that it is stressed in the erected condition, thus
compensating partially for the effects produced by the
expansion due to an increase in temperature, Cold-
spring factor is the ratio of the amount of cold spriag
provided to the total computed temperature expansion.

805.15 Uprating is the qualifying of an existing
pipeline or main for a higher maximum allowable
operating pressure,

£05.2 Design
805.21 Pressure Terms

805.211 Pressure, unless otherwise stated, is ex-
pressed in pounds per square inch above atmospheric
pressure (i.e., gage pressure} and is abbreviated as psig.

805.212 Design pressure is the maximum pressure
permitied by this Code, as determined by the design
procedures applicable 10 the materials and locations
involved.

305.12-805.233

805213 Maximum operating pressure (MOP),
sometimes referred to as maximum actual operating
pressure, is the highest pressure at which a piping
system is operated during a normal operating cycle.

805.2148 Maximum allowable operating pressure
(MAOF} is the maximum pressure at which a gas system
may be operated in accordance with the provisions of
this Code.

805.215 Maximum allowable test pressure is the
maximum internal Auid pressure permitted by this Code
for a pressure test based upon the material and location
involved.

803.216 Standard service pressure, sometimes
called the normal utilization pressure, is the gas pressure
a utility undertakes to maintain at its domestic custom-
ers’ mesers.

805.217 Overpressure protection is provided by
a device or equipment installed for preventing the
pressure in a pressure vessel, a pipeline, or a distribution
system from exceeding a predetermined value. This
protection may be obtained by installing a pressure
relief station or a pressure limiting station,

805.218 Standup pressure test demonstrates that
a pipe or piping system does not leak, as evidenced
by the lack of a drop in pressure over a specified
period of time after the source of pressure has been
isclated.

805.22 Temperature Terms

805.221 Temperature is expressed in degrees
Fahrenheit (°F) unless otherwise stated.

805.222 Ambient temperature is the temperature
of the surrounding medium, usually used to refer to
the temperature of the air in which a structure is
situated or a device operates.

803.223 Ground temperature is the temperature
of the earth at pipe depth.

805.23 Stress Terms

805.231 Siress, expressed in pounds per square
inch, is the resultant internal force that resists change
in the size or shape of a body acted on by extemal
forces. In this Code, “stress” is often used synonymously
with unit stress, which is the stress per unit area,

805.232 Operating stress is the stress in a pipe
or structural member under normal operating conditions.

805.23) Hoop stress, Sy, is the stress in a pipe
of wall thickness, 1, acting circumferentially in a plane
perpendicular to the longitudinal axis of the pipe,
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produced by the pressure, P, of the fluid in a pipe of
diameter, D, and is determined by Barlow’s formula:

805.234 Maximum allowabie hoop stress is the
maximum hoop stress permitted by this Code for the
design of a piping system. It depends on the material
used, the location of the pipe, the operating conditions,
and other limitations imposed by the designer in confor-
mance with this Code.

805.235 Secondary stress is stress created in the
pipe wall by loads other than intenal fluid pressure,
such as backfill loads, traffic loads, loads caused by
natural hazards (see para. 841.13), beam action in a
span, loads at supports, and at connections to the pipe.

ASME B31.5-1999 Edition
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810-811.23

CHAPTER 1
MATERIALS AND EQUIPMENT

810 MATERIALS AND EQUIPMENT

810.1

It is intended that all materials and equipment that
will become a permanent part of any piping system
constructed under this Code shall be suitable and safe
for the conditions under which they are used. All such
materials and equipment shall be qualified for the
conditions of their use by compliance with certain
specifications, standards, and special requirements of
this Code, or otherwise as provided herein.

811 QUALIFICATION OF MATERIALS AND
EQUIPMENT

811.1

Materials and equipment fall into the following six
categories peruining to methods of qualification for
use under this Code:

{a) items that conform to standards or specifications
referenced in this Code

{b) items that are important from a safety standpoint,
of a type for which standards or specifications are
referenced in this Code but specifically do not conform
to a referenced standard, e.g., pipe manufactured to a
specification not referenced in the Code

(c) items of a type for which standards or specifica-
tions are referenced in this Code, but that do not
conform to the standards and are relatively unimportant
from a safety standpoint because of their small size
or because of the conditions under which they are to
be used

(d} items of a type for which no standard or specifi-
cation is referenced in this Code, e.g., gas compressor

{e) proprietary items (see definition, para. 804.14)

(f) unidentified or used pipe

811.2

Prescribed procedures for qualifying each of these
six categories are given in the following paragraphs.

811.21 Items that conform to standards or specifica-
tions referenced in this Code [para. 811.1(a)) may be
used for appropriate applications, as prescribed and
limited by this Code without further qualification. (See
para. 814.)

811.22 Important items of a type for which standards
or specifications are referenced in this Code, such as
pipe, valves, and flanges, but that do not conform to
standards or specifications referenced in this Code [para.
811.1(b)] shall be qualified as described in para. 811.221
or 811.222,

811.221 A material conforming 10 a written speci-
fication that does not vary substantially from a refer-
enced standard or specification and that meets the
minimum requirements of this Code with respect to
quality of wmaterials and workmanship may be used.
This paragraph shall not be construed to permit devia-
tions that would tend to affect weldability or ductility
adversely. If the deviations tend to reduce strength,
full allowance for the reduction shall be provided for
in the design.

811,222 When petitioning the Section Committee
for approval, the following requirements shalil be met.
If possible, the material shall be identified with a
comparable material, and it should be stated that the
material will comply with that specification, except as
noted. Complete information as to chemical composition
and physical properties shall be supplied to the Section
Committee, and their approval shall be obtained before
this material is used.

B11.23 Relatively unimportant items that do not
conform to a standard or specification [para. 811.1(c)]
may be used, provided that

{a) they are tested or investigated and found suitable
for the proposed service _

(b) they are wsed at unit stresses not greater than
50% of those allowed by this Code for comparable
materials

{c) their use is not specifically prohibited by the Code

199}
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811.24 Items of a type for which no standards or
specifications are referenced in this Code [para.
811.1(d)) and proprietary items [para. 811.1(e)] may
be qualified by the wvser provided

{a) the user conducts investigation and tests (if
needed) that demonstrate that the item of matenal or
equipment is suitable and safe for the proposed service

(b} the manufacturer affirms the safety of the item
recommended for that service {e.g., gas compressors
and pressure relief devices).

$11.25 Unidentified or used pipe [para. 811.1(]
may be used except for subsea application and is subject
to the requirements of para. 817,

812 MATERIALS FOR USE IN COLD
CLIMATES

Some of the materials conforming to specifications
referenced for use under this Code may not have
properties suitable for the lower portion of the tempera-
ture band covered by this Code. Engineers are cautioned
fo give attention to the low-temperature impact proper-
ties of the materials used for facilities to be exposed to
unusually low ground temperatures or low atmospheric
temperatures. :

813 MARKING

8131

All valves, fittings, flanges, bolting, pipe, and tubing
shall be marked in accordance with the marking sections
of the standards and specifications to which the items
were manufactured or in accordance with the require-
ments of MSS SP-25.

813.2

Die stamping, if used, shall be done with dies
having blunt or rounded edges to minimize stress
concentrations.

814 MATERIAL SPECIFICATIONS

For a listing of all referenced material specifications,
see Appendix A. For a listing of standards for other
commonly used materials that are not referenced, see
Appendix C.

ASME B31.8-1999 Edition

814.1 General Requirements

Pipe that is qualified under para. 811.1(2) may be
used.

814.11 Steel Pipe
(a} Steel pipe manufactured in accordance with the
following standards may be used:

API 5L Line Pipe

ASTM A 53  Welded and Seamless Pipe

ASTM A 106 Seamless Pipe

ASTM A 134 Electric-Fusion (Arc)-Welded Pipe

ASTM A 135 Electric-Resistance-Welded Pipe

ASTM A 139 Electric-Fusion {(Arc)-Welded Pipe

ASTM A 133  Seamless and Welded Pipe for
Low-Temperature Service

ASTM A 381 Metal-Arc-Welded Pipe

ASTM A 671 Electric-Fusion-Welded Pipe

ASTM A 672 Electric-Fusion-Welded Pipe

(b) Cold expanded pipe shall meet the mandatory
requirements of API SL.

814.12 Ductile Iron Pipe. Ductile iron pipe manufac-
wred in accordance with ANSI A21.52, titled Ductile-
[ron Pipe, Centrifugally Cast, in Metal Molds or Sand-
Lined Molds for Gas, may be used.

814.13 Plastic Pipe and Components
(a) Plastic pipe and components manufactured in
accordance with the following standards may be used:

ASTM D 2513 Thermoplastic Gas Pressure Pipe,
Tubing, and Fittings

ASTM D 2517 Reinforced Epoxy Resin Gas
Pressure Pipe and Fittings

(b) Thermoplastic pipe, tubing, fittings, and cements

conforming to ASTM D 2513 shall be produced in

accordance with the in-plant quality control program

recommended in Appendix A4 of that specification.

§14.14 Qualification of Plastic Piping Materials

(a) In addition to complying with the provisions of {99}

para. 814.13, the user shall thoroughly investigate the
specific plastic pipe, tubing, or fitting to be used and
shall detcrmine material serviceability for the conditions
anticipated. The selected material shall be adequately
resistant to the liquids and chemical atmospheres that
may be encountered.

{b) When plastic pipe, tubing, or fittings of different
material specifications are joined, a thorough investiga-
tion shall be made to determine that the materials are
compatible with each other. See para. 842.39 for joining
requirements.
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814.2 Steel, Cast Iron, and Ductile Iron Piping
Components

Specific requirements for these piping components
that qualify under para. 811.1(a) are found in Chapter [II.

815 EQUIPMENT SPECIFICATIONS

Except for the piping components and structural
materials listed in Appendices A and C, it is not
intended to include in this Code complete specifications
for equipment. Certain details of design and fabrication,
however, necessarily refer to equipment, such as pipe
hangers, vibration dampeners, electrical facilities, en-
gines, compressors, etc, Partial specifications for such
equipment items are given herein, particularly if they
affect the safety of the piping system in which they
are to be installed. [n other cases where the Code gives
no specifications for the particular equipment item, the
intent is that the safety provisions of the Code shall
govemn, insofar as they are applicable. In any case, the
safety of equipment installed in a piping system shall
be equivalent to that of other parts of the same system.

816 TRANSPORTATION OF LINE PIPE

Any pipe having an outer-diameter-to-wall thickness
ratio of 70 to 1 or more, that is to be used in a
pipeline at a hoop stress of 20% or more of the
specified minimum yield strength that has been or will
be transported by railroad, inland waterway, or by
marine 1iransportation, must have been or shall be
loaded in accordance with API RP5L1 or AP} RP5SLW,
respectively. Where it is not possible to establish that
pipe was transported in accordance with the appropriate
recommended practice, the pipe must be hydrostatically
tested for at least 2 hr to at least 1.25 times the
maximum allowable operating pressure if installed in
a Class 1 location, or to at least 1.5 times the maximum
allowable operating pressure if installed in a Class 2,
3, ot 4 location.

817 CONDITIONS FOR THE REUSE OF PIPE

817.1 Reuse of Steel Pipe

817.11 Removal of a portion of an existing steel
line and reuse of the pipe in the same line or in a
line operating at the same or Jower pressure is permitted,
except for subsea application, and is subject only to
the restrictions of paras. 817.13(a), (f), and (i).

B14.2-817.13

817.12 Used steel pipe and unidentified new steel
pipe may be used for low-stress (hoop stress less than
6,000 psi) level service where no close coiling or close
bending is to be done, provided that

{a) careful visual examination indicates that it is in
good condition and free from split seams or other
defects that would cause leakage

(b) if the pipe is to be welded and is of unknown
specification, it shall satisfactorily pass weldability tests
prescribed in para. 817.13(e)

817.13 Used steel pipe and unidentified new stee!
pipe may be qualified for use at stress levels above
6,000 psi or for service involving close coiling or close
bending by the procedures and within the limits outlined
in the table below.

New or Used
Pipe. Used Pipe,
Unknown Known

Specification Specification
Inspection {a) {a)
Bending properties {b} P
Thickness ©) ()
Lengitwdinal joint factor {d} (d}
Weldability {e) .
Surface defects 0 §4)
Yield strength (2
5 value (para. 841.11) th)
Hydrostatic test (i K

GENERAL NOTE: The letters in the table comrespond to the following
subparagraphs, cxcept where noted otherwise.

fa) Inspection. All pipe shall be cleaned inside and
outside, if necessary, to permit good inspection. All
pipe shall be visually inspected to determine that it is
reasonably round and straight and to discover any
defects that might impair its strength or tightness.

{b) Bending Properties. For pipe NPS 2 and smaller,
a sufficient length of pipe shall be bent cold through
90 deg around a cylindrical mandrel, the diameter of
which is 12 times the nominal diameter of the pipe,
without developing cracks at any portion and without
opening the weld.

For pipe larger than NPS 2, flattening tests as pre-
scribed in Appendix H shall be made. The pipe shall
meet the requirements in this test, except that the number
of tests required to determine Aattening properties shall
be the same as required in subpara. (g) below o
determine yield strength.

(c) Determination of Wall Thickness. Unless the
nominal wall thickness is known with certainty, it shall

{99
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be determined by measuring the thickness at quarter
points on one end of each piece of pipe. If the lot of
pipe is known to be of uniform grade, size, and nominal
thickness, measurement shall be made on not less than
10% of the individual lengths, but not less than 10
lengths; thickness of the other lengths may be venfied
by applying a gage set to the minimum thickness.
Following such measurement, the nominal wall thick-
ness shall be taken as the next commercial wall thickness
below the average of all the measurements taken, but
in no case greater than .14 times the least measured
thickness for all pipe smaller than NPS 20, and no
greater than 1.1l times the least measured thickness
for all pipe NPS 20 and larger.

(d) Longimudinal Joint Factor. If the type of longitu-
dinal joint can be determined with certainty, the corres-
ponding longitudinal joint factor, E (Table 341.115A
in Chapter [V), may be used. Otherwise, E shall be
taken as 0.60 for pipe NPS 4 and smaller, or 0.80 for
pipe larger than NPS 4.

(e) Weldability. Weldability shall be determined as
follows. A qualified welder shall make a girth weld
in the pipe. The weld shall then be tested in accordance
with requirements of API 1104, The qualifying weld
shall be made under the most severe conditions under
which welding will be permitted in the field and using
the same procedure as to be used in the field. The
pipe shall be considered weldable if the requirements
set forth in APL 1104 are met. At least one such test
weld shall be made for each 100 lengths of pipe on
sizes larger than NPS 4. On sizes NPS 4 and smaller,
one test will be required for each 400 lengths of pipe.
If in testing the weld the requirements of APL 1104
cannot be met, the weldability may be established by
making chemical tests for carbon and manganese (see
para. 823.23), and proceeding in accordance with the
provisions of the ASME Boiler and Pressure Vessel
Code, Section IX. The number of chemical tests shall
be the same as required for circumferential weld tests
stated above,

(f) Surface Defects. All pipe shall be examined for
gouges, grooves, and dents and shall be qualified in
accordance with the provisions of para, 841.24.

{2} Determination of Yield Strength. When the manu-
facturer’s specified minimom yield strength, tensile
strength, or elongation for the pipe is unknmown, and
no physical tests are made, the minimum yield strength
for design shall be taken as not more than 24,000 psi.
Alternatively, the tensile properties may be established
as follows.

{1) Perform all tensile tests prescribed by APL 5L
except that the number of such tests shall be as follows:

B 0759470 DL17073 532 =m
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Lot Number of Tensile Tests, All Sizes

I set of tests from each lemgth

| set of tests for each 5 lengths, but
not less than 10

I set of tests for each 10 lengths, but
not less than 20

1} lengths or less
Il o 100 lengths

Greater than 100
lengths

{2) All test specimens shall be selected at random.
(3) If the yield—tensile ratio exceeds 0.85, the pipe
shall not be used, except as provided in para. 817.12.
(h) S Value. For pipe of unkesown specification, the
yield strength, to be used as S in the formula of para.
841.11, in lieu of the specified minimum yield strength,
shall be 24,000 psi, or determined as follows,
Determine the average value of all yield strength
tests for a uniform lot. The vatve of § shall then be
taken as the lesser of the following:
(1) 80% of the average value of the yield
strength tests
{2) the minimum value of any yield strength test,
provided, however, that in no case shall § be taken
as greater than 52,000 psi
(i) Hydrostatic Test. New or used pipe of unknown
specification and all used pipe, the strength of which
is impaired by corrosion or other deterioration, shall
be retested hydrostatically either fength by length in a
mill-type test or in the field after installation before
being placed in service. The test pressure used shall
establish the maximum allowable operating pressure,
subject w© limitations described in para. 841111,

817.2 Reuse of Ductile kron Pipe

817.21 The removal of a portion of an existing
line of unknown specifications and the reuse of the
pipe in the same line or in a line operating at the
same or lower pressure is permitted, provided careful
inspection indicates that the pipe is sound, permits the
makeup of tight joints, and has an actual net wall
thickness equal to or exceeding the requirements of
para, 842.214. The pipe shall be leak-tested in accord-
ance with para. 841.34 or 841.35.

817.22 Used pipe of known specifications may be
reused in accordance with the provisions and specifica-
tions of para. 842.2 provided a careful inspection indi-
cates the pipe is sound and permits the makewp of
tight joints.

817.3 Reuse of Plastic Piping

Used plastic pipe and tubing of known specifications
and dimensions that has been used in natural gas service
only may be reused, provided that
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{w) it meets the requirements of ASTM D 2513 for
new thermoplastic pipe or tubing, or ASTM D 2517
for new thermosetting pipe

{b) a careful inspection indicates that it is free of
visible defects

{c} it is installed and tested in accordance with the
requirements of this Code for new pipe

a3
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CHAPTER 11
WELDING
820 WELDING 821.5
All welding done under this Code shall be performed
under a standard referenced in para. 823.11 or 82321,
821 GENERAL whichever is applicable,
821.6
821.1 Scope

This Chapter addresses the welding of pipe joints
in both wrought and cast steel materials and covers
butt and fillet welded joints in pipe, valves, flanges,
and fittings and fillet weld joints in pipe branches, slip-
on flanges, socket weld fittings, etc., as applied in
pipelines and connections to apparatus or equipment.
When valves or equipment are furnished with welding
ends suitable for welding directly into a pipeline, the
design, composition, welding, and stress relief proce-
dures must be such that no significant damage will
result from the welding or stress relieving operation.
This Chapter does not apply to the welding of the
seam in the manufacture of pipe.

821.2

The welding may be done by any process or combina-
tion of processes that produce welds that meet the
procedure qualification requirements of this Code. The
welds may be produced by position welding or roll
welding, or a combination of position and roll welding.

8213

Prior to welding of any pipe, piping components, or
related equipment covered by this Code, a welding
procedure shall be established and qualified. Each welder
or welding operator shall be qualified for the established
procedure before performing any welding on any pipe,
piping components, or related equipment installed in
accordance with this Code.

8214

The standaeds of acceptability for welds of piping
systems to operate at 20% or more of specified minimom
yield strength as established in API [ 104 shall be used.

53

Prior o welding in or around a structure or area
containing gas facilities, a thorongh check shall be made
to determine the possible presence of a combustible gas
mixture. Welding shall begin only when safe conditions
are indicated,

821.7 Welding Terms

Definitions pertaining to welding as used in this
Code conform to the standard definitions established
by the American Welding Society and contained in
ANSI/AWS A3.0.

822 PREPARATION FOR WELDING

822.1 Butt Welds

(a) Some acceptable end preparations are shown in
Appendix I, Fig. I4,

(b} Appendix L, Fig. I5 shows acceptable end prepara-
tions for buttwelding of pieces having either unequal
thickness or unequal yield strength, or both.

822.2 Fillet Welds

Minimum dimensions for fillet welds used in the
attachment of slip-on flanges and for socket welded
joints are shown in Appendix I, Fig. I6. Similar mini-
mum dimensions for fillet welds used in branch connec-
tions are shown in Appendix I, Figs. I1 and I2.

822.3 Seal Welds

Seal welding shall be done by qualified weldets.
Seal welding of threaded joints is permitted, but the
seal welds shall not be considered as contributing to
the strength of joints,

Previous page is blank
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823 QUALIFICATION OF PROCEDURES AND
WELDERS

823.1 Requirements for Piping Systems Operating
at Hoop Stresses of Less Than 20% of the
Specified Minimom Yield Strength

$23.11 Welders whose work is limited to piping
operating at hoop stress levels of less than 20% of the
specifiecd minimum yield strength shall be qualified
under any of the references given in para. 823.21 or
in accordance with Appendix G.

823.2 Requirements for Piping Systems Operating
at Hoop Stresses of 20% or More of the
Specified Minimum Yield Strength

823,21 Welding procedures and welders performing
work under this classification shall be qualified under
the ASME Boiter and Pressure Vessel (BPV) Code,
Section 1X, or API 1104,

$23.22 When weldets qualified under API {104 are
employed on compressor station piping, their qualifica-
tion shall have been based on the destructive mechanical
test requirements of API 1104.

823.23 Variables for the Separate Qualification of
Welders. The references given in para. 823.21 contain
sections titled “Essential Variables,” applicable to
welder qualification. These shall be followed, except
that for purposes of this Code, all carbon steels that
have a carbon content not exceeding 0.32% by heat
analysis and a carbon equivalent (C + Yo Mn) not
exceeding 0.65% by heat analysis, are considered (o
come under material grouping P-No. 1. Alloy steels
having weldability characteristics demonstrated to be
similar to these carbon steels shall be welded, preheated,
and stress relieved as prescribed herein for such carbon
steel. There may be significant differences in the base
metal strength encompassed by these P-No. 1 materials,
and although it is not an essential variable to welder
qualification, it may require separate procedure gualifi-
cation in accordance with para. 823.21.

823.3 Welder Requalification Requirements

Welder requalification tests shall be required if there
is some specific reason to question a welder's ability
or if the welder is not engaged in a given process of
welding for 6 months or more. All welders shall be
requalified at least once each year.
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$23.4 Qualification Records

Records of the tests that establish the gualification
of a welding procedure shall be maintained as long as
that procedure is in use. The operating company or
contractor shall, during the construction involved, main-
tain a record of the welders qualified, showing the
dates and results of tests.

824 PREHEATING

§24.1

Carbon steels having a carbon content in excess of
0.32% (ladle analysis) or a carbon equivalent (C +
L, Mn) in excess of 0.65% (ladle analysis) shall be
preheated to the temperature indicated by the welding
procedure. Preheating shall also be required for steels
having lower carbon content or carbon equivalents
when the welding procedure indicates that chemical
composition, ambient and/or metal temperature, material
thickness, or weld-end geometry require such treatment
to produce satisfactory welds,

824.2

When welding dissimilar materiais having different
preheating requirements, the material requiring the
higher preheat shall govem.

824.3

Preheating may be accomplished by any suitable
method, provided that it is uniform and that the tempera-
wre does not fall below the prescribed minimum during
the actual welding operations,

8244

The preheating temperature shall be checked by the
use of temperature-indicating crayons, thermocouple
pyrometers, or other suitable methods to ensure that
the required preheat temperature is obtained prior to
and maintained during the welding operation.

825 STRESS RELIEVING

825.1

Welds in carbon steels having a carbon content in
excess of 0.32% (ladle analysis) or a carbon equivalent
(C + Y, Mn) in excess of 0.65% (ladle analysis) shall
be stress relieved as prescribed in the ASME BPV Code,
Section VIII. Stress relieving may also be advisable for
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welds in steel having lower carbon content or carbon
equivalent when adverse conditions cool the weld too
rapidly.

825.2

Welds in all carbon steels shall be stress relieved
when the nominal wall thickness exceeds 1Y, in.

825.3

When the welded joint connects parts that are of
different thicknesses but of similar materials, the thick-

ness to be used in applying the rules in paras. 825.1
and 825.2 shall be

(@) the thicker of the two parts being joined, mea-
sured at the weld joint
(b} the thickness of the pipe run or header in case

of branch connections, slip-on flanges, or socket weld
fittings

8254

If either material in welds between dissimilar materi-

als requires siress relieving, the joint shall require stress
relieving.

825.5

All welding of connections and attachments shall be
stress relieved when the pipe is required to be stress
relieved by the rules of para. 825.3, with the following
exceptions:

(a) fillet and groove welds not over '%-in. leg size
that attach connections not over NPS 2 pipe size
{b) fillet and groove welds not over ¥ in. groove

size that attach supporting members or other non-
pressure attachments

825.6 Stress Relieving Temperature

{a) Stress relieving shall be performed at a tempera-
ture of 1,108°F or greater for carbon steets and 1,200°F
or greater for ferritic alloy steels. The exact temperature
range shall be stated in the procedure specification,

(b} When stress relieving takes place in a joint
between dissimilar metals having different stress reliev-
ing requirements, the material requiring the higher stress
relieving temperature shall govem.

{c) The parts heated shall be brought slowly to the
required temperature and held at that temperawre for
a period of time proportioned on the basis of at least
I hrfin. of pipe wall thickness, but in no case less

Il 0759670 0617077 488 WM
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than l/z hr, and shall be allowed to cool slowly and
uniformly,

8257 Methods of Stress Relieving

(a) Heat the complete structure as a unit.

{b) Heat a complete section containing the weld or
welds to be stress relieved before artachment to other
sections of work.

{c) Heat a part of the work by slowly heating a
circumferential band containing the weld at the center.
The width of the band that is heated to the required
temperature shall be at least 2 in. greater than the
width of the weld reinforcement. Care should be taken
to obtain a uniform temperature around the entire
circumference of the pipe. The temperature shall dimin-
ish gradually outward from the edges of this band.

(d) Branches or other welded attachments for which
stress relief is required may be locally stress relicved
by heating a circumferential band around the pipe on
which the branch or attachment is welded with the
attachment at the middle of the band. The width of
the band shall be at least 2 in. greater than the diameter
of the weld joining the branch or attachment to the
header. The entire band shall be brought up to the
tequired temperature and held for the time specified.

825.8 Equipment for Local Stress Relieving

{(a) Stress relieving may be accomplished by electric
induction, electric resistance, fuel-fired ring bummers,
fuel-fired torches, or other suitable means of heating,
provided that a uniform temperature is obtained and
maintained during the stress relieving.

(b} The stress relieving temperature shall be checked
by the use of thermocouple pyrometers or other suitable
equipment to ensure that the proper stress relieving
cycle has been accomplished.

826 WELDING AND INSPECTION TESTS

826.1 Inspection of Welds on Piping Systems
Intended to Operate at Less Than 20% of
the Specified Minimum Yield Strength

The quality of welding shall be checked visually on
a sampling basis, and defective welds shall be repaired
or removed from the line,
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826.2 Inspection and Tests for Quality Control of
Welds on Piping Systems Intended to Operate
at 20% or More of the Specified Minimum
Yield Strength

fa) The quality of welding shall be checked by
nondestructive inspection. Nondestructive inspection
may consist of radiographic examination, magnetic parti-
cle testing, or other acceptable methods. The trepanning
method of nondestructive testing is prohibited.

(b} The following minimum number of field butt
welds shall be selected on a random basis by the
operating company from each day’s construction for
examination. Each weld so selected shall be examined
over its entire circomference or else the equivalent
length of welds shall be examined if the operating
company chooses to examine only a part of the circum-
ference of each. The same minimum percentages shall
be examined for double ending at railhead or yard:

{f) 10% of welds in Location Class 1

(2) 15% of welds in Location Class 2

(3} 40% of welds in Location Class 3

{4} 75% of welds in Location Class 4

(3} 100% of the welds in compressor stations, and
at major or navigable river crossings, major highway
crossings, and railroad crossings, if practical, but in
no case less than 90%. All tie-in welds not subjected
to a pressure proof test shall be examined.

ASME B31.8-1999 Edition

{c} All welds that are inspected must either meet
the standards of acceptability of APT 1104 or be appro-
priately repaired and reinspected. The results of the
inspection shall be used to control the quality of welding.

{d) When radiographic examination is employed, a
procedure meeting the requirements of API 1104 shall
be followed.

{e) When pipe size is less than NPS 6, or when
the construction project involves such a limited number
of welds that nondestructive inspection would be im-
practical, and the pipe is intended to operate at 40%
or less of the specified minimum yield strength, then
provisions (a), (b), and {(c} above are not mandatory,
provided the welding is inspected visually and approved
by a qualified welding inspector.

{f) In addition to the nondestructive inspection re-
quirements outlined above, the quality of welding shall
be continually controlled by qualified personnel.

827 REPAIR OR REMOVAL OF DEFECTIVE
WELDS IN PIPING INTENDED TO
OPERATE AT 20% OR MORE OF THE
SPECIFIED MINIMUM YIELD STRENGTH

Defective welds shall be repaired or removed. If a
repair is made, it shall be in accordance with APl
1104. Welders performing repairs shall be qualified in
accordance with para. 823.2.
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CHAPTER III
PIPING SYSTEM COMPONENTS AND FABRICATION DETAILS

830 PIPING SYSTEM COMPONENTS AND
FABRICATION DETAILS

830.1 General

fa) The purpose of this Chapter is to provide a set

of standards for piping systems covering

(1) specifications for and selection of all items
and accessories that are a part of the piping system,
other than the pipe itself

(2} acceptable methods of making branch connec-
tions

(3) provisions to care for the effects of temperature
changes

{4) approved methods for support and anchorage
of expased and buried piping systems

(b) This Chapter does not include

{1) pipe materials (see Chapter I)

(2) welding procedures (see Chapter II)

{3} design of pipe (see Chapter IV)

(4) installation and testing of piping systems (see
Chapter 1V)

(5) special conditions for offshore application (see
Chapter VIII)

(6) special conditions for sour gas application (see
Chapter IX)

831 PIPING SYSTEM COMPONENTS

All components of piping systems, including valves,
flanges, fittings, headers, special assemblies, etc., shall
be designed in accordance with the applicable require-
ments of this Section and recognized engineering prac-
tices to withstand operating pressures and other specified
loadings.

Selected components shall be designed to withstand
the specified field test pressure to which they will
be subjected without failure or leakage and without
impaimment of their serviceability,

19

831.1 Valves and Pressure Reducing Devices

831.11 Valves shall conform to standards and speci-
fications referenced in this Code and shall be used
only in accordance with the service recommendations
of the manufacturer.

{a) Valves manufactuored in accordance with the fol-
lowing standards may be used:

ANSI B16.33 Small Manually Operated
Metallic Gas Valves, in Gas
Distribution Systems

ANSI B16.34 Steel Valves

ANSI B16.38 Large Manually Operated

Metallic Gas Valves in Gas
Distribution Systems
Manually Operated
Thermoplastic Gas Shut-Offs
and Valves in Gas
Distribution Systems

ANSIYASME B16.40

API GA Wellhead Equipment

API 6D Pipeline Valves

MSS SP-10 Cast Iron Gate Valves

MSS SP-71 Cast Iron Swing Check
Valves

MSS SP-78

Cast Iron Plug Valves

(b) Valves having shell (body, bonnet, cover, and/
or end flange) components made of cast ductile iron
in compliance with ASTM A 395 and having dimensions
conforming to ANS! B16.1, ANSI B16.33, ANSI
B16.34, ANSI B16.38, API 6D, or ASME B16.40 may
be used at pressures not exceeding 80% of the pressure
ratings for comparable steel valves at their listed temper-
awre, provided the pressure does not exceed 1,000 psi,
and welding is not employed on any ductile iron
component in the fabrication of the valve shells or
their assembly as part of the piping system.

{c) Valves having shell components made of cast
iron shall not be used in gas piping components for
compressor stations.
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831.12 Threaded vatves shall be threaded according
to ANSI B1.20.1, API 5L, or API 6A.,

831.13 Pressure reducing devices shail conform to
the requirements of this Code for valves in comparable
service conditions,

831.2 Flanges

§31.21 Flange Types and Facings
fa) The dimensions and drilling for all line or end
flanges shall cenform to one of the following standards:

ANSI Bls6 Series listed in Appendices A and B
(for Iron and Steel)

M3S SP-44 Steel Pipe Line Flanges

Appendix I Light-Weight Steel Flanges

ANSI B16.24 Brass or Bronze Flanges and

Flanged Fictings

Flanges cast or forged integral with pipe, fittings,
or valves are permitted in sizes and the pressure classes
covered by the standards listed above, subject to the
facing, bolting, and gasketing requirements of this
paragraph and paras. 831.22 and 831.23.

{b) Threaded companion flanges that comply with
the Bi6 group of American National Standards are
permitted in sizes and pressure classes covered by these
standards.

(c) Lapped flanges are permitted in sizes and pressure
classes established in ANSI B16.5.

{d) Slip-on welding Ranges are permitied in sizes
and pressure classes established in ANSI B16.5. Slip-
on flanges of rectangular section may be substituted
for hubbed slip-on flanges, provided the thickness is
increased as required to produce equivalent strength as
deterrnined by calculations made in accordance with
Section VIII of the BPV Cede,

(e) Welding neck flanges are permitted in sizes and
pressure classes established in ANSI B16.5 and MSS
SP-44, The bore of the flange should correspend to
the inside diameter of the pipe used. For permissible
welding end treatment, see Appendix I, Fig. I5.

(f} Cast iron, ductile iron, and steel flanges shall
have contact faces finished in accordance with MSS
SP-6.

(g} Nonferrous flanges shall have contact faces fin-
ished in accordance with ANSI B16.24,

(h) Class 25 and 125 cast iron integral or threaded
companion flanges may be used with a full-face gasket
or with a flat ring gasket extending to the inner edge
of the bolt holes. When using a full-face gasket, the
bolling may be of alloy steel (ASTM A 193). When
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using a ring gasket, the bolting shall be of carbon
steel, equivalent to ASTM A 307 Grade B, without
heat treatment other than stress relief.

(f) When bolting together two Class 250 integral
or threaded companion cast iron flanges having Y
in. raised faces, the bolting shall be of carbon steel
equivalent to ASTM A 307 Grade B, without heat
treatment other than stress relief.

{j) Class 150 steel flanges may be bolted to Class
125 cast iron flanges. When such construction is used,
the %s-in. raised face on the steel flange shall be
removed, When bolting such flanges together using a
flat ring gasket extending to the inner edge of the bolt
holes, the bolting shall be of carbon steel equivalent
o ASTM A 307 Grade B, without heat treatment other
than stress relief. When bolting such flanges together
using a full-face gasket, the bolting may be alloy steel
(ASTM A [93).

(k) Class 300 steel flanges may be bolted to Class
250 cast iron flanges. Where such construction is used,
the bolting shall be of carbon steel, equivalent to ASTM
A 307 Grade B, without heat treatment other thzn
stress relief. Good practice indicates that the raised
face on the steel flange should be removed, but also
in this case, bolting shall be of carbon steel equivalent
to ASTM A 307 Grade B.

(I} Forged steel welding neck flanges having an
outside diameter and drilling the same as that of
ANSI Bl6.1, but with modified flange thickness, hub
dimensions, and special facing details, may be used to
bolr against flat faced cast iron flanges and may operate
at the pressure—temperature ratings given in ANSI B16.1
for Class 125 cast iron pipe flanges, provided

(1) the minimum flange thickness, 7, is not less
than that specified in Appendix I for lightweight flanges

(2) flanges are used with nonmetallic full-face
gaskets extending to the periphery of the flange

{3) the joint design has been proven by test to
be suitable for the ratings

{m) Flanges made of ductile iron shall conform to

the requirements of ANSI B16.42. Bolting requirements
for ductile iron flange joints shall be the same as those
for carbon and low alloy steel flanges as specified in
para. 831.22.

831.22 Bolting

(a) For all Aange joints, the bolts or studbolts used
shall extend completely through the nuts.

fb) For all flange joints other than those described
in paras. 830.21(h). (i), (j), and (k), the bolting shall
be made of alloy steel conforming o ASTM A 193,
ASTM A 320, or ASTM A 354, or of heat treated
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carbon steel conforming to ASTM A 449. Bolting,
however, for ANSI B16.5 Class 150 and 300 fanges
at temperatures between —20°F and 450°F may be made
of Grade B of ASTM A 307.

(c} Alloy-steel bolting material conforming to ASTM
A 193 or ASTM A 354 shall be used for insulating
flanges if such bolting is made %-in. undersized.

{d) The materials used for nuts shall conform 1o
ASTM A 194 and ASTM A 307. ASTM A 307 nuts
may be used only with ASTM A 307 bolting.

fe) All carbon and alloy-sieel bolis, studbolts, and
their nuts shall be threaded in accordance with the
following thread series and dimension classes as re-
quired by ANSI B1.1.

(1) Carbon Steel, All carbon-steel bolts and stud-
bolts shall have coarse threads having Class 2A dimen-
sions, and their nuts shall have Class 2B dimensions.

(2) Alloy Sreel. All alloy-steel bolts and studbolts
of 1-in. and smaller nominal diameter shall be of the
coarse-thread series; nominal diameters 1'% in. and
larger shali be of the 8-thread series. Bolts and studbolts
shall have a Class 2A dimension; their nuts shall have
Class 2B dimension,

(f) Bolts shall have American Nationa! Standard
regular square heads or heavy hexagonal heads and
shall have American National Standard heavy hexagonal
nuts conforming 10 the dimensions of ANSI B18.2.1
and B18.22.

fg) Nuts cut from bar stock in such a manner that
the axis will be parallel to the direction of rolling of
the bar may be used in all sizes for joints in which
one or both flanges are cast iron and for joints with
steel Aanges where the pressure does not exceed 250
psig. Such muts shall not be used for joints in which
both flanges are steel and the pressure exceeds 250
psig, except that for nut sizes % in. and smaller, these
limitations do not apply.

831.23 Gaskets

{a) Material for gaskets shall be capable of withstand-
ing the maximum pressure and of maintaining its physi-
cal and chemical properties at any temperature to which
it might reasonably be subjected in service.

{b) Gaskets used under pressure and at temperatures
above 250°F shall be of noncombustible material. Metal-
lic gaskets shall not be used with Class 150 standard
or lighter flanges.

{c) Asbestos composition gaskets may be used as
permitted in ANSI B16.5. This type of gasket may be
used with any of the various flanged facings except
small male and female or small tongue and groove.

{d) The use of metal or metal-jacketed asbestos
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gaskets (either plain or corrugated) is not limited as
to pressure, provided that the gasket material is suitable
for the service temperature. These types of gaskets are
recommended for use with the small male and female
or the small tongue and groove facings. They may also
be used with steel flanges with lapped, large male and
female, large tongue and groove, or raised face facings.

fe) Full-face gaskets shall be used with all bronze
flanges and may be used with Class 25 or 125 cast
iron flanges. Flat ring gaskets with an outside diameter
extending to the inside of the bolt holes may be used
with cast iron flanges, with raised face steel flanges,
or with lapped steel flanges.

{f) To secure higher unit compression on the gasket,
metallic gaskets of a width less than the full male face
of the flange may be used with raised face, lapped,
or large male and female facings. The width of the
gasket for small male and female or for tongue and
groove joints shall be equal to the width of the male
face or tongue.

(g) Rings for ring joints shall be of dimensions
established in ANSI B16.20. The material for these
rings shall be suitable for the service conditions encoun-
tered and shall be softer than the flanges.

{h) The insulating material shall be svitable for the
temperature, moisture, and other conditions where it
will be used.

83L.3 Fittings Other Than Valves and Flanges

831.31 Standard Fittings

{a) The minimum metal thickness of flanged or
threaded fittings shall not be less than specified for the
pressures and temperatures in the applicable American
National Standards or the MSS Standard Practice.

{b) Steel bunwelding fittings shall comply with either
ANSI B16.9 or MSS SP-75 and shall have pressure
and temperature ratings based on stresses for pipe of
the same or equivalent material. For adequacy of fitting
design, the actual bursting strength of fittings shall at
least equal the computed bursting strength of pipe
of the designated material and wall thickness. Mill
hydrostatic testing of factory-made steel buttwelding
fittings is not required, but all such fittings shall be
capable of withstanding a field test pressure equal to
the test pressure established by the manufacturer, with-
out failure or leakage, and without impairment of their
serviceability,

(c) Sweel socket-welding fittings shall comply with
ANSI Blé&.11.

{d) Ductile iron fanged fittings shall comply with
the requirements of ANSI B16.42 or ANSI A21.14.
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fe) Thermoplastic fitings shall comply with ASTM
D 2513.

() Reinforced thermosetting plastic fittings shall
comply with ASTM D 2517

831.32 Special Fittings. When special cast, forged,
wrought, or welded fittings are required to dimensions
differing from those of regular shapes specified in the
applicable American National and MSS Standards, the
provisions of para. 831.36 shall apply.

831.33 Branch Connections

(@) Welded branch connections on steel pipe must
meet the design requirements of paras. 831.4 and 831.5.

(b) Threaded taps in cast iron pipe for branch conmec-
tions are permitted without reinforcement to a size not
more than 25% of the nominal diameter of the pipe;
however, where climate service conditions or seil condi-
tions create abnormal or unusual external loadings on
cast iron pipe, unreinforced threaded taps for branch
connections are permitted only on cast iron pipe NPS
8 and larger in diameter, provided that the tap size is
no greater than 25% of the nominal pipe diameter,

(¢) Existing threaded taps in cast iron pipe may be
used for replacement branch connections when careful
inspection shows there are no cracks or other deteriora-
tion in the main immediately surrounding the opening.

(d) Threaded taps in ductile iron pipe are permitted
without reinforcement to 4 size not more than 25% of
the nominal diameter of the pipe, except that 1%ein.
taps are permitted in NPS 4 pipe having a nominal
wall thickness of not less than 0.380 in.

{e) Mechanical fittings may be used for making hot
taps on pipelines and mains provided they are designed
for the operating pressure of the pipeline or main, and
are suitable for the purpose.

831.34 Openings for Gas Control Equipment in
Cast Iron Pipe. Threaded taps used for gas control
equipment in cast iron pipe {(i.e., bagging off a section
of main) are permitted without reinforcement, to a size
not more than 25% of the nominal diameter of the
pipe, except that [“4-in. taps are permitted in NPS 4
pipe. Taps larger than those pemnitted above shall use
a reinforcing sleeve,

831.35 Special Components Fabricated by
Welding

{a) This section covess piping system components
other than assemblics consisting of pipe and fittings
joined by circumferential welds.

(b} AN welding shall be perfermed using procedures
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and operators that are qualified in accordance with the
requirements of para. 823.

(c) Branch conmections shall meet the design require-
ments of paras. 831.4, 831.5, and 831.6.

(d) Prefabricated units, other than regularly manufac-
tured buttwelding fittings, that employ plate and longitu-
dinal seams as contrasted with pipe that has been
produced and tested under one of the specifications
listed in this Code, shall be designed, constructed, and
tested under requirements of the BPV Code. BPV Code
requirements are not intended to apply to such partial
assemblies as split rings or collars or to other feld
welded details.

{e) Every prefabricated unit produced under this
section of the Code shall successfully withstand a
pressure test without failure, leakage, distress, or distor-
tion other than elastic distortion at a pressure equal to
the test pressure of the system in which it is installed,
either before installation or dwring the system test
When such units are 10 be installed in existing systems,
they shall be pressure tested before installation, if
feasible; otherwise, they shall withstand a leak test at
the operating pressure of the line.

831.36 Pressure Design of Other Pressure-Con-
faining Components. Pressure-containing components
that are not covered by the standards listed in Appendix
A and for which design equations or procedures are
not given herein may be used where the design of
similarly shaped, proportioned, and sized components
has been proven satisfactory by successful performance
under comparable service conditions. (Interpolation may
be made between similarly shaped components with
small differences in size or proportion.) In the absence
of such service experience, the pressure design shall
be based on an analysis consistent with the general
design philosophy embodied in this Code and substanti-
ated by at least one of the following:

fa) proof tests, as described in UG-101 of Section
VIIL, Division I, of the BPY Code

(b) experimental stress anatysis, as described in Ap-
pendix 6 of Section VIII, Division 2, of the BPV Code

(¢) engineering calculations

831.37 Closuares

831.371 Quick Opening Closures. A quick open-
ing closure is a pressure-containing component (see
para. 831.36) used for repeated access to the interior
of a piping system. It is not the intent of this Code
to impose the requirements of a specific design method
on the designer or manufacturer of a quick opening
closure.
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Quick opening closures shall have pressure and tem-
perature ratings equal to or in excess of the design
requirements of the piping system to which they are
attached,

Quick opening closures shall be equipped with safety
locking devices in compliance with Section VIII, Divi-
sion I, UG-35(b) of the BPV Code.

Weld end preparation shall be in accordance with
Appendix I, Fig. 14.

831.372 Closure Fittings. Closure fittings com-
monly refemred to as “weld caps™ shall be designed
and manufactured in accordance with ANSI B16.9 or
MSS SP-75. [See para. 831.31(b).]

8£31.373 Closure Heads. Closure heads such as
flat, ellipsoidal (other than in para. 831.372), spherical,
or conical heads are allowed for use under this Code.
Such items may be designed in accordance with Section
VIII, Division 1, of the BPV Code. The maximum
allowable stresses for materials used in these closure
heads shall be established under the provisions of para.
841 not exceeding 60% SMYS.

If welds are used in the construction of these heads,
they shall be inspected in accordance with the provision
of Section VIII, Division | of the BPY Code.

Closure heads shall have pressure and temperature
ratings equal to or in excess of the design requirement
of the piping system to which they are atmtached.

831.374 Fabricated Closures. Orange-peel bull
plugs and orange-peel swages are prohibited on systems
operating at stress levels of 20% or more of the specified
minimum yield strength of the pipe material. Fish tails
and flat closures are permitted on pipe NPS 3 and
smaller operating at less than 100 psi. Fish tails on
pipe larger than NPS 3 are prohibited. Flat closures
on pipe larger than NPS 3 shall be designed according
to Section VIII, Division 1, of the BPV Code. (See
para. 831.373))

8$31.375 Bolted Blind Flange Connections.
Bolted blind flange connections shall conform to para.
831.2.

831.4 Reinforcement of Welded Branch Connections

831.41 General Requirements. All welded branch
connections shall meet the following requirements.

{a) When branch connections are made to pipe in
the form of a single connection or in a header or
manifold as a series of connections, the design must
be adequate to control the stress levels in the pipe
within safe limits. The construction shall accommodate
the stresses in the remaining pipe wall due to the opening
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in the pipe or header, the shear stresses produced by
the pressure acting on the area of the branch opening,
and any external loadings due to thermal movement,
weight, vibration, etc. The following paragraphs provide
design rules for the uswal combinations of the above
loads, except for excessive external loads,

(b) The reinforcement required in the crotch section
of a welded branch connection shall be determined by
the rule that the metal area available for reinforcement
shall be equal to or greater than the required area as
defined in this paragraph as well as in Appendix F,
Fig. F5.

{c} The required cross-sectional area, Ag, is defined
as the product of d times &

Ag = dt

the greater of the length of the finished opening
in the header wall measured parallel to the
axis of the run or the inside diameter of the
branch connection
the nominal header wall thickness required
by para. 841.11 for the design pressure and
temperature
When the pipe wall thickness includes an allowance
for corrosion or erosion, all dimensions used shall result
after the anticipated corrosion ot erosion has taken place.
(d) The area available for reinforcement shall be the
sum of

(1) the cross-sectional area resulting from any
excess thickness available in the header thickness over
the minimum required for the header as defined in
para. 831.41(c) and that lies within the reinforcement
area as defined in para. 831.41(¢)

{2) the cross-sectional area resulting from any
excess thickness available in the branch wall thickness
over the minimum thickness required for the branch
and that lies within the reinforcement area as defined
in para. 831.41(e)

(3) the cross-sectional area of all added reinforcing
metal that lies within the reinforcement area, as defined
in para. 831.41(g), including that of solid weld metal
that is conventionally attached to the header and/or
branch

{e) The area of reinforcement, shown in Appendix
F, Fig. F5, is defined as a rectangle whose length shall
extend a distance, 4, on each side of the transverse
center line of the finished opening and whose width
shall extend a distance of 2'4 times the header wall
thickness on each side of the surface of the header
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wall. In no case, however, shall it extend more than
2% times the thickness of the branch wall from the
outside surface of the header or of the reinforcement,
if any.

(f) The material of any added reinforcement shall
have an allowable working stress at least equal 1o that
of the header wall, except that material of lower allow-
able stress may be used if the area is increased in
direct ratio of the allowable stress for header and
reinforcement material, respectively.

(g) The material used for ring or saddle reinforcernent
may be of specifications differing from those of the
pipe, provided the cross-sectional area is made in direct
proportion to the relative strength of the pipe and
reinforcement materials at the operating temperatures,
and provided it has welding qualitics comparable to
those of the pipe. No credit shall be taken for the
additional strength of material having a higher strength
than that of the part to be reinforced.

{h}) When rings or saddles cover the weld between
branch and header, a vent hole shall be provided in
the ring or saddle to reveal leakage in the weld between
branch and header and to provide venting during welding
and heat treating operations. Vent holes should be
plugged during setvice to prevent crevice corrosion
between pipe and reinforcing member, but no plugging
material that would be capable of sustaining pressure
within the crevice should be used.

(i} The use of ribs or gussets shall not be considered
as contributing to reinforcement of the branch connec-
tion. This does not prohibit the use of ribs or gussets
for purposes other than reinforcement, such as stiffening.

() The branch shall be attached by a weld for the
full thickness of the branch or header wall plus a fillet
weld, W), as shown in Appendix I, Figs. 11 and I2.
The use of concave fillet welds is preferred to further
minimize comer stress concentration. Ring or saddle
reinforcement shall be attached as shown by Fig. I2.
When a full fillet is not used, it is recommended that
the edge of the reinforcement be relieved or chamfered
at approximately 45 deg to merge with the edge of
the fillet.

(k) Reinforcement rings and saddles shall be accu-
rately fitted to the parts to which they are attached.
Appendix I, Figs. 12 and I3 illustrate some acceptable
forms of reinforcement.

(1) Branch connections attached at an angle less
than 85 deg to the run become progressively weaker
as the angle decreases. Any such design must be given
individual study, and sufficient reinforcement must be
provided to compensate for the inherent weakness of
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TABLE 831.42

REINFORCEMENT OF WELDED BRANCH
CONNECTIONS, SPECIAL REQUIREMENTS

Ratio of Nominal Branch
Diameter to Nominal Header

Ratio of DESIgn Diameter
Hoop Stress to
Minimum Specified More Than
Yield Strength in 25% or 25% Through  More Than
the Header Less 50% S0%
20% or less (g) (g (h}
Maore than 20% td) (i} 14}] th)} (i}
through 50 %
More than 50% (e} {d) {e) () (&) (a) (e} {f)

GENERAL NQTE: The letters in the table correspond to the
subparagraphs of para. 831.42.

such construction. The use of encircling ribs to support
the flat or reentering surfaces is permissible and may
be included in the strength calculations. The designer
is cautioned that stress concentrations near the ends of
partial ribs, straps, or gussets may defeat their reinforc-
ing value.

831.42 Special Requirements. In addition to the
requirements of para. 831.41, branch connections must
meet the special requirements of the following para-
graphs as given in Table 831.42,

(2} Smoothly contoured wrought steel tees of proven
design are preferred. When tees cannot be used, the
reinforcing member shall extend around the circumfer-
ence of the header. Pads, partial saddles, or other types
of localized reinforcement are prohibited.

b) Smoothly contoured tees of proven design are
preferred. When tees are not used, the reinforcing
member should be of the complete encirclement type,
but may be of the pad type, saddle type, or a welding
outlet fitting type.

f¢) The eeinforcement member may be of the com-
plete encirclement type, pad type, saddle type, or weld-
ing outlet fitting type., The edges of reinforcement
members should be tapered to the header thickness. It
is recommended that legs of fillet welds joining the
reinforcing member and header do not exceed the
thickness of the header.

{d} Reinforcement calculations are not required for
openings 2 in. and smaller in diameter; however, care
should be taken to provide suitable protection against
vibrations and other external forces to which these
small openings are frequently subjected.

(e) All welds joining the header, branch, and reinfore-
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ing member shall be equivalent 10 those shown in
Appendix I, Figs. 11 and 12.

() The inside edges of the finished opening shall,
whenever possible, be rounded to a Y%-in. radius. If
the encircling member is thicker than the header and
is welded to the header, the ends shall be tapered down
to the header thickness, and continuous fillet welds
shatl be made.

{2) Reinforcement of openings is not mandatory;
however, reinforcement may be required for special
cases involving pressures over 100 psi, thin wall pipe,
or severe extermal loads.

{h) If a reinforcement member is required, and the
branch diameter is such that a localized type of rein-
forcement member would extend around more than
half the circumference of the header, then a complete
encirclement type of reinforcement member shall be
used, regardless of the design hoop stress, or a smoothly
contoured wrought steel tee of proven design may
be used.

(i} The reinforcement may be of any type meeting
the requirements of para. 831.41.

831.5 Reinforcement of Multiple Openings

83L.51 When two or more adjacent branches are
spaced at less than two times their average diameter
(so that their effective areas of reinforcement overlap),
the group of openings shall be reinforced in accordance
with para. 831.4. The reinforcing metal shall be added
as a combined reinforcement, the strength of which
shall equal the combined strengths of the reinforcements
that would be required for the separate openings. In
no case shall any portion of a cross section be considered
to apply to more than one opening or be evaluated
more than once in a combined area.

$31.52 When more than two adjacent openings arc
to be provided with a combined reinforcement, the
minimum distance between centers of any two of these
openings shall preferably be at least 1% times their
average diameter, and the area of reinforcement between
them shall be at least equal to 50% of the total required
for these two openings on the cross section being
considered.

831.53 When ihe distance between centers of two
adjacent openings is less than 1% times their average
diameter, as considered under para. 831.52, no credit
for reinforcement shall be given for any of the metal
between these two openings.

£31.42-831.6

831,534 Any number of closely spaced adjacent
openings in any arrangement may be reinforced as if
the group were treated as one assumed opening of a
diameter enclosing all such openings.

831.6 Extruded Outlets

(a) The rules in this paragraph apply to steel extruded
outlets in which the reinforcement is integral.

An extruded outlet is defined as an outlet in which
the extruded lip at the outlet has a height above the
surface of the run that is equal to or greater than the
radius of curvature of the external contoured portion
of the outlet. (See Appendix F. Figs. FI through F4
and nomenclature.)

{b) These rules do not apply to any nozzles or branch
connections in which additional nonintegral material is
applied in the form of rings, pads, or saddles.

(c) These riles apply only to cases where the axis
of the outlet intersects and is perpendicular to the axis
of the run.

(d) Figures F1 through F4 define the pertinent dimen-
sions and limiting conditions.

{e) Required Area. The required area is defined as

A=KD,

where

K 1.00 when 4D > 0.60
0.6 + % aD > 0.15 and not exceeding 0.60
0.70 when @D < 0.15

The design must meet the criterion that the reinforce-
ment area defined in subpara. (f) below is not less
than the required area.

{f} Reinforcement Area. The reinforcement area shall
be the sum of areas A; + A; + A; as defined below.

(I) Area A is the area lying within the reinforce-

ment zone resulting from any excess thickness available
in the run wall, ie.,

AI = Da(Tr - ‘r)

(2) Area A; is the area lying within the reinforce-
ment zone resulting from any excess thickness available
in the branch pipe wall, ie.,

A, = 2L (T, - 1)

(3) Area As is the area lying within the reforcement
zone resulting from excess thickness available in the
extruded outlet lip, i.e.,

Az = 2r,(T, — 1)
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TABLE 832.2
THERMAL EXPANSION OF PIPING MATERIALS

Carbon and Low Alloy
High Tensile Steel and Wrought [ron

Temperature, Total Expansion, in/100 ft,

F Above 32°F
32 0.0
60 0.2
100 0.5
125 0.7
© 150 09
175 11
200 1.3
225 15
250 1.7
300 2.2
350 26
400 3.0
450 35

(g) Reinforcement of Multiple Openings. The rules
in para. 831.5 shall be followed, except that the required
area and reinforcement area shall be as given in para.
831.6.

(h) In addition to the above, the manufacirer shall
be responsible for establishing and marking on the
section containing extruded outlets the following: the
design pressure, temperature, and that these were estab-
lished under provisions of this Code. The manufacturer’s
name or trademark shall be marked on the section.

832 EXPANSION AND FLEXIBILITY

832.1 Scope

This section is applicable to above ground piping
only and covers all classes of materials permitted by
this Code up to temperatures no greater than 450°F,

§32.2 Amount of Expansion

The thermal expansion of the more common materials
used for piping shall be determined from Table 832.2.
The expansion to be considered is the difference between
the expansion for the maximum expected operating
temperature and that for the expected average erection
temperature. For malterials not included in this Table,
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or for precise calculations, reference shall be made to
authoritative source data, such as publications of the
National Institute of Standards and Technology.

832.3 Flexibility Requirements

83231 Piping systems shall be designed to have
sufficient fAexibility to prevent thermal expansion or
contraction from causing excessive stresses in the piping
material, excessive bending or unusual loads at joints,
or undesirable forces or moments at points of connection
to equipment or at anchorage or guide points. Formal
calculations shall be required only where reasonable
doubt exists as to the adequate flexibility of the system.

832,32 Flexibility shall be provided by the use of
bends, loops, or offsets, or provision shall be made to
absorb thermal changes by the wse of expansion joints
or couplings of the slip joint type or expansion joints
of the bellows type. If expansion joints are used, anchors
or ties of sufficient strength and rigidity shall be installed
o provide for end forces due to fluid pressure and
other causes.

83233 In calculating the fexibility of a piping
system, the system shall be treated as a whole. The
significance of all parts of the line and all restrainis,
such as solid supports or guides, shall be considered.

832.34 Calculations shall account for stress intensi-
fication factors found to exist in components other than
plain straight pipe. Credit may be taken for the extra
flexibility of such components. In the absence of more
directly applicable data, the flexibility factors and stress
intensification factors shown in Table El of Appendix
E may be used.

83235 Properiies of pipe and fittings for these
calculations shall be based on nominal dimensions, and
the joint factor, £ (Table 841.115A), shall be taken
as 1.00.

832,36 The total range in temperature shall be used
in all expansion calculations, whether piping is cold-
sprung or not. In addition to the expansion of the line
itself, the linear and angular movements of the equip-
ment to which it is attached shall be considered.

832.37 Cold-Springing. To modify the effect of
expansion and contraction, runs of pipe may be coid-
sprung. Cold-spring may be taken into account in the
calculations of the reactions as shown in para. 833.5,
provided an effective method of obtaining the designed
cold-spring is specified and used.
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83238 Flexibility calculations shall be based en
the modulus of elasticity, E,, at ambient temperature.

833 COMBINED STRESS CALCULATIONS

833.1

Using the above assumptions, the stresses and reac-
tions due to expansion shall be investigated at all
significant points.

833.2

The expansion stresses shall be combined in accord-
ance with the following formula:

Se = (82 +48) 17

where
M, = resultant bending moment, 1b-in,
M, = torsional moment, Ib-in.
3¢ = combined expansion stress, psi
§» = resultant bending stress, psi
= (M b l’ Z
5, = torsional stress, psi
=M,/ 2z
i = stress intensification factor (Appendix E)
z = section modulus of pipe, in.
8333

The maximum combined expansion stress range, Sg
shall not exceed 0.728, where § is the specified minimum
yield strength, psi, subject to the further limitation of
para. 833.4.

8334

The total of the following shall not exceed the
specified minimum yield strength, S;

{a} the combined stress due to cxpansion, Sg

{b) the longitudinal pressure stress (see para.
841.11, SF

{c) the longimdinal bending stress due (o external
loads, such as weight of pipe and contents, wind, eic,

The som of paras. 833.4(b) and (c¢) shall not exceed
0.755.
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8335

The reaction, R’, shall be obtained as follows from
the reactions R derived from the flexibility calculations:

R =(1-~%CHR

when Cs is less than 0.6; R = C; when Cy is between
0.6 and 1.0

where
Cg = the cold-spring factor varying from 0 for no
cold-spring to §.0 for 100% cold-spring
Ec = the modulus of elasticity in the cold condition
R = maximum reaction corresponding to the full
expansion range based on Ec
R = maximum reaction for the line after cold-

springing; the reactions so computed shalk not
exceed limits that the attached equipment or
anchorage is designed to sustain

834 SUPPORTS AND ANCHORAGE FOR
EXPOSED PIPING

834.1 General

Piping and equipment shall be supported in a substan-
tial and workmanlike manner, so as to prevent or reduce
excessive vibration, and shall be anchored sufficiently
to prevent unduwe strains on connected equipment.

834.2 Provision for Expansion

Supports, hangers, and anchoss should be so installed
as not to interfere with the free expansion and contrac-
tion of the piping between anchors. Suitable spring
hangers, sway bracing, etc., shail be provided where
necessary.

834.3 Materials, Design, and Installation

All permanent hangers, supports, and anchors shall
be fabricated from durable incombustible materials and
designed and installed in accordance with good engi-
neering practice for the service conditions involved,
All parts of the supporting equipment shall be designed
and installed so that they will not be disengaged by
movement of the supported piping.

834.4 Forces on Pipe Joints

{a) All exposed pipe joints shall be able to sustain
the maximum end force due to the internal pressure,

i.e.. the design pressure (psi) fimes the internal area
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of the pipe (sq in.) as well as any additional forces
due to temperature expansion or contraction or io the
weight of pipe and conients.

{b) If compression or sleeve-type couplings are used
in exposed piping, provision shall be made to sustain
the longitudinal forces noted in subpara. (a) above. If
such provision is not made in the manufacture of the
coupling, suitable bracing or strapping shall be provided,
but such design must not interfere with the normal
performance of the coupling nor with its proper mainte-
nance. Attachments must meet the requirements of para.
834.5.

834.5 Attachment of Supports or Anchors

(a) If the pipe is designed to opesate at a hoop
stress of less than 50% of the specified minimum yield
strength, structural supports or anchors may be welded
directly to the pipe. Proportioning and welding strength
requirements of such attachments shall conform to
standard structural practice.

(b) If the pipe is designed to operate at a hoop
stress of 50% or more of the specified minimum yield
strength, support of the pipe shall be furnished by a
member that completely encircles it. Where it is neces-
sary to provide positive attachment, as at an anchor,
the ptpe may be welded to the encircling member only;
the support shall be attached to the encircling member
and not to the pipe. The connection of the pipe to the
encircling member shall be by continuous welds, rather
than intermittent ones.

835 ANCHORAGE FOR BURIED PIPING

835.1 General

Bends or offsets in buried pipe cause longitudinal
forces that must be resisted by ancherage at the bend,
by restraint due to friction of the soil, or by longitudinal
stresses in the pipe.

8352 Anchorage at Bends

If the pipe is anchored by bearing at the bend, care
shall be taken to distribute the load on the soit so that
the bearing pressure is within safe limits for the seil
involved.

28

ASME B31.5-1999 Edition

835.3 Restraint Due to Soil Friction

Where there is doubr as to the adequacy of restraint
friction, calculations shall be made, and indicated an-
choring shall be installed.

835.4 Forces on Pipe Joints

If anchorage is not provided at the bend (see para.
835.2), pipe joints that are close to the points of thrust
origin shall be designed to sustain the longitudinal
pullout force. If such provision is not made in the
manufacture of the joints, suitable bracing or strapping
shall be provided. '

835.5 Supports for Buried Piping

In pipelines, especially those that are highly stressed
from internal pressure, uniform and adequate support
of the pipe in the trench is essential. Unequal settlements
may produce added bending stresses in the pipe. Lateral
thrusts at branch connections may greatly increase the
stresses in the branch connection itself, unless the fill
is thoroughly consolidated or other provisions are made
to resist the thrust

Rock shield shall not be draped over the pipe unless
suitable backfill and padding are placed in the ditch
to provide a continuous and adequate support of the
pipe in the trench.

835.51 When openings are made in a consolidated
backfill to connect new branches to an existing line,
care must be taken to provide firm foundation for both
the header and the branch to prevent vertical and lateral
movements,

835.6 Interconnection of Underground Lines

Underground lings are subjected to longitudinal
stresses due to changes in pressure and temperature,
For long lines, the friction of the earth will prevent
changes in length from these stresses, except for several
hundred feet adjacent to bends or ends. At these loca-
tions, the movement, if unrestrained, may be of consider-
able magnitude. If connections are made at such a
location to a relatively unyielding line or other fixed
object, it is essential that the interconnection shall have
ample flexibility to compensate for possible movement,
or the line shall be provided with an anchor sufficient
10 develop the forces necessary to limit the movement
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840-840.21

CHAPTER 1V
DESIGN, INSTALLATION, AND TESTING

840 DESIGN, INSTALLATION, AND TESTING

840.1 General Provisions

{a) The design requirements of this Code are intended
o be adequate for public safety under all conditions
encountered in the gas industry. Conditions that may
cause additional stress in any pant of a line or its
appurtenances shall be provided for, using good engi-
neering practice. Examples of such conditions include
long self-supported spans, unstable ground, mechanical
or sonic vibration, weight of special attachments, earth-
quake-induced stresses, stresses caused by temperature
differences, and the soil and temperature conditions
found in the Arctic. Temperawre differences shall be
taken as the difference between the lowest and highest
expected metal temperature during pressure test and/
or operating services having due regard to past recorded
temperature data and the possible effecis of lower or
higher air and ground temperature.

{b) The most significant factor contributing to the
failure of a gas pipeline is damage to the line caused
by the activities of people along the route of the line.
Damage will generally occur during construction of
other facilities associated with providing the services
associated with human dwellings and commercial or
industrial enterprises. These services, such as water,
gas and electrical supply. sewage systems, drainage
lines and ditches, buried power and comwmunication
cables, streets and roads, etc., become more prevalent
and extensive, and the possibility of damage to the
pipeline becomes greater with larger concentrations of
buildings intended for human occupancy. Determining
the Location Class provides a method of assessing the
degree of exposure of the line to damage.

A pipeline designed, constructed, and operated in
accordance with the requirements of Location Class |
[see para. 840.2(b)(1)] is basically safe for pressure
containment in any location; however, additional mea-
sures are necessary to protect the integrity of the line
in the presence of activities that might cause damage.
One of the measures required by this Code is to lower
the stress level in relation to increased public activity.
This activity is quantified by determining Location
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Class and relating the design of the pipeline to the
appropriate design factor.

(c) Early editions of this Code used the term “popula-
tion density index™ to determine design, construction,
testing, and operation requirements. They also used the
term “Location Class™ in prescribing design pressure,
type of construction, and maximum allowable operating
pressure. To simplify use of this Code, the term “popula-
tion density index” was eliminated. Construction Types
A, B, C, and D were eliminated and replaced with the
same lerminology wsed for design-location class.

The requirements based on Location Class were such
that there were no significant changes in the design,
installation, testing, and operation of piping systems
due to changes in terminology.

Pipelines constructed prior to the publication of this
Edition and designed in accordance with location classes
established in compliance with previous editions of this
Code may continue to use the location classes so
determined, provided that when observed increases in
the number of buildings intended for human occupancy
occur, the Location Class determiination shall be as
presented in para. 840.2,

840.2 Buildings Intended for Human Occupancy

840.21 General

{a) To determine the number of buildings intended
for human occupancy for an onshore pipeline, lay out
a zone ‘4-mile wide along the route of the pipeline
with the pipeline on the center line of this zone, and
divide the pipeline into random sections 1 mile in
length such that the individual tengths will include the
maximum number of buildings intended for human
occupancy. Count the number of buildings intended
for human occupancy within each L-mile zone. For
this purpose, each separate dwelling unit in a multiple
dwelling unit building is to be counted as a separate
building intended for human occupancy.

It is not intended here that a full mile of lower
stress level pipeline shall be installed if there are
physical barriers or other factors that will limit the
further expansion of the more densely populated area
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to a total distance of less than 1 mile. It is intended,
however, that where no such bamriers exist, ample
allowance shall be made in determining the limits of
the lower stress design to provide for probable further
development in the arca.

{b6) When 4 cluster of buildings intended for human
occupancy indicates that a basic mile of pipeline should
be identified as a Location Class 2 or Location Class
3, the Location Class 2 or Location Class 3 may be
terminated 660 ft from the nearest building in the
cluster,

{c) For pipelines shorter than | mile in length, a
Location Class that is typical of the Location Class
that would be required for 1 mile of pipeline traversing
the area shall be assigned.

840.22 Location Classes for Design and
Construction

(a) Location Class 1. A Location Class 1 is any 1-
mile section that has 10 or fewer buildings intended
for human eccupancy. A Location Class 1 is intended
to reflect areas such as wastcland, deserts, mountains,
grazing land, farmland, and sparsely populated areas.

(1} Class I, Division 1. This Division is a Location
Class 1 where the design factor of the pipe is greater
than 0.72 but equal to or less than 0.80 and has
been hydrostatically tested to 1.25 times the maximum
operating pressure. (See Table 841.114B for exceptions
to design factor.}

(2} Class [, Division 2. This Division is a Location
Class 1 where the design factor of the pipe is equal
to or less than 0.72 and has been tested to 1.1 times
the maximum operating pressure. (See Table 841.114B
for exceptions to design factor.)

{b) Location Class 2. A Location Class 2 is any |-
mile section that has more than 10 but fewer than 46
buildings intended for human occupancy. A Location
Class 2 is intended to reflect areas where the degree
of population is intermediate between Location Class
| and Location Class 3, such as fringe areas around
cities and towns, industrial areas, ranch or couniry
estates, elc.

{c) Location Class 3. A Location Class 3 is any |-
mile section that has 46 or more buildings intended
for human occupancy except when a Location Class
4 prevails. A Location Class 3 is intended to reflect
areas such as suburban housing developments, shopping
ceniers, residential areas, industrial areas, and other
populated arcas not meeting Location Class 4 require-
ments.
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(d) Location Class 4. Location Class 4 includes areas
where multistory buildings are prevalent, where traffic
is heavy or dense, and where there may be numerous
other utilities underground. Multistory means four or
more floors above ground including the first or ground
floor. The depth of basements or number of basement
floors is immaterial.

840.3 Considerations Necessary for Concentrations
of People in Location Class 1 or 2

fa) In addition to the criteria contained in para.
8402, additional consideration must be given to the
possible consequences of a failure near areas where a
concentration of people is likely, such as a church,
school, muftiple dwelling vait, hospital, or recreational
area of an organized character in Location Class | or 2,

If the facility is used infrequently, the requirements
of subpara. (b) need not be applied.

(b) Pipelines near places of public assembly or con-
centrations of people, such as churches, schools, multiple
dwelling unit buildings, hospitals, or recreational areas
of an organized nature in Location Class I or 2 shall
meet requirements for Location Class 3,

{c) Concentrations of people referred to in subparas.
{a) and (b) above are not intended io include groups
of fewer than 20 people per instance or location but

" are intended to cover people in an outside area as well

as in a building.

840.4 Intent

840.41 It should be emphasized that Location Class
(1, 2, 3, or 4) as described in the previous paragraphs
is defined as the general description of a geographic
area having certain characieristics as a basis for prescrib-
ing the types of design, construction, and methods of
testing to be used in those locations or in areas that
are comparable. A numbered Location Class, such as
Location Class 1, refers only to the geography of that
location or a similar area and does mot necessarily
indicate that a design factor of 0.72 will suffice for
all construction in that particular location or areza (e.g..
in Location Class |, all aerial crossings require a design
factor of 0.6; see para. 841.122).

84042 When classifying locations for determining
the design factor for pipeline construction and testing
that should be prescribed, due consideration shall be
given o the possibility of future development of the
area. If at the time of planning a new pipeline this
future development appears likely 1o be sufficient to
change the Class Location, this shall be taken into
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consideration in the design and testing of the proposed
pipeline.

841 STEEL PIPE

841.1 Steel Piping Systems Design Requirements

841.11 Steel Pipe Design Formula

{a) The design pressure for steel gas piping systems
or the nominal wall thickness for a given design pressure
shall be determined by the following formula {for
limitations, see para. 841.111):

where

nominal outside diameter of pipe, in.
longitudinal joint factor obtained from Table
841.115A [see also para. 817.13(d)}

design factor obtained from Table 841.114A.
In setting the values of the design factor, F,
due consideration has been given and allowance
has been made for the various underthickness
telerances provided for in the pipe specifica-
tions listed and approved for usage in this Code.
design pressure, psig (see also para. 841.111)
specified minimum yield strength, psi, stipu-
lated in the specifications under which the
pipe was purchased from the manufacturer or
determined in accordance with paras. 817.13(h)
and 841.112. The specified minimum yield
strengths of some of the more commonly used
piping steels whose specifications are incorpo-
rated by reference herein are tabulated for
convenience in Appendix D.

temperature derating factor obtained from Ta-
ble 841.116A

t = nominal wall thickness, in.

(&) The design factor for pipelines in Location Class
1, Division 1 is based on gas pipeline operational
experience at operation leveis in excess of those pre-
viously recommended by this Code.

It should be noted that the user may be required to
change out such pipe or reduce pressure to 0.72 SMYS
maximum in accordance with para. §54.2.

{c) Fracture Control and Arrest. A fracture tough-
ness criterion or other method shall be specified to
control fracture propagation when a pipeline is designed
to operate either at a hoop stress over 40% through
80% of SMYS in sizes NP5 16 or larger, or at a hoop

=
i

™
il

T =
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stress over 72% through 80% of SMYS in sizes smaller
than NPS 16.

When a fracture toughness criterion is used, control
can be achieved by ensuring that the pipe has adequate
ductility and either by specifying adequate toughness
or installing crack arrestors on the pipeline to stop
propagation.

{1) Brittle Fracture Control. To ensure that the
pipe has adequate ductility, fracture toughness testing
shall be performed in accordance with the testing
procedures of supplementary requirements SRS or SR6
of API 5L, or other equivalent alternatives. If the
operating temperature is below 32°F, an appropriate
lower test temperature shall be used. The appropriate
lower test temperature for notch toughness shall be
taken to be at or below the lowest expected metal
temperature during pressure testing (if with air or gas)
and during service, having regard to past recorded
temperature data and possible effects of lower air and
ground temperatures. The average shear value of the
fracture appearance of the test specimens from each
heat shall not be less than 35%, and the all-heat average
shall not be less than 50% shear when Charpy V-
notch testing, based on full-sized Charpy specimens,
is specified, or at least 830% of the heats shall exhibit
a fracture shear appearance of 40% or more when
drop-weight tear testing is specified.

(2) Ductile Fracture Arrest. To ensure that the
pipeline has adequate toughness to arrest a ductile
fracture, the pipe shall be tested in accordance with
the procedures of supplementary requirements SRS of
API 5L. The all-heat average of the Charpy energy
values shall meet or exceed the energy value calculated
using one of the following equations that have been
developed in various pipeline research programs.

fa) Battelle Columbus Laboratories (BCL)
{AGA)

CVN = 0.01080R V3"

(b) American fron and Steel Institure (AISI)

CVN = 003450 Y2R'2

{c} British Gas Council (BGC)

CVYN = 003150 R/

(d) British Steel Corporation {(BSC)

CVN = 0.00119¢2R
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where
CVN = full-size Charpy V-notch absorbed energy,

ft-Ib

R = pipe radivs, in.
t = wall thickness, in.
o = hoop stress, ksi

{3) Mechanical Crack Arrestors. Mechanical crack
arrestors consisting of sleeves, wire-rope wrap, heavy-
wall pipe, or other suitable types have been shown to
provide reliable methods of amesting ductile fracture.
The mechanical crack arrestors shall be placed at inter-
vals along the pipeline.

CAUTION: The requirements specified in (2) ahove assume the
pipeline is twanspordng essemtially pure meibane and the pipe
is similar In fracture behavior to that used to develop the
empirical equations above. The presence of heavier hydrocarboens
can cause the gas to exhibit two-phase behavior on sudden
decomprescion and thus requires a greater Charpy energy to
arrest propagating pipe fracture. Likewise, pipe that has been
control rolled or quench and tempered may not behave as
indicated by the equations and may also require a greater Charpy
energy to arvest a propagating fracture. Calkculations must be
performed to determine if the decompression exhibits two-phase
behavior, and an assessment must be made as to the applicability
of the arrest equations whete additional toughness is may be
reguired. Otherwise, mechanical crack arvestors [see (3) above]
should be Installed, or the Charpy toughness requirements for
arrest should be verified through expeciments or additional calcu-
lations.

841.111 Limitations on Design Pressure P in
Para. 841.11. The design pressure obtained by the
formula in para. 841.11 shall be reduced to conform
to the following:

{a) P for fumace butt welded pipe shall not exceed
the restrictions of para. 841.11 or 60% of mill test
pressure, whichever is the lesser.

(b} P shall not exceed 85% of the mill test pressure
for all other pipes provided; however, that pipe, mill
tested to a pressure less than 85% of the pressure
required to produce a stress equal to the specified
minimum Yyield, may be retested with a mill type
hydrostatic test or tested in place after installation. In
the event the pipe is retested to a pressure in excess
of the mill test pressure, then P shall not exceed 85%
of the retest pressure rather than the initial mill test
pressure. It is mandatory to use a liquid as the test
medium in all tests in place after installation where
the test pressure exceeds the mill test pressure. This
paragraph is not to be construed to allow an operating
pressure or design pressure in excess of that provided
for by para. 841.11.
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§41.112 Limitations on Specified Minimum
Yield Strength § in Para. 841.11

{a) If the pipe under consideration is not new pipe
purchased under a specification approved and listed in
this Code, the value of § may be determined in accord-
ance with one of the following:

{1} § value for new pipe qualified under para.
$11.221 or 811.222

(2} § value for reuse of steel pipe qualified under
one of the provisions of para. 817.1

3) 8§ value for pipe of unknown specification as
determined by para. 8B17.13(h)

(b) When pipe that has been cold worked for meeting
the specified minimum yield strength is subsequently
heated to a temperature higher than S00°F for any
period of time or over 600°F for more than 1 hr, the
maximum allowable pressure at which it can be used
shall not exceed 75% of the value obtained by use of
the steel pipe design formula given in para. 841.11.

{c) In no case where the Code refers to the specified
minimum value of a mechanical property shall the
higher actual valne of a property be substituted in the
steel pipe design formula given in para. 841.11. If the
actual value is less than the specified minimum value
of a mechanical property, the actual value may be used
where it is permitted by the Code, such as in para.
817.1 regarding the reuse of steel pipe.

841.113 Additional Requirements for Nominal
Wall Thickness ¢ in Para. 841.11

{a} The minimum wall thickness ¢ required for pres-
sure containment as determined by para. 841.11 may
not be adequate for other forces to which the pipeline
may be subjected. {See para. 840.1(a).] Consideration
shall also be given to loading due to transportation or
handling of the pipe during construction, weight of
water during testing, and soil loading and other second-
ary loads during operation. Consideration should also
be given o welding or mechanical joining requirements.
Standard wall thickness, as prescribed in ASME
B36.10M, shall be the least nominal wall thickness
used for threaded and grooved pipe.

(b} Transportation, installation, or repair of pipe shall
not reduce the wall thickness at any point to a thickness
less than 90% of the nominal wall thickness as deter-
mined by para. 841.11 for the design pressure to which
the pipe is to be subjected.

841.114 Design Factors F and Location Classes.
The design factor in Table 841.114A shall be used for
the designated Location Class. All exceptions to basic
design factors to be used in the design formula are
given in Table 841.114B.
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TABLE 841.114A
BASIC DESIGN FACTOR, £

Location Class Design Factor, £
Location Class 1, Division 1 0.80
Location Class 1, Division 2 0.72
Location Class 2 0.60
Location Class 3 0.50
Lacation Class 4 0.40

841.115 The longitdinal joint factor shall be in
accordance with Table 841.115A.

841,116 The temperature derating factor shall be
in accordance with Table 841.116A.,

8341.12 Additional
Instructions

$41.121 Fabricated Assemblies. When fabricated
assemblies, such as connections for separators, main
line valve assemblies, cross connections, river crossing
headers, efc,, are 1o be installed in areas defined in
Location Class 1, a design factor of 0.6 is required
throughout the assembly and for a distance equal to
the lesser of 5 diameters or 10 ft in each direction
beyond the last fitting. A shorter distance may be used
provided that combined stresses are considered in the
design of the installation. Transition pieces at the end
of an assembly and elbows used in place of pipe bends
are not considered fittings under the requirements of
this paragraph. Also see para. 822

841.122 Pipelines or Mains on Bridges. The
design factor for pipelines or mains supported by rail-
road, vehicular, pedestrian, or pipeline bridges shall
be determined in accordance with the Location Class
prescribed for the area in which the bridge is located,
In Location Class 1, however, a design factor of 0.6
shall be used.

Design Information or

841.13 Protection of Pipelines and Mains From
Hazards

{a} When pipelines and mains must be installed
where they will be subject to natural hazards, such as
washouts, floods, unstable soil, landslides, eanthquake-
related events (such as surface faulting, soil liquefaction,
and s0il and slope instability characteristics), or other
conditions that may cause serious movement of, or
abnormal loads on, the pipeline, reasonable precautions
shall be taken to protect the pipeline, such as increasing
the wall thickness, constructing revetments, preventing
erosion, and installing anchors.
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{b) Where pipelines and mains cross areas that are
normally under water or subject to flooding (i.e., lakes,
bays, or swamps), sufficient weight or anchorage shall
be apptied to the line to prevent flotation.

(c) Because submarine crossings may be subject to
washouts due to the natural hazards of changes in the
waterway bed, water velocities, deepening of the chan-
nel, or changing of the channe! location in the waterway,
design consideration shall be given to protecting the
pipeline or main at such crossings. The crossing shall
be located in the more stable bank and bed locations.
The depth of the line, location of the bends installed
in the banks, wall thickness of the pipe, and weighting
of the line shall be selected based on the characteristics
of the waterway.

{d) Where pipelines and mains are exposed, such as
at spans, trestles, and bridge crossings, the pipelines
and mains shall be reasonably protected by distance
or barricades from accidental damage by vehicular
traffic or other causes.

841.14 Cover, Clearance, and Casing
Requirements for Buried Steel Pipelines and Mains

841.141 Cover Requirements for Mains. Buried
maing shall be installed with a cover not less than 24
in. Where this cover provision cannot be met, or where
external loads may be excessive, the main shall be
encased, bridged, or designed to withstand any such
anticipated external loads. Where farming or other
operations might result in deep plowing, in areas subject
to erosion, or in locations where future grading is likely,
such as road, highway, railroad, and ditch crossings,
additional protection shall be provided.

841.142 Cover Requiremenis for Pipelines. Ex-
cept for offshore pipelines, buried pipelines shall be
installed with a cover not less than that shown in the
following table:

Cover, in.
For Rock
Excavation {Note (1)}
Pipe Size Pipe Size
For Normmal NPS 20 and  Larper Than
Location Excavation Smaller NPS 20
Class | 24 12 18
Class 2 30 18 18
Classes 3 and 4 0 24 24
Drainage ditch at 36 24 24

public roads and
railroad crossings
(all locations)

NOTE:
{1} Rock excavation is excavation that requires blasting.
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TABLE 841.114B
DESIGN FACTORS FOR STEEL PIPE CONSTRUCTION
Location Class
1
Facility Div. 1 Div. 2 2 3 4

Pipelines, mains, and service lines [see para, 840.2(b)] 0.80 0.72 0.60 0.50 0.40
Crossings of roads, railroads without casing:

{a) Private roads 0.80 0.72 0.60 ¢.50 Q.40

{b) Unimproved public roads 0.60 0.60 0.60 0.50 0.40

{c) Roads, highways, or public streets, with hard surface and railroads 0.60 0.60 0.50 0.50 0.40
Crossings of roads, railroads with casing:

(a) Private roads 0.80 0.72 0.60 0.50 0,440

() Unimproved public roads 072 0.72 0.60 0.50 .40

{¢) Roads, highways, or public streets, with hard surface and railroads 072 0.72 .60 Q.50 0.4¢
Parallel encrpachment of pipslines and mains on roads and railroads:

{a) Private roads 0.80 0,72 0.60 0.50 0.40

{b) Unimproved public reads 0.80 0.72 0.640 0.5Q 0.40

(¢} Roads, highways, or public streets, with hard surface and railroads 0.60 0.60 0.60 0.5Q 0.40
Fabiricated assemblies (see para. 841.121) 0.60 .60 0.60 0.50 0.40
Pipelines on bridges {see para. 841.122) 0.60 0.60 0.60 0.50 0.40
Compressor station piping 0.50 0.50 0.50 0.50 0.40
Near concentration of people in Location Classes 1 and 2 {see para. 840.3(h)] Q.50 0.50 0.50 0.50 0.40

Where these cover provisions cannot be met or where
exiernal loads may be excessive, the pipeline shall be
encased, bridged, or designed to withstand any such
anticipated external loads. In areas where farming or
other operations might result in deep plowing, in areas
subject to erosion, or in locations where future grading
is likely, such as at roads, highways, railroad crossings,
and ditch crossings, additional protection shall be pro-
vided.

841.143 Clearance Beiween Pipelines or Mains
and Other Underground Structures

{a} There shall be at least 6 in. of clearance wherever
possible between any buried pipeline and any other
underground structure not used in conjunction with
the pipeline. When such clearance cannot be attained,
precautions to protect the pipe shall be taken, such
as the installation of casing, bridging, or insulating
material.

{b} There shall be at least 2 in. of clearance whervever
possible between any buried gas main and any other
underground structure not used in conjunction with
the main. When such clearance cannot be attained,
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precautions to protect the main shall be taken, such
as the instaltation of insulating material or casing.

$41.144 Casing Requirements Under Railroads,
Highways, Roads, or Streets. Casings shall be designed
to withstand the superimposed loads. Where there is
a possibility of water entering the casing, the ends of
the casing shall be sealed. If the end sealing is of a
type that will retain the maximum allowable operating
pressure of the carrier pipe, the casing shall be designed
for this pressure and at least to the design factor of
0.72. Venting of sealed casings is not mandatory;
however, if vents are installed they should be protected
from the weather to prevent water from entering the
casing. (Requirements for crossings within casing of
railroads and highways are shown in Table 841.114B.)

841.15
841.114B.

Design factors are summarized in Table

$41.2 Installation of Steel Pipelines and Mains

841.21 Construction Specifications. All constnic-
tion work performed on piping systems in accordance



STD-ASME B31.8-ENGL 1999 HB 0759670 0LL7095 473 WA

ASME B31.8-1999 Edition

TABLE 841.115A
LONGITUDINAL JOINT FACTOR, £

Spec. No. Pipe Class E Factor
ASTM A 53 Seamiess 1.00
Electric Resistance Welded 1L.00
Furnace Butt Welded: Continuous Weld 0.60
ASTM A 106 Seamiess L.00
ASTM & 134 Electric Fusion Arc Welded .80
ASTM A 135 Electric Resistance Welded 1.00
ASTM A 139 Electric Fusion Welded .80
ASTM A 211  Spirat Weided Steel Pipe 0.80
ASTM A 333 Seamless 1.00
Electric Resistance Welded 1.00
ASTM A 381 Double Submerged-Arc-Welded 1.00
ASTM A 671 Electric Fusion Welded
Classes 13, 23, 33, 43, 53 0.80
Classes 12, 22, 32, 42, 52 1.00
ASTM A 672 Electric Fusion Welded
Classes 13, 23, 33, 43, 53 0.80
Classes 12, 22, 32, 42, 52 1.00
APL sL Seamless 1.00
Electric Resistance Welded 1.00
Electric Flash Welded 1.00
Submerged Arc Welded 1.00
Furnace Butt Welded 0.60

GENERAL NOTE: Definitions for the various classes of welded pipe
are given in para. 804,243,

TABLE 841.116A
TEMPERATURE DERATING FACTOR, 7,
FOR STEEL PIPE

Tamperature Derating

Temperature, °F Factor, T
250 or less 1.000
100 0.967
350 0.933
400 0.900
450 0.867

GENERAL NOTE: For intermediate temperatures, interpolate for
derating factor.

with the requirements of this Code shall be done under
construction specifications. The construction specifica-
tions shall cover all phases of the work and shall
be in sufficient detail to cover the requirements of
this Code,

841.22 Inspection Provisions

841.221 The operating company shall provide
suitable inspection. Inspectors shall be qualified either
by experience or training. The inspector shall have the
authority to order the repair or removal and replacement
of any component found that fails to meet the standards
of this Code.
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841,222 The installation inspection provisions for
pipelines and other facilities to operate at hoop stresses
of 20% or more of the specified minimum yield strength
shali be adequate to make possible at least the following
inspections at sufficiently frequent intervals to ensure
good quality of workmanship.

(a} Inspect the surface of the pipe for serious surface
defects just prior to the coating operation. [See para.
841.242(a).]

(b} Inspect the surface of the pipe coating as it is
lowered into the ditch to find coating lacerations that

indicate the pipe might have been damaged after being
coated,

(c) Inspect the fitup of the joints before the weld
is made.

{d) Visually inspect the stringer beads before subse-
quent beads are applied.

(e} Inspect the completed welds before they are
covered with coating.

() Inspect the condition of the ditch bottom just
before the pipe is lowered in, except for offshore
pipelines.

{2} Inspect the fit of the pipe to the ditch before
backfilling, except for offshore pipelines.

{h) Inspect all repairs, replacements, or changes or-
dered before they are covered.

(i) Perform such special tests and inspections as are
required by the specifications, such as nondestructive
testing of welds and electrical testing of the protective
coating.

{7} Inspect backfill material prior o use and observe
backfill procedure to ensure no damage occurs to the
coating in the process of backfilling.

841.23 Bends, Elbows, and Miters in Steel
Pipelines and Mains. Changes in direction may be
made by the use of bends, elbows, or miters under
the limitations noted below.

841.231

(a} A bend shall be free from buckling, cracks, or
other evidence of mechanical damage.

(b} The maximum degree of bending on a field cold
bend may be determined by either method in the
table below. The first column expresses the maximum
deflection in an arc length equal to the nominal outside
diameter, and the second column expresses the minimum
radius as a function of the nominal outside diameter.
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Deflection of Minimum Radius of
Nominal Longitudinal Axis, Bend in Pipe Diamelers
Pipe Size deg [see 841.231{c)]
Smaller than 12 841.231(d) 18D
12 32 18D
14 27 20
16 24 24D
13 21 21D
20 and larger 1o on

{c) A field cold bend may be made to a shorter
minimum radius than permitted in (b) above, provided
the completed bend meets all other requirements of
this section, and the wall thickness after bending is
not less than the minimum permitted by para. 841.11,
This may be demonstrated through appropriate testing.

fd) For pipe smaller than NPS 12, the requirements
of (a) above must be met, and the wall thickness after
bending shall not be less than the minimum permitted
by para. 841.11. This may be demonstrated through
appropriate testing.

{e) Except for offshore pipelines, when a circumfer-
ential weld occurs in a bend section, it shall be subjected
to radiography examination after bending.

{f Hot bends made on cold worked or heat treated
pipe shall be designed for lower stress levels in accord-
ance with para. 841.112(b).

{g} Wrinkle bends shall be permitted only on systems
operating at Jess than 30% of the specified minimum
yield strength. When wrinkle bends are made in welded
pipe, the longitudinal weld shall be located as near to
90 deg with the top of the wrinkle as conditions will
permnit. Wrinkle bends with sharp kinks shall not be
permitted. Wrinkles shall have a spacing not less than
the distance equal to the diameter of the pipe measured
along the crotch. On pipe NPS 16 and larger, the
wrinkle shall not produce an angle of more than 1%
deg per wrinkle.

841.232 Mitered bends are permitted provided
the following limitations are met:

fa} In systems intended to operate at 40% or more
of the specified minimum yield strength, mitered bends
are not permitted. Deflections caused by misalignment
up to 3 deg are not considered as miters.

(b) In systems intended to operate at 10% or more
but less than 40% of the specified minimum yield
strength, the total defiection angle at each miter shall
not exceed 12% deg.

fc) In systems intended to operate at less than 10%
of the specified minimum yield strength, the total
deflection angle at each miter shall not exceed 90 deg,

{d) In systems intended to operate at 10% or more
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of the specified minimum yietd strength, the minimum
distance between miters measured at the croich shall
not be less than one pipe diameter.

{e) Care shall be 1aken in making mitered joints to
provide proper spacing and alignment and full pene-
tration.

841.233 Factory-made, wrought-steel welding el-
bows or transverse segments cut therefrom may be
used for changes in direction, provided that the arc
length measured along the crotch is at least | in, on
pipe sizes NPS 2 and larger.

841.24 Pipe Surface Requirements Applicable to
Pipelines and Mains to Operate at a Hoop Stress
of 20% or More of the Specified Minimum Yield
Strength. Gouges, grooves, and notches have been
found to be an important cause of pipeline failures,
and all harmful defects of this nature must be prevented,
eliminated, or repaired. Precautions shall be taken during
manufacture, hauling, and installation to prevent the
gouging or grooving of pipe.

841.241 Detection of Gonges and Grooves

fa) The field inspection provided on each job shall
be suitable to reduce to an acceptable minimum the
chances that gouged or grooved pipe will get into the
finished pipeline or main. Inspection for this purpose
just ahead of the coating operation and during the
lowering-in and backfill operation is required.

{b) When pipe is coated, inspection shall be made
to determine that the coating machine does not cause
harmful gouges or grooves.

fc) Lacerations of the protective coating shall be
carefully examined prior to the repair of the coating
to determine if the pipe surface has been damaged.

841.242 Field Repair of Gouges and Grooves
¢a) Injurious gouges or grooves shall be removed.
{b) Gouges or grooves may be removed by grinding

to a smooth contour, provided that the resulting wall
thickness is not less than the minimum prescribed by
this Code for the conditions of usage. [See para.
841.113(b).]

{c} When the conditions ouilired in para. 841.242(b)
cannot be met, the damaged portion of pipe shall be
cut out as a cylinder and replaced with a good piece.
[nsert patching is prohibited.

£41.243 Dents
(a) A dent may be defined as a depression that
produces a gross disturbance in the curvature of the
pipe wall (as opposed to a scraich or gouge, which
reduces the pipe wall thickness). The depth of a dent
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shall be measured as the gap between the lowest point
of the dent and a prolongation of the original contour
of the pipe in any direction,

(b) A dent, as defined in para. 841.243(a), which
contains a stress concentrator such as a scraich, gouge,
groove, or arc burn shall be removed by cutting out
the damaged portion of the pipe as a cylinder.

(c) All dents that affect the curvature of the pipe
at the longitadinal weld or any circumferential weld
shall be removed. All dents that exceed a maximum
depth of % in. in pipc NPS 12 and smaller or 2% of
the nominal pipe diameter in all pipe greater than NPS
12 shall not be permitted in pipelines or mains intended
to operate at 40% or more of the specified minimum
yield strength. When dents are removed, the damaged
portion of the pipe shall be cut out as a cylinder. Tnsent
patching and pounding out of the dents is prohibited.

841.244 Notches

(a) Noiches on the pipe surface can be caused by
mechanical damage in manufacture, transportation, han-
dling, or installation, and when determined to be me-
chanically caused, shall be treated the same as gouges
and grooves in para. 841.241.

(b) Stress concentrations that may or may not involve
a geometrical notch may also be created by a process
involving thermal energy in which the pipe surface is
heated sufficiently to change its mechanical or metalluz-
gical properties. These imperfections are termed “metal-
lurgical notches.” Examples include an arc burn pro-
duced by accidental contact with a welding electrode
or a grinding burn produced by excessive force on a
grinding wheel. Metallurgical notches may result in
CVEN more severe streéss concentrations than a mechani-
cal notch and shall be prevented or eliminated in all
pipelines intended to operate at 20% or more of the
specified minimom yield strength,

841.245 Elimination of Arc Burns. The metallur-
gical nowch caused by arc burns shall be removed by
grinding, provided the grinding does not reduce the
remaining wall thickness to less than the minimum
prescribed by this Code for the conditions of use.' In
all other cases, repair is prohibited, and the portion of
pipe comtaining the arc burn must be cut out as a
cylinder and replaced with a good piece. Insert patching
is prohibited. Care shall be exercised to ensure that

' Complete removal of the metallurgical notch created by an arc
burn can be determined as follows: Afier visible evidence of the
arc bum has been removed by grinding, swab the ground area
with a 20% solution of ammonium persulfate. A blackened spot
is evidence of a metallurgical notch and indicates that additional
grinding is necessary.
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the heat of grinding does not produce a metallurgical
notch.

841.25 Miscellaneous Operations Involved in the
Installation of Stee! Pipelines and Mains

841.251 Handling, Hauling, and Stringing, Care
shall be taken in the selection of the handling equipment
and in handling, hauling, unloading, and placing the
pipe so as not to damage the pipe.

841.252 Installation of Pipe in the Ditch. On
pipelines operating at stresses of 20% or more of the
specified minimum yield strength, it is important that
stresses imposed on the pipeline by construction be
minimized. Except for offshore pipelines, the pipe shall
fic the ditch without the use of extermal force to hold
it in place until the backfill is completed. When long
sections of pipe that have been welded alongside the
ditch are lowered in, care shall be exercised so as not
to jerk the pipe or impose any strains that may kink
or put a permanent bend in the pipe. Slack loops are
not prohibited by this paragraph where laying conditions
render their use advisable,

841.253 Backfilling

{a) Backfilling shall be performed in a manner to
provide firm support under the pipe.

(b) If there are large rocks in the material o be
used for backfill, care shall be used to pravent damage
to the ceating by such means as the use of rock shield
material, or by making the initial fill with rock-free
material sufficient to prevent damage.

{c) Where the irench is flooded to consolidate the
backfill, care shall be exercised to see that the pipe is
not floated from its firm bearing on the trench bottom,

841.26 Hot Taps. All hot taps shall be installed by
trained and experienced crews.

841.27 Precautions to Avoid Explosions of Gas—
Air Mixtures or Uncontrolled Fires During
Construction Operations

841.271 Operations such as gas or electric welding
and cutting with cutting torches can be safely performed
on pipelines, mains, and auxiliary equipment, provided
that they are completely full of gas or of air that is
free from combustible material. Steps shall be taken
to prevent a mixture of gas and air at all points where
such operations are to be performed.

841.272 When a pipeline or main can be kept
full of gas during a welding or cutting operation, the
following procedures are recommended:
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{a) Keep a slight flow of gas moving toward the
point where cutting ot welding is being done.

(b} Control the gas pressure at the site of the work
by a suitable means.

fc) After a cut is made, immediately close all slots
or open ends with tape, tightly fitted canvas, or other
suitable materials.

{d} Do not permit two openings to remain uncovered
at the same time. This is doubly important if the two
openings are at different elevations.

841.273 Welding, cutting, or other operations that
could be a source of ignition shall not be done on a
pipeline, main, or auxiliary apparatus that contains air,
if it és connected to a source of gas, unless a suitable
means has been provided to prevent the formation of
an explosive mixture in the work area.

841.274 In situations where welding or cutting
must be done on facilities that are filled with air and
connected to a source of gas, and the precautions
recommended above cannot be taken, one or more of
the following precautions, depending on circumstances
at the jobsite, are suggested:

{a) purging of the pipe or equipment wpon which
welding or culting is o be done with an inert gas or
continuous purging with air in such a manner that a
combustible mixture does not form in the facility at
the work area

{(b) testing of the atmosphere in the vicinity of the
zone to be heated before the work is started and at
intervals as the work progresses with a combustible
gas indicator or by other suitable means

(c) careful verification before and during the work
ensuring that the valves that isolate the work from a
source of gas do not leak.

841.275 Purging of Pipelines and Mains
{a) When a pipeline or main is 1o be placed in
service, the air in it shall be displaced. The following
are some acceptable methods:

) Introduce a moderately rapid and continuous
flow of gas into one end of the line and vent the air
out the other end. The gas flow shatl be continued
without interruption until the vented gas is free of air.

{2) If the vent is in a location where the release
of gas into the atmosphere may cause a hazardous
condition, then a slug of inert gas shall be introduced
between the gas and air. The gas flow shall then be
continued without interruption until afl of the air and
inert gas have been removed from the facility. The
vented gases shall be monitored and the vent shall be
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closed before any substantial quantity of combustible
gas is released to the atmosphere.

(b) In cases where gas in a pipeline or main is to
be displaced with air and the rate at which air can be
supplied to the line is too small to make a procedure
similar to but the reverse of that described in (a) above
feasible, a slug of inert gas should be introduced to
prevent the formation of an explosive mixture at the
interface between gas and air. Nitrogen or carbon
dioxide can be used for this purpose.

(c) If a pipeline or main containing gas is to be
removed, the operation may be carried out in accordance
with para, 841.272, or the line may be first disconnected
from all sources of gas and then thoroughly purged
with air, water, or inert gas before any further cuding
or welding is done.

(d) If a gas pipeline, main, or auxiliary equipment
is to be filled with air after having been in service
and there is a reasonable possibility that the inside
surfaces of the facility are wetted with volatile inflam-
mable liguid, or if such liquids might have accumulated
in low places, purging procedures designed to meet
this situation shall be used. Steaming of the facility
until alt combustible liquids have been evaporated and
swept out is recommended. Filling of the facility with
an inert gas and keeping it full of such gas during the
progress of any work that might ignite an explosive
mixture in the facility is an alternative recommendation.
The possibility of striking static sparks within the
facility must not be overlooked as a possible source
of ignition.

841.276 Whenever the accidental ignition in the
open air of gas-air mixture might be likely to cause
personal injury or property damage, precautions shall
be taken. For example:

(a} Prohibit smoking and open flames in the area.

(#) Install a metallic bond around the location of
cuts in gas pipes to be made by means other than
cutting torches. _

(c} Take precautions 10 prevent static electricity
sparks.

(d) Provide a fire extinguisher of appropriate size
and type, in accordance with ANSI/NFPA 10.

841.3 Testing After Construction

841.31 General Provisions. All piping systems shall
be tested after comstruction to the requirements of
this Code except for pretested fabricated assemblies,
pretested tie-in sections, and tie-in connections.
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The circumferential welds of welded tie-in connec-
tions not pressure tested after construction shall be
inspected by radiographic or other accepted nondestruc-
tive methods in accordance with para. 826.2.

Nonwelded tie-in connections not pressure tested
after construction shall be leak tested at not less than
the pressure available when the tie-in is placed into
service.

841.32 Test Required to Prove Strength of
Pipelines and Mains to Operate at Hoop Stresses
of 30% or More of the Specified Minimum Yield
Strength of the Pipe

841.321 All pipelines and mains to be operated
at a hoop stress of 30% or more of the specified
minimum yield strength of the pipe shall be given a
test for at least 2 hr 1o prove strength after construction
and before being placed in operation,

841.322 Location Classes 1-4

fa) Pipelines located in Location Class 1, Division
1 shall be tested hydrostatically to 1.25 times design
pressure if the maximum operating pressure is greater
than 72% SMYS. (See para. 841.36.)

{b) Pipelines located in Location Class I, Division
2 shall be tested either with air or gas to 1.1 times
the maximum operating pressure or hydrostatically to
at least 1.1 times the maximum operating pressure if
the maximum operating pressure is 72% SMYS or less,
{See para. 841.36.)

{c) Pipelines and mains in Location Class 2 shall
be tested either with air to .25 times the maximum
operating pressure or hydrostatically to at least 1.25
times the maximum operating pressure. (See para.
341.36.)

(d) Pipelines and mains in Location Classes 3 and
4 shall be tested hydrostatically to a pressure not less
than 1.4 times the maximum operating pressure. This
requirement does not apply if, at the time the pipeline
or main is first ready for test, one or both of the
following conditions exist;

{1) The ground temperature at pipe depth is 32°F
or less, or might fall o that temperawre before the
hydrostatic test could be completed, or

(2) Water of satisfactory quality is not available
in sufficient quaniity.

In such cases an air test to 1.1 times the maximum
operating pressure shall be made, and the limitations
on operating pressusre imposed by Table 841.322(f) do
not apply.

fe) The test requirement given in paras. 841.322(a),
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(b), (c), and (d) are summarized in Table 841.322(f.
(See also para. 816.)

() In selecting the test level, the designer or op-
erating company should be aware of the provisions of
para. 854 and the relationship between test pressure
and operating pressure when the pipeline experiences
a future increase in the number of dwellings intended
for human occupancy.

841.323 Other provisions of this Code notwith-
standing, pipelines and mains crossing highways and
railroads may be tested in each case in the same manner
and to the same pressure as the pipeline on each side
of the crossing.

841.324 Other provisions of this Code notwith-
standing, fabricated assemblies, including main line
valve assemblies, cross connections, river ¢rossing head-
ers, etc., installed in pipelines in Location Class 1 and
designed in accordance with a design factor of 0.60
as required in para. 841.121, may be tested as required
for Location Class 1.

841.325 Notwithstanding the limitations on air
testing imposed on para. 841.322(d), air testing may
be used in Location Classes 3 and 4, provided that all
of the following conditions apply:

{a) The maximum hoop stress during the test is less
than 50% of the specified minimum vield strength in
Location Class 3, and less than 40% of the specified
minimum yield strength in Location Class 4.

(b) The maximum pressure at which the pipeline or
main is to be operated does not exceed 80% of the
maximum field test pressure vsed.

{c) The pipe involved is new pipe having a longitudi-
nal joint factor, £, in Table 841.115A of 1.00.

841.326 Records. The operating company shall
maintain in its file for the useful life of each pipeline
and main, records showing the procedures used and the
data developed in establishing its maximum allowable
operating pressure.

841.33 Tests Required to Prove Strength for
Pipelines and Mains to Operate at Less Than 30%
of the Specified Minimum Yield Strength of the
Pipe, but in Excess of 100 psi. Steel piping that is
to operate at stresses less than 30% of the specified
minimum yield strength in Class | Locations shall at
least be tested in accordance with para. 841,34, In
Class 2, 3, and 4 Locations, such piping shall be tested
in accordance with Table 841.322(f), except that gas
or air may be used as the test medium within the
maximum limits set in Table 841.33.
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TABLE 841.322(f)
TEST REQUIREMENTS FOR PIPELINES AND MAINS TO OPERATE AT HOOP STRESSES OF 30%
OR MORE OF THE SPECIFIED MINIMUM YIELD STRENGTH OF THE PIPE

1 2 3 q 5
Pressure Test Prescribed Maximum Aliowable
Location Permissible Qperating Pressure,
Class Test Fluid Minimum Maximum the Lesser of
1 Water 1.25 x m.o.p. Nane tp. + 1.25
Division 1
1 Water 1.1 x m.0.p. None tp. + 11
Division 2 Air 1.1 x m.o.p. 1.1 = d.p. or d.p.
Gas 1.1 x mo.p. 1.1 x d.p.
2 Water 1.25 x m.o.p. None tp. + 1.25
Alr 1.25 x m.a.p. 1.25 x dp. or d.p.
3and 4 Water 1.40 ¥ m.o.p. None or d.p. tp. + 1.40
[Nate (1)1 or d.p.
d.p. = design pressure
m.o.p. = maximum aperating pressure (not necessarily the maximum allowable operating pressure)
t.p. = test pressure

GENERAL NOTE: This Table defines the relationship between test pressures and maximum allowable operating pressures subsequent to the
test. If an operating company decides that the maximum operating pressure will be less than the design pressure, a corresponding reduction in
prescribed test pressure may be made as indicated in the Pressure Test Prescried, Minimum, column. If this reduced test pressure is used,
however, the maximum operating pressure cannot fater be raised to the design pressure without retesting the line to the test pressure prescribed
in the Pressure Test Prescribed, Maximum, columin. See paras. 805.214, 845.213, and 845.214.

NQTE:
(1) For exceptions, see para. 841.322(d).

TABLE 841.33
MAXIMUM HOOP STRESS PERMISSIBLE
DURING TEST

Class Location,
% of Specified
Minimum Yield Strength
Test Medium 2 3 4
Air 75 50 40
Gas 30 30 30

841.34 Leak Tests for Pipelines or Mains to
Operate at 100 psi or More

841.341 Each pipeline and main shall be tested
after construction and before being placed in operation
to demonstrate that it does not leak. If the test indicates
that a leak exists, the leak or leaks shall be located
and eliminated, unless it can be determined that no
undue hazard to public safety exists.

841.342 The test procedure used shall be capable
of disclosing all leaks in the section being tested and

shal! be selected after giving due consideration to the
velumetric content of the section and 1o its location.
This requires the exercise of responsible and experienced
judgement, rather than numerical precision.

841.343 In all cases where a line is to be stressed
in a strength proof test to 20% or more of the specified
minimum yield strength of the pipe, and gas or air is
the test medium, a leak test shall be made at a pressure
in the range from 100 psi to that required to produce
a hoop stress of 20% of the minimum specified yield,
or the line shall be walked while the hoop stress is held
at approximately 20% of the specified minimum yield.

84135 Leak Tests for Pipelines and Mains to
Operate at Less Than 100 psi

841.351 Each pipeline, main, and related equip-
ment that will operate at less than 100 psi shall be
tested after construction and before being placed in
operation to demonstrate that it does not leak.

841.352 Gas may be uased as the test medivm
at the maximum pressure available in the distribution
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system at the time of the test. In this case, the soap
bubble test may be used to locate leaks if all joints
are accessible during the test,

841.353 Testing at available distribution system
pressures as provided for in para. 841.352 may not be
adequate if substantial protective coatings are used that
would seal a split pipe seam. If such coatings are used,
the leak test pressure shall be 100 psi.

841.36 Safety During Tests. All testing of pipelines
and mains after construction shall be done with due
regard for the safety of employees and the public during
the test. When air or gas is used, suitable steps shall
be taken to keep persons not working on the testing
operations out of the testing area when the hoop stress
is first raised from 50% of the specified minimum yield
to the maximum test stress, and until the pressure is
reduced to the maximum operating pressure.

841.4 Commissioning of Facilities

84141 General. Written procedures shall be estab-
lished for commissioning. Procedures shall consider the
characteristics of the gas to be transported, the need
1o isolate the pipeline from other connected facilities,
and the transfer of the constructed pipeline to those
responsible for its operation.

Commissioning procedures, devices, and fluids shail
be selected to ensure that nothing is introduced into
the pipeline system that will be incompatible with the
gas to be transported, or with the materials in the
pipeline components,

841.42 Cleaning and Drying Procedures. Consider-
ation shall be given to the need for cleaning and drying
the pipe and its components beyond that required for
removal of the test medium.

841.43 Functional Testing of Equipment and Sys-
tems, As a pan of commissioning, all pipeline and
compressor station monitor and control equipment and
systems shall be fully function-tested, especially includ-
ing safety systems such as pig trap interlocks, pressure
and flow-monitoring systems, and emergency pipeline
shut-down systems. Consideration should also be given
to performing a final test of pipeline valves before the
gas is introduced to ensure that each valve is operating
correctly.

841.44 Start-Up Procedures and Introduction of
Transported Gas. Written start-up procedures shall be
prepared before introducing the transported gas into
the system and shall require the following:
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(a) the sysiem be mechanically complete and opera-
tional

(b) all functional tests be performed and accepted

(c) all necessary safety systems be operational

(d) operating procedures be available

{¢) a communications system be established

{f) transfer of the completed pipeline system to those
responsible for its operation

841.45 Documentation and Records. The following
commissioning records shatl be maintained as permanent
records:

{a) cleaning and drying procedures

{b) cleaning and drying results

{c} function-testing records of pipeline monitoring

{d} control equipment systems

(e) completed prestart checklist

842 OTHER MATERIALS

842.2 Ductile Iron Piping Systems Requirements

842.21 Ductile Iron Pipe Design

842.211 Determination of Required Wal} Thick-
ness, Ductile iron pipe shall be designed in accordance
with the methods set forth in ANSVAWWA C150/
A21.50.

842.212 Allowable Values of 5 and f. The values
of design hoop stress s and design bending stress f at
the bottom of the pipe, to be used in the equations
given in ANSVAWWA C150/A2].50, are

5 = 16,800 psi
[ = 36,000 psi

842.213 Standard Ductile Iron Strength and
Conformance to ANSI A21.5.2. Ductile iron pipe
shall be (60-42-10) grade and shall conform to all
requirements of ANSI A21.5.2. Grade (60-42-10) ductile
iron has the following mechanical properties:

Minimum tensile strength 60,000 psi
Minimum yiel strength 42,000 psi
Minimum elongation 0%

842.214 Allowahle Thickness for Ductile Eron
Pipe. The least ductile iron pipe thickness permitted
are the lightest standard class for each nominal pipe size
as shown in ANSI A21.52. Standard wall thicknesses for
250 psi maximum working pressure and standard laying
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TABLE 842.214
STANDARD THICKNESS SELECTION TABLE FOR DUCTILE IRON PIPE
Thickness, in.
Depth of Cover, ft
Nomiral Laying
Pipe Size Condition 21, 3, 5 8 12 16 20 24
3 A 0.28 0.28 0.28 D.28 0.28 0.28 0.28 0.28
B 0.28 0.28 Q.28 0.28 0.28 0.28 Q.28 0.28
q A Q.29 0.29 0.2% 0.29 3.29 .29 0.29 0.29
B 0.29 0.29 Q.29 0.29 0.29 .29 0.29 0.29
-] A Q.31 Q.31 0.31 0,321 0.31 0.31 0.31 0.31
B 0.31 0.31 0.31 0.31 0.3 .31 .31 0.31
8 A 0.33 .33 0.33 Q.33 0.33 0.33 0.33 0.33
B .33 0.33 0.33 0.33 0.33 0.33 0.33 0.33
10 A ©.35 0.35 Q.35 0.35 0.35 0.35 0.38 0.38
B 0.35 0.35 Q.35 0.35 0.35 0.35 0.38 0.38
12 A 0.37 0.37 0.37 0.37 0.37 0.37 0.40 G.43
B 0.37 0.37 Q.37 0.37 0.37 0.37 .40 .40
14 A 0.36 0.36 0.36 0.36 Q.39 0.42 0.45 Q.45
B 0.36 0.36 0.36 0.36 Q.36 0.42 Q.42 0.45
16 A 0.3? 0.37 0.37 0.37 0.40 0.43 046 0.49
e 0.37 0.37 0.37 Q.37 0.40 0.43 0.46 ) 0.49
18 A 0.38 .38 0.38 0.38 0.41 0.47 0.50 0.53
B 0.38 Q.38 0.38 Q.38 0.41 0.44 0.47 0.53
20 A 0.39 0.39 .39 0.39 .45 0.45 0.54 Ve
B 0.39 0.3%9 0.39 0.39 0.42 0.48 .51
24 A 0.44 0.41 0.41 0.44 0.50 0.56
B 0.31 0.41 0.41 0.41 0.47 .53

GENERAL NOTES:

{a) This Table is taken from ANST A21.52.
{b)
{c)
)
{e}
if)

@

For the basis of design, see ANSVAWWA £150/421.50.

"ANSE AZ21.52.

conditions at several depths of cover are shown in
Table 842.214.

842.215 Ductile Iron Pipe Joints

(a} Mechanical Joints. Ductile iron pipe with me-
chanical joints shall conform to the requirements of
ANSI A21.5.2 and ANSVAWWA CIL11I/A21.11. Me-
chanical joints shall be assembied in accordance with
“Notes on [nstallation of Mechanical Joints” in ANSI/
AWWA Cl11/A21.11.

(b) Other Joints. Ductile iron pipe may be furnished
with other types of joints provided they are properly

42

Laying Condition A: flat-botiom trench without blocks, untamped backfill.

Laying Condition B: flat-bottom trench without blocks, tamped backfill.

The thicknesses in this Table are equal to or in excess of those required to withstand 250 psi working pressure.

All thicknesses shown in this Table for the depths of cover indicated are adequate for trench loads including truck superloads.

Thread engagement in taps for service connections and bag holes may require consideration in selecting pipe thicknesses, See Appendix of

qualified and meet the appropriate provisions of this
Code. Such joints shall be assembled in accordance
with applicable standards or in accordance with the
manofacturer’s written recommendations.

(¢) Threaded Joints. The use of threaded joints to
couple lengths of ductile iron pipe is not recommended.

842.22 Installation of Ductile Iron Pipe

842.221 Laying. Ductile iron pipe shail be laid
in accordance with the applicable field conditions de-
scribed in ANS/AWWA C150/A21.50.
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842.222 Underground ductile iron pipe shall be
installed with a minimum cover of 24 in. unless pre-
vented by other underground structures. Where sufficient
cover cannot be provided to protect the pipe from
external loads or damage and the pipe is not designed
to withstand such external loads, the pipe shall be
cased or bridged to protect the pipe.

842.223 Joint Restraint. Suitable hamessing or
buttressing shall be provided at points where the main
deviates from a straight line and the thrust, if not
restrained, would separate the joints.

842.224 Making Ductile Iron Field Joints. Dugc-
tile iron pipe joints shall conform to para. 842.215 and
shall be assembled according to recognized American
National Standards or in accordance with the manufac-
turer’s written recommendations.

842.23 Testing Ductile Iron Field Joints. Ductile
iron pipe joints shall be leak tested in accordance with
para. 841.34 or 841.35,

8423 Design of Plastic Piping

General Provisions. The design requirements of this
section are intended to limit the use of plastic piping
primarily to mains and service lines in typical distribu-
tion systems operating at a pressure of 100 psi or less.
For other applications in Class 1 or 2 locations, plastic
piping may be used within the limitations prescribed
in this Code.

842.31 Plastic Pipe and Tubing Design Formula.
The design pressure for plastic gas piping systems or
the nominal wall thickness for a given design pressure
(subject to the limitations in para. 842.32) shall be
determined by the following formula:

i

P =255 X032
where
D = specified outside diameter, in.
P = design pressure, psig
§ = for thermoplastic pipe and tubing, long-term

hydrostatic strength determined in accordance
with the listed specification at a temperature
equal to 73°F, 100°F, 120°F, or 140°F; for
reinforced thermosetting plastic pipe. use
11,000 psi

specified wall thickness, in.
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NOTE: Long-term hydrostatic strength at 73°F for the plastic materials
whose specifications are incorporated by reference herein are given
in Appendix D.

842.32 Thermoplastic Design Limitations

fa) The design pressure shall not exceed 100 psig.

{b) Thermoplastic pipe, wbing, and fittings shall not
be used where the operating temperatures of the materi-
als will be

{1} below =20°F; or

{2) above the temperature at which the long-term
hydrostatic strength used in the design formula in para.
842.31 is determined, except that in no case shall the
temperature ¢xceed 140°F.

{c) The value of ¢ for thermoplastic pipe shall not
be less than that shown in Table 842.32(c).

(d) The value of ¢ for thermoplastic tubing shall not
be less than 0.062 in.

(e) For saddle type service connections made by
heat fusion techniques, it may be necessary for some
materials, which are intended for use at high operating
pressures, to require a heavier wall thickness than
defined by the pressure design formula for sizes 2 in.
and smaller. Manufacturers of the specific pipe material
should be contacted for recommendations or a qualified
procedure shall be used.

84233 Reinforced Thermosetting Plastic Design
Limitations

{a) The value of P for reinforced thermoselting
plastic mains and service lines in distribution systems
in all class locations and for other applications in Class
3 and 4 Jocations shall not exceed 100 psig.

(b} Reinforced thermosetting plastic pipe and fittings
shall not be used where operating temperatures will
be below -20°F or above 150°F.

{c) The value of ¢ for reinforced thermosetting plastic
pipe shall not be less than that shown in Table 842.33(c).

842.34 Design Pressure of Plastic Fittings. The
maximum pressure rating for fittings shall be the same
value as the maximum design pressure of the corves-
ponding pipe size and wall thickness as indicated in
the referenced standard for the fittings and as determined
in paras. 842.31 and 842.32. The manufacturer should
be consulted for advice on maximum pressure ratings
for fittings not covered by referenced standards.

842.35 Valves in Plastic Piping

842351 Valves in plastic piping may be made of
any suitable material and design permitted by this Code.
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842.352-842.392
TABLE 842.32(c)
WALL THICKNESS AND STANDARD DIMENSION RATIO FOR
THERMOPLASTIC PIPE
Minimum Walt Thickness, in.

Nominal Gutside

Pipe Diameter, Standard Dimension Ratio, R

Size in. 26 21 17 135 11

Yy 0.84G 0.062 0.062 0.062 0.062 0.076
Y 1.05¢ 0.090 0.090 0.090 0.090 0.095
1 1.315 0.090 0.090 0.090 0.097 0.119
1Y, 1.660 0.090 0.09C 0.096 0.123 0.151
1 1.660 0.090 0.090 0.112 0.141 0.173
2 2.375 0.091 0.113 0.140 0.176 0.216
2 2.875 0.110 0.137 0.169 0.213
3 3.500 0.135 0.167 0.206 0.259
3l 4.000 0.154 0.19¢ 0.236 0.29¢
4 4.500 0.173 0.214 0.264 0.333
5 5.563 0.224 0.265 0.328 0.413
6 6.625 0.255 0.316 0.390 0.491

GENERAL NOTES:

(a} Standard Dimension Ratio. The Standard Dimension Ratio System enables the user to select a number of different sizes of pipe for a piping
system, all of which will have the same design pressure, When plastic materials of the same design strengths are used, the same Standard
Dimension Ratio may be used for all sizes of pipe instead of calculating a value of ¢ for each size.

(b} Wall thickness above the line are minimum values and are not a function of the Standard Dimension Ratio.

- TABLE B842.33(c)
DIAMETER AND WALL THICKNESS FOR
REINFORCED THERMOSETTING PLASYIC PIPE

Minimum
Nominal - Pipe Qutside Diameter, Thickness,
Size in. in.
2 2.375 0.060
3 3,500 0.060
4 4.500 0.070
-3 6.625 0.100

842,352 Valve installations in plastic piping shall
be so designed as to protect the plastic material against
excessive torsional ot shearing loads when the valve
or shutoff is operated, and from any other secondary
stresses that might be exerted through the valve or its
enclosure.

842.36 Protection From Hazards. Plastic piping
shall conform to the applicable provisions of para.
841.13.

842.37 Cover and Casing Requirements Under
Rallroads, Roads, Streets, or Highways. Plastic piping
shall conform to the applicable requirements of paras.

841,141 and 841.144, Where plastic piping must be
cased or bridged, suitable precautions shall be taken
to prevent crushing or shearing of the piping. (See also
para. 842.43.)

842.38 Clearance Between Mains and Other Un-
derground Structures. Plastic piping shall conform to
the applicable provisions of para. 841.143. Sufficient
clearance shall be maintained between plastic piping
and steam, hot water, or power lines and other sources
of heat 10 prevent operaling temperatures in cxcess of
the limitations of para. 842.32(b) or 842.33(b}.

842.39 Plastic Pipe and Tubing Joints and
Connections

842.391 General Provisions. Plastic pipe, tubing,
and fitings may be joined by the solvent cement
method, adhesive method, heat-fusion method, or by
means of compression couplings or flanges. The method
used must be compatible with the materials being
joined. The recommendations of the manufacturer shall
be considered when determining the method to be used.

842.392 Joint Requirements
{a) Pipe or tubing shall not be threaded.
(bj Solvent cement joints, adhesive joints, and heat-
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fusion joints shall be made in accordance with qualified
procedures that have been established and proven by
test to produce gas-tight joints at least as strong as
the pipe or tubing being joined.

(c} Joints shall be made by personnel qualified by
training or expericnce in the proper procedures required
for the type of joint involved.

{d) Solvent cement or heat-fusion joints shall be
used only when joining components made of the same
thermoplastic materials,

{e) Heat-fusion or mechanical joints shall be used
when joining polyethylene pipe, wbing, or fittings.
Polyethylene components made of different grades of
materials may be heat-fused provided that properly
qualified procedures for joining the specific components
are used. Any combination of PE 2306, PE 3306, and
PE 3406 materials may be joined by heat fusion.

(f) Flanges or special joints may be used provided
they are properly qualified and used in accordance with
the appropriate provisions of this Code.

842.393 Solvent Cement Joints

{a) Square cut ends free of burrs are required for
a proper socket joint.

{b) Proper fit between the pipe or tubing and mating
sacket or sleeve is essential to a good joint. Sound
joints cannot normally be made between loose or very
tight fitting components.

(¢) The mating surfaces must be clean, dry, and free
of material that might be deterimental io the joint,

(d} Solvent cemenis that conform to ASTM D 25(3
and are recommended by the pipe or tubing manufac-
turer shall be used to make cemented joints.

{e) A uniform coating of the solvent cement is
required on both mating surfaces. After the joint is
made, excess cement shall be removed from the outside
of the joint. The joint shall not be disturbed umtil it
has properly set.

(/) The solvent cement and piping components to
be joined may be conditioned prior to assembly by
warming if done in accordance with the manufacturer’s
recommendations.

{g) A solvent cement joint shall not be heated to
accelerate the setting of the cement.

(h) Safety requirements in Appendix A of ASTM D
2513 shall be followed when solvent cements are used.

842.394 Heat-Fusion Joints
fa) Sound butt heat-fusion joints require the use of
a jointing device that holds the heater element square
to the ends of the piping, can compress the heated
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ends together, and holds the piping in proper alignment
while the plastic hardens.

{b) Sound socket heat-fusion joints require the use
of a jointing device that heats the wmating surfaces of
the joint uniformly and simaltanecusly to essentially
the same temperature. The completed joint must not
be disturbed until properly set.

{¢) Care must be used in the heating operation to
prevent damage to the plastic material from overheating
or having the material not sufficiently heated to ensure
a sound joint. Direct application of heat with a torch
or other opea flame is prohibited.

(d) When connecting saddle-type fittings to pipe NPS
2 and smaller, see para. 842.32(e) to minimize the
possibility of failures.

842.395 Adhesive Joints

{a) Adhesives that conform to ASTM D 2517 and
are recommended by the pipe, tubing, or fitting manufac-
turer shall be used to make adhesive bonded joints.

(b} When dissimilar materials are bonded together,
a through investigation shall be made to determine that
the materials and adhesive used are compatible with
each other.

fc} An adhesive bonded joint may be heated in
accordance with the pipe manufacturer’s recommenda-
tion to accelerate cure.

(d) Provisions shall be made to clamp or otherwise
prevent the joined materials from moving until the
adhesive is properly set.

842.396 Mechanical Joints?

(a) When compression-type mechanical joints are
used, the elastomeric gasket material in the fitting shall
be compatible with the plastic (i.e., the plastic and the
elastomer shall not cause deterioration in one another’s
chemical and physical properties over a long period).

{b) The wbular stiffener required to reinforce the
end of the pipe or twbing shall extend at least under
that section of the pipe being compressed by the gasket
or gripping material. The stiffener shall be free of
rough or sharp edges and shall not be a force fit in
the pipe or tube. Split tubular fittings shall not be used.

{c) Since pull-out resistance of compression-type fit-
tings varies with type and size, all mechanical joints
shall be designed and installed 1o effectively sustain
the longitudinal puli-out forces caused by contraction

% Refer to the current editions of the American Gas Association
Plastic Pipe Manual for Gas Service, ASTM D 2513, the ANSI
Z380.1 Guide for Gas Transmission and Disiribution Piping Sys-
tems, and technical publications of plastic pipe and fitting manufac-
wirers.

199}
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of the piping or by maximum anticipated external
loading. The installation shall be designed and made
to minimize these forces as follows:

(1) In the case of direct burial when the pipe is
sufficiently flexible, the pipe may be snaked in the ditch.

2) In the case of pipe installed by insertion in
casing, the pipe shall be pushed rather than pulled into
place so as to place it in compression rather than
tension.

{3) Allowance shall be made for thermal expansion
and contraction due to seasonal changes in temperature
of installed pipe. The importance of this allowance
increases as the length of the installation increases.
Such allowance is of paramount importance when the
plastic pipe is used for insertion renewal inside another
pipe. because it is not restrained by earth loading.
This allowance may be accomplished by appropriate
combinations of

{a) offsets

(b} anchoring

{c) aligning the pipe and fitting

{d} in the case of compression, fittings by the
use of long-style types and placement of the pipe in
slight axial compression

{e) expansion—contraction devices, or

{f} fitings designed to prevent pull-out

Typical coefficients of thermal expansion, which may

be used to make calculations, are given in Table
842.396(c).

842.4 Installation of Plastic Piping

842.41 Construction Specifications. All construc-
tion work performed on piping systems in accordance
with the requirements of this Code shall be done using
construction specifications. The construction specifica-
tions shall cover the requirements of this Cede and
shall be in sufficient detail to ensure proper installation.

842.42 Inspection and Handling Provisions. Plastic
piping components are susceptible to damage by mishan-
dling. Gouges, cuts, kinks, or other forms of damage
may cause failure. Care shall be exercised during
handling and installation to prevent such damage.

842,421 Plastic pipe and tubing shall be carefully
ingpected for cuts, scratches, gouges, and other imperfec-
tions before use, and any pipe or tubing containing
harmful imperfections shall be rejected.

842,422 Each instatation shall be field inspected
10 detect harmful imperfections. Any such imperfections
found shall be eliminated.

ASME B31.5-1999 Edidon

TABLE 842.396{¢)
NOMINAL VALUES FOR COEFFICIENTS OF
THERMAL EXPANSION OF THERMOPLASTIC
PIPE MATERIALS

Nominal
Coefficients of

General Thermal Expansion
Material ASTM D 696,
Designation x 107 inJinJ°F
PE 2306 9.0
FE 3306 9.4
PE 3406 9.0
PVC 1120 3.0
PVC 1220 3.5
PVC 2110 5.0
PVC 2112 4.5
PVC 2116 4.0
PB 2110 7.2

GEMERAL NOTES:

{a) Individual compounds may differ from values in this Table as
much as £10%. More exact values for specific commercial
products may be okitained from the manufacturers.

{b) Abbreviations: PVC = polyvinyl chioride, PE = polyethylene,
and PE = polybutylene.

842423 Skillful application of qualified tech-
niques and the use of proper materials and equipment
in good condition are required to achieve sound joints
in plastic piping by the solvent cement, adhesive, or
heat fusion methods. Inspection provisions shall be
checked visually. If there is any reason to believe the
joint is defective, it shall be removed and replaced.

842424 Care shall be exercised to avoid rough
handling of plastic pipe and tubing. It shall not be
pushed or pulled over sharp projections or dropped, or
it shall not have other objects dropped on it. Care shall
be taken to prevent kinking or buckling, and any kinks
or buckles that occur shall be removed by cutting out
as a cylinder,

842.425 Care shall be exercised at all times to
protect the plastic material from fire, excessive heat,
or harmful chemicals.

842,426 Plastic pipe and tubing shall be ade-
quately supported during storage. Thermoplastic pipe,
tbing, and fittings shall be protected from long-term
exposure to direct sunlight.

$42.43 Installation Provisions

fa) Ptastic piping may be installed above ground
only if it is
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(1) encased in metal pipe that is protected against
atmospheric comosion; protected against deterioration
(e.g., high-temperature degradation); and protected
against external damage; or

{2) installed for plastic service lines as permitted
in para. 849.52(b)

Plastic pipe shall not be used to support external
loads. Encased plastic pipe shall be able to withstand
anticipated temperatures without deteriorating or de-
creasing in strength below the design timitations stated
in paras. 842.32 and 842.33, When protecting against
extermal damage, consideration shall be given to the
need to isolate the encased segment and to safely vent
or contain gas that may escape the plastic pipe in the
event of a leak or rupture.

() Plastic piping shall not be installed in vaults or
any other below-grade enclosure unless it is complesely
encased in gas-tight metal pipe and metal fittings having
adequate corrosion protection.

{¢) Plastic piping shall be installed in such a way
that shear or tensile stresses resulting from construction,
backfill, thermal contraction, or external loading are
minimized. (See para. 842.396.)

842,431 Direct Burial

(@) Directly buried thermoplastic pipe or ubing shall
have a minimum wall thickness of 0.090 in. in all
sizes except NPS ' pipe and ¥, in. and smaller nominal
diameter tubing, which shall have a minimum wall
thickness of 0.062 in.

(b) Plastic piping shall be laid on undisturbed or
well-compacted soil. If plastic piping is to be laid in
soils that may damage it, the piping shall be protected
by suitable rock-free materials before backfilling is
completed. Plastic piping shall not be supported by
blocking. Well-tamped earth or other continuous support
shall be used.

{c) The piping shall be installed with sufficient slack
to provide for possible contraction. Cooling may be
necessary before the last conmection is made under
extremely high temperature conditions. (See para.
842.396.)

(d) When long sections of piping that have been
assembled alongside the ditch are lowered in, care shall
be exercised 10 avoid any strains that may overstress
or buckle the piping or impose excessive stress on the
joints,

{(e) Backfilling shall be performed in a manner to
provide firm support around the piping. The material
used for backfilling shall be free of large rocks, pieces
of pavement, or any other materials that might damage
the pipe.
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(f) Where flooding of the treach is done to consoli-
date the backfill, care shall be exercised to see that
the piping is not floated from its firm bearing on the
trench bottom.

{g} An electrically conductive wire should be in-
stalled with the piping to facilitate locating it with an
electronic pipe locator. Other suitable material may be
employed,

842432 Insertion of Casing

{a) The casing pipe shall be prepared to the extent
necessary to remove any sharp edges, projections, or
abrasive material that could damage the plastic during
and after insertion.

{b) Plastic pipe or tubing shall be inserted into the
casing pipe in such a manner so as to protect the
plastic during the installation. The leading end of the
plastic shall be closed before insertion. Care shall be
taken to prevent the plastic piping from bearing on
the end of the casing.

{c} The portion of the plastic piping exposed due
to the removal of a section of the casing pipe shall
be of sufficient strength to withstand the anticipated
external loading, or it shall be protected with a suitable
bridging piece capable of withstanding the anticipated
external loading.

{d) The portion of the plastic piping that spans
disturbed earth shall be adequately protected by a
bridging piece or other means from crushing or shearing
from external loading or settling of backfill.

{e) The piping shall be installed to provide for
possible contraction. Cooling may be necessary before
the last connection is made when the pipe has been
installed in hot or warm weather, (See para. 842.396.)

(f) If water accumulates between the casing and the
carrier pipe where it may be subjected w0 freezing
temperatures, the carrier pipe can be constricied o the
point where the capacity is affected or the pipe wall
could be crushed and leak. To avoid this, one or more
of the following steps shall be taken:

{I) The annulus between the carrier pipe and
casing shall be kept to a minimum so that the increased
volume of water changing to ice will be insufficient
to crush the carrier pipe.

{2) Adequate draining for the casing shall be
provided.

(3) Filler such as foam shall be inserted into the
annulus between the casing and the carrier pipe.

842.44 Bends and Branches, Changes in direction
of plastic piping may be made with bends, tees, or
elbows under the following limitations:

199}
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(a) Plastic pipe and tubing may be deflected to a
radius not less than the minimum recommended by the
manufacturer for the kind, type, grade, wall thickness,
and diameter of the particular plastic used.

{b) The bends shall be free of buckles, cracks, or
other evidence of damage.

(¢) Changes in direction that cannot be made in
accordance with (a) above shall be made with elbow-
type fittings.

{d) Miter bends are not permitted.

(¢) Branch connections shall be made only with
socket-type tees or other suitable fittings specifically
designed for the purpose.

842.45 Field Repairs of Googes and Grooves. Inju-
rious gouges or grooves shall be removed by cutting
out and replacing the damaged portion as a cytinder
ot repaired in accordance with para. 852.7.

842.46 Hot Taps. All hot taps shall be installed by
trained and experienced crews.

842,47 Purging. Purging of plastic mains and service
Jines shall be done in accordance with the applicable
provisions of paras. 841.275 and 841.276.

842.5 Testing Plastic Piping After Construction

842.51 General Provisions. All plastic piping shall
be pressure tested after construction and before being
placed in operation to prove its strength and to demon-
strate that it does not leak.

Tie-Ins. Because it is sometimes necessary to divide
a pipeline of main into sections for testing, and to
install test heads, connecting piping, and other necessary
appurtenances, it is not required that the tie-in sections
of piping be tested. The tie-in joints, however, shall
be tested for leaks.

842.52 Test Requirements

(a) The test procedure used, including the duration
of the test, shall be capable of disclosing all leaks in
the section being tested and shall be selected after
giving due consideration to the volumetric content of
the section and its location.

(k) Thermoplastic piping shall not be tested at mate-
rial temperatures above 140°F, and reinforced thermoset-
ting plastic piping shall not be tested at material tempera-
tures above 150°F, The duration of the test of
thermoplastic piping above 100°F, however, shall not
exceed 96 hr.

(¢} Sufficient time for joints to “set” properly must
be allowed before the test is initiated.

ASME B31.8-1999 Edition

(d) Plastic pipelines and mains shall be tesied at 2
pressure not less than 1.5 times the maximum operating
pressure or 50 psig, whichever is greater, except that

(1) the test pressure for reinforced thermosetting
plastic piping shall not exceed 3.0 times the design
pressure of the pipe

{2) the test pressure for thermoplastic piping shall
not exceed 3.0 times the design pressure of the pipe
at temperatures up to and including 100°F or 2.0 times
the design pressurc at temperatures exceeding 100°F

(e) Gas, air, or waler may be used as the test
medium.

842.53 Safety During Tests. All testing after con-

" struction shall be done with due regard for the safety

of employees and the public during the test

842.6 Copper Mains

$42.61 Design of Copper Mains

842.611 When used for gas mains, copper pipe

or tubing shall conform to the following requirements:

{a) Copper pipe or tubing shall not be used for
mains where the pressure exceeds 100 psig.

(b) Copper pipe or tubing shall not be used for
mains where the gas carried contains more than an
average of 0.3 grains of hydrogen sulfide per 100
standard cubic feet of gas. This is equivalent to a trace
as determined by the lead acetate test. (See para. 863.4.)

(c) Copper tbing or pipe for mains shall have a
minimum wall thickness of 0.065 in. and shall be hard
drawn. _

(d) Copper pipe or tubing shall not be used for
mains where strain or external loading may damage
the piping.

842.612 Valves in Copper Piping. Valves in-
stalled in copper lines may be made of any suitable
material pemmitted by this Code.

842.613 Fittings in Copper Piping. It is recom-
mended that fittings in copper piping and exposed to
the sail, such as service tees, pressure control fittings,
eic., be made of bronze, copper, or brass.

842.614 Joints in Copper Pipe and Tubing. Cop-
per pipe shall be joined using either a compression-
type coupling or a brazed or soldered lap joint. The
filler material used for brazing shall be a copper—
phosphorous alloy or silver base alloy. Butt welds are
not permissible for joining copper pipe or wbing.
Copper tubing shall not be threaded, but copper pipe
with wall thickness equivalent to the comparable size
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of Schedule 40 steel pipe may be threaded and used
for connecting screw fittings or valves.

842.615 Protection Against Galvanic Corrosion,
Provision shall be made to prevent harmful galvanic
action where copper is connected underground to steel.
[See para. 862.114(a).]

842.62 Testing of Copper Mains
Construction

After

842.621 All copper mains shall be tested after
construction in accordance with the provisions of para.
84135,

843 COMPRESSOR STATIONS
843.1 Compressor Station Design

843.11 Location of Compressor Building. Except
for offshore pipelines, the main compressor building
for gas compressor stations should be located at such
clear distances from adjacent property not under control
of the company as to minimize the hazard of communi-
cation of fire 1o the compressor building from structures
on adjacent property. Sufficient open space should be
provided around the building to permit the free move-
ment of firefighting equipment.

843.12 Building Construction. All compressor sta-
tion buildings that house gas piping in sizes larger than
NPS 2 or equipment handling gas (except equipment for
domestic purposes) shall be constructed of noncombusti-
ble or limited combustible materials as defined in ANSI/
NFPA 220.

843.13 Exits. A minimum of twe exits shall be
provided for each operating floor of a main compressor
building, basements, and any elevated walkway or
platform 10 ft or more above ground or floor level.
Individual engine catwalks shall not require two exits.
Exits of each such building may be fixed ladders,
stairways, etc. The maximum distance from any point
on an operating floor to an exit shall not exceed 75
ft, measured along the center line of aisles or walkways.
Exits shall be unobstructed doorways located so as to
provide a convenient possibility of escape and shall
provide unobstructed passage to a place of safety. Door
latches shall be of a type that can be readily opened
from the inside without a key. All swinging doors
located in an exterior wall shall swing outward.
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843.14 Fenced Areas. Any fence that may hamper
or prevent escape of persons from the vicinity of a
compressor station in an emergency shall be provided
with a minimum of two gates. These gates shall be
located so as to provide a convenient opportunity for
escape 0 a place of safety. Any such gates located
within 200 ft of any compressor plant building shall
open outward and shall be unlocked {(or capable of
being opened from the inside without a key) when the
area within the enclosure is occupied. Aliermatively,
other facilities affording a similarly convenient exit
from the area may be provided.

843.2 Electrical Facilities

All electrical equipment and wiring installed in gas
transmission and distribution compressor stations shatl
conform to the requirements of ANSI/NFPA 70, insofar
as the equipment commercially available permits.

Electrical instaltations in hazardous locations as de-
fined in ANSI/NFPA 70 and that are to remain in
operation during compressor station emergency shut-
down as provided in para. 843,431(a) shall be designed
to conform to ANSI/NFPA 70 for Class I, Division 1
requirements.

843.4 Compressor Station Equipment

843.41 Gas Treating Facilities

843.411 Liquid Removal. When condensable va-
pors are present in the gas stream in sufficient quantity
to liquefy under the anticipated pressure and temperature
conditions, the suction stream to each stage of compres-
sion (or to each unit for centrifugal compressors) shall
be protected against the introduction of dangerous quan-
tities of entrained liquids into the compressor. Every
liquid separator used for this purpose shall be provided
with manually operated facilities for removal of liquids
therefrom. In addition, automatic liquid removal facili-
ties, an automatic compressor shutdown device, or a
high liquid level alarm shall be used where slugs of
liquid might be carried into the compressors,

843.412 Liquid Removal Equipment. Liquid sep-
arators, unless constructed of pipe and fittings and no
internal welding is used, shall be manufactured in
accordance with Section VIII of the ASME Boiler
and Pressure Vessel Code. Liquid separators when
constructed of pipe and fittings without internal welding
shall be in accordance with Location Class 4 require-
ments.
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843.42 Fire Protection. Fire protection facilities
should be provided in accordance with the American
Insurance Association’s recommendations. If the fire
pumps are a part of such facilities, their operation shall
not be affected by emergency shutdown facilities.

843.43 Safety Devices

843.431 Emergency Shutdown Facilities

fa} Bach transmission compressor station shall be
provided with an emergency shutdown system by means
of which the gas can be blocked out of the station
and the station gas piping blown down. Operation of
the emergency shutdown systemn also shall cause the
shutdown of all gas compressing equipment and all
gas-fired equipment., Operation of this system shall de-
energize the electrical facilities located in the vicinity
of gas headers and in the compressor room, except
those that provide emergency lighting for personnel
proiection and those that are necessary for protection
of equipment. The emergency shutdown system shall
be operable from any one of at least two locations
outside the gas area of the station, preferably near exit
gates in the station fence, but not more than 500 ft
from the limits of the stations. Blowdown piping shall
extend to a location where the discharge of gas is not
likely to create a hazard to the compressor station or
surrounding area. Unattended field compressor stations
of 1,000 hp and less are excluded from the provisions
of this paragraph.

{b) Each compressor station supplying gas directly to
a distribution system shall be provided with emergency
shotdown facilities located outside the compressor sta-
tion buildings by means of which all gas can be blocked
out of the station, provided there is another adequate
source of gas for the distribution system. These shut-
down facilities can be either automatic or manually
operated as local conditions designate. When no other
gas source is available, no shutdown facilities that
might function at the wrong time and cause an outage
on the distribution system shall be installed.

843.432 Engine Overspeed Stops. Every com-
pressor prime mover, except electrical induction or
synchronous motors, shall be provided with an automatic
device that is designed to shut down the unrit before
the maximum safe speed of either the prime mover or
driven unit, as established by the respective manufactur-
ers, is exceeded.

843.44 Pressure Limiting Requirements in
Compressor Stations

843.441 Pressure relief or other suitable protective
devices of sufficient capacity and sensitivity shall be

ASME B31.8-19%9 Edition

installed and maintained to ensure that the maximum
allowable operating pressure of the station piping and
equipment is not exceeded by more than 10%.

843.442 A pressure relief valve or pressure lim-
iting device, such as a pressure switch or unloading
device, shall be installed in the discharge line of each
positive displacement transmission compressor between
the gas compressor and the first discharge block valve,
[f a pressure relief valve is the primary overprotection
device, then the relieving capacity shall be equal to
or greater than the capacity of the compressor. If the
relief valves on the compressor do not prevent the
possibility of overpressuring the pipeline as specified
in para. 845, a relieving or pressure limiting device
shall be installed on the pipeline to prevent it from
being overpressured beyond the limits prescribed by
this Code.

843.443 Venting. Vent lines provided to exhaust
the gas from the pressure relief valves to atmosphere
shall be extended to a location where the gas may be
discharged without undue hazard. Vent lines shall have
sufficient capacity so that they will not inhibit the
performance of the relief valve,

£43.45 Fuel Gas Control. An automatic device de-
signed to shut off the fuel gas when the engine stops
shall be provided on each gas engine operating with
pressure gas injection. The engine distribution manifold
shall be automatically vented -simultaneously.

843.46 Cooling and Lubrication Failures. All gas
compressor units shall be equipped with shutdown or
alarm devices to operate in the event of inadequate
cooling or lubrication of the units.

84347 Explosion Prevention

843471 Mufflers. The external shell of mufflers
for engines using gas as fuel shall be designed in
accordance with good engineering practice and shall
be constructed of ductile materiats. It is recommended
that all compartments of the muffler be manufactured
with vent slots or holes in the baffles 10 prevent gas
from being trapped in the muffler.

843.472 Building Ventilation. Ventilation shall
be ample to ensure that employees are not endangered
under normal operating conditions (or such abnormal
conditions as a blown gasket, packing gland, etc.) by
accumulations of hazardous concentrations of flammable
or noxious vapors or gases in rooms, sumps, atlics,
pits, or similarly enclosed places, or in any portion
thereof.
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843.48 Gas Detection and Alarm Systems

{a) Each compressor building in a compressor station
where hazardous concentrations of gas may accumulate
shall have a fixed gas detection and alarm system
unless the building is

(1) constructed so that at least 50% of its upright
side area is permanently open to the atmosphere or
adequately ventilated by forced or natural ventilation; or

{2) in an unattended field compressor station loca-
tion of 1,000 hp or less and adequately ventilated.

(b) Except when shutdown of the system is necessary
for maintenance (see para. 853.16), each gas detection
and alarm system required by this section shall

{1} continuously monitor the compressor building
for a concentration of gas in air of not more than 25%
of the lower explosive limit

{2) wam persons about to enter the building and
persons inside the building of the danger if that concen-
tration of gas is exceeded

{c) The compressor building configuration shall be
considered in selecting the number, type, and placement
of detectors and alarms.

(d) Alarm signals shail be unique and immediately
recognizable, considering background noise and light-
ing, to personnel who are inside or immediately outside
each compressor building,

843.5 Compressor Station Piping

843.51 Gas Piping. The following are general provi-
sions applicable to all gas piping,

843.511 Specifications for Gas Piping. All com-
pressor station gas piping, other than instrument, control,
and sample piping, to and including connections to the
main pipeline shall be of steel and shall use a design
factor, F, per Table 841.114B. Valves having shell
components made of ductile iron may be used subject
to the limitations in para. 831.11(b).

843.512 Installation of Gas Piping. The provi-
sions of para. 841.2 shall apply where appropriate to
gas piping in compressor stations,

843.513 Testing of Gas Piping. All gas piping
within a compressor station shall be tested afier installa-
tion in accordance with the provisions of para. 841.3
for pipelines and mains in Class 3 locations, except
that small additions to operating stations need not be
tested where operating conditions make it impractical
to test.

51

843.48-843.533

843.514 ldentification of Valves and Piping, All
emergency valves and controls shali be identified by
signs. The function of all important gas pressure piping
shall be identified by signs or color codes.

843.52 Fuel Gas Piping. The following are specific
provisions applicable to fuel gas piping only.

843.521 All fuel gas lines within a compressor
station that serve the various buildings and residential
areas shall be provided with master shutoff valves
located outside of any building or residential area,

843,522 The pressure regulating facilities for the
fuel gas system for a compressor station shall be
provided with pressure-limiting devices to prevent the
normal operating pressure of the system from being
exceeded by more than 25%, or the maximum allowable
operating pressure by more than 10%.

843.523 Suitable provision shall be made to pre-
vent fuel gas from entering the power cylinders of an
engine and actuating moving parts while work is in
progress on the engine or on equipment driven by the
engine.

843.524 All fuel gas used for domestic purposes
at a compressor station that has an insufficient odor
of its own to serve as a waming in the event of its
escape shall be odorized as prescribed in para. 871.

843.53 Air Piping System

843.531 All air piping within gas compressing
stations shall be constructed in accordance with ASME
B31.3.

843.532 The starting air pressure, storage volume,
and size of connecting piping shall be adequate to
rotate the engine at the cranking speed and for the
number of revolutions necessary (o purge the fuel gas
from the power cylinder and muffler, The recommenda-
tions of the engine manufacturer may be used as a
guide in determining these factors. Consideration should
be given to the number of engines installed and to the
possibility of having to start several of these engines
within a short period of time.

843.533 A check valve shall be installed in the
starting air line near each engine to prevent backflow
from the engine into the air piping system. A check
valve shall also be placed in the main air line on the
immediate outlet side of the air tank or tanks. It is
recommended that equipment for cooling the air and
removing the moisture and entrained oil be installed
between the starting air compressor and the air stor-
age tanks.




STD.ASME B31.8-ENGL 3A491

B43.534-844.32

$43.534 Suitable provision shall be made to pre-
vent starting air from entering the power cylinders of
an engine and actuating moving parts while work is
in progress on the engine or on equipment driven by
the engines. Acceptable means of accomplishing this
are installing a blind flange, removing a portion of the
air supply piping, or locking closed a stop valve and
locking open a veat downstream from it

843.535 Air Receivers. Air receivers or air storage
bottles for use in compressor stations shall be con-
structed and equipped in accordance with Section VIII
of the BPV Code.

843.54 Lubricating Oil Piping. All lubricating oil
piping within gas compressing stations shall be con-
structed in accordance with ASME B31.3.

843.55 Water Piping. All water piping within gas
compressing stations shall be constructed in accordance
with ASME B31.1.

843.56 Steam Piping. All steam piping within gas
compressing stations shall be constructed in accordance
with ASME B31.1.

843.57 Hydraulic Piping. All hydraulic power pip-
ing within gas compressing stations shall be constructed
in accordance with ASME B31.3,

844 PIPE-TYPE AND BOTTLE-TYPE
HOLDERS

844.1 Pipe-Type Holders in Righis-of-Way Not
Under Exclusive Use and Control of the
Operating Company

A pipe-type holder that is to be installed in streets,
highways, or in private rights-of-way not under the
exclusive conirol and use of the operating company
shall be designed, installed, and tested in accordance
with the provisions of this Code applicable to a pipeline
installed in the same location and operated at the same
maximum pressure.

844.2 Bottle-Type Holders

Bottle-type holders shall be located on land owned
or under the exclusive control and use of the operating
company.
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844.3 Pipe-Type and Botite-Type Holders on
Property Under the Exclusive Use and
Control of the Operating Company

844.31 The storage site shall be entirely surrounded
with fencing to prevent access by unauthorized persons.

844.32

{a) A pipe-type or bottle-type holder that is to be
installed on property under the exclusive control and
use of the operating company shall be designed in
accordance with construction design factors. The selec-
tion of these factors depends on the class location in
which the sitz is situated, the clearance between the pipe
containers or botttes and the fence, and the maximum
operating pressure, as follows:

Design Factors, F
For Minimum Clearance

For Minimum Clearance

Holder Belween Conlainers Between Containers
Size and Fenced and Fenced
Class Boundaries of Site Boundaries of Sie

Location of 25 fi w 0D fi of 100 ft and Over

1 0.72 0.72
2 0.60 072
3 0.60 0.60
4 0.40 0.40

(b} The minimum clearance between containers and
the fenced boundaries of the site is fixed by the
maximum operating pressure of the holder as follows:

Maximum Operating Pressuce, psi Minimum Clearance, ft

Less than 1000 25
1,000 or more 100

(c) Minimum Clearance Between Pipe Containers
or Bottles. The minimum distance in inches between
pipe containers or bottles shall be determined by the
following formula:

3DPF
€= Tow
where
C = minimum clearance between pipe containers
or botiles, in.
D = ouside diameter of pipe coatainer or bottle, in.
F = design factor [see para. 844.32(a)]
P = maximum aliowable operating pressure, psig

(d) Pipe containers shall be buried with the top of
each container not less than 24 in. below the ground
surface,

{e) Bottles shall be buried with the top of each
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container below the normal frost line but in no case
closer than 24 in. to the surface,

(/) Pipe-type holders shall be tested in accordance
with the provisions of para. 841.32 for a pipeline
located in the same class location as the holder site,
provided, however, that in any case where the test
pressure will produce a hoop swess of 80% or more
of the specified minimum yield strength of the pipe,
water shall be used as the test medium.

844.4 Special Provisions Applicable to Bottle-Type
Holders Only

84441 A bottle-type holder may be manufactured
from steel that is not weldable under field conditions,
subject to all of the following limitations:

{a) Bottle-type holders made from alloy steel shall
meet the chemical and tensile requirements for the
various grades of steel in ASTM A 372,

{b) In no case shall the ratio of actual yield strength
to actual tensile strength exceed 0.85.

{c) Welding shall not be performed on such bottles
after they have been heat treated and/or stress relieved,
except that it shall be permissible to attach small copper
wires to the small diameter portion of the boutle end
closure for cathodic protection purposes using a local-
1zed thermit welding process (charge not to exceed 15 g).

{d) Such bottles shalt be given a hydrostatic test in
the mill and need not be retested hydrostatically at the
time of installation. The mill test pressure shall not be
less than that required to produce a hoop stress equal
to 85% of the specified minimum yield swrength of the
steel. Careful inspection of the bottles at the time of
installation shall be made, and no damaged botte shall
be used.

fe) Such bottles and connecting piping shall be tested
for tightness after installation using air or gas at a
pressure of 50 psi above the maximum operating
pressure.

844.5 General Provisions Applicable to Both Pipe-
Type and Bottle-Type Holders

{a) No gas containing more than 0.1 grain of hydro-
gen sulfide per 100 standard cubic feet shall be stored
when free water is present or anticipated without em-
ploying suitable means to identify, mitigate, or prevent
detrimental internal corrosion. (See para. 863.)

(b) Provision shall be made to prevent the formation
or accumulation of liquids in the holder, connecting
piping, and auxiliary equipment that might cause corro-
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sion or interfere with the safe operation of the storage
equipment.

Relief valves shall be installed in accordance with
provisions of this Code that will have relieving capacity
adequate to limit the pressure imposed on the filling
line and thereby on the storage holder to 100% of the
design pressure of the holder or to the pressure that
produces a hoop stress of 75% of the specified minimom
yield strength of the steel, whichever is the lesser,

845 CONTROL AND LIMITING OF GAS
PRESSURE

845.1 Basic Requirement for Protection Against
Accidental Overpressuring

Every pipeline, main, distribution sysiem, customer’s
meter and connecied facilities, compressor station, pipe-
type holder, bottle-type holder, containers fabricated
from pipe and fittings, and all special equipment, if
connected 10 a Compressor or to a gas source where
the failure of pressure control or other causes might
resule in a pressure that would exceed the maximum
allowable operating pressure of the facility (refer to
para. 805.214), shall be equipped with suitable pressure-
relieving or pressure-limiting devices. Special provisions
for service regulators are set forth in para. 84524,

845.2 Control and Limiting of Gas Pressure

845.21 Control and Limiting of Gas Pressure in
Holders, Pipelines, and All Facilities That Might at
Times Be Bottle Tight

845.212 Suitable types of protective devices to
prevent overpressuring of such facilities include
(a) spring-loaded relief valves of types meeting the
provisions of BPV Code, Section VIII
(b) pilot-loaded back-pressuse regulators used as re-
lief valves, so designed that failure of the pilot system
or control lines will cause the regulator to open
(c) rupture disks of the type meeting the provisions
of BPY Code, Section VI, Division 1

845.213 Maximum Allowable Operating
Pressure for Steel or Plastic Pipelines or Mains.
This pressure is by definition the maximum operating
pressure to which the pipeline or main may be subjected
in accordance with the requirements of this Code. For
a pipeline or main, the maximum allowable operating
pressure shall not exceed the lesser of the following
four items:
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{a) the design pressure (defined in para. 805.212)
of the weakest element of the pipeline or main, Assum-
ing that all fittings, valves, and other accessories in
the line have an adequate pressure rating, the maximum
allowable operating pressure of a pipeline or main shall
be the design pressure determined in accordance with
para. 841.11 for steel or para. 842.3 for plastic.

(b) the pressure obtained by dividing the pressure
to which the pipeline or main is tested after construction
by the appropriate factor for the Location Class in-
volved, as follows:

Location Pressure Pressure
Class For Steel (1) For Plastic
1, Division 1 Test pressure MN.A.
1.25
1, Division 2 Test _pressure Test pressure
1.10 1.50
2 Test pressure Test_pressure
1.25 1.50
3 Test pressure (2) Test pressure
1.4 .50
4 Test pressure (2) Test pressure
140 1.50
NOTES:

(1) See para. 845.214 for test factors applicable to conversion of
pipelines with unknown factors.

{2} Other factors should be used if the fine was tested under the
special conditions deseribed in paras. 841.322(d), 841.325, and
841.33. In such cases, use factors that are consistenl with the
applicable reguirements of these sections.

(c) the maximum safe pressure to which the pipeline
or main should be subjected based on its operating
and maintenance history (for pipelines, see para. 851.1)

(d) when service lines are connected to the pipeline
or main, the limitations set forth in paras. 845.223(b)
and (e)

845.214 Qualification of a Steel Pipeline or Main
to Establish the MAOP
(a) Pipeline Operating at 100 psig or More. This
paragraph applies to existing natural gas pipelines or
to existing pipelines being converted to natural gas
service where one or more factors of the steel pipe
design formula (see para. 841.11) is unknown, and the
pipeline is to be operated at 100 psig or more. The
maximum allowable operating pressure shall be deter-
mined by hydrostatic testing of the pipeline.
(7} The maximum allowable operating pressure
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shall be limited to the pressure obtained by dividing
the pressure to which the pipeline or main is tested
by the appropriate factor for the Location Class involved
as follows:

Location Maximurm Allowable
Class Operating Pressure
1, Division | Test pressure
1.25
1, Division 2 Test pressure
1.39
2 Test pressure
1.67
3 Test pressure
20
4 Test pressure
25

(2} The test pressure to be used in the maximum
allowable operating pressure calculation shall be the
test pressure obtained at the high elevation point of
the minimum strength test section and shall not be
higher than the pressure required to produce a siress
equal to the yield strength as determined by testing.
Only the first test to yield can be used to determine
maximum allowable operating pressure.

(3} Records of hydrostatic pressure tests and line
repairs shall be preserved as long as the facilities
involved remain in service.

{4) Determine that all valves, flanges, and other
pressure rated components have adequate ratings.

{5) While the maximum pressure of a test used
to establish the maximum allowable working pressure
is not limited by this paragraph except by (2) above,
due caution should be exercised in selecting the maxi-
mum test pressure.

(b) Pipelines Operating at Less Than 100 psig. This
paragraph applies to existing natural gas pipelines or
to existing pipelines being converted to natural gas
service where one or more factors of the steel pipe
design formula (see para. 841.11) is unknown, and the
pipeline is to be operated at less than 100 psig. The
maximum allowable operating pressure shall be deter-
mined by pressire testing the pipeline.

(1} The maximum allowable operating pressure
shall be limited to the pressure obtained by dividing
the pressure to which the pipeline or main is tested
by the appropriate factor for the Location Class involved
as follows:
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Location Maximum Allowable
Class Operating Pressure
| Test Pressure
L.25
2 Test Pressure
1.25
3 Test Pressure
L5
4 Tes\ Pressure
L3

(2) The test pressure to be used in the maximum
allowable operating pressure calculation shall be the
test pressure obtained at the high elevation point of
the minimum strength test section and shall not be
higher than the pressure required to produce a stress
equal to the yield strength as determined by testing.
Oualy the first test to yield can be used to determine
maximum allowable operating pressure.

(3) Records of pressure tests and line repairs shall
be preserved as long as the facilities involved remain
in service.

{4) Determine that all valves, flanges, and other
pressure rated components have adequate ratings.

(3) Although the maximum pressure of a test
utilized to establish the maximum allowable working
pressure is not limited by this paragraph except by (2)
above, due caution should be exercised in selecting
the maximum test pressure.

845.22 Control and Limiting of Gas Pressure in
High-Pressure Steel, Ductile Iron, Cast Iron, er
Plastic Distribufion Systems

845.221 Each high-pressure distribution system
or main, supplied from a source of gas that is at a
higher pressure than the maximum allowable operating
pressure for the system, shall be equipped with pressure-
regulating devices of adequate capacity and designed
to meet the pressure, load, and other service conditions
under which they will operate or to which they may
be subjected.

845222 In addition to the pressure-regulating
devices prescribed in para. 845.221, a suitable method
shall be provided to prevent accidental overpressuring
of a high-pressure distribution system.

Suitable types of protective devices to prevent over-
pressuring of high-pressure distribution systems include

{a) relief valves as prescribed in paras. 845.212(a)
and (b)
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(b} weight-loaded relief valves

(c) a monitoring regulator installed in series with
the primary pressure regulator

(d) a series regulator instafled upstream from the
primary regulator and set to limit the pressure on
the inlet of the primary regulator continuously to the
maximum allowable operating pressure of the distribu-
tion system or less

(e) an automatic shutoff device installed in series
with the primary pressure regulator and set to shut off
when the pressure on the distribution system reaches
the maximum allowable operating pressure or less. This
device must remain closed until manually reset. It
should not be used where it might cause an interruption
in service to a large number of customers.

{f) spring-loaded, diaphragm-type relief valves

845.223 Maximum Allowable Operating

Pressure for High-Pressure Distribution Systems,
This pressure shall be the maximum pressure to which
the system can be subjected in accordance with the
requirements of this Code. It shall not exceed

{a) the design pressure of the weakest element of
the system as defined in para. 805.212

{b) 60 psig if the service lines in the system are
not equipped with series regulators or other pressure-
limiting devices as prescribed in para. 845.243

{c} 25 psig in cast iron systems having caulked bell
and spigot joints, which have not been equipped with
bell joint clamps or other effective leak sealing methods

(d) the pressure limits to which any joint could be
subjected without possibility of parting

(e) 2 psig in high-pressure distribution systems
equipped with service regulators not meeting the require-
ments of para. 845,241 and that do not have an overpres-
sure protective device as required in para. 845,242

{f) the maximum safe pressure to which the system
should be subjected based onm its operation and mainte-
nance history

845.23 Control and Limiting of Gas Pressure in
Low-Pressure Distribution Systems

845.231 Each low-pressure distribution system or
low-pressure main supplied from a gas source that is
at a higher pressure than the maximum allowable
operating pressure for the low-pressure system shall be
equipped with pressure-regulating devices of adequate
capacity. These devices must be designed to meet the
pressure, load, and other service conditions under which
they will have to operate.

845,232 In addition to the pressure-regulating
devices prescribed in para. 845.231, a suitable device
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shall be provided to prevent accidental overpressuring.
Suitable types of protective devices to prevent overpres-
suring of low-pressure distribution systems include

{a) a liquid seal relief device that can be set to
open accurately and consistently at the desired pressure

(&) weight-loaded relief valves

(¢) an automatic shutoff device as described in para.
845.222(e)

{d} a pilot-loaded, back-pressure regulator as de-
scribed in para. 845.212(b)

(e} a monitoring regulator as described in para.
845.222(c)

(f) a series regulator as described in para. 845.222(d)

845.233 Maximum Allowable Operating
Pressure for Low-Pressure Distribution Systems. The
maximum allowable operating pressure for a low-pres-
sure distribution system shall not exceed either of the
following:

fa) a pressure that would cause the unsafe operation
of any connected and properly adjusted low-pressure
gas buming equipment

(b} a pressure of 2 psig

845.234 Conversion of Low-Pressure
Distribution Systems to High-Pressure Distribution
Systems

fa} Before converting a low-pressure distribution sys-
tem to a high-pressure distribution system, it is required
that the following factors be considered

(I} the design of the system including kinds of
material and equipment used

(2) past maintenance records including results of
any previous leakage surveys

{b) Before increasing the pressure the following steps
(not necessarily in sequence shown) shall be taken:

(1) Make a leakage survey and repair leaks found.

t2) Reinforce or replace parts of the system found
to be inadequate for the higher operating pressures.

{3) Install a service regulator on each service line,
and test each regulator to determine that it is functioning.
In some cases it may be necessary to raise the pressure
slightly to permit proper operation of the service regu-
lators.

(4) Isclate the system from adjacent low-pressure
systems.

(5) At bends or offsets in coupled or bell and
spigot pipe, reinforce or replace anchorages determined
to be inadequate for the higher pressures.

(c) The pressure in the system being converted shall
be increased by steps, with a period to check the effect
of the previous increase before making the next increase.
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The desirable magnitude of each increase and the length
of the check period will vary depending on conditions.
The objective of this procedure is to afford an opportu-
nity to discover any unknown open and unregulated
connections to adjacent low-pressure systems or to
individual customers before excessive pressures are
reached.

845.24 Controtl and Limiting of the Pressure of
Gas Delivered to Domestic, Small Commercial, and
Small Industrial Customers From High-Pressure
Distribution Systems

NOTE: When the pressure of the gas and the demand by the customer
are greater than those applicable under the provisions of para, 845.24,
the requirements for control and limiting of the pressure of pas
delivered are included in para. 845.1.

845241 [f the maximum allowable operating
pressure of the distribution system is 60 psig or less,
and a service regulator having the characteristics listed
below is used, no other pressure-limiting device is
required:

{a) a pressure regulator capable of reducing distribu-
tion ling pressure, psi, t0 pressures recommended for
household appliances, inches of water column

{b) a single port valve with orifice diameter no
greater than that recommended by the manufacturer for
the maximum gas pressure at the regulator inlet

(c) a valve seat made of resilient material designed
to withstand abrasion of the gas, impurities in gas, and
cutting by the valve, and designed to resist permanent
deformation when it is pressed against the valve port

{d) pipe connections to the regulator not exceeding
2 NPS

{e) the capability under normal operating conditions
of regulating the downstream pressure within the neces-
sary limits of accuracy and of limiting the buildup of
pressure under no-flow conditions to ne more than 50%
over the normal discharge pressure maintained under
flow conditions

() aself-contained service regulator with no external
static or control lines

845.242 If the maximum allowable operating
pressure of the distribution system is 00 psig or less,
and a service regulator not having all of the characteris-
tics listed in para. 845.241 is used, or if the gas contains
materials that seriously interfere with the operation of
service regulators, suitable protective devices shall be
installed to prevent unsafe overpressuring of the custom-
er’s appliances, should the service regulator fail. Some
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of the suitable types of protective devices to prevent
overpressuring of the customers’ appliances are

(a) a monitoring regulator

() a relief valve

{c} an automatic shutoff device

These devices may be installed as an integral part
of the service regulator or as a separate unit.

845243 If the maximum allowable operating
pressure of the distribution system exceeds 60 psig,
suitable methods shall be used to regulate and limit
the pressure of the gas delivered to the customer to
the maximwm safe value. Such methods may include

{a) aservice regulator having the characteristics listed
in para. 843.241 and a secondary regulator located
upstream from the service regulator. In no case shall
the secondary regulator be set 10 maintain a pressure
higher than 60 psi. A device shall be installed between
the secondary regulator and the service regulator to
limit the pressure on the inlet of the service regulator
to 60 psi or less in case the secondary regulator fails
to function property. This device may be either a relief
valve or an automatic shutoff that shuts if the pressure
on the inlet of the service regulator exceeds the set
pressure (60 psi or less) and remains closed until
manually reset.

(b} a service regulator and a monitoring regulator
set to limit to a maximum safe value the pressure of
the gas delivered to the customer

(c) a service regulator with a relief valve vented to
the outside atmosphere, with the relief valve set to
open so that the pressure of gas going to the customer
shall not exceed a maximum safe value. The relief
valve may be either built into the service regulator or
may be a separate unit installed downstream from the
service regulator. This combination may be used alone
only in cases where the inlet pressure on the service
regulator does not exceed the manufaciurer’s safe work-
ing pressure rating of the service regulator, and it is
not recommended for use where the inlet pressure on
the service regulator exceeds 125 psi. For higher inlet

pressures, the method in para. 845.243(a) or (b) should
be used.

845.3 Requirements for Design of Pressure Relief
and Pressure Limiting Installations

84531 Pressure relief or pressure-limiting devices
except rupture disks shall

{a) be constructed of materials such that the operation
of the device will not normally be impaired by corrosion
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of external parts by the atmosphere or internal parts
by gas

(b) have valves and valve seats that are designed
not to stick in a position that will make the device
inoperative and result in failure of the device to perform
in the manner for which it was intended

(c} be designed and installed so that they can be
readily operated to determine if the valve is free, can
be tested to determine the pressure at which they will
operate, and can be tested for leakage when in the
closed position.

845.311 Rupture discs shall meet the requirements
for design as set owt in BPV Code, Section VIII,
Division 1.

84532 The discharge stacks, vents, or outlet ports
of all pressure relief devices shall be located where
gas can be discharged inio the aimosphere without
undue hazard. Consideration should be given to all
exposures in the immediate vicinity. Where required
to protect devices, the discharge stacks or vents shall

be pretected with rain caps to preclude the entry of
water.

845.33 The size of the openings, pipe, and fittings
located between the system to be protected and the
pressure-relieving device and the vent line shall be of
adequate size to prevent hammering of the valve and
to prevent impairment of relief capacity.

845.34 Precautions shall be taken to prevent vnau-
thorized operation of any stop valve that will make a
pressure relief valve inoperative. This provision shall
not apply to valves that will isolate the system under
protection from its source of pressure. Acceptable meth-
ods for complying with this provision are as follows:

fa) Lock the stop valve in the open position. Instruct
authorized personnel of the importance of not inadver-
tently leaving the stop valve closed and of being present
during the entire period that the stop valve is closed
so that they can lock it in the open position before
they leave the location,

{b) Install duplicate relief valves, each having ade-
quate capacity by itself to protect the system, and
arrange the isolating valves or three-way valve so that
mechanically it is possible to render only one safety
device inoperative at 4 time.

845.35 Precautions shall be taken to prevent unau-
therized operation of any valve that will make pressure-
limiting devices inoperative. This provision applies to
isolating valves, bypass valves, and valves on control
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or float lines that are located between the pressure-
limiting device and the system that the device protects.
A method similar te para. 845.34(a) shall be considered
acceptable in complying with this provision.

845.36

{a) When a monitoring regulator, series regulator,
systemn relief, or system shutoff is installed at 2 district
regulater station to protect a piping system from over-
pressuring, the installation shzll be designed and in-
stalled 1o prevent any single incident, such as an
explosion in a vault or damage by a vehicle, from
affecting the operation of both the overpressure protec-
tive device and the district regulator. (See paras. 846
and 847.) :

(&) Special anention shall be given w control lines.
All control lines shall be protected from falling objects,
excavations by others, or other foreseeable causes of
damage and shall be designed and installed to prevent
damage to any one control line from making both the
district regulator and the overpressure protective device
inoperative.

845.4 Capacity of Pressure Relieving and
Pressure Limiting Station and Devices

845.41 Required Capacity of Pressure Relieving
and Pressure Limiting Stations

845411 Each pressure relief station, pressure
limiting station, or group of such stations installed 1o
protect a piping systern or pressure vessel shall have
sufficient capacity and shall be set to operate to prevent
the pressure from exceeding the following levels.

{r) Systems With Pipe or Pipeline Componenis Op-
erating Over 72% of the SMYS. The required capacity
is the maximum allowable operating pressure plus 4%.

(k) Systems With Pipe or Pipeline Components Op-
erating at or Below 72% of the SMYS Other Than
in Low-Pressure Distribution Systems. The required
capacity is the lesser of the following two items:

(1) the maximum allowable operating pressure
plus 10%

(2) the pressure that produces a hoop stress of
75% of the specified minimum yield strength

(¢} Low-Pressure Distribution Systems. The required
capacity is a pressure that would cause the unsafe
operation of any connected and properly adjusted gas
buming equipment.

845412 When more than one pressure regulating

or compressor station feeds into the pipeline or distribu-
tion system and pressure relief devices are installed at
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such stations, the relieving capacity at the remote station
may be taken into account in sizing the relief devices
at each station, In doing this, however, the assumed
remote telieving capacity must be limited to the capacity
of the piping system to transmit gas to the remote
focation or 1o the capacity of the remote relief device,
whichever is less.

845.42 Proof of Adequate Capacity and
Satisfactory Performance of Pressure Limiting and
Pressure Relief Devices

845.421 Where the safety device consists of an
additional regulator that is associated with or functions
in combination with one or more regulators in a series
arrangement to control or limil the pressure in a piping
system, suitable checks shall be made. These checks
shall be conducted 0 determine that the equipment
will operate in a satisfactory manner to prevent any
pressure in excess of the established maximum allowable
operating pressure of the system, should any one of
the associated regulators malfunction or remain in the
wide-open position.

845.5 Instrument, Control, and Sample Piping

{a) Scope

(1) The requirements given in this section apply
to the design of instrument, control, and sampling
piping for safe and proper operation of the piping itself
and do not cover design of piping to secure proper
functioning of instruments for which the piping is
installed.

(2) This section does not apply to permanently
closed piping systems, such as fluid-filled, temperature-
responsive devices.

(b} Materials and Design

(1) The materials employed for valves, fittings,
tubing, and piping shall be desigried to meet the particu-
lar conditions of service.

{2) Takeoff connections and attaching bosses, fit-
tings, or adapters shall be made of suitable material
and shall be capable of withstanding the maximum
service pressure and temperature of the piping or equip-
ment to which they are attached. They shall be designed
to satisfactorily withstand all stresses without failure
by fatigue.

{3) A shutoff valve shall be installed in each
takeoff line as near as practicable to the point of
takeoff. Blowdown valves shall be installed where
necessary for the safe operation of piping, instraments,
and equipment,
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{4) Brass pipe or copper pipe or tubing shall not
be used for metal temperatures greater than 400°F.

(3) Piping subject to clogging from solids or depos-
its shall be provided with suitable connections for
cleaning.

{6) Pipe or tubing reguired under this section may
be specified by the manufacturers of the instrument,
control apparatus, or sampling device, provided that
the safety of the pipe or tubing as installed is at least
equal to that otherwise required under the Code.

(7} Piping that may contain liquids shall be pro-
tected by heating or other svitable means from damage
due to freezing.

{8) Piping in which liquids may accumulate shall
be provided with drains or drips.

(?) The arrangement of piping and supports shall
be designed to provide not only for safety under
operaling stresses, but also to provide protection for the
piping against detrimental sagging, external mechanical
injury, abuse, and damage due to unusual service condi-
tions other than those connected with pressure, tempera-
ture, and service vibration.

(10) Suitable precautions shall be taken to protect
against corrosion. (See para, 863.)

{11} Joints between sections of tubing and/or pipe,
between tubing andfor pipe and valves or fittings shall
be made in a manner suitable for the pressure and
temperature conditions, such as by means of flared,
flareless, and compression type fittings, or equal, or
they may be of the brazed, screwed, or socket-welded
type. If screwed-end valves are to be used with flared,
flareless, or compression type fittings, adapters are
required.

Slip type expansion joints shall not be used; expansion
shall be compensated for by providing Aexibility within
the piping or tubing system itself.

(12} Plastic shall not be used where operating tem-
peratures exceed limitations shown in paras. 842.32(b)
and 842.33(b).

(13) Plastic piping shall not be painted, If identifi-
cation other than that already provided by the manufac-
turer’s marking is required, it shall be accomplished
by other means.

845.6 Uprating

This section of the Code prescribes minitnum require-
ments for uprating pipelines or mains to higher maxi-
mum allowable operating pressures.

EN 0759670 0617119 747 W
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845.61 General

(a) A higher maximum allowable operating pressure
established under this section may not exceed the design
pressure of the weakest element in the segment to be
uprated. It is not intended that the requirements of this
Code be applied retroactively to such items as road
crossings, fabricated assemblies, minimum cover, and
valve spacings. Instead, the requirements for these
items shall meet the criteria of the operating company
beforethe uprating is performed.

(b} A plan shall be prepared for uprating that shall
include a written procedure that will ensure compliance
with each applicable requirement of this section,

{c) Before increasing the maximum allowable op-
erating pressure of a segment that has heen operating
at a pressure less than that determined by para. 845,213,
the following investigative and corrective measures shall
be taken:

(I) The design, initial installation, method, and
date of previous testing, Location classes, materials,
and equipment shall be reviewed to determine that
the proposed increase is safe and consistent with the
requirements of this Code.

{2) The condition of the line shall be determined
by leakage surveys, other field inspections, and examina-
tion of maintenance records.

(3) Repairs, replacements, or alterations disclosed
to be necessary by subparas. (c)(1) and (c)}(2) above
shall be made prior to the uprating.

(d) A new test according to the requirements of this
Code should be considered if satisfactory evidence is
not available to ensure safe operation at the proposed
maximum aliowable operating pressure.

(e) When gas vpratings are permitted under paras.
845.62, 845.63, 845.64, and 845.65, the gas pressure
shall be increased in increments, with a leak survey
performed after each incremental increase. The number
of increments shall be determined by the operator after
considering the total amount of the pressure increase,

_ the stress level at the final maximum allowable operating

59

pressure, the known condition of the line, and the
proximity of the line to other structures. The number
of increments shall be sufficient to ensure that any
leaks are detected before they can create a potential
hazard. Potentially hazardous leaks discovered shaill be
repaired before further increasing the pressure. A final
leak survey shall be conducted at the higher maximum
allowable operating pressure.

(f} Records for uprating, including each investigation
required by this section, cormrective action taken, and

199)
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pressure test conducted, shall be retained as long as
the facilities involved remain in service.

845.62 Uprating Steel Pipelines or Mains to a
Pressure That Will Produce a Hoop Stress of 30%
or More of SMYS. The maximum allowable operating
pressure may be increased after compliance with para.
845.61(c) and one of the foilowing provisions:

fa) If the physical condition of the line as determined
by para. 845.61(c) indicates the line is capable of
withstanding the desired higher operating pressure, is
in general agreement with the design requirements of
this Code, and has previously been tested to a pressure
equal to or greater than that required by this Code for a
new line for the proposed maximum allowabie operating
pressure, the line may be operated at the higher maxi-
mum allowable operating pressure.

&) If the physical condition of the line as determined
by para. 845.61(c) indicates that the ability of the line
to withstand the higher maximum operating pressure
has not been satisfactorily verified or that the line has
not been previously tested to the levels required by
this Code for a new line for the proposed higher
maximum allowable operating pressure, the line may
be operated at the higher maximum allowable operating
pressure if it shall successfully withstand the test re-
quired by this Code for a new line to operate under
the same conditions.

fc) If the physical condition of the line as determined
by para. 845.61(c) verifies its capability of operating
at a higher pressure, a higher maximum allowable
operating pressure may be established according to
para. 845,213 using as a test pressure the highest
pressure to which the line has been subjected, either
in a strength test or in actual operation.

{d) If it is necessary to test a pipeline or main before
it can be uprated to a higher maximum allowable
operating pressure, and if it is not practical 1o test the
line either because of the expense or difficulties created
by taking it out of service or because of other operating
conditions, a higher maximum allowable operating pres-
sure may be established in Location Class | as follows.

(/) Perform the requirements of para. 845.61(c).
{2) Select a new maximum allowable operating
pressure consistent with the condition of the line and
the design requirements of this Code, provided
{a) the new maximum aliowable operating pres-
sire does not exceed 80% of that permitted for a new
line to operate under the same conditions
(b} the pressure is increased in increments as
provided in para. 845.61(e)
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845.63 Uprating Steel or Plastic Pipelines to a
Pressure That Will Produce a Hoop Stress Less
Than 30% of SMYS

{a) This applies to high-pressure steel mains and
pipelines where the higher maximum aHowable op-
erating pressure is less than that required to produce
a hoop stress of 30% of the specified minimum yield
strength of the pipe and to all high-pressure plastic
distribution systems. If the higher maximum allowable
operating pressure of a steel pipeline or main is more
than 30% of the specified minimum yield strength of
the pipe, the provisions of para. 845.62 shall apply.

{b) Before increasing the maximum allowable op-
erating pressure of a system that has been operating
at less than the applicable maximum pressure to a higher
maximum allowable operating pressure, the following
factors shall be considered:

{1} the physical condition of the line as determined
by para. 845.61(c)

(2) information from the manufaciurer or supplier
determining that each component of a plastic system
is capable of performing satisfactorily at the higher
pressure.

{c) Before increasing the pressure, the following
steps shall be taken:

{{) Install suitable devices on the service lines to
regulate and limit the pressure of the gas in accordance

‘with para. 8435.243 if the new maximum allowable

operating pressure is to be over 60 psi.

(2} Adequately reinforce or anchor offsets, bends,
and dead ends in coupled pipe to aveoid movement of
the pipe should the offset, bend, or dead end be exposed
in an excavation.

{3) Increase pressure in increments as provided
in para. 845.61(e).

845.64 Uprating a Ductile Iron High-Pressure
Main or System t0 a New and Higher Maximum
Allowable Operating Pressure

fa) The maximum allowable operating pressure of
a ductile iron main or system shall not be increased
to a pressure in excess of that permitted in para.
842.211. Where records are not complete enough to
permit the direct application of para. 842211, the
following procedures shall be used.

(1) Laying Condition. Where the original laying
conditions cannot be ascertained, it shall be assumed
that Condition D {pipe supported on blocks, tamped
backfill) exists for cast iron pipe and Condition B (pipe
laid without blocks, tamped backfill} exists for ductile

iron pipe.
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{2} Cover. Unless the actual maximum cover depth
is known with certainty, it shall be determined by
exposing the main or system at three or more points
and making actual measurements, The main or system
shall be exposed in areas where the cover depth is
most likely to be greatest. The greatest measured cover
depth shall be used for computations.

{3) Nominal Wall Thickness. Unless the nominal
thickness is known with certainty, it shall be determined
with ultrasonic measuring devices. The average of all
measurements taken shall be increased by the allowance
indicated in the following table:

Allowance, in.

Cast Iron Pipe Ductile
Nominal Pit Cast Cenvrifugally Cast Iron
Pipe Size Pipe Pipe Pipe
3-8 0.075 0.065 0.065
10-12 0.08 0.0?7 0.07
14-24 0.08 0.08 0.075
3042 0.09 0.09 0.075
48 0.09 0.09 0.08
54-60 0.09 s

The nominal wall thickness of cast iron shall be the
standard thickness listed in Table 10 or Table 11 —
whichever is applicable — of AWWA CI101 that is
nearest the value obtained. The nominal wall thickness
of ductile iron shall be the standard thickness listed
in Table 6 of ANSVAWWA C150/A21.50 nearest the
value obtained.

(4} Manufacturing Process. Unless the cast iron
pipe manufacturing process is known with certainty, it
shall be assumed to be pit cast pipe having a bursting
tensile strength, S, of 11,000 psi and a modulus of
mupture, R, of 31,000 psi.

{b) Before increasing the maximum aflowable op-
erating pressure, the following measures shall be taken:

(1) Review the physical condition as required by
para, 845.61(c).

(2) Adequately reinforce or anchor offsets, bends,
and dead ends in coupled or bell and spigot pipe to
avoid movement of the pipe, should the offset, bend,
or dead end be exposed by excavation.

{3) Install suitable devices on the service lines to
regulate and limit the pressure of the gas in accordance
with para. 845.243 if the new and higher maximum
allowable operating pressure is to be over 60 psig.

{c) If after compliance with paras. 845.64(a) and
(b), it is established that the main system is capable
of safely withstanding the proposad new and higher
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maximum allowable operating pressure, the pressure
shall be increased as provided in para. 845.61(e).

845.65 Uprating a Distribution System That Has
Been Operating at Inches of Water (Low-Pressure)
to a Higher Pressure

(@) In addition to the precautions outlined in para.
845.61(c) and the applicable requirements contained in
paras. 845.63 and 845.64, the following steps must be
taken.

(1} Install pressure regulating devices at each cus-
tomer’s meter.

(2} Verify that the segment being uprated is physi-
cally disconnected from all segments of line that will
continue to operate at inches of water.

(b) After performing the steps outlined in (a) above,
the pressure shall be increased in increments as outlined
in para. 845.61(e). After the first incremental increase,
however, steps shall be taken to verify that the custom-
er's regulators are performing satisfactorily.

846 VALVES?

846.1 Required Spacing of Valves

846.11 Transmission Lines

{a} Except for offshore installations, sectionalizing
black valves shall be installed in new transmission
pipelines at the time of construction. When determining
the sectionalizing valve spacing, primary consideration
shall be given to locations that provide continuous
accessibility to the valves, Other factors involve the
conservation of gas, time to blow down the isolated
section, continuity of gas service, necessary operating
fexibility, expected future development within the valve
spacing section, and significant natural conditions that
may adversely affect the operation and security of
the line.

(b} Notwithstanding the considerations in (a) above,
the spacing between valves on a new transmission line
shall not exceed the following:

(1) 20 miles in areas of predominantly Location
Class |

2) 15 miles in areas of predominantly Location
Class 2

{3) 10 miles in areas of predominantly Location
Class 3

(4) 5 miles in areas of predominantly Location
Class 4

¥ See paras. 849,12 and 849.13 for provisions covering valves in
service lines.
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fc) The spacing defined in (b) above may be adjusted
slightly to permit a valve to be installed in a more
accessible location, with continuous accessibility being
the primary consideration. '

846.12 Valves on distribution mains, whether for
operating or emergency purposes, shall be spaced as
follows:

{a) High-Pressure Distribution Systems. Valves shall
be installed in high-pressure distribution systems in
accessible locations to reduce the time to shut down
a section of main in an emergency. In determining the
spacing of the valves, consideration should be given
to the operating pressure and size of the mains and
local physical conditions as well as the number and
type of consumers that might be affected by a shutdown,

{b) Low-Pressure Distribution Systems. Valves may
be used on low-pressure distribution systems but are
not required except as specified in para. 846.22(a).

$46.2 Location of Valves

846.21 Transmission Valves

(a) Sectionalizing block valves shall be accessible
and protected from damage and tampering. If a blow-
down valve is involved, it shall be located where the
gas can be blown to the atmosphere without undue
hazard.

{b) Sectionalizing valves may be installed above
ground, in a vault, or buried. In all installations an
operating device to open or close the valve shall be
readily accessible to authorized persons. All valves
shall be suitably supported to prevent settlement or
movement of the attached piping.

{c} Blowdown valves shall be provided so that each
section of pipeline between main line valves can be
blown down. The sizes and capacity of the connections
for biowing down the line shall be such that under
emergency conditions the section of line can be blown
down as rapidly as is practicable.

{d) This Code does not require the use of automatic
valves nor does the Code imply that the use of automatic
valves presently developed will provide full protection
to a piping system. Their use and installation shafl be
at the discretion of the operating company.

846.22 Distribution System Valves

fa} A valve shall be installed on the inlet piping of
each regulator station controlling the flow or pressure
of gas in a distribution system. The distance between
the valve and the regulator or regulators shall be
sofficient o permit the operation of the valve during
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an emergency, such as a large gas leak or a fire in
the station.

(b} Valves on distribution mains, whether for op-
erating or emergency purposes shall be located in a
manner that will provide ready access and facilitate
their operation during an emergency. Where a valve
is installed in a buried box or enclosure, only ready
access to the operating stem or mechanism is implied.
The box or enclosure shall be installed in a manner
to avoid ransmitting external loads to the main,

847 VAULTS

847.1 Structural Design Requirements

Underground vaults or pits for valves, pressure reliev-
ing, pressure limiting or pressure regulating stations,
etc., shall be designed and constructed in accordance
with the following provisions:

{a) Vaults and pits shall be designed and constructed
in accordance with good structural engineering practice
o meet the loads that may be imposed on them,

(b) Sufficient working space shall be provided so
that all of the equipment required in the vault can be
properly installed, operated, and maintained.

(¢) In the design of vaults and pits for pressure
limiting, pressure relieving, and pressure regulating
equipment, consideration shall be given to the protection
of the installed equipment from damage, such as that
resulting from an explosion within the vault or pit that
may cause portions of the roof or cover to fall into
the vault.

(d) Pipe entering and within regulator vaults ot pils
shall be steel for NPS 10 and smaller sizes, except
that control and gage piping may be copper. Where
piping extends through the vault or pit structure, provi-
sion shall be made to prevent the passage of gases or
liquids through the opening and to avert strains in the
piping. Equipment and piping shall be suitably sustained
by metal, masonry, or concrete supporis. The control
piping shall be placed and supported in the vault or
pit 50 that its exposure to injury or damage is reduced
1o a minimum.

{) Vault or pit openings shall be located 50 as to
minimize the hazards of tools or other objects failing
on the regulator, piping, or other equipment. The control
piping and the operating parts of the equipment installed
shall not be located under a vault or pit opening where
workmen can step on them when entering or leaving
the vault or pit, uniess such parts are suitably protected.
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{f) Whenever a vault or pit opening is to be located
above equipment that could be damaged by a falling
cover, a circular cover should be installed, or other
suitable precautions should be taken.

847.2 Accessibility

Accessibility shall be considered in selecting a site
for a vault. Some of the important factors to consider
in selecting the location of a vault are as follows:

(a) Exposure to Traffic. The location of vaults in
street intersections or at points where traffic is heavy
or dense should be avoided.

{b) Exposure to Flooding. Vaults should not be
located at points of minimum elevation, near catch
basins, or where the access cover will be in the course
of surface waters.

{c) Exposure to Adjacent Subsurface Hazards. Vaults
should be located as far as is practical from water,
electric, steam, or other facilities.

8473 Vault Sealing, Venting, and Ventilation

Underground vaults and closed top pits containing
either a pressure regulating or reduction station, or a
pressure limiting or relieving station shall be sealed,
vented, or ventilated as follows:

{a) When the internal volume exceeds 200 cu ft,
such vaults or pits shall be ventilated with two ducts
each having at least the ventilating effect of an NPS
4 pipe.

{b) The ventilation provided shall be sufficient to
minimize the possible formation of a combustible atmo-
sphere in the vault or pit. Vents associated with the
pressure regulating or pressure relieving equipment must
not be connected to the vault or pit ventilation.

{c) The ducts shall extend to a height above grade
adequate 10 disperse any gas—air mixtures that might
be discharged. The outside end of the ducts shall be
equipped with a suitable weatherproof fitting or vent
head designed to prevent foreign matter from entering
or obstructing the duct. The effective area of the opening
in such fitings or vent heads shall be at least equal
to the cross-sectional area of an NP3 4 duct. The
horizontal section of the ducts shall be as short as
practical and shall be pitched to prevent the accumula-
tion of liquids in the line. The number of bends and
offsets shall be reduced to a minimum, and provisions
shall be incorporated to facilitate the periodic cleaning
of the ducts.

(d) Such vaults or pits having an internal volume
between 75 cu ft and 200 cu ft may be either sealed,
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vented, or ventilated. If sealed, all openings shall be
equipped with tight-fitting covers without open holes
through which an explosive mixture might be ignited.
Means shall be provided for testing the internal atmo-
sphere before removing the cover. If vented, the proper
provision to prevent external sources of ignition from
reaching the vault atmosphere must be provided. If
ventilated. the provisions of either subparas. (a), (b),
and (c) above or (e) below shall apply.

(e) If vaults or pits referred to in (d) above are
ventilated by means of openings in the covers or
gratings, and the ratio of the internal volume in cubic
feet to the effective ventilating area of the cover or
grating in square feet is less than 20 te 1, no additional
ventilation is required.

(f) Vaults or pits having an intemmali volume less
than 75 cu ft have ne specific requitements.

847.4 Drainage and Waterproofing

{a) Provisions shall be made to minimize the entrance
of water into vaults. Nevertheless, vault equipment shall
always be designed to operate safely, if submerged.

(k) No vault containing gas piping shall be connected
by means of a drain connection to any other substructure,
such as a sewer.

{c) Electrical equipment in vaults shall conform to
the requirements of Class 1, Group D, of ANSY/
NFPA 70.

848 CUSTOMERS” METERS AND
REGULATORS

848.1 Location for Customers’ Meter and
Regulator Installations

{a) Customers' meters and regulators may be located
either inside or outside of buildings, depending on local
conditions, except that on service lines requiring series
regulation, in accordance with para. 845.243(a), the
upstream regulator shall be located outside of the
building.

{b) When installed within a building, the service
regulator shall be in a readily accessible location near
the point of gas service line entrance, and whenever
practical, the meters shall be instailed at the same
location. Neither meters nor regulators shall be installed
in bedrooms, closets, or bathrooms; under combustible
stairways; in unventilated or inaccessible places; or
closer than 3 ft to sources of ignition, including furnaces
and water heaters. On service lines supplying large
industrial customers or installations where gas is used
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at higher than standard service pressure, the regulators
may be instalied at other readily accessible locations.

fc} When located outside of buildings, meters and
service regulators shal! be installed in readily accessible
locations where they will be reasonably protected from
damage.

{d) Regulators requiring vents for their proper and
effective operation shall be vented to the outside atmo-
sphere in accordance with the provisions of para. 848.33,
Individual vents shafl be provided for each regulator.

848.2 Operating Pressures for Customers’ Meter
Installations

Iron or aluminum case meters shall not be used at
a maximum operating pressure higher than the manufac-
turer’s rating for the meter. New tinned steel case
meters shall not be used at a pressure in excess of
50% of the manufacturer’s test pressure; rebuilt tinned
steel case meters shall not be used at a pressure in
excess of 50% of the pressure used to test the meter
after rebuilding.

848.3 Protection of Customers’ Meter and
Regulator Installations from Damage

848.31 Meters and service regulators shall not be
installed where rapid deterioration from corrosion or
other causes is likely to occur, unless proven measures
are taken to protect against such deterioration.

848.32 A suitable protective device, such as a back-
pressure regulator or a check vaive, shall be installed
downstream of the meter if and as required under the
following conditions;

f{a) If the nature of the utilization equipment is such
that it may induce a vacuum at the meter, install a
back-pressure regulator downstream from the meter,

{b) Install a check valve or equivalent if

(1) the utilization equipment might induce a back-
pressure

{2) the gas utilization equipment is connected to
a source of oxygen or compressed air

(3) liquefied petroleum gas or other supplementary
gas is used as standby and might Aow back into the
meter. A three-way valve, installed to admit the standby
supply and at the same time shut off the regular supply,
can be substituted for a check valve if desired.

848.33 All service regulator vents and relief vents,
where required, shall terminate in the outside air in
rain- and insect-resistant fittings. The open end of the
vent shall be located where the gas can escape freely
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into the atmosphere and away from any openings into
the buildings if a regulator failure resulting in the
release of gas occurs. At locations where service regula-
tors might be submerged during floods, either a special
antiflood type breather vent fitting shall be installed or
the vent line shall be extended above the height of
the expected flood waters.

$48.34 Pits and vaults housing customers’ meters
and regulators shall be designed to support vehicular
traffic when instailed in the following locations:

fa) travelled portions of alleys, streets, and highways

{b) driveways

848.4 Installation of Meters and Regulators

All meters and regulators shall be installed in such
a manner as to prevent undue stresses on the connecting
piping and/or the meter. Lead {Pb) connections or other
connections made of material that can be easily damaged
shall not be used. The use of standard weight close
(all thread) nipples is prohibited.

849 GAS SERVICE LINES

849.1 General Provisions Applicable to Steel,
Copper, and Plastic Service Lines

849.11 Installation of Service Lines

(a) Service lines shall be installed at a depth that
will protect them from excessive external loading and
local activities, such as gardening. It is required that
a minimum of 12 in. of cover be provided in privale
property and a minimum of 18 in. of cover be provided
in streets and roads. Where these cover requirements
cannot be met due (o existing substructures, less cover
is permitted provided such portions of these service
lines that are subject o excessive superimposed foads
are cased or bridged or the pipe is appropriately
strengthened.

(B} Service lines shall be properly supported at all
points on undisturbed or well-compacted soil so that
the pipe will not be subject to excessive external loading
by the backfill. The material used for the backfill shall
be free of rocks, building materials, etc., that might
cause damage to the pipe or the protective coating.

{c) Where there is evidence of condensate in the
gas in sufficient quantities to cause interruptions in the
gas supply to the customer, the service line shall be
graded so as to drain into the main or to drips at the
low points in the service line.
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849.12 Types of Valves Suitable for Service Line
Valves

{a) Valves used as service line valves shall meet
the applicable requirements of paras, 810 and &31.1.

(&) The use of soft seat service line valves is not
recommended when the design of the valves is such

that exposure to excessive heat could adversely affect.

the ability of the valve to prevent the flow of gas.

fc) A valve incorporated in a meter bar that permits
the meter 10 be bypassed does not qualify under this
Code as a service line valve.

{d) Service line valves on high-pressure service lines,
installed either inside buildings or in confined locations
outside buildings where the blowing of gas would be
hazardous, shall be designed and constructed to mini-
mize the possibility of the removal of the core of the
valve accidentally or willfully with ordinary house-
hold tools.

{e} The operating company shall make certain that
the service line valves installed on high-pressure service
lines are suitable for this use either by making their
own tests or by reviewing the tests made by the
manufacturers.

{f} On service lines designed to operate at pressures
in excess of 60 psig, the service line valves shall be
the equivalent of a pressure lubricated valve or a needle
type valve. Other types of valves may be used where
tests by the manufacturer or by the user indicate that
they are suitable for this kind of service.

849.13 Location of Service Line Valves

fa} Service line valves shall be installed on all new
service lines (including replacements) in a location
readily accessible from the cutside.

(b} Valves shall be located upstream of the meter
if there is no regulator, or upstream of the regulator,
if there is one.

(c} All service lines operating at a pressure greater
than 10 psig and all service lines NPS 2 or larger
shall be equipped with a valve located on the service
line outside of the building, except that whenever gas
is supplied to a theater, church, school, factory, or
other building where large numbers of petsons assemble,
an outside valve will be required, regardless of the
size of the service line or the service line pressure,

{d} Underground valves shall be lacated in a covered
durable curb box or standpipe designed to permit ready
operation of the valve. The curb box or standpipe shall
be supported independently of the service line,
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849.14 Location of Service Line Connections to
Main Piping. It is recommended that service lines be
connected to either the top or the side of the main,
The connection to the top of the main is preferred to
minimize the possibility of dust and moisture being
carried from the main into the service line.

849.15 Testing of Service Lines After Construction

849.151 General Provisions. Each service line
shall be tested afier construction and before being
placed in service to demonstrate that it does not leak.
The service line connection to the main need not be
included in this test if it is not feasible to do so.

849.152 Test Requirements

{a) Service lines 1o operate at a pressure of less
than 1 psig, which do not have a protective coating
capable of temporarily sealing a leak, shall be given
a standup air or gas pressure test at not less than 10
psig for at least 5 min.

(b) Service lines to operate at a pressure of less
than 1 psig, which have a protective coating that might
temporarily seal a leak, and all service lines to operate
at a pressure of 1 psig or more, shall be given a
standup air or gas pressure test for at least 5 min at
the proposed maximum operating pressure or 90 psig,
whichever is greater. Service lines of steel, however,
that are stressed to 20% or more of the specified
minimum yield sirength shall be tested in accordance
with the requirememts for testing mains. (See para.
841.3)

(¢} The reguircments of {a}) and (b) above shall
apply to plastic service lines, except that plastic service
lines shall be tested to at least 1.5 times the maximum
operating pressure, and the limitations on maximum
lest pressure, temperature, and duration set forth in
para. 842.52 shall be observed.

849.2 Steel Service Lines

849.21 Design of Steel Service Lines

(a) Sicel pipe, when used for service lines, shall
conform to the applicable requirements of Chapter 1.

() Steel service pipe shall be designed in accordance
with the requirements of paras. 841.11 and 841.121.
Where the pressure is less than 100 psig, the steel
service pipe shall be designed for at least 100 psig
pressure.

{c) Steel pipe used for service lines shall be installed
in such a manner that the piping strain or external
loading shall not be excessive.
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(d) All underground steel service lines shall be joined
by threaded and coupled joints, compression-type fit-
tings, or by qualified welding or brazing methods,
procedures, and operators.

849.22 Installation of Steel Service Limes

849.221 Installation of Steel Service Lines in
Bores

(a) When coated steel pipe is to be installed as a
service line in a bore, care shall be exercised to prevent
damage to the coating during installation.

(b) When a service line is to be instatled by boring
or driving, and coated steel pipe is to be used, it shall
not be used as the bore pipe or drive pipe and left in
the ground as part of the service line unless it has
been demonstrated that the coating is sufficiently durable
to withstand the boring or driving operation in the type
of soil involved without significant damage to the
coating, Where significant damage to the coating may
result from boring or driving, the coated service line
should be installed in an oversized bore or casing pipe
of sufficient diameter to accommodate the service pipe.

fc} In exceptionally rocky soil, coated pipe shall not
be inserted through an open bore if significant damage
to the coating is likely.

849.222 Installation of Service Lines Into or
Under Buildings

{a) Underground steel service lines, when installed
below grade through the outer foundation wall of 2
building, shall be either encased in a sleeve or otherwise
protected against cormosion. The service line andfor
sleeve shall be sealed at the foundation wall 10 prevent
entry of gas or water into the building.

(b) Steel service lines, where installed underground
under buildings, shall be encased in a gas-tight conduit.
When such a service line supplies the building it
subtends, the conduit shall extend into a normaily
usable and accessible portion of the building. At the
point where the conduit terminates, the space between
the concduit and the service line shall be sealed to
prevent the possible entrance of any gas leakage. The
casing shall be vented at a safe location.

849.3 Ductile Iron Service Lines

849.31 Use of Ductile Iron Service Lines. When
used for service lines, ductile iron pipe shall meet the
applicable requiremenis of para. 842. Ductile iron pipe
may be used for service lines except for the portion
of the service line that extends through the building
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wall. Ductile iron service lines shall not be installed
in unswable soils or under buildings.

849.4 Plastic Service Lines

849.41 Design of Plastic Serviee Lines

f{a) Plastic pipe and tubing shall be used for service
lines only where the piping strain or external loading
will not be excessive.

{b) Plastic pipe, tubing, cements, and fittings used
for service lines shall conform to the applicable require-
ments of Chapter 1.

(c) Plastic service lines shall be designed in accord-
ance with the applicable requirements of para. 8423,

fd) Plastic service lines shall be joined in accordance
with the applicable requirements of para. §42.39,

849.42 Installation of Plastic Service Lines

{a) Plastic service lines shall be instalfed in accord-
ance with the applicable requirements of paras. 8424
and 849,11, Particular care must be exercised to prevent
damage to plastic service line piping at the connection
to the main or other facility. Precautions shall be taken
10 prevent crushing or shearing of plastic piping due
to external loading or settling of backfill and to prevent
damage or pullout from the connection resulting from
thermal expansion or contraction. (See paras. 842.431
and §42.432.)

(b) Motwithstanding the limitations imposed in para.
842.43, a plastic service line may terminate above
ground and outside the building, provided that

(1) the above-ground portion of the plastic service
line is completely enclosed in a conduit or casing of
sufficient strength to provide protection from external
damage and deterioration. Where a flexible conduit is
used, the top of the riser must be attached to a solid
support. The conduit or casing shall extend a minimom
of 6 in. below grade.

{2) the plastic service line is not subjected to
external loading stresses by the customer’s meter or
its connecting piping.

849.421 Installation of Plastic Service Lines Into
or Under Buildings

fa) An vunderground plastic service line installed
through the outer foundation or wall of a building shall
be encased in a rigid sleeve with suitable protection
from shearing action or backfill settlement. The sleeve
shall extend past the outside face of the foundation a
sufficient distance to reach undisturbed soil or thor-
oughly compacted backfill. At the point where the
sleeve terminates inside the foundation or wall, the
space between the sleeve and the service line shall be
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sealed to prevent leakage into the building, The plastic
service line shall not be exposed inside the building.

{(b) A plastic service line installed underground under
a building shall be encased in a gas-tight conduit.
When such a service line supplies the building it
subtends, the conduit shall extend into a normally usable
and accessible portion of the building. At the point
where the conduit terminates, the space between the
conduit and the service line shall be sealed to prevent
leakage into the building, The plastic service line shall
not be exposed inside the building. The casing shatl
be vented at a safe lacation,

849.5 Copper Service Lines

849.51 Design of Copper Service Lines

849.511 Copper pipe or tubing, when used for
service lines, shall conform t the following require-
ments:

{a) Copper pipe or tubing shall not be used for
service lines where the pressure exceeds 100 psig.

{b) Copper pipe or tubing shall not be used for
service lines where the gas carried contains more than
an average of 0.3 grains of hydrogen sulfide per 100
standard cubic feet of gas. This is equivalent to a trace
as determined by the lead-acetate test. (See para, 863.4.)

{c} The minimum wall thickness for copper pipe or
tubing used for service lines, shali be not less than
type “L" as specified in ASTM B 88,

{d) Copper pipe or tubing shall not be used for
service lines where strain or external loading may
damage the piping.

849.512 Valves in Copper Piping. Valves in-
stalled in copper service lines may be made of any
suitable material permitied by this Code.

849.513 Fittings in Copper Piping. It is recom-
mended that fittings in copper piping and exposed to
the soil, such as service line tees, pressure control
fittings, etc., be made of bronze, copper, or brass.

849.514 Joints in Copper Pipe and Tubing. Cop-
per pipe shall be joined by using either a compression-
type coupling or a brazed or soldered lap joint. The
filer material used for brazing shall be a copper-
phosphorous alloy or silver base alloy. Butt welds are
not permissible for joining copper pipe or tubing.
Copper tubing shali not be threaded, but copper pipe
with a wall thickness equivalent to the comparable size
of Schedule 40 steel pipe may be threaded and used
for connecting screw fittings or valves.
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849.515 Protection Against Galvanic Action
Caused by Copper. Provisions shall be made to prevent
harmful galvanic action where copper is connected
underground to steel. [See para. 862.114(a).]

849.52 Installation of Copper Service Lines. The
following requirements shall apply 1o copper service
lines within buildings.

{a) Copper service lines may be installed within
buildings, provided that the service line is not concealed
and is suitably protected against external damage.

{b) An underground copper service line installed
through the outer foundation wall of a building shall
be either encased in a sleeve or otherwise protected
against comrosion. The annular space between the service
line and steeve shall be sealed at the foundation wall
to prevent entry of gas or waler,

{c) A copper service line installed underground under
buildings shall be encased in a conduit designed to
prevent gas leaking from the service line from getting
into the building. When joints are used, they shall be
of brazed or soldered type in accordance with para.
849.514.

849.6 Service Line Connections to Mains

849.61 Service Line Connections to Steel Mains.
Service lines may be connected to steel mains by

a) welding a service line tee or similar device to
the main

{b} using a service line clamp or saddle

{c) using compression fittings with rubber or nibber-
like gaskets or welded connections to connect the
service line to the main connection fitting. Gaskets
used in a manufactured gas system shall be of a type
that effectively resists that type of gas.

{d) welding a steel service line directly to the main
(see para. 831.42 and Table 831.42)

849.62 Service Line Connection to Cast Iron and
Ductile Iron Mains
{a) Service lines may be connected to cast iron and
ductile iron mains by
{) drilling and tapping the main, provided the
diameter of the tapped hole shali not exceed the limita-
tions imposed by para. 831.33(b); or
{2) using a reinforcing sleeve
b} Service line connections shall not be brazed
directly to cast iron or ductile iron mains.

849.621 Compression fittings using rubber or
rubber-like gaskets or welded connections may be used
to connect the service line to the main connection
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fitting. Gaskets used in a manufactured gas system
shall be of a type that effectively resists that type of gas.

849,63 Service Line Connections to Plastic Mains

(a) Plastic or metal service lines shall be connected
to plastic mains with suitable Aitings.

(b) A compression-type service line to main connec-
tion shall be designed and instailed to effectively sustain
the longitudinal pullout forces caused by contraction
of the piping or external loading.

849.64 Service Line Connections to Copper Mains

{a) Connections using a copper or cast bronze service
line tee or exiension fitting sweat-brazed to the copper
main are recommended for copper mains.
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{b) Butt welds are not permitted.

{c) Fillet-brazed joints are not recommended.

{d) The requirements of para. 849.514 shail apply to
¢f) joints not specifically mentioned above
(2) all brazing material

849.65 Plastic Service Line Connections to Metal
Mains

(a) Plastic service lines shall be connected to metal
mains with a svitable metallic or plastic main fitting
as provided in para. 849.61, 849.62, or 849.64 having
a compression end or other suitable transition fitting.

{B) A compression-type service line to main connec-
tion shall be designed and installed to effectively sustain
the longitudinal pullout forces caused by contraction
of the piping or external loading.
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CHAPTER V
OPERATING AND MAINTENANCE PROCEDURES

850 OPERATING AND MAINTENANCE
PROCEDURES AFFECTING THE SAFETY
OF GAS TRANSMISSION AND
DISTRIBUTION FACILITIES

850.1 General

(a) Because of many variables, it is not possible to
prescribe in a code a detailed set of operating and
maintenance procedures that will encompass all cases.
It is possible, however, for each operating company to
develop operating and maintenance procedures based
on the provisions of this Code, its experience, and its
knowledge of its facilities and conditions under which
they are operated that will be adequate from the stand-
point of public safety. For operating and maintenance
procedures relating to corrosion control, see Chapter VI

(b} Upon initiating gas service in a pipeline designed
and constiucted or converted to gas service in accord-
ance with this Code, the operating company shall
determine the Location Class in accordance with Table
854.1(c).

850.2 Basic Requirements

Each operating company having gas transmission or
distribution facilities within the scope of this Code shall

{a) have a written plan covering operating and main-
tenance procedures in accordance with the scope and
intent of this Code

{b) have a written emergency plan covering facility
failure or other emergencies

{c) operate and maintain its facilities in conformance
with these plans

(d) modify the plans periodically as experience dic-
tates and as exposure of the public to the facilities
and changes in operating conditions require

(e} provide training for employees in procedures
established for their operating and maintenance func-
tions. The training shall be comprehensive and shall
be designed to prepare employees for service in their
area of responsibility.

() keep records to administer the plans and training
properly

850.3 Essential Features of the Operating and
Maintenance Plan

The plan prescribed in para. 850.2(a) shall include

(a) detailed plans and insteuctions for employees
covering operating and maintenance procedures for gas
facilities during normal operations and repairs

{b) items recommended for inclusion in the plan for
specific classes of facilities that are given in paras.
851.2, 851.3, 851.4, 851.5, 851.6, and B861(d)

{c) plans to give particular attention to those portions
of the facilities presenting the greatest hazard to the
public in the event of an emergency or because of
construction or extraordinary maintenance requirements

{d} provisions for periodic inspections along the route
of existing steel pipelines or mains, operating at a hoop
stress in excess of 40% of the specified minimum yield
strength of the pipe material to consider the possibility
of Location Class changes. It is not intended that these
inspections include surveys of the number of buildings
intended for human occupancy. (See para. 854.)

850.4 Essential Features of the Emergency Plan

850.41 Written Emergency Procedures

850.411 Each operating company shall establish
written procedures that will provide the basis for instruc-
tions to appropriate operating and maintenance person-
nel that will minimize the hazard resulting from a gas
pipeline emergency. At a minimum, the procedures
shall provide for the following:

{a) a system for receiving, identifying, and classify-
ing emergencies that require immediate response by
the operating company

(b) indicating clearly the responsibility for instructing
employees in the procedures listed in the emergency
plans and for training employees in the execution of
those procedures

(¢) indicating clearly those responsible for updating
the plan

(d) establishing a plan for prompt and adequate
handling of all calls that concem emergencies whether
they are from customers, the public, company employ-
ees, or other sources
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(e) establishing a plan for the prompt and effective
response o a notice of each type of emergency

() controlling emergency situations, including the
action 10 be taken by the first employee amiving at
the scene

(g) the dissemination of information to the public

(h) the safe restoration of service to all facilities
affected by the emergency after proper corrective mea-
sures have been taken

{i) reporting and documenting the emergency

850.42 Training Program. Each operating company
shall have a program for informing, instructing, and
training employees responsible for executing emergency
procedures. The program shall acquaint the employee
with the emergency procedurss and how to promptly
and effectively handle emergency situations. The pro-
gram may be implemented by oral instruction, writien
instruction, and, in some instances, group instruction,
followed by practice sessions. The program shall be
established and maintained on a continuing basis with
provision for updating as necessitated by revision of
the written emergency procedures. Program records
shall be maintained to establish what training each
employee has received and the date of such training.

850.43 Liaison. Each operating company shall estab-
lish and maintain liaison with appropriate fire, police,
and other public officials and public communications
media.

850.44 Educational Program. An educational pro-
gram shall be established to enable customers and the
general public to recognize and report a gas emergency
io the appropriate officials. The educational program
called for under this section should be tailosed to the
type of pipeline operation and the environment traversed
by the pipeline and should be conducted in each
language that is significant in the community served.
Operators of distribution systems should communicate
their programs to consumers and the general public in
their distribution area. Operators of transmission systems
should communicate their programs to residents along
their pipeline rights-of-way. The programs of operators
in the same area should be coordinated to properly direct
reports of emergencies and (o avoid inconsistencies.

850.5 Pipeline Failure Investigation

Each operating company shall establish procedures
to analyze all failures and accidents for determining
the cause and to minimize the possibility of a recurrence.
This plan shall include a procedure to select samples
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of the failed facility or equipment for laboratory exami-
nation when necessary.

850.6 Prevention of Accidental Ignition

Smoking and all open flames shall be prohibited in
and around structures, or areas under the control of
the operating company containing gas facilities {such
as compressor stations, meter and regulator stations,
and other gas handling equipment), where possible
leakage of gas constitutes a hazard of fire or explosion.
Each operating company shall take steps to minimize
the danger of accidental ignition of gas.

fa) When a hazardous amount of gas is to be vented
into open air, each potential source of ignition shall first
be removed from the area and adequate fire extinguishers
shall be provided. All flashlights, lighting fixtures,
extension cords, and tools shall be of a type approved
for hazardous atmospheres. Blowdown connections that
will direct the gas away from any electrical transmission
lines must be installed or used.

(B) Suitable signs and Aagmen or guards, if necessary,
shall be posted to wam others approaching or entering
the area of the hazard.

{c) To prevent accidental ignition by electric arcing,
an adequate bonding cable should be connected to each
side of any piping that is to be parted or joined, and
any cathodic protection rectifiers in the area shall be
twrned off. When plastic pipe is being parted or joined,
a spray of water or use of wet rags is advised to cover
the surface to prevent static arcing.

{d}) When cutting by torch or welding is to be
performed, a thorough check shall first be made for
the presence of a combustible gas mixture in the area
outside of the pipeline. If found, the mixture shall be
eliminated before starting welding or cutting. Monitoring
of the air mixture should continue throughout the
progress of the work.

fe) Should welding be anticipated on a pipeline filled
with gas and the safety check under (d) above has
been completed satisfactorily, the gas pressure must be
controlled by a suitable means to keep a slight positive
pressure in the pipeline at the welding area before
starting work. Precautions should be taken to prevent
a backdraft from occurring at the welding area.

(f) Before cutting by torch or welding on a line
that may contain a mixture of gas and air, it shall be
made safe by displacing the mixture with gas, air, or
an inert gas. Caution must be taken when using an
inert gas to provide adequate ventilation for all workers
in the area.
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850.7 Blasting Effects

Each operating company shall establish procedures
for protection of facilities in the vicinity of blasting
activities. The operating company shall

{a) locate and mark its pipeline when explosives are
to be detonated within distances as specified in company
plans. Consideration should be given to the marking
of minimum blasting distances from the pipelines de-
pending upon the type of blasting operation.

(b} determine the necessity and extent of observing
or monitoring blasting activities based upon the proxim-
ity of the blast with respect to the pipelines, the size
of charge, and soil conditions

{c) conduct a leak survey following each blasting
operation near its pipelines.

351 PIPELINE MAINTENANCE

851.1 Periodic Surveillance of Pipelines

As a means of maintaining the integrity of its pipeline
system, each operating company shall establish and
implement procedures for periodic surveillance of its
facilities. Studies shall be initiated and appropriate
action shall be taken where wnuswal operating and
maintenance conditions occur, such as failures, leakage
history, drop in flow efficiency due to internal corrosion,
or substantial changes in cathodic protection require-
ments.

When such studies indicate the facility is in unsatis-
factory condition, a planned program shall be initiated
to abandon, replace, or recondition and proof test. If
such a facility cannot be reconditioned or phased out,
the maximum allowable operating pressure shall be
reduced commensurate with the requirements described
in para. 845.213(c).

851.2 Pipeline Patrolling

Each operating company shall maiatain a periodic
pipeline patrol program to observe surface conditions on
and adjacent to each pipeline right-of-way, indications of
leaks, comstruction activity other than that performed
by the company, natural hazards, and any other factors
affecting the safety and operation of the pipeline. Patrols
shall be performed at least once every year in Locations
Classes 1| and 2, at least once every 6 months in
Location Class 3, and at least once every 3 months
in Location Class 4. Weather, terrain, size of ling,
operating pressures, and other conditions will be factors
in determining the need for more frequent patrol. Main
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highways and railroad crossings shall be inspected with
greater frequency and more closely than pipelines in
open couniry.

851.21 Maintenance of Cover at Road Crossings
and Drainage Ditches. The operating company shall
determine by periodic surveys if the cover over the
pipeline at road crossings and drainage ditches has
been reduced below the requirements of the original
design. It the operating company determines that the
nommal cover provided at the time of pipeline construc-
tion has become unacceplably reduced due to earth
removal or line movement, the operating company shall
provide additional protection by providing barriers,
culverts, concrete pads, casing, lowering of the line,
or other suitable means.

851.22 Maintenance of Cover in Cross-Country
Terrain. If the operating company leams, as a result
of patrolling, that the cover over the pipeline in cross-
country terrain does not meet the original design, it
shall determine whether the cover has been reduced to
an unacceptable level. If level is unacceptable, the
operating company shall provide additional protection
by replacing cover, lowering the line, or other suitable
means,

851.3 Leakage Surveys

Each operating company of a transmission line shall
provide for periodic leakage surveys of the line in its
operating and maintenance plan. The types of surveys
selected shall be effective for determining if potentially
hazardous leakage exists. The extent and frequency of
the leakage surveys shall be determined by the operating
pressure, piping age, class location, and whether the
transmission line transports gas without an odorant.

851.4 Repair Procedures for Steel Pipelines
Operating at Hoop Stress Levels at or Above
40% of the Specified Minimum Yield Strength

If at any time a defect mentioned in the following
subsections of para. 851.4 is evident on a pipeline
operating at or above 40% of the specified minimum
yield strength of the pipe, temporary measures shall
be employed immediately to protect the property and
the public. If it is not feasible to make permanent
repairs at the time of discovery, permaneat repairs shall
be made as soon as feasible as described herein. The
use of a welded patch as a repair method is prohibited,
except as provided in para. 851.43(e). If the pipeline
is not taken out of service, the operating pressure shall
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be at a level that will provide safety during the repair
operations.

Gouges and grooves are defined as injurious when
the depth of the defect is greater than 10% of the
nominal wall thickness of the pipe. See para. 841.113(b)
for additional limitations. Smooth dents in existing
pipelines do not require repair unless they

fa} contain a stress concentrator, such as a scraich,
gouge, groove, or arc burm;

(b) affect the curvature of the pipe at the longiwdinal
weld or a circumferential weld: or

{c) exceed a maximum depth of 6% of nominal pipe
diameter.

Nonleaking corroded areas that must be repaired or
replaced are defined in para. 862.213. Longitudinal weld
seams are commonly identified by visual inspection,
etchants, and ultrasonics,

A full encirclement welded split sleeve shall have
a design pressure at least equal to that required for
the maximum allowable operating pressure of the pipe
being repaired. If conditions require that the sleeve
carry the full longitudinal strasses, the sleeve shall be
at least equal to the design strength of the pipe being
repaired. Full encirclement sleeves shall not be less
than 4 in. in width.

If the defect is not a leak, the circumferential fillet
welds are optional in certain cases as described in the
following subsections of para. 851.4. If circumferential
fillet welds are made, the sleeve’s longitudinal welds
should be butt welds, The welding procedures for the
circumferential fillet welds shall be suitable for the
materials and shall consider the potential for underbead
cracking. Backup strips are not required. If the circum-
ferential fillet welds are not made, the longitudinal
welds may be buit welds or fillets to a side bar. The
circumferential edges, which would have been sealed
had the fillet welds been made, should be sealed with
a coating material such as enamel or mastic, so that
the soil environment will be kept out of the arca under
the sleeve.

851.41 Permanent Field Repairs of Injurious
Gouges, Grooves, and Dents

(a) Injurious gouges, grooves, and dents shall be
removed or reinforced, or the operating pressure shall
be reduced.

(1} If feasible, gouges, grooves, and dents shall
be removed by taking the pipeline out of service and
cutting out a cylindrical piece of pipe and replacing
same with pipe of equal or greater design pressure.

{2) If not feasible 1o take the pipeline out of
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service or operate at a reduced pressure, repairs may
be made

(a) with a full encirclement welded split sleeve
with or without circumferential fillet welds;

(b) by removing the defect by hot tapping,
provided the entire defect is removed, or

fc) if the defect is not a dent, by grinding as
provided for in para. 841.242. If after the defect is
removed by grinding not enough wall thickness remains
[see para. 841.113(b)], a full encirclement welded split
sleeve, with or without circumferential fillet welds,
shall be installed.

(3} If & dent is repaired with a sleeve and circum-
ferential fillet welds are not made, the dent shall first
be filled with a hardenable filler. If fillet welds are
made, the dent may be protected either by the filler
just mentioned or by intentionally pressurizing the
sleeve by hot tapping the pipeline under it.

(b) All repairs under para. 851.41(a) shall pass nonde-
structive inspections and tests as provided in para.
851.5.

£51.42 Permanent Field Repair of Welds Having
Injurious Defects

{a) All circomferential burt welds found to have
unacceptable defects (according to API 1104) shall be
repaired in accordance with the requirements of para,
827, provided the pipeline can be taken out of service.
Repairs on welds may be made while the pipeline is
in service, provided the weld is not leaking, the pressure
in the pipeline has been reduced to a pressure that
will not produce a stress in excess of 20% of the
specified minimum yield of the pipe, and grinding of
the defective area can be limited so that there will
remain at least %4 in. thickness in the pipe weld.

(k) Defective welds mentioned in (a) above, which
cannot be repaired under (a) above and where it is
not feasible to remove the defect from the pipeline by
replacement, may be repaired by the installation of a
full encirclement welded split sleeve using circumferen-
tial fillet welds.

{c) If a gouge, groove, or dent occurs in a submerged
arc welded seam {or a manufacturing defect is found
in such a seam) or if a gouge, groove, or dent occurs
in a circemferential butt weld, a full encirclement
welded split sleeve shall be installed with or without
using fillet welds. Dents shall be protected by a filler
or by pressurizing the sleeve as previously described
in para. 851.41(a)(3).

(d) If a gouge, groove, or dent occurs in an electric
resistance weld seam or a flash weld seam, if a manufac-
turing defect is discovered in same, or if hydrogen
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stress cracking is found in any weld zone, a full
encirclement welded split sleeve shall be installed using
fillet welds. The sleeve shall then be pressurized by
hot tapping the pipeiine under the sleeve.

{e) All repairs performed under (a), (b), (c), and (d)
above shall be tested and inspected as provided in
para. 851.5.

851.43 Permanent Field Repair of Leaks and
Nonleaking Corroded Areas

{a) If feasible, the pipeline shall be taken out of
service and repaiced by cutting out a cylindrical piece
of pipe and replacing with pipe of equal or greater
design strength.

{b) If it is not feasible to take the pipeline out of
service, repairs shall be made by the installation of a
full encirclement welded split sleeve unless a patch is
chosen in accordance with (¢) below, or unless corrosion
is repaired with deposited weld metal in accordance
with (f) below. If nonleaking corrosion is repaired with a
full encirclement welded split sieeve, the circumferential
fillet welds are optional.

fc) If the leak is due to a comosion pit, the repair
may be made by the installation of a properly designed
bolt-on leak clamp.

{d) A small leak may be repaired by welding a
nipple over it to vent the gas while welding and then
installing an appropriate fitting on the nipple.

{e) Leaking or nonleaking corroded areas on pipe
of not more than 40,000 psi specified minimum yield
strength may be repaired by using a steel plate patch
with rounded corners and with dimensions not in excess
of one-half the circumference of the pipe fillet welded
over the pitted area. The design strength of the plate
shall be the same or greater than the pipe.

(f Small corroded areas may be repaired by filling
them with deposited weld metal from low-hydrogen
electrodes. The higher the pressure and the greater the
flow rate, the less is the chance of bum-through. At
20 V and 100 A, burn-through is unlikely to accur
when the following actual wall thicknesses exist:

Gas Velocity, fusec

psia 0 5 10 20
15 0.320 R e .-
500 0.300 0.270 0.240 0.205
900 0.280 0.235 0.1% 0.150

This method of repair should not be attempted on
pipe that is thought to be susceptible to brittle fracture.

{g) All repairs performed under (a), (b), and (d)
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above shall be tested and inspected as provided in
851.5.

851.44 Permanent Field Repair of Hydrogen
Stress Cracking in Hard Spots and Stress Corrosion
Cracking

(a) If feasible, the pipeline shall be taken out of
service and repaired by cutting out a cylindrical piece
of pipe and replacing with pipe of equal or greater
design strength.

(b) If it is not feasible 1o take the pipeline out of
service, repairs shall be made by the installation of a
full encirclement welded split sleeve. In the case of
stress corrosion cracking, the fillet welds are optional.
If the fillet welds are made, pressurization of the sleeve
is optional. The same applies to hydrogen stress cracking
in hard spots except that a fiat hard spot shall be
protected with a hardenable filler or by pressurization
of a fillet welded sleeve.

{¢) All repairs performed under (a) and (b) above
shall be tested and inspected as provided in para. 851.5.

851.5 Testing Repairs t0 Steel Pipelines or Mains
Operating at Hoop Stress Levels at or Above
40% of the Specified Minimom Yield Strength

851.51 Testing of Replacement Pipe Sections.
When a scheduled repair to a pipeline or main is made
by cutting out the damaged portion of the pipe as a
cylinder and replacing it with another section of pipe,
the replacement section of pipe shall be subjected to
a pressure test. The replacement section of pipe shall
be tested 1o the pressure required for a new pipeline
or main installed in the same location. The tests may
be made on the pipe prior to inswllation, provided
nondestructive tests meeting the requirements of para.
826 are made on all field girth butt weids after installa-
tion. If the replacement is made under controlled fire
conditions (gas in the pipeline), full encirclement welded
split sleeves may be used fo join the pipe sections
instead of butt welds. All sleeve welds should be
radiographed. (See para. 851.52.)

851.52 Nondestructive Testing of Repairs, Gouges,
Grooves, Dents, and Welds. If the defects are repaired
by welding in accordance with the provisions of para,
851.4 and any of its subsections, the welding shall be
examined in accordance with para. 826.

851.6 Pipeline Leak Records

Records shall be made covering all leaks discovered
and repairs made. All pipeline breaks shall be reported
in detail. These records along with leakage survey
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records, line patrol records, and other records relating
to routine or unusual inspections shall be kept in the
file of the operating company, as long as the section
of line remains in service.

851.7 Pipeline Markers

{a) Signs or markers shall be installed where it is
considered necessary to indicate the presence of a
pipeline at road, highway, railroad, and stream crossings.
Additional signs and markers shall be installed along
the remainder of the pipeline at locations where there
is a probability of damage or interference.

(b} Signs or markers and the surrounding right-of-
way shall be maintained so markers can be easily read
and are not obscured,

(c) The signs or markers shall include the words
“(ras (or name of gas transported) Pipeline,” the name
of the operating company, and the telephone number
(including area code) where the operating company can
be contacted.

851.8 Abandoning of Transmission Facilities

Each operating company shall have a plan in its
operating and maintenance procedures for abandoning
transmission facilities. The plan shall include the follow-
ing provisions:

(a) Facilities to be abandoned shall be discomnected
from all sources and supplies of gas such as other
pipelines, mains, crossover piping, meter stations, con-
trol lines, and other appurienances.

¢(b) Facilities to be abandoned in place shall be
purged of gas with an inert material and the ends shall
be sealed, except that:

(c) after precautions are taken to determine that
no liquid hydrocarbons remain in the facilities 1o be
abandoned. then such faciliies may be purged with
air. If the facilities are purged with air, then precautions
must be taken to determine that a combustible mixture
is not present after purging. (See para. 841.275.)

851.9 Repositioning a Pipeline in Service

When repositicning a pipeline in service, the follow-
ing are some of the factors that shall be considered:

(a} deflection

(b} diameter, wall thickness, and grade of pipe

(¢} pipeline pressure

(d) type of girth welds

{e) test and operating history

(f} presence of defects

{g) existing curvature
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(k) bends

(i) valves and fittings

{f) terrain and soil conditions

(k) personnel safety considerations

{f) additional stresses caused by repositioning of the

pipeline
§52 DISTRIBUTION PIPING MAINTENANCE

852.1 Patroiling

Distribution mains shall be patrolled in areas where
necessary 1o observe factors that may affect safe opera-
tion. The patrolling shall be considered in areas of
construction activity, physical deterioration of exposed
piping and supports, or any natural causes, which could
result in damage to the pipe. The frequency of the
patrolling shall be determined by the severity of the
conditions that could cause failure or leakage and the
subsequent hazards to public safety.

852.2 Leakage Surveys

Each operating company having a gas distribution
system shall set up in its operating and maintenance
plan a provision for making periodic leakage surveys
on the system.

852.21 The types of surveys selected shall be effec-
tive for determining if potentially hazardous leakage
exists. The following are some procedures that may
be employed:

{a) surface gas detection surveys

(b} subsurface gas detector survey (including bar
hole surveys)

{c) vegetation surveys

(d) pressure drop tests

(¢) bubble leakage tests

(f) ultrasonic lcakage tests

A detailed description of the various surveys and
leakage detection procedures is shown in Appendix M.

852.22 The extent and frequency of leakage surveys
shall be determined by the character of the general
service area, building concentrations, piping age, system
condition, operating pressure, and any other known
condition (such as surface faulting, subsidence, flooding,
Or an increase in operating pressure) that has significant
potential to either initiate a leak or to cause leaking
gas to migrate to an area where it could result in a
hazardous condition. Special one-time surveys should
be considered following exposure of the gas distribution
system to unusual stresses (such as those resulting from
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earthquakes or blasting). The leakage survey frequencies
shall be based on operating experience, sound judgment,
and a knowledge of the system. Once established,
frequencies shall be reviewed periodically to affirm
that they are still appropriate. The frequencies of the
leakage survey shall at least meet the following.

(a} Distribution systems in a principal business dis-
trict should be surveyed at least annually. Such surveys
shall be conducted using a gas detector and shall include
tests of the atmosphere that will indicate the presence
of gas in utility manholes, at cracks in the pavement
and sidewalks, and at other locations that provide
opportunities for finding gas leaks.

(b) The underground distribution system outside the
areas covered by (a) above should be surveyed as
frequently as experience indicates necessary, but not
less than once every 5 years.

852.3 Leakage Iuvestigation and Action

852.31 Leakage Classification and Repair. Leaks
located by surveys and/or investigation should be evalu-
ated, classified, and controiled in accordance with the
criteria set forth in para. M5 of Appendix M.

Prior to taking any repair action, leaks should be
pinpointed but only after it has been established that
an immediate hazard does not exist or has been con-
trolled by such emergency aclions as evacuwation,
blocking an area off, rerouting traffic, eliminating
sources of ignition, ventilating, or stopping the flow
of gas. The pinpointing guidelines provided in para.
M6 of Appendix M should be followed.

852.32 Investigation of Reports From Qutside
Sources. Any notification from an outside source (such
as police or fire department, other utility, contractor,
customer, or general public) reporting a leak, explosion,
or fire, which may involve gas pipelines or other
gas facilities, shall be investigated prompty. If the
investigation reveals a leak, the leak should be classified
and action should be taken in accordance with the
criteria in para. M35 of Appendix M.

852.33 Odor or ludications From Foreign Sources.
When potentially hazardous leak indications (such as
natural, sewer, or marsh gas or gasoline vapors) are
found to originate from a foreign source or facility or
customer-owned piping, they shall be reported to the
operator of the facility and, where appropriate, to the
police department, fire departmeat, or other govemmen-
tal agency. When the company’s pipeline is connected
to a foreign facility (such as the customer's piping),
necessary action, such as disconnecting or shutting off
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the flow of gas to the facility, shall be taken to eliminate
the potential hazard.

852.34 Followup Inspections. While the excavation
is open, the adequacy of leak repairs shall be checked
by using acceptable methods. The perimeter of the leak
area shall be checked with a gas detector. In the case
of a Grade | leak repair as defined in Appendix M,
where there is residual gas in the ground, a followup
inspection should be made as soon as practicable after
allowing the soil to vent to the atmosphere and stabilize,
but in no case later than 1 month following the repair.
In the case of other leak repairs, the need for a followup
inspection should be determined by qualified personnel.

852.4 Requirements for Abandoning, Disconnecting,
and Reinstating Distribution Facilities

85241 Abandoning of Distribution Facilities. Each
operating company shall have a plan for abandoning
inactive facilities, such as service lines, mains, control
lines, equipment, and appurtenances for which there is
no planned use.

The plan shall also include the following provisions:

(a} If the facilities are abandoned in place, they
shall be physically disconnected from the piping sysiem.
The open ends of all abandoned facilities shall be
capped, plugged, or otherwise effectively sealed. The
need for purging the abandoned facility to prevent the
development of a potential combustion hazard shall be
considered and appropriate measures shall be taken.
Abandonment shall not be completed until it has been
determined that the volume of gas or liquid hydrocar-
bons contained within the abandoned section poses no
potential hazard. Air or inert gas may be used for
purging, or the facility may be filled with water or
other inert material. (See para. 841.275.) If air is used
for purging, the operating company shall determine that
a combustible mixture is not present after purging,
Consideration shall be given to any effects the abandon-
ment may have on an active cathodic protection system,
and appropriate action shall be taken.

(b) In cases where a main and the service lines
connected to it are abandoned, insofar as service lines
are concerned, only the customer’s end of such service
lines need to be sealed as stipulated above.

fc) Service lines abandoned from the active mains
should be disconnected as close o the main as practi-
cabie.
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{d) Al valves left in the abandoned segment should
be closed. If the segment is long and there are few
line valves, consideration should be given to plugging
the segment at intervals.

{e) All above-prade valves, risers, and vault and
valve box covers shall be removed. Vault and valve
box voids shall be filled with suitable compacted backfili
material.

852.42 Temporarily Disconnected Service. When-
ever service to a customer is temporarily discontinued,
one of the following shall be complied with:

{a) The valve that is closed to prevent the flow of
gas to the customer shall be provided with a locking
device or other means designed to prevent the opening
of the valve by persons other than those authorized
by the operating company.

{f) A mechanical device or fitting that will prevent
the flow of gas shall be installed in the service line
or in the meter assembly.

{c) The customer’s piping shali be physically discon-
nected from the gas supply and the open pipe ends
shall besealed.

§52.43 Test Requirements for Reinstating
Abandoned Facilities and Temporarily Disconnected
Service Lines. Facilities previously abandoned shall be
tested in the same manner as new facilities before
being reinstated.

Service lines previously abandoned shall be twsted
in the same manner as new service lines before being
reinstated.

Service lines temporarily disconnected because of
main renewals or other planned work shall be tested
from the point of disconnection 1o the service line
valve in the same manner as new service lines before
reconnecting, except

fa) when provisions to maintain continuous service
are made, such as by installation of a bypass, any
portion of the original service line used to maintain
continuous service need not be tested; or

(b} when the service line has been designed, installed,
tested, and maintained in accordance with the require-
ments of this Code.

852.5 Plastic Pipe Maintenance

852,51 Pinching and Reopening of Thermoplastic
Pipe and Tubing for Pressure Control

{a) Before thermoplastic pipe and tubing is pinched
and reopened, it is required that investigations and tests
be made to detennine that the particular type, grade,
size, and wall thickness of- pipe or tubing of the same
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manufacture can be pinched and reopened without
causing failure under the conditions that will prevail
at the time of the pinching and reopening.

{b} After compliance with (a) above, whenever ther-
moplastic pipe or tubing is pinched and reopened, it
is required that:

(1) the work be done with equipment and proce-
dures that have been established and proven by test
1o be capable of performing the operation safely and
effectively

{2) the pinched and reopened area of the pipe or
tubing be reinforced in accordance with the appropriate
provisions of para. 832.52, unless it has been determined
by investigation and test that pinching and reopening
does not significantly affect the long-term properties
of the pipe or tubing,

852.52 Repair of Plastic Pipe or Tubing. If at any
time an injurious defect, groove, gouge, or dent is
found in plastic pipe or tubing, the damaged or defective
section shall be replaced unless satisfactory repairs are
made.

Repairs shall be made in accordance with qualified
procedures that have bezen established and proven by
test and in accordance with the following:

{a) The recommendations of the plastic manufacturer
shall be taken into consideration when determining the
type of repair (0 be made. Special consideration shall
be given to the extent of fiber damage in the case of
thermosetting plastic pipe.

(b) If a paich or full encirclement sleeve is used,
it shall extend at least ' in. beyond the damaged area.

fc) If a full encirclement split sleeve is used, the
joining line between the halves of the sleeve shall be
as far as possible from the defect, but in no case closer
than ' in. Suitable precautions shall be taken to ensure
a proper fit at the longitudinal seam.

(d) The patch or sleeve material shall be the same
type and grade as the pipe or tubing being repaired.
Wall thickness of the patch or sleeve shall be at least
equal to that of the pipe or tubing.

{e) The method of attachment of the patch or sleeve
shall be compatible with the material and shall conform
to the applicable provisions of para. 8§42.392. Precau-
tions shall be taken to ensure a proper fit and a complete
bond between the patch or sleeve and the pipe being
repaired. The patch or sleeve shall be clamped or held
in place by other suitable means during the secing or
curing of the bonding material or during the hardening
of a heat-fusion bond. Excess solvent cement shall be
removed from the edges of the patch or sleeve.



STD.ASME B3%.2-ENGL 1999 W 0759670 0617137 ?&c MM

ASME B31.8-1999 Edition

852.6 Piping Maintenance Records

85261 Whenever any portion or section of an
existing underground distribution piping system is un-
covered for operating or maintenance purposes or for
the installation of new facilities, the following informa-
tion shall be recorded:

(a) the condition of the surface of bare pipe, if
pitted or gencrally comroded

(b) the condition of the pipe surface and of the
protective coating where the coating has deteriorated
to the extent that the pipe is corroding undemeath

{¢) any damaged protective coating

{d) any repairs made

852.62 Whenever broken cast iron facilities are
uncovered, the cause of breakage, such as thermal
effect, backfill, or construction by others, shall be
recorded if it can be determined.

852.63 Distribution piping condition records shall
be analyzed periodically. Any indicated remedial action
on the piping systern shall be taken and recorded.

852.7 Cast Iron Pipe Maintenance

852,71 Each cast iron caulked bell and spigot joint
operating at pressures of 25 psig or more that is exposed
for any reason must be sealed with a mechanical leak
clamp or a material or device that does not reduce the
flexibility of the joint and permanently seals and bonds.

852,72 Each cast iron caulked bell and spigot joint
operating at pressures of less than 25 psig that is
exposed for any reason must be sealed by a means
other than caulking.

852.73 When a section of cast iron pipe is exposed
for any reason, an inspection shall be made to determine
if graphitization exists. If detrimental graphitization is
found, the affected segment must be replaced.

852,74 When an operating company has knowledge
that the support for a segment of a buried cast iron
pipeline is disturbed

(a) that segment of the pipeline must be protected
as necessary against damage during the diswurbance

(b) as soon as possible, appropriate steps must be
taken 10 provide permanent peotection for the disturbed
segment from damage that might result from exter-
nal loads.

77

852.6-853.16

853 MISCELLANEOQOUS FACILITIES
MAINTENANCE

853.1 Compressor Station Maintenance

833.11 Compressors and Prime Movers, The start-
ing, operating, and shutdown procedures for all gas
compressor units shall be established by the operating
company. The operating company shall take appropriate
steps to sce that the approved practices are followed,

853.12 Inspection and Testing of Relief Valves.
All pressure relieving devices in compressor stations
shall be inspected andfor tested in accordance with
para. 833.3, and all devices except rupture disks shall
be operated periodically to determine that they open
at the correct set pressure. Any defective or inadequate
equipment found shall be promptly repaired or replaced.
All remote control shutdown devices shall be inspected
and tested at least annually 10 determine that they
function properly.

853.13 Repairs to Compressor Station Piping. All
scheduled repairs to compressor station piping operating
at hoop stress levels at or above 40% of the specified
minimum yield strength shall be done in accordance
with para, 851.3, except that the use of a welded patch
is prohibited. Testing repairs shall be done in accordance
with para. 851.4.

853.14 Isolation of Equipment for Maintenance
or Alterations. The operaling company shall establish
procedures for isolation of units or sections of piping
for maintenance, and for purging prior 1o returning
units to service, and shall follow these established
procedures in all cases.

853.15 Storage of Combustible Materials. All
flammable or combustible materials in quantities beyond
those required for everyday use or other than those
normally used in compressor buildings shall be stored
in a separate structure built of noncombustible material
located a suitable distance from the compressor building.
All aboveground oil or gasoline storage tanks shall be
protected in accordance with ANSI/MFPA 30,

853.16 Maintenance and Testing of Gas Detection
and Alarm Systems. Each gas detection and atarm
system required by this Code shall be maintained to
function reliably. The operator shall develop mainte-
nance and calibration procedures to periodically verify
the operational integrity of the gas detectors and alarm
systems installed.
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$53.2 Procedures for Maintaining Pipe-Type and
Bottle-Type Holders in Safe Operating
Condition

853.21 Each operating company having a pipe-type
or bottle-type holder shall prepare and place in its files
a plan for the sysiematic, routine inspection and testing
of the facilities that has the following provisions.

§53.211 Procedures shall be followed 1o enable
the detection of external corrosion before the strength
of the container has been impaired.

853.212 Periodic sampling and testing of gas in
storage shall be made to determine the dew point of
vapors contained in the stored gas that might cause
internal corrosion or interfere with the safe operations
of the storage plant.

853.213 The pressure control and pressure limiting
equipment shall be inspected and tested periodically to
determine that it is in a safe operating condition and
has adequate capacity.

853,22 Each operating company, having prepared
such a plan as prescribed in para. 853.21, shall follow
the plan and keep records that detail the inspection
and testing work done and the conditions found.

853.23 All unsatisfactory conditions found shall be
promptly corrected.

853.3 Maintenance of Pressure Limiting and
Pressure Regulating Stations

853.31 All pressure limiting stations, relief devices,
and other pressure regulating stations and equipment
shall be subject to systematic, periodic inspections and
suitable tests, or reviewed to determine that they are

{a) in good mechanical condition. Visual inspections
shall be made to determine that equipment is properly
installed and protected from dirt, liquids, or other
conditions that might prevent proper operation. The
following shall be included in the inspection where
appropriate:

(1} station piping supports, pits, and vaults for
general condition and indications of ground settlement.
See para. 853.5 for vault maintenance.

(2) station doors and gates and pit vault covers
to determine that they are functioning properly and
that access is adequate and free from obstructions

(3) ventilating equipment installed in station build-
ings or vaults for proper operation and for evidence of
accumulation of water, ice, snow, or other obstructions
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{4) control, sensing, and supply lines for conditions
that could result in a failure

(5) all locking devices for proper operation

{6) station schematics for correctness

(b) adequate from the standpoint of capacity and
reliability of operation for the service in which they
are employed and set to function at the correct pressure

(1) If acceptable operation is not obtained during
the operational check, the cause of the malfunction
shall be determined, and the appropriate components
shall be adjusted, repaired, or replaced as required.
After repair, the component shall again be checked for
proper operation.

{2) At least once each calendar year, a review
shall be made to ensure that the combined capacity of
the relief devices on a piping system or facility is
adequate to limit the pressure at all times to values
prescribed by the Code. This review should be based
on the operating conditions that create the maximum
probable requirement for relief capacity in each case,
even though such operating conditions actually occur
infrequently andfor for only short periods of time. If
it is determined that the relieving equipment is of
insufficient capacity, steps shall be taken to install new
or additional equipment to provide adequate capacity.

$53.32 Whenever abnormal conditions are imposed
on pressure or flow control devices, the incident shall
be investigated and a determination shall be made as
to the need for inspection andfor repairs. Abnormal
conditions may include regulator bodies that are sub-
jected to erosive service conditions or contaminants
from upstream construction and hydrostatic testing.

853.33

(@) An inspection and/or test of stop valves shall
be made to determine that the valves will operate and
are correctly positioned. (Caution shall be used to avoid
any undesirable effect on pressure during operational
checks.)} The following shall be included in the inspec-
tion and/or test:

(1) station inlet, outlet, and bypass valves

(2) relief device isolating valves

{3) control, sensing, and supply line valves

{b) The final inspection procedure shall include the
following:

(i) a check for proper position of all valves.
Special attention shall be given to regulator station
bypass valves, relief device isolating valves, and valves
in control, sensing, and supply lines,

{2) restoration of all locking and security devices
to proper pesition
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853.34

{a} Every distribution system supplied by more than
one pressure regulating station shall be equipped with
telemetering or recording pressure gages to indicate the
gas pressure in the district.

(b} On distribution sysiems supplied by a single
pressure regulating station, the operating company shall
determine the necessity of installing such gages in the
district. In making this determination, the operating
company shall take into consideration the operating
conditions such as the number of customers supplied, the
operating pressures, the capacity of the instablation, etc.

(c) If there are indications of abnormal high or low
pressures, the regutator and the auxiliary equipment
shall be inspected and the necessary measures shall
be employed to rectify any unsatisfactory operating
conditions. Suitable periodic inspections of single pres-
sure regulation stations not equipped with telemetering
or recording gages shall be made to determine that the
pressure regulating equipment is functioning properly.

853.4 Valve Maintenance

853.41 Pipeline valves that would be required to
be operated during an emergency shall be inspecied
periodically and partially operated at least once a year
to provide safe and proper operating conditions,

{a) Routine valve maintenance procedures shall in-
clude, but not be limited to, the following:

{1) servicing in accordance with written procedures
by adequately trained personnel

(2} accurate system maps for use during routine
or emergency conditions

(2) valve security to prevent service interruptions,
tampering, etc., as required

{4} employee training programs to familiarize per-
sonnel with the comect valve maintenance procedures

(#) Emergency valve maintenance procedures include

(1) written contingency plans to be followed during
any type of emergency

{2) training personnel to anticipate all potential
hazards

{3) fumishing tools and equipment as required,
including auxiliary breathing equipment, to meet antici-
pated emergency valve servicing and/or maintenance
requirements.

853.42 Distribution System Valves. Valves, the use
of which may be necessary for the safe operation of
a gas distribution system, shall be checked and serviced,
including lubrication where necessary, at sufficiently
frequent intervals to ensure their satisfactory operation.

7%
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Inspection shall include checking of alignment to permi¢
use of a key or wrench and clearing from the valve
box or vault any debris that would interfere with or
delay the operation of the valve. System maps showing
valve locations should be available.

853.43 Service Line Valves. Outside shutoff valves
installed in service lines supplying places of public
assembly, such as theaters, churches, schools, and hospi-
tals, shall be inspected and lubricated where required at
sufficiently frequent intervals to ensure their satisfactory
operation. The inspection shall determine if the valve
is accessible, if the alignment is satisfactory, and if
the valve box or vault, if used, contains debris that
would interfere with or delay the operation of the
valve. Unsatisfactory conditions encountered shall be
corrected.

853.44 Valve Records. A record shall be maintained
for locating valves covered by paras. 853.41 and 853.42.
These records may be maintained on operating maps,
separate files, or summary sheets, and the information
on these records shall be readily accessible to personnel
required to respond to emergencies.

853.45 Prevention of Accidental Operation. Pre-
cautions shall be taken to prevent accidental operation
of any valve covered by paras. 853.41 and 853.42.
Accidental valve operation by operating company per-
sonnet and the general public should be considered in
taking these precautions, Some recommended actions
to be taken, where applicable, are as follows:

fa} Lack valves in aboveground settings readily ac-
cessible to the general public, that are not enclosed by
a building or fence.

(b) Lock valves located in vaults, if accessible to
the general public.

(c} Identify the valve by tagging, color coding, or
any other suitable means of identification.

853.5 Vault Maintenance

Each vault housing a pressure limiting, pressure relief,
or pressure regulating station shall be inspected to
determine its condition each time the equipment is
inspected and tested in accordance with para. 853.3.
For any vault that personnel enter, the atmosphere shall
be tested for combustible gas. If the atmosphere is
hazardous, the cause shall be determined. The vault
shall be inspected for adequate ventilation. The condition
of the vault covers shall be carefully examined for
hazards. Unsatisfactory conditions disclosed shall be
corrected. The applicable provisions of para. 821.6 shall
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be met before any welding is performed in the vault.
Maintenance work performed in the vault shall be in
accordance with procedures developed per para.
850.2(a), giving particular consideration to the monitor-
ing of the atmosphere and safety protection for personnel
in the vault.

854 LOCATION CLASS AND CHANGES IN
NUMBER OF BUILDINGS INTENDED
FOR HUMAN OCCUPANCY

854.1

(2) Existing steel pipelines or mains operating in
excess of 40% of specified minimum yield strength
shall be monitored to determine if additional buildings
intended for human occupancy have been constructed.
The total number of buildings intended for human
occupancy shall be counted to determine the current
Location Class in accordance with the procedures speci-
fied in paras. 840.2(a) and (b).

{b) In accordance with the principles stated in para.
840.1{c), and with the knowledge that the number of
buildings intended for human occupancy is not an
exact or absolute means of determining damage-causing
activities, judgement must be uwsed to determine the
changes that should be made to items, such as operating
stress levels, frequency of patrolling and cathodic protec-
tion requirements, as additional buildings intended for
human occupancy are constructed.

{c) When there is an increase in the number of
buildings intended for human occupancy o or near the
upper limit of the Location Class listed in Table 854.1(c)
to the extent that a change in Location Class is likely,
a study shall be completed within 6 months of perception
of the increase to determine the following:

(1) the design, construction, and testing procedures
followed in the original construction and a comparison
of such procedures with the applicable provisions of
this Code

(2} the physical conditions of the pipeline or main
10 the extent that this can be ascertained from current
tests and evaluation records

(3} operating and maintenance history of the pipe-
line or main

{4} the maximum operating pressure and the cor-
responding operating hoop siress. The pressure gradient
may be taken into account in the section of the pipeline
or main directly affected by the increasing number of
buildings intended for human occupancy.
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{5) the actual area affected by the increase in the
number of buildings intended for human occupancy
and physical barriers or other factors that may limit the
further expansion of the more densely populated area.

(d) Following this study, if a change of Location
Class in indicated, the patrols and leakage surveys shall
immediately be adjusted to the intervals established by
the operating company for the new Location Class.

854.2

If the study described in para. 854.1 indicates that
the established maximum allowable operating pressure
of a section of pipeline or main is not commensurate
with existing Location Classes 2, 3, or 4, and such
section is in satisfactory physical condition, the maxi.
mum allowable operating pressure of that section shall
be confirmed or revised within 18 months following
completion of the study as follows.

{a)} If the section involved has been previously tested
in place for not less than 2 hr, the maximum allowable
operating pressure shall be confirmed or reduced so
that it does not exceed that allowed in Table 854.1(c).

(b) If the previous test pressure was not high enough
to allow the pipeling to retain its MAOP or to achieve
an acceptable lower MAOQP in the Location Class
according to subpara. {(a) above, the pipeline may either
retain its MAOP or become qualified for an acceptable
lower MAOP if it is retested at a higher test pressure
for not less than 2 hr in compliance with the applicable
provisions of this Code. If the new strength test is not
pecformed during the 18-month period following the
Location Class change, the MAOP must be reduced
s0 as to not exceed the design pressure commensurate
with the requirements of Chapter IV at the end of the
18-month period. If the test is performed any lime
after the 18-month period has expired, however, the
MAOP may be increased to the level it would have
achieved if the test had been performed during that
18-month period.

(¢} An MAOP thar has been confirmed or revised
according to subparas. (a) or {b) above shall not exceed
that established by this Code or previously established
by applicable editions of the B31.8 Code. Confirmation
or revision according to para. 854.2 shall not preclude
the application of para. 845.6.

{d) Where operating conditions require that the ex-
isting maximum allowable operating pressure be main-
tained, and the pipeline cannot be brought inte compli-
ance as provided in subparas. (a), (b), or {¢) above,
the pipe within the area of the Location Class change
shall be replaced with pipe commensurate with the

{99)

{99)
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TABLE 854.1(c}
LOCATION CLASS
Original
[Note (1)1 Current
Location Number of Location Number of Maximum Allowahle
Class Buildings Class Buildings Operating Pressure (MAOP}
1 Division 1 0-10 1 11-25 Previous MAQP but not greater than 80% SMYS
1 Division 2 0-10 1 11-25 Previous MAQP but not greater than 72% SMYS
1 0-10 2 2645 0.800 x test pressure but not greater than 72% SMYS
1 0-10 2 4665 0.667 x test pressure but not greater than 60% SMYS
1 0-10 3 66+ 0.667 x test pressure but not greater than 60% SMYS
1 o-10 4 {Note (2)1 0.555 x test pressure but not greater than 50% SMYS
2 11-45 2 Ab—b5 Previous MAOP but not greater than 60% SMYS
2 11-45 3 bb+ 0.667 x test pressure but not greater than 60% SMYS
2 11-45 4 [Note (2)] 0.555 x test pressure but not greater than 50% SMYS
3 46+ 4 [Note (217 0.555 x test pressure but not greater than 50% SMYS
NOTES:

(1) At time of design and construction.
(2} Multistory buildings become prevalent,

requiremenis of Chapter IV, using the design factor
obtained from Table 841.114A for the appropriate Loca-
tion Class.

854.3

Where the MAOP of a section of pipeline or main
is revised in accordance with para. 854.2 and becomes
less than the maximum allowable operating pressure
of the pipeline or main of which it is a part, a suitable
pressure relieving or pressure limiting device shall be
installed in accordance with provisions of paras. 845.1,
845.2, and 845.212.

8544

Where the study required in para. 854.1 indicates
that the established maximum allowable operating pres-
sure of a transmission pipeline is not commensurate
with that permitied by this Code for the new location
class, the sectionalizing valve spaciag shall be reviewed
and revised as follows:

f{a) If the section of pipe is qualified for continued
service because of a prior test, para. §54.2(a), or can
be brought into compliance by lowering the maximum
allowable operating pressure, para. 854.2(a), or testing,
para. 854.2(b), no additional valves will normally be
required.

() Where a segment of pipeline must be replaced o
maintain the established maximum allowable operating

81

pressure as provided in para. 854.2(d), consideration
should be given to valve spacing as follows:

(1) Where a short section of line is replaced,
additional valves will normally not be required.

(2) Where the replacement section involves a mile
or more of transmission line, additional valve installation
shall be considered to conform to the spacing require-
ments in para, 846.11.

855 CONCENTRATIONS OF PEOPLE IN
LOCATION CLASSES 1 AND 2

855.1

(a) (1) Where a facility meeting the criteria of para.
840.3 is buiit near an existing steel pipeline in Location
Classes 1 or 2, consideration shall be given to the
possible consequence of a failure, even though the
probability of such an occurrence is very unlikely
if the line is designed. constructed, and operated in
accordance with this Code. Where such a facility resulis
in frequeat concentrations of people, the reguirements
of (b} below shall apply.

{2) However, (b) below need not be applied if
the facility is used infrequently. The lesser usage com-
bined with the very remote possibility of a failure at
that particular point on the pipeline virtually eliminates
the possibility of an occurrence.

b) Pipelines near places of public assembly as out-

(991
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lined in (a) above shall have a maximum allowable
hoop siress not exceeding 50% of SMYS. Alternatively,
the operating company may make the siudy described
in para. 854.1(c) and determine that compliance with
the following will result in an adequate level of safety:

(1) The segment is hydrostatically retested for at
least 2 hr to a minimum stress level of

{a) 100% of SMYS if the pipeline is operating
over 60% and up to 72% of SMYS

(b} 90% of SMYS if the pipeline is operating
over 50% and up to 60% of SMYS, unless the segment
was tested previously to a pressure of at least 1.5 times
the MAQP.

If the segment contains pipe of varions operating
stress levels, the minimum test stress levels stated above
should be based on the SMYS of the pipe with the
highest operating stress level.

f2) Patrols and leakage surveys are conducted at
intervals consistent with these established by the op-
erating company for Location Class 3.

{3) When the maximum allowable hoop siress
exceeds 60% of SMYS, adequate periodic visual inspec-
tions are conducted by an appropriate sampling tech-
nique, or instrumented inspections capable of detecting
gouges and corrosion damage are made to confirm the
continuing satisfactory physical condition of the pipe.

(4) If the nearby facility is likely to encourage
additional comstruction activity, provide appropriate
pipeline markers.

856 PIPELINE SERVICE CONVERSIONS

856.1 General

The intent of this sectien is to provide requirements
to allow an operator of a steel pipeline previously used
for service not covered by this Code 10 qualify that
pipeline for service under this Code. For a dual service
pipeline used alternately to transport liquids in confor-
mance with an appropriate Code, such as ASME B31.4,
and gas under this Code, only the initial conversion
to gas service requires qualification testing.

856.2 Historical Records Study

Review the following historical data and make an
evaluation of the pipeline’s condition.

{a) Study all available information on the original
pipeline design, inspection, and testing. Particular atten-
tion should be paid to welding procedures used and
other joining methods, intemal and external coating,
pipe. and other material descriptions.
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{b) Study available operating and maintenance data
including leak records, inspections, failures, cathodic
protection, and internal comosion control practices.

(c) Consider the age of the pipeline and the length
of time it may have been out of service in preparing
a final evaluation to convert the pipeline to gas service.

856.3 Requirements for Conversion to Gas Service

A steel pipeline previously used for service not
subject to this Code may be qualified for service under
this Code as follows:

{a) Review historical records of the pipeline as indi-
cated in para. 856.2.

(b} Inspect all above-ground segments of the pipeline
for physical condition. During the inspection, identify
the material where possible for comparison with avail-
able records.

{c) Operating Stress Level Study

(1) Establish the number of buildings near the
pipeline or main intended for human occupancy, and
determine the design factor for each segment in accord-
ance with para. 840.2 and Table 841.114A.

(2) Conduct a study to compare the proposed
operating stress levels with those allowed for the Loca-
tion Class.

(3) Replace facilities necessary to make sure the
operating stress level is commensurate with the Location
Class.

(d) If necessary, make inspections of appropriate
sections of underground piping to determine the condi-
tion of the pipeline.

{e) Make replacements, repairs, or alterations that
in the operating company’s judgement are advisable.

(f) Perform a strength test in accordance with this
Code to establish the maximum allowable operating
pressure of the pipeline, unless the pipeline has been
50 tested previously.

fg) Perform a leak test in conformance with this

Code.
(h) Within 1 year of the date that the converied
pipeline is placed in gas service, provide cathodic
protection as set out in para. 862.2, except that wherever
feasible, replacement sections and other new piping
shall be cathodically protected as required for new
pipelines.

856.4 Conversion Procedure

Prepare a written procedure outlining the steps to
be followed during the study and conversion of the
pipeline system. Note any unusual conditions relating
to this conversion.

(99
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$56.5 Records of the Conversion

Maintain for the life of the pipeline a record of the
studies, inspections, tests, repairs, replacements, and
alterations made in connection with conversion of the
existing steel pipeline to gas service under this Code.

83
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860-842.112

CHAPTER VI
CORROSION CONTROL

860 CORROSION CONTROL

861 SCOPE

{a} This Chapter contains the minimum requirements
and procedures for corrosion control of exposed, buried,
and submerged metallic piping and components. (See
Chapter VIII for special offshore requirements.) This
Chapter contains minimum requirements and procedures
for controlling external (including atmospheric) and
internal corrosion. This Chapter is applicable to the
design and installation of new piping systems and
to the operation and maintenance of existing piping
sysiems.

{b) The provisions of this Chapter should be applied
under the direction of competent comosion personnel.
Every specific situation cannot be anticipated; therefore,
the application and evaluation of corresion control
practices require a significant amount of competent
Jjudgment to be effective in mitigating corrosion.

{c) Deviations from the provisions of this Chapter are
permissible in specific situations, provided the operating
company can demonstrate that the objectives expressed
herein have been achieved.

{d) Corrosion control requirements and procedures
may, in many instances, require measures in addition
to those shown in this Chapter. Each operating company
shall establish procedures to implement its corrosion
control program, including the requirements of this
Chapter, to achieve the desired objectives. Procedures,
including those for design, installation, and maintenance
of cathodic protection systems, shall be prepared and
implemented by, or under the direction of, persons
qualified by training and/or experience in corrosion
conirol methods,

862 EXTERNAL CORROSION CONTROL

862.1 New Instaliations

862.11 Buried Steel Facilities

862.111 General. All new transmission pipelines,
compressor station piping, distribution mains, service
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lines, and pipe-type and bottle-type holders installed
under this Code shall, except as pemmitied under para.
862.113, be externally coated and cathodically protected
unless it can be demonstrated by test or experience
that the materials are resistant to corrosion in the
environment in which they are installed. Consideration
shall be given to the handling, shipping, storing, installa-
tion conditions, and the service environment and ca-
thodic protection requirements when selecting the coat-
ing materials, The Corrosion Data Survey, published
by the National Association of Corrosion Engineers
(NACE), is a source of information on materials per-
formance in corrosive environments.

862.112 Coating Requirements

{a) The surface preparation should be compatible
with the coating to be applied. The pipe surface shall
be free of deleterious materials, such as rust, scale,
moisture, dirt, oils, lacquers, and varish. The surface
shall be inspected for irreguiarities that could protrude
through the coating. Any such irregularities shall be
removed. Further information can be obtained from
NACE RP-02-75.

{b) Suitable coatings, including compatible field joint
and patch coatings, shall be selected, giving consider-
ation to handling, shipping, storing, installation condi-
tion, moisture adsorption, operating temperatures of the
pipeline, environmental factors (including the nature
of the soil in contact with the coating), adhesion
characteristics, and dielectric strength.

{c) Coating shall be applied in a manner that ensures
cffective adhesion to the pipe. Voids, wrinkles, holidays,
and gas entrapment should be avoided.

{d) The coating shall be visually inspected for defects
before the pipe is lowered into the ditch. Insulating
type coatings on mains and transmission lines shall be
inspected for holidays by the most appropsiate method.
Coating defects or damage that may impair effective
corrosion control shall be repaired before the pipe is
installed in the ditch.

(e) In addition to the provisions of paras. 841.222,
841.252, and 841.253, care shall be exercised in han-
dling, storage, and installation to prevent damage to
the coating, including measures noted as follows,

Previous page is blank
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{1) Minimize handling of coated pipe. Use equip-
ment least likely to damage the coating, e.g., belts or
cradles instead of cables.

(2) Use padded skids where appropriate,

(3) Stack or store pipe in a manner that minimizes
damage to coating.

862.113 Cathodic Protection Requirements. Un-
less it can be demonstrated by tests or experience that
cathodic protection is not needed, all buried or sub-
merged facilities with insulating type coatings, except
facilities installed for a limited service life, shall be
cathodically protected as soon as feasible following
installation. Miner replacements or extensions, however,
shall be protected as covered by para. 862.212.

Facilities installed for a limited service life need not
be cathodically protected if it can be demonstrated that
the facility will not experience corrosion that will cause
it to be harmful to the public or environment. Cathodic
protection systems shall be designed to protect the
buried or submerged system in its entirety. A facility
is considered to be cathodically protected when it meets
one or more of the criteria established in Appendix K.

862.114 Electrical Isolation
(@) Al! coated transmission and distribution sysiems
shall be electrically isolated at all interconnections with
foreign systems including customer’s fuel lines, except
where underground metallic structures are electrically
interconnected and cathodically protected as a unit.
Steel pipelines shall be electrically isolated from cast
iron, ductile iron, or nonferrous metal pipelines and
components. Electrical tests shall be made of transmis-
sion and distribution systems to locate unintentional
contacts with other metallic structures. If such contacts
exist, they shall be comected. See para. 341.143 for
clearance requirements.
(b) Where a gas pipeline parallels overhead electric
transmission lines, consideration shall be given w
(1) investigating the necessity of protecting insulat-
ing joints in the pipeline against induced voltages
resulting from ground faults and lightning. Such protec-
tion can be obtained by connecting buried galvanic
anodes to the pipe near the insulating joints and/for by
bridging the pipeline insulator with a spark gap, or by
other effective means
(2) making a study in collaboration with the elec-
tric company, taking the following factors into consider-
ation and applying remedial measures as appropriate:
(a) the need to mitigate induced AC voltages
or their effects on personnel safety during construction
and operation of the pipeline by means of suitable
design for bonding, shielding, or grounding techniques

ASME B31.5-19%9 Edition

{b) the possibility of lightning or fault currents
inducing voltages sufficient 10 puncture pipe coatings
or pipe

{c) possible adverse effects on cathodic protec-
tion, communications, or other electronic facilities

{dj the comrosive effects of high voltage direct
current (HVDC) power systems

{3) obtaining furiher information from NACE RP-
01.77 and EPRI EL-3106

862.115 Electrical Connections and Monitoring
Points

{a) Except for offshore pipelines, sufficient test points
should be installed to demonstrate the effectiveness of
corrosion control or the need for cathodic protection.
{See Chapter VIII for special considerations for offshore
pipelines.)

(b} Special attention shall be given to the manner
of installation of electrical leads used for corrosion
control or testing to avoid harmful stress concentration
at the point of attachment to the pipe. Accepiable
methods include, but are not limited to

(1) electrical leads attached directly on the pipe
or by the thermit welding process, using copper oxide
and aluminum powder, The size of the thermit welding
charge shall not exceed a 15-g cartridge.

(2) attachment of electrical leads directly to the
pipe by the use of soft solders or other materials that
do not involve temperatures exceeding those for soft
solders

fc) All pipe that is barred for electrical lead connec-
tions and all bared electrical lead wires shall be protected
by electrical insulating material compatible with existing
coating. '

862.116 Electrical Interference

fa) Impressed cument cathodic protection systems
shall be designed, installed, and operated so as to
minimize adverse effects on existing metallic structures.

(b) Field tests shall be conducted to determine the
adverse electrical interference from foreign structures,
including DC electrical facilities. The effects shall be
mitigated by such means as control bonds, supplemen-
tary cathodic protection, protective coatings, and insulat-
ing devices.

862.117 Casings. The use of metallic casings
should be avoided as much as as possible from a
corrosion control standpoint. It is recognized, however,
that installation of metallic casings is frequently required
or desirable to facilitate construction, as an economical
method of protecting existing pipelines, to provide
structural protection from heavy and/or impact loads
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to facilitate replacement as required by a governmental
agency and as reguired by the landowner or permit
grantor, and for other reasons. Where metallic casing
is used, care should be exercised to ensure that coating
on the carrier pipe is not damaged during installation.
The carrier pipe should be insulated from metallic
casings, and the casing ends should be sealed with a
durable material to minimize the accumulation of solids
and liquids in the annular space. Special attention
should be given to the casing ends to prevent electrical
shocting due to backfilling movement or settling, Where
electrical isolation is not achieved, action shall be taken
to correct the condition or mitigate corrosion inside
of the casing by supplemental or localized cathodic
protection, installation of a high-resistivity inhibited
material in the annular space, or other effective means.

862.12 Atmospheric Protection

(a} Facilitics exposed to the atmosphere shall be
protected from extermal cerrosion by a suitable coating
or jacket,

(b) The surface to be coated shall be free of deleteri-
ous materials, such as rust, scale, moisture, dirt, oil,
lacquer, and vamish. The surface preparation shatl be
compatible with the coating or jacket to be applied.

{c) The coating or jacket selected shatl possess char-
acteristics that will provide adequate protection from
the environment. Coatings and jackets shall completely
cover the exposed structure and shall be applied in
accordance with established specifications or manufac-
turer's recommendations.

(d} Special consideration shall be given to surfaces
near the ground line or in a splash zone.

862.13 Other Materials. Whers investigation or ex-
perience indicates that the environment in which the
pipe or component is to be installed is substantially
comosive, the following shall be considered:

{a) materials and/or component geometry shall be
designed to resist detrimental corrosion

{b) a suitable coating

{c} cathodic protection

862.2 Existing Instailations

Procedures shall be established for evaluating the need
for and effectiveness of a corrosion control program.
Appropriate corrective action commensurate with the
conditions found shall be taken. The procedures and
actions should include, but should not be limited to,
the items in paras. 862.21 through 862.25.
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862.117-862.213
862.21 Buried Steel Facilities

862.211 Evaluation

{a) The records available as a result of leakage
surveys and normal maintenance work in accordance
with paras. 852.2 and 852.6 shall be continuously
reviewed for evidence of continuing corrosion.

{&) Electrical survey methods may be used as an
indication of suspected corrosive areas where surface
conditions permit sufficiently accurate measurements.
Such surveys are most effective in nonurban environ-
ments. Common methods of electrical survey inchide

(1) pipe-to-soil potentials
(2) surface potentials (cell-to-cell)
(3) soil resistivity measurements
{c) The continued effectiveness of a cathodic protec-

tion system shall be monitored in accordance with para.
862.217.

862.212 Corrective Measures

{a) I continuing corrosion that, unless controlled,
could result in a condition that is detrimental 1o public
or employee safety is found by the evaluation made
under para. 862211 or 862.217(d), appropriate correc-
tive measures shall be taken to mitigate further corrosion
on the piping system or segment. Corrective measures
shall be continued in effect as long as required to
maintain a safe operating sysiem. Appropriate comective
measurcs may include the following:

(1) provisions for proper and continuous operation
of cathodic protection facilities

(2) application of protective coating

{3) installation of galvanic anode(s)

{4) application of impressed current

(3) electrical isolation

(6) stray current control

{7) other effective measures

(8) any combination of the above

(b} When experience or testing indicates the above
mitigation methods will not control continuing corrosion
to an acceptable level, the segment shall be recondi-
tioned or replaced and suitably protected.

862.213 Repair of Corroded Pipe. If the extent
of corrosion has reduced the strength of a facility below
its maximum allowable operating pressure, thal pottion
shall be repaired, reconditioned, or replaced, or the
operating pressure shall be reduced, commensurate with
the remaining strength of the comoded pipe. For steel
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pipelines operating at or above 40% of the specified
minimum yield strength, the remaining strength of
corroded pipe may be determined in accordance with
Appendix L. For background information on Appendix
L, refer to ANSIVASME B31G, tided Manual for De-
termining the Remaining Strength of Corroded Pipe-
lines.

862.214 Cathodic Protection Criteria

{a) A facility is considered to be cathodically pro-
tected when it meets one or more of the criteria
established in Appendix K.

(b} It is not intended that cathodic protection be
limited to these criteriz if it can be demonstrated by
other means that adequate control of corrosion has been
achieved.

862.215 Electrical Interference
(a} Adverse electrical interference from or to forcign
structures as determined by field tests shall be mitigated.
(b) Facilities for mitigating electrical interference
shall be periodically monitored.

862.216 Examination When Exposed
fa) Whenever a buried facility is exposed during
normal maintenance or comstruction activities, a visual
inspection shall be made of the coating condition and/
or the metal surface, if exposed.
(b) The extent of any corrosion shall be evaluated
in accordance with para. 862.213.

862.217 Operation and Maintenance of
Cathodic Protection System

{a) Inspections shall be made as required to maintain
continuous and effective operation of the cathodic pro-
tection system,

(&) Electrical tests sghall be made perodically to
determine that the piping system is protected in accord-
ance with the applicable criteria.

fc) The type, frequency, and location of inspections
and tests shall be adequate to establish with reasonable
accuracy the degree of protection provided on the
piping system. Frequency should be determined by
consideration of items including, but not limited to,
the following:

1) condition of pipe

{2) method of cathodic protection

{3) commosiveness of the environment

{4) probability of loss ar interruption of protection

{3) operating experience, including inspections and
leak investigations

{6) design life of the cathodic protection instal-
lation

{7} public or employee safety

88

ASME B31.8-1999 Edition

{d) Where the tests or surveys indicate that adequate
protection does not exist, appropriate corrective measure
shall be taken.

862.218 Casings. Electrical isolation of cathodi-
cally protected pipelines and maios from metallic cas-
ings that are part of the underground system shall be
maintained as necessary to ensure effectiveness of
cathodic protection. Electrical measurements and inspec-~
tions shall be made as necessary to provide timely
evidence of shorts that would adversely affect cathodic
protection. If there is evidence of shorts between the
catrier pipe and casing that renders cathodic protection
of the pipeline or main ineffective, or if evidence of
corrosion of the camrier pipe inside the casing is found,
remedial measures shall be taken as necessary to correct
the condition or minimize corrosion inside the casing.

862.22 Buried Cast Iron, Wrought Iron, and
Ductile Iron

862.221 Evaluation. The records available as a
result of leakage surveys and normal maintenance work
in accordance with paras. 852.2 and 852.6 shall be
routinely reviewed to determine pipe conditions. Appro-
priate corrective measurcs shall be taken in accordance
with para. 862.222 if such review reveals that a condition
that may affect public and employee safety exists. Pipe
size, operating pressure, terrain, recent underground
construction; proximity and number of other under-
ground facilities and buildings; and pipe condition shall
be considered in determining the presence of such a
condition.

862,222 Corvective Measures, The magnitude of
the problem will dictate the comrective measures that
shall be considered. They may include, but are not
limited to

{a) pipe repair

(b} pipe replacement

c} pipe reinforcement andfor support
{d) pressure reduction

862.223 Installation of Electricat Connections

{a) Electrical connections may be attached directly
onto the cast or ductile iron pipe by the thermit welding
process using copper oxide and aluminum powder. The
size of the thermit welding charge shall not exceed a
32-g cartridge.

{b) All pipe that is bared for test lead connections
and all bared test lead wires shall be protected by
electrical insulating material compatible with the ex-
isting coating.
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862.224 Electrical Interference
{a} If an impressed current type cathodic protection
system is used, the anodes shall be located so as to
mitigate adverse effects on existing underground metal-
lic structures.
(b) Adverse electrical interference from foreign strue-
tures as determined by field tests shall be mitigated.

862.23 Requirements for Cast Iron and Ductile
Iron Piping Facilities Exposed to Atmosphere. Above-
ground cast iron and ductile iron pipe shall be suitably
protected in areas where severe atmospheric cormosion
may occur.

862.24 Other Metallic Materials. When a nonfer-
rous metal or ferrous alloy component is found to have
corroded to the point where public or employee safety
may be affected, it shall be reconditioned in accordance
with para. 862.13 or replaced. The replacement shall
meet one of the following criteria:

{a) it shall be constructed with other materials and/
or geometry designed for the remaining life of the
parent facility

(b) it shall be cathodically or otherwise protected.

862.25 Atmospheric Corrosion. Facilities exposed
to the atmosphere shall be periodically inspected for
indication of surface comosion. Where comosion is
taking place to the extent that public or employee
safety may be affected, the facility shali be reconditioned
in accordance with para. 862.12 or replaced. Special
consideration shall be given to surfaces near the
ground line.

863 INTERNAL CORROSION CONTROL

3631 General

When corrosive gas is transported, provisions shall
be taken to protect the piping system from detrimental
corrosion. Gas containing free water under the condi-
tions at which it will be transported shall be assumed
to be cormosive, unless proven to be noncorrosive by
recognized tests or experience.

863.2 New Installations

When designing a new or replacement pipeline sys-
tem, or additions or modifications to existing systems,
measures shall be considered to prevent and/or inhibit
intemal comosion. To preserve the integrity and effi-
ciency of a pipeline in which it is known or anticipated
that corrosive gas will be transported, the following
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factors should be included in the design and construc-
tion, either separately or in combination.
{a) When internal coating is to be used to protect
a piping system
(1) the coating shall meet the quality specifications,
and the minimum dry film thickness shall be established
to protect the facility from the corrosive media involved,
based on the type of coating and methods of application
(2) applied coatings shall be inspected in accord-
ance with established specifications or accepted practice
{3) provision shalt be made to prevent joint corro-
sion, such as cleaning and recoating or the continuing
use of a snitable inhibitor when coated pipe or other
components are joined by welding or other methods
that leave the parent metal exposed
{4) the types of coating and pitting tools used
should be evaluated and chosen o prevent damage to
the internal coating if pigs or spheres are to be used
{b) When a corrosion inhibitor is to be used as an
additive to the gas streams
(1) the equipment for the holding, transfer, and
injection of the inhibitor into the stream shall be
included in the design
{2) the operation of the injection program should
be a part of the planning
{3} sufficient test coupon holders or other monitor-
ing equipment shall be provided to allow for continued
program cvaluations
{4) the corrosion inhibitor selected shall be of a
type that will not cause deterioration of any components
of the piping system
fc) When a pipeline pigging system is planned:
{1} scraper traps for the insertion and removal of
pigs and/or spheres shall be provided
{2) sections of pipeline to be traversed by pigs
or spheres shall be designed to prevent damage to pigs,
spheres, pipes, or fittings during operations
(3) piping for pigs or spheres shall be designed
to guide the tool and the materials they propel effectively
and safely
(4} provisions shall be made for effective accurmnu-
lation and handling of liguid and solid materials removed
from the pipeline by pigs or spheres
{d) When corrosion coupons, corrosion probes, and/
or test spools are to be used
(1) corrosion coupons, probes, or test spools shall
be installed where practical at locations where the
greatest potential for intermal corrosion exists
{2) corrosion coupons, probes, and test spools must
be designed to permit passage of pigs or spheres when
installed in sections traversed thereby
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e} When gas is to be treated to reduce its corosivity

(1) separators and/or dehydration equipment may
be installed

{2) equipment for the removal of other deleterious
material from the gas should be considered.

(/) The material of the pipe and other equipment
exposed to the gas stream must resist internal corrosion;
therefore,

(1} materials selected for pipe and fittings shall
be compatible with the components of the gas, the
liquids carried by the gas, and with each other. A
source of information on materials performance in
corrosive environments is The Corrosion Data Survey,
published by NACE.

(2) where plastic, nonferrous, or alloy steel pipe
and components are used to prevent or control internal
corrosion, such materials shall have been determined
to be effective under the conditions encountered. [See
paras. 842.61L(b) and 849.611(b) for limitations on
copper.]

(3) erosion—corrosion effects from high-velocity
particles at probable points of wrbulence and impinge-
ment should be minimized by use of erosion-resistant
materials, added wall thickness, design or flow configu-
ration, and size or dimensions of the pipe and fittings.

863.3 Existing Installations

A pipeline internal corrosion control program shall
include, but shall not be limited to, the following:

{aj The establishment and evaluation of a program
for the detection, prevention, or mitigation of detrimental
internal corrosion should include the following:

(1) Pipeline leak and repair records should be
reviewed for indication of the effects of internal cor-
TOSion.

(2) When any part of a pipeline is removed and
the intemal surface is accessible for inspection, it
should be visually examined and evaluated for internal
corrosion.

{3} If evidence of internal corrosion is discovered,
the gas shall be analyzed to determine the types and
concentrations of any corrosive agents.

{4) Liquids or solids removed from the pipeline
by pigging, draining, or cleanup should be analyzed
as necessary to determine the presence of comosive
materials and evidence of comosion products.

(b} Where it is determined that intemnal comosion
taking place could affect public or employee safety,
one or more of the following protective or corrective
measures shall be used to control detrimental internal
corrosion;
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{1) An effective corrosion inhibitor shall be applied
in a manner and quantity to protect all affecied portions
of the piping systems.

{2} Corrosive agents shall be removed by recog-
nized methods, such as acid gas or dehydration treating
plants.

(3) Fittings shall be added for removal of water
from low spots, or piping shall be positioned to reduce
sump capacities.

{4) Under some circumstances, application of a
suitable internal coating may be effective.

(c} Internal corrosion control measures shall be eval-
vated by an inspection and monitoring program, includ-
ing, but not limited to, the following.

(1) The inhibitor and the inhibitor injection system
should be periodically checked.

{2) Corrosion coupons and test spools shall be
removed and evaluated at periodic intervals.

{3) Corrosion probes should be checked manually
at intervals, or continuously or intermittently monitored
and/or recorded to evaluate control of pipeline intemal
corrosion.

{4) A record of the intemal condition of the pipe,
of leaks and repairs from corrosion, and of gas, liquids.
or solids quantities and corrosivity should be kept and
used as a basis for changes in the pigging schedule,
inhibitor program, or gas treatment facility.

(5) When pipe is uncovered, or on exposed piping
where internal corrosion may be anticipated, pipe wall
thickness measurement or monitoring will help evaluate
internal corrosion,

{6) Where inspections, observation, or record anal-
ysis indicates internal corrosion is taking place 10 an
extent that may be detrimental to public or employee
safety, that portion of the system shall be repaired or
reconditioned, and appropriate steps shall be taken 1o
mitigate the intermal corrosion.

864 PIPELINES IN ARCTIC ENVIRONMENTS

864.1 General

Special consideration must be given to the corrosion
control requirements of buried pipelines and other facili-
ties installed in arctic environments, particularly in
permafrost regions. For pipelines in contact with frozen
earth, the corrosion rate is reduced because of the
extremely high resistivity of the soil and low ion
mobility, but it does not reach zero. Significant corrosion
can occur, however, in unfrozen inclusions, discontinu-
ous permafrost, or thaw areas such as those that may
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occur in the vicinity of rivers, lakes, springs, or pipeline
sections where the pipe surface temperature is above the
freezing point of the environment. Cathodic protection in
localized thaw areas may be more difficult due to
the shielding of cathodic protection curreats by the
surrounding frozen soil. Other detrimental effects can
be caused by seasomal thaws that increase biological
and bacteriologic activity in the nonpermafrost areas
or in the “active layer” above underlying permafrost.

Pipeline facilitics installed in arctic environments
shall be coated and cathodically protected in the same
manner as pipelines in temperate locations, and the
same consideration shall be given to the need for
protection from intermal and atmospheric corrosion,
except as specifically provided in this section.

864.2 External Coating Requirements

Coatings for pipelines in low-temperature environ-
meants shall be selected according to the particular
requirements of that environment. These include adhe-
siom, resistance to cracking or damage during handling
and installation in subfreezing temperatures, applicabil-
ity of ficld joint coatings or coating repairs, compatibility
with any applied cathodic protection, and resistance to
soil stresses due to frost heave, seasonal temperature
changes, or other reasons.

864.3 Cathodic Protection Facilities

864.31 Criteria. Criteria for cathodic protection shall
be the same as those for pipelines in temperate environ-
ments. Because higher driving voltages are normally
required in frozen soils, the voltage impressed across
the coating should be limited so that the coating is
not subject to damage due to cathodic overvoltage or
excessive current density.

864.32 Impressed Curvent Facilities

fa) Impressed cumrent facilities shall be used on
pipelines in permanently frozen soil, especially where
the gas is chilled to prevent thawing of the earth. Such
facilities are capable of providing the higher driving
voltage needed to overcome the high resistivity of
frozen soil. They can be installed at compressor stations
or other facilities where power is available and access
for adjustment and maintenance is ensured. The effects
of seasonal variations in soil resistivity should be
compensated for by using constant potential rectifiers
or manual adjusiments.
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(b} Impressed current anode beds shall be installed
whenever feasible at a sufficieat distance from the
pipeline or other underground structures to achieve
maximum spread along the pipeline and to reduce the
peak potential at the pipeline.

(c) Anode beds shall be installed, where practical,
below the permafrost level or in other unfrozen loca-
tions, such as a stream or lake, to achieve better
cathodic current distribution. Where anodes must be
installed in permanently frozen ground, the volume of
the anode backfill material should be increased to reduce
the effective resistance between the anode and the
surrounding earth.

(d) Impressed current facilities using distributed or
deep anode ground beds should be used to protect
buried station facilities and pilings where used to support
aboveground plant facilities. The pilings and any other
adjacent underground metallic facilities must be electri-
cally interconnected to prevent detrimental interference.

864.33 Galvanic Anode Installations. Galvanic
anodes (packaged or ribbon) may be needed on pipelines
in permafrost areas to supplement impressed current
facilities in localized thawed areas. This provides local-
ized cathodic protection to those sections of pipe that
might be shielded by the extremely high resistivity of
the surmounding soil.

864.4 Monitoring

Installation of calibrated current measurement spans
should be considered in addition to the normal test
points. These should be installed at sufficient intervals
to evaluate current distribution along the protected
pipeline and the effects of telluric currents prevalent
in polar regions. These spans also provide contact
points for measuring indications of possible coating
damage due to stresses induced by a frozen environment,

864.5 Internal Corrosion Control

Where the gas stream is chilled to prevent melting
of frozen soil surrounding the pipeline, there will not
normally be enough free water in the gas to resuit in
internal corrosion in the presence of contaminants, such
as sulfur compounds or CO,. If it is anticipated, how-
ever, that free water or waterfzlcohol solutions will be
present in the pipeline along with potentially corrosive
contaminants, suitable comective measures shall be taken
as prescribed in para. 863.
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865 PIPELINES IN HIGH TEMPERATURE
SERVICE

865.1 General

Special consideration must be given to the corrosion
control requirements of pipefines and other facilities
in high-temperature service (above 130°F). Elevated
temperatures tend to decrease the resistivity of buried
or submerged pipeline environments and to increase
the electrochemical corrosion reaction as a result of
accelerated ionic or molecular activity. Elevated temper-
atures typically occur downstream of compressor sta-
tions or in gathering systems.

865.2 External Coating Requirernents

Coatings shall be selected based on the particular
requirements for pipeline facilities in high temperature
service. These include resistance to damage from soil
or secondary stresses, compatibility with any apptied
cathodic protection, and particularly, resistance to ther-
mal degradation. [n rocky environments, the use of a
protective outer wrap, sefect backfill, or other suitable
measures shall be considered to minimize physical
damage.

865.3 Cathodic Protection Facilities

865.31 Criteria. Criteria for cathodic protection shall
be the same as those for normal temperature service,
except that recognition should be given to the effects
of decreased resistivity and increased cathodic protection
current requirements in elevated temperature service
on any IR component of the pipe-to-soil potential
measurement. Possible depolarization effects due to
high temperature operation shall also be considered.

865.32 Galvanic Anodes. Consideration shall be
given to the impact on the performance of close galvanic
anodes (especially bracelet or ribbon type) subject to
elevated temperatures due to their proximity to a hot
pipeline. Higher temperatures tend 1o increase the cur-
rent output and rate of degradation of most anode
materials. Some anode materials may become more
nable than steel at temperatures above 140°F in certain
electrolytes. Zinc anodes containing aluminum are also
susceptible to intergranvlar corrosion above 120°F.
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865.4 Internal Corrosion Control

When gas or a mixture of gas and liquids or solids
known ot anticipated to be comosive is transported at
elevated temperatures, special consideration shall be
given to the identification and mitigation of possible
internal corrosion. Such measures are necessary because
corrosion reaction rates increase with elevated tempera-
tures and are not stable. Appropriate mitigation and
monitoring measures are given in para. B63.

866 STRESS CORROSION AND OTHER
PHENOMENA

Environmentally induced and other corrosion-related
phenomena, including stress corroston cracking, corro-
sion fatigue, hydrogen stress cracking, and hydrogen
embriitlement have been identified as causes of pipeline
failure. Considerable knowledge and data have been
acquired and assembled on these phenomena, and re-
search is continuing as to their causes and prevention.
Operating companies should be alert for evidence of
such phenomena during all pipe inspections and at
other such opportunitics. Where evidence of such a
condition is found, an iavestigative program shall be
initiated, and remedial measures shail be taken as
necessary. Any such evidence should be given consider-
ation in all pipeline failure investigations. Operating
companies shounld avail themselves of current technol-
ogy on the subject and/or consult with knowledgeable
experts.

This paragraph must be limited to general statements
rather than specific limits in regard to stress corrosion.
Stress corrosion is currently the subject of investigative
research programs, and more specific data will certainly
be available to the pipeline designer and operating
company in the future. In the interim, this Code suggests
that the user refer to the current state of the art.
Cathodic protection current levels, quality of pipe sur-
face preparation and coating, operating temperatures,
stress levels, and soil conditions shall be considered
in pipeline design and operations.

867 RECORDS

fa) Records indicating cathodically protected piping,
cathodic protection facilities, and other structures af-
fected by or affecting the cathodic protection system
shall be maintained by the operating company.

{b) Records of tesls, surveys, inspection results, leaks,
elc., necessary for evaluating the effectiveness of corro-
sion control measures, shall be maintained and retained
for as long as the piping remains in service.
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CHAPTER VII
MISCELLANEOUS

870 MISCELLANEOUS

871 ODORIZATION

8711

Any gas distributed to customers through gas mains
or service lines or used for domestic purposes in
compressor plants, which does not naturally possess a
distinctive odor to the extent that its presence in the
atmosphere is readily detectable at all gas concentrations
of one-fifth of the lower explosive limit and above,
shall have an odorant added to it to make it so
detectable.

87111 Odorization is not required for

(a} gas in underground or other storage

{b) gas used for further processing or use where the
odorant would serve no useful purpose as a warning
agent or would be a detriment to the process

(c) gas used in lease or field operations

B71.12 If gas is delivered for use primarily in one
of the above exempied activities or facilities and is
also used in one of those activities for space heating,
refrigeration, water heating, cooking, and other domestic
uses, or if such gas is used for fumishing heat or air
conditioning for office or living quarters, the gas shall
be odorized.

871.2

Each operating company shall use odorization equip-
ment designed for the type and injection rate of odorant
being used.

871.3

Each operating company shall use an odorant in
accordance with the following reguirements:

(a) The odorant, when blended with gas in the
specified amount, shall not be deleterious to humans
of to the materials present in the gas system and shall
not be soluble in water to a greater extent than 2%
pasts of odorant to 100 parts of water by weight.
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(b) The products of combustion from the odorant
shall be nontoxic to humans breathing air containing
the products of combustion and shall not be comesive
or harmful to the materials with which such products
of combustion would ordinarily come in contact.

{c) The combination of the odorant and the natural
odor of the gas shall provide a distinctive odor so that
when gas is present in air at the concentration of as
little as 1% by volume, the odor is readily detectable
by a person with a normal sense of smell,

8714

For all odorizers, except small wick-type or bypass-
type, or similar odorizers serving individval customers
or small distribution systems, each operating company
shall maintain records containing the following items

{a) the type of odorant introduced into the gas

{b) the amount of odorant injected per million cu-
bic feet

871.5

Each operating company shall conduct odorant con-
centration tests on gas supplied through its facilities
that requires odorization. Test points shall be remotely
located frem the cdorizing equipment to provide data
representative of gas at all points of the system.

872 LIQUEFIED PETROLEUM GAS (LPG)
SYSTEMS

8721

Liquefied petroleum gases generally include butane,
propane, and mixtures of the two that can be stored
as liquids under moderate pressures (approximately 80
psig to 250 psig) at ambient temperatures.

8722

This Code is concemed only with certain safety
aspects of liquefied petroleumn gases when they are
vaporized and used as gaseous fuels.
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8723

All of the requirements of ANSI/NFPA 358 and
ANSI/NFPA 59 and of this Code conceming design,
construction, and operation and maintenance of piping
facilities shall apply to piping systems handling butane,
propane, or mixtures of these gases.

872.4 Special Safety Requirements for LPG Systems

872.41 Odorization. Liquefied petroleum gases are
usually nontoxic, but when distributed for consumer
use or used as fuel in a place of employment, they
shall be odorized for safety. Criteria for odorization
are given in section 871.!

872,42 Ventilation

fa) All liquefied petroleum gases are heavier than air;
hence, structures aboveground for housing regulators,
meters, eic., shall have open vents near the floor level,
Such equipment shall not be installed in pits or in
underground vaults, except in cases where suitable
provisions for forced ventilation are made.

(b} Special care is required in the location of relief
valve discharge vents releasing LPG 1o the atmosphere

' Refer 1o ANSI/NFPA 58 and ANSINFPA 59,
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to prevent accumulation of the heavy gases at or
below ground level. Likewise, special precautions are
necessary for adequate ventilation where excavations
are made for the repair of leaks in an vnderground
LPG distribution system.

873 PIPELINES ON PRIVATE RIGHTS-OF-
WAY OF ELECTRIC TRANSMISSION
LINES

Where gas pipelines parallel overhead electric trans-
mission lines on the same right-of-way, the company
operating the pipelines shall take the following precau-
tions:

873.1

Employ blowdoewn connections that will direct the
gas away from the electric conductors.

873.2

Install a bonding conductor across points where the
main is to be separated and maintain this connection
while the pipeline is separated. The current carrying
capacity of the bonding conductor should be at least
one-half of the current carrying capacity of the overhead
line conductors. [See also para. B62.114(b).]
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AB00-A8503

CHAPTER VIII
OFFSHORE GAS TRANSMISSION

A800 OFFSHORE GAS TRANSMISSION

A801 GENERAL

Chapter VIII pertains only to offshore gas transmis-
sion systems as defined in para. A802.1. With the
exception of sections A840 through AB42, A844, and
A847, this Chapter is organized 1o parallel the number-
ing and the content of the first six chapters of the
Code. All provisions of the first six chapters of the
Code are also requirements of this Chapter unless
specifically modified herein. Chapter VI is not applica-
ble. With the exceptions noted above, paragraph desig-
nations follow those in the first six chapters with the
prefix “A”

A802 SCOPE AND INTENT

A802.1 Scope

This Chapier of the Code covers the design, material
requirements, fabrication, installation, inspection, test-
ing, and safety aspects of operation and maintenance
of offshore gas transmission systems. For this Chapter,
offshore gas transmission systems include offshore gas
pipelines, pipeline risers, offshore gas compressor sta-
tions, pipetine appurtenances, pipe supports, connectors,
and other components as addressed specifically in
the Code.

AS02.2 Imtent

The intent of this Chapter is to provide adequate
requirements for the safe and reliable design, installa-
tion, and operation of offshore gas transmission systems.
Requirements of this Chapter supplement the require-
ments of the remainder of the Code. It is therefore
not the intent of this Chapter to be all inclusive, and
provisions must be made for any special considerations
that are not specifically addressed.

It is not the intent of this Chapter to prevent the
development and application of new equipment and
technologies. Such activity is encouraged as long as
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the safety and reliability requirements of the Code are
satisfied,

AB803 OFFSHORE GAS TRANSMISSION
DEFINITIONS

accidental loads: any unplanned load or combination
of loads caused by human intervention.

breakaway coupling: a component introduced into the
pipeline to allow the pipeline to separate when a
predetermined axial load is applied to the coupling.

buckle: a condition where the pipeline has undergone
sufficient plastic deformation o cause permanent wrin-
kling in the pipe wall or excessive cross sectional
deformation caused by bending, axial, impact, and/or
torsional loads acting alone or in combination with
hydrostatic pressure,

buckle arrestor: any device attached to or made a
part of the pipe for arresting a propagating buckle.

buckle detector: any means for detecting dents, exces-
sive ovalization, or buckles in a pipeline.

column buckling: buckling of a beam or pipe under
compressive axial load in which loads cause unstable
lateral deflection.

connectors: any component, except flanges, used for
mechanically joining two sections of pipe.

external hydrostatic pressure: pressure acting on any
external surface resulting from its submergence in water.

Jlexible pipe: pipe that is

{a) manufactured from both metal and nonmetal
components

(b) capable of allowing large deflections without
adversely affecting the pipe’s integrity

{c) intended to be an integral part of the permanent
product transportation system

Flexible pipe does not include solid steel pipe, plastic
pipe, fiber reinforced plastic pipe, rubber hose, or solid
steel pipes lined with nonsteel linings or coatings.
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hyperbaric weld: a weld performed at ambient hydro-
static pressure in a submerged chamber from which
the water has been removed from the surfaces to be
welded.

offshore: the area beyond the line of ordinary high
water along the portion of the coast that is in divect
contact with the open seas and beyond the line marking
the seaward limit of inland coastal waters.

offshore pipeline riser: the vertical or near vertical
portion of an offshore pipeline between the platform
piping and the pipeline at or below the seabed, including
a length of pipe of at least five pipe diameters beyond
the bottom elbow, bend, or fitting. Due 1o the wide
variety of configurations, the exact location of transition
between pipeline, pipeline riser, and platform piping
must be selected on a case-by-case basis.

offshore pipeline system:  all components of a pipeline
installed offshore for transperting gas other than preduc-
tion facility piping. Tanker or barge loading hoses are
not considered part of the offshore pipeline system.

offshore platform:  any man-made fixed or permanently
anchored structure or artificial 1sland located offshore.

pipe collapse: flattening deformation of the pipe re-
sulting in loss of cross-sectional strength and circular
shape, which is caused by excessive external hydrostatic
pressure acting alone.

platform piping: due to a wide variety of configura-
tions, the exact location of the transition between the
offshore pipeline riser(s), the platform piping, and the
production facility shall be selected on a case-by-
case basis.

{a) On offshore platforms where hydrocarbons are
produced, platform piping consists of all the gas trans-
mission piping, appurtenances, and components that are
between the production facility and the off-shore pipe-
line riser{s). This includes any gas compressors and
piping that are not a part of the production facility.

(b} On offshore platforms where hydrocarbons are
not produced, platform piping consists of all the gas
transmission piping, compressors, appurtenances, and
components between the offshore pipeline risers.

propagating buckle: a buckle that progresses rapidly
along a pipeline caused by the effect of external hydro-
static pressure on a previously formed buckle, local
collapse, or other cross-sectional deformation.

puil wbe: a conduit atached to an offshore platform
through which a riser can be instailed.
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pull-tube riser: riser pipe or pipes installed through
a pull tube.

return imterval:  average time interval between succes-
sive events of design wave being equalled or exceeded.

soil liguefaction: a soil condition, typically caused by
dynamic cyclic loading (¢.g., earthquake, waves) where
the effective shear stresses in the soil are reduced to
zero, and the soil exhibits the properties of a liguid.

splash zone: the area of the pipeline riser or other
pipeline components that is intermittently wet and dry
due to wave and tidal action.

weight coafing: any coating attached to the pipeline
for increasing the pipeline specific gravity,

A811 QUALIFICATION OF MATERIALS AND
EQUIPMENT

“Unidentified” pipe, plastic pipe, plastic pipe with
nonmetallic reinforcement, cast iron pipe, and ductile
iron pipe shall not be used for transporting natural gas.

A814 MATERIAL SPECIFICATIONS

AB814.1

Concrete weight coating materials (cement, aggregate,
reinforcing steel) shall meet or exceed the requirements
of applicable ASTM standards.

Flexible pipe shall be manufactured from materials
meeting the requirements of applicable ASTM or ASME
standards.

A814.2

In addition to the requirements contained in refer-
enced standards, certain other requiremenis may be
considered for pipe and other components used off-
shore, depending on water depth, water temperature,
internal pressure, product composition, product tempera-
ture, installation method and/or other loading conditions.
Thus, consideration may include one or more of the
following:

{a) wall thickness tolerance

(b) outside diameter wlerance

(c) out-of-roundness

{d) maximum and minimum yield and tensile
strengths

fe) maximum carbon equivalent

(f) fracture toughness

(g) hardness

(h) pipe mill hydrostatic testing and other mechanical
testing

(9
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A816 TRANSPORTATION OF LINE PIPE

Transportation by truck or other road vehicles shall
be performed in such a manner as 0 avoid damage
to the pipe. Provisions shall be made to protect the
pipeline corrosion coating, end bevel, and weight coating
from damage.

A820 WELDING OFFSHORE PIPELINES

A$21 GENERAL

A821.1 Scope

This Section concerns the welding of carbon steel
materials that are used in a pipeline in the offshore
environment. The welding covered may be performed
under atmospheric or hyperbaric conditions,

AB21.2 Welding Processes

The welding may be done by any process or combina-
tion of processes that produce welds that meet the
procedure qualification requirements of this Code and
can be inspected by conventional means.

A821.3 Requirements

(a} Prior to atmospheric welding of any pipe, piping
components, ot related equipment, Welding Procedure
Specifications shali be written and the procedure shall
be qualified. The approved procedure shall include all
of the applicable details listed in API Standard 1104,

{b) Prior to hyperbaric welding of any pipe, piping
components, or related equipment, Welding Procedure
Specifications shall be written and the procedure shall
be qualified. The approved procedure shall include all
of the applicable details listed in APl Standard 1104
and ANSIAWS D3.6.

(c) Each welder or welding operator shall be qualified
for the established procedure before performing any
welding on any pipe, piping component, or related
equipment installed in accordance with this Code.

(d) Welding procedure qualifications, as well as
welder or welding operator qualifications, are valid only
within the specified limits of the welding procedure.
If changes are made in certain details, called “essential
variables™ or “essential changes,” additional qualifica-
tion is required. API Standard 1104 essential variables
shall take precedence in matters not affected by the
underwater environment, and ANSI/AWS D3.6 shall
govern those essential changes related to the underwater
welding environment and working conditions.
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A823 QUALIFICATION OF PROCEDURES
AND WELDERS

Qualification of procedures and welders shall be in
accordance with the requirements of para. 823, except
paras. 823.1 and 823.2 do not apply offshore,

(a) Welding procedures and welders performing at-
mospheric welding under this section shall be qualified
under API Standard 1104, except that for applications
in which design, materials, fabrication, inspection, and
testing are in accordance with BPV Code, Section VIII,
welding procedures and welders shall be qualified under
BPV Code, Section [X.

(b) Welding procedures and welders performing hy-
perbaric welding under this section shall be qualified
in accordance with the testing provisions of API Stan-
dard 1104 as supplemented by ANSIYAWS D3.6, Speci-
fication for Underwater Welding for Type “O”" Welds.

AB25 STRESS RELIEVING

Stress relieving requirements may be waived, regard-
less of wall thickness, provided that it can be demon-
strated that a satisfactory welding procedure without
the use of postweld heat treatment has been developed.
Such a demonstration shall be conducted on materials
and under conditions that simulate, as closely as practi-
cal, the actual production welding. Measurements shall
be taken of the tensile, toughness, and hardness proper-
ties of the weld and heat-affected zome. No stress
relieving will be required if

(a) the measurements indicate that the metallurgical
and mechanical properties are within the limits specified
for the materials and intended service

(b} an enginecring analysis is conducted to ensure
that the mechanical properties of the weldment and the
residual stresses without postweld heat treatment are
satisfactory for the intended service. In some cases,
measurement of residual stresses may be required.

AB826 WELDING AND INSPECTION TESTS

A826.2 Inspection and Tests for Quality Control of
Welds on Piping Systems

A826.21 Extent of Examination. One hundred pet-
cent of the total number of circumferential field butt
welds on offshore pipelines shall be nondestructively
inspected, if practical, but in no case shall less than
90% of such welds be inspected. The inspection shall
cover 100% of the length of such inspected welds.
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A826.22 Standard of Acceptability. All welds that

are inspected must meet the standards of acceptability

of API Standard 1104 or BPV Code, Section VIII, as
appropriate for the service of the weld, or be appropri-
ately repaired and reinspected or removed.

AB26.23 Alternative Flaw Acceptance Limits. For
girth welds on a pipeline, alternative flaw acceptance
limits may be established based on fraciure mechanics
analyses and fitness-for-purpose criteria as described in
API Standard 1104. Such alternative acceptance stan-
dards shall be supported by appropriate stress analyses,
supplementary welding procedure test requirements, and
nondestructive examinations beyond the minimum re-
quirements specified herein. The accuracy of the nonde-
structive technigues for flaw depth measurement shall
be verified by sufficient data to establish probabilities
for the proposed inspection error allowance.

A830 PIPING SYSTEM COMPONENTS AND
FABRICATION DETAILS

A830.1 General

The purpose of this Section is to provide a set of
criteria for system components to be used in an offshore
application.

A831 PIPING SYSTEM COMPONENTS

Cast iron or ductile iron shall not be used in flanges,
fittings, or valve shell components.

All system components for offshore applications shall
be capable of safely resisting the same loads as the
pipe in the run in which they are included, except
“weak links” {e.g., break-away couplings) designed into
a system to fail under specific loads. Consideration
should be given to minimizing stress concentrations.

System components which are not specifically cov-
ered in para. 831 shall be validated for fitness by either

(a) documented full scale prototype testing of the
components or special assemblies, or

(b} a history of successful usage of these components
or special assemblies produced by the same design
method. Care should be exercised in any new application
of existing designs to ensure suitability for the intended
service.

A832 EXPANSION AND FLEXIBILITY

Thermal expansion and contraction calculations shall
consider the temperature differential between material
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temperature during operations and material temperature
during instatlation.

A834 SUPPORTS AND ANCHORAGE FOR
EXPOSED PIPING

Supports and anchorage for platform piping and risers
shall conform to the requirements of para, 834, except
that no attachment, other than an encircling member,
shall be welded directly to the pipeline. (See para.
A84227)

A335 ANCHORAGE FOR BURIED PIPING

Thermal expansion and contraction calculations shall
consider the effects of fully saturated backfill material
on soil restraint,

When a submerged pipeline is to be laid across a
known fault zone, or in an earthquake-prone area where
new faults are a possibility, consideration shall be given
to the meed for flexibility in the pipefine system and
its components to minimize the possibility of damage
due to seismic activity.

The requirements of para. 83551 for header and
branch connections are not applicable (o offshore sub-
merged piping systems. Ap appropriate means of pre-
venting undue stresses at offshore submerged piping
connections is to provide adequate flexibility at branch
connections on the seabed.

A840 DESIGN, INSTALLATION, AND
TESTING

A840.1 General Provisions

The design, installation, and iesting of offshore gas
transmission systems shall be in accordance with Chap-
ter IV as specifically modified by the provisions of
Chapter VIII. Also, all provisions of Chapter IV that
depend on location class and construction type do not
apply to offshore gas transmission systems, except that
offshore pipelines approaching shoreline areas shall be
additionally designed and tested consistently with class
location provisions as determined in para. A840.2,

A840.2 Shoreline Approaches

Offshore pipelines approaching shoreline areas shall
be additionally designed and tested consistently with
class location provisions as determined in section 3440,
except that

{99}
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{a) offshore pipelines in Location Class 3 and 4
may alternatively be hydrostatically tested to a pressure
not less than 1.25 times the maximum operating pressure
50 long as the provisions of section A826 are met

{b) for offshore pipelines, the provisions of section
A847 supersede para, 841.32,

A841 DESIGN CONSIDERATIONS

A841.1 Design Conditions

A number of physical parameters, henceforth referred
to as design conditions, govern design of the offshore
pipeline system so that it meets installation, operation,
and other post-installation requirements. Some of the
factors which may influence the safety and reliability
of an offshore pipeline and riser include:

{a) waves

(b) current

(¢} marine soils

fd) wind

(e} ice

() seismic activity

{g) platform motion

{h) temperature

{i) pressure

(j} water depth

{k} support settiement

1) accidental loads

{m) commercial shipping

(n) fishing/shrimping activities

The design of offshore pipelines is often controlied
by installation considerations rather than by operating
load conditions.

AB41.2 Installation Design Considerations

The design of an offshore pipeline system suitable
for safe installation and the development of offshore
pipeline construction procedures shall be based on
consideration of the parameters listed in paras. A841.21
through A841.25. These parameters shall be considered
to the extent that they are significant to the proposed
system and applicable to the method of installation
being considered.

A841.21 Weight. The effect of pipe or pipeline
assembly weights (in air and submerged) on installation
stresses and strains shall be considered. Variability due
to weight coating manufacturing tolerances and water
absorption shall also be considered.

AB40.2-A841.31

A841.22 Profile. Variations in waier depth along the
pipeline route shall be considered. The effect of tides
shall be included for locations where such variations
are a significant fraction of the water depth. Botiom
slope, obstructions, or itreguiarities which affect installa-
tion stresses shall be considered.

A841.23 Environmental Loads. Local environmen-
tal forces including those induced by wind, wave,
currents, ice, seismic activity, and other natural phenom-
enon are subject to radical change in offshore areas.
These potential changes should be considered during
installation design and contingency planning.

A841.24 Loads Imposed by Construction
Equipment and Vessel Motions. Limitations and be-
havioral characteristics of installation equipment shall
be considered in the installation design.

Vessel motions shall be considered if they are ex-
pected to result in pipe stresses or pipefcoating damage
sufficient to impair the serviceability of the pipeline.

AB41.25 Bottom Soils. Soil characteristics shall be
considered when installation procedures are developed
for the foliowing:

(a) riser installation in pull tubes

(b} laying horizontal curves in the pipeline routing

{c) pipeline bottom tows

{d} wrenching and backfilling

A841.3 Operational Design Considerations

A841.31 Loading Classifications. All parts of the
offshore pipeline and riser system shall be designed
for the most critical combinations of operational and
design environmental loads, acting concurrently, to
which the system may be subjected. Wind, wave, and
current design loads should be based on a design return
interval no less than five times the design life of the
pipeline or 100 years, whichever is smallet.

If the pipeline operating philosophy is such that
operations with full operational loads will be maintained
during design storms, then the system shall be designed
for concurrent action of operational and design environ-
mental loads.

If the operating philosophy is such that operations
will be reduced or discontinued during design storm
conditions, then the system shall be designed for

{a) full operational loads plus maximum coincidental
environmental loads

(b) design environmental loads plus appropriate re-
duced operational loads
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Directionality of waves, winds and currents shall be
considered to determine the most critical expected
combination of above loadings.

A841.32 Operational Loads. Operational loads that
shall be considered are those forces imposed on the
pipeline system under static environmental conditions
{i.e., excluding wind, waves, current, and other dynamic
loadings).

Loads that should be considered as operational loads
include

{a) weight of unsupported span of pipe, including
(as appropriate) the weight of

{1} pipe

{2) coatings and their absorbed water
{3) attachments to the pipe

(4) transported contenis

(b) internal and external pressure

(c) thermal expansion and contraction

{d) buoyancy

(e) prestressing (exclusive of structurally restrained
pipe configurations, such as in a pull-tube riser bend)

(f} static soit induced loadings (e.g.. overburden)

The effects of prestressing, such as permanent curva-
tures induced by installation, should be considered when
they affect the serviceability of the pipeline.

A841.33 Design Environmental Loads. Loadings
that should be considered under this category include,
as appropriate, those arising due to

{a) waves

{b) current

{c) wind

(d) seismic events

(e) accidental loadings {¢.g., trawl boards, anchors)

(A dymamic soil induced loadings (e.g., mudslides,
liguefaction)

(g) ice loads (e.g., weight, floating impacts, scouring)

A842 STRENGTH CONSIDERATIONS

Design and installation analyses shall be based on
accepted engineering methods, material strength, and
applicable design conditions.

A842.1 Strength Consideration During Installation

The following subsections define the minimum safety
requirements against failure due to yielding or buckling
during all phases of pipeline system installation (ie.,
handling, laying, trenching, etc., through testing).

ASME B31.8-19%9 Edition

A842.11 Buckling. The pipeline should be designed
and installed in a mannet to prevent buckling during
installation. Design and procedures for installation
should account for the effect of external hydrostatic
pressure, beonding moment, axial, and torsional loads
and pipe out-of-roundness. Consideration should also
be given to the buckle propagation phenomenon.

A842.12 Collapse. The pipe wall thickness shall be
designed to resist collapse due to external hydrostatic
pressure. Considerations shall include the effecis of
mill tolerances in the wall thickness, out-of-roundness,
and any other applicable factors.

A842.13 Allowable Longitudinal Stress. The maxi-
mumt longitudinal stress due to axial and bending loads
during instaliation shall be limited to a value that
prevents pipe buckling and will not impair the service-
ability of the installed pipeline.

A842.14 Allowable Strains. Instead of the stress
criteria of para. A842.13, an allowable installation strain
limit may be used. The maximum longitudinal strain
due to axial and bending loads during installation shall
be limited to a value that prevenis pipe buckling
and wifl not impair the serviceability of the installed

pipeline.

A842.15 Installation Fatigue. Anticipated stress
fluctvations of sufficient magnitude and frequency lo
induce significant fatigue shall be considered in design.

A842.16 Special Assemblies. Installation of pipe-
lines with special assemblies (such as tap valves and
riser offsets) are subject to the same requirements stated
in paras. A842.11 through A842.15.

A842.17 Residual Stresses. The pipeline system
shall normally be installed in a manner so as to minimize
residual stresses. The exception shall be when the
designer purposefully plans for residual stresses (e.g.,
cold springing of risers, pull-tube risers). When residual
stresses are significant, they should be considered in
the operating design of the pipeline system (see para.
A8422).

A842.18 Flexible Pipe. The manufacturers recom-
mended maximum loadings and minimum bending ra-
dius shall be adhered to during installation. Flexible
pipe shall be designed or selected to prevent collapse
due to the combined effects of external pressure, axial
forces, and bending. Installation procedures shall be
designed to prevent buckling. (See APl RP 17B))
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: TABLE AB42.22
DESIGN FACTORS FOR OFFSHORE PIPELINES,
PLATFORM PIPING, AND PIPELINE RISERS

£ F2 FA
Hoop  Lowgitwdinal  Combined
Location Stress Stress Stress
Pipefine .72 0.80 0.90
Platform piping and risers 0.50 0.80 0.90

AB842.2 Strength Considerations During Operations
A842.21 Operational and Design Criteria

AB42.211 Pipelines and risers shall be designed
against the following possible modes of failure, as
appropriate:

{a) excessive yielding

(b) buckling

(c) fatigue failure

{d) ductile fracture

{e) brittle fracture

(f} loss of in-place stability
{g) propagating fracture

{h} corrosion

{i) collapse

AR42.212 Furthermore, consideration shall be
given to impacts due to
(a) foreign objects
{#) anchors
(c) trawlboards
{d) vessels, ice keels, etc.

A842.22 Design Against Yielding

A842.221 Hoop Stress. For pipelines and risers
the tensile hoop stress due to the difference between
internal and external pressures shall not exceed the
values given below:

NOTE: Sign convention is such that tension is positive and compres-
sion is negative.

S, < F\ST
D
Sﬁ - (P P P e) i
where
D = nominal outside diameter of pipe, in.
F; = hoop stress design factor from Table AB42.22
P, = exwemal pressure, psi
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P; = intemal design pressure, psi
§ = specified minimum yield strength, psi
§y = hoop stress, psi
T = temperature derating factor from Table
841.116A

.y
[

nominal wall thickness, in.

AB842.222 Longitudinal Stress. For pipelines and
risers the longitudinal stress shall not exceed values
found from

|| s Fy8
where
A = cross sectional area of pipe material, in.2
F, = axial force, Ibs
F; = longitudinal stress design factor from Table
AB4222
M; = in-plane bending moment, in.-Ib
M, = out-plane bending moment, in.-lb
§ = specified minimum yield strength, psi
§: = maximum longitudinal stress, psi {positive ten-
stle or negative compressive)
= 5, + 8, or S, = §,, whichever results in the
larger stress value
S, = axial stress, psi (positive tensile or negative
compressive)
= F,/A
S5 = resultant bending stress, psi
= (MY + G M) "z
& = in-plane stress intensification factor from Ap-
pendix E
i, = out-plane stress intensification factor from Ap-
pendix E
z = section modulus of pipe, in?
| | = absolute value

A842.223 Combined Stress., For pipelines and
risers the combined stress shall not exceed the value
given by the maximum shear stress equation (Tresca
combined stress):

- 2 172
2[(3‘—2‘9—*) +s,3] < FyS

where
A = cross-sectional area of pipe matenial, in.
F, = axial force, Ibs
F3 = combined stress design factor from Table
A842.22
M; = in-plane bending moment, in.-lb
M, = out-plane bending moment, in.-Ib
M, = torsional moment, in.-fb
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specified minimum yield strength, psi

Sp maximum longitudinat stress, psi (positive
tensile or negative comprcssive)
= §, + S, or S, — S, whichever resulis in the
larger stress value
§, = axial stress, psi (positive tensile or negative
compressive)
= F, /A
S, = resultant bending stress, psi
= [(EM) + (i, M)} Pz
Sy = hoop stress, psi
S, = torsional stress, psi
i; = in-plane stress intensification factor from Ap-
pendix E
i, = out-plane stress intensification factor from
Appendix E
z = section modulus of pipe, in.}

Alternatively, the Maximum Distortional Energy
Theory (Von Mises combined stress) may be used
for limiting combined stress values. Accordingly, the
combined stress should not exceed values given by

(5,0 = 518, + 5.2+ 35 )2 < 8

A842.23) Alternate Design for Strain. In situations
where the pipeline experiences a predictable noncyclic
displacement of its support (e.g., fault movement along
the pipeline route or differential subsidence along the
line) or pipe sag before support contact, the longitudinal
and combined stress limits need not be used as a
criterion for safety against excessive yielding, so long
as the consequences of yielding are not detrimental to
the integrity of the pipeline. The permissible maximum
longitudinal strain depends on the ductility of the
material, any previously experienced plastic strain, and
the buckling behavior of the pipe. Where plastic strains
are anticipated, the pipe eccentricity, pipe cut-of-round-
ness, and the ability of the weld to underge such
strains without detrimental effect should be considered.
Similarly, the same criteria may be applied te the pipe
during construction (e.g., pull-tube or bending shoe
risers).

AB42.24 Design Against Buckling and Ovalization.
Avoidance of buckling of the pipeline and riser during
operation shall be considered in design. Modes of
buckling that may be possible include

(a} local buckling of the pipe wali

(b) propagation buckling following local buckling

(c) column buckling
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AB842.25 Design Against Fatigue. Stress fluctuations
of sufficient magnitude and frequency to induce signifi-
cant fatigue should be considered in design.

Loadings that may affect fatigue include:

(a) pipe vibration, such as that induced by vortex
shedding

{b) wave action

Pipe and riser spans shall be designed so that vortex
induced resonant vibrations are prevented, whenever
practical. When doing so is impractical, the total resul-
tant stresses shall be less than the allowable limits in
para. AB42.22, and such that fatigue failure should not
result during the design life of the pipeline,

A842.26 Design Against Fracture. Materials used
for pipelines transporting gas or gas-liquid mixtures
under high pressure should have reasonably high resist-
ance to propagating fractures at the design conditions,
or other methods shall be used to limit the extent of
a fracture.

A842.27 Design of Clamps and Supports. Clamps
and supports shall be designed such that a smooth
transfer of loads is made from the pipeline or riser to
the supporting structure without highly localized stresses
due to stress concentrations. When members are to be
welded to the pipe they shall fuily encircle the pipe
and be welded to the pipe by a full encirclement weld.
The support shall be attached to the encircling member
and not the pipe.

All welds to the pipe shall be nondestructively tested.
Clamps and supports shall be designed in accordance
with the requirements of APl RP 2A, Section 3.

Clamp and support design shall consider the corrosive
effects of moisture retaining gaps and crevices and
galvanically dissimilar metals.

AB42.28 Design of Connectors and Flanges. Con-
nectors and flanges shall be such that smooth transfer
of loads is made without high localized stresses or
excessive deformation of the attached pipe.

Connectors and flanges shall have a level of safety
against failure by yielding and failure by fatigue that
is comparable to that of the attached pipeline or riser.

AB42.29 Design of Structural Pipeline Riser Pro-
tectors. Where pipeline risers are instatled in Jocations
subject to impact from marine traffic, protective devices
shall be installed in the zone subject to damage to
protect the pipe and coating.
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A842.30 Design and Protection of Special Assem-
blies. Design of connections and special assembilies,
such as subsea tie-in assemblies, expansion loops, sea-
bed riser connections, and subsea pipeline manifolds,
shall consider the additional forces and effects imposed
by a subsea environment. Such additional considerations
include design storm currents and potential for seabed
movement in soft sediments, soil liquefaction, increased
potential comrosion, thenmal expansion and contraction,
and stress due to installation procedures. In areas of
active fishing, protective measures may be appropriate
for connections and special assemblies,

A342.31 Design of Flexible Pipe. Due to its compos-
ite makeup, the mechanical behavior of flexible pipe
is significantly different from steel pipe. Flexible pipe
may be used for offshore pipelines if calculations and/
or test results verify that the pipe can safely withstand
leadings considered in paras. A841.32 through A841.33.
In the selection of flexible pipe, consideration should
be given to its permeable nature, The possibility of
implosion under the combined conditions of high pres-
sure, high temperature, and very rapid depressurization
should be investigated where such conditions may be
expected. Selection of flexible pipe shall be in accord-
ance with APl RP 17B.

A843 COMPRESSOR STATIONS

A843.1 Compressor Station Design

The requirements of this section recognize the unique
design conditions and space limitations imposed when
designing offshore compression facilities and therefore
relate only to offshore compression Facilities.

It is the further intent of this section to make the
designer aware of personne! safety during the design
and operation of offshore compression facilities.

A843.11 Location of Compressor Facilities. The
compressor facilities located on platforms should be
designed to facilitate free movement of fire fighting or
other emergency equipment.

A843.12 Enclosures. All encloswres located on an
offshore platform shall be constructed of noncombusti-
ble or limited combustible material as defined in NFPA
220, Chapter 2, Section 2-6 and Section 2-3. Design
of enclosures on offshore platforms shall consider the
loading conditions defined in para. A841.3.
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A843.13 Exits. A minimum of two exits shall be
provided for each operating level of a compressor
building. Any elevated walkway, including engine cat-
walks more than 10 ft above the deck, shall also be
provided with two exits. The maximum distance from
any poimt within the compressor building to an exit
shall not exceed 75 ft. Enclosure exits shall be unob-
structed and lecated so as to provide a convenient
route of escape and shall provide continuous unob-
structed passage to a place of safety, Exit doors located
on exterior walls shall swing outward and shall be
equipped with latches that can be readily opened from
the inside without a key.

A843.2 Electrical Facilities

All electrical equipment and wiring installed on
offshore compression platforms shall conform to the
requirements of NFPA 70, if commercially available
equipment permits,

Electrical installations in offshore hazardous locations
as defined in NFPA 70 Chapter 5, Article 500 and
that are to remain in operation during compressor station
emergency shutdown as provided in para. AB44.43]
shall be designed to conform to NFPA 70, for Class
I, Division 1 requirements,

The guidelines of API-RP-14F should be considered
in electrical facility design.

AB843.4 Compressor Station Equipment
A843.43 Safety Devices

A343.431 Emergency Shutdown Facilities. All
gas compression equipment shali be provided with an
emergency shutdown system that will block out the
gas going to and from the compressor station. Operation
of the emergency shutdown system shall cause the
shutdown of all gas compression equipment and all
gas fired equipment and shall de-energize the electrical
facilities in the compressor building, except for those
that provide emergency lighting for personnel protection
and those that are necessary for protection of equipment.
The emergency shutdown system shall be operable from
a minimum of two locations on each deck level; that
is, should an offshore platform facility have more than
one clearly defined deck, each deck shall have a mini-
mum of two shutdown locations, Blowdown piping
shall extend w a location where the discharge of gas
is not likely to create a hazard to the platform facilities.
Consideration should be given to potential entrained
liquids, prevailing winds, and location of crew quarters
if part of the platform facility. Under conditions of

(o9
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heavy liquid entrainment and poor prevailing wind
conditions, a separate structure for a blowdown facility
shall be considered.

A843.44 Pressure Limiting Requirements for
Offshore Compression Facilities

A843.443 Venting. Pressure relief valves shall be
vented to atmosphere such that no hazard is created.
Vent lines, common headers, and platform blowdown
lines shall have sufficient capacity so that they will
not interfere with the performance of the relief device.

A844 ON-BOTTOM STABILITY

Pipeline design for lateral and vertical stability is
govemed by seafloor bathymetry, soil characteristics,
and by hydrodynamic, seismic, and soil behavior events
having a significant probability of occurrence during
the life of the system. Design conditions (0 consider
are provided in following subsections.

The pipeline system shall be designed to prevent
horizontal and vertical movements, or shall be designed
so that any movements will be limited to values not
causing design strength to be exceeded (see para. A842).

Typical factors to be considered in the stability design
include

fa) wave and current forces

(b) scour and resultant spanning

{c} liquefaciion

{d) slope failure _

Stability may be obtained by such means including,
but not limited to, pipe submerged weight, wenching
of pipe below grade, and anchoring.

When calculating hydrodynamic forces, the spatial
variance of wave forces along the length of the pipeline
may be taken into account.

AB44.1 Design Storm Conditions

Design wave and current conditions for portions of
a pipeline that will not be wenched shall be based on
a storm having a minimum return interval of no less
than five times the design life or 100 years, whichever
is smaller. Portions of the pipeline system to be trenched
shall be designed for wave and current conditions based
on prudent assessment of the period of pipe exposure.
The most unfavorable expected combination of wave
and current conditions shall be used. Maximum wave
and maximum current conditions do not necessarily
occur simultaneousty. The most unfavorable condition
selection shall account for the timing of occumrence of
the wave and current direction and magnitude.

ASME B31.3-1999 Edition

A844.2 Stability Against Waves and Currenis

A844.21 Submerged Weight. The submerged
weight of the pipe may be designed (such as by weight
coating) to fesist or limit movement to acceptable
values, Hydrodynamic forces shail be based on the
wave and current values for the design storm conditicn
for the specific location.

Wave and curvent directionality and concurrency shall
be considered.

A844.22 Bottom Soils. The pipe-soil interaction fac-
tors that are used shall be representative of the bottom
conditions at the site.

A844.23 Trenching. The pipeline and its appunie-
nances may be trenched below bottom grade to provide
stability. The pipeline must be designed for wave
and current stability prior to trenching. Such stability,
however, need only be based on environmental condi-
tions expected during the period of pipe exposure.

A844.24 Backfilling. Backfilling or other protective
coverings, when necessary, shall be accomplished by
using such materials and procedures to preclude damage
to the pipeline and coatings.

A844.25 Anchoring. Anchoring may be used instead
of or in conjunction with submerged weight to maintain
stability. The anchors shall be designed to withstand
lateral and vertical loads expected from the design
storm condition. Anchors shall be spaced to prevent
excessive stresses in the pipe sections between anchors.
The anchoring system and adjacent pipe shall be de-
signed to prevent scour and resultant spanning from
overstressing the pipe. The effect of anchors on the
cathodic protection system shall be considered.

A844.3 Shore Approaches

Pipe in the shore approach zone shall be trenched
or bored to the depth necessary to prevent scouring,
spanning, or stability problems that affect integrity and
safe operation of the pipeline during its anticipated
service life. Seasonal variation in the near shore thick-
ness of seafloor sediments and shoreline erosion over
the pipeline service life shall be considered.

A844.4 Slope Failure

The pipeline shall be designed for slope failure in
zones of known or anticipated occurrence, such as
mudslide zones and areas of seismic slumping. The
design exposure period shall be no less than the expected
life of the pipline. If it is not practical to design the
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pipeline system (o survive the event, the pipeline shali
be designed for controlled breakaway with check valving
1o prevent blowdown of the pipeline.

AB44.5 Seil Liquefaction

Design for the effects of liquefaction shall be per-
formed for areas of known or expected occurrence.
Soil liquefaction normally results from cyclic wave
overpressures or seismic loading of susceptible soils.
The bulk specific gravity of the pipeline shall be
designed, or alternative methods shall be selected to
ensure both horizontal and vertical stability.

Seismic design conditions used to predict the occur-
rence of bottom liquefaction or slope failure shall have
the same recurrence interval as used for the operating
design strength calculations for the pipeline. Occurrence
of soil liquefaction due to wave overpressures shall be
based on a storm return interval of no less than five
times the design life or 100 years, whichever is smaller.

AB45 CONTROL AND LIMITING OF GAS
PRESSURE

All applicable provisions of para. 845 apply unless
otherwise stated,

ABd6 VALVES

Offshore wansmission lines shall be equipped with
valves or other components to shut off the flow of gas
to an offshore platform in an emergency.

Block valves shall be accessible and protected from
damage and tampering. If a blowdown valve is involved,
it shall be located where the gas can be blown to the
atmosphere without undue hazard.

Blowdown valves shall be provided so that each
section of pipeline between main line valves can be
blown down. The sizes and capacity of the connections
for blowing down the line shall be such that under
emergency conditions the section of line can be blown
down as rapidly as is practicable.

A847 TESTING

A847.1 General Provisions

All offshore pipelines shall be tested after installation
and prior to operation within the provisions of this
section.
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A847.2 Test Pressure

The installed pipeline system shall be hydrostatically
tested to at least 1.25 times the maximum allowable
operating pressure. Offshore platform piping and off-
shore pipeline risers must be tested to at least 1.4
times the maximum allowable operating pressure either
before or after installation. Prefabricated portions of
platform piping that have been pretested to 1.4 times
the maximum allowable operating pressure need not
be tested after installation if all items are tied in by
connectors, flanges, or welds that have been radiographi-
cally inspected.

A847.3 Test Medium

The test medium for all offshore pipelines will be
water. Additives to mitigate the effects of corrosion,
biofouling, and freezing should be considered. Such
additives should be suitable for the methods of disposal
of the test medium.

In arctic areas where freezing of water is a hazard,
the use of air, inert gas, or glycol is allowable. Platform
gas and compression piping may be tested with inert gas.

A847.4 Test Procedure

The hydrostatic pressure test shall be conducted in
accordance with a specified procedure that shall, at a
minimum, provide for

fa) performance of the test after installation and
before inilial operation of the pipeline system except
as provided in para. A847.2

(b} the inclusion of prefabricated, pretested portions
of offshore pipeline risers in the pipeline system hydro-
static test, whenever practical

{c) maintenance of the test and recording of results
on pipeline and assemblies for a minimum of eight
continuous hours at or above the specified prassure,
All variations in test pressure shall be accounted for,
Test duration of prefabricated piping may be 2 hr.

(d) a retest if, during the hold time, a rupture or
hazardous leak occurs that renders the test invalid.
Retesting shall commence after repairs have been made.

A847.5 Records

The operating company shall maintain in its file, for
the useful life of each pipeline, records showing the
type of test fluid, the test procedure, the lest pressure,
and the duration of the test.
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A847.6 Tie-ins

It is recognized that it may not be possible to
hydrostatically test the tie-in between two test sections.
Pressure testing of tie-in welds may be exempted if
the tie-in weld is inspected by radiographic and/or other
applicable NDT methods.

A847.7 Testing for Buckles

Testing for buckles, dents, and other diameter restric-
tions shall be performed after installation. Testing shall
be accomplished by passing a deformation detection
device through the pipeline section, or by other methods
capable of detecting a change in pipe diameter. Pipe
having excessive deformation which affects the service-
ability of the pipeline facilities shall be repaired or
replaced. Consideration should also be given to repairing
excessive ovality which may interfere with pigging
operation or internal inspection,

A850 OPERATING AND MAINTENANCE
PROCEDURES AFFECTING THE
SAFETY OF GAS TRANSMISSION AND
DISTRIBUTION FACILITIES

A850.1 General

All provisions of Chapter V, which depend on loca-
tion class, do not apply to offshore gas transmission
systems, except that offshore pipelines approaching
shoreline areas shall additionally be operated and main-
tained consistently with class location provisions as
determined in section 840.

A830.3 Essential Features of the Operating and
Maintenance Plan

The plan prescribed in para. 850.2(a) shall include

{a) detailed plans and instructions for employees
coveting operating and maintenance procedures for gas
facilities ducing normal operations and repairs

(b) items recommended for inclusion in the plan for
specific classes of facilities, which are given in paras.
AB851.2, AB51.4, and ABGD

(c} plans to give particular attention to those portions
of the facilities presenting the greatest hazard to the
public and environment in the event of an emergency
or because of construction or extraordinary maintenance
requirements

(d) provisions for periodic inspections along the route
of existing pipelines
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A850.4 Essential Features of the Emergency Plan

A850.43 Liaison. Each operating company shall es-
tablish and maintain liaison with available offshore fire
fighting entities {public and or privately owned} that
might be designated for any particular offshore area.

A850.44 Educational Program. An educational pro-
gram shall be established to enable producers and the
general public operating in the offshore area to recognize
and report a gas emergency to the appropriate officials.
The educational program called for under this section
should be tailored to the type of pipeline operation
and the environment waversed by the pipeline and
should be conducted in each language that is significant
in the community served. Operators of transmission
systems should communicate their programs to people,
contractors, or others that usually work in the offshore
area of concern. The programs of operators in the same
area should be coordinated to properly direct reports
of emergencies and to avoid inconsistencies.

AB50.7 Blasting Effects

Each operating company shall establish procedures
for protection of facilities in the vicinity of blasting
activities. The operating company shall

{a) locate and mark its pipeline when explosives are
to be detonated within distances as specified in company
plans. Consideration should be given to the marking
of minimum blasting distances from the pipelines de-
pending on the type of blasting opcration.

(b) determine the necessity and extent of observing
or monitoring blasting activities based on the proximity
of the blast considering the pipe materials, the operating
conditions, the size of charge, and soil conditions

{c) consideration should be given to

{1} the effect of shock waves on the pipeline from
blasting

(2) conducting a leak survey following completion
of the blasting program

A851 PIPELINE MAINTENANCE

AB51.2 Pipeline Patrolling

Each operating company shall maintain a periodic
pipeline patrolling program to observe conditions on
and adjacent to the pipeline right-of-way, indication of
leaks, construction activity other than that performed

by the company, and any other factors affecting the

safety and operation of the pipeline. These inspections
should be made as often as necessary to rnaintain the

(99}
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integrity of the pipeline. Records of these inspections
shall be maintained for the life of the facility. Provisions
of paras. 851.2, 851.21, and 851.22 do not apply to
this chapter,

A351.4 Above Water and Hyperbaric Repair
Procedures for Steel Pipelines

Alt above water and hyperbaric repair procedures
for steel pipelines shall conform to the requirements
of para. 851.4 as specified for pipelines operating at
or above 40% of the specified minimum yield strength,

A851.45 Offshore Below Water Repair Procedures
for Steel Pipelines. Submerged offshore pipelines may
be repaired by replacement of the damaged section or
by the use of a full encirclement split sleeve of appro-
priate design installed over the imperfection or damage.
Replacement sections and split sleeves shall be secured
by atmospheric dry or hyperbaric welding or mechanical
devices. Repairs shall be visvally inspected for leaks
after being returned o service.

Any offshore below-water repair procedures shall
conform to para. 851.4 provisions for pipelines operating
at or above 40% of the specified minimum yield
strength.

Repairs should be performed under qualified supervi-
sion by trained personnel aware of and familiar with
the maintenance plan and operating conditions of the
pipeline, the company's safety requirements, and the
hazards to public safety and environment.

Evacuation and repair operations should not result
in imposed loads or deformations that would impair
the integrity of the pipe materials, weight, or protective
coating.

The use of subsurface equipment equipped with
cutters, ejectors, jets, or air suction systems should be
carefully controlled and monitored to avoid damaging
the pipeline, external coating, or cathodic protection
system.

When lifting or supporting pipe during repairs, the
curvature of a pipe sag bend and overbend should be
controlled and maintained within limits to minimize
pipe coating damage, overstressing, denting or buckling
during the repair operation, and lifting equipment should
be selected accordingly.

Wave and current loads should be considered in
determining total imposed stresses and cyclical loads
in both surface and subsurface repairs.

B 0759670 0bl?lbe 583 wm
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Personnel working on pipeline repairs should under-
stand the need for careful job planning, be briefed on
procedures to be followed in accomplishing repairs,
and follow necessary precautionary measures and proce-
dures.

When pipe is repaired, damaged coating should also
be repaired. Replacement pipe and components shall
be protected from corrosion.

A851.46 Offshore Repair of Flexible Pipe. If the
operability of the flexible pipe is impaired, i.e., major
structural damage, the pipe shall be repaired by replace-
ment of the damaged section. In the event of surface
cuts and abrasions in the protective coating that do
not expose the load carrying members to potential
corrasion, the repair shall be performed in a manner
tecommended by the manufacturer,

AS851.7 Pipeline Markers

Permanent markers are not required for offshore
pipelines; however, suitable signs should be posted on
platforms 0 serve as a hazard area warning. Where
appropriate, signs should display the operating company
identification and emergency communication proce-
dures.

A854 LOCATION CLASS

There are no operating location classes offshore.

A860 CORROSION CONTROL OF
OFFSHORE PIPELINES

A861 SCOPE

Since offshore pipelines cannot be, readily inspected
after installation and there is the possibility of damage
to the coating system, special consideration should be
given to the selection, design, and application of corro-
sion control coatings, the cathodic protection system,
and other corrosion design elements.

A862 EXTERNAL CORROSION CONTROL

A862.1 New Installations

All submerged steel pipe, valves, and related fittings
shall be externally coated and cathodically protected.
All above-water piping and components shall be pro-
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tected from the particularly corrosive conditions of the
salt water atmosphere and cyclic wetting and drying.

A862.11 Submerged Facilities

A862.12 Coating Requirements

{a) Coating Design. The design of coating sysiems
for offshore installation should refiect the type of envi-
ronment in which the facility is to be installed. Selection
of the protective coating should be based on

{1) low water-absorption

{2) compatibility with the type of cathodic protec-
tion to be applied to the system

(3) compatibility with the system operating tem-
perature

{(4) sufficient ductility 10 minimize detrimental
cracking

(5) sufficient toughness to withstand damage dur-
ing installation

(6) resistance to futuse deterioration in a sub-
merged environment

(7) ease of repair

(b) Cleaning and Surface Preparation. There may
be additional cleaning and surface preparation require-
ments, such as a near whitz metal finish and an anchor
pattemn to promote a good bond for all epoxy-based
thin film coatings. Welds should be inspected for irregu-
larities that could protrude through the pipe coating,
and any such imegularities should be removed.

{c) Application and Inspection. The coating should
be applied under controlled conditions and have a high
resistance to disbondment. Further information can be
obtained from NACE RP-06-75, Section 4. A holiday
detector, suitable for the type of coating applied, shall
be used to detect flaws. Flaws noted shall be repaired
and retested, Weights or weight coating shall not damage
the protective coating during application or installation.

(d) Coating for Weld Joints, Appurtenances, and
Patching. Weld joints and appurtenances shall be coated
with material that is compatible with the basic coating.
A holiday detector, designed for the type of field joint
material applied, may be used to detect flaws, and
flaws shall be repaired and retested.

(e} Field Inspection. The pipe shall be visually in-
spected prior to installation to ensure that unacceptable
damage has not occurred during loading, welding, or
other laying activities prior to submergence of the pipe.
Aay significant damage to the coating shall be repaired
with material compatible with the pipeline coating. Care
should be exercised to minimize damage to the coating
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system, particularly during laying and wenching of
the pipe.

A862.13 Cathodic Protection Requirements

{a) Design Criteria. An offshore facility is considered
to be cathodically protected when it meets one or more
of the criteria established in Appendix K.

(b) Impressed Currents. Where impressed current
systems are used, the system shall be designed to
minimize outages, and the output shall be such that
the design criterion is met. Also, consideration should
be given to minimize the interference effect on other
pipelines or structures.

(c} Galvanic Anodes. Where galvanic anodes are
used for protection, consideration shall he given to the
quality of the coating (i.c., the percent of exposed
pipe). Also, the design formula for the system should
include the output of the anodes, the desired life of
the system, anode material, and utilization efficiency.
Anodes used should be compatible with the operating
temperature of the pipeline and the marine environment.

(d) Other. Consideration should be given to the
effects on cathodic protection of variations in oxygen
content, temperature, and water/soil resistivity of the
particular offshore environment in which the pipeline
is installed,

A862.14 Electrical Isolation, Underwater pipeline
systems shall be electrically isolated from other metallic
structures so that cathodic protection can be effective.
An exception can be made when both the foreign
structure and the pipeline are designed to be protected
as a unit. Other general considerations include the
following:

{a) Tie-Ins. Isolation from forcign pipelines at tie-
ins may be made by installing insulation flanges, unions,
or other insulating devices. When making a tie-in of
a coated line to a bare line, the two lines shall be
electrically isolated.

(b} Foreign Pipeline Crossings. When crossing a
foreign pipeline, care shall be exercised to ensure
adequate separation between the two lines so that the
possibility for electrical interference is minimized.

{c) Pipeline Riser Support and Secondary Piping.
When installing riser piping at platforms, supporting
devices such as clamps and pipe supports shall isolate
the piping from the structure. Insulating devices shall
be installed where electrical isolation of a portion of
the piping system from production piping, tanks, and
other facilities is necessary to facilitate application
of cathodic protection. Electrical interference between
electrically isolated structures shall be minimized. Wir-
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ing and piping connections to an isolated pipeline
shall also have insulation between the pipeline and the
platform. Tests shall be made to ensure adequate isola-
tion, and appropriate action shall be taken to ensure
such isolation when necessary,

A362.15 Electrical Connections and Monitoring
Points. Test leads shall be installed so that they are
mechanically secure, electrically conductive, and acces-
sible for testing. It is considered impractical to locate
test leads in deep or open water, Test leads installations
are usually limited to platforms and the pipeline entrance
to the shore.

A862.16 Atmospheric Protection
(a) The spiash zone area, where the pipeline is
intermittentty wet and dry, shall be designed with
additional protection against corrosion. This shall be
accomplished by one or more of the following:
(1) special coating
(2) special protective systems and techniques
{3) other suitable measures, including selection of
pipe material
{b) Coatings and other protective systems shall be
installed on a properly prepared surface and in accord-
ance with established specifications or manufacturer's
recommendations. The coating should resist water ac-
tion, atmospheric deterioration, mechanical damage, and
cathodic disbondment,

AS862.2 Existing Installations

The operating company must rely on monitoring,
investigation, inspections, and corrective action to con-
trol corrosion. Such activities shall be performed at
periodic intervals sufficient to ensure that adequate
comosion control is maintained. Where it is determined
that corrosion that is taking place may be detrimental
to public or employee safety, the facility shall be
repaired or replaced, and corrosion control measures
shall be applied or augmented,

AB62.21 Submerged Facilities

A862.214 Cathodic Protection Criteria

{a} Criteria. The criteria for cathodic protection are
specified in Appendix K.

(b} Electrical Checks. The operating company shall
take electrical readings periodically at each test location
available to ensure that the cathodic protection level
meets one of the criteria in Appendix K.

Before each electrical test is performed, an inspection
shall be made to ensure electrical continuity and that

AB62.14-A863.1

a good comtact to the pipelines is made by the test
connection.

A862.215 Electrical Interference. Periodic tests
shall be made to ensure that electrical isolation from
foreign pipelines or other structures remains complete.
Some indications of electrical interference are changes
in pipe to electrolyte potential, changes in curent
magnitude or direction, localized pitting, and coating
breakdown. When new foreign pipelines are laid in
the vicinity of existing lines, inspections shall be made
to ensure electrical isolation in accordance with para.
862.114, If electrical isolation cannot be attained, mea-
sures shall be taken to minimize electrical interference.
Electrical isolation from the platform should be checked
and maintained unless the sysiem was specifically de-
signed to be jointly protected.

A862.216 Examination When Exposed. When a
pipeline is lifted above water for maintenance or repair,
the operating company shall visually inspect for evi-
dence of coating deterioration, external corrosion, and
where possible, the condition of any exposed anode.
If excessive comosion is present, remedial action shall
be taken as necessary.

If repairs are made below waler, inspection for
evidence of external corrosion or coating deterioration
shall be made, and necessary comective action shall
be taken to maintain the corrosion protection of the
pipeline.

A862.25 Atmospheric Corrosion. Detailed inspec-
tions shall be made periodically of all piping for
atmospheric corrosion. This inspection shall include
those areas most susceptible to corrosion such as flanges,
flange bolis, areas under pipe straps, areas where pipe
is in contact with supports, and other places where
moisture collects. Where atmospheric corroston is found,
prompt corrective action shall be taken. Corrective
action shall consist of painting, replacement of compo-
nents as necessary, or other action deemed appropriate
by the operating company.

AB63 INTERNAL CORROSION CONTROL

A863.1 General

The design and maintenance of offshore pipeline
facilities that may carry natural gas containing carbon
dioxide, chtorides, hydrogen sulfide, organic acids, sol-
ids or precipitates, sulfur-bearing compounds, oxygen,
or free water require special consideration for the control
of internal corrosion.
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CHAPTER IX
SOUR GAS SERVICE

B800 SOUR GAS SERVICE

B301 GENERAL

Chapter IX pentains only 0 gas pipeline service that
contains hydrogen sulfide levels defined as “sour gas”
in this Chapter. This Chapter is organized to parailel
the numbering and content of the first seven chapters
of the Code. All provisions of the first seven chapters
of the Code are also requirements of this Chapter unless
specifically modified herein. Paragraph headings follow
those in the first seven chapters with the prefix “B".

If a paragraph appearing in Chapiers T through VII
does not have a corresponding paragraph in this Chapter,
the provisions apply to sour gas service without modifi-
cation. If a paragraph in this Chapter has no correspond-
ing paragraph in Chapters I through VIL, the provisions
apply to sour gas only.

B802 SCOPE AND INTENT

B802.1 Scope

This Chapter of the Code covers the design, material
requirements, fabrication, installation, inspection, test-
ing, and safety aspects of operation and maintenance
of sour gas systems.

B802.2 Intent

The intent of this Chapter is to provide adeguate
requirements for the safe and reliable design, instalia-
tion, operation, and maintenance of sour gas service
pipeline systems. Requirements of this Chapier supple-
ment the requirements of the remainder of the Code,
It is not the intent of this Chapter to be all inclusive.
Provisions must be made for special considerations that
are not specifically addressed. This Chapier is not
intended to prevent the development and application
of new equipment and technology. Such activity is
encouraged as long as the safety and reliability require-
ments of the Code are satisfied.

B803 SOUR GAS TERMS AND DEFINITIONS

hardness: resistance of metal to plastic deformation
usually by indentation. For carbon steels, hardness can
be related to the ultimate tensile strength.

Brinell Hardness Number (BHN):  a value to express
the hardness of metals obtained by forcing a hard steel
ball of specified diameter into the metal under a specified
load. For the standard 3,000-kg load, numbers range
from 81 to 945,

Microhardness:  any hardness measurement using
an indentor load less than 10 kg,

Rockwell Hardness: a series of hardness scales for
mefals,

fa) The Rockwell “C” (HRC) scale wses a cone
diamond indentor and a load of 150 kg. The scale
staris at 20 for soft steels and reaches a maximum of
about 67 for very hard alloys.

(b) The Rockwell “B” (HRB) scale uses a hard
metal ball indentor and starts at O for extremely soft
metals and reaches a maximum of 100 for soft steels
and alloys. HRB 100 = HRC 20.

Vickers Hardness HV 10: a value achieved by use
of a diamond pyramid indentor with a load of 10 kg,

heat affected zone (HAZ): the porntion of the base
metal that was not melted during brazing, cutting, or
welding, but whose microstructure and properties were
affected by the heat of these processes.

hydrogen induced cracking (HIC): a cracking mecha-
nism of susceptible materials caused by atomic hydrogen
diffusion in the metal. The atomic hydrogen usually
is created by the corrosive reaction of hydrogen sulfide
on steel in the presence of water.

hydrogen sulfide (H>S): atoxic gaseous impurity found
in some well gas streams. [t also can be generated in
situ as a result of microbiologic activity.

partial pressure:  determined by multiplying the mol
fraction (mol percent divided by 100} of hydrogen
sulfide in the gas by the total system pressure, .

radius of exposure (ROE): the distance from a point
of release at which the hydrogen sulfide concentrations
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reached a specified level (frequently 100 ppm or 500
ppm) determined by dispersion calculations.

sour gas: gas containing hydrogen sulfide (H,S) at
65 psia (4.5 Bar) or greater at a partial pressure of
0.05 psia (3.5 m Bar) or greater. See NACE MRO175,
titled Sulfide Stress Cracking Resistant-Metallic Maieri-
als for Oilfield Equipment.

sulfide stress cracking (S5C): a corrosion-related
cracking mechanism caused by exposure of susceptible
materials to sulfide ions in the presence of free water,

B313 MARKING

Valves meeting NACE MR(Q175 shall be so identified
with a permanent tag or marking.

B814 MATERIAL SPECIFICATIONS

B3814.1 General Requirements

Materials must meet the requirements of NACE
MRO175.

B820 WELDING SOUR GAS PIPELINES

B821 GENERAL

B821.1

This section concerns the welding of pipe in sour
gas service in both wrought and cast steel materials
and covers butt and fillet welded joints in pipe, valves,
flanges, fittings, and fillet welded joints in pipe, slip-
on fianges, socket welds, fittings, etc. as applied in
pipelines, components, and connections o apparatus or
equipment.

B821.2 Seam Welds

This section does not apply to the welding of the
seam in the manufaciure of pipe, but the user is
cautioned to ensure that such seams are suitable for
sour gas service in their installed condition.

B821.4

The standards of acceptability for welds of piping
systems as established in API-1104, Section 6, or ASME
Roiler and Pressure Vessel Code, Section VHI, Division
1. shall be used; however, additional requirements for
hardness and residual stress should be considered.
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B822 PREPARATION FOR WELDING

B822.3 Seal Welds
Seal welds shall have a separate qualified procedure.

B822.4 Cleaning

Pipe that has been in sour gas service shall be
thoroughly cleaned to bright metal on the inside surfaces
back 1 in. from the weld bevel.

B823 QUALIFICATIONS OF PROCEDURES
AND WELDERS

The requirements of paras. 823.1 and 823.11 shall
not apply to this section.

B823.2 Requirements for Qualifications of
Procedures and Welders on Piping Systems

B823.22 All procedure and performance qualifica-
tions shall be based on destructive mechanical test
requirements.

B823.24 Hardness Control. The hardness of all
weld zones including weld metal and heat affected
zones on wekding qualification test specimens shall
meet the hardness requirements for the alloys welded
as specified in NACE MRO0175, For most common
pipe alloys, the maximum allowable hardness is HRC
22. It is the user’s responsibility to ensure the welding
qualification specimen is metallurgically representative
of full-scale pipeline welds.

NOTE: Both macrohardness and miceohardness surveys of properly
prepared qualification specimens are frequently used to determine
the presence of thin HAZ hard zones. A commonly accepted maximum
macrohardness limit near the inside surfuce is 250 HV10.

B324 PREHEATING

B824.5 Hydrogen Bake Out of Used Pipe

Pipe that has been used in sour gas service shall be
heated for at least 20 min at 400°F (204°C) or higher
to drive off any hydrogen in the metal. Heating shall
be done just prior 1o welding. This heating should be
in addition to and immediately preceding any preheating
specified in the welding procedure for new pipe.
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B825 STRESS RELIEVING

B825.2

The chemistry of the steel and welding procedure
shall be controlled to limit the hardness of the weldment
as required by para. B823.24. When the effectiveness
of such controls is questionable, consideration shall be
given 1o stress relieving welds in sour gas service. In
general, temper bead welding, peening procedures, ot
low-temperature postweld heat treatment does not pro-
vide the equivalent protection from service cracking as
does a full thermal stress relief.

B825.6 Stress Relieving Temperature

(a} Stress relieving is normally performed at a tem-
perature of 1,100°F (593°C) for carbon steels and
1,200°F (649°C) for ferritic alloy steels. Other stress
relieving procedures may be substituted when properly
supported with metallurgical evidence. The exact tem-
perature range shall be stated in the procedure specifi-
cation,

(b} When stress relieving a joint between dissimilar
metals having different stress relieving requirements, the
material requiring the higher stress relieving temperature
shall goverm. Special considerations may be required
for austenitic and other high alloys.

fc) The parts heated shall be brought slowly to the
required temperature and held at that temperature for
a period of time proportioned on the basis of at least
1 he/in. (1 hr/25 mm) of pipe wall thickness, but in
no case less than % hr, and shall be allowed to cool
slowly and uniformly.

(d) Records. A suitable record of the stress relief
cycles shall be provided for each weld stress relieved.

(e) Temperature Control. A group of closely spaced
welds, such as three welds on a tee, can be controlled
and recorded by a single thermocouple.

B826 WELDING AND INSPECTION TESTS

B826.2 Inspection and Tests for Quality Control of
Welds on Sour Gas Piping Systems

In addition to subparas. 826.2(a) through (f), for
sour gas lines in Class 3 or 4 locations, compressor
stations, major or mavigable river crossings, railroad
crossings, and road crossings, 100% of all field welds
shall be checked by nondestructive inspection, Nonde-
structive inspection may be conducted before or after
stress relieving,
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B825-B841.231

B830 PIPING SYSTEM COMPONENTS AND
FABRICATION DETAILS

In addition to para. 830, all components shall meet
the requirements of NACE MRO175 as appropriate.

B831 PIPING SYSTEM COMPONENTS

B831.1 Valves and Pressure Reducing Devices

B831.13

{a) lnstruments, instrument tubing, controllers,
gauges, and other components that become a part of
the pressure containment systern shall meet NACE
MROI75 requirements.

(b} Most copper-based alloys suffer severe corrosion
in sour service. Use of such alloys in any components
shall be investigated for suitability,

B831.2 Flanges

B831.22 Bolting

(k) Bolting exposed to sour gas and denied access
to air due to thermal insulation, flange protectors, or
certain design features shall meet the requirements of
NACE MRQ175 as appropriate. Designers should note
that bolting meeting NACE MR04 75 requirements, such
as type ASTM A 193 grade B7M, have derated tensile
properties, and the joint design shall be appropriate for
such deration. Bolting opened to atmosphere may be
conventional ASTM A 193 grade B7 bolting.

B840 DESIGN, INSTALLATION, AND TESTING

B841 STEEL PIPE

B841.1 Steel Piping Systems Design Requirements

B841.11 Steel Pipe Design Formula
{c) Fracture Control, Fracture control should be
considered for sour gas service.

B841.114 Design Factors F and Location
Classes. When using Table 841.1144, design factor F
of 0.80 shall not be used for sour gas service.

B841.2 lnstallation of Steel Pipelines and Mains
B841.23 Bends, Elbows, and Miters in Steel
Pipelines
B841.231

(f) Bends used in sour gas pipe shall meet the
requirements of NACE MROI75 in the as-bent condi-
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tion. Hot bends may be needed to meet NACE MRO175
requirements. The first prototype bend may be needed
for testing to ensure hardness requitements of NACE
MRO175 and that both toughness and tensile properties
are still acceptable. Neither wrinkle bends nor miter
bends are permitted for sour gas lines.

B841.24 Pipe Surfaces Requirements Applicable
to Pipelines and Mains to Operate at a Hoop Stress
of 20% or More of the Specified Minimum Yield
Strength

B841.245 Arc Burns, Additionally, arc bumns have
been found to cause serious stress concentration in
pipelines and in sour gas lines, and shall be prevented
ot eliminated in all lines.

Arc burns may be removed by grinding, chipping,
or machining. The resulting cavity shall be thoroughly
cleaned and checked for complete removal of damaged
maierial by etching with a 10% solution of ammoniom
persulfate or a 5% solution of nitric acid in alcohol
(nital). If removal of damaged material is complete,
the cavity may be merged smoothly into the original
contour of the pipe by grinding, provided the remaining
wall thickness is within specified limits.

B841.26 Hot Taps. In addition to para. 841.26 of
Chapter IV, it should be noted that hot tapping of
sour gas lines presents special health and metallurgical
concerns and shall be done only to written operating
company approved plans.

B841.27 Precautions to Avoid Explosions of Gas-
Air Mixtures or Uncontrolled Fires During
Construction Operations

B841.271 In addition to the precautions outlined
in para. 841.271 of Chapter IV, it should be noted
that welding and cutting on sour gas lines presenis
special health and metallurgical concerns and shall be
done only to writien operating company approved plans.

B841.3 Testing After Construction

B841.31 General Provisions. In addition to para.
841.31 of Chapter 1V, it should be noted thai testing
with sour gas presents special health and metallurgical
concerns and shall be done only to written operating
company approved plans.
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B342 OTHER MATERIALS

B842.1

Materials shall meet the requirements of NACE
MRO175 as applicable.

B842.3 Design of Plastic Piping

B842.39 Plastic Pipe and Tubing Joints and
Connections

B842.392 Joint Requirements. Fusion bonded
joints in thermoplastic pipe used in sour gas service
are acceptable. All cement, adhesive, and fusion bonding
joining procedures and joiners shall be qualified to
written procedures using destructive test specimens of
full scale plastic pipe joints.

B843 COMPRESSOR STATIONS

B843.4 Compressor Station Equipment

B843.41 Gas Treating Facilities

B843.413 All metallic materials in contact with
pressurized sour gas shall meet the requirements of
NACE MRO175 as applicable.

Personal safety equipment should be considered for
use at sour gas facilities. Use of appropriate hydrogen
sulfide sensors capable of actuating station emergency
shutdown systems should be considered.

B844 PIPE-TYPE AND BOTTLE-TYPE
HOLDERS

Pipe- and bottle-type holders shall not be used for
sour gas. Storage of sour gas is outside the scope of
this Code.

B850 ADDITIONAL OPERATING AND
MAINTENANCE CONSIDERATIONS
AFFECTING THE SAFETY OF SOUR
GAS PIPELINES

B§50.1

{¢) Radius of exposure (ROE) to H,S calculations
shall be made using a suitable air dispersion equation
such as the Pasquel-Gifford equation given as follows:

(1) Each operator shall determine the hydrogen
sulfide conceatration in the gaseous mixwre in the
system. Suitable standards are ASTM D 2385, GPA
C-1, GPA publication 2265.
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{2) Radius of Exposure Equations

(a) Radius of exposure equation to the 100-
ppm level of H,S after dispersal:

X = [(1.589) M ] €58

(b) Radius of exposure equation to the 500-
ppm level of H,S after dispersal:

X = [(1.4546) M Q) 2538

where
M = mol fraction of hydrogen sulfide in the gas-
eous mixiure
¢ = maximum volume determined to be avaitable
for escape in cubic feet per day corrected to
14.65 psia and 60°F
X = radius of exposure (ROE) in feet

{3} Metric Equations
{a) 100-ppm level of H,S after dispersal:

X, =[(8.404) M Q,,] 252

(b} 500-ppm level of H,S after dispersal:

Xo = [(2.404) M Q] 065

where
M = mol fraction of hydrogen sulfide in the gaseous
mixture
@, = maximum volume determined to be available
for escape in cubic meters per day comrected
to 1.01 bars and 15.6°C.
X, = radius of exposure (ROE) in meters

NOTE: The equations assume a 24-hr relcase, When a pipeline
segment can be isolated in less than 24 hr, appropriate reductions
in () may be used.

(4) Examples of 100-ppm and 500-ppm ROE for
various 24-hr releases and H,S mol fractions are as
follows.
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B$50.1-B850.42
100-ppm ROE
ROE Release H,S
ft. MMSCFD Mol
X (1,000,000 Fraction
L.165 { 0.05
kALY 5 0.05
4924 0 0.05
7,597 20 0.05
9,792 k1] 0.05
1,798 | 0.1
4924 5 ' X]
1.597 10 0.1
11,723 p. 1] 0.1
15,109 30 [N}
2,175 | 0.2
7,597 5 0.2
1,723 10 0.2
18,090 20 0.2
23315 30 0.2
500-ppm ROE
ROE Releaze H;S
ft, MMSCFD Mol
__i(__ 001,000,000} Fraction
533 | 0.05
1458 5 0.05
2,250 10 0.05
3472 20 0.05
4474 0 0.05
g2 1 ol
2,250 5 [N}
3472 10 0.1
5,357 20 0.t
6,904 30 0.l
1,268 1 02
3472 5 02
5,357 10 02
8.266 20 02
10.654 30 0.2

B850.4 Essential Features of the Emergency Plan

B850.42 Training Program. In addition to conven-
tional training, all sour gas operation and maintenance
line personnel shall be trained in

{a) hazards and characteristics of H,S

(b) effect on metal components of the lines and
equipment

{c) safety precautions



STD.ASME B3i.8-ENGL 1999 W 0759670 DL17174 L5T EW

B$50.42-B362.113

(d} operation of safety equipment and life support
systems
(e) comrective action and shutdown procedures

B351 PIPELINE MAINTENANCE

B851.7

{d) In addition to each sign required in subpara.
851.7(c) of Chapter V, for operations where the 100-
ppm radius of exposure is greater than 50 fi (15.2 m),
a “POISON GAS” sign shall be installed.

All surface facilities shall also be marked with “POI-
SON GAS” signs.

B851.10 When blowing down sour gas lines, consid-
eration shall be given to the use of suitable permanent
or temporary flare systems.

B355 CONCENTRATIONS OF PEOPLE IN
LOCATION CLASSES 1 AND 2

B§55.1

fc) Security. Unattended fixed surface facilities
should be protected from public access when located
within ¥ mile of a residential, commercial, or other
inhabited or occupied structure; bus stop; public park;
or similarly populated area.

(1} The protection should be provided by fencing
and locking or removal of valves and instrumentation
and plugging of ports, or other similar means.

2) Surface pipeline is not considered a fixed
surface facility.

{d) Additional control and safety procedures or safety
devices should be installed and maintained to prevent
the undetected continuing release of hydrogen sulfide
if any of the following conditions exist:

(1) The 100-ppm radius of exposure is in excess
of 50 ft (15.2 m) and includes any part of a public
area except a public road.

{2) The 500-ppm radius of exposure is greater than
50 ft (15.2 m) and includes any part of a public road.

{3} The 100-ppm radius of exposure is greater
than 3,000 ft (915 m).

{e) Contingency Plan. Operations subject to subpara.
(d) above shall have a written contingency plan prepared
and given to state and local emergency response authori-
ties. Plans shall include maps, location of block valves,
valve keys, and keys for locks.
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B860 CORROSION CONTROL OF
SOUR GAS PIPELINES

B861 GENERAL

B861.1 Scope

This section contains the minimum additive or substi-
tutive requirements for corrosion control of external
and internal cotrosion of sour gas piping and compo-
nents. Where specific provisions are not set forth herein,
the provisions of para. 860 of Chapter VI shall apply.

B861.2 Special Considerations

Due to the corrosivity of hydrogen sulfide and the
frequent presence of carbon dioxide and salt water,
which also are corrosive, special emphagis shall be
given to internal corrosion mitigation and monitoring.

Also, due to the comosive and hazardous nature of
the sour gas, special consideration shall be given to
the selection of the comosion allowance.

B862 EXTERNAL CORROSION CONTROL

B862.1 New Installations
B862.11 Buried Stee) Facilities

B862.113 Cathodic Protection Requirements.
Unless it can be demonstrated by tests or experience
that cathodic protection is not needed, all buried or
submerged facilities with insulating type coatings, ex-
cept facilities installed for a limited service life, shall
be cathodically protected as soon as feasible following
installation, except that minor replacements or exten-
sions shall be protected as covered by para. 862.212.

Facilities installed for a limited service life need not
be cathodically protected if it can be demonstrated that
the facility will not experience corrosion that will cause
it to be harmful to the public or environment. Cathodic
protection systems shall be designed to protect the
buried or submerged system in its entirety.

A facility is considered to be cathodically protected
when it meets one or more of the criteria established
in Appendix K.

Use of cathodic protection is encouraged to protect
buried sour gas facilities.
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B863 INTERNAL CORROSION CONTROL

B863.1 General

Sour gas facilities shall be assumed to be internally
corrosive unless proven by experience 1o be otherwise:
Water dewpoint control frequently is used as a corrosion
control method. Upset conditions or operational changes
may make this control method ineffective. The use of
inhibitors is also common.

B863.2 New Installations

New installations should be designed with

{a) suitable dedicated fittings for cormosion inhibitor
injection

(b} suitable dedicated fittings and valves to insert
and retrieve corrosion measuring devices such as probes
and coupons

B866 STRESS CORROSION AND OTHER
PHENOMENA

B866.1

Sour gas lines, particularly when combined with
carbon dioxide and produced salt water can suffer from
several corrosion related phenomena:

{a) Hydrogen Related Problems, The comosion reac-
tion in the presence of the sulfide ion permits a high
amount of liberated hydrogen atoms to enter the steel.
The hydrogen causes many problems that have been
given different names:

17

B343-B366.1

(1) Sulfide stress cracking (SSC) occurs when the
alloys are too hard and/or too highly stressed in the
presence of corrosion with sour gas. NACE MRO175
outlines all of the accepiable materials combinations
to resist this type of cracking.

{2} Hydrogen induced cracking (HIC) occurs when
hydrogen causes inclusions in the steel to delaminate.
Multiple shear cracks then develop to link the detamin-
ations creating a stair step crack system. Use of HIC
resistant materials should be considered for sour gas
service,

{3) Stress oriented hydrogen induced cracking
{SOHIC) is another variant of HIC. SOHIC is HIC
enhanced by high-tensile stress.

(4) Hydrogen blistering consists of hydrogen atoms
diffusing inside the steel to delaminated aveas and
recombining to form molecules of hydrogen gas. The
resulting pressure can create large blisters on either
the inside or outside surfaces of the steel.

(bj Chloride stress corvosion cracking is caused by
chlorides in the produced water. Austenitic stainless
steels are particularly prone to this type of cracking,
The sulfide ion has a synergistic effect with the chloride
ion. The net result is the occurrence of cracking at
lower temperatures and at lower chloride concentrations
than normaily expected. Except for small low stressed
parts such as thermowells, use of alloys not resistant
to chloride stress cracking above 140°F is discouraged
in wet sour gas systems,

{c} Microbiologic induced corrosion (MIC). Microbi-
ologic activity can create severe pitting-type corrosion
and hydrogen-related cracking in sour gas lines. Use
of appropriate biocides and monitoring may be needed.
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Appendix A

APPENDIX A
REFERENCES

These specifications may be immediately applied to
materials purchased for use under this Code and shall
be applied to all materials purchased 12 months or
later after the date of issuance of the reference’s latest
edition, including addenda, if applicable. A component
or pipe conforming to an earlier approved material
specification edition purchased by the user before the
date of issuance of a new edition or addenda may be
used, provided the component or pipe is inspected and
determined to be satisfactory for the service intended
by the user.

Standards are incorporated in this Code by reference,
and the names and addresses of the sponsoring organiza-
tions are shown in this Appendix. It is not practical
to refer 1o a specific edition of each standard throughout
the Code text; instead, the latest edition including
addenda, if applicable, shall be used unless otherwise
noted.

An asterisk (*) is used to indicate standards that
have been accepted as American National Standards
by the American National Standards Institute (ANSI).

*AGA Z223.1, National Fuel Gas Code

Publisher: American Gas Association (AGA), 400 North
Capitol Street, NW, Washington, DC 20001

API 5L, Line Pipe

APl 6A, Wellhead Equipment

API 6D, Pipeline Valves

APt 1104, Standard for Welding Pipelines and Related
Facilities

APIRP 2A, Recommended Practice for Planing, Design-
ing and Constructing Fixed Offshore Platforms

APIRP 5L1, Recommended Practice for Railroad Trans-
portation of Line Pipe

APL RP 5L5, Recommended Practice for Marine Trans-
portation of Line Pipe

API RP 5L6, Recornmended Practice for Transportation
of Line Pipe on Inland Waterways

API RP 5LW, Transportation of Line Pipe on Barges
and Marine Vessels

API RP 17B, Recommended Practice for Flexible Pipe

Publisher: American Petroleum Institute (APD), 1220 L
Street, NW, Washington, DC 20005
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*ASME B1.1, Unified Inch Screw Threads

*ASME B1.20.1, Pipe Threads (Except Dryseal)

*ASME B16.1, Cast Iron Pipe Flanges and Flanged
Fittings

*ASME B16.5, Steel Pipe Flanges and Flanged Fittings

*ASME B16.9, Factory-Made Wrought Steel Buttweld-
ing Fittings

*ASME B16.11, Forged Steel Fittings, Socket-Welding
and Threaded

*ASME B16.20, Ring-Joint Gaskets and Grooves for
Steel Pipe Flanges

*ASME Bl6.24, Bronze Pipe Flanges and Flanged
Fittings

*ASME B16.33, Small Manually Operated Meuallic
Gas Valves in Gas Distribution Systems Whose
Maximum Allowable Operating Pressure Does Not
Exceed 60 psig or 125 psig

*ASME B16.34, Steel Valves (Flanged and Buttweld-
ing End)

*ASME B16.38, Large Manually Operated Metallic
Gas Valves in Gas Distribution Systems, Whose
Maximum Allowable Operating Pressure Does Not
Excesd 125 psig (8.6 bar, gage)

*ASME B16.40, Manually Operated Thermoplastic Gas
Shut-Offs and Valves in Gas Distribution Systems

*ASME B16.42, Ductile [ron Pipe Flanges and Flanged
Fittings

*ASME B18.2.1, Square and Hex Bolts and Screws,
Including Askew Head Bolts, Hex Cap Screws, and
Lag Screws

*ASME B18.2.2, Square and Hex Nuts

ASME B3I1G, Manual for Determining the Remaining
Strength of Cormroded Pipelines

*ASME B31.1, Power Piping

*ASME B31.2, Fuel Gas Piping

*ASME B31.3, Chemical Plant and Petroleum Refinery
Piping

*ASME B31.4, Liquid Petroleum Transportation Piping
System

ASME B36.10M, Welded and Seamless Wrought
Steel Pipe

*ASME BPY Code, Section VIII, Pressure Vessels,
and Section IX, Welding Qualifications

ASME SI-1, ASME Orentation and Guide for Use of
SE (Metric) Units

Previous page is blank
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Publisher: The American Society of Mechanical Engi-
neers {ASME), Three Park Avenue, New York, NY
10016; Order Department: 22 Law Drive, Box 2300,
Fairfield, NJ 07007

ASTM A 53, Pipe, Steel, Black and Hot-Dipped, Zinc-
Coated Welded and Seamless

ASTM A 105/A 105M, Forgings, Carbon Steel, for
Piping Components

ASTM A 106, Seamless Carbon Steel Pipe for High-
Temperature Service

ASTM A 120, Pipe, Steel, Black and Hot-Dipped
Zinc-Coated (Galvanized) Welded and Seamless for
Ordinary Use

ASTM A 134, Electric-Fusion (Arc)-Welded Steel Plate
Pipe (Sizes 16 in. and Over)

ASTM A 135, Electric-Resistance-Welded Steel Pipe

ASTM A 139, Electric-Fusion {(Arc)-Welded Steel Plate
Pipe (Sizes 4 in. and Over)
ASTM A 193/A 193M, Alloy-Steel and Stzinless Steel
Bolting Materials for High-Temperature Service
ASTM A 194/A 194M, Carbon and Alloy Steel Nuts
for Bolts for High-Pressure and High-Temperature
Service

ASTM A 211, Spiral-Welded Steel or Iron Pipe

ASTM A 307, Carbon Steel Externally Threaded Stan-
dard Fasteners

ASTM A 320/A 320M, Alloy Steel Bolting Materials
for Low-Temperature Service

ASTM A 333/A 333M, Seamless and Welded Steel
Pipe for Low-Temperature Service

ASTM A 354, Quenched and Tempered Alloy Steel
Bolts, Studs, and Other Externailly Threaded Fasteners

ASTM A 372/A 372M, Carbon and Alloy Steel Forgings
for Thin-Walled Pressure Vessels

ASTM A 381, Metal-Arc-Welded Steel Pipe for Use
With High-Pressure Transmission Systems

ASTM A 395, Ferritic Ductile Iron Pressure-Retaining
Castings for Use at Elevated Temperatures

ASTM A 449, Quenched and Tempered Steel Bolts
and Studs

ASTM A 671, Electric-Fusion-Welded Sieel Pipe for
Atmospheric and Lower Temperatures

ASTM A 672, Electric-Fusion-Welded Steel Pipe for
High-Pressure Service at Moderate Temperatures

ASTM B 88, Seamless Copper Water Tube

ASTM D 696, Test for Coefficient of Linear Thermal
Expansion of Plastics

ASTM D 2513, Thermoplastic Gas Pressure Pipe, Tub-
ing, and Fittings

ASTM D 2517, Reinforced Epoxy Resin Gas Pressure
Pipe and Fittings

ASME B31.8-199% Edition

ASTM D 2837, Hydrostatic Design Basis for Thermo-
plastic Pipe Materials, Obtaining

ASTM E 380, Metric Practice

Publisher: American Society for Testing and Materials
(ASTM), 100 Barr Harbor Drive, West Consho-
hocken, PA 19428

*AWS A3.0 Welding Terms and Definitions
AWS D3.6 Underwater Welding, Type “0” Welds

Publisher: American Welding Society (AWS), 550 NW
LeJeune Road, Miami, FL 33135

*AWWA A21.14, Ductile-lron Fittings 3-Inch Through
24-Inch for Gas

*AWWA AZ].52, Ductile-Iron Pipe, Centrifugalty Cast,
in Metal Molds or Sand-Lined Molds for Gas

AWWA C101, Thickness Design of Cast Iron Pipe'

*AWWA CI111/A21.11, Rubber Gasket Joints for Duc-
tile-Iron and Gray-Iron Pressure Pipe and Fittings

*AWWA CI150/A21.50, Thickness Design of Ductile-
fron Pipe

Publisher;: American Water Works Association
(AWWA), 6666 West Quincy Avenue, Denver, CO
80235

EPRI EL-3106 (Also published as AGA-L51418, Power
Line-Induced AC Potential on Natural Gas Pipelines
for Complex Rights-of-Way Configurations)

Publisher: Electric Power Research Institute (EPRE),
3412 Hillview Avenue, P.O. Box 10412, Palo Alwo,
CA 94304

MSS SP-6, Standard Finishes for Contact Faces of Pipe
Flanges and Connecting End Flanges of Valves and
Fittings

MSS SP-25, Standard Marking System for Valves,
Fittings, Flanges, and Unions

MSS 5P-44, Sieel Pipe Line Flanges

MSS SP-70, Cast Iron Gate Valves, Flanged and
Threaded Ends

MSS SP-71, Cast Iron Swing Check Valves, Flanged
and Threaded Ends

MSS SP-75, Specification for High Test Wrought Weld-
ing Fittings

MSS SP-78, Cast Iron Plug Valves

Publisher: Manufacturers Standardization Society of the
Valve and Fittings Industry (MSS), 127 Park Street,
NE, Vienna, VA 22180

NACE MRO0I75, Sulfide Stress Cracking Resistant-
Metallic Materials for Oilfield Equipment

! This publication is no longer in print.
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NACE RP0169, Control of External Corrosion on Un-
derground or Submerged Metallic Piping Systems
NACE RP0275, Application of Organic Coatings 10
the External Surface of Steel Pipe for Underground
Service

NACE RP0O675, Control of External Corrosion on Off-
shore Steel Pipelines

NACE RP0177, Mitigation of Alternating Current and

Lightning Effects on Metallic Structures and Corro-
sion Control Systems
NACE Corrosion Data Survey'

! “This publication is no longer in print.
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Publisher: National Association of Corrosion Engineers

(NACE International), P.O. Box 218340, Houston,
TX 77218

*NFPA 10, Portable Fire Extinguishers

*NFPA 30, Flammable and Combustible Liquids Code

*NFPA 38, Liquefied Petroleum Gases, Storage and
Handling

*NFPA 59, Liquefied Petroleum Gases at Utility Gas
Plants

*NFPA 70, National Electrical Code

*NFPA 220, Types of Bailding Construction

Publisher;: National Fire Protection Assocation (NFPA)
| Batterymarch Park, Quincy, MA 02269
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APPENDIX B
NUMBERS AND SUBJECTS OF STANDARDS AND SPECIFICATIONS
THAT APPEAR IN APPENDIX A

The information in this Appendix has been incorpo-
rated into Appendix A,
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Appendix C

APPENDIX C
PUBLICATIONS THAT DO NOT APPEAR IN THE CODE
OR APPENDIX A

AP 5B, Specification for Threading, Gaging, and Thread
Inspection of Casing, Tubing, and Line Pipe Thread

API SLU, Specification for Ultra High Test Heat Treated
Line Pipe'

API 5LE, Specification for Polyethylene Line Pipe

API 5LP, Specification for Thermoplastic Line Pipe

API SLR, Specification for Reinforced Thermosetting
Resin Line Pipe

API RP 5L4, Recommended Practice for Care and Use
of Reinforced Thermosetting Resin Line Pipe

AP1 RP 1107, Recommended Pipeline Maintenance
Welding Practices

Publisher: American Petroleum Institute (API), 1220 L
Street, NW, Washington, DC 20005

ASME B1.20.3, Dryseal Pipe Threads

ASME B16.3, Malleable Iron Threaded Fittings

ASME B16.4, Cast Iron Threaded Fittings

ASME B16.14, Ferrous Pipe Plugs, Bushings, and Lock-
nuts With Pipe Threads

ASME B16.15, Cast Bronze Threaded Fittings

ASME B16.18, Cast Copper Alloy Solder Joint Pressure
Fittings

ASME B16.22, Wrought Copper and Copper Alloy Sol-
der-Joint Pressure Fiutings

ASME B16.25, Buttwelding Ends

ASME B36.10M, Welded and Seamtess Wrought Sieel
Pipe

Publisher: The American Society of Mechanical Engi-
neers (ASME), Three Park Avenue, New York, NY
10016; Order Departient: 22 Law Drive, Box 2300,
Fairfield, NJ 07007

ASTM A 6, Rolled Steel Plates, Shapes, Sheet Piling,
and Bars for Structural Use

ASTM A 20, Steel Plates for Pressure Vessels

ASTM A 29, Steel Bars, Carbon and Alloy, Hot-Rolled
and Cold-Finished

ASTM A 36, Structural Steel

ASTM A 47, Malleable Iron Castings

! This publication is obsolete: instead, refer to API SL.
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ASTM A 48, Gray Iron Castings

ASTM A 125, Heat-Treated Steel Helical Springs

ASTM A 126, Gray Iron Castings for Valves, Flanges
and Pipe Fittings

ASTM A 13535, Electric-Fusion Welded Steel Pipe for
High-Pressure Service

ASTM A 181, Forgings, Carbon Steel for General Pur-
pose Piping

ASTM A 182, Forged or Rolled Alloy Steel Pipe Flanges,
Forged Fintings, and Valves and Parts for High-Tem-
perature Service

ASTM A 197, Cupola Malleable Iron

ASTM A 216, Carbon-Steel Castings Suitable for Fusion
Welding for High-Temperature Service

ASTM A 217, Martensitic Stainless Steel and Alloy Steel
Castings for Pressure-Containing Parts Suitable for
High-Temperature Service

ASTM A 225, Pressure Vessel Plates, Alloy Steel, Man-
ganese-Vanadium

ASTM A 234, Piping Fittings of Wrought Carbon Steel
and Alloy Steel for Moderate and Elevated Tempera-
tures

ASTM A 242, High-Strength Low Alloy Structural Steel

ASTM A 283, Low and Intermediate Tensile Suength
Carbon Steel Plates, Shapes, and Bars

ASTM A 285, Pressure Vessel Plates, Carbon Steel, Low-
and Intermediate-Tensite Strength

ASTM A 330, Forgings, Carbon and Low-Alloy Steel
Requiring Notch Toughness Testing for Piping Com-
ponents

ASTM A 377, Cast Iron and Ductile Iron Pressure Pipe

ASTM A 420, Piping Fittings of Wrought Carbon Steel
and Alloy Steel for Low-Temperature Service

ASTM A 441, High-Strength Low-Alloy Structural Man-
ganese Vanadium Steel

ASTM A 442, Pressure Vessel Plates, Carbon Steel, Im-
proved Transition Properties

ASTM A 487, Steel Castings Suitable for Pressure
Service

ASTM A 502, Steel Structural Rivets

ASTM A 515, Pressure Vessel Plates, Carbon Steel for
Intermediate and Higher Temperature Service

Previous page is blank
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ASTM A 516, Pressure Vessel Plates, Carbon Steel, for
Moderate- and Lower-Temperature Service

ASTM A 539, Electric-Resistance-Welded Coiled Steel
Tubing for Gas and Fuel Oil Lines

ASTM A 575, Merchant Quality Hot Rolled Carbon
Steel Bars

ASTM A 576, Sweel Bars, Carbon, Hot Rolled, Special
Quality

ASTM A 691, Carbon and Alloy Steel Pipe, Electric-
Fusion-Welded for High-Pressure Service at High
Termperatures

ASTM A 694, Forgings, Carbon and Alloy Steel for Pipe
Flanges, Fittings, Valves and Parts for High-Pressure
Transmission Service

ASTM B 21, Naval Brass Rod, Bar, and Shapes

ASTM B 42, Seamless Copper Pipe, Standard Sizes

ASTM B 43, Seamless Red Brass Pipe

ASTM B 61, Steam or Valve Bronze Castings

ASTM B 62, Composition Bronze or Qunce Metal
Castings

ASTM B 68, Seamless Copper Tube, Bright Annealed

ASTM B 75, Seamless Copper Tube

ASTM B 249, Wrought Copper and Copper-Alloy Rod,
Bar, and Shapes

ASTM B 251, General Requirements for Wrought Seam-
less Copper and Copper-Alloy Tube (Metric)
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ASTM B 584, Copper Alloy Sand Castings for General
Applications

Publisher: American Society for Testing and Materials
(ASTM), 100 Barr Harbor Drive, West Conshohocken,
PA 19428

AWWA C207-35, Steel Pipe Flanges

Publisher: American Water Works Association
(AWWA), 6666 West Quincy Avenue, Denver, CO
80235

MSS SP-55, Quality Standard for Steel Castings — Vi-
sual Method

MSS SP-61, Pressure Testing of Steel Valves

Publisher: Manufacturers Standardization Society of the
Valve and Fittings Industry (MSS), 127 Park Street,
NE, Vienna, CA 22180

NACE MRO0175, Sulfide Stress Cracking Resistant Me-
tallic Material for Oil Field Equipment

Publisher: National Association of Comosion Engincers
(NACE Intemational), P,Q, Box 218340, Houston, TX
77218

NFPA 594, Liquefied Natwral Gas, Production, Storage,
and Handling of

Publisher: National Fire Protection Association (NFPA),
1 Batterymarch Park, Quincy, MA 02269
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SPECIFIED MINIMUM YIELD STRENGTH FOR STEEL PIPE
COMMONLY USED IN PIPING SYSTEMS

APPENDIX D

TABLE D1

! See para. 841.1.

Type
Spec. No. Grade [Note (1)1 SMYS, psi
API 5L [Note (2)] A25 BW, ERW, S 25,000
AP1 5L (Note (2)] A ERW, S, DSA 30,000
AP1 5L [Note (2] B ERW, S, DSA 35,000
APT 5L [(Note (2)] x42 ERW, 8, DSA 42,000
AP 5L [Note (2)) xd6 ERW, S, DSA 46,000
AP 5L [Note (2}] %52 ERW, 5, DSA 52,000
AP1 51 [Note {(2)) %56 ERW, S, DSA 56,000
AP1 5L [Note (2)) x60 ERW, §, DSA 60,000
APL 5L [Note (2} x65 ERW, S, DSA 65,000
AP 5L [Note (2)] %70 ERW, S, DSA 70,000
AP] 5L [Note {2)] x80 ERW, 8, DSA 80,000
ASTM A 53 Type F BW 25,000
ASTM A 53 A ERW, S 30,000
ASTM A 53 B ERW, 5 35,000
ASTM A 106 A s 30,000
ASTM A 106 B S 35,000
ASTM A 106 ¢ 5 40,000
ASTM A 134 EFW [Note (3}
ASTM A 135 A ERW 30,000
ASTM A 135 -] ERW 35,000
ASTM A 139 A EFW 30,000
ASTM A 139 B EFW 35,000
ASTM A 139 C EFW 42,000
ASTM A 139 o EFW 46,000
ASTM A 139 E EFW 52,000
ASTM A 333 1 S, ERW 30,000
ASTM 4 333 3 S, ERW 35,000
ASTM A 333 4 S 35,000
ASTM A 333 [ S, ERW 35,000
ASTM A 333 7 S, ERW 35,000
ASTM & 333 B 5, ERW 75,000
ASTM A 333 g S, ERW 46,000
{continued)

127

Table DI



'STD.ASME B33.8-ENGL 1999 =N 0759670 0617183 bLb2 MM

Table D1 ASME B)1.8-199% Edilion

TABLE D1
SPECIFIED MINIMUM YIELD STRENGTH FOR STEEL PIPE
COMMONLY USED IN PIPING SYSTEMS (CONT'D)

Type
Spec. No. Grade [Note (1)) SMYS, psi
ASTM A 381 Class ¥-35 DSA 35,000
ASTM A 381 Class Y-42 DSA 42,000
ASTM A 381 Class Y-4& DSA 46,000
ASTM A 381 Class ¥-48 DSA 48,000
ASTM A 382 Class Y-50 DSA 50,000
ASTM A 381 Class Y-52 DSA 52,000
ASTM A 381 Class Y-56 DSA 56,000
ASTM A 381 Class Y-60 DsA 60,000
ASTM A 381 Class Y-65 DSA 65,000

GENERAL NOTE:

This Table is not complete. For the minimum specified yield strength of other grades and grades in other

approved specifications, refer to the particular specification.

NOTES:

(1) Abbreviations: BW = furnace buttwetded; DSA = double submerged-arc welded; EFW = electric
fusion welded; ERW = electric resistance welded; FW = flash welded; $ = seamiess.

(2} Intermediate grades are available in APL 5L.

{3} See applicable plate specification for SMYS.

Long-Term Hydrostatic Strength Values for Thermoplastic Pipes Covered by ASTM D 25132 The values
apply only to materials and pipes meeting all the requirements of the basic materials and ASTM D 2513,
They are based on engineering test data obtained in accordance with ASTM D 1599 and analyzed in accordance
with ASTM D 2837, A list of commercial compounds meeting these requirements is published yearly by the
Plastics Pipe Institute.

Plastic Pipe Material Long-Term Hydrostatic Strength

Designation (D 2513) at 73°F, psi
PB 2110 2,000
PE 3406 1,250
PE 3306 1,250
PE 2306 1,250
PE 3408 1,600
PVC 1120 4,000
PVC 1220 4,000
PVC 2110 2,000
PVC 2116 3,150

Long-Term Mydrostatic Strength for Reinforced Thermosetiing Pipes Covered by ASTM D 2517 is 11,000
psi. The values apply only to materials and pipes meeting all the requirements of the basic materials and
ASTM 0 2517. They are based on engineering test data obtained in accordance with ASTM D 1599 amd
analyzed in accordance with ASTM 0O 2837.
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APPENDIX E (99}
FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

TABLE E1
FLEXIBILITY FACTOR, &, AND STRESS INTENSIFICATION FACTOR, /

Stress Intensification
Factor, f[Notes (1} and (2)]

Flexibility Flexibility
Factor, Outplane, Inplane, Characteristic,
Description k A i i
Welding elbow or pipe 1.65 0.75 0.9 TR
bend TNotes (1)-(5)] e by oy -_—
h hm hza rzz
Closely spaced miter
bend [Notes (13, (2), 1.52 0.9 0.9 cot§ Ts
(3), and {5)] ry ~Zh e -
’ 2
5<#; (1 +tan ) #* L w? 2
Single miter bend or
widely spaced miter -
bend 52 £ (1 + tan ) 132 LAY b9 l+cotd T
[Notes (1), (2), oot wH w2 2 f
and {5)]
Welding tee per ANSI
B16.9 with
ro2 dy - 0.9 LR | T
re 215 T 1 F /4"0 + /" 4.4 ‘;;
[Notes (1), (2}, and
{6)]
Reinforced fabricated tee
with pad or saddle 0.9 3 1 (Fels )
[Notes (1), (2), (7), 1 = ot/ U 467
(8), and (903 PR
Unreinforced fabricated -
tee [Hotes (1), (23, 1 LE) Y b tY I
and (9)1 ¥ i rz
Extruded outlet
rp 2 0.054 ; T
18T 1 23 Ve by +Y4 1.0 L
<< 15 e 2l
(Hotes (1}, {2}, and {&}]
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Table E1 ASME B31.8-1999 Edition

TABLE E1
FLEXIBILITY FACTOR, &, AND STRESS INTENSIFICATION FACTOR, /{CONT'D}

Stress Intensification
Factor, /[Notes (1} and {(2)}

Flexibility Flexibility
Factor, Outplane, [nplane, Characteristic,
Description & iy i h Sketch
Welded-in
contour insert -
o2 O _ 1 09 Y lo+Y 44 I
2157 H 7
{Notes (1}, (2), and {10)]
Branch welded-on fitting
{integrally reinforced)
[Notes (11, (2), (9), and -
(111l 1 ﬁ o_f-l 1.3 I
P P2 e
Flexibility Stress intensification
Factor, Factor,
Description k i
Buttweld [Notes (1) and {1211
Tz 0.237 in,, 1 1.0

Bmax. € Y4 in,,
and 8,/ T <313

Buttwetd [Notes {1) and {12}]
7 il
T2 0237 in, L

i.'
Bmax, € Vo i, 1.9 max. or_ - i 3
and B,y T = any value 1 (0.9 + 2.7{B, ¢/ 1],
but not less than
Buttweld [Notes {1) and ({121 1.0
7<0.237 in,,
Bmax. € s in.,
and &,/ T< 0.33
1 1.9 max, or F
Tapeted transition pet
ANSI Ble.25 P ) E
{Note (121 1.3 + 0.0036 -JT' + 3.6 :r o
D,
1 2.0 max. or
i) 3
Concentric reducer per 0.5 + 0.0l (—.—.—’3)
ANSI 816.9 [Notes {1) and n
(13)]

(eontinued)
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TABLE E1
FLEXIBILITY FACTOR, 4 AND STRESS INTENSIFICATION FACTOR, /
(CONT'D)
Flexibility Stress Intensification
Description Factor, & Factor, i
Dovble-welded slip-on 1 1.2
flange [Note (1471
Socket welding flange or 1 2.1 max or 2.1 TIC,
fitting [Notes (14) and but not less than 1.3
(1511
Lap joint flange {with 1 1.6
ANSI B16.9 lap joint
stub) [Nate (14)1
Threaded plpe jeint or 1 2.3
threaded flange
[(Note (1401
Carrugated straight pipe, 5 2.5

NOTES:

or corrugated or
creased bend
[Note (16)]

(1) The nomenciature is as fotlows:
Ry = bend radius of welding etbow or pipe bend, in. (mm}
T = nominal wall thickness of piping compnent, in. {mm)

from Chart B, entering with the computed A

for elbows and miter bends, the nominal wall thickness of the fitting, in. (mm}
for welding tees, the nominal wall thickness of the matching pipe, in. (mm)

Table E1

= for fabricated tees, the nominal wall thickness of the run or header (provided that if thickness is greater than that of matching
pipe, increased thickness must be maintained for at least one run outside diameter to each side of the branch cutside diameter}),

in. {(mm)

= the crotch thickness of tees, in. (mm}
= autside diameter of branch, in. (mm)
= radius of curvature of external contoured portioh of outlet, measured in the plane containing the axes of the header and

branch, in, {mm)

= mean radius of matching pipe, in. (mm)

miter spacing at center line, in. (mm)
pad or saddle thickness, in. (mm)

= gne-half angle between adjacent miter axes, dey

(2) The flexibility factor, k, applies to bending in any plane. The flexibility factors, k. and stress intensification factors, § shall not be less
than unity; factors for torsion equal unity. Both factors apply aver the effective arc length {shown by heavy center lines in the sketches)
for curved and miter bends and to the intersection point For tees,

The values of k and / can be read directly from Chart A by entering with the characteristic, A, computed from the formulas given.
{3} Where flanges are attached to one or both ends, the values of & and 7 shall be corrected by the factors, £, which can be read directly

{4) The designer is cautioned that cast buttwelded fittings may have considerably heavier walls than that of the pipe with which they are used.
Large errors may be Introduced unless the effect of these greater thicknesses is considered.

{5} In large diameter thin-wall elbows and bends, pressure can significantly affect the magnitudes of k and /. To correct values from the Table,
divide & by

divide /by

where

E, = cold modulus of elasticity

P = gage pressure

L
o)

13t

n

o

@&

7

fz

o ]

]
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TABLE E1 (CONT'D)

{6}

7
(8]
(9

ae

an
a2

an

14)

(15)
(16)

If the number of displacement cycles is less than 200, the radius and thickness [imits specified need to be met. When the radius and
thickness (imits are not met and the number of design cycles exceeds 200, the out-plane and in-plane stress intensification factors shall

be calcubated as 112742 and €0.67//77) + Y, respectively,

When (4} > 1% 7, use & = 4.05 T,

The minimum value of the stress intensification factor shall be 1.2.

When the branch-to-run diameter ratio exceeds 0.5 and the number of design displacement cycles exceeds 200, the cut-plane and in-plane

stress intensification factors shall be calculated as 1.8/#%7 and (0.67/#27) + %, respectively, unless the transition weld between the branch

and run is blended to a smooth concave contour. If the transition weld is blended to a smooth concave contour, the stress intensification

factors in the Table still apply.

[f the number of displacement cycles is less than 200, the radius and thickness limits specified need not be met. When the radius and

thickness limits are not met and the number of design displacement cycles exceeds 200, the out-plane and in-plane stress intensification

factors shalt be calculated as 1.8/ and (0.67/0%%).

The designer must be satisfied that this fabrication has a pressure rating equivalent to straight pipe. _

The stress intensification factors apply to girth butt welds between two items for which the watl thicknesses are between 0.875 Tand1.10

T for an axial distance of (D,?" D, and T are nominal outside diameter and nominal wall thickness, respectively. B, is the average

mismatch ar offset.

The equation applies only if the following conditions are met.

(a) Cone angle o does not exceed 60 deg, and the reducer is concentric.

(b) The targer of D 5y[T and D0,/ T does not exceed 100, _

(c) The wall thickness is not less than T, throughout the body of the reducer, except in and immediately adjacent to the cylindrical partion
on the small end, where the thickness shall not be tess than 7,

For some flanged joints, leakage may accur at expansion stresses otherwise permitted herein. The moment to produce leakage of a flanged

Joint with a gasket having no self-sealing characteristics can be estimated by the equation.

My = (G!4) (S Ay = PAp}

A, = total area of flange bolts, in? (mm?)

A, = area 1o outside of gasket contact, in* (mm?)

¢ = bolt cirgle, in. {(mm)

M, = moment to produce flange leakage, in.-lb (mm-N}
P = internal pressure, psi (MPa)

Sp = bolt stress, psi (MPa)

C, is the fillet weld length. For unequal jengths, use the smaller leg for £,

Factors shown apply to bending. Flexibility factor for torsion equals 0.9.
{continued}
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TABLE E1 (CONT'D)

100

80 Flexibility factor for
elbows, k = 1.65/A

Flexibility factor for
L~ miters, & =1.52/n Vs

Stress intersificatign
factor, i = 0.9/ /3

1 -
"E % Stress intensification
.E ; factor, i = 0.76/h%/3
£=

i:
i3
&

-
15 ‘
1

002 003 004 008 010 ©0a5 0.2 03 04 06 0810 15 2
Characteristic, A

Chart A
1.00
#'-
s 07 7/
5 -
0.50]
TS
0.376 P 1 Ena flanged ¢y = Vg
. ™ 2 Enos flanged ¢4 = 4%
0.2%
Chart B
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F1-F2.1

APPENDIX F
EXTRUDED HEADERS AND WELDED BRANCH CONNECTIONS'

F1 EXTRUDED HEADERS

Definitions and limitations applicable to Figs. Fl
through F4 are as follows:

D = outside diameter of run

D, = corroded internal diameter of run

D, = corroded intemal diameter of extruded outlet
measured at the level of the outside surface
of run

L = height of the reinforcement zone

T, = actual thickness of branch wall not including
corrosion allowance

T, = actual thickness of the run wall, not including
the corrosion allowance

T, = corroded finished thickness of extruded outlet
measured at a height equal to 7, above the
outside surface of the run

d = outside diameter of branch pipe

d. = comoded internal diameter of branch pipe

h, = height of the extruded lip. This must be equal
to or greater than r,, except as shown in
limitation (b} of r, below.

fi = half width of reinforcement zone (equal to D,)

r, = radivs of curvature of external contoured por-

tion of outlet measured in the plane containing
the axes of the run and branch. This is subject
to the following limitations:

(a) Minimum Radius. This dimension shall
not be less than 0.05d, except that on branch diameters
larger than 30 in., it need not exceed 1.50 in.

{b} Maximum Radius. For outlet pipe sizes
NPS 6 and larger, this dimension shall not exceed
0.10d + 0.50 in. For cutlet pipe sizes less than NPS
8, this dimension shall not be greater than 1.25 in.

(c) When the external contour containg
more than one radius, the radius on any arc sector of
approximately 45 deg shall meet the requirements of
(2) and (b) above.

(d) Machining shall not be employed to
meet the above requirements.

4, = required thickness of branch pipe according
to the steel pipe design formula of para,

' See pars. 8316

135

Limits of ¢
reinforcamant of beanch
zone a

30 deg! ﬁr—d‘.

Taper bore inside
diameter (if required}
to match branch pipe;
1:3 max. taper

o I
Corrosgion allowance
—r - Do

F16. F1

o GENERAL NOTE:
Skatch to show method
of estblishing T, when
the taper sncroaches
on the crotch radius.

FIG. F2

841.11, but not including any thickness for
corrosion

4, = required thickness of the run according to the
steel pipe design formula para, 841.11, but
not including any allowance for comosion or
under-thickness tolerance

F2 EXAMPLES ILLUSTRATING THE
APPLICATION OF THE RULES FOR
REINFORCEMENT OF WELDED BRANCH
CONNECTIONS

F2.1 Exampie 1

An NPS 8 outlet is welded to an NPS 24 header.
The header material is APl 5LX 46 with a 0.312-in.
wall. The outlet is API 5L Grade B (Seamless) Schedule
40 with a 0.322-in. wall. The working pressure is 650
psig. The fabrication is in Class Location 1. Using
para. 841.1, the joint efficiency is 1.00. The temperature

Previous page is blank



STD.ASHE B31-8-ENGL 1999 ®E 0759L70 OLL?19C 8T MR

Fig. F)-Fig. F4 ASME B31.8-1999 Edition

o o, \- Cotrosion allowance

GENERAL NOTE: Sketch is drawn for condition where & = 1.00.

FIG. F3

o o, Corrosion sllowsnce
GENERAL NOTE: Sketch is drawn for condition where K = 1.00.

FIG. F4

136



ASME B31.8-1999 Edition

STD.ASME B3l.8-ENGL 1999 B 0759670 0617191 739 M8

L =wmalter of 25 H

FL1-FLi2

0l'21f2 B+M

4

Areas of reinforcement enclosed by - lines.
Reinforcement area required Ag = dt
Ares available as reinforcemant = A, + Ay + A

Aq = (H- 1) () {If negative, use zero for value of Ay}

Ay = 8- )L

A3 = summation of area of all sdded reinforcement, including
wald areas that lie within the area of reinforcament

Ay + A + Az must be equal to or greater than A,
where

8 = nominal wall thickness of branch

H = nominal wall thickness of haader

M a actual by measurement) or nominal
thickness of added reinforcament

d = tha graater of the length of the finished opening
in the header wall measured paralle! 1o the axis
of the run or the inside diameter of the branch
connection

t = required nominal wall thickness of the headsr
{under the appropriate section of the Code}

tp = required nominal wall thickness of the brsnch
{under the appropriate section of the Code}

FIG. F5 RULES FOR REINFORCEMENT OF WELDED BRANCH CONNECTIONS

is 100°F. Design factors F = 0.60, E = 1.00, and Excess thickness in header wall:
= 1.00. For dimensions, see Fig, F6,

T

H-1t=10312-0283 = 0029 in,

F2.11 Header. Nominal wall thickness required:

F2.12 Outlet. Nominal wall thickness required:

_ 650 x 24 ~ 650 x 8.625
' = 3SFET = 2 x 46,000 % 0.60 x 1.00 < 1.00 = 335,000 x 0.60 x 1.00 x L.0D
= 0283 in. = 0.133 in.
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-hfb

e—d = 7.981 in, —=
]

FATTTIS

1 L

H=0312in,— P—

pa— o = 7.961 irl.—;-l-—— = 7.981 in. —e=]
e 15962 in. ———ee——n]

S
E@
FFF I
1

L

Ag Ay l

24in.

D=

FIG. F6

Excess thickness in outlet wall:
B—t = 0322 - 0.133 = 0.189 in.

d = inside diameter of opening = 8.625 - 2 % 0.322
= 7981 in.

F2.13 Reinforcement Required
Ap = dr = 7.981 x 0,283 = 2.259 in?

F2.14 Reinforcement Provided by Header

A = (H - d = 0.029 x 7.981 = 0.231 in?
F2.15 Effective Area in Outlet

Height L = 2'28 + M (assume '/g-in. pad}
=(2'% x 0,322) + 0.25 = 1.055 in.

or L = 2% = 2.5 % 0.312 = 0.780 in. Use L = 0.78C in.

Ay =2(B- )L =2x0.189 x 0.780
= 0,295 in?

This must be multiplied by 35,000/46,000. {Sec para,
831.41(H.)

35,000
46,000

Effective A’; = 0.295 x = 0.388 in?

Required area:

138

As = An—-"ll -A'z
= 2259 - 0231 - 0224 = 1.304 in.?

Use a reinforced plate that is 0.250 in. thick (minimum
practicable) x 13.5 in, in diameter.

Area = (15.500 — 8.625) x 0.250 = 1.719 in.?
Fillet welds (assuming two Yg-in. welds each side):
Y, (025 x 025) x 4 = 0.125in?

Total A; provided = 1.844 in

F2.2 Example 2

An NPS 16 outlet is welded to an NPS 24 header.
The header material is API SLX 46 with a 0.312-in.
wall. The outlet is API 5L Grade B (Seamless) Schedule
20 with a 0.312-in. wall. The working pressure is 650
psig. The fabrication is in Class Location 1. By para.
831.42, the reinforcement must be of the complete
encirclement type. Using para. 841.1, the joint efficiency
is 1.00. The temperature is 100°F. Design factors F =
060, £ = 1.00, and T = 1.00. For dimensions, see
Fig. F7.

F2.21 Header. Nominal wall thickness required:

O 2 650 x 24
= 2SFET ~ 2 x 46,000 x 0.60 x 1.00 x 1.0S
= 0283 in.
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: 30.752in, ——— !
i |
i 1
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F1G. F?7

Excess thickness in header wall:
H-1t=0312-0283 = 0.029 in.
F2.22 Outlet. Nominal wall thickness required:
650 x 16

= 2% 35,000 % 0.60 x 1.00 X 1.00
= 0.248 in.

%

Excess thickness in outlet wall:
B -1 = 0312 -0.248 = 0.064 in.

d = inside diameter of opening = 16.000 — 2 x 0.3(2
= 15.376 in.

F2.23 Reinforcement Regquired
Ap = di = 15376 x 0.283 = 4.351 in.
F2.24 Reinforcement Provided
A = (H-nd=0029x 15376 = 0446 in?
F2.25 Effective Area in Outlet

Height L = 2!, B + M (assume ¥ 16-in. plate)
= (25 % 0312) + 0.312 = 1.092 in.

or
L =2'"H = 2.5 x0.312 = 0.780 in. Use 2L = 0,780 in.

Ar=2(B-410L = 2 x 0.064 x 0.780
= 0.100 in2

This must be multiplied by 35,000/46,000. [See para.
831.4(D.)

Effective A, = 0.100 x 35,000/46,000 = 0076 in.2
Required area:

A; =AR-A| —A’;
= 4.35] - 0.446 - 0.131 = 3.829 in?

Approximate required thickness of reinforcement;
3.829 + (30 — 16) = 0274 in.

Use a 0.312-in. plate minimum required length (ne-
glecting welds):

3829 + 0312 = 12272 in.

16 + 12.272 = 29 in. (rounded to the next higher whole
number)
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Use & plate that is 29 in. long:
Area = 0.312 x (29 - 16) = 4.056 in?
Two Y-in. welds to outlet:
1, x (0.25 x 0.25) x 2 = 0.063 in.?
Total A provided = 4.119 in.2

The use of end welds is optional. See Fig. [3.

uyd N

ASME B31.8-199% Edition
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Appendix G

APPENDIX G |
TESTING OF WELDERS LIMITED TO WORK ON LINES OPERATING
AT HOOP STRESSES OF LESS THAN 20% OF THE SPECIFIED
MINIMUM YIELD STRENGTH'

{a) An initial test shall qualify a welder for work,
Thereafter, the welder's work shatl be chacked either
by requalification at 1-year intervals or by cutting out
and testing production work at least every 6 months.

(b) The test may be made on pipe of any diameter
12 in. or smaller. The test weld shall be made with
the pipe in a horizontal fixed position so that the test
weld includes at least one section of overhead position
welding.

(c}) The beveling, root opening, and other details
must conform to the procedure specification under which
the welder is qualified,

{d) The test weld shall be cut into four coupons
and subjected to the root bend test. If as a result of
this test, a crack develops in the weld material or
between the weld and base metal more than ‘% in.
long in any direction, this shall be cause for rejection.
Cracks occurring on the comer of the specimen during
testing shall not be comsidered. If not more than one
coupon is rejected, the weld is to be considered ac-
ceptable.

(e} Welders who are 10 make welded service line
connections to mains shall be required to pass the
following tests satisfactorily:

(1) Weld a service line connection fitting to a
pipe section having the same diameter as a typical
main. This weld shall be made in the same position
as this type of weld is made in the field,

(2} The weld shall be tested by attempting to
break the fiing off the run pipe by any available
means (knocking it off).

A sample shalt be rejected if the broken weld at
the junction of the fitting and run pipe shows incomplete
fusion, overlap, or poor penetration.

! See para. 823.11.
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{1 For the perodic checking of welders who work
on small service lines only (2 in. or smaller in diameter),
the following special field test may be employed. This
test should not be used as a substitute for the original
qualifying test.

Two sample welds made by the weider under test
shall be taken from steel service line. Each sample shall
be cut 8 in. long with the weld located approximately in
the center. One sample shall have the ends Aattened
and the entire joint subjected to the tensile strength
test. Failure must be in the parent metal and not adjacent
to or in the weld metal to be acceptable. The second
sample shall be centered in the guided bend testing
machine and bent to the contour of the die for a
distance of 2 in. on each side of the weld. The sample
to be acceptable must show no breaks or cracks after
removal from the bending machine,

When a tensile strength testing machine is not avail-
able, two bend test samples will be acceptable in lieu
of one tension and one bending test.

{g) Tests for Copper Joints. Personnel who are to
work on copper piping should pass the following test
satisfactorily.

A brazed or soldered copper bell joint should be
made on any size of copper pipe used, with the axis
of the pipe stationary in the horizontal position. The
joint so welded is to be sawed open longitudinally at
the top of the pipe (the top being the uppermost point
on the circumstance at time joint is brazed). The joint
should be spread apart for examination. The bell end
of the joint must be completely bonded. The spigot
end of the joint must give evidence that the brazing
alloy has reached at east 75% of the total arca of the
telescoped surfaces. At least 50% of the length a the
top of the joint must be joined.

(k) Records shall be kept of the original tests and

all subsequent tests conducted on the work of each
welder.

{99)
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Appendix H

APPENDIX H
FLATTENING TEST FOR PIPE!

(a) The flattening test shall be made on standard
weight and extra strong pipe over NPS 2, It shall ot
be required for double extra strong pipe.

(b) For a lap-welded and buttwelded pipe, the test
section shall be 4 in. to 6 in. in length, and the weld
shall be located 45 deg from the iine of direction of
the applied force.

{¢) For electric-resistance welded pipe, both crop
ends from each length of pipe shall be Aattened between
parallel plates with the weld at the point of maximum
bending until the weld at the point of maximum bending
until the opposite walls of the pipe meet. No opening
in the weld shall take place until the distance between
the plates is less than two-thirds of the original outside
diameter of the pipe. No cracks or breaks in the metal
other than in the weld shall occur until the distance
between the plates is less than one-third of the original
outside diameter of the pipe, but in no case less than
five times the thickness of the pipe wall. Evidence of
lamination or bumt material shall not develop during
the entire flattening process, and the weld shall not
show injurious defects.

{d) For seamless pipe the test section shall not be
less than 2% in. in length,

' See para. 817.13(b).
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{ej The test shall consist of fattening a section of
pipe between parallel plates until the opposite walls
meet. For welded pipe, no opening in the weld shall
take place until the distance between the plates in less
than three-fourths of the original outside diameter for
buttwelded pipe, and two-thirds of the outside diameter
for lap-welded and electric-resistance welded pipes. No
cracks or breaks in the metal other than in the weld
shall oceur until the distance between the plates is less
than three-fifths of the outside diameter for buttwelded
pipe, and one-third of the outside diameter for lap-
welded and electric-resistance welded (grades A and
B) pipes. For seamless {(grades A and B} pipe, no
breaks or cracks in the metal shall occur until the
distance between the plates is less than that shown
below:

_ (N +e)t
T e+ 4D
where
D = acwal outside diameter of pipes, in. (2.375
in. nominal)
H distance between flattening plates, in.

o
It

deformation per unit length (constant for a
given grade of steel, 0.09 for grade A and
0.07 for grade B)

nominal wall thickness of pipe, in,

.‘
1]

Previous page is blank
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n-11.4

APPENDIX I
END PREPARATIONS FOR BUTTWELDING

I1 EXPLANATORY NOTES

I1.1 General

This Appendix applies to end preparation for bust-
welding sections having unequal thicknesses and un-
equal specified minimum yield strengths.

(a) The sketches in Fig. IS illustrate acceptable prepa-
rations for joining pipe ends by butvwelding for materials
having unequal wall thicknesses and/or with unequal
strengths (specified minimum yield strength).

(b) The thickness of the sections to be joined beyond
the joint design area shall comply with the design
requirements of this Code,

(c) When the specified minimum yield strengths of
the sections to be joined are unequal, the deposited
weld metal shall have mechanical properties at least
equal 10 those of the section having the higher strength.

{d} The transition between ends of unequal thickness
may be accomplished by taper or welding as illustrated
or by means of a prefabricated transition ring.

(e} Sharp notches or grooves at the edge of the
weld where it joins a slanted surface shall be avoided,

{f For joining unequal thicknesses of equal specified
minimum yield strengths, the rules given herein apply,
excepl there is no minimum angle limit to the taper.

(g} The maximum thickness, 5, for design purposes
shall not be greater than 1.5

I1.2 Unequal Internal Diameters

{a) For piping to operate at hoop stresses of less
than 20% of specified minimum yield strength, if the
nominal wall thicknesses of the adjoining ends do not
vary more than % in., no special treatment is necessary
provided adequate penetration and bond is accomplished
in welding. If the offset is greater than ‘4 in., the
following paragraphs will apply.

(b} For Stress Levels 20% or More of the Specified
Minimum Yield Strength

{1) If the nominal wall thickness of the adjoining
ends do mot vary more than %, in., no special treatment
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is necessary, provided full penetration and bond is
accomplished in welding. See sketch (a) of Fig. IS.

{2) Where the nominal intemal offset is greater
than /32 in. and there is no access to the inside of
the pipe for welding, the transition must be made by
a taper cut on the inside end of the thicker section.
See sketch (b) of Fig. I5. The taper angle shall not
be greater than 30 deg nor less than 14 deg.

{3) Where the nominal internal offset is more than
¥z in. but does not exceed one-half the thinner section,
and there is access to the inside of the pipe for welding,
the transition may be made with a tapered weld as
shown in sketch (c) of Fig. I5. The land on the thicker
section must be equal to the offset plus the land on
abutting section.

{4) Where the nominal internal offset is more than
one-half the thinner section and there is access to the
inside of the pipe for welding, the transition may be
made with a taper cut on the inside end of the thicker
section as shown in sketch (b) of Fig. IS, or by a
combination taper weld to one-half the thinner section
and a taper cut from that point as shown in sketch
(d) of Fig. I5.

IL3 Unequal External Diameters

(a) Where the external offset does not exceed one-
half the thinner section, the transition may be made
by welding as shown by sketch (e} of Fig. 15, provided
the angle of rise of the weld surface does not exceed
30 deg and both bevel edges are properly fused.

{b) Where there is an external offset exceeding one-
half the thinner section, that portion of the offset over
4t shall be tapered as shown in sketch (f) of Fig. I5.

I1.4 Unequal Internal and External Diameters

Where there is both an intemal and am extemnal
offset, the joint design shall be a combination of
sketches (a) through (f) of Fig. 15, ie.. sketch (g).
Particular attention must be paid to proper alignment
under these conditions.

Previous page is blank

{99}



STD.ASME B3L.8-ENGL 1999 MW 0759L70 0b171938 093 W

Fig. 11-Fig. I2

A IS GL A S AL ST,

i

GEMERAL NOTES:

{a) When a weiding saddle is used, it shall be insertad over this tvpe of connection.

(b} #y = 3B/g, but not less than Ty in.

{c) M = Wy in. min,, Vg in. max., unless back weided or backing strip Is used,

ASME B31.8-1999 Edition

FIG. 11 WELDING DETAILS FOR OPENINGS WITHOUT REINFORCEMENT OTHER THAN THAT IN

HEADER AND BRANCH WALLS

Saddle

Wy min, = 355, but not less than 1/g in.
Wo min. = Mz, but not Wes than ¥/, in.
W3 min. = M, but not greater than H
N = Yyg in. min., uniess back welded or backing strip is used

GENERAL NOTES:

{a) Al welds to have equal leg dimensions, and 8 minimum throat = 0.707 X leg dimension,

{b} 1§ M is thicker than A the reinforcing member shall be tapered down to the header wall thickness.
{c} Provigde hole in reinforcoment to reves! leskage in buried welds and to provide venting during

welding and hast wsatment. [See para. 831.41 (h).}

FIG. 2 WELDING DETAILS FOR OPENINGS WITH LOCALIZED-TYPE REINFORCEMENT
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Optional weld Optional weld

I TRy I
CAASIESLALS S J
®

These longitudinal
walds may be

Ilocated anywhere I I
sround circumference

GENERAL NOTE:

Sinca fluid presaurs it sxerted

on both sides of pipe metal under tee,
the pipe meotal does not provide
reinfarcement.

GENERAL NOTE:

Provide hole in reinforcement 1o revaat
toakage in buried walds and to provide
vanting during welding and heat
treatment, [See para. 831.41 (h}.]

Naot required for tes type,

Tes Type

Sleave Type

Optional weki i N Optional weld

A A A A A T

Saddle and Sleeve Type Saddle Type

FIG. I3 WELDING DETAILS FOR OPENINGS WITH COMPLETE ENCIRCLEMENT TYPES OF
REINFORCEMENT
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¢ 7 ]
4 e .
' o= 1.5t
L 33, in. max. 30 deg, max, 0.5¢, max. l
14 deg, min, {1:4) 2___t_
w B (Note (1))

T

30 deg. max. 0.5¢. max. l

30 deg, max.

te} 30 dag, max.
) 14 deg, min. (1:4)
[Note {11]

30 deg, max.
t4 deg, min_ {1:4)

[Note

External Offast

30 deg, max.
14 deg, min_ {1:4)
[Note (1)1

1 NOTE:
(1) No minimuem when materials joined
have equal spacified minimum yield strengths.

14 deg, min. {1:4)
{Note (1)) ¥

{@) Combination Offast

FIG.I5 ACCEPTABLE DESIGN FOR UNEQUAL WALL THICKNESS
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() Lap Joint Flange {b) Butt Welding Flangs

{d} Face snd Back Wald

je— 1.4¢
4 / &
Not less \\ —y— Nominal

than ¢ / M\\\ ¢t pipewall

< —L_  thickness

g in.
€, min. = 1Yy t, but not fess than %/ in.
{e} Socket Waelding Only {f} Socket Welding Flangs
" Size of weld Theoretical throet
Theoretical throat
Size of wald

19) Conwax Fillat Welk)
{h] Concave Fillet Weid

FIG. 16 RECOMMENDED ATTACHMENT DETAILS OF FLANGES
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X f o'
= A -
TABLE 11
LIGHTWEIGHT FLANGES
Dritling Template
[nside Quiside
Nominal Outside Diameter, Length Diameter Number Diameter Diameter  Approx. Weight

Pipe Diameter,  Thickness, B of Hub, of Hub, of and Length of Bolt Each,
Size A r [Note {1)] L £ Bolts of Bolts Circle Ib

[ 11 e 6.72 1% 7% 8 Y x 2% gl 13

8 13%, %e B.72 1Y, 9l 8 Yx 2l 11%, 1
10 16 Wi 10.88 1Y, 12 12 Yax 2l 14, 26
12 19 e 12,88 1% 1a% 12 T x 2% 17 42
14 21 A 14.14 1Y, 15%, 12 1 x 2% 18%, 44
16 23% bA 1616 1Y, 18 16 1x 2% 21%, 58
18 25 A 18.18 1% 19% 16 1% x3 22%, 59
20 27y, A 20.20 1% 22 20 1% x 3 25 69
22 29% 1 22,22 1%, 24Y, 20 1Y%, x 3%, 27% 76
24 32 1 24.25 1%, 26'% 20 1% x 3% 29% 113
26 34Y, 1 26.25 1%, 28Y, 24 1% x 3% 3, 126
28 364 1 28.25 1%, 30% 28 1%, % 3% 34 139
30 38%, 1 30.25 1% 32'% 28 1% x 3% 36 152
32 a1%, 1Y% 32.25 1%, 34%, 28 1% » 4 agl, 206
34 a3%, 1% 34.25 1% 36%, 32 1% x 4 aql, 217
36 46 1% . 1Y, 3sY, Iz 1%, x 4 42%, 234
38 48%, 1% cen 1% 40%, 32 1, x4 45%, 264
40 50%, 1% .. 1% 43 36 1'% x 8 47Y, 280
42 53 1Y, ... 1%, 45 36 1% x 8%, 491, 328
44 s5Y, 1% . 2% a7 40 1Y, x 8l 51%, 349
46 7% A ... 2Y, 49 40 1% x 4l 53%, 363
48 59, 1% ces 2Y, 51 a4 1Y% x 4%, 56 a2e
50 61%, 1% . 2%, 53 44 1% x 4%, 58Y, 451
52 64 1% e 2% 55 a4 1%, x 4%, 60 477
54 YA 1% .. 2% 57 a4 1%, » 4%, e2%, 504
60 73 1% cas 2%, 3 52 1% x5 9%, 643
66 a0 1l e 2%, 69 52 1% x5 76 754
72 86Y, 1% e 2% 75 &0 1% x5 82'% 846

GENERAL NOTES:

(a) Lightweight flanges are flat-faced and designed for use with full-face gasket or asbestos sheet gasket extending to the bolt holes.
(b} Maximum pressure for lightweight flanges is 25 psi; drilling is the same as Class 125 standard.

{¢) This Table encompasses forged and rolled steel; far further information, refer to ASTM A 105.

NOTE:

{1) For nominal pipe sizes 36 through 72, the inside diameter, &, shall be as specified by the purchaser,
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APPENDIX J
COMMONLY USED CONVERSION FACTORS'

TABLE J1
COMMONLY USED CONVERSION FACTORS
Quantity Conversion Factor
Plane angle deg to rad 1.745 329 E-02
Length in.tom 2.54 () e E-02
fttom 3.048 {1) e E-01
mile to m 1,609 344 (1} E+03
Area in.? to m? 6.451 600 (1) E-04
2 tom? 9.290 304 (1) E-02
Volume #* to m? 2.831 685 E-02
U.$. gal to m? 3.785 112 E-03
in.? to m? 1.638 706 E-05
oz {fluid, U.5.) to m* 2.957 353 £-05
liter to m® 1.000 000 E-03
. Velocity ft/min te m/s 5.08 (1} e E-03
ftfsec to mfs 3.048 (1) cea E-01
km/h to mfs 2.777 778 E-01
mifr to m/fs 4.470 4 (1) E-01
mithr to kmvh 1.609 344 (1) E+00
Mass oz (avoir) to kg 2.834 952 E-02
ib {avoir) to kg 4.535 924 E-01
slug to kg 1.459 390 E+01
Acceleration fisec® to mys® 3.048 (1} . E-01
std. grav. to m/s® 9.806 65 (1) E+00
Force kgfto N 3.806 65 (1) E+G0
Ibfto N 4,448 222 E+00
paundal ta N 1.382 550 £-01
Bending, torque kgf-mto N-m 9.806 65 (1) E+00
Ibf-in. to N - m 1.129 848 E-01
ibf-ft to N - m 1.355 818 E+00
Pressure (1) psi to bar 6.694 157 E-02
Pa to bar 1.000 . E-05
kPa to bar 1.000 .. E=-D2
{continued)
! Extracied partially from ASME SI-1.
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TABLE J1
COMMONLY USED CONVERSION FACTORS (CONT'D)
Quantity Conversion Factor
Stress {1) psi to MPa 6.894 757 E=-03
kips/in2 to MPa 6.894 757 E+00
N/mm? to MPa 1.000 e E+00
Energy, wark Btu {ITY ta J 1.055 056 E+03
Calorie (IT)to J 4.186 B (1) E+00
ibf-ft to J 1.355 818 E+00
Power hp (550 ft Ibf/sec) to W 7.456 999 E+02
Temperature (1} Cio K ty = 3+ 27315
Fto K ty = (fx + 459.670/1.8
°F to °C t; = Ue - 32)1.8
Temperature “Cto K 1.0 (1) e £400
interval “Fto Kor°C 5.555 556 E-01

GENERAL NOQTES:

{a} For ather commonly used conversion factors, refer o ASTM E 380.

(b} The factors are written as a number greater than one and less than 10 with six or less decimal places.
The number is followed by the letter E {for exponent), a plus or minus symbal, and two digits that
indicate the power of 10 by which the number must be multiplied to obtain the correct value.

Far example,
1.745 329E-02 15 1.745 329 x 107 or 0.017 452 29

NOTE:
(1) Relationships are exact in terms of the base units.
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Table J2
TABLE J2
LIST OF SI UNITS FOR USE WITH B31.8 CODE
Other Units or
Quantity Bait (Note (1)1 Symbol Limitations
Space and Time
plane angle radian rad degree (decimalized}
solid angle steradian sr .
length meter m nautical mile (pavigation only}
area square meter m? e
volume cubi¢ meter m? liter {L} for liquid only
{limit use ta L and mL;
ce shail not be used)
time second $ minute {min}, hour (h), day
(d}, week, and year
angular velocity radian per second rad/s .
velocity meter per second m/s kilometer per hour (kmvh) for
vehicle speed, knot for
navigation only
Periodic and Related
Phenomena
frequency hertz Hz (hertz = cycle per second}
rotational speed radian per second rad/s revolutions per second {ris),
revolutions per minute (r/
min}
Mechanics
mass kilogram kg
density kilogram per cubic meter kg/m*
momentum kilogram-meter per second kg « mfs
mament of momentum kilogram-square meter per kg - m¥/s
second
angular momentum kilogram-square meter per kg - m%s
second
acceleration meter per second squared m/s?
moment of inertia kilogram-square meter kg - m?
force newton N
moment of force (torque) newton-meter N-m .
pressure bar bar {pascal = newton per square
meter)
stress magapascal MPa
viscosity (dynami¢) pascal-second Pa-s R
viscosity (kinematic) square meter per second ms
surface tension newtan per meter N/m v
energy, wark joule J kilowatt-hour (kW - h}
power watt w
impact strength joule J
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TABLE J2
LIST OF ST UNITS FOR USE WITH B31.8 CODE (CONT'D)
Othear Units or
Quantity Unit [Note (1] Symbaol Limitations
Heat
temperature: thermo- Kelvin K degree Celsius (°C)
dynamic [Note (2}]
temperature: other than degree Celsius °C kelvin (K)
thermoadynamic [Note
(23]
lingar expansion meter per meter-Kelvin K o0l mmitmm - K)
coefficient
quantity of heat joule J
heat flow rate watt W
density of heat flow rate watt per meter squared wim®
thermal conductivity watt per meter-Kebvin WHm - K) WHm - °C)
coefficient of heat transfer watt per meter-squared-Kelvin Wim? - K) W/m? . °C)
heat capacity joule per Kelvin JIK Jrec
specific heat capacity joule per kilogram-Kelvin JHkg - K} Jrkg - °C)
specific energy joule per kilogram Jikg o
specific enthalpy kilojoule per kilogram kJ/ky
- specific entropy kilojoule per kelvin-kitogram kJAK - kg)
heat rate kilojoule per kilowatt second kJ/CkW + 5)
Electricity and Magnetism
electric current ampere A
electric charge coulomb c
volume density of charge coulomb per meter cubed cim?
surface density of charge coulomb per meter squared Cim?
electric field of strength volt per meter Vim
electric potential volt v
capacitance farad F
current density ampere per meter squared Afm?
magnetic field strength ampere per meter A/m
magnetic flux density tesla T
magnetic flux weber Wh
self-inductance henry H
permeability henry per meter H/m
magnetization ampere per meter Adm

NOTES:

(1) Conversion factors between S! and U.S. customary units are given in ASTM E 380,
{2) Preferred use for temperature and temperature interval is degrees Celsius (°C), except for thermadynamic and cryogenic work where Kelvins
may be more suitable. For temperature interval, 1 K = 1°C exactly.
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6.1-6.3.1.5

APPENDIX K
CRITERIA FOR CATHODIC PROTECTION

Reprinted with permission from the National Association of Corrosion Engineers” NACE Standard RP0D169, Section 6.
Asterisk (*) denotes word change from NACE text.

6.1 Introduction

6.1.1 The purpose of this Appendix* is to list
criteria for cathodic protection which, when complied
with cither separately or collectively, will indicate that
adequate cathodic protection of a metallic system in
its electrolyte has been achieved.

6.2 General

6.2.1 The objective of using cathodic protection is
to control the corrosion of metallic surfaces in contact
with electrolyte.

6.2.2 The selection of a particular criterion for
achieving the objective in 6.2.1 depends, in part, upon
past experience with similar structures and environments
wherein the criterion has been used successfully.

6.2.3 The criteria in Section 6.3 have been developed
through laboratory experiment or empirically determined
by evaluating data obtained from successfully operated
cathodic protection systems. It is not intended that the
operating company* be limited to these criteria if it
can be demonstrated by other means that the control
of corrosion has been achieved.

6.24 Voltage measurements on pipelines are to
be made with the reference electrode located on the
electrolyte surface as close as feasible to the structure
surface being investigated. Consideration shall be given
to voltage (IR) drops other than those across the
structure-electrolyte boundary, the presence of dissimilar
metals, and the influence of other structures for valid
interpretation of voltage measurements.*

6.2.5 No one criterion for evaluating the effective-
ness of cathodic protection has proven 1o be satisfactory
for all conditions. Often a combination of criteria is
needed for a single strugture.
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6.3 Criteria
6.3.1 Steel and Cast Iron Structures

6.3.1.1 A negative (cathodic) voltage of at least
0.85 volt as measured between the structure surface
and a saturated copper-copper sulfate reference electrode
contacting the electrolyte. Determination of this voltage
is to be made with the protective current applied.

6.3.1.2 A minimum negative (cathodic) voltage
shift of 300 millivolts, produced by the application of
protective current. The voltage shift is measured between
the structure surface and a saturated copper-copper
sulfate reference electrode contacting the electrolyte.
This criterion of voltage shift applies to structures not
in contact with dissimilar metals.

6.3.1.3 A minimum negative (cathodic) polariza-
tion voltage shift of 100 millivolts measured between
the structure surface and a saturated copper-copper
sulfate reference electrode contacting the electrolyte,
This polarization voltage shift is to be determined by
interrupting the protective current and measuring the
polarization decay. When the current is initially inter-
rupted, an immediate voltage shift will occur. The
voltage reading after the immediate shift, shall be used
as the base reading from which to measure polarization
decay.

6.3.14 A structure-to-electrolyte voltage at least
as negative {(cathodic) as that originally established at
the beginning of the Tafel segment of the E-log-I curve.
This structure-to-electrolyte voltage shail be measured
between the structure surface and a saturated copper-
copper sulfate reference electrode contacting the electro-
Iyte at the same location where voltage measurements
were taken to obtain the E-log-I-curve.

6.3.1.5 A net protective current from the electro-
lyte into the structure surface as measured by an
earth cumrent technique applied at predetermined current
discharge (anodic) points of the structure.
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6.3.2 Aluminum Structures

6.3.2.1 A minimum negative (cathodic) voltage
shift of 150 millivolts, preduced by the application of
protective current. The voltage shift is measured between
the structure surface and a saturated copper-copper
sulfate reference electrode centacting the electrolyte.
See precautionary notes in 6.3.2.3 and 6.3.2.4,

6.3.2.2 A minimum negative (cathodic) polariza-
tion voltage shift of 100 millivolts, measured between
the structure surface and a saturated copper-copper
sulfate reference electrode contacting the electrolyte.
This polarization voltage shift is to be determined
by interrupting the protective cumrent and measuring
polarization decay. When the current is initially inter-
rupted, an immediate voltage shift will occur. The
voltage reading after the immediate shift shall be wsed
as the base reading from which to measure polarization
decay. See precautionary notes in 6.3.2.3 and 6.3.2.4.

6.3.2.3 PRECAUTIONARY NOTE — Excessive
Voltages: Notwithstanding the alternative minimum cri-
teria in 6.3.2.1 and 6.3.2.2, aluminum, if cathodically
protected at voltages in excess of 1,20 volts measured
between the structure surface and a saturated copper-
copper sulfate reference electrode contacting the electro-
Iyte and compensated for the voltage (IR} drops other
than those across the structure-electrolyte boundary,
may suffer corrosion resulting from the buildup of
alkali on the metal surface. A voltage in excess of
1.20 volts should not be wsed unless previous test
results indicate no appreciable corrosion will occur in
the particular environment.

63.24 PRECAUTIONARY NOTE — Alkaline
Soil Conditions: Since aluminum may suffer from corro-
sion under high pH conditions and since application
of cathodic protection tends to increase the pH at the
metal surface, careful investigation or testing should
be made before applying cathodic protection to stop
pitting artack on aluminoum structures in environments
with a nawral pH in excess of 8.0.

6.3.3 Copper Structures

63.3.1 A minimum negative (cathodic) polariza-
tion voltage shift of 104 millivolts measured between
the structure surface and saturated copper-copper sulfate
reference electrode in the electrolyte. This polarization
voltage shift is to be determined by interrupting the
protective current and measuring the polarization decay.
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When the current is initially interrupted, immediate
voltage shift will occur. The voltage reading after the
immediate shift shall be used as the base reading from
which to measure polarization decay.

6.3.4 Dissimilar Metal Structure

6.34.1 A negative (cathodic) voltage, between
all structure surfaces and a saturated copper-copper
sulfate reference electrode contacting the electrolyte,
equal to that required for the most anodic metal shouid
be maintained. If amphoteric structures are involved
that could be damaged by high alkalinity (see precau-
tionary notes in 6.3.2.3 and 6.3.24), they should be
electrically isolated with insulating Aanges or the equiv-
alent.

6.4 Alternative Reference Electrodes

6.4.1 Other standard reference electrodes may be
substituted for the saturated copper-copper sulfate refer-
ence electrodes. Two commonly wsed electrodes are
listed below along with their voitage equivalent to
—0.85 volt referred to saturated copper-copper sulfate
reference electrode:

6.4.1.1 Saturated KCI calomel reference electrode:
-0.78 volt.

6.4.1.2 Silver-silver chloride reference electrode
used in sea water: —0.80 volt.

64.2 In addition to these standard reference elec-
trodes, an alternative metallic material or structure may
be used in place of the saturated copper-copper sulfate
reference electrode if the stability of its electrode poten-
tial is assured and if its voltage equivalent referred to
a saturated copper-copper sulfate reference electrode is
established.

6.5 Special Considerations

6.5.1 Special cases, such as stray currents and stray
electrical gradients, may exist which require the use
of criteria different from those listed above. Measure-
ments of current loss and gain on the structure and
current tracing in the electrolyte have been useful in
such cases.

6.5.2 Abnommal conditions sometimes exist where
protection is ineffective or only partially effective,
Such conditions may include elevated temperatures,
disbonded coatings, shielding, bacterial attack, and un-
usual contaminants in the electrolyte.
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Appendix L

APPENDIX L
DETERMINATION OF REMAINING STRENGTH OF CORRODED PIPE'

For steel pipelines operating at or above 40% of the
specified minimum yield strength, the remaining strength
of corroded pipe may be determined by the following
analysis.

{a) Determine depth of corrosion, d. (See Fig. L1.)
If d is less than 10% of t, the nominal wall thickness,
no reduction in MAOP need be considered. If d is
greater than 80% of ¢, consideration should be given
to removing the affected segment from service.

{b) Determine the effective length, L, of corrosion
along the longitudinal axis.

fc} Calculate the nondimensional factor, A:

A =0893L/{D:

where
D

nominal outside diameter of the pipe, in

(d} For values of A less than or equal to 4.0,

2d

1——
3

P = 1iP
2 d
f
3 ¢JAT+ 0
where
P = the greater of either the design pressure (ex-

cluding the joint factor) or the established
MAOP, psig

! For background information, sce ANSVASME B31G, Manual for
Determining the Remaining Sirength of Corraded Pipelines.

159

Longitudinal axis of pipe
p——

L ':I

—

_!_ of :::'lrEaiun 3 -g'
T ¥

FIG. L1

P’ = the safe maximum pressure for the corroded
area, psig

except that P may not exceed P.
{e) For values of A greater than 4.0,
F = LI1P(1 - d/)

except that P’ may not exceed P.

(N If the established MAOP is equal 10 or less than
P, the corroded region may remain in service at the
MAOP if protected from further comosion. If it is
greater than P, the MAOP should be reduced so that
P’ is not exceeded, or the corroded region should be
repaired by one of the methods prescribed in para.
851.4 or replaced.
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Mi1-M3

APPENDIX M
GAS LEAKAGE CONTROL CRITERIA'

M1 SCOPE

This Appendix provides criteria for detection, grading,
and control of gas leakage.

M2 DEFINITIONS (APPLICABLE TO THIS
APPENDIX ONLY)

bar hole: hole that is made in the soil or paving for
the specific purpose of testing the subsurface atmosphere
with a combustible gas indicator (CGI).

building: any structure that is normally or occasionally
entered by humans for business, residential, or other
purposes, and in which gas could accumulate.

combustible gas indicator (CGI): a device capable
of detecting and measuring gas concentrations of the
atmosphere.

confined space: any subsurface structure, such as
vaults, catch basins, or manholes, of sufficient size
to accommodate a person, and in which gas could
accumulate,

Sfollowup inspection: an inspection performed after a
repair has been completed to determine the effectiveness
of the repair.

gas associated substructure: a device or facility uti-
lized by a gas company such as a valve box, vault,
test box, or vented casing pipe, which is not intended
for storing, transmitting, or distributing gas.

LEL: the lower explosive limit of the gas being trans-
ported,

prompt action: consists of dispatching qualified per-
sonnel without delay for evalvating and, where neces-
sary, abating the existing or probable hazard.

reading: repeatable deviation on a CGI or equivalent
instrument, expressed in LEL. Where the reading is in
an unvented confined space, consideration should be
given to the rate of dissipation when the space is

| See para. 852.2.
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ventilated and the rate of accumulation when the space
is resealed.

small substructures (other than gas associared substruc-
tures): any subsurface structures that are of insufficient
size 0 accommodate a person, such as telephone and
electrical ducts and conduit or nongas-associated valve
and meter boxes, and in which gas could accomulate
of migrate.

tunnel: @ subsurface passageway large enough for a
person to enter and in which gas could accumulate.

M3 LEAKAGE SURVEY AND TEST
METHODS

(a} The following gas leakage surveys and test meth-
ods may be employed, as applicable, singly or in
combination, in accordance with written procedures:

(1) surface gas detection survey

{2) subsurface gas detector survey (including bar
hole surveys)

(3) vegetation survey

(4) pressure drop test

{5) bubble leakage test

(6) ultrasonic leakage test

Other survey and test methods may be employed if
they are deemed appropriate and are conducted in
accordance with procedures that have been tested and
proven to be at least equal to the methods listed in
this section.

(&) Surface Gas Detection Survey

(1) Definition. This survey is a continvous sam-
pling of the atmosphere at or near ground level for
buried gas facilities and adjacent to above-ground gas
facilities with a gas detector system capable of detecting
a concentration of 50 ppm of gas in air at any sam-
pling point,

(2) Procedure. Equipment used to perform these
surveys may be portable or mobile. For buried piping,
sampling of the atmosphere shall take place. where
practical, at no more than 2 in, above the ground
surface. In areas where the piping is under pavement,
samplings shall also be at curb line(s), available ground

Previous page is blank

(99}
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surface openings (such as manholes, catch basins, sewer,
power, and telephone duct openings, fire and traffic

. signal boxes, or cracks in the pavement or sidewalk),
or other interfaces where the venting of gas is likely
to occur, Sampling shall be adjacent to the exposed
piping.

(3} Utilization. The use of this survey method
may be limited by adverse conditions (such as excessive
wind, excessive soil moisture, or surface sealing by
ice or water).

The survey shall be conducted at speeds slow enough
to allow an adequate sample to be continuously obtained
by placement of equipment intakes over the most logical
venting locatiens, giving consideration to the location of
gas facilities and any adverse conditions that might exist.

{c) Subsurface Gas Detection Survey

{1} Definition. This survey is a sampling of the
subsurface atmosphere with a combustible gas indicator
(CGI) or other device capable of detecting 0.5% gas
in air at the sample point.

(2) Procedure. The survey shall be conducted by
performing tests with a CGl in a series of available
openings (confined spaces and small substructures) and/
or bar holes over, or adjacent to, the gas facility. The
location of the gas facility and its proximity to buildings
and other structures shall be considered in the spacing
of the sample points. Sampling points shall be as close
as possible to the main or pipeline, and never further
than 15 fe lateraily from the facility. Along the route
of the matin or pipeline, sampling points shall be placed
at twice the distance between the pipeline and the
nearest building wall, or at 30 ft, whichever is shorter,
but in no case need the spacing be less than 10 ft. The
sampling pattern shall include sample points adjacent to
service taps, street intersections, and known branch
connections as well as sampling points over or adjacent
to buried service lines at the building wall.

(3) Utilization

{a) Good judgment shall be used to determine
when available openings (such as manholes, vaults, or
valve boxes) are sufficient to provide an adequate
survey. When necessary, additional sample points (bar
holes) shall be made.

(b) Sampling points shall be of sufficient depth
to sample directly within the subsurface or substructure
atmosphere.,

(d) Vegetation Survey

(1) Definition. This survey uses visual observations
to detact abnormal or unusual indications in vegetation.

{2) Procedure. All visual indications shall be evai-
uated using a combustible gas indicator (CGI). Persennel
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performing these surveys shall have good all-around
visibility of the area being surveyed, and their speed
of ravel shall be determined by taking into consideration
the following:

(a) system layout

(b) amount and type of vegetation

fc) visibility conditions (such as lighting, re-
flected light, distortions, terrain, or obstnictions)

{3) Liilization

{a) This survey method shall be limited to areas
where adequate vegetation growth is firmly established.

(b} This survey shall not be conducted under
the following conditions:

(I) soil moisture content abnormally high

(2) vegetation dormant

{3) vegetation in an accelerated growth pe-
riod, such as in early spring

{c) Other acceptable survey methods shall be
used for locations within a vegetation survey area where
vegetation is not adequate to indicate the presence of
leakage.

{e) Pressure Drop Test
{1) Definition. A test 10 determine if an isolated
segment of pipeline loses pressure due to leakage.
(2) Procedure. Facilities selected for pressure drop
tests shall first be isolated and then tested. The following
criteria shall be considered in determining test param-
eters:

(a) Test Pressure. A test conducted on existing
facilities solely for the purpose of detecting leakage
shall be performed at a pressure at least equal to the
operating pressure.

{b) Test Medium. The test medivm used must
comply with the requirements of para. 841.3.

{¢) Test Duration. The duration of the test shall
be of sufficient length to detect leakage. The following
shall be considered in the determination of the duration:

({) volume under fest
(2) time required for the test medium to
become temperature stabilized
{3) sensitivity of the test insttument
(3) Utilization. Pressure drop tests shall be used
only to establish the presence or absence of a leak on
a specifically isolated segment of a pipeline. Normally,
this type of test will not provide a leak location;
therefore, facilities on which leakage is indicated may
require further evaluation by another detection method
so that the leak may be located, evalvated, and graded.
{f) Bubble Leakage Test
(1) Definition. The application of a scapy water
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or other bubble-forming solutions on exposed piping
to determine the existence of a leak,

(2) Procedure. The exposed piping systems shalil
be reasonably cleaned and completely coated with the
solution. Leaks are indicated by the presence of bubbles,
The bubble-forming solution shall not be used on piping
unless it has been determined by investigation or test
that the piping is adequately resistant to direct contact
with the solution.

{3) Utilization. This test method may be used for
the following:

(a) testing exposed aboveground portions of a
system (such as meter set assemblies or exposed piping
or bridge crossings),

{b) testing a tie-in joint or leak repair that is
not included in a pressure test.

(g) Ultrasonic Leakage Test

(1) Definition. The testing of exposed piping facili-
ties with an instrument capable of detecting the ultra-
sonic energy generated by escaping gas. The instrument
used shali be suitable for the pressure involved.

(2) Procedure. Tn the testing of a gas facility by
this method, the following shall be considered.

(a) Line Pressure. As the line pressure increases,
the magnitude of the ultrasonic energy generated by a
leak increases.

{b) Location of Facility. Objects near or sur-
rounding a facility being tested may reflect or attenuate
the ultrasonic encrgy generated, making it difficult o
detect or pinpoint the leak.

{c) Leak Frequency. A number of leaks in a
given area can create a high ultrasonic background
level that may reduce the detection capabilities of this
type of test.

{(d) Type of Facility. Pneumatic and gas-operated
equipment generate ultrasonic energy. The location and
amount of this type of equipment shall be known to
determine if the ultrasonic background is too high.

Personnel conducting this test shall scan the entire
area to eliminate the tracking of reflected indications.

Ultrasonic indications of leakage shall be verified
and/or pinpointed by one of the other acceptable survey
or test methods.

(3) Utilization. The ultrasonic test may be used
for the testing of exposed piping facilities; however,
if the ultrasonic background level produces a full-scale
meter reading when the gain is set at midrange, the
facility shall be tested by some other survey method.

M4 TYPICALLY AVAILABLE INSTRUMENTS
FOR THE DETECTION OF GAS

{a) Type and General Usage. A listing of generally
available instruments and their type of usage is shown
in Table M4.
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(b) Maintenance of Instruments. Each instrument uti-
lized for leak detection and evaluation shall be operated
in accordance with the manufacwurer's recommended
operating instructions and

(1) shall be periodically “checked” while in use
to ensure that the recommended voltage requirements
are available

{2) shall be tested daily or prior 0 use to ensure
proper operation, and to determine that the sampling
system is free of leakage and that the filters are not
obstructing the sample flow

(3} hydrogen flame ionization (HFT) systems shall
be tested at each startup and periodically during a
survey

{c) Calibration of Instruments. Each instrument uti-
lized for leak detection and evaluation shall be calibrated
in accordance with the manufacturer’s recommended
calibration instructions

{1) after any repair or replacement of parts

(2) on a regular schedule, giving consideration to
the type and usage of the instrument involved. HFI
systems and CGI instruments shall be checked for
calibration at least once each month while in use.

(3) at any time it is suspected that the instrument's
calibration has changed

MS LEAKAGE CLASSIFICATION AND
ACTION CRITERIA

MS5.1 General

The following establishes a procedure by which
leakage indications of flammable gas can be graded
and controlled. When evaluating any gas leak indication,
the preliminary step is to determine the perimeter of
the leak area, When this perimeter extends to a bwilding
wall, the investigation shall continue into the building.

MS.2 Leak Grades

Based on an evaluation of the location and/or magni-
tude of a leak one of the following leak grades shail
be assigned, thereby establishing the leak repair priority:

(a) Grade | is a leak that represents an existing ot
probable hazard to persons or property and requires
immediate repair or continuous action until the condi-
tions are no longer hazardous.

(b) Grade 2 is a leak that is recognized as being
nonhazardous at the time of detection but requires
scheduled repair based on probable future hazard,
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TABLE M4
LEAK DETECTION INSTRUMENTS: TYPE AND GENERAL USAGE

rument Type Lower Sensitivity Level WUpper Sensitivity Level Sampling Sample
Surface Survey Subsurface Survey PPM (1) % LEL % Gas PPM % LEL % Gas Method Flow Rate
Catalytic type 5,000 10 5 50,000 100 5(2) Hand aspirated
(hotwire % LEL)
Thermal conductivity 25,000 50 2.5 100 Hand aspirated
(% gas)
Amplified thermal conductivity 50 1 25 {2} Pump 3 L/min
Infrared detector - 5 1,000 2 0.1 Pump 2-5 L/min
Hydrogen flame {3) ionization e 1 10,000 20 1 Pump 2-5 L/min
detector to to o
50,000 100 5

GENERAL NQTE: The FPM, percent LEL, and percent gas vatues shown are for methane concentrations. Where other gases (such as liquefied
petroleum gas or manufactured yas) are invoived, appropriate adjustment shall be made to be commensurate with the criteria of these procedures.

NOTES:
(1) PPM = parts per million

{2) When the maximum concentration detectabie is exceeded, the needle of the instrument meter wilk drop to zero or below.

(3) Upper sensitivity level varies with different models.

{c) Grade 3 is a leak that is nonhazardous at the
time of detection and can be reasonably expected to
remain nonhazardous.

M5.3 Leak Classification and Action Criteria

Criteria for leak classification and leakage control
are provided in Tables M3.3A, M5.3B, and M3.3C.
The examples of leak conditions provided in the Tables
are presented as guidelines and are not exclusive, The
judgement of the operating company personnel at the
scene is of primary importance in determining the grade
assigned to a leak.

MS.4 Reevaluation of a Leak

When a leak is to be reevaluated (see Action Criteria
in Tables M5.3B and MS5.3C), it shall be classified
using the same criteria as when the leak was first
discovered.

M6 PINPOINTING

M6.1 Scope

Pinpointing is a systematic process of tracing a
detected gas leak to its source. Use of the following
procedures as appropriate shall prevent unnecessary
excavation, which is more time consuming than pin-
pointing a leak.
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Mé6.2 Procedure

{a) Determine the migration of gas by establishing
the outer boundaries of the indications. This will define
the area in which the leak will normally be located.
These tests shall be made with a CGI without expending
excessive effort providing sample points.

(b} Locate all gas lines to narrow the area of search,
giving particular attention to the location of valves,
filings, tees, and stubs. Connections have a relatively
high probability of leakage. Caution shall be exercised
to prevent damage to other underground structures
during barring or excavating.

{c) Idendly foreign facilities in the area of search,
Loock for evidence of recent construction activities that
could have contributed to the leakage. Gas may also
migrate and vent along a trench provided for other
facilities.

(d) Place evenly spaced bar or test holes over the
suspected leaking gas line and trace the gas to its
source by identifying the test holes with the highest
readings. All bar holes shall be of equal depth and
diameter and down to the pipe depth where necessary
to obtain consistent and worthwhile readings. All CGl
readings shall be taken at an equal depth. Only the
highest sustained readings shall be utilized.

{e) High readings are found frequenily in more than
one adjacent bar hole, and additional techniques are
necessary to determine which reading is closest 1o the
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M6.2
TABLE M5.3A
LEAK CLASSIFICATION AND ACTION CRITERIA: GRADE 1
Grade Dedinition Action Criteria Examples
1 A leak that represents an existing or Requires prompt actior [Note (1)) to {1} Any leak that, in the judoment of

probable hazard to persons or
peoperty, and requires immediate
repair or continuols action until the
conditions are no longer hazardous.

protect life and property, and
continuous action until the
conditions are no longer
hazardous.

operating personnel at the scene,
is regarded as an immediate
hazard,

Escaping gas that has ignited.
Any indication of gas that has
migrated into or under a building
or intu a tunnel,

Any reading at the utside wall
of a building, or where gas would
likety migrate to an outside wali
of a bwilding.

Any reading of 80% LEL, or
greater in a confined space.

Any reading of BO% LEL, o
greater in small substructures
{other than gas associated
substructures) from which gas
would likely migrate to the
outside wall of a building,

Any leak that can be seen, heard,
or feit, and that is In a location
that may endanger the general
public or property.

(2)
3

(4)

(5)

(6}

7

-

NOTE:

(1) The prompt action in some instances may require one or more of the following:

(a) implementing company emergency plan (see para. 850.4)
(b} evacuating premises

(¢} blocking off an area

(3} rerauting traffic

(¢} eliminating sources of ignition

() venting the area

(9} stopping the flow of gas by closing valves or other means
{h} notifying police and fire departments

probable source. Many of the bar hole readings will
nommally decline over a period of time, but it may be
desirable to dissipate excess gas from the underground
locations to hasten this process. Evaluation methods
shall be used with caution to avoid the distorting of
the venting patterns,

(/) Once the underground leakage has been identi-
fied, additional holes and deeper holes shall be probed
to bracket the area more closely. For example, test
holes may be spaced 6 ft apart imitially. The 6-ft
spacing between the two highest test holes might then
be probed with additional test holes with spacing as
close as 12 in.

(g) Additional tests include taking CGI readings at
the top of a bar hole or using a manometer or bubble
forming solution 10 determine which bar hole has the
greatest positive flow. Other indications are dust parti-
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cles blowing from the bar holes, the sound of gas
coming from the bar hole, or the feel of gas flow on
a sensitive skin surface. On occasion, sunlight defraction
can be observed as the gas vents to the atmosphere.

(k) When gas is found in an underground conduit,
tests at available openings may be used to isolate
the source in addition to the techniques previously
mentioned. Many times the leak is found at the intersec-
tion of the foreign conduit and a gas line, and particular
atiention shall be given to these locations,

(i) When the pattern of the CGI readings has stabi-
lized, the bar hole with the highest reading will usually
pinpoint the gas leak.

(/) When and where piping has been exposed, test
with bubble-forming solution, particularly to locate
smaller leaks.
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TABLE M5.3B
LEAK CLASSIFICATION AND ACTION CRITERIA: GRADE 2
Grade Definition Action Criteria Examples
2 A leak that is recognized as being Leaks shatl be repaired or cleared {1) Leaks Requiring Action Ahead of
nonhazardous at the time of within 1 calendar year, but no later Ground Freezing or (ther Adverse
detection, but justifies scheduled than 15 months from the date the Changes in Venting Conditions. Any
repair based on probable future leak was reported. In determining leak that, under frozen or other
hazard. the repair priority, criteria such as adverse soil conditions, would likely
the following shall be considered: migrate to the outside wall of a
(1) amount and migration of gas building.
(2) proximity of gas to buildings and (2} Leaks Requiring Action Within 6

subsurface structures

(3} extent of pavement

t4) soil type and soil canditions (such
as frost cap, moisture, and
natural venting),

Grade 2 leaks shall be reevaluated at
least once every 6 months until
cleared. The frequency of
reevaluation shall be determined
by the location and magnitude
of the leakage condition.

Grade 2 leaks may vary greatly in
degree of patential hazard. Some
Grade 2 leaks, when evaluated by
the abave criteria, may justify
scheduled repair within the next &
working days. Others will justify
repair within 30 days. During the
working day on which the leak is
discovered, these situations shall
he brought to the attention of the
individual responsible for scheduting
leak repair.

On the other hand, many Grade 2
leaks, because of their location and
magnitede, can be scheduled for
repair on & normal routine basis
with periodic reinspection as
necessary.

Months

{a) any reading of 40% LEL, or
greater, under a sidewalk in a
wall-to-wall paved area that
does not gualify as a Grade 1
leak

any reading of 100% LEL, or
greater, under a street in a
wall-to-watl paved area that
has significant gas migration
and does not qualify as a Grade
1 leak

any reading less than 80%
ILEL in small substructures
(other than gas associated
substructures) from which gas
would likely migrate creating a
probable future hazard

any veading between 20% LEL
amd 80% LEL in a confined
spatce

any reading on a pipeline
operating at 30% SMYS, or
greater, in a Class 3 or 4
location, which does not guafify
as a Grade 1 leak

(f) any reading of 80% LEL, or
greater, in gas associated
substructuras

any leak that, in the judgment
of operating company personnel
at the scene, is of sufficient
magnitude to justify scheduled
repair.

b

-

(c

{d

—

—

(e

=

(g

Mé6.3 Precantions

{a) Unusual situations, which are unlikely but possi-
ble, may complicate these techniques on some occasions.
For example, multiple leakage, which gives confusing
dasa, can occur. To eliminate this potential complication,
the area shall be rechecked after repairs are completed.
Gas may form pockets occasionally and give a strong
indication until the cavity in which the pocket has
formed has been vented. Foreign gases, such as gas from
decomposed material, occasionally may be encountered.
This presence is characterized by fairly constant CGI
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readings between 15% and 30% of gas in air throughout
an area. Landfill areas could, thus, give substantially
higher readings. Gas detected in sewer systems shall
be considered migrating gas leakage until proven other-
wise by test and/or analysis.

(b} When pinpointing leakage where the gas is heav-
ier than air (LP gas) the gas will nomally stay low
near the pipe level, but may fiow downhill. LP gases
usually do not diffuse rapidly or migrate widely in the
soit so the leak is generally close to the indication, If
the gas is venting into a duct or sewer system, it can
travel considerable distances.
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TABLE M5.3C
LEAK CLASSIFICATION AND ACTION CRITERIA: GRADE 3

Grade Definition Action Criteria Examples
3 A leak that is nonhazardous at the These leaks shall be reevaluated Leaks Requiring Reevaluation at
time of detection and can be during the next scheduted survey or Periodic Intarvals
reasonably expected to remain within 15 months of the date (1) any reading of less than 80% LEL
hazardous. reported, whichever occurs first, in small gas associated
until the leak is regarded or no substructures
longer results in a reading, (2) any reading under a street in areas

without wall-to-wall paving whers it
is unlikely the gas could migrate to
the outside wallt of a building

(3} any reading of less than 20% LEL
in a confined space
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Ni1-N4

APPENDIX N
RECOMMENDED PRACTICE FOR HYDROSTATIC TESTING OF
PIPELINES IN PLACE

N1 INTRODUCTION

The purpose of the recommended practice is to cite
some of the important steps that should be taken in
hydrostatic testing of in-place pipelines. It is intended
to provide basic guidelines only. The portions of this
recommended practice that cover the determination of
the pressure at that the pipe specified minimum yield
strength is reached are only used when such determina-
tion is needed.

N2 PLANNING

{a) All pressure tests shall be conducted with due
regard for the safety of people and property. When
the test pressure is above 400 psig, appropriate precau-
tions shali be taken to keep people not engaged in the
testing operations out of the testing area while conduct-
ing the hydrostatic test.

(b) Selection of Test Sections and Test Sites. The
pipeline may need to be divided into sections for testing
to isolate areas with different test pressure requirements,
or 1o obtain desired maximum and minimum test pres-
sures due to hydrostatic head differential. The elevation
at the test site, the high point and low point of the
isolated area, must be known to maintain the specified
pressure at the maximum and the minimum elevations.

(c) Water Source and Water Disposal. A water
source, as well as location(s) for water disposal, should
be selected well in advance of the testing. Federal,
state, and local regulations should be checked to ensure
compliance with respect to usage and/or disposal of
the water. In disposing of the water after testing, care
should be taken to prevent damage to crops and exces-
sive erosion or contamination of streams, rivers, or
other waterbodies including groundwater.,

{d) Ambient Conditions. Hydrostatic testing in Jow
temperature conditions may require

{1) heating of test medium: or
(2) the addition of freeze point depressants. Cau-
tion should be exercised in the handling of freeze
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point depressants during tests. Disposal of freeze point
depressants must be carefully planned and executed.

N3 FILLING

Filling is normally done with a high-volume centrifu-
gal purnp or pumps. Filling should be continuous and
be done behind one or more squeegees or spheres to
minimize the amount of air in the line. The progress
of filling should be monitored by metering the water
pump into the pipeline and calculating the volume of
line filled.

If necessary a period of temperature stabilization
between the ground and fili water should be provided.

N4 TESTING

fa) Pressure Pump, Normally, a positive displace-
ment reciprocating pump is vsed for pressurizing the
pipeline during test. The flow capacity of the pump
should he adequate to provide a reasonable pressutizing
vate. The pressure rating of the pump must be higher
than the anticipated maximum test pressure.

{b) Test Heads, Piping. and Vaives. The design
pressure of the test heads and piping and the rated
pressure of hoses and valves in the test manifold
shall be no less than the anticipated test pressure. All
equipment should be inspected prior o the test to
determine that it is in satisfactory condition.

(c) Pressurization. Following is a sequence for pres-
surization.

{1} Raise the pressure in the section to not more
than 80% of anticipated test pressure and hold for a
time period to determine that no major leaks exist.

(2} During this tme period, monitor the pressure
and check the test section for leakage. Repair any
major leaks that are found.

(3) After the hold time period, pressurize at a
uniform rate 1o the test pressure. Monitor for deviation
from a straight line by use of pressure-volume plots
(logs or automatic plotter).

(4) When the test pressure is reached and stabilized
from pressuring operations, a hold period may com-

Previous page is blank
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N4-N7

mence. During this peried, test medium may be added
as required to maintain the minimum test pressure.

N5 DETERMINATION OF PRESSURE
REQUIRED TO PRODUCE YIELDING

{a) Pressure-Volume Plot Meihods. If monitoring
deviation from a siraight line with graphical plots, an
accurate plot of pressure versus the volume of water
pumped into the line may be made either by hand or
automatic plotter. To make a hand plot, the pump
strokes are counted to determine volume and plotted
against pressure readings. The plot should be started
at a pressure low enough to establish accurately the
straight-line portion of the pressure-volume plot. The
points should be plotted frequently enough so that
deviation from the straight-line portion can be detected
readily. The deviation from the straight line is the start
of the nonlinear portion of the pressure-volume plot
and indicates that the elastic limit of some of the pipe
within the section has been reached.

(b} Yield for unidentified or used pipe [as limited
by para. 841.1i2(a) and allowed under paras. 811.1(f)
and 817.13(h)] is determined by using the pressure at
the highest elevation within a test section, at which
the number of pump strokes (measured volume) per
increment of pressure rise becomes twice the number
of pump strokes (measured volume) per increment of
pressure rise that was required during the straight-line
part of the pressure-volume plot before any deviation
occurs.

{c) For control of maximum test pressure when
exceeding 100% SMYS within a test section, one of
the following measures may be used:

(1) the pressure at which the number of pump
strokes (measured volume) per increment of pressure
rise becomes twice the number of pump strokes (mea-
sured volume) per increment of pressure rise that was
required during the straight-line part of the pressure-
volume plot before any deviation occurs.

(2) the pressure shall not exceed the pressure

ASME B31.8-1999 Edition

occurring when the number of pump strokes {(measured
volume) taken after deviation from the straight-line part
of the pressure-volume plot, times the volume per
stroke, is equal to 0.002 times the test section fill
volume at atmospheric pressure. This represents the
average behavior of the test section. Individual pipe
lengths may experience greater or smaller expansion
based on their respective mechanical properties.

Né LEAK TESTING

If, during the hold period, leakage is indicated, the
pressure may be reduced while locating the leak. After
the leak is repaired, a new hold period must be started
at full test pressure.

N7 RECORDS

The operating company shall maintain in its file for
the useful life of each pipeline and main, records
showing the following:

{a) test medium

{b) test pressure

{c) test duration

(d) st date

(¢) pressure recording chart and pressure log

(f} pressure versus volume plot (if applicable)

(g) pressure at high and low elevations

(k) elevation at point test pressure measured

(i) person(s) conducting test, operator, and testing
contractor, if utilized

(/) environmental factors (ambient temperature, rain-
ing, snowing, windy, etc.)

(k) manufacturer (pipe, valves, etc.)

(1) pipe specifications (SMYS, diameter, wall thick-
ness, ec.)

(m) clear identification ‘of what is included in each
test section

(n) description of any leaks or failures and their

~ disposition
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The above records shall be reviewed to ensure that
the requirements of this Code have been met.
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01-03
APPENDIX O
PREPARATION OF TECHNICAL INQUIRIES TO THE ASME CODE FOR
PRESSURE PIPING, B31

Ol INTRODUCTION

The ASME B31 Committee, Code for Pressure Pip-
ing, will consider written requests for interpretations
and revisions of the Code rules and develop new
rules if dictated by technological development. The
Committee’s activities in this regard are limited strictly
1o interpretations of the rules or to the consideration
of revisions to the present rules on the basis of new
data or technology. As a matter of published policy,
ASME does not approve, certify, rate, or endorse any
item, construction, proprietary device, or activity, and,
accordingly, inquiries requiring such consideration will
be returned. Moreover, ASME does not act as a consul-
tant on specific engineering problems or on the general
application or understanding of the Code rules. If, based
on the inquiry information submitted, it is the opinion of
the Committee that the inquirer should seek professional
assistance, the inquiry will be returned with the recom-
mendation that such assistance be obtained.

Inquiries that do not provide the information needed
for the Committee’s full understanding will be returned,

02 REQUIREMENTS

Inquiries shall be limited strictly to interpretations
of the rules or to the consideration of revisions to the
present rules on the basis of new data or technology.
Inquiries shall meet the following requirements:

{a) Scope. Involve a single rule or closely related
rules in the scope of the Code.

171

An inquiry letter concerning unrelated subjects will
be retumed.

{b) Background. State the purpose of the inquiry,
which would be either to obtain an interpretation of
Code rules or to propose consideration of a revision
to the present rules. Provide concisely the information
needed for the Committee’s understanding of the in-
quiry, being sure to include reference to the applicable
Code Section, edition, addenda, paragraphs, figures, and
tables. If sketches are provided, they shall be limited
to the scope of the inquiry.

fc) Inguiry Structure

(1} Proposed Question(s). The inquiry shall be
stated in a condensed and precise question format,
omitting superfluous background information, and,
where appropriate, composed in such a way that “yes”
or “no” (perhaps with provisos) would be an acceptable
reply. The inquiry statement should be technically and
editorially correct.

(2) Proposed Reply(ies). Provide a proposed reply
stating what it is believed that the Code requires.

[f, in the inquirer’s opinion, a revision to the Code
is needed, recommended wording shall be provided in
addition to information justifying the change.

03 SUBMITTAL

Inquiries should be submitted in typewritten form;
however, legible handwritten inquiries will be consid-
ered. They shall include the name and mailing address
of the inquirer and be mailed to the following: Secretary,
ASME B31 Committee; Three Park Avenue; New York,
NY 10016.
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APPENDIX P (99}
NOMENCLATURE FOR FIGURES

This Appendix is in preparation for a future edition
of this Code.
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APPENDIX Q
SCOPE DIAGRAMS
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Fig. Q1 ASME B31.8-1999 Edition

ASME B31.8 scope starts at
outlet of separation andfor
procassing plant

ASME 831.8 scope staris
at autie1 of separation and/or
processing plant

Production

: platform\ i

-y

P
B,

ASME B3t.8 scops ends at High water mark
inlet and starts at outlet
of separation or processing

plant

ASME 831.8 scope starts
at outlet of separation andior
processing plant

LNG bassaload plant
covered by NFPA 6SA

LNG carriar  n,

GENERAL NOTE: Facilities and piping indicated by solid lines are within the scope of ASME B831.8.

s  Main lina (pipeline) transmission line

— Gathering pipelines

—O—©0— Gas flow lines
.’&} Separation andfor processing plant
e Gas well with separator
3 Gas well without separator or processing plant

Production platform
@ Compressor station

FIG. Q1 SCOPE OF ASME B31.8 TRANSMISSION PIPING OFFSHORE
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ASME B31.8-1999 Edition Fig. Q2
t g
ASME B31.8 scope starts at ?‘ {° / 0/*
outlet of separation andfor | o o/
procassing plant / / s
\ O
00
1
ASME B31.8 scope starts TA o
a outlet of wellhead separator % o’
Ii+v(
High water mark
M See Fig. Q3
See Fig. Q1
+ A
Onshore
Pipe or bottle
Offshore M| type holder
See Fig. Q3
See Fig. O1 E
\ Gas storage field

GENERAL NOTE: Facilities and piping indicated by solid lines are within the scope of ASME B31.8.

Legend
e  Main line {pipeline} transmission tine ‘*‘ Gas well without separator or processing plant
— (athering pipelings @ Compressor station
==0—0— Gas flow lines Meter station
‘1&) Separation andfor processing plant % Quverpressure protection device for pipelines and mains
s Gas well with separator

F1G. G2 SCOPE OF ASME B31.8 TRANSMISSION PIPING ONSHORE
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Fig. 3 ASME B31.8-199¢% Edition
. High-pressure High-prassure
LNG or LPG peak shaving plant distribution system distribution system
\ ] {above 60 psi) {60 psi or less)
., O os 0
See _| o~ [0 o®lo 0
Fig. Q2 ! @-A
S Los) [w g D"iD&
Holder
é O | filting
regulator
i Low-pressure ety »
PN Plant, school, et holdar . W
O
o o |l Bl e
See H H [l 0 LD a
Fig. 2 frammemamnt KD/, = — A,
o O = o
H gl 0 3 ' I H H HO

Low-pressure distribution system Low-pressure distribution system

GENERAL NOTE: Facilities and piping indicated by solid lines are within the scope of ASME B31.8.

Legend

BEeH ggvplll

FIG. @3

Main line (pipelinel transmission line

Gas main or distribution main

Gas service line

Overpressure protection device for pipelines and mains

Service line with meter and no service regulator
{low-pressure distribution system}

Service line with meter and one service regulator
{high-pressure distribution system not over 80 psi}

Service line with meter and service regulator and series

regulator or other protection devices
{high-pressure distribution system over 60 psi

City gate measuring and pressure regulating station
Distribution pressure regulating station
Compressor station

Meter station

SCOPE OF ASME B31.8 DISTRIBUTION PIPING
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Accessibility of vaults, 847.2
Adhesive joint, 805.131(c)
Air piping system, 843.53
Air receivers, 843,535
Alloy steel, 804.242
Ambient temperature, 805.222
Anchorage for buried piping, 835
Arc burns, 841.244

elimination of, 841.245
Arctic environment, 864

Backfilling
steel pipe, 841.253
plastic pipe, 842.431(b)
Bends, elbows, and miters, 841.23
Bends in plastic piping, 842.44
Bottle, 803.52
Bottle-tight facilities, control of pressure in, 845.21
Bottle-type holder, 803.53
Branch connection, welded
reinforcement of, Fig. F5, App. F
rules for reinforcement of, examples, App. F
Branches in plastic piping, 842.44
Buildings intended for human occupancy, 840.2
Buried piping, anchorage for, 835
at bends, 835.2
forces on pipe joints, 835.4
general information, 835.1
interconnection of underground lines, 835.6
restraint due to soil friction, 835.3
supports for buried piping, 835.5

Carboen steel, 804.241

Casing, insertion in,
of plastic piping, 842.432
of steel piping, 841.144

Cast iron, 804.13

Cast iron service lines, 849.3
connections to mains, 849.32
use of, 84931

Check valve, 803.44

Class location, change in, 854
description, 840.2

Clearance between mains and other underground

structures

INDEX {99

of plastic piping, 842.38
of steel piping, 841.143
Cold climates, materials for use in, 814
corrosion control in, 864
Cold expanded pipe, 804.212
Cold-springing, 805.151
of piping, 832.37
Combustible materials, storage of, in compressor
stations, 853.15
Compressor stations, 843
construction of building, 843.12
design of, 843.1
electrical facilities, 843.2
equipment, 843.4
cooling and lubrication failures, 843.46
emergency shutdown facilities, 843.431
engine overspeed stops, 843.432
explosion prevention, 843.47
fire protection, 843.42
fuel gas contrel, 843.45
gas treating facilities, 843.41
liquid removal, 843.411
liquid removal equipment, 843.412
mufflers, 843.471
pressure limiting requirements, 843.44
safety devices, 843.43
ventilations of building, 843.472
exits, 843.13
fenced areas, 843.14
location of building, 843.11
piping. 843.5
air piping system, 843.53
air receivers, 843,535
fuel gas piping, 843.52
gas piping, 843.51
testing of, 843.513
hydraulic piping, 843.57
identification of valves and piping, 843.5(4
installation of, 843.512
lubrication oil piping, 843.54
specifications for, 343,511
steam piping, 843.56
water piping, 843.55
Compressors and prime movers, 853.11
Construction specifications for plastic piping, 842.41

179



STD.ASME B3L.8-ENGL 1599

Index

Container, pipe, 804.15
Control piping, 803.252
Cooling and lubrication failures, 843.46
Copper mains, 842.6
design of, 842.61
fittings in, 842.613
galvanic corrosion, protection against, 842.613
joints in, 842.614
valves in, 842.612
Copper service lines, 849.5
connections (0 mains, 849.64
design of, 849.51
fittings in, 849.513
galvanic action, protection against, 849.515
installation of, 849.52
joints in, 849.514
valves in, 849.512
Corrosion
control, 860
general, 861
Corrosion, pipeline
external, 862
in arctic environments, 864
in high-temperature service, 865
internal, 863
offshore, AB6D
records of, 867
stress corrosion and other phenomena, 866
Cover and casing, requirements under railroads, roads,
streets, or highways
plastic pipe, 842.37
steel pipelines and mains, 841.14
Curb valve, 803.43
Customer’s meter, 803.311

Design
of copper service lines, 849.61
of plastic service lines, 849.5
of steel service lines, §49.21
Design factor, F
for steel piping, 841.11
for clearance between containers and bottles,
844.326(a)
Design, instalation and testing, 840
general provisions, 840.1
steel pipe, 841
classification of locations, 840.3
design factor, F, values of steel
pipe, Tables 841.114A and 841.114B
design formula, steel pipe, 841.11
fabricated assemblies, steel, 841.121
least nominal wall thickness, Table 841.113A
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longitudinal joint factor, E, Table 841.115A
pipe design values, limitations of, 841.12
population density indexes, 840.2
temperature derating factor, 7, Table 841.116A
Design pressure, 805.212
Design requirements for vaults, 847.1
Diameter, 804.223
nominal outside, 804.224
Dimensions,
SI {metric) conversion, 8¢1.5
standard, 801.4
Direct burial of plastic piping, 842.431
Distribuiion facilities, abandoning of, 852.4
Distributiont main, 803.223
Distribution piping maintenance, 852
distribution facilities, abandoning of, 852.4
leakage surveys, 8522
patrolling, 852.1
Distribution system, 803.22
high-pressure, 803.222
low-pressure, 803.222
Ductile iron, 804.12
Dugctile iron pipe
design, 842.21
installation, 842.22
field joints, making, 842.224
joint restraint, 842.223
laying, 842.221
joints, 842.215
mechanical, 842.215(a)
other, 842.215(b)
threaded, 842.215(c)
reuse of, 817.2
standard strength, and conformance to ANSI
A21.52, 842213
standard thickness selection, Table 842.214
thickness, allowable, 842.214
values of s and £, allowable, 842.212
wall thickness, determination of, 842.211
Ductile iron service lines, 849.4
coanections to mains, 849.4.2
use of, 849.41

Elongation, specified minimum, 804.235

Emergency shutdown facilities for compressor stations,
843.431

Emergency plan, 850.4

Encroachment, parallel, 803.14

Engine overspeed stops, 843.432

Exits in compressor stations, 843.13

Expansion and flexibility of piping system
components, 832
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amount of expansion, 832.2
flexibility requirements, 832.3
Explosion, prevention of, 843.47
Exposed piping, supports and anchors for
attachment of supports or anchors, 834,5
forces on pipe joints, 834.4
materials, design, and installation, 834.3
provision for expansion, 834.2

Failure, pipeline, investigation, 850.5
Field joints, making, for ductile iron pipe, 842.224
Fire protection in compressor stations, 843.42
Fittings
in copper mains, §42.613
in copper service lines, 849.613
Fittings other than valves and flanges
branch connections, 831.33
special components fabricated by welding, 831.335
special fittings, 831.32
standard fittings, 831.31
Flanges, light weight, App. I
Flatening test for pipe, App. H
Flexibility and stress intensification factors, App. E
Forces on pipe joints, 835.4
Fracture control and arrest, 841.11(c)
brittle fracture control, 841.11(c)(1)
ductile fracture arrest, 841.11¢c)(2)
Fuel gas control, 843.45
Fuel gas piping, 843.52

Galvanic corrosion, protection against, in copper
mains, 842.615
Gas, 803.11
transportation of, 803.17
Gas leakage control criteria, App. M
Gas main, 803,223
Gas piping
identification of valves and piping, 843.514
installation of, 843.512
specification for, 843.511
testing of, 843.513
Gas pressure, control and limiting of, 845
in bottle-tight facilities, 845.21
of gas delivered to domestic and small customers
from high-pressure distribution systems, 845.24
in high-pressure distribution systems, §45.22
high-pressure system uprating for higher maximum
allowable operating pressure, 845.6
instrument, control and sample piping, 845.5
limiting and relief devices, proof of adequate
capacity and satisfactory performance, 845.42
in low-pressure distribution systems, 845.23
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Index

low-pressure distribution systems, conversion (o
high-pressure system, 845.234
operating pressure, maximum allowable for high-
pressure distribution systems, 845,223
operating pressure, maximum allowable for low-
pressure distribution systems, 845.233
operating pressure, maximum allowable for steel or
plastic pipelines or mains, 845.213
overpressuring, accidental, protection against, 845.1
pressure relieving and limiting stations, required
capacity, 845.41
relief and limiting devices, design of, 845.3
steel pipeline or main, uprating for higher maximum
allowable operating pressure, 845.6
Gas processing plant, 803.255
Gas service line, 803.224
Gas storage line, 803.24
Gathering line, 303.231
Gathering system, 803.23
Gouges and grooves
detection of, 841.241
field repair of, 841.242
in plastic piping, field repair of, 842.45
Ground temperature, 805.223

Handling, hauling, and stringing, 841.251
Hazards, protection from, for plastic piping, 842.36
Headers, extruded, App. F
Heat fusion joint, 805.131(b)
High-pressure distribution systems, 803.222
controlling pressure in, 845,22
maximum allowable operating pressure, 845.223
uprating to higher maximum allowable operating
pressure, 845.6
Holders
bottle-type, 803.53, 844
in exclusive rights-of-way, 844.3
general provisions, 344.5
special provisions, 844.4
pipe-type, 803.51, 844
in exclusive rights-of-way, 844.3
general provisions, 844.5
in nonexclusive rights-of-way, 844.1
procedures for maintaining in safe operating
condition, 853.2
Hoop stress, 805.233
maximum alfowable, 805.234
Hot taps, 803.15
steel pipelines and mains, 841.26
in plastic piping, 842.46
Hydraulic piping, 843.57
Hydrostatic testing of pipelines in place, App. N
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maximum allowable operating pressure, 845.233

Ignition, accidental, prevention of, 850.6 Lubricating oil piping, 843.54
Inquiries, App. O
Inspection of plastic piping, 842.42 Mains, gas, 803.223
Installation Mains
backfilling, 841.253 clearance between main and other underground
of copper lines, 849.52 structures, plastic piping, 842.38
of customers’ meters and regulators, 848 4 location of service line connections to, 849.14
of pipe in ditch, 841.252 Maintenance
handling, hauling, and stringing, 841.251 compressor station, 833.1
hot taps, 841.26 combustible materiais, storage of, 853.15
miscellaneous operations in, 841.23 compressors and prime movers, 833.11
of steel pipelines and mains, 841.2 isolation of equipment, 853.14
of plastic service lines into buildings, 849.521 relief valves, inspection and testing, 853.12
of service lines, general provisions, 849.11 pipeline, 851
of steel service lines, 849.22 external corrosion controi, 862
in bores, steel, 849.221 internal corrosion control, 863
inlo or under buildings, 849.222 markers, 851.6
Instrument, control and sample piping for controlling patrolling, 851.2
gas pressure, 845.5 pipeline leak records, 851.5
Instrument piping, 803.251 records of corrosion, 867
Intent of code, 802.2 Markers on pipelines, 851.6
Intemal corrosion control, 863 Marking of materials and equipment, 812
interpretations to code, inquiries conceming, App. O Material specifications approved for use under this
Code, App. A
Joints; see Length, 804.221 Marerials and equipment, 810
ductile iron, 842.215 qualification of, 811
plastic pipe, 842.39 Materials for use in cold climates, 812
in copper service lines, 849.514 Maximum allowable hoop stress, 805.234
Maximum allowable operating pressure, 805.214
Leak records, in pipelines, 851.5 Maximum allowable test pressure, 805.215
Leakage investigation terms, App. M Maximum operating pressure, 303.213
Leakage survey, in distribution piping, 852.2 Meter, 803.31
Length, 804.221 Meter set assembly, 803.312
Limiting and relief devices, proof of adequate capacity Meters and regulators, customers’, 803.311, 848
and satisfactory performance, 845.42 installation of, 848.4
LPG systems, 872 location for, 848.1
safety requirements for, 872.4 operating pressure for, 848.2
odorization, §72.41 protection from damage, 848.3
ventilation, 872.42 Miscellaneous, 870
Liquid removal in compressor stations, 843.411 Miscellaneous systems, 803.25
equipment for, 843,412 Monitering regulator, 803.322
Location Mufflers (silencers), 843.471
of compressor buildings, 843.11
of valves Nominal outside diameter, 804.223
distribution system, 846.22 Nominal wall thickness, 804,222
transmission, 846.21
Location class, 805.111, 840.2 Odorization, 871
Long-term hydrostatic strength, 805.133 in LPG systems, 872.41
Low-pressure distribution systems, 803.221 Offshore
controlling pressure in, 845.23 above water and hyperbaric repair procedures for
conversion to high-pressure system, 845.234 steel pipelines, A851.4
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accidental loads, A803
allowable, longitudinal stress, A842.13
strains, A842.14
alternate design for strain, A842.23
alternative flaw acceptance limits, A826.23
anchorage for buried piping, A835
anchoring, A844 25
atmospheric corrosion, A862.25
atmospheric protection, A862.12
backfilling, A844.24
basic requirernents, A850.2
blasting effects, A850.7
boitom soils, AB41.25, A844.22
breakaway coupling, A803
buckle, A803
arrestor, A803
detector, AR03
buckling, A842.11
cathodic protection requirements, A862.113 A863.2
coating requirements, A862.112
collapse, AR42.12
column buckling, A803
combined stress, A842.223
compressor, station design, A843.1
station equipment, A843.4
stations, A843
connectors, A303
corrosion control of offshore pipelines, AS60
design against
buckling and ovalization, A842.24
fatigue, A842.25
fracture, AB42.26
yielding, A842.22
design, and protection of special assemblies,
A842.30
conditions, A841.1
considerations, A841
environmental loads, A841.33
factors for offshoce pipelines, platform piping, and
platform risers, Table A842 232
design of
clamps and supports, A842.27
connectors and flanges, AB42.28
flexible pipe, A842.31
structural pipeline riser protectors, A842.29
design storm conditions, A844.1
design, installation, and testing, A840
educational program, A850.44
electrical,
connections and monitoring points, A862.115
facilities, A843.2
interference, AB62.215
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isolation, A862.114
emergency shutdown facilities, A843.431
enclosures, A843.12
environment loads, A841.23
essential features plans, ABS0.3, AB50.4
examination when exposed, A862.216
existing installations, A862.2
exits, A843,13
expansion and flexibility, A832
extent of examination, A826.21
external corrosion control, A862
external hydrostatic pressure, A803
facilities, AB44.44
flexible pipe, A803, AB42 18
general, AB21, AR30.1, A863.1
general information, A801
general provisions, A840.1, A847.1
hoop stress, A842.221
hyperbaric weld, A803
inspection and tests for quality control of welds on
piping systems, A826.2
installation fatigue, A842.15
intent, AB02.2
internal corrosion control, A863
liaison, A850.4.3
loading classifications, A841.31
loads imposed by construction equipment and vessel
motions, A841.24
location class, A8S4
location of compressor facilities, A843.11
longitdinal stress, A842.222
material specifications, A814
minimum yield strength, A851.5
new installations, A862.1
offshore, A803
below water repair procedures for steel pipelines,
AB51.45
gas transenission, A800
gas transmission terms and definitions, AR03
pipeline system, A803
platform, AB03
repair of flexible pipe, A851.4.6
on-bottom stability, A844
operating and maintenance procedures affecting the
safety of gas transmission facilities, A850
operational, and design criteria, A842.21
design considerations, A841.3
loads, AB41.32
operations general, A850.1
pipe collapse, A803
pipeline, maintenance, A851
markers and signs, A851.7
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patrolling, A851.2
pipelines, A851.4
piping system components, A831
platform piping, AB03
pressure limiting requirements for offshore
compression facilities, AB43.44
profile, AB41.22
propagating buckle, A803
pull mbe, AS03
riser, A803
qualification, of materials and equipment, A811
of procedures and welders, A823
records, A847.5
requirements, A821.3
residual stresses, A842.17
teturn interval, ARO3
riser pipe or pipes instalted through a pull tube,
AB42.17
safety devices, A843.43
scope, A802.1, AB21.1, A361
and intent, A802
shore approaches, A844.3
shoreline approaches, A840.2
slope failure, A844.4
soil liquefaction, AB03, A844.5
special assemblies, A842.16
splash zone, A803
stability against waves and currents, AB44.2
standard of acceptability, A826.22
strength considerations, A842
during installation, A842.1
during operations, A842.2
stress relieving, A825
submerged facilities, A862.11, A862.21
submerged weight, A844.21
supports and anchorage for exposed piping, A834
system components and fabrication details, A830
test, conditions, A863.5
medium, AB47.3
pressure, A847.2
procedure, A847.4
testing, A847
for buckles, A847.7
tie-ins, A847.6
transmission facilities, A850
transportation of line pipe, ASL6
trenching, A844.23
valves, AB46
venting, A843.443
weight, AB41.2{
coating, A803.23
welding, and inspection tests, A826
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offshore pipelines, A820
processes, A821.2
welds, A851.52
Operating and maintenance procedures, 850
features of plan, 850.3
requirements, 850.2
Operating, classification of locations, 850.1(b), Table
854.1
Operating company, 803.12
Operating pressure
maximum, 805,213
maximum allowable, 805.214
maximum allowable for steel or plastic pipelines or
mains, 845213
uprating for higher maximum allowable, 845.6
Operating stress, 805.232
Overpressure protection, 805.217
Overpressuring, protection against accidental, 8435.1

Parallel encroachment, 803.14
Patrolling
distribution mains, 852.1
pipelines, 851.2
Pipe, 804.211
cold expanded, 804.212
container, 804.15
manufacturing process, 804.243
Pipelines, 803.18
arc burns, 841.244
elimination of, 841.245
electrical test leads, steel, 862.115
failure investigation, 850.5
installation, miscellancous operations in, 841.25
backfilling, 841.253
handling, hauling, and stringing, 841.251
hot taps, 841.26
installation in ditch, 841.252
leak test for operating at less than 100 psi, 841.35
leak tests for operating at 100 psi or more, 841.34
on private right-of-way of electric transmission lines,
873
precautions for avoiding explosions during
construction, 841.27
purging, 841.275
protective coatings for underground piping,
inspection of existing steel, 862.216
new steel, 862,112
repair of, at or above 40% SMYS, 8514
surveillance of, 851.1
test requirements, 841.3
at less than 30% of yield, 841.33, Table 841.33
at 30% or more of yield, 841.32, Table 841.322(f)
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testing after construction, 8413
tests, safety during, 841.36
Pipelines and mains
requirements for casings under railroads, highways,
roads, or streets, 841.144
clearance between other underground structures,
841.143
cover requirements
mains, 841.141
pipelines, 841.142
dents, 841.243
gouges and grooves
detection of, 841.241
field repair of, 341.242
pipe surface requirements for stress of 20% or more
of yield, 841.24
protection from hazards, 841.13
steel
bends, elbows, and miters, 841.23
construction specifications, 841.21
corrosion
external criteria, 862
internal criteria, 863
inspection provisions, 841.22
installation of, 841.2
material specifications, 814.11
reuse of steel pipe, 817.1
Pipe-type holder, 803.51
Piping, compressor stations, 843.5
gas, 843.51
Piping systems, 803.2
Piping system components, 831
branch connection, welded, reinforcement of, 831 .4
general requiremenits, 831.41
special requirements, 831.42
buried piping, anchorage for, 835
at bends, 835.2
forces on pipe joints, 8354
general, 835.1
interconnection of underground lines, 835.6
restraint due to soil friction, 835.3
supports for buried piping, 835.5
combined stress calculations, 833
expansion and flexibility, 832
amount of expansion, 832.2
flexibility requirements, 832.3
cold-springing, 832.37
exposed piping, supports and anchorage for, 834
autachment of supports or anchors, 834.3
forces on pipe joints, §834.4
general, 834.1
materials, design, and installation, 834.3

provision for expansion, $34.2
extruded outlets, 831.6
fittings other than valves and flanges, 831.3
branch connections, 831.33
special connections fabricated by welding, 831.35
special fittings, 831.32
standard fittings, 831.31
flanges, 831.2
bolting, 831.22
flange types and facings, 831.21
gaskets, 831.23
multiple openings, reinforcement of, 831.5
pressure-reducing devices, 831.13
valves, 831.1
Plastic, 804.111
Plastic fittings, design pressure, 84234
joints and connections
adhesive joints, 842.395
general, 842.391
heat fusion, 842.394
joint requirements, 842.392
mechanical joints, 842.396
solvent cement joints, 842.393
materials, qualificavion of, 814.14
reuse of, 817.3
standard dimension ratio, Table 8§42.32(c}
testing after construction
general, 842.51
safety during, 842.53
test requirements, 842.52
tie-ins, 842.51
Plastic joint nomenclature, 805.131
Plastic piping
design formula, 842.31
design of, general, 842.3
installation of, 842 4
bends, 842.44
branches, 842.44
construction specifications, 842 41
gouges and grooves, field repair of, 842.45
handling, 842.42
hot taps, 842 46
inspection, 842,42
installation, 842.43
direct burial, 842.431
insertion in casing, 842.432
purging, 842.47
thermoplastic design, limitation of, 842.32
valves in, 842.35
clearance between mains and other underground
structures, 842.38
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cover and casing requirements under railroads,
roads, streets, or highways, 842,37
protection from hazards, 842.36
Plastic service lines, 849.5
connections to mains, §849.522
design of, 849.51
installation of, 849.52
into or under buildings, 849,521
Precautions for avoiding explosions during
construction, §41.27
Pressure, 805,211
control; see Regulators, 803.32
domestic, small commerctal, and industrial
customers, 845.24
monitoring regulator, 803.322
overpressure protection, §05.217
pressure limiting station, 803.324
pressure regulating station, 803.323
pressure celief station, 803,331
design, 805,212
maximum allowable operating, 805214
maximum allowabie test, 805.215
maximum operating, 805.213
normal utilization, see Standard service pressure,
805.216
standard service, 805.216
test, standup, 805.218
Pressure-limiting and pressure-regulating stations,
maintenance of, 853.3
Pressure-limiting requirements for compressor
stations equipment, 843.44
Pressure-relieving and limiting stations, required
capacity, 845.41
Pressure test, stand-up, 805.218
Private rights-of-way, 803.13
Production facility, 803.254
Proprietary items, 804.14, 811.1(e), §11.24
Protection against galvanic action in copper service
lines, 849.615
Purging
of pipelines and mains, 841.275
plastic piping, 842.47

Regulator, 803.32
monitoring, 803.322
service, 803.321
Relief and limiting devices, design of, 845.3
Relief station; see Pressure relief station, 803 331
Relief valves, inspection and testing of, in compressor
stations, 853.12
Repair procedures
design, 841.24

ASME B3138-1999

operations, 851.4
Restraint due to soil friction, 835.3
Revisions to Code, inquiries concerning, App. O
Rights-of-way, exclusive
bottle-type holders in, 844.3
pipe-type holders in, 844.3
Rights-of-way, private, 803.13

Safety
devices for compressor stations , 843.43
during tests of plastic pipe, 842,53
during tests of pipelines and mains, 841.36
Sample piping, 803.253
Scope of Code, 802.1
Secondary stress, 803,235
Sealing of vaults, 847.3
Service lines, 849
gas, 803.224
installation of, 849.11
location of service line connections to main piping,
849.14
location of valves, 849.13
plastic
" connections to mains, 849.522
design of, 849.51
installation of, 849.52
into or under buildings, 849.521
steel, 841.2
connections 10 mains, 849,223
design of, §49.21
installation of, 849.22
in bores, 849.221
into buildings, 849.222
testing of, after construction, 849.15
requirements, 849,152
valves suitable for, 849.12
valve, 803.42
Service pressure, standard, 803.216
Service regulator, 803.321
Solvent cement joint, 805.131(a)
Sour gas terms, B803 (Ch. IX)
Spacing required for valves, 846.1
Specification of materials, 813
Specification for equipment, 815
Specified minimum elongation, 804,235
Specified minimum tensile strength, 804.234
Specified minimum yield strength, 804.233
Standard dimension ratio, 805.132
Standard service pressure, 805.216
Standards and specifications, 801.3
approved for use under this Code, App. A
Standup pressure test, 805.218
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Station
pressure-limiting, 803.324
pressure-regulating, 803.323
pressure-relief, 803.331
Steam piping, 843.56
Steel
ailoy, 804.242
carbon, 804.241
Steel pipe
reuse of used, 817.1
bending properties, 817.13(b)
determination of wall thickness, 817.13(c)
hydrostatic test, 817.13(i)
inspection of, 817.13(a)
joint longitudinat, §17.13(d)
§ value, 817.13(h)
surface defects, 817.13(f)
weldability, 817.13(¢)
yield strength, determination of, 817.13(g)
Stop valve, 803.4]
Storage fieid, 803.212
Strength
long-term hydrostatic, 805.133
specified minimum tensile, 804,234
specified minimum yield, 804.233
tensile, 804 232
yield, 804.231
Stress, 805.231
combined, 833
hoop, 805.233
maximum allowable, 805.234
operating, 805.232
secondary, 805.235
wall thickness, nominal, 804.222
unit; see Stress, 805.231
Stress cofrosion and other phenomena, 866
Supports and anchors for exposed piping
attachment of, 834.5
forces on pipe joints, 834.4
materials, design, and installation, 834.3
provision for expansion, 834.2
Supports for buried piping, 835.5
Surveys, leakage investigation, App. M

Temperature, 805.221
ambient, 805,222
ground, 805.223
Tensile strength, 804.232
specified minimum, 804.234
Test pressure, maxirnum allowable, 805.215
Test requirements for pipelines, 841.3
at less than 30% of yield, 841.33, Table 841.33
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at 30% or more of yield, 841.32, Table 841.322(f)
Testing repairs, 851.4
Tests of welders, App. G
Thermoplastic, 804.112
Thermoplastic design, limitations of, 842.32
Thermoplastic pipe, wall thickness and standard
dimension ratio, Table 842.32(c)
Thermosetting plastic, 804.113
Thermosetting plastic design, limitations of, 842.33
Thermosetting plastic pipe, diameter and wall
thickness, Table 842.33(c)
Transmission facilities, abandoning of, 851.8
Transmission line, 803.211
Transmission system, 803.21
Transportation of gas, 803.17
Transportation of line pipe, 816

Unit stress; see Srress, 805.231

Uprating, 805.15, 845.6

Utilization pressure, normal; see Standard service
pressure, 805216

Valves, 803.4
cast iron, 831.11{c)
check, 803.44
curb, 803.43
ductile iron, 831.11(b)
in compressor stations, 831.11(a), 843.511
in copper mains, 842.612
in copper service lines, 849.612
location of
distribution system, 846.22
service line, 849.13
transmission, 846.21
maintenance of, 853.4
distribution system, 853.42
pipeline, 853.41
service line, 853 43
service line, 803.42
spacing, required, 846.1
spacing, revised, 854.4
stop, 803.41
suitable for service line, 849.12
Vaults, 803.16, 847
accessibilicy, 847.2
drainage and waterproofing of, 847.4
maintenance of, 853.5
sealing, venting, and ventilation, 847.3
structural design requirements, 847.1
Ventilation
of building in compressor stations, 843.472
in LPG systems, 872.42



STD.ASME B3L.8-ENGL 1999 MWW 0759070 0OL17235 850 [

Index
of vaults, 847.3

Wall thickness
nominal, 804.222
ductile iron, determination of, 842.211
Water piping, 843.55
Welders, qualifications for, 823
Welding, 820
butt welds, preparation for, 822.1
fillet welds, preparation for, 822.2
general information, 821
inspection and tests
piping systems with stress less than 20% of vield
strength, §26.1
piping systems with stress 20% or more of yield
strength, 326.2
on bottle type holders, 844.41(c)
preheating, 824
preparation for, 822
qualification of procedures and welders, 823
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piping systems with stress less than 20% of yield
strength, 823.1 _
piping systems with 20% or more of yield
strength, 823.2
records, qualification, 823.4
requalification requirements for welders, 823.3
variables requiring separate qualification, 823.23
welders, 823
seal welds, preparation, 822.3
special compounents fabricated by, 831.35
standards of acceptability, 821.4
stress-relieving, 825
equipment, 825.8
methods, 825.7
temperature, 825.6
terms, 821.7

Yield strength, 804,231
specified minimum, 804.233
specified minimum for steel and iron pipe, App. D
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T1#inN13A35I980U Anode Groundbed

HUIWU : Region 11

asndalae : 1309310719 : Shunt Resistor Cer No. / Serial No. / Cal Date :

RC : RC67060101 @014 : 1.02021000 GPS (Datum:WGS4) N : 14.6956520550 E : 100.4659636360 Transformer TAG:............. 1MUY Anode 1

ANODE GROUNDBED 167060101-GB-01-AN-01

Rectifier Output (Vdc) 0.199

O Clamp Ammeter
Tanode_dc (A)

Shunt Resistor
Shunt Ratio (A/mV)

0.1

Current Measurement

AS FOUND

Vshunt (mV) 0.012

Tanode_dc (A) 0.0012

Circuit Resistance (ohm) 165.833

Total Anode Current (A) 0.0012

15ua Adjustable Resistor (Yes/No)

wldou Adjustable Resistor (Yes/No)

o|ig|o

Rectifier Output (Vdc)

(mg Clamp Ammeter

Tanode_dc (A)

'[J" Shunt Resistor

Shunt Ratio (A/mV)

AS LEFT

Vshunt (mV)

Current Measurement

Tanode_dc (A)

Circuit Resistance (ohm)

Total Anode Current (A) 0

REMARKS

NI - TumsianInTziarIu Shunt Resistor 1114 A1 Tanode (A) = Vshunt x Shunt Ratio, ~Circuit Resistance = Vdc/lanode

asIvialag asvaevlay Fusedlay
Digitally Signed Digitally Signed Digitally Signed
( CHARNWIT TAKINGSA ) (MR.NATCHANON CHUEYSAI ) ( MR.PEERAPAT PHOOPATTANAKOOL )
06/03/2024 18/06/2024 20/06/2024

Y H
v A

F-31.234.-0007 ﬁuﬁﬂﬂﬁ@]i’)%ﬁ@ﬂ Anode Groundbed Uszmelynsan 2



Currantif)

Asset owner : TSO

As Left Circuit Resistance And Total Anode Current

Region : Region 11 RC : RC67060101 License no : nn2310239,nnw01-6/65-048

00
It;g‘IDDD

0 Total Anode Current  =e= Circuit Resistance

(o)



Currantif)

Asset owner : TSO

As Found Circuit Resistance And Total Anode Current

Region : Region 11 RC : RC67060101 License no : nn2310239,nnw01-6/65-048

00
It;g‘IDDD

0 Total Anode Current  =e= Circuit Resistance

(o)



Currant|h )

Asset owner : TSO

As Left Current Measurement And Shunt Resistor

Region : Region 11 RC : RC67060101

License no : nm2310239,anw01-6/65-048
1.02021000

0

670601071-GB-071-4N-01

B Shunt Resistor === Current Measurement

KP:

lwyoj



Current(4 )

As Found Current Measurement And Shunt Resistor

Asset owner : TSO  Region : Region 11 RC : RC67060101 License no : nm2310239,naw01-6/65-048 KP:
1.02021000

0.0012
0.0012

0.001

0.0008

0.0006

0.0004

0.0002

67060101-GB-01-AN-01

B Shunt Resistor === Current Measurement

{wyo)



TufinmMIns0aeUsTIY AC Mitigation - Isolating Flange or Joint

Inspected by (15227 1Ag)

Checked by (A529a0u1A8)

Approved by (3us04lag)

Digitally Signed Digitally Signed Digitally Signed
( MR.CHARNWIT TAKINGSA ) (MR.NATCHANON CHUEYSAI) ( MR.PEERAPAT PHOOPATTANAKOOL )
27/06/2024 23/07/2024 25/07/2024
Division (%1;’3?1&11‘!): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 0.00400000 mmm‘la: f:a

wioafloflly:  1.DMM: Serial No.: Femsia: Pipe-clectrolyte Potential Method

2. Reference Electrode : O cu/cusos O Ag/ [ nsulation Tester Method

3. DC Power Supply : Serial No.: [ Pipe Locator Method

4. Current Interrupter : Serial No.: [J Ohm Resistance Method

5. Pipe Locator : Serial No.:

1.1 Tufinmmsnsiaia Isolating Flange or Joint (Pipe-electrolyte Potential Method)
Item Location Isolation Type DC Volt (Vs) DC Volt (Vp) Vs-Vp Condition (Yes / No)
Joint Flange Station Side Pipe Side (mV) Insulator | Gas Leak Painting
1 IF (MAIN) O -0.238 -1.231 0.993 Y N Y

O O
O O
O O
O O
O ]
O ]
] )

** If Vs-Vp potential is lesser than 100 mV. The insulating condition might be short.

1.2 ufinmmsnsiaia Isolating Flange or Joint (Insulation Tester Method)

Ltem Location Isolation type Insulation Resistant Bypass Condition (Yes/No)
Joint Flange (MOhm) Insulator | GasLeak | Painting
1 IF (MAIN) O 1 Y N Y
O ]
O ]
O ]
O ]
O ]
O ]
] ]
1.3 tudinmmsnsiada Isolating Flange or Joint (Pipe locator method)
ftem Location Isolation type Pipe Locator Mode Pipe Locator Condition (Yes/No)
Joint Flange (Inductive / Conductive) Frequency (Hz) Insulator | GasLeak | Painting
] ||
LI LI
LT LT
LT LT
LT LT
LT LT
] LT
] LT
1.4 ﬁuﬁnﬁmﬁmmi’m Isolating Flange or Joint (Ohm Resistance Method)
) Insulation type Insulation Resistant Condition (Yes/No)
ftem Location Joint Flange (Ohm or ©0) Bypass Insulator Gas Leak Painting
[} ]
| ] ]
] [}
] [}
] [}
] LI
] LI
] LI

** This method could be used only when insulating flange or joint are not electrically installed with under ground structure.

Y
v

v
F-51.230.-0025 Uszmalensei 4



TUNNMINTIVAOVIZUD AC Mitigation - DC Decoupler

Inspected by (A3397ATAE)

Checked by (@530a01108)

Approved by (Fus0lag)

Digitally Signed Digitally Signed Digitally Signed
(MR.CHARNWIT TAKINGSA ) (MR.NATCHANON CHUEYSAI ) ( MR.PEERAPAT PHOOPATTANAKOOL )
27/06/2024 23/07/2024 25/07/2024
Division (ﬁi:l:lf.lﬂu): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 0.00400000 summ‘m: ‘ﬁ?

n309ionly:  1.DMM:

Serial No.:

2. Clamp ampmerter :

Serial No.:

1.1 1AM 3752970 DC Decoupler (DC Decoupler Inspection)

Measurement
Condition
Item Location DC Decoupler Type AC Voltage | AC Leakage | DC Voltage DC Voltage Apperent
(Pass/Fail)
Drop (V) Current (A) Drop (V) Current (A) Resistance
1 IF (MAIN) PCR 0.1300 0.5300 0.9930 0.0000 TRUE
1.2 TuAnMIAIIDA0L DC Decoupler (DC Decoupler Visual Inspection (Polarization cell))
Item Location Solution Purity | Tightening Greasing Rust At Case | KOH (Lowlevel) | Correction Remark
1 IF (MAIN) O O 3 FALSE




TufinmMIns0aeUsTIY AC Mitigation - Isolating Flange or Joint

Inspected by (15227 1Ag)

Checked by (A529a0u1A8)

Approved by (3us04lag)

Digitally Signed Digitally Signed Digitally Signed
( MR.CHARNWIT TAKINGSA ) (MR.NATCHANON CHUEYSAI ) ( MR.PEERAPAT PHOOPATTANAKOOL )
27/06/2024 23/07/2024 25/07/2024
Division (%1;’3?1&11‘!): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 0.00500000 "IJ‘HW]“I‘IQ: ‘51

wioafloflly:  1.DMM: Serial No.: Femsia: Pipe-clectrolyte Potential Method

2. Reference Electrode : O cu/cusos O Ag/ [ nsulation Tester Method

3. DC Power Supply : Serial No.: [ Pipe Locator Method

4. Current Interrupter : Serial No.: [J Ohm Resistance Method

5. Pipe Locator : Serial No.:

1.1 Tufinmmsnsiaia Isolating Flange or Joint (Pipe-electrolyte Potential Method)
Item Location Isolation Type DC Volt (Vs) DC Volt (Vp) Vs-Vp Condition (Yes / No)
Joint Flange Station Side Pipe Side (mV) Insulator | Gas Leak Painting
1 IF (DUMMY) O -0.238 -1.231 0.993 Y N Y

O O
O O
O O
O O
O ]
O ]
] )

** If Vs-Vp potential is lesser than 100 mV. The insulating condition might be short.

1.2 ufinmmsnsiaia Isolating Flange or Joint (Insulation Tester Method)

Ltem Location Isolation type Insulation Resistant Bypass Condition (Yes/No)
Joint Flange (MOhm) Insulator | GasLeak | Painting
1 IF (DUMMY) O 1 Y N Y
O ]
O ]
O ]
O ]
O ]
O ]
] ]
1.3 tudinmmsnsiada Isolating Flange or Joint (Pipe locator method)
ftem Location Isolation type Pipe Locator Mode Pipe Locator Condition (Yes/No)
Joint Flange (Inductive / Conductive) Frequency (Hz) Insulator | GasLeak | Painting
] ||
LI LI
LT LT
LT LT
LT LT
LT LT
] LT
] LT
1.4 ﬁuﬁnﬁmﬁmmi’m Isolating Flange or Joint (Ohm Resistance Method)
) Insulation type Insulation Resistant Condition (Yes/No)
ftem Location Joint Flange (Ohm or ©0) Bypass Insulator Gas Leak Painting
[} ]
| ] ]
] [}
] [}
] [}
] LI
] LI
] LI

** This method could be used only when insulating flange or joint are not electrically installed with under ground structure.

Y
v

v
F-51.230.-0025 Uszmalensei 4



TUNNMINTIVAOVIZUD AC Mitigation - DC Decoupler

Inspected by (A3397ATAE)

Checked by (@530a01108)

Approved by (Fus0lag)

Digitally Signed Digitally Signed Digitally Signed
(MR.CHARNWIT TAKINGSA ) (MR.NATCHANON CHUEYSAI ) ( MR.PEERAPAT PHOOPATTANAKOOL )
27/06/2024 23/07/2024 25/07/2024
Division (ﬁi:l:lf.lﬂu): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 0.00500000 summ‘m: ‘ﬁ?

n309ionly:  1.DMM:

Serial No.:

2. Clamp ampmerter :

Serial No.:

1.1 1AM 3752970 DC Decoupler (DC Decoupler Inspection)

Measurement
Condition
Item Location DC Decoupler Type AC Voltage AC Leakage DC Voltage DC Voltage Apperent
(Pass/Fail)
Drop (V) Current (A) Drop (V) Current (A) Resistance
1 IF (DUMMY) PCR 0.1300 0.5300 0.9930 0.0000 TRUE
1.2 TuAnMIAIIDA0L DC Decoupler (DC Decoupler Visual Inspection (Polarization cell))
Item Location Solution Purity | Tightening Greasing Rust At Case | KOH (Lowlevel) | Correction Remark
1 IF (DUMMY) O O 3 FALSE




TufinmMIns0aeUsTIY AC Mitigation - Isolating Flange or Joint

Inspected by (15227 1Ag)

Checked by (A529a0u1A8)

Approved by (3us04lag)

Digitally Signed Digitally Signed Digitally Signed
( MR.CHARNWIT TAKINGSA ) (MR.NATCHANON CHUEYSAI ) ( MR.PEERAPAT PHOOPATTANAKOOL )
27/06/2024 23/07/2024 25/07/2024
Division (%1;’3?1&11‘!): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 0.01100000 "IJ‘HW]“I‘IQ: ‘51

wioafloflly:  1.DMM: Serial No.: Femsia: Pipe-clectrolyte Potential Method

2. Reference Electrode : O cu/cusos O Ag/ [ nsulation Tester Method

3. DC Power Supply : Serial No.: [ Pipe Locator Method

4. Current Interrupter : Serial No.: [J Ohm Resistance Method

5. Pipe Locator : Serial No.:

1.1 Tufinmmsnsiaia Isolating Flange or Joint (Pipe-electrolyte Potential Method)
Item Location Isolation Type DC Volt (Vs) DC Volt (Vp) Vs-Vp Condition (Yes / No)
Joint Flange Station Side Pipe Side (mV) Insulator | Gas Leak | Painting
1 at TPO1 O -0.974 -1.282 0.308 Y N Y

O O
O O
O O
O O
O ]
O ]
] )

** If Vs-Vp potential is lesser than 100 mV. The insulating condition might be short.

1.2 ufinmmsnsiaia Isolating Flange or Joint (Insulation Tester Method)

Item Location Isolation type Insulation Resistant Bypass Condition (Yes/No)
Joint Flange (MOhm) Insulator | GasLeak | Painting
1 at TPO1 O N N N
0 0
0 0
0 0
0 0
0 0
0 0
] ]
1.3 tudinmmsnsiada Isolating Flange or Joint (Pipe locator method)
Item Location Isolation type Pipe Locator Mode Pipe Locator Condition (Yes/No)
Joint Flange (Inductive / Conductive) Frequency (Hz) Insulator | Gas Leak | Painting
] O
LI LT
LT LT
LT LT
LT LT
LT LT
] LT
] LT
1.4 Tufinmmsasaaia Isolating Flange or Joint (Ohm Resistance Method)
X Insulation type Insulation Resistant Condition (Yes/No)
ftem Location Joint Flange (Ohm or ©0) Bypass Insulator Gas Leak Painting
LI LI
] [}
LT L
LT L
LT L
LT LI
LT LI
LT LI

** This method could be used only when insulating flange or joint are not electrically installed with under ground structure.

Y
v

v
F-51.230.-0025 Uszmalensei 4



TUNNMINTIVAOVIZUD AC Mitigation - DC Decoupler

Inspected by (A3397ATAE)

Checked by (@530a01108)

Approved by (Fus0lag)

Digitally Signed Digitally Signed Digitally Signed
(MR.CHARNWIT TAKINGSA ) (MR.NATCHANON CHUEYSAI ) ( MR.PEERAPAT PHOOPATTANAKOOL )
27/06/2024 23/07/2024 25/07/2024
Division (ﬁi:l:lf.lﬂu): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 0.01100000 summ‘m: ‘ﬁ?

n309ionly:  1.DMM:

Serial No.:

2. Clamp ampmerter :

Serial No.:

1.1 1AM 3752970 DC Decoupler (DC Decoupler Inspection)

Measurement
Condition
Item Location DC Decoupler Type AC Voltage | AC Leakage | DC Voltage DC Voltage Apperent
(Pass/Fail)
Drop (V) Current (A) Drop (V) Current (A) Resistance
1 at TPO1 SSD 0.0700 0.0000 0.3080 0.0000 TRUE
1.2 TuAnMIAIIDA0L DC Decoupler (DC Decoupler Visual Inspection (Polarization cell))
Item Location Solution Purity | Tightening Greasing Rust At Case | KOH (Lowlevel) | Correction Remark
1 at TPO1 O O 3 FALSE




TufinmMIns0aeUsTIY AC Mitigation - Isolating Flange or Joint

Inspected by (15227 1Ag)

Checked by (A529a0u1A8)

Approved by (3us04lag)

Digitally Signed Digitally Signed Digitally Signed
( MR.CHARNWIT TAKINGSA ) (MR.NATCHANON CHUEYSAI ) ( MR.PEERAPAT PHOOPATTANAKOOL )
27/06/2024 23/07/2024 25/07/2024
Division (%1;’3?1&11‘!): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 0.57700000 "IJ‘HW]“I‘IQ: ‘51

wioafloflly:  1.DMM: Serial No.: Femsia: Pipe-clectrolyte Potential Method

2. Reference Electrode : O cu/cusos O Ag/ [ nsulation Tester Method

3. DC Power Supply : Serial No.: [ Pipe Locator Method

4. Current Interrupter : Serial No.: [J Ohm Resistance Method

5. Pipe Locator : Serial No.:

1.1 Tufinmmsnsiaia Isolating Flange or Joint (Pipe-electrolyte Potential Method)
Item Location Isolation Type DC Volt (Vs) DC Volt (Vp) Vs-Vp Condition (Yes / No)
Joint Flange Station Side Pipe Side (mV) Insulator | Gas Leak | Painting
1 at TP02 O -0.851 -1.236 0.385 Y N Y

O O
O O
O O
O O
O ]
O ]
] )

** If Vs-Vp potential is lesser than 100 mV. The insulating condition might be short.

1.2 ufinmmsnsiaia Isolating Flange or Joint (Insulation Tester Method)

Item Location Isolation type Insulation Resistant Bypass Condition (Yes/No)
Joint Flange (MOhm) Insulator | GasLeak | Painting
1 at TPO2 O N N N
0 0
0 0
0 0
0 0
0 0
0 0
] ]
1.3 tudinmmsnsiada Isolating Flange or Joint (Pipe locator method)
Item Location Isolation type Pipe Locator Mode Pipe Locator Condition (Yes/No)
Joint Flange (Inductive / Conductive) Frequency (Hz) Insulator | Gas Leak | Painting
] O
LI LT
LT LT
LT LT
LT LT
LT LT
] LT
] LT
1.4 Tufinmmsasaaia Isolating Flange or Joint (Ohm Resistance Method)
X Insulation type Insulation Resistant Condition (Yes/No)
ftem Location Joint Flange (Ohm or ©0) Bypass Insulator Gas Leak Painting
LI LI
] [}
LT L
LT L
LT L
LT LI
LT LI
LT LI

** This method could be used only when insulating flange or joint are not electrically installed with under ground structure.

Y
v

v
F-51.230.-0025 Uszmalensei 4



TUNNMINTIVAOVIZUD AC Mitigation - DC Decoupler

Inspected by (A3397ATAE)

Checked by (@530a01108)

Approved by (Fus0lag)

Digitally Signed Digitally Signed Digitally Signed
(MR.CHARNWIT TAKINGSA ) (MR.NATCHANON CHUEYSAI ) ( MR.PEERAPAT PHOOPATTANAKOOL )
27/06/2024 23/07/2024 25/07/2024
Division (ﬁi:l:lf.lﬂu): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 0.57700000 summ‘m: ‘ﬁ?

n309ionly:  1.DMM:

Serial No.:

2. Clamp ampmerter :

Serial No.:

1.1 1AM 3752970 DC Decoupler (DC Decoupler Inspection)

Measurement
Condition
Item Location DC Decoupler Type AC Voltage | AC Leakage | DC Voltage DC Voltage Apperent
(Pass/Fail)
Drop (V) Current (A) Drop (V) Current (A) Resistance
1 at TP02 SSD 0.0000 0.0000 0.3850 0.0000 TRUE
1.2 TuAnMIAIIDA0L DC Decoupler (DC Decoupler Visual Inspection (Polarization cell))
Item Location Solution Purity | Tightening Greasing Rust At Case | KOH (Lowlevel) | Correction Remark
1 at TP02 O O 3 FALSE




TufinmMIns0aeUsTIY AC Mitigation - Isolating Flange or Joint

Inspected by (15227 1Ag)
Digitally Signed
(MR.CHARNWIT TAKINGSA )

Checked by (A529a0u1A8)
Digitally Signed
(MR.NATCHANON CHUEYSAI )

( MR.PEERAPAT PHOOPATTANAKOOL )

Approved by (3us04lag)

Digitally Signed

27/06/2024 23/07/2024 25/07/2024
Division (¥142891%): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 0.58700000 VHIAND: #

wioafloflly:  1.DMM: Serial No.: Femsia: Pipe-clectrolyte Potential Method

2. Reference Electrode : O cu/cusos O Ag/ [ nsulation Tester Method

3. DC Power Supply : Serial No.: [ Pipe Locator Method

4. Current Interrupter : Serial No.: [J Ohm Resistance Method

5. Pipe Locator : Serial No.:

1.1 Tufinmmsnsiaia Isolating Flange or Joint (Pipe-electrolyte Potential Method)
Item Location Isolation Type DC Volt (Vs) DC Volt (Vp) Vs-Vp Condition (Yes / No)
Joint Flange Station Side Pipe Side (mV) Insulator | Gas Leak Painting
1 near TP02 O -0.677 -1.265 0.588 Y N Y

O O
O O
O O
O O
O ]
O ]
] )

** If Vs-Vp potential is lesser than 100 mV. The insulating condition might be short.

1.2 ufinmmsnsiaia Isolating Flange or Joint (Insulation Tester Method)

Item Location Isolation type Insulation Resistant Bypass Condition (Yes/No)
Joint Flange (MOhm) Insulator | GasLeak | Painting
1 near TP02 O N N N
0 0
0 0
0 0
0 0
0 0
0 0
] ]
1.3 tudinmmsnsiada Isolating Flange or Joint (Pipe locator method)
Item Location Isolation type Pipe Locator Mode Pipe Locator Condition (Yes/No)
Joint Flange (Inductive / Conductive) Frequency (Hz) Insulator | Gas Leak | Painting
] O
LI LT
LT LT
LT LT
LT LT
LT LT
] LT
] LT
1.4 Tufinmmsasaaia Isolating Flange or Joint (Ohm Resistance Method)
X Insulation type Insulation Resistant Condition (Yes/No)
ftem Location Joint Flange (Ohm or ©0) Bypass Insulator Gas Leak Painting
LI LI
] [}
LT L
LT L
LT L
LT LI
LT LI
LT LI

** This method could be used only when insulating flange or joint are not electrically installed with under ground structure.

Y
v

v
F-51.230.-0025 Uszmalensei 4



TUNNMINTIVAOVIZUD AC Mitigation - DC Decoupler

Inspected by (A3397ATAE)

Checked by (@530a01108)

Approved by (Fus0lag)

Digitally Signed Digitally Signed Digitally Signed
(MR.CHARNWIT TAKINGSA ) (MR.NATCHANON CHUEYSAI ) ( MR.PEERAPAT PHOOPATTANAKOOL )
27/06/2024 23/07/2024 25/07/2024
Division (ﬁi:l:lf.lﬂu): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 0.58700000 summ‘m: ‘ﬁ?

n309ionly:  1.DMM:

Serial No.:

2. Clamp ampmerter :

Serial No.:

1.1 1AM 3752970 DC Decoupler (DC Decoupler Inspection)

Measurement
Condition
Item Location DC Decoupler Type AC Voltage | AC Leakage | DC Voltage DC Voltage Apperent
(Pass/Fail)
Drop (V) Current (A) Drop (V) Current (A) Resistance
1 near TP02 PCR 0.0100 1.1200 0.5870 0.0000 TRUE
1.2 TuAnMIAIIDA0L DC Decoupler (DC Decoupler Visual Inspection (Polarization cell))
Item Location Solution Purity | Tightening Greasing Rust At Case | KOH (Lowlevel) | Correction Remark
1 near TP02 O O 3 FALSE




TufinmMIns0aeUsTIY AC Mitigation - Isolating Flange or Joint

Inspected by (15227 1Ag)
Digitally Signed
(MR.CHARNWIT TAKINGSA )

Checked by (A529a0u1A8)
Digitally Signed
(MR.NATCHANON CHUEYSAI )

( MR.PEERAPAT PHOOPATTANAKOOL )

Approved by (3us04lag)

Digitally Signed

27/06/2024 23/07/2024 25/07/2024
Division (¥142891%): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 0.64700000 VHIAND: #

wioafloflly:  1.DMM: Serial No.: Femsia: Pipe-clectrolyte Potential Method

2. Reference Electrode : O cu/cusos O Ag/ [ nsulation Tester Method

3. DC Power Supply : Serial No.: [ Pipe Locator Method

4. Current Interrupter : Serial No.: [J Ohm Resistance Method

5. Pipe Locator : Serial No.:

1.1 Tufinmmsnsiaia Isolating Flange or Joint (Pipe-electrolyte Potential Method)
Item Location Isolation Type DC Volt (Vs) DC Volt (Vp) Vs-Vp Condition (Yes / No)
Joint Flange Station Side Pipe Side (mV) Insulator | Gas Leak Painting
1 near TP03 O -0.656 -0.893 0.237 Y N Y

O O
O O
O O
O O
O ]
O ]
] )

** If Vs-Vp potential is lesser than 100 mV. The insulating condition might be short.

1.2 ufinmmsnsiaia Isolating Flange or Joint (Insulation Tester Method)

Item Location Isolation type Insulation Resistant Bypass Condition (Yes/No)
Joint Flange (MOhm) Insulator | GasLeak | Painting
1 near TP03 O N N N
0 0
0 0
0 0
0 0
0 0
0 0
] ]
1.3 tudinmmsnsiada Isolating Flange or Joint (Pipe locator method)
Item Location Isolation type Pipe Locator Mode Pipe Locator Condition (Yes/No)
Joint Flange (Inductive / Conductive) Frequency (Hz) Insulator | Gas Leak | Painting
] O
LI LT
LT LT
LT LT
LT LT
LT LT
] LT
] LT
1.4 Tufinmmsasaaia Isolating Flange or Joint (Ohm Resistance Method)
X Insulation type Insulation Resistant Condition (Yes/No)
ftem Location Joint Flange (Ohm or ©0) Bypass Insulator Gas Leak Painting
LI LI
] [}
LT L
LT L
LT L
LT LI
LT LI
LT LI

** This method could be used only when insulating flange or joint are not electrically installed with under ground structure.

Y
v

v
F-51.230.-0025 Uszmalensei 4



TUNNMINTIVAOVIZUD AC Mitigation - DC Decoupler

Inspected by (A3397ATAE)

Checked by (@530a01108)

Approved by (Fus0lag)

Digitally Signed Digitally Signed Digitally Signed
(MR.CHARNWIT TAKINGSA ) (MR.NATCHANON CHUEYSAI ) ( MR.PEERAPAT PHOOPATTANAKOOL )
27/06/2024 23/07/2024 25/07/2024
Division (ﬁi:l:lf.lﬂu): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 0.64700000 summ‘m: ‘ﬁ?

n309ionly:  1.DMM:

Serial No.:

2. Clamp ampmerter :

Serial No.:

1.1 1AM 3752970 DC Decoupler (DC Decoupler Inspection)

Measurement
Condition
Item Location DC Decoupler Type AC Voltage | AC Leakage | DC Voltage DC Voltage Apperent
(Pass/Fail)
Drop (V) Current (A) Drop (V) Current (A) Resistance
1 near TPO3 PCR 0.0000 0.8500 0.2370 0.0000 TRUE
1.2 TuAnMIAIIDA0L DC Decoupler (DC Decoupler Visual Inspection (Polarization cell))
Item Location Solution Purity | Tightening Greasing Rust At Case | KOH (Lowlevel) | Correction Remark
1 near TP03 O O 3 FALSE




TufinmMIns0aeUsTIY AC Mitigation - Isolating Flange or Joint

Inspected by (15227 1Ag)
Digitally Signed
(MR.CHARNWIT TAKINGSA )

Checked by (A529a0u1A8)
Digitally Signed
(MR.NATCHANON CHUEYSAI )

( MR.PEERAPAT PHOOPATTANAKOOL )

Approved by (3us04lag)

Digitally Signed

27/06/2024 23/07/2024 25/07/2024
Division (¥142891%): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 1.02021000 VHIAND: #

wioafloflly:  1.DMM: Serial No.: Femsia: Pipe-clectrolyte Potential Method

2. Reference Electrode : O cu/cusos O Ag/ [ nsulation Tester Method

3. DC Power Supply : Serial No.: [ Pipe Locator Method

4. Current Interrupter : Serial No.: [J Ohm Resistance Method

5. Pipe Locator : Serial No.:

1.1 Tufinmmsnsiaia Isolating Flange or Joint (Pipe-electrolyte Potential Method)
Item Location Isolation Type DC Volt (Vs) DC Volt (Vp) Vs-Vp Condition (Yes / No)
Joint Flange Station Side Pipe Side (mV) Insulator | Gas Leak Painting
1 near TP04 O -0.367 -0.884 0.517 Y N Y

O O
O O
O O
O O
O ]
O ]
] )

** If Vs-Vp potential is lesser than 100 mV. The insulating condition might be short.

1.2 ufinmmsnsiaia Isolating Flange or Joint (Insulation Tester Method)

Item Location Isolation type Insulation Resistant Bypass Condition (Yes/No)
Joint Flange (MOhm) Insulator | GasLeak | Painting
1 near TP04 O N N N
0 0
0 0
0 0
0 0
0 0
0 0
] ]
1.3 tudinmmsnsiada Isolating Flange or Joint (Pipe locator method)
Item Location Isolation type Pipe Locator Mode Pipe Locator Condition (Yes/No)
Joint Flange (Inductive / Conductive) Frequency (Hz) Insulator | Gas Leak | Painting
] O
LI LT
LT LT
LT LT
LT LT
LT LT
] LT
] LT
1.4 Tufinmmsasaaia Isolating Flange or Joint (Ohm Resistance Method)
X Insulation type Insulation Resistant Condition (Yes/No)
ftem Location Joint Flange (Ohm or ©0) Bypass Insulator Gas Leak Painting
LI LI
] [}
LT L
LT L
LT L
LT LI
LT LI
LT LI

** This method could be used only when insulating flange or joint are not electrically installed with under ground structure.

Y
v

v
F-51.230.-0025 Uszmalensei 4



TUNNMINTIVAOVIZUD AC Mitigation - DC Decoupler

Inspected by (A3397ATAE)

Checked by (@530a01108)

Approved by (Fus0lag)

Digitally Signed Digitally Signed Digitally Signed
(MR.CHARNWIT TAKINGSA ) (MR.NATCHANON CHUEYSAI ) ( MR.PEERAPAT PHOOPATTANAKOOL )
27/06/2024 23/07/2024 25/07/2024
Division (ﬁi:l:lf.lﬂu): Region 11
Route Code: RC67060101 Route Name: RC67060101 KP: 1.02021000 summ‘m: ‘ﬁ?

n309ionly:  1.DMM:

Serial No.:

2. Clamp ampmerter :

Serial No.:

1.1 1AM 3752970 DC Decoupler (DC Decoupler Inspection)

Measurement
Condition
Item Location DC Decoupler Type AC Voltage | AC Leakage | DC Voltage DC Voltage Apperent
(Pass/Fail)
Drop (V) Current (A) Drop (V) Current (A) Resistance
1 near TP04 PCR 0.0000 0.8400 0.5170 0.0000 TRUE
1.2 TuAnMIAIIDA0L DC Decoupler (DC Decoupler Visual Inspection (Polarization cell))
Item Location Solution Purity | Tightening Greasing Rust At Case | KOH (Lowlevel) | Correction Remark
1 near TP04 O O 3 FALSE




HUIBU : Region 11
asialay

RC: RC67060101

ao1udi : 1.02021000

TuiinmsasivaeunazmsBizainy) TRANSFORMER RECTIFIER

Transformer TAG: 67060101-TR-01

ATIVTATAL ¢ e

09/07/2024

090772024

09/07/2024

250772024

251072024

paTE 31012024 281022024 031042024 2510712024 25/07/2024 2510712024
Vactv) 230 230 m 230 233 3
E neth) 004 005 013 0.2 0.1 012
a Vde(V) 035 0.323 0216 0.335 0.35 0.28
£ E
3 16e(A) 0018 0022 0005 002 0.02 002
F]
. On Vi) 20896 0879 20936 -0.987) 0926 -0.905
B
omrVacey) 0889 087 0924 0,975 0911 089
Tap SausetPont ciFl ciFl ciFl ciFl CIFI CIFl
cLEANING
FUSE & BREAKER O O O
ARRESTOR O O O O O O
Vac¥)
E Tac(A)
Vde(V)
B £
] g 1ae(A)
K
On Vi)
2 omVaey)
 Tap Status/Set Point
wn
o
REMARKS
Equipment Name
Cer NasSernlNo
cat Date
Next Cal Date
Digtaly Signed Drgnaly Sgned Drgialy Sgned Dighaly Sgned Drgialy Sgned Dighaly Sgned
farnin (CARITTAKNGSA) CHARYIT TARINGSA) (s | vmareionciumsa) | (msaTcisoNenumsay | (atciisox cruevsan
17012024 20020024 27032024 S0042024 2u052024 25062024
Drgialy Sgned Drgnaly Sgned Drgially Sgned Drgtaly Sgned Drgially Sgned Dignaly Sgned
F— (rxATCNoNCHUEYSAD | maTenasonciuivsan | (matcos cevsan | mmarcisoncruvsan | aarciaociuivsn | (s tcsos citysan
oso2024 o021 oso70 2507021 25072024 2507021
Digtaly Signed Digtaly Signed Digialy Signed Digtaly Signed Digialy Signed Dighaly Signed
Hurna R PEERAPAT PHOOPATTANAKOOL I MR.PEERAPAT PHOOPATTANAKOOL I PEERAPAT PHOOPATTANAKOOL ) MR PEERAPAT FHOOPATTANAKOOL J( MR_PEERAPAT PHOOPATTANAKOOL | MR PEERAPAT PHOOPATTANAKOOL)

25/07/2024

vy 9 1
F-51.250.-0005 114#inn15A529e0U1az111595 N4 Transformer Rectifiertlsgnialaniad 2




Currantih)

Asset owner : TSO

0.025—

002—

0.015—

0.01—
0.005—

o1

Region : Region 11

0.022

ome
0.005
U1.ﬂ31 I2EJ24 UI .'02.'2024 D1f03.'2024

Rectifier Current(A)

RC : RC67060101 License no : nn2310239,anw01-6/65-048
1.02021000

D1I0412024 01/05/2024

Date

Bl Rectifier Current(A)

011062024

KP : &nuii :



oltage(V)

Asset owner : TSO

035—

0.3—

0.25—

0.2—

015—-

01—,

0.05—

Rectifier Voltage(VY)

Region : Region 11 RC : RC67060101 License no: nn2310239,Anw01-6/65-048 KP: A0 :

1.02021000
0335
0.323
0.28
0.216
0160112024 01/02/2024 0110312024 01/0412024 01/05/2024 01/06/2024

I Rectifier Voltage(V)



Wosumiufinmsniiaina1 PIPE TO SOIL POTENTIAL

nhn1/1

U U
AsIIAlng asvaelay Suseslas
Digitally Signed Digitally Signed Digitally Signed
( CHARNWIT TAKINGSA ) (MR.NATCHANON CHUEYSAI) (MR.PEERAPAT PHOOPATTANAKOOL )
27/03/2024 18/6/2024 20/6/2024
19@ : Region 11 1PAE3ITUY: B ISO 9002 O 150 14001 [ 150 18001 O gun
RC: Route Name: RC67060101 vIMNIA: 27/03/2024
A A 97
n3esiiofily: 1.DMM : Serial No.:
2. Reference Electrode O cu/cusos O agagal
Note: anmau: W =audon/h, D= Auuis, RC = auu Concrete, RA = 0UUAIAE1Y, RL = auugnis
TP type : A =Typical, AA = i Anode, AR = i reference cell, AG = i AC mitigation, ARG = fiAC mitigation & reference cell, B = Casing

0.011|KP0.011 14.69323064| 100.4596008 AG -1.384 -1.331 0.321 0|DRY
0.577|KP0.577 14.69378151] 100.4636269 AG -1.364 -1.349 0.273 0|DRY
0.668 | KP0.668 14.69412191] 100.4642614 A -1.012 -0.985 0.352 0|DRY
1.011|KP1.011 14.6955754| 100.4659732 A -1.036 -1.022 0.036 0|DRY

F-511.1961.-0004 tiufinnsnsaa Pipe to Soil Usznaldaiait 2



25—

Pipe to soilly|

02—

Pipe/Soil Potential

Asset owner : TSO  Region : Region 11 RC : RC67060101 License no: nn2310239,nnw01-6/65-048

- - oo —

b I~ o o

o i =1 o

5 ¥ ¥ -

o o o -
KP

-== Lower === llpper —e— ON Potentail -—— OFF Potentail —e— IR-Drop




SheetNo. 1/2
Patrolling Report
Inspection Type: [V Patrolling (Vehicle & Crossing) [~ Ground Patrolling and Leakage Survey
Route Code: RC67060101 Survey Route: RC67060101

Method: € Without Gas detector € With Gas detector (specify):

Region: Regionll

Document Standard: [ 1SO9001 [ 1SO 14001 | u1an.18001 [ Other ,

Pipe Type:

License Number: 112310239

Month: January 2024

Survey
No Inspection Date Result Inspection By Check By Approve By
1 03 Jan 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
03/01/2024 08/01/2024 02/02/2024
2 05Jan 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
05/01/2024 08/01/2024 02/02/2024
3 10 Jan 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
10/01/2024 02/02/2024 02/02/2024
4 10 Jan 2024 Normal Digitally Signed Digitally Signed Digitally Signed
CHARNWIT TAKINGSA NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
10/01/2024 02/02/2024 02/02/2024
5 12 Jan 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
12/01/2024 02/02/2024 02/02/2024
6 15 Jan 2024 Normal Digitally Signed Digitally Signed Digitally Signed
CHARNWIT TAKINGSA NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
15/01/2024 02/02/2024 02/02/2024
7 15 Jan 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
15/01/2024 02/02/2024 02/02/2024
8 19 Jan 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
19/01/2024 02/02/2024 02/02/2024
9 22 Jan 2024 Normal Digitally Signed Digitally Signed Digitally Signed
CHAKIT NGAMCHAWEE NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
22/01/2024 02/02/2024 02/02/2024
10 26 Jan 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
26/01/2024 02/02/2024 02/02/2024
11 29 Jan 2024 Normal Digitally Signed Digitally Signed Digitally Signed
CHARNWIT TAKINGSA NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
29/01/2024 02/02/2024 02/02/2024
12 29Jan 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
29/01/2024 02/02/2024 02/02/2024
13 02 Feb 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
02/02/2024 02/02/2024 02/02/2024

Rrinted: 2024-02-02

F-s11.25n.0022 Ansasradauuuiviadvi1aassuang




Sheet No. 2/2
Anomaly Report

Inspection Type: ¥ Patrolling (Vehicle & Crossing) [~ Ground Patrolling and Leakage Survey
Region: Regionll Method: (¢ Without Gas detector € With Gas detector (specify):

Document Standard: [ 1SO9001 | 1SO 14001 | uan.18001
Pipe Type:
License Number: 112310239

Month: January 2024

GPS
Anomaly Anomaly

Data Location North East Zone Type Anomaly Detail Fix Plan Status

FPrinted: 2024-02-02 F-s11.25n.0022 Ansasradauuuiviadvi1aassuang



SheetNo. 1/2
Patrolling Report
Inspection Type: [V Patrolling (Vehicle & Crossing) [~ Ground Patrolling and Leakage Survey
Route Code: RC67060101 Survey Route: RC67060101

Method: € Without Gas detector € With Gas detector (specify):

Region: Regionll

Document Standard: [ 1SO9001 [ 1SO 14001 | u1an.18001 [ Other ,

Pipe Type:

License Number: 112310239

Month: February 2024

Survey
No Inspection Date Result Inspection By Check By Approve By
1 05 Feb 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
05/02/2024 06/03/2024 06/03/2024
2 05 Feb 2024 Normal Digitally Signed Digitally Signed Digitally Signed
CHARNWIT TAKINGSA NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
05/02/2024 06/03/2024 06/03/2024
3 12 Feb 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
12/02/2024 06/03/2024 06/03/2024
4 16 Feb 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
16/02/2024 06/03/2024 06/03/2024
5 19 Feb 2024 Normal Digitally Signed Digitally Signed Digitally Signed
ARTHIT VARAPOK NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
19/02/2024 06/03/2024 06/03/2024
6 19 Feb 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
19/02/2024 06/03/2024 06/03/2024
7 23 Feb 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
23/02/2024 06/03/2024 06/03/2024
8 27 Feb 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
27/02/2024 06/03/2024 06/03/2024
9 27 Feb 2024 Normal Digitally Signed Digitally Signed Digitally Signed
ARTHIT VARAPOK NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
27/02/2024 06/03/2024 06/03/2024
10 01 Mar 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
01/03/2024 06/03/2024 06/03/2024

Frinted: 2024-03-06

F-s11.25n.0022 Ansasradauuuiviadvi1aassuang




Sheet No. 2/2
Anomaly Report

Inspection Type: ¥ Patrolling (Vehicle & Crossing) [~ Ground Patrolling and Leakage Survey
Region: Regionll Method: (¢ Without Gas detector € With Gas detector (specify):

Document Standard: [ 1SO9001 | 1SO 14001 | uan.18001
Pipe Type:
License Number: 112310239

Month: February 2024

GPS
Anomaly Anomaly

Data Location North East Zone Type Anomaly Detail Fix Plan Status

FPrinted: 2024-03-06 F-s11.25n.0022 Ansasradauuuiviadvi1aassuang



SheetNo. 1/2
Patrolling Report
Inspection Type: [V Patrolling (Vehicle & Crossing) [~ Ground Patrolling and Leakage Survey
Route Code: RC67060101 Survey Route: RC67060101

Method: € Without Gas detector € With Gas detector (specify):

Region: Regionll

Document Standard: [ 1SO9001 [ 1SO 14001 | u1an.18001 [ Other ,

Pipe Type:

License Number: 112310239

Month: March 2024

Survey
No Inspection Date Result Inspection By Check By Approve By
1 04 Mar 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
04/03/2024 08/04/2024 08/04/2024
2 08 Mar 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
08/03/2024 08/04/2024 08/04/2024
3 11 Mar 2024 Normal Digitally Signed Digitally Signed Digitally Signed
CHARNWIT TAKINGSA NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
11/03/2024 08/04/2024 08/04/2024
4 11 Mar 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
11/03/2024 08/04/2024 08/04/2024
5 15 Mar 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
15/03/2024 08/04/2024 08/04/2024
6 18 Mar 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
18/03/2024 08/04/2024 08/04/2024
7 22 Mar 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
22/03/2024 08/04/2024 08/04/2024
8 26 Mar 2024 Normal Digitally Signed Digitally Signed Digitally Signed
ARTHIT VARAPOK NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
26/03/2024 08/04/2024 08/04/2024
9 26 Mar 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
26/03/2024 08/04/2024 08/04/2024
10 29 Mar 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
29/03/2024 08/04/2024 08/04/2024

Rrinted: 2024-04-08

F-s11.25n.0022 Ansasradauuuiviadvi1aassuang




Sheet No. 2/2
Anomaly Report

Inspection Type: ¥ Patrolling (Vehicle & Crossing) [~ Ground Patrolling and Leakage Survey
Region: Regionll Method: (¢ Without Gas detector € With Gas detector (specify):

Document Standard: [ 1SO9001 | 1SO 14001 | uan.18001
Pipe Type:
License Number: 112310239

Month: March 2024

GPS
Anomaly Anomaly

Data Location North East Zone Type Anomaly Detail Fix Plan Status

FPrinted: 2024-04-08 F-s11.25n.0022 Ansasradauuuiviadvi1aassuang



SheetNo. 1/2
Patrolling Report
Inspection Type: [V Patrolling (Vehicle & Crossing) [~ Ground Patrolling and Leakage Survey
Route Code: RC67060101 Survey Route: RC67060101

Method: € Without Gas detector € With Gas detector (specify):

Region: Regionll

Document Standard: [ 1SO9001 [ 1SO 14001 | u1an.18001 [ Other ,

Pipe Type:

License Number: 112310239

Month: April 2024

Survey
No Inspection Date Result Inspection By Check By Approve By
1 01 Apr 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
01/04/2024 04/05/2024 04/05/2024
2 05 Apr 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
05/04/2024 04/05/2024 04/05/2024
3 09 Apr 2024 Normal Digitally Signed Digitally Signed Digitally Signed
CHARNWIT TAKINGSA NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
09/04/2024 04/05/2024 04/05/2024
4 09 Apr 2024 Normal Digitally Signed Digitally Signed Digitally Signed
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
09/04/2024 04/05/2024 04/05/2024
5 11 Apr 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
11/04/2024 04/05/2024 04/05/2024
6 17 Apr 2024 Normal Digitally Signed Digitally Signed Digitally Signed
CHAKIT NGAMCHAWEE NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
17/04/2024 04/05/2024 04/05/2024
7 17 Apr 2024 Normal Digitally Signed Digitally Signed Digitally Signed
CHARNWIT TAKINGSA NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
17/04/2024 04/05/2024 04/05/2024
8 19 Apr 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
19/04/2024 04/05/2024 04/05/2024
9 22 Apr 2024 Normal Digitally Signed Digitally Signed Digitally Signed
CHARNWIT TAKINGSA NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
22/04/2024 04/05/2024 04/05/2024
10 22 Apr 2024 Normal Digitally Signed Digitally Signed Digitally Signed
CHAKIT NGAMCHAWEE NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
22/04/2024 04/05/2024 04/05/2024
11 26 Apr 2024 Normal Digitally Signed Digitally Signed Digitally Signed
NATCHANON CHUEYSAI NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
26/04/2024 04/05/2024 04/05/2024
12 30 Apr 2024 Normal Digitally Signed Waiting for approve Waiting for approve
MONTHON BOONSUWAN NATCHANON CHUEYSAI PEERAPAT PHOOPATTANAKOOL
30/04/2024

Rrinted: 2024-05-07

F-s11.25n.0022 Ansasradauuuiviadvi1aassuang




Sheet No. 2/2
Anomaly Report

Inspection Type: ¥ Patrolling (Vehicle & Crossing) [~ Ground Patrolling and Leakage Survey
Region: Regionll Method: (¢ Without Gas detector € With Gas detector (specify):

Document Standard: [ 1SO9001 | 1SO 14001 | uan.18001
Pipe Type:
License Number: 112310239

Month: April 2024

GPS
Anomaly Anomaly

Data Location North East Zone Type Anomaly Detail Fix Plan Status

FPrinted: 2024-05-07 F-s11.25n.0022 Ansasradauuuiviadvi1aassuang



asaaevlae : (1 iGum/Crossing

Inspect by : Ground/Crossing Patrolling

Owera

Vault Inspection

.
300U O et

Vehicle Patrolling ~ Aerial Patrolling

aa 9 ¥ 4 ") ) i
35ms : O lulwaFesasromasy O TmaSesasnaeunasa (2

Method by : [] Without gas detector O with gas detector (Please identify)

mmﬁ"!umgzgm License No. : NANO01-6/65-048,nN23]

S1UMINTIVAOVUUINOMBFIINIA (Pipeline Patrolling Form)

O 8uq

Etc.

o

Pipe Type : [1 DIsST BRANCH [ DISTMAIN [ PIPING ] TRANS BRANCH [ TRANS MAIN

ﬂqiﬂ‘uﬂuq‘l]ﬂ License group : RC670601-BPAT2, BPAT3

Asset Owner : /] GsM_Customer [(JGsp CINGR [ONGv O other O prreese O pringp O 1so

Route Name :

RC67060101

Sheet No.: 1/2
HUWNIU / UHUD @
Devision / Dept. :

Month/Year : 5/2024

]
FIEMIATIVADVUUINDM Y 1 (Patrolling List)

a1 a2 a¥ait3 aait4 nfait 5 afait6 aait7 niait 8
No. Activity
4/5/2024 6/5/2024 7/5/2024 10/5/2024 11/5/2024 13/5/2024 14/5/2024 17/5/2024
Wy Ny nwy Yaimy Wy Yy Wy Yy nwy Dy Wy Yy Wy Yy nwy Dy
1 [mmneasiauenaszans Construction Activity outside ROW) / / / / / / / /
2 [measrslumaszu: Tafiun/menia/an (Construction Activity inside ROW (H) / / / / / / / /
3 J114ﬂli)ﬁ;1ﬂvAmﬁlixUU: fNTu‘ialﬂ ABN/1912/01 (Construction Activity inside ROW (HH)) / / / / / / / /
4 §ﬂ§11ulﬂlﬁizuﬂ (Encroachment) / / / / / / / /
5 [Aufang (Erosion) / / / / / / / /
6 [sewmdou vesi@u (Faul) / / / / / / / /
7 [menoesa: lumudulanems (Freespan) / / / / / / / /
8 [Awualand: Ins lnadvesdiu (Landslide) / / / / / / / /
9 Viil“«ﬁﬂﬁ’; (Settlement) / / / / / / / /
10 qﬂﬂsmlfﬁwq@u?wmu (Warning sign/Equipment Failure) / / / / / / / /
11 ‘n‘mwm (Failure) / / / / / / / /
12 [ na (Gas Leak) / / / / / / / /
13 ‘ﬂIEJ!FTUW'IU (Severe Damaged) / / / / / / / /
14 sy ©Othen / / / / / / / /

Noxc/éuq :

KA :

s, v & ’ =3 a 4 !
() Tlsaszafuiihmsasnaeuuanaie munseanine 7 luseanansnden

@ Tsagaenuanuialndluenaisuuui 1

3) Isagawazideauansionssyluenaisunud 2

Fan.239.-0022 Uszmnldadadi 7

8/7/2024

MR.NATCHANON CHUEYSAI

8/7/2024

MR.PEERAPAT PHOOPATTANAKOOL

16/7/2024



supawadee
Rectangle


o

5mmimnaauumv'mmﬂﬁﬁimﬂﬁ (Pipeline Patrolling Form) Sheet No.: 1/2
asraaeulag : (] @umCrossing Ovea souun O et O#uq WHIBTH / uHun :
Inspect by : Ground/Crossing Patrolling ~ Vault Inspection  Vehicle Patrolling ~ Aerial Patrolling Etc. Devision / Dept. :
Fams : O ulwadesnssomaia O lmadesnsroaeumada 52y Pipe Type : (] DIST BRANCH [ DISTMAIN [J PIPING B TRANS BRANCH [J TRANS MAIN Month/Year : 5/2024
Method by : [ Without gas detector [ With gas detector (Please identify) Asset Owner : (/] GsM_customer [JGsp CINGR CONGv Dortuer Oerreese O prinap O 1so
mmi"i"!umgzgm License No. : NAN01-6/65-048,1123 nziiﬂ‘qugm License group : RC670601-BPAT2, BPAT3 Route Name : RC67060101
—
318MIATIVAOUUWINGMH 1 (Patrolling List)
aaito aait 10 afaii afait 12 aait 13 adai 14 afait 15
No. Activity
18/5/2024 20/5/2024 21/5/2024 24/5/2024 25/5/2024 27/5/2024 28/5/2024
Wy Ny nwy Yaimy Wy Yy Wy Yy nwy Dy Wy Yy Wy Yy

1 [oneasreueniuaszun (Construction Activity outside ROW) / / / / / / /
2 [measrslumaszu: Tafiun/menia/an (Construction Activity inside ROW (H) / / / / / / /
3 J114ﬂli)ﬁ;1ﬂvAmﬁlixUU: fNTu‘ialﬂ ABN/1912/01 (Construction Activity inside ROW (HH)) / / / / / / /
4 §ﬂ§11ulﬂlﬁizuﬂ (Encroachment) / / / / / / /
5 [Aufang (Erosion) / / / / / / /
6 [sewmdou vesi@u (Faul) / / / / / / /
7 [menoesa: lumudulanems (Freespan) / / / / / / /
8 [Awualand: Ins lnadvesdiu (Landslide) / / / / / / /
9 Viil“«ﬁﬂﬁ’; (Settlement) / / / / / / /
10 qﬂﬂsmlfﬁwq@u?wmu (Warning sign/Equipment Failure) / / / / / / /
11 ‘n‘mwm (Failure) / / / / / / /
12 [ na (Gas Leak) / / / / / / /
13 [merdumu (Severe Damaged) / / / / / / /
14 sy ©Othen / / / / / / /

Noxc/éuq :

WIS : (1) Tsaszafuihmsasanaeunanade Guaioanue /¢ luseanansnden
@ Tsagaenuanuialndluenaisuuui 1

3) Isagawazideauansionssyluenaisunud 2

MR.NATCHANON CHUEYSAI MR.PEERAPAT PHOOPATTANAKOOL

8/6/2024 8/6/2024 16/6/2024

Fan.239.-0022 Uszmnldadadi 7


supawadee
Rectangle


asavaoulan : C1 ifium/Crossing O uema s00uA O meemea
Inspect by : Ground/Crossing Patrolling ~ Vault Inspection  Vehicle Patrolling  Aerial Patrolling
F3ms : O ulwadewnsromaia O lmadesnsrnaeumaia 52y
Method by : [] Without gas detector O with gas detector (Please identify)

mmﬁ"!umgzgm License No. : NAN01-6/65-048,nN23]

S1UMINTIVAOVUUINOMBFIINIIA (Pipeline Patrolling Form)

o

Pipe Type : [1 DIST BRANCH [ DISTMAIN [ PIPING ] TRANS BRANCH [ TRANS MAIN

ﬂqiﬂ‘uﬂuq‘l]ﬂ License group : RC670601-BPAT2, BPAT3

Asset Owner :

GSM_Customer [1Gsp [INGR [ONGv Joruer I prrepse [l prTaGD [ TSO

Route Name : RC67060101

Sheet No.: 1/2

WU/ UHUD :

Devision / Dept. :

Month/Year : 6/2024

]
FIEMIATIVADVUUINOMY 1 (Patrolling List)

a1 a2 ¥t 3 aait 4 niaits aait6 aait7 niait 8
No. Activity
4/6/2024 6/6/2024 7/6/2024 10/6/2024 11/6/2024 13/6/2024 14/6/2024 17/6/2024
Wy Yy nwy Yaimy Wy Yy Wy Yy nwy Yaimy Wy Yy Wy Yy nwy Yaimy
1 [smmeasiauenivaszans (Construction Activity outside ROW) / / / / / / / /
2 [wmeasrslumaszu: Tfiuynmenia/an (Construction Activity inside ROW (H) / / / / / / / /
3 ﬂuﬂ'aﬁiyntlummzuu: ﬂam'yﬂ ©0n/1912/03 (Construction Activity inside ROW (HH)) / / / / / / / /
4 §n§1ﬂulmﬁizuu (Encroachment) / / / / / / / /
5 [Aufang (Erosion) / / / / / / / /
6 [sewmdou vesi@u (Faul) / / / / / / / /
7 [menoeda: lumudulanems (Freespan) / / / / / / / /
8 [Awualand: Ins lnadvesiu (Landslide) / / / / / / / /
9 Viil“«ﬁﬂﬁ’; (Settlement) / / / / / / / /
10 qﬂnim%?wqm?umu (Warning sign/Equipment Failure) / / / / / / / /
11 ‘n‘mwm (Failure) / / / / / / / /
12 [ na (Gas Leak) / / / / / / / /
13 ‘ﬂIEJ!FTUW'IU (Severe Damaged) / / / / / / / /
14 sy ©Othen / / / / / / / /

Noxc/éuq :

WIS : (1) TsaszaFuihmsasanaeuuanade @uaioanue /¢ luseanansndeu
@ Tsagaenuanuialndluenaisuuui 1

3) Isngawazideauansionssyluenaisunui 2

Fan.239.-0022 Uszmnldadadi 7

8/7/2024

MR.NATCHANON CHUEYSAI

8/7/2024

MR.PEERAPAT PHOOPATTANAKOOL

16/7/2024



supawadee
Rectangle


o

51ﬂn1minaauumv'mmmﬁﬁwﬁ (Pipeline Patrolling Form) Sheet No.: 1/2
asraaenlag : (] @umCrossing O vea souun O naemst [T WHIBU /U :
Inspect by : Ground/Crossing Patrolling ~ Vault Inspection  Vehicle Patrolling  Aerial Patrolling Etc. Devision / Dept. :
F3ms : O ulwadewnsromaia O lmadesnsrnaeumaia 52y Pipe Type : (1 DIsTBRANCH [IDISTMAIN [JPIPING ] TRANS BRANCH [J TRANS MAIN Month/Year : 6/2024
Method by : [J Without gas detector [ With gas detector (Please identify) Asset Owner : ] GsM_customer [JGsp CINGR CONGv [ oruer O erreese O prngd [ 50
1auiluewaNA License No. : NANO1-6/65-048,1M23 1 ngluenaNA License group : RC670601-BPAT2, BPAT3 Route Name : RC67060101
—
318N15ATIVAOLIUINGMEA (Patrolling List)
aaito aait 10 aeii afait 12 aait 13 adai 14 afait 15
No. Activity
18/6/2024 20/6/2024 21/6/2024 24/6/2024 25/6/2024 27/6/2024 28/6/2024
Wy Yy nwy Yaimy Wy Yy Wy Yy nwy Yaimy Wy Yy Wy Yy

1 [smmeasiauenivaszans (Construction Activity outside ROW) / / / / / / /
2 [wmeasrslumaszu: Tfiuynmenia/an (Construction Activity inside ROW (H) / / / / / / /
3 ﬂuﬂ'aﬁiyntlummzuu: ﬂam'yﬂ ©0n/1912/03 (Construction Activity inside ROW (HH)) / / / / / / /
4 §ﬂ§11ulﬂlﬁizuﬂ (Encroachment) / / / / / / /
5 [Aufang (Erosion) / / / / / / /
6 [sewmdou vesi@u (Faul) / / / / / / /
7 [menoeda: lumudulanems (Freespan) / / / / / / /
8 [Awualand: Ins lnadvesiu (Landslide) / / / / / / /
9 Viil“«ﬁﬂﬁ’; (Settlement) / / / / / / /
10 qﬂnim%?wqm?umu (Warning sign/Equipment Failure) / / / / / / /
11 ‘n‘mwm (Failure) / / / / / / /
12 [ na (Gas Leak) / / / / / / /
13 [merdumnu (Severe Damaged) / / / / / / /
14 sy ©Othen / / / / / / /

Noxc/éuq :

WIS : (1) TsaszaFuihmsasanaeuuanade @uaioanue /¢ luseanansndeu
@ Tsagaenuanuialndluenaisuuui 1

3) Isngawazideauansionssyluenaisunui 2

MR.NATCHANON CHUEYSAI MR.PEERAPAT PHOOPATTANAKOOL

8/7/2024 8/7/2024 16/7/2024

Fan.239.-0022 Uszmnldadadi 7
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l;( : H I \I \ I Wastewater Online Monitoring 2024

SINCE 1878 . ]
BPAT2 Retention Pit
a I
NIINNLABDY
h pH Conductivity ( ps/cm)
NNI1AN 9.84 6.75 464.78 105.43
qumﬁus‘ 9.44 6.89 478.65 69.24
FTRTERY 9.6 5.37 568.54 68.81
LB 9.61 6.89 703.58 52.03
NOBAIAN 9.66 6.76 724.18 121.46
w8 9.58 6.56 714.26 125.27
nIng A 9.18 5.84 969.84 105.43
ERValE
NWH
G]I%"nﬂ&l
=Y
wqmm FINE
S¥INAN
ANRAY 9.559 6.437 660.547 92.524
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ANALYTICAL BALANCE (DU)
Model : XS205DU

Serial No. : 1126323724



A ey
ASIA MEDICAL AND SN,
A M A R C ABRICULTURAL LABORATORY SO,
i AND RESEARCH CENTER S

NSCTELTIS17025
CALBRATION 0152
Certificate No. ;23148799 Page 1 of4

Sample Code ;o 23-56200-00

CERTIFICATE OF- CALIBRATION

Customer : EASTERN THAY CONSULTING 1992 CO., LTD.
683 Moo 11, Sukhapibam 8 Rd., Nongkham,
Sriracha, Chonburi 20230

Location of Calibration  : EASTERN THAI CONSULTING 1992 CO., LTD.
(Analytical Balance Room)

Equipment : ELECTRONIC BALANCE
Manufacturer : METTLER TOLEDO
Model : X5205DU
Serial No. : N26323724
ID Na, ; LAGE 058
Date of Receipt » 22 Decernber 2023
bS
Date of Calibiration : 22 Dacember 2023 /
Calibrated by Mr. Somwang Sangdee Approved by (Mr. Semchai Neampunt)
Scientist Signed for Director
lssue date 25 December 2023
The intkes are for & cont bability of app by O5%. -

The calibratian rasull |s applisd only ke the above calibrated iterm snd was found acturate 85 shawn on date and place of cabbradon anly. -

PY

This Cenifigate is msued in ! with the ditions of granted by the Than Laborawoey Acoreditation scheme whith has astestad the

of the | v and ity bility 1o ized national ty gnd 1¢ the wnit of measurement reslized at the correspanding
nationat standerds baboratory. This cartifleate may not be reproduced other than in full except with the prior written approval of the Azw Medical and Agricubiural
Labocatory and Resssrch Cencer Public Company Limited [AMARC).

361501 Ladpran 122, Ladprac Road. TEL 025162422 com.tcr@wnkc.co.;:
£ FAX 02.516-6940 VWL AMARC.CO,
hipbphla wang Thenglang, Bangkok 10310 A s 05 Effective Date, 18A0/21

A E\ji ﬁ R C A5la MEDICAL AND
AGRIGULTLURAL LABORATORY
Y ANDRESEARCGH CENTER

NEC-TISH-TIS17O2S
CAUBRATION 0152

Certificate Mo. : 23145799 Page 2 of4
Sample Code : 23-66200-001

REPORT OF CALIBRATION

Equipment : ELECTRONIC BALANCE
Manufactures : METTLER TOLEDC
Modet : X5205DU

Capacity Max B19/2204g
Resolution « 0.01mg {01 ma
Serial No. : 126323724

1D Wo. = LABE 05/1

Resul of Calibration

1.Tast waight and repeatability of reading
Repaatability is & measure of the ability of a balanca to supply the same result in repetitive weighings with one and the
same load under the same measurement condition. The measurement of the repeatability must include both the balance

specifications and the ambient {vibvation, fluctuating air currentftermperaturefhumidity,ete.) Operator handling of the
balance iz also included in the standard deviation.

Unlt: g Range: 80 Before adjustment () After adjustment
Nominal value a0 g0 40 80
O o adjustment \
Standard weight 40000054  80.000048 40000054  80.000048
Adjustment .
Average reading of indicator 40.00026 8000037  40.00017  B0.00017
Standard deviation 0.000015  0.000006  0.000008  0.000009
Unit: g Renge : 200 Befors adjustment After adjustment
Nominal value 100 200 100 200
[ Mo adjustment .
Standard weight 100.000042 200.000041 100000042 200.000041
Adjustment - P
Average reading of indicator 100.0003 2000004 10000 200.0001
Standard deviation 0.00005 0.00005 0.00003 0.00005
{ AT
321 Soi Ladprae 122, Ladorao Road FEL O2.B18.2422 m— cr@nmsg.gg_ ;:
anckok Faut D515 5549 PRAVEAMERGCLAT
ﬁ?&rggﬁ Wang Thonglang, & 10310 Rev.0 Elfaciiva D, 15110421



ASLA MEDICAL AND
AGRICULTURAL LABORATORY
ANC RESEARCH CERTER

AMARC

NSCTISI-TIS1I?02S

CALBRATION 52
Certificate Mo. 23-148799 Page 3 of4
Sample Code 23-56200-001

REPORT OF CALIBRATION

Result of Calibration

2. Sensitivity or value of a scale division
Change in the output variable of a measuring instrument divided by the associated change in the input variable,

Unit: g
Range: &0 Rangg: 200
Tost Point Sensitivity, S Test Point Sensitivity, §
e ' | T 100748 . 0 i 1.0274
40 i 0.98753 H 100 ! 0.9975
& L eews b o | osws
3. Departure of indication from nominal value, Lingarity
Unit: g
Nominal Standard Average Reading Corraction E Jud Caverage
Yalue Valus of Indicetor Value Uncmwrtainty Faotoe (k)
Unioad 0.0000000 0.00000 0.00000 0.000012 2,05
.o 0.0100025 0.01000 0.00000 0.000012 2.05
[oN | Q100008 01000 -0.00001 000003 2.03
1 1.0000125 1.0000 0.00000 0.000015 2.02
5 5.0000208 5.00004 -0.000602 0.000021 200
10 10.000004 10.00008 -0.00008 0.000026 200
20 20.000030 20.000M -0.00008 Q.000036 2.00
50 50.000014 50.00014 -0.00013 .000068 2.00
100 100.000042 100.0007 -0.00M 0.00016 2.00
150 150.000056 150.0001 Q.0000 0.00022 200
200 200.00004 204.0002 -0.0002 Q.00027 2.00
- i’r":"—\
(W) IEA
The regylt ded ¥ of U Is staned as the standard uncerteinty of measurement multihl e" \ﬁrr Tadial k. whichifof & normal
Arstrid ds o & g ility of ly 95%. The dard uncertainty of has been d dn i, with
LRAS BA3003,

361 50i Laciprac 122 Ladprac Rusd. TEL 02.516-2422

Phlabphle, Weng Thonglang, Bangkok 10710 Fh 02.515.6049
FM-CL-QE4 Pav.03

CONTACT@ARMARS COLTH
A ARMARGC COUTH
Eifwetive Dale, 15710421

g,
ASIA MEDICAL AND S,
AMARC ‘ RS Meonuron N2
AN _
RCAME & A B G
NSCTISITIS17005
CALBRATION 0157
Certificole No. : 23-148799 Page 4 of4
Sample Code 23-56200-00

REPORT OF CALIBRATION

Result of Calibration +

4. Eccentric or off-centre loading

Devigtlon of the measurement value through off - center (eccentric) loading. The carner load increases with the weight of

the load and its removal from the center of the pan suppart.
O cirde
Waighing pan (O Triangular Test weight: 50 and 100
(@) Rectangular Unit: g
Range :u] 200
Position Reading of indicator Reading of indicator g -~
1 50.00C15 100.000
2 S0.00022 1000001 - =
3 50.00008 100.0001
4 50.00002 100.0000 '
5 50.00018 100.0002 Q9
6 5000014 000001 o = o
Maximum difference 0.00013 0.0001 ‘
Candition ot Calibsation
1. Calibration Methed | WhCL-D04 base on UKAS LAB 14; 2019 €. | Ambient conditions Min [LEH
2. This result of calibration was found sccurate as shown on dats and Temperatura (°C) k| 230
place of calibration only. FRelative Homidily (%Rh)} 435 514
3. Condithon of Calibration iem: Narmal Air pressure (hPa} 10125 | 10145

4. This certification is traceable to the International System of Unit maintainsd at : -
- Through tha reference standard laboratory of Asia Medical and Agricultural Laboratory and Research Center Public
Company Limited {Instrument number 1),

S. Reference standard nstrument :

Instrument Clags  [DMo, Carlificate Mo Dus Dake
1} STANDARD WEIGHT 1mgto1kg EZ LB-WE-73 23105642 10 September 2024
- End of Report - i
=

—

gy (B
- & L Y I'\' I
L TEL 025162422 —— LJ CON‘%C‘I@MMRC.CDIH

361 Soi Ladiprao 122, Ladprao Road sl
Fhlabphls, Wang Thonglang. Bangkok 10310 FAX (26156949 AN Ak
FM-EEW = glang. Bangk Rev.03 Efiective Dete. 15/10/21




ANALYTICAL BALANCE
Model : MS204TS/00

Serial No. : B904136539



Calibration Cartificats ID
TH4004-091-020524-ACC-TH

Metiter-Toledo (Thalland} Lid.
84544 - BIE/S Lagalle Rd.. Bangna Tal Sub-Disirlel
Bangne Dislrict, Bangkok 10260

+56 2723 0382
MT-TH. ServiceSupportiimt.com NSC-TISI-M5 17025
CALIBRATHON D062
. . .
Accuracy Calibration Certificate
Customer
Compary: EASTERN THAI COMSULTING 1992 CO., LTD.
Address! 683 Mag 11, Sukhaphiban B Rd., Nong Kham
City: Sriracha Comact; Saskpom N,
Zp f Postat; 20230
Siate / Province: Chonbun
rmar Numbes: i
Y
931 rsam0sn
Weighing Device
Manufachwer Metiler Toledo Inatrument Type: Weighing Instrumsnl
Modal: MSZ04T SO0 Ancat Mumbar LABE 05/4
Serlal No.: B804136539 Torminal Model: NER
Bullding: Laboratory Terminal Seral Wo.: A
Floor: 1 Taminal Assel No.: HiA
Room: Belance o o
1 20¢ 0.0001 g
Procedurs
Callbration Guidelna: EURAMET £g-18 v. 4.0 (1172015)

METTLER TOLEDO Work Instruction: CPAY0N2/20

This cerilicate

The af tha weighing

In seoardance with EURAMET £g-18 {1172015), the tasi loads were setecled 1o reflact the spacific use of the welghing device or to
jate specific callbeation condilions.

for A% Found and Ag Lel calibralions.

was adjsted before As Found and As Lafl cafibrations wilh a builk-ln weight.

s Tl Tomporatio - Humidity
As Found Slart: 234 °C End: 234 *C Start: 506 % End: 50.6 %
As Lefi Slan: 23.8°C End- 234 *C Blari: 518 % End:51.2 %
d - Calibrator: o i
s Found Callbration Date: 05-Feb-2024 w Jlnfo., '
Ag Lefi Calbration Date: {5-Fab-2024
lssue Dats: 05-Feb-2024 Sathapern Tabaen
Approved Signatory: @M
Technical Manag-sr.-‘-Head of Calibration Centar
P —
L-{ N I i
—
Softwars Veruan: 1232 187 & METTLER TILEOD Page 1915
Feepo Version: 2 17.18 THs 5 an arglae! documant and ey el be porolly reproduced wiihoul [he
Form Number. F103C wrillen wgsich of 1he 1auing ¥

Callbralion Cartifioate 10

METTLER TOLEDO Service

THAO04-091-020524-ACC-TH
Measurement Results
Repeatability
Teat Load: 100
| As Found ! AsLaft . As Found
1 99,9936 g 100.0001 g AsLefl ! “ P
T
2 99,9887 ¢ 100.0001 g
3 49,9997 9 100.0000 g ) g
4 99,0696 g 400.0001 g '
5 99,9997 g 100.0001 g ]
€ 90.0996 9 100.0000 g i -
T 99,8897 g 100.0001 g e i
) 99.9396 g 1006000 g - .
9 09 9506 g 100.0001 g ® *
10 999996 g 100.0001 g ek
L]
Siandan
Dl 0.00005 g 0.00005 g
Tha %" In tha graph the resdabisty of e i which the
teat was pafonmed.
Thas resulls of This graph ere basad upon the sbsolute values of iha diferancas
Irgem the mean value,
Eecentriclty
Tesl Load: 100 g
Postton As Found TR Lk
# , s |
1 ; 100, %
2 ::::::9 100::2;0 g A l
4 / |
g 9 f f{ \
3 999997 g 100.0001 g R T SRR
4 99.969 g 100.0001 ¢ \ ! I ¥
5 999998 9 100.0000 g " od i od / ‘ od | od /
z_l‘s __.--’/ IES
ik m e e L. I
Devialk 00001 g 0.0001 g Aa Found As Leh
The "d" in tha graph represents the readabiiy of the rangafintenal in which
the Lesl was periommed.,
"“-\-\.\,_ =
m 3 ¥ P\"«'{" .:-:
Sokicare Varnion: 122,197 ©METTLER TOLEDO “.\\__)J =) of 5
Repodt Version, 217,16 Thay b5 a0 oHghnal and mey nok b wilhaul the

Fom Mymber F1D3C

writieen panminsion of i Bctislng calbvaten [abostory



Callbration Certificate ID MET'I' TOL L\‘ LS, D
£ \:IL‘.(__. Calbration Certificate TT 0 0
THA004- 041020524 -ACC-TH lER EDO 3un L THAO04-091-020524-A0C-TH ME LER T LED
Emor of Indication The resuls of this calibralian certificale relsle only to the calibralad ilem,
As Found
Test Equipment
. Indication) Emror.of Indication Expanded Uncertainty; “
0.0000 g 0.0000 ¢ 0.0000 g 0.12mg 2 All waights vsed for melrclogical testng ars I nati ar i lonal ds. The weights were calibraled and cartifiad by
2 001009 00100 g 0.0000 g 013 mg 2 anaccrediled,ca ibration lsboratany,
A 0.0500 00499 -0,
g 9 0.0001 043mg 2 Welpht Set 1: OIML E2
4 01000 g 0.09009 g -0.0001 g 013 my 2
5 1.0000 g 09988 ¢ 00001 g 0.13ma 2 Weight Sal to.: Wa32 Date of lssua: 25-5ep-2023
-] 5.0000 g 4.9998 g -0.0001 g 0.14 mg 2 Certificals Humber 188109 Calibration Due Data: 25-Mar-2025
7 10.0000 g 9.9995 g 00001y .14 mg 2
8 50.0000 o 4%.9997 g9 0.0003 g 0.16mg 2 Waight Sat 2: QIML E2
] 100.0000 $99.9305 -0.0005 0.20
3 2 3 e g Weight Set No.- wsss Dale of [ssus: 27-Sep-202
10" 1499998 g 1499803 g -0.0006 g 0.21 mg 2 i i %
e 199.9998 199.9590 g 00008 g 095 mg 3 Cenfficale Numbar: 188113 Colibration Due Date: 26-Mar. 2025
As Lait
Reference Value | ‘Indicatian Error of Indicaton Exganded Uncertalnty, | K /| Therrno Bam Hygrometer
1 00000 g 0.0000 g 0.0000 g 011 my 2 Equipment Ma.. IN74 Date of lasua: 19-May-2023
z G009 0.0100 g 0.0000 @ 013 mg 2 Certiflgale Mumper; £G-H-00410/66 Calibrallon Dus Dale: 18-May-2024
4 0.0500 g 0.0500 g 0.0000 g 0.13mg 2
4 0.1000 ¢ 0.1000 g 00000 g 0.13mg 2 Remarks
noog | i
& 1.0000 g 1.0001 g 0001 g 0.13mg 2 FACT ad| I - o i 4
§ 50000 g 5.0000 g 0.0000 g 0.13mg 2 -
7 10,0000 g 10.0601 g 6.0001 g 0.14mg 2 Equpmenteondiion: Good
8 50.0000g 50.0001 g 0.0001 g 0.15mg 2 Hed calioral ing to L5 BOCedUre
a9 100.0000 o 100.0001 g 0.0001 g .20 mg 2 Calibration dala nod decide by calibration laboratory
10" 149.989% g 150.0000 g 00001 g 0.31 mg 2 End of Accradited Section
1! 199.9998 g 149.2999 9 0.0001 g 035 mg 2 g
The: informatlon balow and any alachmenls to this calibration cartlficate are nol pan of Ihe sccrediled calbration.
"The calgulaied inty was replaced by tha CMC {Calibration and M | CapabHiies) value the '
was smaller an the CMC value
Az Fourd
* AsLaft
=
E
g I ] | |
g ;___,_.._.———I > For Improved |eglbility af 1he grephics
*_g D ! l ‘ only MEraating measurament ponls
s e o e shown end measuremeanl poinis
‘g‘ clos@ 1o zero are nol displayed
w
Calbranon Pons |g)
The uncertainty slated is the expanded inty al calibralion obtainad by mulliplying the slandard bined unceralnly by the

cowerage taclor & - which can be larger than 2 according lo EURAMET 6018, The value of the measurand ligs wilhin the assigned range
of values wilh 2 probabiliy of approximately 95%.
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e METTLER TOLEDO Service METTLER TOLEDO Service

THA004-004-020524-ACC-TH
GWP® Certificate

Measurement Uncertainty of the Weighing Instrument in Use

Slated is the expanded uncertainty with k=2 in usa. Tha formula shall be used for the estimation of the uncertalinty under consideration of
the errors of Indlcation. The value R represents the net load mdicalion In the unil of measurs of the device.

T coafficlent for the evaluation of the inty in use” 15104 1K GWP
Temperaiure range on sitg for lhe lon of Ihe uncenainty in use: 5K
C e ﬂ . f. t

Unaarization of Uncertainty Equation

1 0.0001g 20g Uy =013 mg + 0.0104 mglg - R Wi =013 mg + 0.00616 mgfg - R

To optimize the slability of the linzarization, begides of Ihe Zoro load only Increasing measureman poinls with a lest load of 5% of the
measurement range or larger are laken for the calculahon of he linear equallon.

and Rlative M Uncertainty In Uae for Verious Net Indicaiions (Examples) As J As
poLon V4
002204 0.13mg 059% 0.13mg ! 0.59% Found Left
0.2200 9 0.13 mg 0.060% D13 mg 0.060%
22000 g 0.15 mg 0.0069% D.14mg 0.0065%
2200009 0.35 mg 0.0018% 0.27 mg d.0012% The weighing device meets the given The weighing device meets the given
20.0000 9 24mg 2.0011% 15mg 0.00088% process requirements, process requirements.
\ Tests Performed: As Found © AcLefi
£ z
i i .
3 Process Requirements
H =
i i ; \ Weighing Tolerance: 1% | Smallast MNal Weight; 1.0000 g Satety Factor 2
i i PN
T - ~—
= i Sals Weighing Range
Wiesjnang Range "] Reasng b5
As Found Az Left .
= |
Safe Ta Weigh
‘\ e e
LIo0E A 1
nairity A
il U wosbuarn [ i grapy radlect W ol gy reallls, cuns e smply 8 This graph rflecie A Lol iatmg. less only As Found
ok P,
e T .
e - -_—— _
DI RN
"8\"‘"1 st Vi e ,‘#’-
Solwars Vsl 123 2,167 © METTLER TOLEDD Fage 5ol 5 Saftware Version: 1232187 € METTLER TOLEDG ~— U L. Pagetofd
Freport Varson; 317,16 Thit b an angwial documant and may ol ba parkely aprodueced whnaut the Ropon Yersion: 217 18 This s an arigwal document snd may not be partially reproduced wihoul the
Fuorm Numsar. F103C wiilben parmisaian af the [Isuing caliprlon ietonlary. Form Numbar: F10306 veritinn i o than padng



Attachmenl lo Callbration Cartificals; METTI-ER "'OLEDO (15{” \,"' |{‘{5

THAD04-091-020524-ACC-TH
GWP*® Centilicate

Minimum Weight

As Found Minimum Welght Table
Safely Faclcr
Toleancs 1 2 3 - 0
0% 013300 ¢ 026073 g ' 0407289 0.69320 g 146408 g
0.2% 006616 9 013300 g 0.20051¢g 0.33764 g 069320 g
0.8% 002638 g 0.05288 g 007347 g 0133009 026873 g
™ 0013189 002638 g 003952 g 006816 g 0133009
% 0.00658 g 201489 001878 g (.03300 g D.06B16 g
5% 0.00263 g 000527 g 0.00790 g ; 001318 g 002638

\/ Pass- The determingd munimum waight meats the raguirerment for the smallest nal weighl.

As Left Minimum Weight Table
Minimum welghts for different weighing lolerances and safely factors
Salaty Factor
Tolarance 1 2 a 5 0
DA% 0127289 0.25614 g 0.38662 g 065256 g 134797 g
0% 006344 g 12728 g D2.19151 g 032118 g 0.65256 g
0.5% 0.02533 g 005072 g 0.07618 g 0127289 0.25674 q
1% 0.01268 ¢ 002533 g 0.03802 g 008344 g 012728 g
% 0.00633 g 0.01266 g 0.01893 g 003167 g 0.06344 g
5% 0.00253 g 000506 g 0.00759 g 0.01266 g 002533 9

¢ Pass: Tha delemmined minimum weighl meets Ihe requiremant for The smallast nel weighl,

Al Ihese nel minimum weighl vakees, the it of The weighing device & equal 1o or less than 115 (no salaly factor), 172,
13, 45, or 1410 of the raquired tokrance. The values are calculatad with k= 2 and based on the inear formula of the measurement uncertainty
al Ihe weighing davics in uss.

The safely factor for As Found is always 1. This implles no safely faclor. As Found lesiing looks &t the banavior of 1he instrument fram he past
untidl sl occurred. Faf the post, il is necessary Lo know Ihal the tolerance was mat, but ncl the salety faclor. The safsly felar ks 3 proaclive
measure o apply for lulwe measuremants,

Hotes on minlmum weighl valuas In abova table;
1. "N 15 shown abovs, no appropitale vahee could be calculaied.

2. METTLER TOLEDOQ is not responsible for the definition of the p qul
T e,
‘:“/E/ ) Yy s (
~ et LJ
e

SoMware Veesion 1 212187 DMETILER TOLEDD Page 2ol 4
Report Version 217,16 Thin ks an arigenal documant and may Ncl e parkaly repdodisced wilhiu ing

Form Number F103C rillen. pawwssion of W ispuing caRDredlon [abovatory.

Altachment lo Callbration Certlificate: METTLER TOLEDO Ser\\;“\ e

THAM-091-020524-ACC-TH
GWF® Cerllficale

Measurement Results

Results Summary

[T Repeatability ! Eccentricity | Enor of indication

A3 Found' v : v v
A3 Lefl v v v
~ =Passed
M =Fallsa
i, = Safety Factor nol met

Repeatability

Tost Load: 100 g

As Found As Left

{
Lo, Bl e Soteonbirlls Sl mae S0 ol S ey
Control Limit Std. Deviation Result Std. Daviation

0.1% 000050 g ~ b4

0.2% 0.00400 g - o

05% 0.00250 g ~ v
0.00005 9 0.00005 g

1% 000500 g v v

2% 0.01000 g e i

5% 002500 g N4 s

The weighing toleranca is mel i Ihe slandard daviation is lass than or squal bo the comesponding control EmiL

Eccentricity

Teat Load: 100 g
Tolerance | Control Limit Deviation

0.1% 0.0500 g W W

0.2% 0.1000 ¢ Vg e

.5 0.2500 '

% g 0.0001 g v 0.001 g

1% 0.5000 9 4 '

2% 10000 g v v

5% 2.5000 g v v

Tha walghing tolerance is met if tha deviation |s less than or equal 1o Ihe corresponding control Kmit.

T
Hollwave Varion 1232 167 ©METTLER TOLEDD Page 3ofd
Rapod Vergmn 11718 T b an eviinad documant s may met be partelly reproduced sihoul Fa
Farm Mumbar: F 163 wrillh tmisalen of tha wauing ¥




Attachment o Calbraton Coriste METTLER TOLEDO Service
GWP® Cenificale
Error of Indication

Aa Found

ALY Jeivs! _anlrolimlsiorvaﬂwsweighlpgtqﬂaw 3
01% | 02% os% | 4% |

Reference Value

0.0000 g 0.0000 g Wit NiA N NA A ™
50.0000 g 00003 g 00250 g 0.0500 g 01250 ¢ 02500 g 0.5000 9 1.2500 g
100.0000 g -0.0005 g 0.0500 g 0.1000 g 0.2500 9 05000 g 1.0000 g 250009
149.9099 g -0.0006 0.0750 ¢ 0.1500 g 0.3750 g 0.7500 ¢ 15000 g 375009
1809998 000089 010009 0.2000 g 0.5000 g 1.0000 ¢ 20000 g 50000
v v v v v v
Az Loft

A antmi limits for various welghing tolerances <
: 02% | os% | . 1% 2%
Q.0000 g A MrA, LI5S Hi, MiA NF&

‘Reference Value

Emor

00000g !
5000005 0.0001g 00250 g 0.0500 01250 g 0.:2500 g 050009 125009
1000000 g po001g 00500 01000 g 0.2500 g 050009 1.0000g 2.5000
149.9999 ¢ 0.0004 g 0.0756 01500 g 037509 075009 150009 3.7500 g
199.9998 ¢ 000Mg . 010009 0.2000 ¢ 0.5000g 100009 200009 5.0000
Result + s v v vy W

The weighing lolerance is mal i the error (of indicetion) for each lesl polnt is less nan or equal to the corresponding controb
Ihmil for thal particular weighing lolerance. Resukts at or close to lhe 2ero poinl cannol be assessed.

o o TR
/ "‘“’39 f\ !—_{jv
{ 5 / o
T o
Solvrare Varsion 1 22 2187 & METTLER TOLEDD Pageaofd
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Area Heat Stress Monitor
Model :  QUESTemp 34

Serial No. : TEU080011



MI MIRACLE INTERNATIONAL TECHNOLOGY CO.LTD ilﬂ&zﬂi%

214 Bangwack Rd. Bangpei Bangkae Bangkok 10160 ‘f.,,/,ifi\. Certilicate No. ; L202306315-001
Tel: 0-2865-4647-8 Fax: 0-2865-4649 htip:/iwvev.mit.in.th “inhuty
o Environmenl : Ambient Temperoture : (25 + 2) °C
. ® -

_ - Relative Homidity : + %
n IHIE‘I-' CALIBRATION CERTIFICATE e
ﬁﬁ‘-‘ Certificate No. : L202306315-001 STI‘D HUC Realing)('C) UUC Error Measurement

Date Issued : 04-Jul-23 Reading (C) Refore AdjusiEd After Adjusted co) Uncertainty (+°C)
Customer : Eastern Thai Consulting 1992 Ce., Ltd. alec WET 379 = -0.09 0.35
683 Moo || Sukhapibarn 8 Rd., Nongkham. Sriracha, Chonburi 20230 3199 DRY 377 0.9 035

3799 GLOBE 379 - -0.0% 0.35

Equipment : Area Heat Stress Monitor s WET 448 2 0.11 0.35
45.01 DRY 448 0.21 035

Mapufacturer - TSl 45,01 GLOBE  45.0 i Wi

Model : QUESTemp 34 STD = Standard : 0.35

Serial No. : TEU080011 UUC = Usi Under Calibeation

ID No./Tag No. : NO.1O

Date Received : 30-Jue-23

Date Calibrated : 02-Tul23 escription of UC 3 Range 010100 °C

Catibrated by . Mr. Apiwal Peanrungrot Resalution wl e

Calibration Method or Calibration Procedure Used )
Condivian As-Received : Used ltem

In-house method : CP-19 by comparing against Standard Digital Humidity / Temperature Meter The meusurment results and statements of conformity with specification only rel th

¥ relate to the item cali .
Aeasurement Standards Used & Traceability : celibrted
This certificate is traceable to national standards, which realize the units of measurement according The titernational System of Units (S1) through

ta the International System nits (S1). et
e International System of Units (81) MIT ¢enificate No. L202210258-006 for Digital Thermometer with Probe {Fluke) Serial No. 5856603, Due 10-N
] , Due 10-Nov-23

Resyl of Calibration
The reported uncertainry of measurement was based on standard uncertainty multiplied by a End of Certificate

coverage factor k = 2, providing a level confidence approximately 95 percent.

This certificate may not be reproduced other than in fufl except with the prior written approval of
the Miracle International Technology Company Limited.

Pape 2 0f'2

. ERTIF
Approved by: :{—D’O:ﬁl’ }?Lﬁl‘}’\_ﬁ r

{ Mr. Sarayuth Tochua)

|
i Page | of 2
|
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Area Heat Stress Monitor
Model :  QUESTemp 34

Serial No. : TEU080012



=
MFF MIRACLE INTERNATIONAL TECHNOLOGY CO.,LTD SRR

214 Bangwack Rd. Bangpsi Bangkae Bangkok 10160 %77~

Tel.: 0-2865-4647-8 Fax: 0-2865-4649 htip:/fwww.mit.in.th el LS
s @
Eﬁq CALIBRATION CERTIFICATE
E, ‘d Certificate No, ; L202306315-002

Daie [ssued : 04-Jul-23

Customer ; Eastern Thai Consulting 1992 Ce., Lid.
683 Moo | | Sukhapibarn 8 Rd., Nongkham, Sriracha, Chonburi 20230

Equipment : Area Hzat Stress Monttor
Manulacturer : TSl

Model : QUESTemp 34

Serial No, : TEUOB0012

D No./Tag No. : NO.11

Date Received : 30-Jun-23

Date Calibrated 1 02-Jul-23

Calibrated by : Mr. Apiwat Peanrungrot

Calibration Method or Calibration Procedure Used

Tn-house method ; CP-19 by comparing against Standard Digital Humidity / Temperature Meter

This certificate is traceable 1o national standards, which realize the units of measurement according

to the International System of Units (S1).

Result of Calibration
The reported unceriainty of measurement was based on standard uncertainty multiplied by a
coverage factor k=2, providing a level confidence approximately 95 percent.

This certificate may not be reproduced other than in full except with the prior written approval of

the Miracle International Technalogy Company Limited.

/"
Approved by, —ART0 iuj(\v\ﬂ[: Page | of 2
{ Mr, Sarayuth Tochua)

— oPY

Certificate Mo, : L202306315-002
Environmenti : Ambient Temperature : (25 +2)°C
Relative Humidity : (50 + 15%RH
STD UUC Reading (°C) UUC Error Measurement
Reading ("C) Before Adjusied After Adjusted ‘C) Uncertainty (+°C)
37.99 WET EXA -0.09 035 -
3799 DRY 379 <0.09 035
37.99 GLOBE 37.% -0.09 035
45.01 WET 453 - 0.29 0.35
45,01 DRY 45.2 - 019 0.35
45.01 GLOBE 45.1 - 0.09 0.35
STD =Swandard

ULIC = Unit Under Calibration

Deseription of UUC ; Range 0w 100 °C

Reschmion 01 °c

Condition As-Received : Used ltam

The N
ineasurment resulls and statements of confonnity with specification only relate 1o the item catibrated.
Measarement Standards Used & Traceability :

The Int¢rmational Systam of Units (ST) through

MIT Certificate No. L202210258-006 for Digital Thermomeler with Probe (Fiuke) Serial Mo, 5856603, Due 10-Nov-23

End of Certificate

Page 2 of 2




Area Heat Stress Monitor
Model :  QUESTemp 34

Serial No. : TEU080015



ME’ 1 MIRACLE INTERNATIONAL TECHNOLOGY CO.,LTD i Certiflcate No. : L202307241-0001
1YLk 214 Baogwack Rd. Bangpai Pangkse Bangkok 10160
[ Tel.: 0-2865-4647-8 Fax: 0-2865-4649 hup:/forvw. miLin.th m“mm Environment : Ambient Temperanure : (25 +2)°C
CAVIRATION DY
3 « @ Relative Humidity : (50 + I5Y%RH
EBIEE - 1m0 170N CERTIENC
e CALIBRATION CERTIFICATE = — e va—
-
[=]: Certificate No. : L202307241-0001 Reating (C) Before Adjusted Alier Adjusted €O Uncertainty (+°C}
Date [ssued : 24-Jul-23 38,00 WET 330 . 0.00 0.35
Customer : Eastern Thai Consulting 1992 Ce., Ltd. 38.00 DRY 38! s 0.10 035
683 Moo 11 Sukhapibam § Rd., N i i 20230
00 ukhapi 8 Rd., Nongkham, Sriracha, Chonburi 2023 o GLOBE 75 ] T 635
44.99 WET 44.7 - .29 035
Equipment : Area Heat Stress Monitor 44.99 DEY 4438 - 019 0.35
44.99 GLOBE 44.6 - A 0.35
Manufacturer + QUEST TECHHNOLOGY 0.2
Model : QUESTEMP 34 STD = Standard
Serial No, : TELGS0015 TUC = Unit Under Calibration
ID No./Tag No. + No.l4
Trate Received 1 21-Jul-23 Description of UUC : Range O to 100 nC
Date Calibrated ¢ 22-Jul-23 Resolution ol °c
Calibrated by : Mr. Apiwat Peancungrot
Calibration Method or Calibration Progedure Used Condition As-Received : Used [tem

The measurmirit results and statements of conformity with specification only relate to the item calibrated.

In-house method : CP-1% by comparing against Standard Digital Humidity / Temperature Meter Measy  Standards Used & Traceability :

. . . . . . . The International System of Unitz (SI) th
This certificale is traceable to national siandards, which realize the units of measurement according he International System of Units (SI) through
to the International System of Units (SI). MIT Certificate Mo. L202210258-006 for Digital Thermometer with Probe (Fluke) Serial No. 5856603, Due 10-Mov-23

Besuit of Calibration

End of Certificate
The reported uncertainty of measurement was based on standard uncertainty multiplied by a

coverage factor k =2, providing a level confidence approximately 95 percent.

Page 2 of 2
This certificate may not be reproduced other than in full except with the prior written approval of

the Miracle [nemational Technology Company Eimited.

/-
Approved by: T_2Oxo il)“'\—[
{ Mr. Sarayuth Tochua)

i :.-:.‘ﬁq‘ e L
Ct_:,,g E2aY



BAROMETER
Equipment : Analog Barometer

ID No./ Tag No. : BM001/41



e,

e T L o ) e
g ! - e
N A MIRACLE INTERNATIONAL TECANOLOGY CO.LTD m
i 214 Bangwaek Rd Bangpei Baoghae Banghok 10160 % -—>
{ - A}
Lo

Tel: 0-2865-9647-8 Fex: 0-2865-4649 hatp:/forwew.mit in.th ",.,,ﬁ}“\,.\

g

*+ @ v

EgiE] CALIBRATION CERTIFICATE
&
ﬁ}[_‘:‘l e Certifleate No. : L202405022-0013

Date Issued : 08-May-24

Customer : Eastern Thai Consulting 1992 Co., Lid.
683 Moo | |, Sukhapibarn 8 Rd., Nongkham, Stiracha, Chonburi 20230

Equipment ;3 Analog Barometer
Manufacturer :+ Barigo

Model i -

Serial No, -

D No./Tag No. 1 BMOOL/41

Date Received : 03-May-24

Date Calibrated : 06-May-24
Calibrated by : Mr. Saruth Srichutikul

Calibration Method or Calibration Procedure Used

In-house methed ;1 CP-21 base on DED-R 6-1: Edition 3 2014,

This certificate is traceable to national standards, which realize the units of measorement according
to the International System of Units (S1).

Besul of Calibration

The repocted uncertainty of measursment was based on standard uncertainty multiplied by 2
coverage factor k = 2, providing a level confidence approximately 95 percent.

This certificatz may not be reproduced other than in full except with the prior written approval of
the Miracle International Technology Company Limited.

(’-
Approved by: G ¥4 ul‘l\-r,
[ Mr. Sarayuth Techua)

Pape 1 of2

Certificate No:  L202405022-0013

Environment Ambient Temperature @ (25 £ 2)°C
Relative Humidivy : (30 % 15%RH
STD Reading UUC Reading (mbar) ULC Reading (mbar} VUC Frror Tacertainey MPE Pass f Fail
mbar Before Adjusted After Adjosted mbar *+ mbar +mbar  with Guard Band
95000 So0 - .00 0.59 103 Pass
100,00 1000 - 0.00 0.59 10 Pass
101800 0o - 0.00 0.5% 10.3 Pass
1020.00 1020 - 0.0 039 103 Pass
103000 1020 - 0.00 0.59 103 Pass
STD = Standard Pass = jerrue} + [uncertainty] <= [MPE|
UUC = Unit Under Calibration Fail= |error] + juncertainty| = [MPE|
MPE =Mazimom Permissible Error
Calibrated comdition : Pressure Medium Air : Density = 1.19 kg/m? (@ 20°C. | bar
Mounting Position Vertical
Reference Level an cenber ol i dial
Conversion Faclor Muluiply by 1.0 E+02 - Pa unit
Description of ULUC : Range 50 - 1080 mbar Absolule
Calibratign Range 990 - 1030 mbar Absclule
Scale Inrerval I mhar
Condition As-Received | Used hem
The wmensurmen: results and stalemems of sunfoomity with specitication only refate to the flem cakibrated.
Measurement Standards Used & Traceabiliry -
The [Imernational System of Lnits (51) through
IRPC Cerilivate Nu. CL1-F230097 {or Reference Pressure Monitor Serial Mo, 15398, Pue (9-Nev-34
End of Certificate
Page 2002
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CERTIFICATE OF ANALYSIS
EPA PROTOCAL GAS

Cylinder No. : EB0145030



: Airgas Specialty Gases
; Alrgas USA, LLC
' Aimas. 6;4: Easton Road
. Rldg 2
an Alr Liquide compary Plggstead\dﬂe, PA 18040
Mirgag.com
CERTIFICATE OF ANALYSIS
Grade of Product: EPA Protocol
Part Number, EQANISSE1SACHLS Reference Number, 160-402242242-1
Cylinder Number:  EB0145030 Cylinder Yolume: 144 4 CF
Laboratory: 124 - Plumsteadvills - PA Cylinder Pressure: 2015 PSIG
PGVP Number: Af20219 Valve Qutlet, 350
Gas Code; CH4 PPN BALN Cerification Date:  Oct 15, 2021
Expiration Date: Qct 15, 2029
Cartii : In with "EPA Ti ility Protocol for Assay and Certification of Calibration St (May 2012y EPA
ODMR-A2K1, wginnd Ul wnariy proceddurios Bsted. Analylival Mellwdutogy doss nol require conection fa atialylical il leewe. This eyl luas o llal slylicel
uncarianty as slaled balow wath a conlidencs lavel of 5%, There are no significant impurities which affect the use of this call mixture. Al jons areon a
molefmole rasis unlass olharyise nolad.
ANALYTICAL RESULTS
Component Requastad Actual Protocol Total Relative Assay
G traki C Method Uncertainty Dates
METHANE 180.0 PPM 1770 PPM Gi +I-1.0% NIST Traceable 10v15/2021
PROPANE 185.0 PP 187.0 PPM G1 +- 1.0% HIST Traceabke 152021
NITROGEMN Balanca
Suars
CALIBRATION STANDARDS
Type Lot 1D Cylinder HNo Concentration Uncertainty Expiration Date
NTRM 0B011503 KD02564 245.7 PPM METHANEAIR +-0.6% May 15, 2025
NTRM 200602-06 6162660 243.3 PPM PROPANEIAIR + 0.5% Mar 17, 2027
ANALYTICAL EQUIPMENT
netrumentiitake/Model Analytical Principle Last Multipoint Calibration
Nicolet iS50 FTIR AUPZ110285 CH4 FTIR, Dot 13, 2021
Nicolet iS50 FTIR AUP2110295 C3HR FTIR Ocl 14, 2021

Triad Data Available Upon Request
NQTES:

Gross Weight: 28.0 Kg

Net Waight: 4.9 Kg

PO# 5221004851

i O HYudes

Approved for Reloase

Paga 1 of 160-402242242.1



CERTIFICATE OF ANALYSIS
EPA PROTOCOL GAS
Cylinder No. : EB0062815
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DIGITAL LIGHT METER
Model : LX-72

Serial No. : Q606412



1213/388 Ladprac 94 Ladprac Ad. Wangtonglang Bangkok 10310
Tel 0-2559-2095 Fax 0-2559-2096

E-mail : sale@itest-lab.com web site | wiww hesldab.com

/) INTERNATIONAL TESTING SERVICE CO., LTD
@.igg‘j -

o2 &

NSC-TISITIS 17025

SALIRRATHON 124

INTERNATIONAL TESTING SERVICE CO,, LTD
& et 1213/388 Ladprao 34 Ladprao Rd. Wanglonglang Bangkek 1010
pySEZ Tel 0-2569-2035 Fax 0-2559-2008 T

E-mail : sala@ftest-lab.com web site  wiyw.nssi-lab com

HICTHELTIS 17025
CALIBRATION 128

CALIBRATION CERTIFICATE

Issued date: 23 July 2023

Client Name  : ESTERN THAI CONSULTING 1982 CO., LTD.

Address ;683 Moo.11, Sukhaphibam 8 Rd., Mongkham, Siracha, Chonburi 20230,

Raquest No - C-2307 - 305

Laboratory Mo.: CAL- 305

Date of Reguest: 19 July 2023.

Date of Calibration: 20 July 2023,

1. Unit Under Calibration {UUC) :

Homenclature ;. Digital Light Meter Sarial No.: Q606412
Maker : DIGICON Model ;. LX-72

2. Placa of Calibration: Photomelry Standard Laboratary, INTERNATIONAL TESTING SERVICE GO, LTD.

3. Range of Calibration: 3 Range

4, Condition of Laboratory: Ambient temperature: (25 + 2} °C and relative humidity {60 + 20) %.

5. Reference Standard: Standard Tungsten Halogen Larmp, Serial No.: 504011, which was calibrated on
& October 2022, can be traceable to International System of Unit {51) through Halional Institule of
Matrology (Thailand), Cerfilicate Mo.: TP-1024-22,

&. Support Equipment:

1. Photomedric banch, 6.3 meater long.
2. DC. power supply, Serial No.: EJ 194 009, Model: GPR-25H 300, Maker: GW INSTEK.
3. Digilal Multimeder, Model: 344014, S/N: MY44011212 and MY44011215.
4. Foat Candle / Lux Meler, Model: 407026, S/M: O 558437, Maker; EXTECH.
7. Calibration Procedure:

Request MNo: C-2307 - 305 Serial No.: Q606412
Laberatory No.: CAL - 305
Results ;

uuc Standard UUC Reading (Ix) Correction Uncertainty of

Range {ix) Before adjust | After adjust {ix) Measurement (s ix) |
0 0.60
50 53.1 49.9 +01
400 100 108.0 98.7 +03
200 217.6 200.5 -0.5
300 321.3 296.4 +386
400 3905 +9.5 2.0 % of Reading
3 500 526 502 -2
1000 1059 1012 -12
4000 2000 2116 2020 - 20
3000 3140 3009 -9
| 4000 2082 | +18
{x10) 5000 517 501 ~-10 -

Note : 1. The results relate only to the items calibrated.
2. The UNJIC is not read out at zero lux.
3, The UTIC is calibrate at 5000 1x is not NSC-ONSC Accredited.

Approved on behatt of
Internatlon?smg-iuvice Ca., Ltd

{Mr. Pichit Vivat-Anant )

Calibration result approved by

L

The Resulis shown in this certification report refer only to the equipment(s) calibrgth unle;s otherwise stated
Thix Calibration Centificate cannot be reproduced, except in full, without permission of company.

Managing Director
Page 2ol 2




DRY GAS METER XC572V

Serial No. : 1110070



WS

WISDOM SCIENCE

Certificate Of Calibration

Mathed § Pre-Tegt Cansole Calfloration - Cuble metar (m3)

Meter Con: ition FactorsiConversion Reference Equipment
Consols Model ACST2V Calleration Dale 3-Juk-23 Std Temp. [ 298 WTK Model,  W-NKoDa-58  WTM Cal Due Dais Hov, 2022
Conzoke seral 1110070 Dug Dale 2-Jul-24 Sid. Pressurs (mm Hy) 760 Wi Serial E00245 GGamma’ 1 Q000
OGM Model ¥ SK25EX £al Report No WOS-SvBe07 K, (KAmm Hay 0.2@57
DG Serial # 0005413 Amblant Tamp {¢1 25
Pressure (mm Hg): 58
Relalrve Humidity {%). _ &80
UUT Meter (DGM) Reference Meter (WTH)
Run Time OGM Orifice Weluima Outlel Temp Volume Oullel Temp
minules) (mm H,0) Initial Final Initial Final Initial Final Irutial Final
8 P Vo Mo b T Vi Vot [ [
15.00 13Q 00,3828 599.5462 27 27 20 05690 2022183 2B a7
10.08 250 | 5595689 599.7246 27 2% 20.24425 20.39999 27 27
B.00 500 _ 5897405 599 6178 26 26 20 41592 20 58344 Fid 27
¥.00 B0 O 599 6333 S00 1337 26 il 20 60920 2081034 27 27
500 1200 BO0 1552 800 3319 28 % 20 83271 21.00950 2 27
Standardized Data Calibration Results
Tasl heter Relerance Mater Correction Factor Flaw Rale AH@ (mm H0)
Sid. Valurng Sid Flow Rate Sid. Volume Std Flow Fate “Gamma’ Warlallon S1d & Conr 0.0212 SCMM Varighan
Wtz 1T g M A0NN Wiz () Qsgar MIMIN {r) vy Ceugeniconn AHg AdHg
158 0011 0.160 0011 1005 0010 Q011 50181 2747
0152 0.5 Q.152 @015 0996 0.000 0015 45 036 0662
0174 0022 0173 G022 995 =001 0022 47 E0S 171
0.197 0029 0 196 0028 99 0.0 0028 45.608 1347 PassiFal xac_nH
0.174 0.035 9172 0034 0990 -0 (i 003 45.602 1832
0.996 = g 47 434 = BH vy

Note For Cakbeation Facios ¥ ihe rane of the reading of the cakbration meles 10 ire ary gas meler acceptatie tolcrance \Hﬁww.ga:n_ valugs ‘roem the avedage s 20 02

Hole Fos 6H;,. anilice pressurs afgrgntial that equates to O F5afm {0 0212m’imur) at standaid temperatsfe 3

g o_dw@‘ Q%M.w.%.mis_ values ‘fom Ine average

o b 2ipches (5 Imm} H0

g—
R

SCIENCE

Approved By: s o = ; Date 3-Jul-23 -
= b i il [
{ Patpasu Chaisana | 1P = OMPANY LIMTEL ( Y
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i ELAPSED TIMER CALIBRATION
WISDOM SCIENCE
L
Mater C l@ Inf i Calibration Conditions Refarance Equipmant
Model #:  MC572v Cal. Daws ; 03-Juk23 Calipration 5| J5-307
Senal® 1110070 [e Dala - 02-Jul-24 Malhod Ralerence Compare
Elapsed Timer Model #:  C342-3454 Cal. Report Mo, - 'WDS-5vs60107
Elap=ad Timer Seial I - Ambient Temp. (°C) : 25
Prassure (mm Hp} 758
Humidity (%) 50

CallbrationResiiis

Rn'Time Elapsed Timer AVérade Time Daidatlon
\Eldpsad STO 1 4

Minute hinwte Winuks Minute bllriune Minule Minute
2.4 2.00 2. 2 2,00 2.000 0.000
3.00 3.00 X 3.0 3.00 3.000 0.000
5.00 5,00 | 5.00 5.00 5.000 0.000
7.00 7.00 7 7.00 7.00 7.000 0.000
.00 9,00 9.00 9.00 9.00 95.000 0.000

= PEE- g
Approved By /)‘_/l._ i i

( Patpasu Chalsana )
Service Enginesr

WeSDOM
» ‘: .
" bl ¥ Y
LS(f é?j'.c, \ (J o
G e n Twninaus vaani noud ceniio nSU Fula
Viie # 0 IRl Bk ATRE FRYICE LatCIUE CORPARY Uik

WISDOW SCIENCE SALE AND SERVICE GROUP COMPANY LIMITED
Addiess 9115 Lumpa Town vils Rakchaphreak-Pinkdso Willage,Ne. 4, Bang Khanun, Bang Knaei, Manihaburi 11130 Thaltandg
Tal. 020-860-1302_ 084-508-1944, 084-704-1820



DRY GAS METER MC572V

Serial No. : 0504003



wDS

WISDOM SCIENCE

Meter Console Information

Calibration Condition

Certificate Of Calibration

Melhod 5 Pre-Test Gonsals Calibration - Cubic meter (m3)

Eactors/Conversion

Reference Equipment

Conzole Moda] - MCST2Y Cal Dalz 22-Api-24 Std. Temp {* 238 WTM Mode)  W-NKoDa-58  WTM Cal. Due Date. Dec 2023
Conzole senal 0504003 Cue Dale 23-Apr-25 S1d. Prassure (mm Hgl: a0 WT i Serial B00245 Gamma; 10000
CHE Mol m] SKISEX Cal Repor No WIDS-SvAT04001 K. {Kfmm Haj: 0857
DGEM Senal . 00009854 Ambienl Temp {"¢1 25
Prassura (mm Hal: 758
Refative Humdlly (%} 50
UUT Mater (DGM) Reference Meter (WTM)
Run Time DGM Orlfice Volume Outlel Temp | Valume Cutiel Temp
£ tmm HO) Initral Final Inilial Finai | Final Initial Final
° Pioa: Vi Vi tn lra Voa b bt
15.00 13.0 144 5926 144 THI9 26 7 B0 06507 50 24302 29 22
10 1 250 144 165 144 9795 27 27 B0 290598 B0 45472 2 27
i1
§.00 50.0 145 0164 145 2002 28 28 1 G0 49135 ol BT T 29 7
7 0 200 i 145 2233 145 4291 25 23 H G0 G5 60 90186 29 28
H 1
5.00 1200 ! 145 4509 145 6632 28 i 29 | BO #624% 51.14145 27 | 26
Standardized Data Calibration Results
Test Meter Relerance Metar Correction Factor Flow Rala YHE@® (mm H;0)
Sid. Volume Sid. Flow Ralg Sid Vilume Std. Flow Rala "Gamma™ Variation Sid & Cor 0.0212 SChM Wariahon
Vaiwar (M) Qagsia, M Imin Moz (M) Dsryeg MHMIN ¥y [ Diisaasicams dHg GidH o
173 0.2 0171 og12 &.897 0 003 0012 43,309 -0 833
0.159 Q.016 0 460 ae 1 00 aa11 0.016 43.381 0 TAT
0179 0022 0176 0022 0 984 -0 009 D022 45 447 1280
0201 0029 0,195 0028 0.989 -0 008 0028 44202 0035 PasziFail n»E_nH
0175 0.035 (173 0.035 0,994 9 000 00535 44 4597 0 330

Mok For Casbranan Factor ¥, Ine ralo of tha reading of (he calibraton mater m e dry gas meel acceptatie ipierance of ndnedual vatues Teon tha guarpge s o0 02

HNew Far aH,p, orihes pressure differanual inal aquates 1o ¢ Fhelm 0 ou_p-_._.m..-!..u at

and p L P of ind)

ST :
Approved By: (R PPN a
[ Patpasu Chaisana | 3
Service Manager
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Date

-1 0
05

PASS

1100

60

oo
1093

22 °For=t 11°C

Heat

Difference Ran
Temp. Diiferance

Amblenl

.““_in AHG Avg

walums from e aversge is o0 Jincnes (5 1mmpH.0

22-Ape-24

{ Patpasu Chaisana )
Service Manager

Approved By :

&
The temperalures of the Ihermocauple and reference thermomelsrs shall agree lo within £2 °F { EPA Method 5, section 10.5 )

Mot

WISLIOM SCIEMEE 541 E AND SERVICE GROUP COMPANY LIMITED
rer 02 [ 2041k

Addrens 9115 Lawngun Town Vilk Fachaplpeh Pakizo visgs No 4, Bang ke, B K, Noenlhaows 11130 Thailang



Nomenclature

Certificate of Calibration - Supplementai
METHOD 5 PRE-TEST CONSCOLE CALIBRATION

Equations

Calibration Train

F, - Barometric Pressure

DGM - Dry Gas Mater

K - Gonstanl based on siandard lemp and press

() - Run fime, in minutes

Fin - aH (Meter Pressure, gaugs)

¥y - Volume collecled by last meler. corrected for STP
Qs - Caleuated Now rare of 1es) mater

K - Gritical adfice coetficiant

P..- Measured pressure of reference meter

i, - Tenp in refz meter

I - Temperatue measured in st metar

¥ - Ratla of volume collecied from 1esl meter and onflee
s¢ - Scafing Faclor

Courts,.. - Mumber of pulse counls, standardized

Chagr - Mumber of raw pulse counts of a cahbranon ron

etra AH.

: e Vel
"-r:_-[sfd) =Y % f\l

)
ingm T

¥ i

3 i = 5
""rm-'u‘a'] i (”””t:“.ﬂ‘d * }.w:m'q'r

B SR B2
Clmtiniba gy = R, 00l 20

Lo
| L, . Ve
e RS ) 1" = N !
Ql.—' 2] 2 et = |
. T.m‘ 5 Vig careli
Ny = — }
: F)Jrr'
fo ool G 4 1 — S R

T A 7

A lniet

Calibration Graphs

Meter Pressure vs Flowrate | Meter Gamma vs Flowrate

140.0 i 1025 - !
Q 1200 . 1020 —a ' s !
T 100 > 1ms i - . e
£ o 1010

0
E & E 1.005
T £0 S 1000
o 400 O gg05 -
£ 200 ® 08550 ¢
b= = I
5 00 ¢ poges |
g 0.000 0.010 0020 0.040 & o0
& Flowrate Standardized & Corrected (m3/min) 0975
a 0.000 0.010 0.020 0.030 0 040
Flowrate Standardized & Corrected (m3/min)
Console Sarial 2504003 Lonsale Model’ M5y Conscle Serisl 0504003 =2 s cﬂ'@ o ",a MC572Y




DRY GAS METER XC-572-OV

Serial No. : A2204323



.
WDS
W Certificate Of Calibration

A WISDOM SCIE NCE Method 5 Pre-Test Console Calibration - Cuble mater (m3)

Meter Console information Calibration Condition Factors/Conversion Reference Equipment
Console Model @ XC.572.0V Cal. Dale: 22-May-24 Sid Temp (M 08 WTh Model'  W-MKoDa-58  WTM Cal Due Dale Dec. 2024
LConsole sarial A2204323 Due Date 23-May-25 S1d. Pressure (mim Hig) 60 Wi Serial: GO0245 Gamma 14000
DGM Model #: SK25EX Cal. Report No . WDS-SVET(4018 K, (Kimm He): 03857
DGM Serlal 21 0000RA294 Amnbient Temnp {*cy 25
Pressure {mm Hg): 758
Raialive Humidily {%); &0
UUT Meter (DGM) Reference Meter (WTM)
Ruin Time DM Crlfice Volume Culkel Temp Yoluma Quillet Tamp
{minules) rmun HL0) Inilial Final Inilial Final Initral Firal Initial Final
& Py Vi Vi tine Lt Vin Vi [ bt
15.00 130 194. 6567 194 8274 26 27 61 39400 61 56423 28 a7
1000 2540 195 0941 185.2514 28 25 61 62541 6190088 20 2B
8.00 50.0 165 2786 195 4572 28 28 62 00763 62 18342 28 27
7490 4040 195 4877 195 6846 28 23 6221353 62 40748 pic-} ow
| 500 120 9 135 7085 195.8796 29 —— 62 43108 6260020 | 2 i
Standardized Data Calibration Resub
Tes| Watar Felerence Meter Caorreclion Faclor Flow Rale A fmm H,0)
S Volume Sid Flow Rale Std Volume Std. Flow Rate "Gamma” Variglion Std & Corr 0.0212 SCMM Warlalion
Vingsaay (M7} Qg MmN Voinay §M7) Qopsan MIMin Y} {8} Qotsdicosen aH,, AfH,
0167 Q.01 0. 156 4011 0994 0.008 0.011 47 022 -1.348
0153 0.015 0.151 0015 0.998 0 00d Q015 48 31 -0.059
0.174 0.022 0171 9021 0951 -0.005 04az1 48 458 1}.089
0.192 0027 0189 0027 5.981 -0.004 0027 45 869 499 PassiFait Resull: T
0167 0.033 {165 0033 0 955 000G 0033 49.169 G819

Mote For Calbeahon Facter ¥, he rata of 1he reating of he: cabbrabion meter 1 (02 diy 933 INeler. Jccemable kiarance of | r.luar\mlucs from the average 5 o0 D2
Mote: For fiH,,. ontice prassure difaantian that equanes o 4 Fhefm f 02 12m mn) o siandaed kmperate and pmsawe a ()md\'alwlm tom e averege is b0 Zinchas {5 1mm) HO

= F-v 5 L
2
Approved By: P ittt SC’ J@\' Dare 22-May-24

pa: hai i
LPaipasu Chpisang) e Spaen i g wor wadia nju 4

TEC
Sorvice Manager wasLION SCILMCE SALE AND SEAVICE GROUP COMPARNY LML €

Certificate of Calibration - Supplemental

METHOD 3 PRE-TEST CONSOLE CALIBRATION
Nomenclature Equations Calibration Train
P, - Barometnc Fressurg
CHGM - Ory Gas Matar [:“.\m. e B (¥
K, - Conslanl based on slandard iemp and press

A
T,

- Run lime, 1 minules Viprstay — Ottt s g % Yoo
P., - 8H (Meler Pressure, gauge)

A bt

W, - Violuma collecled by lesl meler, comecled for STP . ; e it g + -

[ N S R Y i

Qo - CalCulated flow rals of testmater ) ! T | it
K« Critical orlfice coefficken! 1. \ 5 !L RN S

o 3 = ! V1 Rt 2

P,, - Measured pressurs of rafarence meter e S = i .

0 sl : A ;

]
TET e

I - Temperature measured m reference meater . \ . } s =

I, - Tewperature measured in tesl meler I |

¥ - Ralio of volume collected from (25l mater and odilice i

s¢ - Scaling Faclor
: LU TGNt o ' T

Counls,,- Number of pulse counts. siandardized Veion AN Iia [-“”'"i’" o, ( .‘ )
ST

Caya - Mumber of raw pulse coums of a cakbration run

Calibration Graphs

Meter Pressure vs Flowrate Meter Gamma vs Flowrate

140.0 1025 '
8 1.020 L e L S . |
S 120.0 . ; . 120.00 e B

100.0 . : el
E © 1010
E 90 E 1005 : !
T 60.0 o 1.000 H E et ¥ :

1 1
3 00 O  oges 0.994 !  —
& 200 g oo b , i [p—
= : o A~ T |_..4.0,986 :
S °f 0.010 020 0.020 0.040 = aoes e PO
= 0.000 t -U. 5 ) 0.980 e ‘_l—g_g\'g_f_og — ,ﬁ:‘ _v‘
o Flowrate Standardized & Corrected (m3min) 0975 e I :
Q 0.000 0.010 0.020 0.030— °
Flowrate Standardized & Corrected {m3/min)
Console Senal A2204323 Lanzole Madel AL Console Senat: AZ204323 Constle Model: XC-572.0v
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TEMPERATURE DISPLAY CALIBRATION

ot
WISDOM SCIENCE
Meter Console Information Calibrpiton Conditions Rafarenge Equipmant
Consabe Model HC-S72-00 Col Dale 23-May-2d Tamp katar Mods! Pluks 7145
Consoh sanal AZ24IZ Cua Daie 22-May-25 Senal No B0590035
Tamp Indicalo Model TES-KF Cal Report Mo WOS-5WE704018 Cal Dals 07-Ape-24
Temp indraior Serigt 1G05630 Ambrent Temp (°C) 25 TempMeterModal  Fhks 179
Pressurg {mm Hg) 758 Serial Mo 50820112
Humadity {%) &0 Cal Date 06-Feb-24

Temperature Sensor Calibration

Thermocouple Bisplay,

Referance 1§
erence Poini Temperature

# i i
1 170 10
2 37 0 10
3 w0 a0
4 150 0 Xy
5 25845 10
] 70 -1
7 482 0 a0
B 593 0 ag
£l BiS 0 14Q
10 1038 & 0.0
Maximum ' 10
PASS
Mote
' For valid test rasuils |, the i difference b dings should 51 0°C { EPA Method 5, Seclion 51183

Perfarm all TC Channgl calibrations Except maker { DGR char:nel

DGM Cut Temperature Sensor Calibration

# “C ' ‘C
Ice 20 10 10
Ambient 275 279 05
Heal W0e e 1090 04
Difference Rang
Temp. Differance 22°Forat 11'C PASS
hote
The tamparal of the: ple and ref = thenm ¢ shall agree to within +2 *F { EFA Method 5, seclion 105 }

Approved By ; %i—-

{ Palpasu Chaizana )

Service Manager

&
WeSDOM
SCIENCE

/YRR ey
‘i Ganau louuous v upus nunné;g;:;: —_—
\"150(:-' :SCliNCE SALE AHD SERVICE GROUR C Y

WASDOM SCIEMCE SALE AND SERVICE GROUP COMPANY LIKTED
Auparess G114 Lumpe Town Wike Ralchaphyek-Finklsoe vilage Mo 4, Bang Khanan Bang Kuai, Nonmatun 11130 Thalng
Tal - 1418 ¥



Flue gas Analyzer
Testo 350 NEW

Serial No. 63455658/0722



Calibration Certificate | '

SHIC TSATIE | HABL
AL UE

Calibration Certificate

L el T T
M CHLBATION 5T

Certificate No: G 660488 Sose

. = Certificate No.: G 650488
Date of issue :  17-Aug-

Sandard Refarances  (Table 1)

Ingtrument description  : Flue Gas Analyzer
Instrument model + Testg 350 New Standard CertIficate No. Vendor Due date
Tnstrument serial ne, t o 63455656/0722 Oxvgen (02 } 2.498 % Vol angn e i
Control unit serial ne. @ 03501409/0712 Ovyger { 02 ) 10.04 % Vol CG-0153-21 Nimt 18-Now-26
1P no, or control no, . Creymen (02 3 21.02 % Vol CG-0041-22 Himt 10-Feb-27
Manufacturer : Testo S€ & Co. Kizah Carbont monoxide [ €O ) 80.14 ppm CG-0040-22 Hirnt 14-Feb-27
Probe description S Carbon monaxide { CO } 302 ppm 1915/23 Linde 16-3un-25
Probe modsl = . Carbon monox|de { CO ) 1003 ppm 258322 Linds 09-Aug-24
) Hitrogen Dioxide { NO2 ) 80.56 ppm 1240/21 Linde 26-Jun-24
Probe serfal s Rftric Qide { NO ) 151.5 ppm 015123 Linde 2232025
Customer name 1 Easrern Thal Consulting 1992 Company Limited Sulphur Dioxide { 502 ) 100.8 ppm 3507422 Linde 09-Moy-24
Custorer address ¢ BB Moo 11, Sukhapbarn § Road, Nongkham, Si Racha, Chon Buri 20280 Measured room conditions
Temperature B 23.5 °C  Humidity :© 612 %RH Pressure : 1009.5 mbar
Total pages of certificate : 2 Pages Calibration conditions
Receiving no. s 232624 Gits Temperature : 24 °C  Fowrate * 1,300 mifmin Gas pressure ¢ 1016.4 mbar
Recelving date, 1 10-Aug-23 Calibvation Results (Without adjustment) (Table 2)
of cali ] = {3as Calbrali . 04,21, L n Monoxide 80.14,302,1003 ppm,
Paramsater of calibration 5 a_ on{Oxygen 2.498,10.04,21.02 %vol, Carbol dde 2, PP parameter of Standard Standard Mean of Erfar Uncertalnty
Mitrogen Dicdde 80.96 ppm, Nitne Oxide 151.5 ppm, Sulphur Digedde 100.8 ppm) Values g 12
Condltion of ULIC. i Used 02 (%vol) 2458 258 0.082 0.15
Amblent condition : Al of the Measurment ware carled out the stabiized labotary 02 (%vol} 10.04 10.10 0.06 0,20
02 (9evol} 2102 21.11 R1] 0.30
Temperature L a3 EE°C CO {ppm) B0.14 Bl -0.14 30
Humidity 155 & 15 %RH €0 (ppm} 302 0L -1 60
€O (ppm) 1003 297 5 12
Calibration place 1 171121 Soi Kgamwongwan 47 Yaek 48, Toongsonghang, Laks!, Bangkoek 10210 *MOZ {ppm) 60,96 80.3 0,66 B.0
*NO {ppm) 1515 153 1.5 8.0
Callbration procedure no.:  This Instrument was calibrated by comparison with Standard gas mikdure according *S02 (ppm) 100.8 101 0.2 6.0
b callbration work lnstration no. WI-CL-28-C Remaric 1 cmolfmol = 1 %vol. 1 pmolfmal = 1 ppim.
* Callbrations imvarked Mot TISI Accreditad "In this Certificate hawve been induded for complateness,”
The ¢ o) certificale fedt Lrcertaimy of measwamen (5 staled a5 Hhe standard uncartainly of measurent B, i g
Multiplied by coverage fadtor k=2, wivph for 2 narmal distnibuiton cormesg o 3 Coversge Y of approximataly 25%.
This certificate is appled arvy 1o ftem wnder tast Environmenta! condition. End of Report
This Calipration Certiffcate may not be reporcuced ofher Bhan in fUf exceot with the permission of the isuing laboratory.
Cantration cartificates without sigrature and seai not vald ang The resuits relate onfy (o the tems lesteo/calibrated.
This caibration cartiicate oocuments are iracebiily to nelions! standands, wivdh rasiize MEssurament acconding to e
Intemaliona! System of Units (ST).
Date of calibration t o 17-Aug-23
Mr, twanchal Khamdoung Mrs, Nongluck Wongseites
Calfbration Techniclan Technical Manager
T e —— .
o g )i 9 5
\ X ] — b M
LS g____‘,f_-l.‘-_‘/’ L’ o N
FM-CL-00-C w8 Fape 1o 2 1ssued Date 26/02/16 FMA-CL-02-C Rev.8 Fage 2ofd Issued Date 26/02/16
Entech Industrial Sclution Co,Ltd B e . Eptech nchustrial. Solution.Golabehe oo o0 = oo e e o
17/121 Soi NEamwonewan 47 ‘raek 48, Toongsonghong, Laksk Bangkak 10210 THAILAND Tel 0-2776-6888 Cambraron@entechcoth 177121 Sol Ngamwongwan 47 Yask 48, Toorgeorghong, Laksi, Bangkok 10210 THALAND Tel O-2779-8888 Cabbration®entech coth
Tax D T M 0S536035591  wwwentech co th Tax ID 0105536035591  wwwenlechco th



Hot Air Oven
Modei : UFE 500

Serial No. : G511.0182



i ey,
| ASIA MEDICAL AND SN,
AM ARC ABRICULTURAL LABORATORY ST
ANC RESEARCH CENTER %
7N
TR E b

NSC-TIS-TIS 17025

CALIBRATHOM D152
CERTIFICATE OF CALIBRATION Page 1ol3
Certificate Mo, : 23148604
Sample Code ; 23-56200-008
Cusiomer EASTERN THAI CONSULTING 1992 CO., LTD.
883 Moo 11, Sukhapicarn & Rd.. Nongkham,
Sriracha, Chonburi 20230
Location of Calibration :  EASTERM THA| CONSULTING 1292 CO. LTD.
[Hot Lab}
Equipment Temparziura controlled gnclosures [Hat air oven)
Manufacturer Memmert Modsl UFE 500
Serial No. Gan.mez ID Ma. LABE17/4
Date of Receipt 27 December 2023 Data of Calibration 22 December 2023
Condition of Calibration
1. Environmesnt 1.1 Ambient tamparature Maximum 309 °C ; Minimum 296 °C
12 Relative humidiry Maximum 545 % ; Mimmum 4648 %
1.3 Line voltags suppliad Maximum 2776 VAC ;. Minimum 2242 WAC
2. Calibration method
TLAS-G-20: Guidelines for calbeation and checks of tamperature conirolled enclosures.
3. Reference standard instrument
Instrumant 1D Mo. Certificate MNo. Due Date
Dale Acquisition With Sensor LB-0A-08 (RTD-248 to RTD-256) 23-084070 06 August 2024

(RTD-PHOOY

4, This certificate 3 traceable 10 the International system of unit ($I Unit).

The measurament 1§ fraceable 10 Asia Medical snd Agriculiura| Laboratory and Research Center Public Company Limited.

5. This result of calibration was found accurate as shown on date and place of calibration only,

€. Condition of calibration em : Mormal
Calibrsted by Mr. Pizek Inlo Appraved by IMr. Somchar Neampunt)
Soientist £igned for Directon
lzsue date 25 December 2023
ih it ag i o condi ' e

The calibs ion resuly 12 applied only 1o the above calbrated nam and was lourd doowate &3 shown on date and place of callbalion aly

Ting Captali rauid in T wealls the icars o graniad by Lhe 1l Laborsiany Accradkianon schama which hag aasestond the messunsmant capabibay of [Tw
Babaraloly and ng w d nalional ond b the unit of replized m lhe g national standards ibarmary This cenileate may not be
teprothecad Orhar than in Al gecapd vl ERe pd O winen apowal of the A kiadical and Agriculiuial Lab ¥ ol Reseaich Canles Puble Company Linmed (AaRC]

T PE—
S
e

TEL O SRR
FAX 02-516-6849
Rev (0}

13T Rem | acdarer 127 1 aulyy po Roard

Phiabphia, Wang Thonglang, Bangkok 10310
SMCLIM

CONTACT@AMART GO T
WWW AMARC CO.TH

Blleirva Date 1S/10421

ASIA MECHCAL AND

A R Fl
M A C | AMD RESEARCH CEMTER

&

ICLLTURAL LABCRATORY

NEC-TIELTISE17025

CAUBRATION 0152
REPORT QF CALIBRATION Page 20f3
Certificate MNo. : 23148804
Sample Code .  23.56200.006
Resulis of Calibration
Resolution as °g
1. Reporiing of Temperature
Cahbralon uoct s Measured temparature at esch posilions "C) Lincer tmnty Coverage
pomt (°C} |settng CC)|ecaging ("cYf #1 | #2 | w3 | #a | A5 | v6 | 47 | E8 | we + {'C} lagior &
104 035 1035 104 1| 10304 | 0385 | 10334 | V0397 [ 0393 | 10384 | 10251 | 10423 0.d7 2.00

2. Characterization results

Colbration point ["C)

Statulity £ ")

Urntormiy {°C)

Cvarall verianon ("G}

104

Q.04

078

0.8

Hotes

UUCT « Unit Under Calibration

387 Soi Ladprao 122. Ladprao Road.

Phiabphla, Waag Thonglang. SBanghek 10310
FiA CL0MB

TEL 02-516-2422
FaX D2-515-5948
Rew 0

CONTACT@AMARC.CO.TH
Wi AMARG COTH
Fllectie Date W5/W0721



ASIA MEDICAL AND
AQRICULTURAL LABORATORY

AMARC g
| AMDRESEARCH CENTER

REPORT OF CALIBRATION

Resulti of Calibration

Hotes

7
8
a9

Sensor insrallation locaions

11 All sensors at any corners or walls should be positioned
5 em {a « b x ¢} frem the wall.

1.2 The reference sensor is praferably located of the geomelric centear
of the chamber,

Intarior dimenaions appios of chamber :

W s 55 cm;De 40 em: H» 48 com

Air valve of fresh air level = Off

Fan level : Open

The quored uncertainly inchides™ Stability of chamber and |eading effect

in charnbmar a1 20% of ymformity =

NSC-TISLTS17025
CALIBRATION G152

Page 3ot 3
Certificate No. : 23145804
Sample Code . 23-56200-006

L'E) w3

cantor

Figure: Exampie of sansor

installation Positions

Uniformity - the maximum differance of measured remperatures at any sensors and the measured temperarure at the reference

lecatian which are observed at the sarme e,

Stability - one-halt of the greatest maximum difference of measured temperatures 31 any one sengor.

Overall varianon - the difference of the [ and the i m

d temparatures throughout observation timea.

UUC* reading - the average reading of indicating device that forms the integral part of the enclosure.

10. Calibration results without adjustment

e dpul. d ot U 13 srmed a5 e andunl ol

Lo

RS0 300 e |

Phiabphlz, Wang Thongleng. Bangkek 10310

Bl o & whreh Ipy 3 nemal di

with UKAS MIO0D.

o 95%. The stardard ! has

- End of Report -

'.‘

[

“a’d”m:'! Bt

FM L 018 v 05

TR s
FAX 02-516-6848

T RATAT T AR 10r T
WA AMARE O TH
Eflective Cate 1510721



ORIFICE TRANSFER STANDARD CERTIFICATION

WORKSHEET Ti-5025A

ROOTSMETER S/N 0438320



o ..-.-v,,,.m‘m_%~ TISCH ENVIRONMENTAL, Wne,

i 45 Sourd Miam Ave
X VRLAGE OF GiLEves, O
TIS - e
| g 5134879000
e o . 7.283.7810 Tow F
Envitonme ntal BIAT IS

ORIFICE TRANSFER STANDARD CERTIFICATION WORKSHEET TE-S025A

Date - Mav 24, 2016 Rootsmeter s/N 0438320 Ta (K} - 295
?D_thja;;or Tisch Orifice I.D. - 0136 Pa (mm) -  742.9%
- . - - o METEE 'WE\RFI CE' I

PLATE i VOLUME i VOLUME DIFF DIFF DIFF DEFF

OR ! START |  STOP VOLUME TIME Hg H20

Run # | (m3) i (m3) {m3} {min} (mm} {in.}
__________ [T o = N (NMONANUN MO o OO 1 SN (IO .1
1 J} NA ‘ NA 1.00 1.3400 3.2 Z.00
2 | N N& 1.00 7.9510 6.3 4.00
3 i NA HA 1.00 0.8591¢ 7.8 5.00
4 NEA NA 1.d0 a.8130 8.6 $.50
E MR ! Np 1.00 0.6690 12.5 a.00

DATA TABULATION
j{x axis) | (y axia} {x axis) (y axis]
Vatd Qscd Va Qa

0.9832 0.7337 1.4054 0.9957 0.7430 0.B311
0.9791 l.0258 1.9875 0.9918 1.0426 1.26403
0.9770 H 1.1481 2.23221 0.9894 L.1626 1.40%0
0.9%780 1.2008 2.3308 0.9684 1.2157 1.4778
0.89707 1.4510 2.8107 0.983¢ 1,4694 1.7825
Qstd slope (m) = 1.96262 ga slope {m) = 1.2389¢
intercept (b} = -0.03245 intercept {b) = -0.02060
coafficient (¥r) = 0.99553 coefficient (x) = 0.99993

Y axis = SQRT[H20(Pa/760) {298/Ta)] y axis = SQRTI(H20(Ta/Pal]

CARLCULATIONS

Vstd = Diff. Voll{Pa-Diff. Hg)/760] (296/Ta)
Qatd = Vatd/Time

Diff Vol ([{Pa-Diff Hg) /Pal
Va/Time

Va
Qa

]

For subsequent flow rate calculations:

Qstd = 1/m{ [SQRT (H20(Pa/760) {298/Ta)}]- b}

Qa = 1/m{ [SQRT H20(Ta/Pa)}- b} s
52V
AT



THERMO-HYGROMETER
Model : 608-H1

Serial No. : 45106737



AMARC | S8R &
= %
AND RESEARCH CENTER s =
BN
AN
KT :

NSC-TISI-TISI7028

CALBRATION 0152

CERTIFICATE OF CALIBRATION Page 16f2

Certilicate MNo. . 23.0552043

Sample Code : 23-21440-00%

EASTERM THAI CONSULTING 1992 CQ., LTD.
683 Moo 11, Sukhapibarn 8 Rd., Nongkham.

Sriracha, Chonburi 20230
Asia Madical and Agricultural Laboratory and Research Center Public Company Limited

Customer

Location of Calibration
{Ca¥bration laboratory)

Equipment . Digital thermo-hygrometet
Manufacturer : esto tdodel : BO8-H
Seriol No. . 45106737 1D Mo. LABE 09/7
Date of Receipt 25 May 2023 Date of Calibration 26 May 2023
Condition of Calibration
1. Enviranment 11 Ambient tempstature L 230 *C: 30 %
550 % ¢ 130 %

12 Relative humidity

2. Calibration method

21 n-hougs method: WI-CL-045 By comparison with thermometer standard / chilled mirror hygrometer in contrelled chamber.

2.2 The calibration by comparison unit under calibration {UUCH o the tharmometer standard / chilled mirror hygrometar in

a chamber at the controlled temperature / refative humidity.

3. Referonce standard instrument

Instrument Model ID Mo. Certilicats No. Dus Date

3.1 Chilled Mirror Optidew Vision LB-DP-02 & LB-DP-02 {DF) TH-0157-22 05 December 2023
3.2 Digital Thermometer Oplidew Vision LB.0P-02 & LB-OP-O2 (Temp.} 23-014916 12 February 2024
3.3 Digital Thermometer 349724 LB-DA-O7 with RTD-89 22-095535 06 September 2023

4. This certificate is tracesble to the international system of unit {51 Unit).

41 Instrument No. 2.1 through National institute of Metrology (Thaitand).

4.2 instrument No. 3.2 and 3.3 through Asia Medical and Agricultural Laborarory and Research Cemar Public Company Limited.

5. This result of calibration was found accurate ag shown on date and place of calibration only.

§. Conditior, of calibration item  :  Normal

[br . Somchai Neampunt)

Calibrated by Miss Pornsuda Lohabal Approved by
Scientist Signed for Director
1ssue date I May 2023
The uher its o low by of 5%
The calibration rasull 1 apclied only 10 the abowe ditarn and was found we o sh date and plage of calibration oaly
Thus Cortilicne 1 issued in accordance wilh th condtions of wors araiect by he T Lobarptary ACCHGMaNn sehame which has assérsed e asmarertant daghibilty of e
izhoratary and e Wllity 1 ized ralwnal dy and 1o the wnll of maaswemant ipkzed 3 the ponding nationyl f: This i may el g

reprodipcied other than kn IR dxce with the palor werithem appeoval of ther Aska Medical pnd Ag

iculiural Labaesary and b Centar Pubkc Company Limied (AMARCY

361 Sk Ladprac 122, Ladprao Road,

Phisbphla, Wang Thonglang, Bangkok 10310

-l itd

CONTACT@AMARC.CO.TH
WWW AMARC.CCTH
FrEmrraes Trne 1RA021

TEL 02-516-2422
FAX 02-516-694%
Rew 00

A3 MEDICAL AND el W 1)
AMARC | B o NS
Ay~

e

4, b
Y by
el

W

i

X

REPORT OF CALIBRATION

Cartificate No. .

1 .\!‘\i‘

“,

o,

N5C-TISI-TIS17025
CALMBIRATION 0152

Page 20f2
23-055203

Sample Code 23-21440-001
Results of Calibration
Temperature measurement
Resolution ¢ 01 °C
Ronge 0 %Cow 50 °C
Calibration Aversge of standard reading Unit under calibration E d
Apandad
point idF
Ceontrolled humidity Temparature Averaga reading Correction value uncertalngy
°C %RH ' o o 5
c
20
50 20.00 20.0 0.00 * 0,39
25 =
50 25.02 251 - 6.08 + .39
30
50 30.00 30.0 .00 + 032
Humidity measurement
Resolution : 01 %RH
Rangs 10 %RH to 95 %RH
Calibration Average of standard reading Unil unclar calibration Expanded
pande
omnt i idi
o] Air tempatature Calewlatad humidity Average reading Correction valua uncertainty
%RH
oo %RH %RH #%RH %RH
4
5 25.00 4518 535 - §.32 13
60 25.00 60.02 68.3 - 8.27 £ 1.5
75 25.00 7520 a3.2 - 800D 217
Nates
- Calibrarion resulits without adjustrment.
Tha resull ded i
N B yof : £ ks snanetd o the standleed uncanainty of wlied by the gu factor K. which lod 8 noemal distibu
5% The siandwd inty of has boen d N aceard) with JEAS MDD e
- End of Report - .
361 5¢i Ladprao 122, Ladirao Road
. TEL 02-516.2422
e CONTACT@AMARC.CO.T
na0one g Thonglang, Bangkok 10310 FAX 02-515-6249 WWW AMARC.CO TJ':‘I
Hay i . :
PP



UV/VIS SPECTROPHOTOMETER
Model : UV-1800
Serial No. : A11635101643 CD



i W
( ﬁ Bara Scientific Co., Ltd. ;*1%33
866 13 Chu Liang Buliding Floor? Remad Road EliZre=ree
) Silom Blangrak Bangkok Thailand 10500 ’-,f"‘/-/:-\\"‘“ 5
- . Tel:02-6324300 Fax : 02-5375496-7 AN
Bara Scientific ' il oom Y

Certificate of Calibration

Certificate No.
Equipment

Model
Manufacturer
Serlal No.

1D No.

Date of receipt
Date of ¢calibration
Date of isaue

Customer name

Address

Temperatura
Humidity

Equlpment condition

Calibratlon Location

Calibration Procedure

Traceability

Calibrated by

The abova resulls are valld exchsively for the

Humber of Paga(s}
BSCC-UWw-146/24
UVivis Speciraphotometer
U-1800
Shimadzu
A11635101643 CD
LABE 0242
22 April 2024
22 April 2024
28 April 2024

Eastern Thal Consuling 1892 Co., LI,

582 Moo 11, Sukkhaphibarn 8 Rd., Mongkham, Stiracha, Chonburi 20230

{22.9-24.1) °C {On sita)
41.7-46.9) %RH [On slte)

Good Operalion

Analysis Deparimenl
Inhouse method WHW-702-01 based on ASTM E275-01

Wavelength Acturacy Is lraceable to cerificale No.
Phclometric Accuracy is traceable to cerlilicate No.

Stray Ligh is traceable 1o certificate No. 118616
The above certificate are traceble 1o BI unit through Stama Sdentihic Lid.

{UKAS accrediled calibration laboratory NO. 0659)

Mr Poomjai Korsawalvorakul

Approved by

(__‘___”_,jﬂ%

Wir.Sonthi Temboonsakdi
Senvice Wanager

itemis) as

0 the report / Certifi

i ion in lhis repod [ certific: o
i and publ»culy of the resuils are prohibited and also shall nol be Y
except in iul, without writlen approval of tha Bara Scientific Co., L. ' ®

116614 and 116613
116210 and 116224

NS&“SI-IIS "NH
CALIBRATON 3300

10f2

FRALV-T08.02 Rav.01 (2301/63)

ﬁ Bara Scientific Co., Ltd.
868 U Chu Liang Buiking Floor7 Ramed Road

Silom Bangrak Bangkok Thailand 10500
Tel : 026324300 Fax : 02-8375496-7

Bara Ssls?nﬂmt‘iﬂ(? wwwr.barascientiic.com

Certificate of Calibration

Certificate No. BSCC-UV-146/24 Mumber of Page(s)
Calibraticn Results:
1.Wavelingth Accuracy
Certiflod UUG {nm) Error {nm) Uncertainty (+tnm)
Wavatength (nm)
2ar.n 287 75 0.04 0.1a
445,82 445.89 0.07 0.18
536,52 536.50 002 0.18
Ta4.02 741.01 001 018
B79.41 870,33 -(.08 0.1a
2.Photomelric Accuracy (UY}
Wavalength Certified
UUG (A} Esror (A) Uncertainty (+A}
{nm) Absort A
235 0.0000 0.0000 0.0000 00075
07415 0.7387 00028 0.0075
257 CNR CHR CNR CHNR
CHR CHE CHNR CHNR
213 CNR CHNR CHNR CHR.
CNR CHR CNR CNR
350 0.0000 0.0000 0.0000 0.0075
0.6406 0.6395 .0011 0.0075

*CNR = Cusbomer not request

Tha above resulis ara valid exclusively foc Lha calipraied itemis) as mention In thls
Agvenising the repan / Cenificale and publicily of the resulls are probibited and also all not
except In full, without wrilen approval of the Bara Scienlific Co .

certifics
Fep
1d. : ‘

S — a.—u..—r_mn.mwhuw.—-..-;

e ———

FM-UW-TOR02 Rew D1 (201163}




B L R T —

g Bara Scientific Co., Ltd.
968 U Chu Liang Building Floor? Ramad Road
o Silam Bargrak Bangkok Thailand 10500

- Tel: 02-6324200 Fax - 02-B375405-7
Bara Bclenllﬂc www.barascientific.com

3autenal Sueen

Certificate of Calibration

Certificate Mo. BSCC-UV-145/24 Number of Page(s) Aof3 i
Calibration Results:
3.Photomatric Accuracy {Visibla) i
Wavelangth Cartified |
uuc Q& E 1
(nm) Absorpance (A} 2 mor (A) Uncertalnty (+A) !
0.0000 0.0000 0.0000 0.0042 |
4200 05715 05728 0.0014 0.0042 1
0 7087 0.7087 ©.0000 0.0042 '
1.0887 1.1005 0.0018 0.0042
00000 D o00D ¢.0000 D ondz
440.0 0.5561 0.5578 00017 0.0042
0.6968 06569 0.0001 0.0042
1.0757 1.0774 00017 0.0042
GNR CHNR CHR CHR
455.0 CHR CHR CHNR CHR
CNR CNR CNR CNR
CNR CHR CNR CNR.
0.0000 0.0000 0.0000 0.0042
5461 0.5133 0.5213 00020 0.0042
0.6037 0.6940 00003 0.0042
1.0411 1.0428 0.0017 0.0042
CHR CNR CHR CHR
2900 CHR CHR CNR CHR
CHR CNR CHR CHR
CNR CNR CNR CNR
0.0000 0.0000 0.0000 0.0042
633.0 0.5605 05624 Likinal:] 0.0042
37579 07582 0.0004 Q.0042
1.7131 1.1138 0.0007 0.0042

*CNR = Customer nol requesl

4.Stray Light*
Standard Unit Undar Calibration{UUC)
cut-off langhl {nm) | Wavatength inm) [ T ission {%T) Absoroance (A)
201.33:0.11nm 200.50 | 0.9750 2.0111

Tha Stray light ranemizsion referancs i less than 1.0%T and Stray lighl absorbance reference is greater than 2 00A
*Siray Lighi not NSC-ONSC Accradited.

The lly &3 base on @

‘The above results are valid
Advertising Ihe repon f Cartificate and publicily ol Ine rasulty are profubited and 2o shall ol be
axcept i LN, without witten approval of the Bara Scenlific Co, LId

o A B A TR el P T sy TR

**End of

by a coverags laclor k=2 p
Certificate™

y lor tha

1 slamis) a3

9 8 level of confl of app a5

In this repont / certficale

FR-LR-FO8-02 Rev 01 (2301463}



SOUND LEVEL CALIBRATOR
MODEL : NC-75

SERIAL No. : 34802645



SITHIPORN ASSOCIATES CO,LTD.
CALIBRATION LABORATORY

451-451/1 Sirinthorn Rd Bangbumru, Bangplud Bangkok 10700 THAILAND,
Tel.0-2435-8200° Fan0-2433-1679 e-mail:cal-center@sithiphorn.com httpy//wwwsithiphorm.com

NSC-Tis1=Ti5 17025
CALIBRATION 0399

SITHIPORN; SITHIPORN ASSOCIATES CO,LTD.
Heouetrre CALIBRATION LABORATORY

Continuation of Calibration Certificate

Cert. No. : ACC23037
Papes

Calibration Certificate

Equipment : SOUND CALIBRATOR
Manufacturer : RION ik
Model : NG5
Serial Na.: 4502645
ID No.: -
Cendition &3 Found : GOOD
Customer 3 EASTERN THAI CONSULTING 1992 CO., LTD
SAHA GROUP INDUSTRIAL PARK, 683 MOO 1
NONGKHAM, SIRACHA, CHONBURI 20230
Locadon ¢ -
Ambient Temiperature : (23.0£3) °C
Presgmre ; (1023 3 ) kPa
Relutive Humidity : ( 500 £20) %
Recelved Date : 06 SEPTEMBEE. 2023
Calibratien Date : 12 OCTFOBER. 202
Date of Issue : 16 OCTOBER 2
Calibrated by :
Approved by :

{ Thanaku! Petchurai )

Yoy

H

1of3

This certificate s issued in accordance with the requirements of ISOVIEC 17025 standard, may not be reproduced

other than in full, except with the prior written approval of the head of Calibration Laboratory,

QF-T312-04-04-020654

=

Cert. No. : ACC2337

Job Mo, : VCoEACHOT

Papes : 2ef3
Calibration Procedure : CP-AC-03

Calibration Method :
This equipment was calibeated by based oo IEC-60942-2008
The soumnd pressure level, frequency and total distortion
microphone.

Condition &f this remilt of calibratien :

1. Reference Standand frstromvents :
Instrament Medel Serial No,
Waveform Generator 33511B MY52300742
Digink Multimeter 3M461A  MY$53220104 /0
Digital Multimeter 334614 MY53220076¢  EEL.BP 30/0
Digital Multimeter 34614  MY60024273 -
Programmable Attenuator MAT-10T0 62100114
Condenser Microphone 4180 2977900
Measuring Amplifier HA-42E AL 34560495
Aundio Analyzer AVR-3360A  V744B6059

3.1 Naionst Buatitutw of Mewrolony (Thailand).
3.2 Thailand Institute of §ciantific mnd Technolog

QF-T812-04-04-020664



SITHIPORN: SITHIPORN ASSOCIATES CO,LTD.
S CALIBRATION LABORATORY

Continuation of Calibration Certificate

Cert, Ne. : ACC23037
Job No. : VCE6ACO0YT?

Pages : 3of3
Resuit of calibration ;
1. Sommd pressure level
Spacifisd sound Mesawed ce
pressare level vahe value
{dB) (dB) (dB}
o 93.94 -0.06 2.1
1. Frequency
Specified Measured Deviated
Frequency value value Uncertainty
(Hz} (Hz) (%) (%)
1600 1000.0 0.0 0.1
3. Tuotal distortion
Meamured valne { % ) U i )
0.24 0.

The reported uncertainty is based on a standard uncertainty multiplied by coverage factor k = 2

or any value following caloulation,providing 2 lavel of confidence of approximately 95 %

End of Calibration Certificate

=IPY
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QF-TS12-04-04-020664



SOUND LEVEL METER
MODEL :  NL-52A
SERIAL No. : 00230987



Acoustic Laboratory (Thailand) Co., Ltd.
6/57 Soi Phoem Sin 42, Sai Mai, Sai Mai, Bangkok 10220
Tel: {(+66) 02-1296780 Email: info@altbkk com

Y i

Agouwitte Laboralary KES-TIS TS 1025
1

Ceriificare No.: $2402-0647

Certificate of Calibration

Environmental conditions: Prassure: Temperature: Relative hurmadicy:
Certificate No.: S2402-0647 Reference conditions: 101,325 kPa 23.04C 50 %RH
Measurement conditions: 10018 £0.10 kPa 223+ 1.0°C 50.8 = 2.0 %RH
Castomer: Eastern Thai Consukting 1992 Co., Lid. 1. Lndication at the calibration check frequency
683 Moo 11, Sukhapibarn 8 Rd, -
Nongkhar, Sriracha, Chonburi 20230 Reference Ieasured value Deviated | Acceptant
Acoustic Signal {dB) value limit
(dB) Before adjust | After adjusted {dB) {dB)
Date of calibration: 2024-03-06 939 939 93.9 0.0 .7
Date of issue: 2024-03-08 Mote:Indicarion at the checked calibration frequency was adjusied to 93 9 dB by the sound culibraror Type NC-75 S/N: 34214715

Instrument Calitrrated: Sound Leve! Meler

2. Self-generated noise

The reported expanded uncertainty of measurement is stated as the standard uncenainty of measurement
muhiplied by the coverage facter k, which with the reported effective degres of freedom corresponds to
coverage probability of approximaiely 95%.

This cenifients of calibration is issued by Atoustic Labaratory Thailand (ALT) 11 3154 stares that ihe taboagion, has o saliTaciony qualiny aisurance sysem and

ather than in full

bahiTy b0 ey o natignal Ths may noi be rep

Manufacturer: Rion
Model: NL-52A {Meter), UC-59 (Microphone), NH-25 (Preamplifier)
Serial no: 00230987 (Meater), 22221 (Microphone), 22423 (Preamplifier} Frequency Meusured value
Weighting (dB)
A-Weighti 10.3
Calibration and verification performed: C-Weighting 14.4
Acoustical levels are stated relative 10 20pPa. Other dB levels are relative values. Z-Weighting 20.4

3. Electrical signal test of frequency weighting at 93 dB

The sound level meter instrument submitted for periodic testing following the periodic tests of Frequeacy zf:::;;;t::;m E:::::isg:li;g i-'w;-gmﬂ Ig rToIe:::::ee
(EC 616723 2013. (Hz) (%) (dB) (dB) timit
Preconditioning: (dB)
The equipmem was precondilioned for more than 16 hours at the specilied calibration I3 o1 o1 o1 1.0
temperature and humidity 125 01 0.0 1 1.0
Instruments and Program: 250 -0.1 0.1 -0.1 1.0
A complere list of instruments, hardware, and software, that has been used for this calibration is separately 500 0.k 0.0 0.0 *10
ilable from the calibration laboratory. L0 0.0 0.0 0.0 0.7
Equipment standards used: iggg gg gg gg i: [0}
- Sound measuring equipment calibrarion unit 4838 5/M31083 000 O-I 'OII 0'0 s '_2 3
- Digital mullimeter Keysight S/N HP344014 16000 _1'2 -II > 0'0 xl‘ 5'_2' 5
- Ultra-low distortion function generator Stanford SRS D5360 S/N123625 - - c —
- Acoustic sound calibrator class | Nori256 S/N125626542
- Combined Pressure, Humidity and Temperature Transminier PTU300 S/NM23520568
Traceability
The measured values are traceable to following the ISC/IEC 17025 laboratories:
Sound Pressure Level: EEL Thailand
Refarence Pressure, Humidity and Temperature; TPA, Thailand
Voliage: TPA, Thailand Date of calibration : 2024-03-06
Frequency: TPA, Thailand Date of issue 2024-03-08

O

o 'T-\ ;
m]ég\ A i ) lof

HegiSIranon number YIUS3630s0T3s
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Acousie Laboralory
Thralland

Certificare No.: §2402-0647

4. Frequeocy and time weighting at 1 kHz

4.1 Frequency weighting at 1 kHz

D

Ausushe Laboralary
Trulang

Certificate No.; 52402-0647

Frequency | Measured Deviated Acceplant
weightings value value limit Anticipated | Measured Deviated Accepiant
B) (B) (d8) value value value limit
A 94.0 0.0 +0.2 (dB) (d8) (d8) {98)
= e o0 03 84.0 84.0 .0 +0.8
v v o= == 89.0 39.0 0.0 0.8
94.6 94.6 0.0 +0.8
. 95.6 956 0.0 (.8
4.2 Time weighting at 1 kHz 96.6 96.6 0.0 0.8
Time Measured Deviated Acceptant ::: ;:: gg :3:
weightings value value limit 84‘0 34‘0 0'0 :tOAs
(dB) (dB) (dB) 7.0 790 00 04
Fast 94.0 0.0 0.1 74‘0 '_;4‘0 0-0 to‘g
"il:w ::g g-g :3' : 9.0 69.0 0.0 0.8
&q . & % 64.0 64.0 0.0 0.8
A 5 . +(),
S Loog term sabiity T S
: _ 49.0 49.0 0.0 203 |
Time foterval| Start Jevel Step level Deviared Acc?pfnnl 44.0 440 0.0 =0.8
{mm;:ss) (dB) (4B} value limit 420 419 -0, +0,8
(diB)y {dB) 410 41.0 0.0 0.8
2915 94.0 94.0 0.0 +0.1 40.0 199 0 0.8
390 39.0 0.0 =0.8
38.0 375 -0.1 (0.8

Date of calibration ;  2024-03-06
Dare of issue 2024-03-08

6. Levet linearity on the refence tevel range

6.1 Measured ar 31.5 Hz

Date of callbration :  2024-03-06
Date of issue 2024-03-08

a
Regrifanon mmie) 9403304080335 v A
3T Foemsin Sun 4, Sa Ma, 10220 Haigkuk i 5

Telyrotp 021296740 Einal . infoigultbhk com
wivw BltELK com

i T, ;
G S o Y |
R gastriLOn L 1 MayRe I 33 i \I ! _-t./
6737 Pocisin S 42, S Mai, 1022 Bengkok Vaglland | o ; N [ L 3
Tel (-6} U2- 1296780 Entail infogidalibkk com \ Pl .
wwy BBk com

] Yu Page 4 of 8
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DX

Certificare No.: 52402-0647

6.2 Measured at | kHz

Date of calibration :
Date of issae

D

AEHUE L Abelateey
Tnatang

Ceriificate No.; 52402-0647

Anticipated | Measured Deviated Acceplant
value value value limig
(dB) {dB) (dB} (d8)
109.0 109.0 0.0 0.8
114.0 {40 0.0 +0.8
119.0 11%.0 0 +{.8
124.0 124.3 0.0 +0.8
1290 129.0 0.0 =0.8
134.0 134.0 .0 (.8
135.0 135.0 0.0 +0.8
136.0 136.0 0.0 ={.8
1310 137.0 0.0 =0.8
133.0 158.0 [1R4] =+0.3
94.0 94.0 0.0 0.8

£9.0 89.0 .0 =0.8
84.0 84.0 0.0 0.8
7%.0 T8 -U.1 *0).8
4.0 74.0 0.0 =03
69.0 690 0.0 =0.8
4.0 4.0 Q.0 +0.8
59.0 59.0 0.0 +0.8
34.0 53.9 0.1 +{.3
49.0 49.0 0.0 +0.8
44.0 44,0 0.0 =8
420 42.0 0.0 =8
41.0 4.0 0.0 =0.8
40.0 39.9 0.1 +).3
39.0 38.9 -0.1 +(1.8
38.0 s -0.1 0.8

2024-03-06

2024-03-08

[ ST TNEAEE T S g UTE L TR

5T PUesin i 42 g M
Telq s 21 39RTEE Bkl wiliwcablbhl cuil
wwn alibhk com

23 Lo Lialamd

6.3 Measured at 8 kHz
Apticipated | Measured Deviated Acceptant
value value value limit
(dB) (dB) (dB) {dB)
94,0 94.0 0.0 =0.8
99.0 99.0 0.0 =08
104.0 104.0 0.0 =0.8
109.0 109.0 0.0 =0.3
114.0 1140 0.0 =08
119.0 19,0 .0 0.3
124.0 124.0 0.0 =0.8
120.0 125.0 0.0 =0.8
1329 132.9 0.0 +0.8
1339 133.% 0.0 +0.8
134.¢ 134.9 0.0 +0.3
135.9 135.9 0.0 +).8
136.9 136.9 0.0 +0.§
4.0 9.0 .0 1.8
39.0 §9.0 0.0 .3
4.0 84.0 0.0 +.3
79.0 79.0 0.0 +0.3
74.0 74.0 0.0 +).3
£0.0 G9.0 0.0 +0.8
64.0 4.0 0.0 =0.8
59.0 59.0 0.0 0.8
54.0 539 -0.1 0.8
49.0 49.0 0.0 +0.8
44.0 44.0 0.0 +0.8
42.0 42.0 0.0 =08
41.0 41.0 0.0 =(.§
40.0 19 0.1 +{.8
39.0 39.0 0.0 0.8
38.0 38.0 0.0 =0.8
Date of calibration :  2024-03-06
Date of issue r 2024-03-08

ol
D D
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Achusie Laboratary Acoustie Labcraiory
Inuiang

Certificate No.: §2402-0647 Certificate No.,: 52402-0647

7. Tone burst response Uncertainty of measurement

. ;I‘i':l:‘e :'ll‘oneﬁbur;lb Measlu:ed Devnlaled Toll‘er?tnce Patarmeiers Unceriainty
clghtings uratian, vt vasue tmi 1. Indication at the calibration check frequency 0.12 4B
(ms) (dB) {(dB) (dB) :
2. Self-generated noise
200 135.0 0.0 #0.5 bty
- Frequency Weighting A 0.050 dB
Fast 2 1179 0.1 *|.0,-1.5 i
- Frequency Weighting C 0.0%0 48
0.25 103.8 0.2 +1.0,-3.0 L
- Frequency Weighting Z 0.090 dB
200 129.0 0.0 =0.5 S o —
3. Electrical signal test of frequency weighting 0.13 dB
SEL 2 105.0 0.0 +1.0,-1.5 = H
035 00 2 53 PRl 4. Frequency and time weightings at | kHz (.13 4B
: - — — 5. Long term stability test 0.10 4B
6. Level linearity on the reference level range 014 dB
A, 7. Tone burst response Q.14 dB
8. Overload indication 8. Overload indication 0.13 dB
9. High level stability test 0.10
Measured value (dB) Deviated | Tolerance R eve siaolily tes d8
Positive one half cyele Megative one half eycle ::];; l::': The reported expanded uncertainty is based upon a standard unceriainty multiplied by a coverage factor
Y o e = ; k =2, providing a level of confidence of appraximarely 5%
» Remark : The acoustical signal test of frequency weighting at 125Hz, 1kHz, and 8kHz is not included, along
9. Righ level stabiliey i 1 : N A
with correction values for environmental conditions in a free-field or diffuse field, and the effect of
Toitial Tevel Final fevel Devisted Acceptant reflection and diffraction on the measurement microphone and the sound level meter.
{(dB) (dRB) value lirmit
{(dB) {dB)
137.0 137.0 0.0 =0.1

s

Calibrated By: .....oovovnoiiiiniieie Approved By: ...
(Mr.Chaiyapom Sornpichai) {Mr.Piwpong Sarapho)

Date of calibration : 2024-03-06
Date of issue : 2024-03-08

End of Certificate of Calibration —-——

Date of calibration :  2024-03-06
Date of issue ¢ 2024-03-08

N TN/
y : e
(sgsitghon nunber U 103304080233 e Va Y \ i ‘-_fj — sy, *,-:..‘9 —_— e
57 POrMsuI Su1 42, Sar Mar, 17220 Buighok Thalking M{\&dwagc 7 4437 Pomutsin Son 52, Sat Mal, 10320 Sk Tatise .- i § .
Tel 1 64p2- 1295740 Email fdatbhk com e Teb <68) U2+ 1296780 Evsarl oidal Ibhk co . LIJ el
vt IDRK com wewe altbkk o

~



SOUND LEVEL METER
MODEL : NL-52A

SERIAL No. : 00230988



f/}&\ Acoustic Laboratory (Thailand) Co., Ltd.

Yl 444 6757 Soi Phoem Sin 42, Sai Mai, Sai lai, Bangkok 10220
;‘j{:’c _"ﬁ?c i::]: Tel: (+66) 02-1296780 Email: info@altbkk.com Lin

U raitainl EALRRATH LY

| [ - » E
Certificate of Calibration Certificate No..52402-0650
Enviranmental conditions: Pressure: Temperature: i idity:
Certificate No.. §2402-0650 Reference conditions: 101,325 kPa p;.%.u “C s ?g:;,déﬁ
Measuremant conditions: VO = 010 kP EERIERN IS 300 = 20%RH
Customer: Eastern Thai Consulling 1992 Co,, Lid. ’ L. Indication al the calibration check frequency
683 Moo 11, Sukhapibam & Rd,
Nongkham, Sriracha, Chonburi 20230 Reference Measured value Deviated | Acceptant
Acoustic Signal (dB) value limie
{dB) Belore ad_iusl|:\her adjusted (dB8) {dB)
Date of calibration: 2024-03-08 93.9 3% | 939 0.0 0.7
Date of issue: 2024-03-08 Mote Indivation an the checked calibratn Feguency was sdisted 1o 93 ¥ dE by the sound calibraior Type NU-T3 5/M 14234715
[nstrument Calibrated: Sound Leve] Meter
Wanufacturer: Rio 2. Self-generated noise
Model: ML-524 (Mater), UC-5% (Microphone), MH-25 { Prearnplifier)
Serial not D0ZI09ES (Mewer), 22332 (Miccophone), 22424 (Preamplifier) Frequency Measured value
Weighting (dB)
A-Weighhing 103
Calibration and verification performed: | C-Weighting 14.4
Acpustical levels are stated relative to 20uPa. Other dB |evels are relalive values. i { Z-Weighting 198

The reported expanded unceriainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage facior k, which with the reponied effeciive degres of freedom comresponds o
coverage probability of approximately 93%.

3. Electrical signal test of frequency weighting 41 93 dB

The sound level meter instrumeru submitted for periodic testing following the periodic tests of’ Devistion from various lrequency weighting resy curve
{EC 61672-3 : 2013, Frequency | A-Weighting| C-Weighring Z-Weighting | Tulerance
Preconditioning: (Hz) (d8) (dB) {dB) limit
The equipment was preconditioned For more than 16 hours al the specified calibration o =7 ) =3 (:IBL:
temperature and humidity 125 o == OI = :0
Tnstrwments and Program: 250 -0.1 0.1 0.1 1.0

A complete list of instruments, hardware, and software, that has been used for this catibreation is separately 500 01 0.0 o1 00
available from the calibration laboratory. 1000 0.0 0.0 0.0 0.7
Equipment standards used: 2000 4.1 0.0 0.1 =10

- Sound measuring equipment catibration unit 4838 S/N3 1082 4000 0.0 0.0 .1 =1.0

- Digital mulimeter Keysight /N HP3440(A 2000 0.1 0.1 0.0 £1.5.25
- Ultra-low distortion function generator Stanford SRS DS360 578123625 16000 -1.2 =12 0.0 =).5,-2.5

- Acoustic sound calibrator class | Mor1256 5 123626542

- Combined Pressure, Humidity and Temperature Transmitier PTUI0O S/NM2520568
Traceability

The measured values are raceable 1o following the 1SG/IEC 17025 laboralories:
Sound Pressure Level: EEL, Thailand

Reference Pressure, Humidity and Termperature: TPA. Thailand

Wohage: TPA, Thaitand

Frequency: TPA, Thailand

Thys cefnficute of calibranon 15 195ued by Acoustic Labortory Uhaslamd (ALTY |1 als sistes than the v has & I quakly wem and
by 100 iked of nangnal cahi This Ay ol by Juced of et 1han i Tull

Date of calibration @ 2024-03-08
Date of issue v 2024-03-03

Tety b w20 2780 Fsail ol el b ook
i kL wuin
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Tdnging wgy T b
Certificate No.:§2402-0630 Certificate No.: 52402-0650
4. Frequency und time weighting at | kHz 6. Level linearity on the refence level range

4.1 Frequency weighting a1 1 kHz 6.1 Meusured st 31.5 Hz

Frequeney | Measured Deviuted | Acceptant Anticipated | Measured Deviated | Aceeplant
weighlings vitue value lmit =pY
value vakae value limix
AdB) 18} (48) (dB) (8 (dB) (dB)
A $4.0 00 =0.2 84.0 84.0 0.0 =08
< 93.9 0. =02 85.0 8.0 0.0 =0.8
z 94.0 00 =0.2 94.6 94.6 0.0 =0.8
95.6 95.6 0.0 ={.8
4.2 Time weighting at 1 kHz 86.6 96.6 0.0 (.8
9%.6 97.6 .0 =(.8
Time Messured Deviated Accepiant 98,6 056 0.0 =0.8
weightings value value limit 34.0 §4.0 0.0 =0.§
{dB) {aB} (dB}) T9.0 790 0.0 ={).8
Fast 4.0 0.0 =0.1 4.0 74.0 0.0 x(.8
Slow 94.0 0.0 0.1 69,0 69.0 0.0 =08
LAeg 4.0 0.0 0.1 64.0 54.0 0.0 =08
590 5914 0.0 +0.8
5. Long term stability 54.0 54.0 0.0 z0.8
49.0 49.0 0.0 =0.8
Time interval| Stari level Stop level Devialed | Aceepran 44.0 44.1 0.1 (.8
(mm:ss) (dB) 148) value limai 42.0 42.0 0.0 +0.8
(4B (dB) 41.0 41.0 0.0 =0.8
28:58 4.0 94.0 HEY) =0.1 40.0 34 u.u =8
39.0 Al YU 0.8
38.0 350 AL 0.8

Date of calibration : 2024-03-0%
Date of calibration : 2024-(33-08 Date of issue : 2024-03-08
Date af issue 1 2024-03-08

— TN S
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Certificate No.: 52402-0650 Certificate No.:S2402-0650

6.2 Measured a1 | kHz | 63Measured at 8 kHz
Aoticipated | Measured Deviated Acceptant Anticipated | Mezasured Deviated Acceptant

value value value limiy value value value Simit
{dB) (dB}) (dB) (dB) (dB) (dB) (dB}) (dB)
109.0 108y -0.1 +0.8 94.0 4.0 0.0 {18
114.0 | 14.0 0.0 0.8 9%.0 99.0 0.0 1018
119.0 119.0 ou 0.8 104.0 104.0 0.0 *0.8
124.0 124.0 0.0 =U.8 109.0 109.0 0.0 (0.8
[29.0 1290 0.0 =03 114.0 114.0 0.0 =0.8
134.0 134.0 0.0 ={).§ 119.0 119.0 0.0 0.8
135.0 135.0 0.0 +).§ 124.0 1240 0.0 0.8
136.0 136.0 0.0 +0.8 129.0 129.0 0.0 ={.§
137.0 137.0 0.0 0.8 132.9 132.8 0.1 x{.8
1380 137.9 0.1 =08 1339 133.9 0.0 .
4.0 94.0 0.0 =0.8 134.9 134.9 0.0 =0.§
89.0 89.0 0.0 =& 1359 133.9 0.0 =0.8
4.0 §4.0 0.0 =0.8 116.9 136.9 0.0 =0.8
7%.0 789 -1 +0.8 94.0 4.0 0.0 0.8
74.0 74.0 0.0 0.8 80.0 89.0 0.0 0.8
69.0 639 RNl =0.8 84.0 84.0 0.0 +0.8
64.0 63.9 -0.1 =0.8 7%.0 789 -0.1 =0.8
59.0 59.0 0.0 =(.8 74.0 74.0 .0 =0.8
54.0 339 -0.1 0.8 69.0 69.0 0.0 =0.8
49.0 489 .1 0.2 64.0 63.9 L1 0.8
d44.0 439 -0.1 =0.8 39.0 59.0 0.0 0.8
42.0 420 0.0 0.3 540 53.9 0.1 =0.3
41.0 41.0 0.0 =8 49.0 189 (.1 (0.4
40.0 0.0 0.0 £0.% 44.0 44.0 0.0 0.8
390 389 -0.1 0.8 42.0 42.0 0.0 )8
38.0 350 0.0 +0.8 41.0 41.0 0.0 +0.8
40.0 399 -0.1 +0.8

390 kLR -0.1 0.8

8.0 N -0.1 =(}.§

|
Date of calibration : 2024-03-08 Date of calibration : 2024-03-08
Drave of issue 7 2024-03-08 i Date of issue i 2024-03-08
1
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F ALT
Certificate No.: 52402-0650 Certificate No.: 52402-0650
7. Tone burst response Uncertainty of measurement
Time Tone burst Mensured Deviated | Tolerance Parameters Uacertainty
weightings | duration, Tk vulue value fimit | Indication at the calibration check frequency 0.12 dB
(ms) (dB) {dB) (dB} 2. Self-generated noise
200 135.1 0.1 (.5 - Frequency Weighting A 0.090 dB
Fasi 2 118.0 0.0 wl.0.-1.5 - Frequency Weighting C 0.09) 4B
0.25 1U8.5% .1 ~L0.-3.0 - Frequency Weighiing Z .13 dB
200 129.1 0.1 =0.5 i 3. Electrical signal lest of frequency weighting 0.13 4B
SEL 2 109.0 0.0 r1.0-1.3 j 4. Frequency and lime weightings at | kH2 0.13 dB
0.25 99,9 -0.1 +1.0,-3.0 ] 3. Long term stability test 0.10 dB
6. Level linearity on the reference level ranue 0.id dB
7. Tane burst response (.14 dB
8. Overtoad indication 8. Overload indication 0.13 dB
9. High level stability 1est 0.0 4B
Measured value (dB) Deviated Tolerance
o . 3 ) value limit The reported expanded uncenainty is based upon a standard uncertainty muliplied by a coverave tactor
Positive one haif cycle Negative one half cycle {dB) 4B} K = 2, providing a level of confidence of approsimately 95% ¢
139.5 139.6 1. ={.5
Remark : The acoustical signal test of frequéncy weighring at 123Hz, 1kHz, and 8kHz is not included, along
9. High level stability with correction values for environmental conditions in a free-Field or diffuse field, and the effect of
reflection and diffraction on the measurement microphone and the sound level meter,
initial level Final level Deviated Acceptant
{48) (dB) value limir
{UB) idB)
137.0 1374 0.0 .1 v
e
Y o
Calibrated By: ... o Approved By ... . T
{Mr.Chaiyaporn Sornpichai) (M Pitupony Sarapho)
Date of calibration :  2024-03-08
Date of issue ¢ 2024.03-08
{ ======- End of Certificate of Calibration -——-
Date of calibration :  2024-03-08
Darte of issue o H24-03-08
-
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SOUND LEVEL METER
MODEL :  NL-52A

SERIAL No. : 01120953



SITHIPORN ASSOCIATES CO.,, LTD.

W,

CALIBRATION LABORATORY SITHIPORN: acmma
S T P R ";//':‘H\"\?
%Y
451-451 sirinthom Road, Sangb Bongpiud, B k, 10700 Thailand AR
Tel +B6 2433 B3N Email : calibrathongdeihiphamucom
Cert, No. : ACL24(46
Pages 1ol

Calibration Certificate

Equipment :
Manafacturer :
Model :

Serial No.:

ID No.:

Condition As Found :

Customer :

Locatiom ;

Ambient Temperature :
Pressure :

Relative Humidity :

SOUND LEVEL METER

RION

NL-52A / Microphone UC-59 / Preampiifier WH-23
01120953 / 22355 122342

GOOD

EASTERN THAI CONSULTING 1992 CO., LTD.
SAHA GROUP INDUSTRIAL PARK, 683 MOO 11,
NONGKHAM, SIRACHA, CHONBURI 20230 THAILAND.

(230 £3) °C
(1013 £3) kPa
{ 500 £20 ) %

Received Date : 11 JANUARY 2024

Calibration Date : 16-17 JANUARY 2024

Date of Issue : 18 JANUARY 2024
Calibrated by : Nathakomn Pisutpaisan
Approved by :

77 A/

{ Thanakul Petchurai )

This certificate is issued in accordance with the requirernents of ISO/IEC 17025 standard, may not be reproduced

other than i full, except with the prior writter approval of the head of Calibration Laboratory. %:)) ! E’)
L SRS L’

Y7

SITHIPORMN ASSOCIATES CO., LTD.
CALIBRATION LABORATORY

ASH451/1 Sifinthom Road, Bangbumru, Bangplud, Bangkak, 10700 Tholland
Tel +66 2433 8331 Ermail : calibration@sithiphorn.com

SITHIPORN

dasatiates

Calibration Procedure : CP-AC-01

Calibration Method :

Cerl No. : ACL24046
Job No. : VCETACOMMY
Pages : 2of8

This equipment was calibrated by follow on [EC-6)672-3 (2013) Standard for sound level meter (SLM).
The SLM bad tests to Acoustical and Electrical signal tests of frequenty weighting with Anechoic chamber and Reference

Standard [nstruments.

For tests resulls of cach items were made by observation of each Instruments display and also with SLM's disphay.

Condition of this result of calibration :
1. Reference Standard Lnstruments :

Instrument Model Serial Mo,
Wavetform Generalor 33210A MY43017076
Waveform Generator 33511B MTY52302742
Digital Multimeter 361A MY 53220104
Digital Mulbimeter 33M61A MY53220076
Digital Multicweter 34614 MY6&0024273
Frogrammable Attenuator MAT-1070 62100114
Condenser Microphone 4180 2977900
Measuring Amplifier MA-2ZKAI 34560495

Cort. Na. Dug Date
GF-0009-23 (7-FEB-24
GF-0010-23 07-FEB-24

EEL.BP 30/0266  13-FEB-24
EEL.BP 29/0266  13-FEB-24
EEL.BP 3140266 14-FEB-24
EF-0011-23 08-FEB-24
AA-1001-23 14-FEB-24
AA-3002-23 14-FEB-24

2. This result of calibration was found accurate as shown on dale and place of calibration for this calibrated iter only.

3. This certificale is traceable to the international system of unil maintained at :

3.1 National Instinute of Metrology (Thailand).
3.2 Thailand lnstitute of Scientific and Technological Research (TISTR).




SITHIPORN ASSOCIATES CO,, LTD. SITHIPORN ASSOCIATES CO., LTD.

CALIBRATION LABORATORY SITHIPORN ; , CALIBRATION LABORATORY SITHIPORN
45+45Sirinthom Raod Bangburmni. Bangpiud Bangkak, 10700 Thaikand 3 B i /D 48451/t Sirinthom Reod, Bangburmr, Bangplud, Bangkok, 10700 Thailand GReiraies
Tel +86 2433 8231 Email : calibrotion@sithiphorn.com MSL-TISETS lx Tel, +66 2433 93m Email: calbration@sithiphorn.corn
Cert No. : ACL24046 CertNo. :  ACL24046
Job Mo, : YC67AC0042 Job No. : VCGTACH42
Pages @ 3of8 Pages do0l3
Sumingry of Measurement Resylt @ Result of calibyation -
1. Absolute sensitivity
Uncertainty Marimom-permitted o rE— e
Farameter (di) uncertainty of Acoustic Signal Value Deviation Limit
measurement (AB) (dB) (d3) (dB) (aB)
1. Absolute sensitivity 02 N/A 93.9 (93.98) 94.0 0.0 £0.3
2. Self-generated noisc 0.2 N/A
3. Acoustical signal tesis of frequency weightings
125 Hz 03 o6 2. Self-generated noise
2.1 Nommal test
1000 Hz 0.3 0.6
8000 Hz 03 0.7 Measured Value
4. Electrical signal tests of frequency weightings (dB)
For 10 Hz to 4 kHz 0.3 0.6 134
orz e 0 02 = 2.2 The microphone of the sound level meter was replaced by electrical signal input device,
For > 10 kHz 10 20 kHz 0.3 L0
5. Frequency and time weightings at 1 kHz 0.2 02 Frequency Meagured vatue
6. Long - termm stability 0.1 0.1 Weighting (dB)
7. Level linearity on the reference level range 0.2 0.3 A - weight 9.9
8. Level linearity including the level mange control 0.2 03 C - weight 14.8
9. Tone burst regponse 02 0.3 Flat 20.7
10. Peak C sound level 02 0.35
11, Overload indication 0.2 0.25 3- Acoustical signal tests of frequency weightings
12. High level stability 0.1 0.1 Meter free-field acoustic response at a level of 84 dB
Frequency Deviation from various frequency weighting response curve (dB)
(Hz) . . Acceplance
Flat C-weight A-weight Limits
125 0.l 0.1 0.1 * 1.0
1000 0.1 0.1 0.1 0.7
8000 0.1 0.2 02 +1.5,-2.5

7 LA

ST



SITHIPORN ASSOCIATES CO., LTD.
CALIBRATION LABORATORY

4514511 Sirinthom Road, Bangbumn, Bongpiud, Bangkaek, 10700 Thaikand
Tal +86 2433 5371 Email : callbration@sithiphom.carm

SITHIPORN

RATRSEESE I N

CAUBRATION 03545

d. Electrical signal tests of frequency welghtings
Weightig network response with rebative to 1 kHz.

Cert. No. : ACL24046
Job No. : VC6TACOM2
Pages : Sof8

Frequency Deviation from various frequency weighting response curve (dB)
EHz) Fla C-weight A-weight Acr.fpl?ancc
Linpits
63 0.0 00 0.0 1.0
125 0.0 0.1 0.l +1.0
250 0.t 00 0.0 +1.0
SiH} 0.1 0.1 0.0 ®l.0
1000 0.0 0.0 0.0 +1.0
2000 0.0 a1 0.0 +1.0
4000 0.0 0.1 0.0 +10
3000 0.0 0.1 0.1 +1.5-25
16000 09 -1.2 -1.1 +2.5,-16.0
5. Frequency and Hme weightings at 1 kWHz
5.1 Frequency weiphtings at | kHz
Anticipated | Measured Devialed Aceophance
Frequency Value Value Value Limits
Weighting (dB} (dB) (dB) (dB)
A - weight 04,0 040 0.0 +0.2
C - weight 94.0 94.0 0.0 02
Fla1 94.0 S4.0 0.0 +0.2
5.2 Tiroe weighting a1 1 kHz
Anticipated Measwred Deviated Acecptance
Frequency Value Value Value Limits
Weighting (dB) (dB) (dB) {(dB)
Fast 9440 94.0 0.0 +0.1
Slow 94.¢ 24.0 0.0 +4.1
leq 94.0 24.0 0.0 £
6. Long - term stahility
SLM Display | SLM Display | Deviated Agcceprance ST
Frequency at initial at final Value Litnits C& "\_)
. -
Weighting (dB) (4B) (dB) (dB) j ¢
A - weight 9d.u 94.1 0.l 0.1

SITHIPORN ASSOCIATES CO,, LTD.

CALIBRATION LABORATORY

454511 Sifntham Read, Bangbumny, Bongpiud, Bangkok, 10700 Thailand

Tel +86 2433 832

Emoil : calibrotion@sithiphom.caom

SITHIPORN;

ARSGCTalas

HSC-TISITIS 17035
CALBANTION G334

7. Level linearity on the reference level range

Cert No. : ACL24046
Job No. = VCGTACHM2
Pages : 608

Antcipated Measured Dieviated Acceprance
Value Value Value Limits
(dB} {dB) (dB) (dB)
137.0 137.1 0.1 +.8
1360 136.1 al H}.8
1350 135.1 0.1 0.8
134.0 134.1 0.1 .8
133.0 133.0 0.0 0.8
1320 132.0 0.0 *0.8
131.0 131.0 0.0 +3.8
1280 12840 0.0 +0.8
124.0 124.0 0. 0.8
19.0 119.0 0.0 )8
114.0 114.0 00 © 0.8
109.0 1090 0.0 H0.8
104.0 104.1 0.1 0.8
99.0 99.0 0.0 +0.8
04.0 94.0 0.0 0.8
89.0 390 0.¢ +0.8
84.0 84.0 0.0 H).8
9.0 79.0 0.0 +).8
740 1.0 0.0 HYLR
690 69.0 0.0 0.8
64.0 64.0 0.0 108
59.0 59.0 0.0 +0.8
54.0 54.0 0.0 .8
490 49.0 0.0 +0.8
44.0 44,0 0.0 0.8
30.0 39.0 0.0 0.8
34.0 340 0.0 .8
30.0 30.0 0.0 HLE
2940 290 0.0 .8
250 28.0 0.0 0.8
270 210 0.0
26.0 26,0 0.0
25.0 24.9 -0l 0.8

[\

10.8 R
+0.8 oA 9"’ (e

o Lol




SITHIPORN ASSOCIATES CO,, LTD. SITHIPORN ASSOCIATES CO,, LTD.

CALIBRATION LABORATORY SITHIPORN, CALIBRATION LABORATORY SITHIPORN .
45+-4sft sirinthormn Rood, Bangbumiu, Bangplud. Bangkek. 10700 Tholkand L L 451 AL1A Sidnthom Road, Bangbumir, Bangplud, Bangkok, K700 Thailond Anzoclatan
Tel +86 2433 8331 Emoll; colibration@sithiphorm.com Il +B6 2433 BIA Email: calibration@sithipharmcom mmx
Cert. No, : ACL2404¢ Cert. M. : ACL24046
Job Ne.  : YOSTACH42 Job No. : VCETAC0042
Pages : 7ofB Pages : Bof$
8. Level imearity including the level runge contrel
Anticipated Measured Deviated Acceptance 1% Overteadiiindiation
Range Value Value Value Limits Measured value { dB } Deviated Acceptance
(dB) {dB) (dB) (dB) Positive Negative Value Limits
Auto 940 94.0 0.0 .3 one-half cycle | one-half cycle (dB)} (dB)
89.6 89.7 01 *1.5
9. Tone burst response
Time Tone burst Anticipated Measured Deviated Acceptance
duration, T | Cycle Value Value Value Limits 12. FHigh level stability
—— s ) Ldb) L) {dB) {dB) SLM Display | SLM Display Deviated Acceptance
0.25 1 108.0 107.% 0.1 1.0 3.0 Trequemicy il Tas] Value Yimitg
Fast 2 8 117.83 1169 -0.1 1.0;-15 Weighting P, CaE) — s
200 500 134.0 134.0 Q.40 +0.5
S 2 8 108.0 108.0 0.0 10; 3.0 A - weight 137.0 137.0 0.0 +).1
200 200 1276 127.6 0.0 )5
0.25 i 99.0 93.8 0.2 1.0;-3.0
SEL 2 8 108.0 107.9 -.1 1.0, -1.5
200 BOO 128.0 1280 0.0 +0.5

The reported uncertainty is based on a standard uncertainty multiptied by coverags factock =2

or any value following caleulation,providing # lavel of confidence of approxsmately 95 %
10. Peak C sound level

Number of ¢ycle Anlicipated Measured Deviated Acceplance End of Calibration Certificate
in Value  |Value, Lepeak|  Value Limits
rest signal {(dB) {dR} {dB) {dB }
Continuous 133.0 133.0 0.0 +2.0
One 1364 1333 -1.1 +.0
Number of cycle Anpticipated Measured Deviated Acceptance
n Value Value Value Limits
test sigmal (dB ) (dB) {dB} (dB)
Continuous 133.0 133.0 0.0 1,0
Positive half cycle 1354 135.1 0.3 +1.0 * e .‘
Negative half cycle 1354 135.1 02 ] (] = _"_ . !.‘_.'3)
SHCDPY
—
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SOUND LEVEL METER
MODEL : NL-21
SERIAL No. : 00310458



SITHIPORN ASSOCIATES CO., LTD. SITHIPORN ASSOCIATES CO,, LTD.

CALIBRATION LABORATORY SILIPORN CALIBRATION LABORATORY SITHIPORN
481-45H1 Skinthorn Road, Bangbumiu, Bangplud, Bangkek, 10700 Thailand i :,;c‘r'.;‘_ﬂ;w i 451-451f1 Sirlntharn Rood, Bangbumiu, Bangplud, Bangkak, 10700 Thailand * Aoh
Tel +66 2433 833 Emall : calibrotkngsithiphameem CAUBRATION 3 Tal +66 2433 B3N Emoll; calibration@sithiphorneom :;CI;;’;T‘IO";:::
Cert. No. : ACL24024 Cert. No. : ACL24024
o Job No. : VC6TACHA9
Pages 1ok Pages : ZofY
Calibration Certificate Calibration Procedure : CP-AC-02

Equipment : SOUND LEVEL METER Calibration Method :

Manufacturer : el ‘ This equipment was calibrated by follow on IEC-61672-3 (2013) Standard for sound level meter (SLM).

Model : NL-217 Microphone UC-52 / Preamplifier NH-21 The SLM had tests to Acoustical and Electrical signal tests of frequency weighting with Anechoic chamber and Reference

Serial No.: 00310458 / 155215/ 11329 Standard Instruments

ID Ne.: For tests results of 2ach items were made by observation of each Instruments display and also with SLM's display,

Conditton As Found : GOGD Condition of this result of calibration ;

|. Reference Standard Instruments :

Customer ; EASTERN THAL CONSULTING 1992 CO., LTD. Insirument Model Serial Mo, Cert, No, Due Date
SAHA GROUP INDUSTRIAL PARK, 683 MOO 11, Waveform Generator 332104 MY48017076 EF-000923  07-FEB-24
NORGKHAMESIRACHALGHOWBURI 20230 THAILAND, Waveform Generator 335118 MY52302742 EF-001023  07-FEB-24

Digita! Multimeter 134618 MY53220104 EEL.BP 3¥0266 13-FEB-24
Digital Mulbimeter 33614 MY53220076 EEL.BF 29/0266 13-FEB-24
L . Digital Muliimeter MA6lA MYad024273 EEL.BP 31/0266 14-FEB-24
A"“:f'"“i o ( 1023 . Programmable Attenuator MAT-1070 62100114 EF-0011-23  08-FEB-24
: 0 = b
mbieat Temperature [ [T s b Condenser Microphone 4120 2977000 AA-1001-23 14-FEB-24
. R

Pressure: ) » Measuring Amplifier NA4ZKAL 34560495 AAJ00223  14-FEB-

Relative Humidity : (500 £20) %

2. This result of calibration was found accurate as shown on date and place of calibration for this calibrated item only.

Received Date : 18 DECEMBER 2023 3. This centificate is traceable to the international system of unit maintained at :

Calibration Date : 10-11 JANUARY 2024

.1 Mational Insti f Metrol iland),

Date of Issue : 12 JANUARY 2024 3 ationa itute of Metrology (Thailand),

3.2 Thailand Institute of Scientific and Technological Research (TISTE),
Calibrated by : Nathakorn Pisutpaisan

Approved by : 7' W/‘

{ Thanakul Petchurai

This certificate is issued in accordance with the requiremenis of 1ISO/IEC 17025 standard, may not be repmduced
other than in full, except with the prior written approval of the head of Calibration Laboratory. ™ ) /‘
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SITHIPORN ASSOCIATES CO., LTD.
CALIBRATION LABORATORY

451- 4511 Sirinthorn food, Bangbumru, Bangphud, Bangkok. K700 Thailond
Tel +B6 2433 833 Email : calbration@sithiphorncom

SITHIPORN

SITHIPORN ASSOCIATES CO., LTD.
CALIBRATION LABORATORY

451-45)f1 Sirintharn Road. Bengbumyu, Bangplud, Bangkok, 10700 Thaikand
Tel +G6 2433 8331 Ernoil : ealibration@sithiphorn.com

NSC-TISLTIS 17025
CALIBRATION D294

SITHIPORN: g,

HEC-TISHTIS 17025
CALBRATION 0394

Cert. No. : ACL24024

Cert, No. : ACL24024

Job No. : VC67AC0039 Job No. : VC6TACD039
Pages : 3of9 Pages @ 4of9
ma Mea 8] &5 1t of caljbration ;
1. Absolute sensitivity
Uncertalnty Maximum-permitted Reference Measured Acceptance
Parameter (dB) uncertainty of Acoustic Signal Value Deviaticn Limnir
measurement (dB) (dB} (dB) {(dB) {dB)
[. Absolute sensitivity 02 MNra 93.9(93.98) 93.9 0.0 =03
2. Self-generated noise 0.4 N/A
3. Acoustical signal tests of frequency weightings 2. Self-generated noise
125 Hz 0.3 0.6 2.1 Normal test
1000 Hz 0.3 0.6
8000 Hz 03 0.7 Mm(‘":; )V ol
4. Electrical signal tests of frequency weightings 234
For 10 Hz to 4 kHz 0.3 0.6
For > 4 kifz to 10 kHz 0.3 0.7 2.2 The microphane of the sound level meter was replaced by electrical signal input device.
For > 10 kHz 1o 20 kHz 1.0 Frequency Measured value
3. Frequency and time weightings at { kHz 0.2 0.2 Weighting (dB)
6. Long - term stability 0.1 0.1
7. Level linearity on the reference level range 0.2 0.3 AU 24
8. Level linearity including the Jevel range control 0.2 0.2 C - weight 244
9. Tone burst response 02 03 = 346
10. Peak € sound level 02 0.35
11. Overlozd indication 02 0.5 3. Acoustical signal tests of frequency weightings
12. High level stbility o1 01 Meter free-field acoustic resportse at a level of 84 dB
Frequency Deviation fom various frequency weighting response curve (dB?
(Hz} . 1 Acceptance
Flat C-weighr A-weight O
Lirnits
125 -0.1 0.1 -0.1 +1.5
100 0.1 -(h1 -0.1 & L0
8000 -0.6 -0.5 -0.5 +5.0




SITHIPORN ASSOCIATES CO,, LTD.
CALIBRATION LABORATORY

451-451f1 Sirinthorn Road, Bangburnny, Bangplud, Bangkok, 16700 Thailand - Y €

Tel, +66 2433 833 Ernil: callbration@sithiphorncom 'c‘:;'::""'lg;g;i
Cert. No. : ACL24024
Job No. : VC6TACOH03¢
Pages : 5of9

4. Eleetrical sigual tests of frequency weightings
Weighting network response with relative to 1 kHz,

Frequency Deviation from various frequency weighting response curve (dB)
(Hz) ) ) Acceptance
Fiar C-weight A-weight e
Lirnits
63 0.2 0.1 .1 2.0
125 -0.2 0.0 0.1 1.5
250 -0l 0.0 -0.1 1.5
500 -0.1 00 -0.1 £].5
1000 0.0 0.0 0.0 +1.0
2000 0.1 0.2 0.1 £2.0
4000 0.1 0.1 ol +3.0
8000 0.0 0.2 03 +5.0
5. Frequency and fime weightings at 1 kHz
5.1 Frequency weightings at 1 kHz
Anueipated Measured Deviated Acceplance
Frequency Value Value Value Limits
Weighting (dB) (dB) (d8) {dB)
A - weight 9d.0 94.0 0.0 +0.2
C - weight 94,0 94.0 0.0 +0.2
Flat 94.0 94.0 0.0 0.2
5.2 Time weighting at 1 kHz
Anticipated Measured Deviated Acceptance
Frequency Value Value Value Limits
Weighting (dB) (dB) {dB) (dB)
Fas1 o4.0 94.0 0.0 x 0.1
Slow 84.0 24.0 0.0 + 0.1
Leg 94.0 54.0 0.0 0.1
6. Long = term stability
SLM Display | SLM Display Deviated
Frequency at initiat at final Value
Weighting (dB) (4B) (dB)
A - weipht o4.0 94.0 0.0

A e e e R S S S e s P e e ra e e

SITHIPORN ASSOQOCIATES CO,, LTD.

CALIBRATION LABORATORY SITHIPORN: B/
451-45M1 Sirinthorn Rood, 8angburnnu. Bangpiud, Bangkok, 10700 Thailand L Pt N
Tet +66 2432 831 Email : calibration@sithiphorn.com ::::::::;;‘;;:
Cert. No. : ACL24024
Job No. : VCB7AC0039
Papes : 6of9
7. Level linearity on the reference level range
Anticipated Measured Deviated Acceptance
Value Value Value Limits
(dB) (dB) {dB) (dB}
135.0 134.9 -0.1 £1.]
1340 133.9 0.1 £1].]
129.0 128.9 -0.1 +1.1
124.0 1239 -0.1 +].1
119.0 1189 0.1 +1.1
114.0 113.9 -0.1 £1.)
109.G 108.9 0.1 +1.1
104.0 103.9 -0.1 x 1,1
9.0 95.0 0.0 *1.]
94.0 94.0 0.0 *1.1
89.0 §9.0 0.0 +1.]
§4.0 £4.0 0.0 +].]
79.0 79.0 0.0 +1.1
74.0 74.0 0.0 +1.1
69.0 69.0 0.0 +1.1
54.0 64.0 0.0 il:1
58.0 59.0 0.0 * 1.1
34,0 54.0 0.0 + 1.1
49.0 44.0 0.0 1.1
44.0 43.9 0.1 +1.1
39.0 38.9 0.1 x1.1
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SITHIPORN ASSOCIATES CO., LTD.
CALIBRATION LABORATORY

SITHIPORN : §,
451-451) sminthorn Rood, Bangbumu, Bangphud, Bangkok, 10700 Thailand AR p S ¥
Tel +66 2433 637 £mall: colibration@sithiphorn.com ;’:ﬁ.':ﬂg;m
Cert. No. : ACL24024
Job No. VYCo7AC0039
Pages 7ofd
8. Level linearity including the level range control
Anticipated Measured Deviated Acceplance
Range Value Value Value Limits
{dB) (dB) (dB} {dB}
130 94.0 94,0 0.0 1,1
120 94.0 4.0 0.0 £1.1
119 94.0 94.0 0.0 +1.1
100 94.0 4.0 0.0 +].1
o0 94.0 94.0 0.0 *+],]
Level linearity on each level range
Anticipated Measured Devialed Acceptance
Range Value Value Value Limits
(dB) {dB ) (dB ) (dB)
130 42.5 42.7 0.2 *I.1
120 32.5 325 0.0 1.1
9. Tone burst response
Time Tone burst Anticipated Measured Deviated Acceptance
duration, Th Cycle Value Value Value Limits
Weighting {ms) {dB) (dB) (dB) (dB}
025 1 108.0 107.9 .1 1.5 ;-5.0
Fasl 2 8 117.0 117.0 0.0 10;-2.5
200 300 134.0 134,] 0.1 +1,0
2 8 108.0 108.0 0.0 1.5;-50
Slow
200 800 127.6 127.6 0.0 1.0
025 1 99.0 98.9 0.1 L5;-5.0
SEL 2 8 108.0 108.0 0.0 1.0:-2.5
200 800 128.0 128.0 0.0 +1.0

- R

SITHIPORN ASSOCIATES CO,, LTD.

CALIBRATION LABORATORY

451-451{] Sirllnthorn Road, Bangbumru, Bangplud, Bangkok, 19700 Thalland

SITHIPORN:

N ) : - [T 17025
Teol. +B6 2433 §331 Ernaii : collbration@sithiphorn.som cnu:ﬂr:::su o
Cert. No. : ACL24024
Job No. : VCG7ACO039
Pages : Bof9®
10. Peak C sound level
MNumber of cycle Anticipated M ed Deviated Acceptance
in Value Yalue, Lepeak Value Limits
tes signal (dB) {dB} (dB) (dB)
Continuous 130.0 1300 090 +3.0
Cne 133.4 132.6 -0.8 3.0
Nomber of cycle Anticipated Measured Deeviated Agceptance
in Velue Value Value Lirmits
test signal {dB} (dB) {dB) {(dB)
Continuous 130.0 130.0 0.9 2.0
Positive half cycle 1324 132.1 -0.3 +20
Negative half cycle 1324 122.] 0.3 *2.0
11, Overload indication
Measured value { dB ) Deviated Acceptance
Positive Megalive Yalue Limits
one-half cycle | one-half cycle {dB} {dB)
89.5 89.3 0.2 1.5




SITHIPORN ASSOCIATES CO., LTD.
CALIBRATION LABORATORY

ABF451A Sirinthorn Road, Bangburmeu, Bangplud, Bangkek, K700 Thalland

Tal +66 2433 8331

Email : calibration@sithiphorn.com

SITHIPORN !
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WSCTISKTIS 17025
CALIBRATION 394

Cert. No. : ACL24024
Job No. : VC6TACORIS
Pages : 9of9

12. High level stabltity
SLM Display | SLM Display Deviated Acceplance
Frequency at initiel at final Valne Limits
Weighting (dB) (dB) (dB) (dB)
A - weight 137.0 137.0 0.0 0.3

The reported uncertainty is based on a standard uncertainty multiplied by coverage factor & =2

or any value following calculation,providing a lavel of confidence of approximately 95 %

End of Calibration Certiicate
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CALIBRATION 0037

Request No. 21-67/0251

Submitted by
Address
Calibrated at

[nstrument Calibrated :

Description
Manufacturer
Model

Seral No.
Microphone
Preamplifier

Standards used :

L I

== I |

Date of Receipt

Daie of Caltbration

CALIBRATION CERTIFICATE

: Eastern Thai Consulting 1992 Co., Ltd.

: 683 Moo 11 Sukaphibam 8 Rd., Nongkham, Sriracha, Chonburi 20230

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR}

MTC Mo. EEL. BP. 60267

: Electrical and Electronic Standards Laboratory, Industrial Metrology and Testing Service Centre.

Soi 1C, Bangpoo Industrial Estate. Sukhumvit Rd., A.Muang, Samutprakan 10280.

: Sound Level Meter Temperature

: CirTus Retative Hurmdiry
:CRI172A Ambient Pressure
: G301039

- MK216 No.412988E
: LO403F

. Band Pass Filter Wavetek 752A S/N 90010494,

. Condenser Microphone Brilel &Kjzr 4180 S/N 2883871,

. Decade Attenuator Ando AL-205 SN 00464602,

. Digital Multimeter Fluke 8520A S/N 4985007.

. Measuring Amplifier Briel&Kjzr 2636 S/N 1537434

. 5 Feb. 2024
: 29 Feb. 2024

Ambient Environment

12323)°C
1(50 £15) %
: (101.325#1.5) kPa

. Function/Arbitrary Waveform Generalor Agilent 33220A S/N MY44042668.
. Digital Function Synthesizer NF Electronic Instruments DF-193A S/N 122037,

. Multifunclion Acoustic Catibrator Britel&Kjzr 4226 S/N 2810358 with Coupler UA0915 S/N 2810358

NSC-TISI-TIS 17025

s
IUTISTR CALIBRATION 0037

THAILAND TNSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR)

Request No, 21-67/0251 MTC No. EEL. BP. 6/0267

9. Power Amplifier Briel&Kjer 2706 S/N 1517650,
10. Speaker Tannoy Limited, Great Britain British Patent No. 215300,
11. Digital Muhimeter Agilent 34401 A S/N MY 44005560.
12. Programunable Attenuator Tamagawa TPA-303A S/N 2212

Calibration Procedure :

This instrument was calibrated By using calibration procedures no CP-102-02 and CP-102-03, which
were based on 1IEC 61672-3 Electroacoustics - Sound Leve] Meters - Part 3 + Periodic tests {2013). These calibration
procedures were related to the ¢lectrical and acoustic signal tests. The electrical signal test was carried out with the
direct measnrement method. The acoustic signal test was performed in an anechoic room with the comparisen
measurement method.

This instrument has been calibrated against standards maintained at the Electrical and Elecironic $tandards
Laboratory (EEL), which are traceable to the International System of Units through the National Instinte of

Metrology (Thailand).

The information on actual reading is attached herewith and the unceriainty limits quoted refer to the

measured values only.

The reported expanded uncertainty is based upon 2 standard uncertsinty multiplied by a coverage factor

k=2, providing a level of confidence of approximately 95%.

Date of Calibration : 29 Feb. 2024

The ragults relate anly to the items tasted/calibrated of value assigned.

T
%\t =t
T U

S

Advertising the Report/Cerilicate and publicity of the results extept in full are prohiblted unless wiitten permission 15 cbitained froen the govemer of TISTR

hvé

e /!'_.'“ |

The results relate only 1o the terns tested/calibrated or value assigned

Advertising the RejorCenificate and publicity of the results eecept in full are pohibited unlass witten petmission i bbtained from the eovamor of TISTR

Fid BL.MTC.002 Rev.

FRLBLMTC.002 Rav.

Head Office

35 ku 3 Tarbon Khlong Ha, Amphee Khong Luang.
Changwat Pathumthans 12120, Thaltand

Tel (661 0 2577 9000

Fax, (66] 0 2577 9009

F-madl - rimean@tiste or th Websitewwae ristr.orth

Office/Labaratory
4oi 1€, Banepoo Industrial Estate, Sukhurdl Road,

Armphoe husng, Changwat Samaiprakan 10280, Thaland

Tel. (66140 2323 167280 ext. 115, 116
Fax. (6610 2323 9165
E.mail + mbcgtistr.orth

Office:

194 Phahamyasthin Road, Chatushak, Bangkok 10900,
Thailand

Tel, (66} 0 2579 1121-30 axt. 5219, 5225, 5217
Fax. (660 2579 8592

E-mail ; surnaleagiistr.orth

Head Office

35 Mt 3 Tambon Kinlong Ha, Amphoe Khlong Luang,
Changwat Fathumtham 12120, Thailand

Tel. (661 & 2577 9000

Fax, {66) 0 2577 9009

E-mail : rumpaigtisionth Websiiewe tistr arth

CfficesLaboratory
Soi 1C, Bangpoo Industrial Estate, Sukhumwit Aoad,

Amphos Muang. Changwat Samutpralan 10280, Thaland

Tel (68) O 2323 1672-80 e«t. 115, 116
Fax, {66) 0 2323 9165
E-mail : mmbcg@listr.ontn

Oifice

196 Fhahomyothin Road, Chahuchak, Bangkok 10900,
Thadand

Tal (66} 0 2579 112130 ext. 5219, 5225, 5217
Fax. (56) 0 2579 B592

Ermah - puma e EIEt of W



NSC-TISI-TIS 17025

"J"J::HSTH CALIBRATION D037

THAILAND INSTITUTE OF SCIEMTTFIC AND TECHNOLOGICAL RESEARCH (TISTR}

Request No. 21-67/0251 MTC No. EEL. BP. 643267

1. Absolute Sensitivity

Reference Acoustic Measuced value (dB) | Deviation | Acceptance | Uncertainty | Maximum-permitied uncertainty
Signal (dB) Before adjust] ARer adjust| value{dB) |limit class 2(+dB)|  (+dB) of measurement {+dB)
9370 93.6 937 0.0 1. 0.48 N/A

Note: The exiernal calibration adjustment was firstly performed. The internal calibration adjustment

was then completed at the display of 837 dB.

2. Self-generated noise

2.1 Normal test

Measured value Uncertainty Maximum-permitied uncertainty
(dB) (+dB) of measurement (+dB)
18.5 0.10 N/A

2.2 The microphone of the sound level meter was replaced by electrical signal input device

Frequency | Measured | Uncertzinty | Maximum-permitted uncertainty
Weighting | value (dB) (+dB) of measurement (+dB)
A-Weight | under-range . NA
C-Weight 16.5 0.10 Mis

Flal 233 0.10 N/A

Note: The under-range means that the indicator cannot display for setting the range of 20-140 dB.

Drate of Calibration : 29 Feb, 2024

\ A Y L

P

The results relaie only ta Lhe items tested/cabbrated o valug asagred

Adernising the ReporyCertiflcare and publicity of the results except in full are prohibited wnless wiitten permission s obtained from the govemor of TISTR

NSC-TISI-TIS 17025

II-TISTR CALIERATION 0037

Request No. 21-67/0251

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR}

MTC No. EEL. BP. 6/0267

3. Acousticai signal test of frequency weightings

Frequency Deviation from frequency response curve(dB) Acceptance limit | Uncertainty | Maximum-permitted uncertainty
{Hz) A-weight C-weight Flat clags 2 {+dB) (+dB) of measurement (+dB)
125 0.4 0.3 0.2 1.5 0.45 0.6
1 000 -1.0 -1.0 -0.9 Lo 0.45 0.6
8000 0.2 0.4 0.6 5.0 0.45 0.7
4. Electrical signal test of frequency weightings
Frequency | Deviation from frequency response cucve(dB) Acceptance limit {Uncertainty| Maximum-permirted uncenainty
(Hz} A-weight C-weight Flat class 2 (+dB) (+dB) of measurement {+dB)
63 0.4 0.0 0.0 2.0 0.20 0.6
125 0.2 0.0 0.0 1.5 0.20 0.6
250 0.1 0.0 -0.1 1.5 0.20 0.6
500 0.0 0.0 -0.1 1.5 0.20 0.6
| 000 0.0 0.0 0.0 1.0 0.20 0.6
2000 -0.1 0.0 0.0 2.0 0.20 0.6
4 000 03 0.2 0.0 30 0.20 0.6
3000 -0.5 .4 -0.1 5.0 0.20 0.7

Date of Calibration : 29 Feb. 2024

B
e
m—

The rzsults relate only to the items tesied/calibrated or value aisigned

4*5%\,; 4/9
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Advarnang the ReportiCernficate and publicity of the results except in full are prohibited unless witten peErmission is obtaned from the governor of TISTR

FRLBLMTC.00Z Rev.

Head Office

FMLBL.MTC.002 Rav.
Offices/Laboratory Office

Head Office

35 8u 3 Tambon Khlong Ha, Amphos Kilong Luang,
Changwat Pathumithani 12120, Thailand

Tel. t66) 0 2577 9000

Fax. (66} 0 2577 9007

OfficesLaboratory Office

Soi 1C, Bangpoo Industrkal Estate, Sukbumit Road,

Amphoe Muang, Changeat Samutprakan 10280, Thailand

Tel. (66] 0 2323 1672-80 ext, 115, 116
Fax (66]0 23233165

196 Phahomyorhin Road, Chatuchak, Bangkok 10900,
Thatand

Tel. [66) ¢ 2579 H121-30 e, 5219, 5225, 5217
Fax {66) 0 2579 8592

35 8l 3 Tarmbon Khiong Ha, drmphoe Khlong Luang,
Changwat Pathumthani 12120, Thaland

Tel (86) 0 2577 9000

Far. {66} 0 2577 9009

Sei 1€, Bangpoo Industial Estate. Sukhumvit Road,

Amphoe kuang Changwat Samdprakan 10250, Thadand

Tel {6600 2322 167280 ext. 115, 116
Fax. (6610 2323 9185

186 Fhahomyarhin Road, Chatuchak, Bangkok 10500,
Thailand

Tel (6610 2579 112130 ext. 5219, 5225, 5217
Fax [66) 0 257% 8592



NSC-TISI-TIS 17025
CALIBRATION 0017

THalLAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR)

Request No. 21-63/0251 MTC No. EEL. BP. 6/0267
5, Long-term stabilicy
Measured Deviated | Acceptance limit Uncertainty Maximum-permitted uncertainty
Time
value {dB) value (dB) class 2 {+dB} (+dB) of measurement (+dB)
Begin 94,0
0.0 03 0.10 0.1
End 94.0
6. Frequency and time weightings at 1 kHz
6.1 Frequency weightings at 1 kHz
Frequency Measured Deviated | Acceptance limit Uncertainty Maximum-permitted uncertainty
Weighting value {dB) value (dB) class 2 (+dB) (+dB) of measurement (+dB}
A-weight 94.0 0.0 0.2 0.20 0.2
C-weight 94.0 0.0 0.2 0.20 0.2
Flat 94.0 0.0 0.2 0.20 0.2
6.2 Time weightings at 1 kHz
Frequency Measured Deviated | Acceptance limir Uncerzinty Maximum-permitted uncertainty
Weighting value (dB) value (dB} class 2 (+dB) {+dB) of measurement {+dB}
Fast 94.0 0.0 0.1 0.20 0.2
Slow 94.0 0.0 0.1 0.20 0.2
Leq 94.0 0.0 01 0.20 0.2
TN
Date of Calibration : 29 Feb. 2024 s ')“i w45 (

e an s

The results relate only 1o the ems testadscalinrated or value assiered.
Achveminng Lhe Resor/Certificats and publcity of the results sacept i full are probibired unless wiitien permission is obtaned fiom the governor of TISTR.

Head Office

35 Mu 3 Tambon Khiong Ha, Amphos Kilong Luang.
Changwat Fathumithani 12120, Thaland

Tel. (88) O 2577 9000

Fax (66} 0 2577 9009

F-mal - rumoaidsniste on th Websita wawe st or th

Office/Laboratory
S 1C, Bangpao dustnal Estate, Sukbumait Road,

Amphoe Muar, Changwat Samwipiakan L0280, Thadand

Tel (661 0 2323 167280 ext. 115, 116
Foe (66) 0 2323 9165
E-rma : mitc@tist orth

Fid BLMTL D02 Rev.

Office

196 Phahgnyothin Foad, Chatuchak, SBanghck 10800,
Thailand

Tel, (£8) 0 2579 112130 &x1. 5213, 5225, 5217
Fax. (66) 0 2579 8502

E-mail : sumaleegtistionth

=
TISTR
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CALIBRATION 0037

TI-EAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TiSTR)

Request Ng.  21-67/0251

MTC No. EEL. BP. 6/0267

7. Level linearity on the reference level range

Anticipared Measured Deviated | Acceptance limil Uncenainty Maximum-permitted uncertainty
value (dB) value (dB) value (dB) | class 2 {+dB) {+dB} of measureinent {+d¢B)
138 138.1 0.1 1.1 0.20 0.3
134 134.1 0.1 1.1 0.30 0.3
129 129.1 0.1 1.1 0.30 03
124 124.1 0.1 1.1 0.30 03
1 119.1 0.1 1.1 0.30 0.3
114 1140 0.0 1.1 0.30 0.3
i09 108.0 0.0 1.1 0.30 0.3
104 104.0 0.0 1.1 0.30 0.3
99 99.1 01 1.1 0.30 0.3
94 94.0 0.0 1.1 0.30 0.3
29 89.0 0.0 L1 0.30 0.3
84 84,0 0.0 11 030 0.3
79 79.0 0.0 L1 0.30 03
74 74.0 0.0 i1 0.30 03
69 69.0 0.0 11 0.30 0.3
64 64.0 0.0 1.1 0.30 0.3
59 589 -0.1 1.1 0.30 0.3
54 54.0 0.0 1.1 0.30 03
Date of Calibration : 29 Feb. 2024 (\ {--m“’ 6/9
The results relste omy to the items testedscalbraled o Qﬁ)'e’afgiékef/ Ljd E f ) o

Advertiung the ReportACenificate and publicity of the resulls except In full are prohibited urdess written permission s obtaned from

the gowernor of TISTA

Head Office

35 Mu 3 Tarnbon Khlong Ha, Armphoe Khlorg Luang,
Changeat Pathurmitham 12120, Thailand

Tel. (661 0 2577 S000

Fax {65) 0 2577 9004

Fomal - rarth

Fietr me vk,

Office/Laboratory
500 1C, Bangpoo ndugtnat Estate. Sukhumeat Road,

Armphoe Muang, Changwat Sarauiprakan 10230, Thadand

Tal (68) 0 2323 1672-80 &, 115, 116
Fau, 1661 0 2523 165

Copead o proderbbires op b

FM.BLMTC.00Z Rev.-
Offlce
196 Phahonyothin Read, Chatuchak, Bangkok 10300,
Thailand
Teb. (6630 2579 1121.30 ext. 5219, 5225, 5217
Fax. (66] 0 2579 §592
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THAILAND INSTITUTE OF SCIENTIFIC ANO TECHNOLOGICAL RESEARCH ITISTR)

Request No. 21-674)251

MTC No. EEL. BP. 6/0267

7. Level linearity on the reference level range (cont.)

Anticipated Measured Deviated | Acceptance limit Uncertatnry Maximum-permitied uncertainty
value {dB) value (dB}) value (dB}) class 2 (+dB) {+dB) of measurement (+dB}

49 48.9 0.1 3. (.30 0.3

44 44.0 0.0 1.1 0.30 03

39 19.0 0.0 1.1 0.30 0.3

34 4.0 0.0 1.1 0.30 0.3

29 29.0 0.0 11 0.30 0.3

28 28.0 0.0 1.1 0.30 0.3

27 210 0.0 11 0.30 0.3

26 259 0.1 1.1 0.30 0.3

25 25.0 0.0 L1 0.30 0.3

8. Level linearlity including the level range control

At reference sound level on the reference level range

Anticipalad tfeasured | Deviated Acceplance Uncertamty | Maximum-pemmibed uncerainty
Range
value {(dB) value (dB) |value {dB)|limit class 2{>dB)| (xdB) of measurement {+dB)
20-140 94.0 94.0 0.0 0.30 03
Date of Calibration : 29 Feb. 2024

TI-TISTA

MSC-TISI-TIS 17025
CALIBRATION 0037

THAILAND INSTITUTE OF SCIENTIFIC ANO TECHNOLOGICAL RESEARCH (TISTR)

Request No. 21-67/0251

MTC Ne. EEL. BP. 6/0267

8. Level linearlity including the tevel range control

Al reference level a1 5 dB grealer than the under-range on a level range

o IonP Y
- UL

The results relats only to the items tested/calibated or value assienad

Advertising the Repart Al adificara and publeity of the results axcept i full are peohibuted urdess wolien permission 15 obtuned from the sovernor of TISTR,

Head Office

35 ko 5 Tambon Khlers Ha, Armphoe Kblong Luaneg,
Changwat Pathumthani 12120, Thailand

Tel (66) 0 2577 2000

Fax, (6610 2577 9009

Office/Laboratary
Son 10, Bangpoo industrial Esrate, Sukhwrmal Agad,

Ampha Fuare, Changwat Samutprakan 10280, Thadand

Tel {660 2323 167280 ext. 115, 116
Fax (65) ¢ 2323 9165

Foieall adematen. .

FM.BLMTC.002 Rev.:

Office

196 Phahoryothin Road, Chatuchak, Bangkok 10900,
Thadand

Tel {56) 0 2579 1121-30 ext. 5219, 5225, 5217
Fax (66) 0 2579 8502

B st

i i B e

R Anticipated Measured Deviated |  Acceptance Uncertainty | Maximum-permitted uncertainty
value (dB) value (dB} value (dB)|limit class 2{+dBR)|  (+dB) of measurement (+dB)
20-140 25 25.0 0.0 1.1 .30 0.3
9. Tone burst response
Time Toneburst Measured | Deviared Acceptance | Uncertainty | Maximum-permitted uncertainey
Weighting Duration, Tbims) | value (dB) [value (dB)| limit class 2{dB) (+dB) of measurement (+dB)
200 1360 0.0 +1.0 0.20 0.3
Fasi 2 118.9 -0.1 +1.0,-2.5 0.20 0.3
0.25 109.9 0.1 +1.5;-5.0 0.20 0.3
Sl 200 129.6 0.0 +1.0 0.20 0.3
2 110.0 0.0 +1.0,-5.0 0.20 03
200 130.0 0.0 +1.0 0.20 0.3
SEL 2 1o 0.0 +1.0;-2.5 0.20 0.3
0.23 101.0 0.0 +1.5,-5.0 0.20 0.2
Date of Calibration : 29 Feb. 2024 7 . 8/9
The resutts ialate only 16 the items tested/calizted or value T B 55, "‘"'} oA

Advertiang the Report/Centificate and publicity of the results except m full are pronibited Unless walten permission is-obtaidy fram r{a_efgovemor of TISTR.

Head Office

35 tu 3 Tarnbon Khong Ha. Amphoe Khiong Luang,
Changwat Pathurmthan: 12120, Thailand

Tel (6610 2577 2000

Fax. (66} 2577 009

B . S A e MR B S0 W

OfficasLaboratory
Soi 1€, Bangpoo inchustrlal Estate, Sukhurmit Roadl,

Armphoe Muang, Changwat Samutprakan 10280, Thailaend

Tel {66) 0 2323 1672-80 axt. 115, 116
Fax {66]0 2323 9165

FMBLMTC Q02 Rev.-
Office
196 Phahoryothin Road, Chatuchak, Bangkek 10900,
Thaland
Tel (6610 257 1121-30 ext. 5219, 5225, 5217
Fax (6570 257D 8592



NSCTISITIS 17025
CALIBRATION 0037

THAILAND [MSTITUTE OF SCIEMTIFIC AND TECHHOLOGICAL RESEARCH {TISTR)

Request No. 21-67/0251

MTC No. EEL. BP. 670267
10. Peak C sound level

Number of cycles in | Anticipated | Measured | Deviated | Acceptance | Uncertainty | Maximum-permitted uncertainty
test signal value (dB) | value (dB) |value (dE)|limit class 2{+dB)| {+dB) of measurement (+dB)
Compleie cycle 1354 135.6 0.2 30 0.20 0.35
Positive half cycie 134.4 1343 -0.1 2.0 0.20 0.35
Megative half cycle 134.4 1343 0.1 20 0.20 0.35
11. Overload indication
Measured value (4B}
Deviated Acceptance | Uncertainty | Maximum-permitted uncertainty
Paositive Negative
one-hatl cycle one-half cycle value {dB) |limit class 2(+dB)|  (xdB) of measurement (+dB)
139.7 139.7 0.0 1.5 0.20 0.25
12. High-level stability
) IMeasured Deviated | Acceptance limit Uncertainty Maximum-permitted imeertainty
Time value {(dB} value (dB) class 2 (+dB) (+dB) of measuremenl (+dB}
Begin 139.0
0.0 0.3 0.10 0.1
End 139.0
Calibrated by : Approved by :

{Mr. Wittawat Supanich)

Date of Calibration

Date of Issue

: 29 Feb. 2024
1 Mar. 2024

o
Electrical and Electronic Standards Laboratory
Endustrial Metrology and Testing Service Centre
Ref: 2011267020500502001

~FN T -
@Q}&&V 9/9

End of Ceriificate

The results relate only to the Items tested/cakitrated o value assigned,

Advertising the Report/Cenificats and publoity of the resulis axceplin full are prohibited unlass wiitken permizson 15 obtalngd from the governar of TISTR

Head Office

35 ks 3 Tambor K ong Ha, Amphos KHlong Luang,

Chargwat Pathumnthane 12120, Thailand
Ted (6610 2577 2000
Fax. (66 ¢ 2577 9007

ommnd o om e siomelabe g b IASORE AN frpe o T

FRLBLMTC.002 fev.

Office/Laboratory Diflce
Soi 16, Bangpeo industrial Estate, Sukhurmdt Road, 196 Phahoyothan Road, Chatuchal, Bangkok L0900,
Arnphioe Muang, Changwat Sarvetprakan 10280, Thailand  Thailand

Tel. 166} 0 2579 1121-30 ext, 5219, 5225, 517
Fax (66) 0 2572 8592
E-mail ; sumaleedhistronth

Tel (66 ( 2323 1672:80 &xt. 115, 116
Fax, (661 ¢ 2323 9165

Furmail © mitesiste nr
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CALIBRATION 0037

2TISTR NTISTA

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR} THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH TISTR)

Request Mo, 21-67/)251 Request Mo, 21-47/25]

MTC No. EEL. BP. 8/0267
o MTC No. EEL. BP. 8/0267

CALIBRATION CERTIFICATE

9. Power Amplifier Brirel&Kjeer 2706 S/N 1517650,
10. Speaker Tannoy Limited, Great Brilain British Patent No. 215300.

L. Digital Multimeter Agilent 34401 A SN MY 44005560,

Submitted by : Eastern Thai Consulting 1992 Co,, Ltd. 12. Programmable Alienuator Tamagawa TPA-3034A S/N 2212,
Address : 683 Moo 11 Sukaphibal 8 Rd., Nongkharn, Sriracha, Chonbun 20230

Calibrated at : Electrical and Electronic Standards Laboratory, Industrial Metralogy and Testing Service Cenre.

Calitration Procedure

Soi 1C, Bangpoo [ndustrial Estate, Sukhumvit Rd., A.Muang, Samutprakan 10280. This instrument was calibrated by using calibration procedures no CP-102-02 and CP-102-03, which

Enstrument Calibrated : Ambient Environment were based on IEC 61672-3 Electroacoustics - Sound Level Meters - Part 3 : Periodic tests {2013), These calibration
Description : Sound Level Meter Temperature 123 +3)°C procedures were related to the electrical and acoustic signal tests. The electrical signal test was carried out with the
Manufachuzer : Cirrus Relative Humidity (502 15) % direct measurement method. The acoustic signal test was performed in an anechoic roam with the comparison

Maodel SCRIT2A Ambient Pressure :(101,325+1.5) kPa measurement method,

Serial No. 1 G301638 This instrament has been calibrated against standards mainuained at the Electrical and Electronic Standards
Microphone : MK216 No.412753E Laboratory (EEL). which are traceable to the International Systern of Units through the Nationat Instinute of

Preamplifier : 10402F

Merrology {Thailand),

Standards used : The imformation on aclual reading is attached herewith and the uncertainty limits quoted refer to the

. Band Pass Filter Wavetek 752A SN 90010494, measured vaiues only.

L)

. Condenser Microphone Brilel&Kjzr 4180 $/N 2839871, The reported expanded uncertainty is based upon a standard uncertainty multiplied by a coverage factor
3. Decade Attenuator Ando AL-205 S/N 00464602, k=2, providing a level of confidence of approximately 95%.

4. FunctionfArbitrary Waveform Generator Agilent 33220A S/N MY44042668.
5. Digjtal Function Synthesizer NF Electronic lostruments DF-193A S/N 122037,
6. Digital Multimeter Fluke 85204 5/N 4983007,
7. Multifunction Acoustic Calibrator Britel&Kjzr 4226 $/N 28103358 with Coupler UA0S15 S/N 2810358
%. Measuring Amplifier Briel&Kjar 2636 S/N 1537484,
Drate of Receipt : 5Feb. 2024

Date of Calibratlon : | Mar. 2024 Date of Calibration

—_— "v ——
T N Yk} . N Irm—
"\j}’/‘_ : I«}u_/\‘(" 1 Mar. 2024 C\m} N\, 3/
: : s : e PR et T
The iesults relate only to the items tested/calibrated or value atsigred, et [ [T/

i The resulls r2late anly to the items tested/call i
agvertising the Aepart/Certificare ancl publicity of the results except In full are prohibited unless written perimizsion is obtained fromn the governos of TISTR Advertising the Repomy/Certificate and publicity of the rasults except in fll are prohil:iteob:::ee:so;r:f: :::2:;1. is obtained from the gove f TISTR
e rncyt o TI .

FABLMTC.002 Rev.

Haad Office

35 Mu 3 Tambon Khleng Ha, Amphos Khiong Luang,
Chanqwat Pathumthani 12120, Thaland

Tel. (66} 0 2577 2000

Fax, {661 0 2577 2009

E-mall : rumpaidtistr or th Websitewway tistr.onth

Cffice/Laboratory
Soi 1C, Bangpoo Industrial Eskate, Sukhurmvit Road,
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Request No. 21-67/025] MTC No. EEL, BP. 8/0267

I. Absolute Sensitivity

Reference Acoustic Measured value (dB) | Deviation| Acceptance | Uneertainty | Maximum-permitted uncertainty
Signal {dB) Before adjust] Afier adjust| value(dB) |limit elass 2{+dB})|  (+dB) of measurement (+dB)
QM %16 937 0.0 1.0 .48 Nia

Note: The extemal calibration adjusiment was firstly performed. The internal calibration adjustment
was then completed at the display of  93.7  dB.
2. Self-generated noise

2.1 Normal test

Measured value Uneertainty Maximum-permitted uncertainty
(dB) (+dB) of measurement {+dB)
19.8 0.10 Nih

2.2 The microphone ol the sound level meter was replaced by elecirical signal input device

Frequency | Measured | Uncertainty | Maximum-permitted uncertainty
Weighting | value (dB) (+dB) aof measurement (+dB)
A-Weight | under-range NiA
C-Weighi 17.2 .10 NiA

Flat 286 .10 N/A

Note: The under-range means that the indicator cannot display for setting the range of 20-140 dB.

Date of Calibration : | Mar. 2024
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The results relate only 1o the items tested/ealibvated or valug assigned.

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH [TISTR)

Request No. 21-67/0251

MTC No. EEL. BP. 8/0267

3. Acoustical signal test of frequency weightings

Frequency | Deviation rom irequency response curve(dB) Acceptance limit | Uncertainty | Maximum-permitted unceratnty
(Hz) A-weight C-weight Flat class 2 (+dB} (+dB) of measurement (+dB)
125 0.7 0.5 0.5 L5 0.45 0.6
1000 -04 -0.3 0.3 1.0 0.45 0.5
8000 -2.8 -2.7 2.4 5.0 0.45 0.7
4. Electrical signal test of frequency weightings
Frequency | Deviation from freguency response curve(dB) Acceptance limit | Uncertainty| Maximum-permitted uncertainty
{Hz) A-weight C-weighi Flat class 2 {+dB) (+dB) of measurement {+dB)
63 0.5 0.0 0.1 2.0 0.20 0.6
125 0.3 0.0 0.0 1.5 0.20 0.6
250 0.2 0.0 -0.1 i.5 0.20 0.6
500 0.1 0.0 -0.1 L5 0.20 0.6
{000 0.0 0.0 0.0 1.0 0.20 0.6
2000 -0.1 0.0 0.0 2.0 020 0.6
4000 -0.3 -0.2 0.0 3.0 0.20 0.6
8000 0.5 0.3 -0.1 5.0 0.20 0.7
Date of Calibration : | Mar. 2024 """{9{:,_,_\ 4/9
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5. Long-term stability
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Request No., 21-67/0251]

MTC Ne. EEL. BP. B/0267

7. Level linearity on the reference level range

teasured Deviated | Acceptance fimit Uncertainty taximum-permined uncertainty
Time
valug (dB) valuc (dB) class 2 (+dB) (xdB) of measurement {+dB)
Begin 94.0
0.0 0.3 0.10 0.1
End 94.0
6. Frequency ang time welghtings at 1 kHz
6.1 Frequency weightings at 1 kHz
Frequency Iersured Deviated | Acceptance limit Uncertainty Maximum-permitied uncertainty
Weighting value (dB} value (dB) class 2 {+dB) (dB) of measurement (+dB)
A-weight 94.0 0.0 02 020 0.2
C-weight 94.0 0.0 02 0.20 02
Flat 4.0 0.0 0.2 020 02
6.2 Time weightings at 1 kHz
Frequency Measured Deviated | Acceptance limit Uncertainty Maximom-permitted uncertainry
Weighring value {dB) value (dB) class 2 (+dB) {+dB} of measuremcnt (+dB)
Fast 94.0 0.0 0.1 0.20 02
Slow 940 0.0 0.1 0.20 0.2
Leq 94.0 0.0 0.1 0.2¢ 0.2
P S TS
Date of Calibration : | Mar, 2024 (ﬂfﬁ” 2§ L
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Anticipated Measured Deviated | Acccptance limil Uncertainty baximum-permitted uncertainty
value (dB} value (dB) value {dB) class 2 {+dB) (+dB) of measurement {+dB)
138 138.0 ¢0 1.1 0.30 0.3
134 134.0 0.0 1.1 0.30 0.3
129 129.0 0.0 1. 0.30 03
124 1240 0.0 L] 0.30 0.3
119 119.0 0.0 L1 0.30 0.3
114 114.0 0.0 1.1 0.30 0.3
109 105.0 0.0 1.1 0.30 0.3
{04 104.0 0.0 1.1 0.30 0.3
99 99.0 0.0 1.1 0.30 0.3
94 94.0 0.0 i1 0.20 0.3
29 9.0 0.0 1.1 0.30 03
84 83.8 -0.1 1.1 0.30 0.3
79 9.0 090 1.1 0.30 0.3
74 74.0 0.0 1.1 0.30 0.3
69 69.0 0.0 N 0.30 0.3
64 639 -0 N 0.30 G.3
59 58.9 0.1 1.1 0.30 03
34 53.9 -0.1 1.1 0.30 0.3
Date of Calibration : | Mar. 2024 (\——‘i@"—gﬁ.\’?{v 6/9
The results relate only fo the hems testecvcalibrated of value assigned, Faf
Advertising the Report/Cenificate and publicity of the resulrs except in full are profibited unlass wiitten permission is obtained from the governor of TISTR,
FMBLMTC.002 Rew.r

Head Office

35 Mu 3 Tamban Khiong Ha. Amphoe Khlong Luang,
Changwat Pathumthani 12120, Thailand

Tel (66} 0 2577 900C

Fax. {66} 0 2577 0008

E-mail ; rusmpaigitistr or ih website-wis tistr.on th

Office/Laboratory
501 1, Bangpoo Industrial Estata, Sukhumit Road,

Amphoe kuang, Changeat Samutprakan 10280, Thatand

Tel {6610 2323 1672-80 &xt. 115, 116
Fax. {66) 0 2323 9165
E-mail  nate@tisln of it

Office

196 Phahonycthin Road, Chatuchak, Bangkok 10900,
Thailand

Tel {86} 0 257% 112]1-20 s, 5219, 5225, 5217
Fax, (661 ( 2579 8592

E-rovat, | sumnatesgisu o th



WTISTR

NSC-TISI-TIS 17025
CALIBRATION 0037

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR}

Request No. 21-67/0251

MTC No. EEL. BP. 8/0267

7. Level linearity on the reference level range (cont.)
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8. Level linearlity including the level range control

Antecipated Measured Deviated Acceptance limit Uncertainty Maximum-permitted uncertainty At reference level at 5 dB greater than the under-range on a level range
value (dB) value {dB) value (dB) | class 2 (+dB) (+dB) of measurement (+dB} Anticipated Measured Deviated | Acceptance | Uncertainty | Maximum-permitted uncertainty
40 43,9 0.1 1 0.30 0.3 RS value (dB) value (dB) value (dB)|limit class 2(xdB)|  (+dB) of measurement (+dB)
44 439 0.1 1.1 0.30 03 20-140 25 250 0.0 L1 0.30 0.3
3¢ 388 0.1 1.1 0.30 0.3
M 339 -0.1 1.1 030 0 9. Tone burst response
29 289 -0.1 1.1 Q.30 03
28 28.0 0.0 1] 0.30 03 Time Toncburst Measured | Deviated |  Acceptance | Uncertainty Maximum-permitted uncertainty
27 270 0.0 1.1 0.30 0.3 Weighting Duration, Th(ms) | value (dB) |value (dB)| limit class 2(dB) {+dB) of measurement (+dB)
26 259 0.1 1.1 0.30 0.3 200 136.0 0.0 £1.0 0.20 03
25 25.0 0.0 1.1 0.30 03 Fasl 2 183 0.2 +1.0;-2.5 0.20 0.3
0.25 109.5 -0.2 +1.5:-5.0 0.20 0.3
8. Level linearlity including the level range contrel 200 129.5 -0.1 +1.0 Q.20 0.3
Slow 2 109.% -0.1 +1.0;-5.0 0.20 0.3
At reference sound level on the reference level range 200 136.0 0.0 +1.0 0.20 0.3
Anticipated Measured | Deviated |  Acceptance Uncertainty | Maximum-permitted uncertainty SEL 2 1100 0.0 +1.43; -2.5 0.20 0.3
SIS value (dB) vajue (dB) | value (dB)|limit class 2(xdB)]  (xdB) of measurement (+dB} 0.25 100.9 0.1 +1.5; 5.0 0.20 0.3
20-140 4.0 94.0 0.0 1.1 0.30 03
Date of Calibration : | Mar. 2024 ;gépq)‘” ST Date of Calibration : 1 Mar. 2024 C "\W% - a9
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10. Peak C sound level

Number of cyclesin | Anticipated | Measured | Deviated Acceptance Uncertainty | Maximom-permitted uncertainty
test signal value {dB)Y | value {(dB) |value (dB}|limit class 2(xdB})|  (+dB) of measurement (+dB)
Complete cycle 1354 135.6 02 3.0 0.20 0.35
Positive haif cycle 134.4 134.3 -0.1 20 0.20 0.35
Negative half cycle 134.4 134.3 0.1 20 0.20 0.35
11. Overload indication
Measured value {dB)
Deviated Acceptance Uncertainty | Maximum-permitted uncertainky
Positive Negative
one-half eycle one-half cycle value (dB} |limit class 2{+dB)| (+dB) of measurement {+dB)
138.6 138.6 0.0 1.5 0,20 0.25
11, High-level stability
Weasured Deviated | Acceptance limit Uncertainty Maxirnum-permitted uncertainty
Time
value {(dB) value (dB} class 2 {+dB) (xdB) of measurement {+dB)
Begin 139.0
0.0 03 0.10 0.1
End 139.0
Cafibrated by : / Approved by :
{Mr. Wintawat Supanich)
R ",
s R r
Electrical ammatdards Laboratory
Date of Calibration : | Mar. 2024 Industrial Metrology and Testing Service Centre
Date of Issue . 4 Mar. 2024 Ref: 2011267020500502003
End of Certificate
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CERTIFICATE OF CALIBRATION | CERTIFICATE OF CALIBRATION S

Page 2 of 2

ISSUED BY Cirrus Research plc

Environmental conditions
DATE OF ISSUE 19 January 2024  CERTIFICATE NUMBER 206855

The following conditions were recarded at the time of tha test

W
Page 1 of 2 Before Pressure: 100,95 kPa Temperatura; 21.5°C Humidity: 352 %
ﬁg;ﬂ‘:t?ceaec:::: ple Approved signatory After Prassure:  1010.93 kPa Tempsrature: 21.7 °C Humidity:  35.7 %
Bridlington Road N.Smith R L it B R Lo Ty A P S et S S SR el :
Hunmanby . Electronicaily signed:
North Yorkshire
YO14 OPH
United Kingdom \\)P\\ Test results summary
G "‘% <ol
P R T S e SRS e = — Test Result
osemeter : IEC 61252-1993+A1:2000 Linearity Complies
i Shart Duration Complies
Instrument Infarmation
Manufacturer: Cirrus Research plc Notes:  Eastern Thai Consulting 1992 Co.,Ltd. Overload Latching Complies
CR: 683 Mao.11, Sukaphibai 8 Rd., MNongkham, )
Model B304 Sriracha, Chonburi 20230 Frequency weighting Complies
Serial number: CB0955 TRy YT p——
Firmware version’ 5.4 Sensitivily

Test summary

Date of calibration: 19 January 2024

The calibration was performed respecling the requirements of ISCAEC 170252017,

The dosimeter submitted far testing successfully completed the penadic tests of IEC 61252-1 93+ 41:2000

The dosimeler submitted for testing conforms 1o the specificalions in IEC §1252-1993+A1:2000

Test aquipment

Equipment Manufacturer Modet Serial number
Signal Generator SIGLENT SOG1032X SOG1X0ODUGRE309
Alteruator Cirrus Research ZE.852 93292
Environmental Monitor Comet T7510 15966334
doseBadge Reader Cirrus Research plg RC:1104 40088

Notes
f;us'-“ __._.‘.‘.—-_:... of 1o the S1 system of unils;ndrnr o units of measurement reallse:! alt the Nalia;;‘;h_y;éal h
Laboralory or other g nalianal gy i This may nol be reproduced other than in full, excep! with the prior wrilten
approval of the issuing laboratory. The resulls within this certificate relate anly 1o the items calibraled. The reported expanded uncerainly is based on a
standard uncertainty multiplied by a « ge faclor k=2, iding a cx ge probability of approx y 95%

Y/
2 ?21‘& e e o e e

.
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CERTIFICATE OF CALIBRATION

ISSUED BY Cirrus Research ple

DATE OF ISSUE 13 Jenuary 2024 CERTIFICATE NUMBER 206375

CERTIFICATE OF CALIBRATION

Certificate Number;
206875

PageZaf 2

Environmental conditions

The foliowing condilions ware recorded at the time of the test:

Page 1 of 2 Bafore Pressure:  100.92 kPa Temperature: 217 °C
ﬁg;::tie Hs anurgg plc Approved signatory After Pressure:  100.93 kPa Temperalure: 21.5°C
Bridllngton Road N.Smith RS ==
Hunmanby Electronically signed:
North Yorkshire
YO14 OPH
United Kingdom \Q ¥ : .S; Test results summary
i —— ! Test Result
Dosemeter : IEC 61 252"1 993+A1 :2000 Lineanty Complies
, Shor Duration Complies
Instrumant Information
Manufacturer Cirrus Research pic Motes. Tastern Thai Consulting 1392 Co. Lid. Cwerload Lalching Complies
. 683 Moo.11, Sukaphibai @ Rd., Nongkham,
Model: CR:110A Sriracha, Chonburl 20230 Frequency weighting Complies
Serial numbar: GBO9SE Absaluls Acouslic Camplies
Flrmware version; 5.4 Senstiivity P
Tast surnmary
Date of calibration: 19 January 2024

The calibration was parformed respeciing ihe requirements of ISOAEC 17025:2017,
The dosimeter submitled for testing successfully completed the periodic tests of IEC £1252-1993+A1.2000.

The dosimeler submiitsd for testing conforms 1o 1he specifications in IEC 81252-1993+A1.2000.

Test equipmant
Equipment Manufacturer Model Sarial numher
Signal Genegralor SIGLENT SOG1032X SDG1XDDR6RE30I
Attaniuator Cirrus Research ZE:952 53892
Environmental Manitor Comet T7510 16266334
doseBadge Reader Cirrus Research ple RC.110A 40083
Motes
This certifi i i v ol o the S systemn of unils andlor to units of lised al the i Physical
Lab ¥ or other gni 1 This cerifi

approval of the issuing laboratery. The !esults within this certificate relate only to 1,he mema b
standard uncerainty iplied by a ge faclor k=2, provi

¥ 95%

ga p ppr

may not be reprbﬂur.ecl other than in full, excepl with the prior wiilen
d. T panded uncertainty is based on a

Hurnidity.  36.0 %

Humidily: 359 %
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CERTIFICATE OF CALIBRATION CERTIFICATE OF CALIBRATION T

Fage 2 of 2

ISSUED BY Clrrug Research pic
Environmental conditlons

D&ATE OF ISSUE 19 January 2024 CERTIFICATE NUMBER 208904 The following conditions were recorded at the time of the lest:

Before Pressure.  100.92 kPa Termnperature: 21.6°C Humidity: 35.3 %
Cirrus Research plc P?ge 10f2 After Pressure: 100,93 kPa Tamperature. 217°C Humidtty‘ 40,1 %
Acoustic House Approved signatory | R e g et e TP
Eﬂdlinglon Road ) N.Smith
unmanby Elecironically signed:
North Yorkshire TnCEires
YO14 OPH Test results summary
United Kingdom Y b %(v
- 2 Tost Rasult
- . i Camplics
Dosemeter : IEC 61252-1993+A1:2000 Unearty Gy
Short Duration Complies
Instrumant information .
i Overload Laiching Complies
Manufacturer: Cirrus Research plc Notes: Eastem Thai Consulting 1992 Co.,Ltd.
683 .11, Sukaphibai 8 Rd., kham, ignti i
Maodel: CR: 1104, Sﬁmm*?:' cn onlll:;uanf‘zlozéa Nongkham ‘E_r_equency waighting Complies
Serial number: CABBT9 gbm‘,t”,“? Acouslic Camplies
Firrmware version: 5.4 ensitivity
Test summary

Date of calibration: 18 January 2024

The calibration was performed respecting the requirements of ISO/IEC 17025:2017.
The dosimeter submitted for lesting successfully completed the pariodic tests of IEC 61252-1993+A4:2000.

The dosimetsr submitted for testing conforms to the speacifications in IEC 61252-1993+41:2000,

Test equipment
Equipment Manufacturer Model Serial number
Signal Generator SIGLENT SDG 1032X SDG1XDDAGRE309
Attenualor Cirrus Research ZE:952 93592
Envirorimental Monitor Comet T7510 16966334
doseBadge Readar Cirrus Research plg RC:1104 400885
Notes
This ceil ich ility of to the 51 syslem of units andfor 1o units of measurement realised at the National Physical
Labaratory or ather ised nati trology i This may not be rep olher than in full, except with the prior writlen
approval of the issuing Iaboralory The results within this ceﬂuﬁcale relate only to Lhe ||ems calnursled The reported expanded uncertainty is based ona
standard uncertainty multiplied by a ge faclor k=2, g a g of app y 85%.
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Model : XS205DU
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NSC-TISETIS1T02S
CALIBRATHONOI52
Certificate No. : 23-148799 Page 1 of4d
Sample Code : 23-56200-001
Customer : EASTERN THAI CONSULTING 1992 CO., LTD.
533 Moo 11, Sukhagibarn 8 Rd., Mongkham,
Sriracha, Chonburi 20220
Location of Calibration  : EASTERN THAI CONSULTING 1292 CO., LTD.
{Analytical Balance Roam)
Equipment : ELECTRONIC BALANCE
Manufacturer + METFLER TOLEDC
Model + X52060U
Serial No. : 1126323724
1D No. + LABE Q51
Date of Receipt : 22 December 2023
Date of Calibretion  : 22 December 2023 /LJM_,__,_
!
Calibrated by Mr. Somwang Sangdes Approved by (Mr. Somchai Neampunt}
Scientist Signed for Director
lssua date 25 December 2023
! f
The inlins are for a Gonficl probabliey of i by D5%. é@:ii i
The calibrtion result & applied only rgthe abave cahbrated ltem and was found scourate as shown on date and place n\@m
This Certifi is isswed In di with the conditions of accreduation granted by the Tha Laborstory Accreditanon scherve which has assessed the
pabilicy of the | v and its ey to anized national darde and to the unir of measuremant reslized at the comesponding

nstlonal standards laboratory This certlcats mey not be rapraduced cther than in full except with the prior written approval of the Asia Medical snd Agriguliural
Laboratory and Ressarch Center Public Company Limitad {AMARC)
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Sample Code ¢ 23-56200-G0n

REPORT OF CALIBRATION

Equipment : ELECTRONIC BALANCE
Manufacturer : METTLER TOLEDO
Model : XS205DU

Capacity : Max81g/220 g
Resolution « G mgf 01 mg
Serial Mo. 1126323724

1D Mo, - LABE 05/1

Result of Calibration

1.Test waight and repeatability of reading
Repeatability is 2 measure of the abllity of a balance to supply the same result in repeutive weighings with one and the
same load under the same measurement condition, The measurement of the repeatability must include both the balance
specifications and the ambient {vibration, fluctuating air current/temperature/humidity.etc.) Operator handling of the

balance 15 also included in the standsard deviation.

Unit: g Range . 80 Before adjustment ARer adjustment
Nominal value a0 80 a0 80
O No adyustment .
Standard weight 4A0.000054 80000048 40000054 80000048
Adjustrment ) )
Average reading of indicator 40.00026 §0.00037 4000017 20.00017
Standard deviation 0.000015 0.00008 0.000008 Q00000
Unit: g Range : 200 Before adpistmant After adjustment
Nominal value 100 200 100 200
o adjustment )
% Standard weight 100.000042  200.000081 100000042 200.000041
Adjustment, ] .
Average reading of indicator 1000003 2000004 100.0001 200.000
Standard deviation 0.00005 0.00005 000003 0.00005
e
CEAEDY
L | b 1
] | 4
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Sample Code : 23-56200-001

REPORT OF CALIBRATION

Result of Catibration

2. Sensitivity or value of a scale division

Change in the output variable of 8 measuring instrumern divided by the associated changa in the input varisble.

Unit: @
Range: 103 Rangs: 200
© TestPomt . Semitwity, 5 " TestPoint © Sensttivity, 5 |
i o 100748 ik o 1 Coan |
40 0.98753 I 100 09975 |
a0 0.99751 200 : 0.9975

3. Departure of indication from nominal value, Uinzarity

Unit: g
Hombnsk Stanwtard Average Rsading Cafrection Expanded Coverage
Value Vahwe of reflcator Value Unoertainty Fector (k)
Unload ¢.0000000 0.00000 0.00000 0.00002 2,05
a.m 0.0100025 0.01000 0.00000 Q.000012 2.05
01 41000018 Q1000 -0.000M Q.000M3 2.03
1 1.0000125 1.000M 0.00000 0.000015 202
5 5.0000200 5.00004 -0.00002 0.000021 2.00
10 10.000004 10.00008 -0.00008 0.000026 2.00
20 20000030 200001 -0.00008 G.000036 2.00
50 50.000014 50.00014 -0.0003 0.000063 2.00
100 100.000042 100.000 -0.000 0.00016 200
150 150000056 150,000 0.0000 000022 2.00
200 200.000041 200.0002 -0.0002 0.00027 200
il
. : J
P o - 1\ /
CO
| \\___/ ol | [,
The reault expanded incertainty of measurement U is stated as the stendard inty of iplied by the o e factor k., which For a normal
distviba ticn correspands b 2 ipe prabaimlity of approx 85%. The uncertginty of has been dh aned i accordance with
LIKAS M3
36750 Lndornn 122 Lan 7Ty 025162472 CONTAGTEAN ARG, CO-TH

Phlabpala, Wang Thonglang, Banakok 10310 Fay 02-513-6848 Wil Ak ARC O TH
FMACL- 064 Rew 3 Effgctive Cate 1510421
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Sample Code : 23-56200-001

REPORT OF CALIBRATION

Result of Calibraticn :

4. Eccentric or off-centre loading

Deviation of tre measurement value through of - center (eccentric] loading. The corner load increases with the weight of
the load and its remova’ from the center of the san support,

) Crole
Weighing pan () Triangular Test weight : 50 and 100
® Fectangutar unit: g
Range g0 200
Position Reading of indicator Reading of indicator Y ‘
50.00015 100.0001
S0.00022 100.0001 f -

£0.00008 100.0001 L
52.00002 100.0000

50.00015 100.0002 Q
& 50.00014 100.0001 \ ,.j(i ;
Maximum differenca 0.00013 0000 \

Condition of Cabbratron

[ I

1. Calibration Mathed : WI-CL-004 base an UKAS LAB 14: 2019 6. | Ambient conditions. Mim Max
2. This result of calibration was found aczurate as shown on dats and Temparature (°C) 28 2548
placa of calitration cnly. Eedative Hurmidity (%Rh) a5 511

3. Condition ¢f Calibradon tem: Normal Air pressure (hPa) 1025 | 1S

4. This cerlificalion ks traczable o the Internathonal System of Unit maintalned a1 : -
- Through the referenca standard labo-atory of Asia Medcal and Agricultural Laboratory and Research Center Public
Compeny Limited ( nstrument number 1),

5. Reference stendarc MSriment:

Instrument Class 10 Ne. Cenificats No. Cue Date
W STAMDARD WEIGHT ‘mgtolkg E2 LB-WE-T9 23105542 10 Septembmr 2024
- End of Report /é A
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ANALYTICAL BALANCE
Model : SECURA224-18
Serial No. : 0036707137



ASIA MEDICAL AND
A M A R C AGRICULTURAL LABORATORY
[ AND RESEARCH CENTER
CALBRATION 0152

Certificate Mo. : 23143800 Page 1 of4
Sample Code 23-56200-002
Customer : EASTERN THAI CONSULTING 1992 CO., LTD.

683 Moo 11, Sukhapibarn 8 Rd.. Nongkham,

Sriracha, Chonburi 20230
Location of Calibration : EASTERN THA! CONSULTING 1922 CO., LTD.

(Analytical Balance Room)
Equipmeang : ELECTRONIC BALANCE
Manufacturer : SARTORIUS
Madel : BECURA224-15
Serial No. : 0036707137
iD Na. : LABE 05/2

=
J
Date of Receipt : 22 December 2023 /
)
/\
Date of Calibration : 22 December 2023 B At
I/.n'
4"'
Calibrated by Mr. Somwang Sangdee Approved by {Mr. Somchai Neampunt)
Scientist Signed for Director

Issue date 25 Decemnber 2023 —~ \/7

The uncertamnties are fora

bability of . Iy 955,

%
2%

The calibration result i apphed only to the abave calbrated iwam and was found accurate as shown on date and plece of calibiarion enly

This Cermhcate is issued in sccordence with the conditions of accreditation granted by the Thal Laboratery Acerachtation scheme which has asgeased the
pability of the lab y and s bility to ized natipnal standards snd to the unit of messrement reslized at the comesponding

nabenal standards lakboratory. Thig cerificate may mot ba repraducad other dhan in full gzcept with the prlor writlen spproval of the Asia Madical and Agricullursl

Labaralory and Rasssrch Center Puble Company Limited [AMARC)

WMWY AMARC OO TH
Effacilva Date 15410421
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REPORT OF CALIBRATION

Equipmant : ELECTROMIC BALANCE
Manufacturer : SARTORIUS

Model : SECURAZ2415
Capacity : Max 220 g

Resolution : 0.0001g

Serial No. ; 0038707137

ID No.: LABE 05/2

Result of Calibration

1.Test weight and repeatability of reading
Repeatability is a measure of the ability of a balance to supply the samsa result in repetitive weighings with one and the
same |gad under the same measursment condition. The measurement of the repeatability must include both the balance
specifications and the ambient (vibration, fluctuating air currertftemperaturefhumidity.etc.} Operator handling of the
balance iz also included in the standard deviation.

Unit: g Range: 220 Bifore adjustment afer adjustment
Nominal value 100 200 100 200
0 o adfustment Standard weight 100000042 200000041 100000042 200.000041
2] Adjustment Average reading of indicator 29,9950 1999988 1000000  200.0000
Standard deviation 0.00008 0.00007 0.00003 0.00007
Unit: - Range: - [ sefore adjustment [ After adjustment

Mominal value
[ Mo adjustment
[ adjustment

Standard weight
Average reading of indicator

Standard deviation

SQRY
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Effecirva Date 15710f21
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REPORT OF CALIBRATION

Resut of Calibration

2. Sensitivity or value of a scale division
Change in the cutput variable of a measuring instryment divided by the associated change in the input variable.

Unit: g
Range : 220 Range: -
Test Point Sansitivity, 8 i Test Paint
0 0.7080 ! :
100 0.8278 ; .
200 | 0.8978
3. Departure of indication from nominal value, Linearity
Unit: g
N Stand: A ge Reading Cotreotion Expandad Coverage
Value Value ol indicator Value Uncertainty Factor (k)
Unload 0.0000000 0.0000 0.0000 0.000086 200
0.01 0.0100025 00100 0.0000 0000086 .00
o 0.I0000M8 01000 0.000:0 Q00087 2.00
1 1LODOO1ZS 1.0000 00000 0.000087 2.00
2 2.0000083 2.0000 0.0000 0.000087 2.00
5 5.0000208 5.0001 -0.000 0.000088 200
10 10.020004 100000 0.0000 0.000080 2.00
20 20.000030 20,0000 0.0000 0000093 2.00
50 50.00004 50.0000 Q0000 0.000M 2.00
120 00000042 100.0000 0.0000 0.00016 2.00
200 200000041 200.0000 .0000 000028 2,00
o s L\ NN 7 JJ—_/WJ
i s - 7o 4
The raoudr ded iny of U i stated o the standard uncarkinty of measurement Mrm memgskf?cmr k, which for s normal
htribution e dstaa g probability of app by 955, The standard y of s b din dancewith
ks M3003

P T R ACTSAMVARE L T H:

TEL 07-513 2423 ACT A
FAX 02-516-5049 WWW AMARC CO.TH
03 Effective Dat=. 1510421

TE S La_-dEI;ﬁE; &) ‘l.ad;:vao Aoad,
Phlabphla, Wang Thonglang. Bangkok 10310
FH-CL-064
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Certificate No. : 23-148800 Page 4 of 4
Sample Code ;. 23-56202-002

REPORT OF CALIBRATION

Result of Calibration :

4. Ezcentric or off-centre loading
Beviation of the measurement value through off - center (eccancric) loading. The coiner load increases with the weight of
the load and 1ts remowval from the canter of the pan supporl.

7
@® Groe | 'él\
/N

‘Weighing pan () Thangular Test weight : 100
) Rectangutar Unit: g A \
Range 220
Position Reading of inclicator  Readling of indicator \ﬁ/
1 1000000 : B I
2 10,0000 . E i: ‘_\4.:. I
3 100,000 . |
4 9% .9990 | 4
5 100000 . |‘f®\l
.6 100.0000 . \ &
Maximum differance o ocom - ‘ \"CH
Condition of Cabratior
1. Calforation Method : WI-CL-004 base on UKAS LAB 1£: 2013 &, | Ambient conditions Min Max
2. This result of calibration was found accurate as shown on date and Temnparature (*C} 244 248
place of calibration only Relative Humidity (%kh) 89 11
3. Conditien af Calibration itarm: Norma &ir pressura (hPa} W2 | Wzs

4, Thiz certification iz reaeabla to the It ional Systam of Unit maintained at : -
- Through the refe-ence standerd laboratary of Asla Medizal and Agriculkural Laboratery and Research Center Public
Carmpany Limitad (instrument numbar 1)
5. Refersnce srarndard instrument :
Instrument Class WD Mo, Cegtificate Mo, Rue Date

M STANDARD WEIGHT 1mg ot ko E2 LB-WE- 731 23-10:5642 10 September 20&:

End of Report - 7’{_{’“

351 Sel Ladpreo 122, Lndprac Road. TiL 0F-516-24%2 CON’TM:’?@:::::E.gg x
Th . Banghok 10310 74X 0z-516-6549 W, A
Prhnha-léfpolghwm Thenglang, Bang Hi-vt »‘l\r\-vst'\,\rE"mwe e




BOD INCUBATOR
Model ;: TC4458
Serial No. : 0223/007275
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« S K SALES AND SERVICE CO.L S ‘

194/56, 194,57 Thakham Rd. Samoe Dom 'Zf/'/-‘___:\\“\?? i -
Bang Khun Thion Bangkek 10150 KImEt e A
Tel : 02.417-2144 Fax : 02-417-2155 ’E‘&“&‘R‘iﬁf
Cerlificate of Calibration
Reference No © COMBM2308-025 Cearlificale Mo, : 52303-3014
Cuslomer © Eastern Thai Consuting 1992 Ca. Lid Page 1 of 2
483 Moo 1. Sukhaphiban 8, Tamibol Mongkham,
¢ Siracha District, Chonburl 20230, Thailend
Equipment ¢ Incubator
Manufaclurer ¢ bovibond
Model : TCa458
Sarial Mo, L D2RMOOT27S
10 Ho, N
Recelvad Dale o 15 Seplember 2023
Calborated Date o 15 Seplember 2023
Issusd Dale . 18 Seplember 2023
Environment
Minimum Value aximum Vale
Ambient Temperatre { °C ) 276 289
Releromidty R s 8
ACLine Vokage vACY | 2 s
Place Of Callbration : Production Ling
Catibraled by i Mr Teerasak Chalyaporn
Cafibralion theihod
In-house melhod : SK-W1-24 base on Thai Laboratory Accradilation Scheme Publicalion Reference G-20
Condilion of s resull of cafatlon
1. Ref & slandard insd I
Lrstrupent Serial No, Cenlificate No, Due Cale
1) Dala acquisition/Swilch uni MY44047 397 L2305-268 4 November 2023
2 Mulliplexer Module MY41105123 L2305-268 4 November 2023

2 This resuli of caibration was found accurate as shown on daie and place of calibration only
3. This cenilicate can be traceable 1o Inlernational System of Unil :
- Thwough Thakand Instilule of Scientific And Technological Research (TISTR)

e
_/L:j '_é...,--""' -

Approved by - ‘_'_/-""
-

01 M Suphachai Saksri [ Mr.Phayak Toolt O Miss Tantaraporm Peftong

The reporied uncenainly is based an a standard uncenainly mulliplisd by a converage lactor k = 2.0 providing
alevel of confidence level of approximalely @5 %

TR T IO S

Ceriificale Na. : $2308-3014 Page 2 of2

Tabbe1 General Informalion

\waorking Area ( WL*H) 60 *56 145 cm
Frash Aif OFF )
TableZ Chamber Farfomance
Seting Average indicating Measured Measured Onverall
Temperalure Temperature Stability Unilormity Yariation
(‘e (‘cy (+'C) °c) ‘o)
20.0 2010 0,37 0.54 0.9¢

Table2 Temperature Distibution

Sefling Average Standarg Reading { G} Uncertalnty
Temperature '

(p:;) MNo.1 | Mo.2 | No.3 | No.a | Ne.5| o6 | No.7 | Mag | Moo z€)

200 19.52 | 19.40 [ 1970 | 19.43 | 1933 | 19.39 | 19.45 | 1950 | 19.67 .55

]

Resolulion ; 01 (<€)

* Probe Na. 9 Is Relersnce Prabe

Hetes 1 1. The lemperature stabllily i ihe one-hall of greates] maximum difference ol measured lemperalures 2k any one prabe.

2.The fonnity ls the maxh difference of d beh ol any probes and Ihe
measUrad 1emperalure a1 Ihe ralerance location which are observed 81 same ime

A Cwverall varlation i U gilk of i and mini berng hroughoul obgervalion lme.

4. The reparied riainly ol wera excluded Untiormily and Sabilly

“* End of Calibration Report **




BOD INCUBATOR
ID No. : LABE 19/5
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CALBRATICN 0152
CERTIFICATE OF CALIBRATION Page 1of3
Certificate Ro. : 23-040765
Sample Cods - 2316178-002
Customern EASTERN THAI CONSULTING 19292 CO., LTD.
683 Moa 11, Sukhapiban § Rd., Nongkham,
Sriracha, Chonb i 20230
Location of Calibeation EASTERN THAI COMSULTING 1992 CO., LTO.
{Laboratory)
Equipment Temparature cooirolled enclosures {Incubator)
Manufacturer Lavibond Modeal ; Tod458
Serial No. : 05200005227 10 Ho. LABE 19/5
Date of Receipt : 21 April 2023 Date of Calibration 21 april 2023
Condition of Cafibration
1. Environment 11 Amblent tempmrature Maximum 361 *C Minimum s °c
1.2 Relative humidity Maximum 5E % Minimum 483 %
1.3 Line voltage supplied : Maximum 2247 VAC Minimum 1.9 VAC
2. Calibration method
TLAS-G-20: Guidelinas for calibration and cheoks of temperature controlled enclosures.
A Rek dard i t
Instrument 1D ~o. Certificate No, Due Data
Data Acquisition With Sansor LB-DA-08 (RTO-238 10 RTD-247) 22.077888 09 August 2023
(RTD-PHO)

4. This cartificate is traceable to the international system of unit {S) Un7).
The tis Ele to Asia Madical and Agricultursl Laboratory and Research Canter Public Company Limited.

5. This rasult of calibration was found accurate as shown on date and place of calibration anly.

Hormat

6. Condition of calibration item &

/

Calibwated by Mr. Sarawoot Thamme Approved by {Mr. Somchai Heampurk}
Seiantist
Isswe date 24 ppril 2023
The uncenainies seior uability of iy 95%
The saklbration el applied only 10 the ab i it by o clde and place of callbeation onky
Tiris Corudicate i iswed n K wilh the e of qranted by tea Thal Loboratery pectadiallon sthame which hos assassed the MeasuramHELL capabily of the
Rabeos bty el T3 w naticnak aned 10 che upk of measurement 1¢alized 7t tha ool responding natioral s1andards Bbaraory This ceruficate may not ba

Labocaony ond Resarch Contr Public Campany Limiue [AMARC)

TEl Q%-516-2427% CORNTACTRAMARC.COTH

Fax 02.516-694% WA AMARE COTH
Teew [CFeiuen Tt V1T

vaproduead ativer thaey b il gcapl widh L sehon i Of the Adis
361 Soi Ladprao 122, Ladprac Road,

Phiabphia, Wang Thonglana, Bangkok 10310
FM-G1-114

ASIA MEDICAL AND

W
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- WU = Unit Under Calibration

& \\_:// 3
AGRICULTURAL LABORATORY = Z
! \‘ \/ | A R C RN Re 80TR %
2=\
ANy . T
g™
NSC-TISHTIS17025
CaLIBRATION 0452
REPORT OF CALIBRATION Page 2013
Certificate No. : 23.040769
Sample Code - 23.16178-002
Results of Calbration
Resolution s 01 %
1. Reporting of Temperature
Calibration | LUC* e Measured temperature at each pasitions (°C) Unceriainty | Coverage
point {°C) |setting °C)[reading °C}f 21 | #2 | #3 | €4 [ 25 | #6 | 47 28 | 2™ t (C) factor &
20 20,0 200 | 2008|1992 | 19.96 | 19.89 | 19.93 | 20,00 | 19.97 [ 19.79 | 19.86 0.22 2.00
2. Characterization rasults
Calbration point (°C} Stabiliry £ {°C} Unifermity {°C} Overall vartation (°C)
20 032 0.37 0.8
Hates

361 5o Ladprac 122, Ladprac Road,
Phiabphla, Wang Thonghng, Bangkek 10310

FhaCL

TEL 02-516-2422
FAX 02.516-6049
P 08

CONTACT@AMARC.CO.TE

W AMARS COLTH
Effegiies Dars 130071
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CALIBRATION 0152
REPORT OF CALIBRATION Page 3af 2
Certificata Mo, : 23-040768
Sample Code - 2318178-002
Resuls of Calibration
Hotes ’_(
1. Sensor installation locations ;e e
L1 Al sanzors at any cornars of walls should be pasitioned
5 cm{ax bxc) from the wall. “n "3 ®
N . a™ea—T Grmviric sanrer
12 The rafarance sensor is preferably located of the geometric center %80
=k
of the chamber. i A6 & nE,
2. Inerior dimensions spprox of chambar - !
5/ w1 o)
W= 60 cm;D= 56 om:H= 146 om @:” CI
3. Al valve or fresh air level - OF P <
4. Fanlevel : Open W s
5. The quoted uncartainty includes” Stability of chamber and loading =ffect Figuga: Example of sensor
in chamber at 20% of uniformity = installation Positions

6. Uniformity - the maximum difference of measured temperatures at any sensors and the measured temperature a1 the reference
locathon which are observed at the same time.

7. Stbility - one-half of the greatest maximum difference of measured temperatures st any one sansor.

8. Owerall variation - tha difference of the maxmumn ahd the minfmum measured temperatures throughout observation tima,

9. UUC*reading - the avarage reading of indlcating device that forms the § | part of the encl

10. Calibratlon resuks without acjustmant,

That rasLl of U i3 saaesel 25 Ho of i by the coveraot Factar k. which for a nanmal digiribation sarrasponds.

163 coversg yof r 95% The scandard inty of hasb n with UKASH2003
- End of Report - /ANJL—"'

361 Soi Ladprao 122, Ladprao Road, TEL (12-516.2422 CONTACT@AMARC.CO.TH
Phiabphls. Wang Thonglang, Bangkok 10210 FAX 02-516-5943 WWW AMARC CO.TH
M- CL-DMB

Rt 0D Effeciive Dae 15710721
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CAUBRATION 0152
CERTIFICATE OF CALIBRATION Page 103
Cartificate No. = 24.046203

Sample Code + 24-13906.002
Customer : EASTERM THAI CONSULTING 1992 CO., LTD,
EA3 Moo 11, Sukhapibarn 8 Rd., Mongkham,
Sriracha, Chonbari 20230
Locaticn of Calibration :  EASTERN THAI CONSULTING 1992 CO. LTD.

{Laboratory}

Equipment : Temperature contiolled enclosures (Incubator)

Manufacturer +  Lewibond Model ;o Tedd3E

Serial No. : 0520/005227 1D Na., : LABE19f5

Date of Raceipt .18 Apall 2024 Dat= of Callbration ;18 April 2024

Condition of Calibratlon

1. Environment 11 Ambienl temperature ; Maximum 3.0 °C ; Minbmoum 337 C

1.2 Relative humidity t Maximum 691 % ; Minimum 500 %
1.3 Line voltage supplied o Maximum 2225 VAC ;. Minimuem 2188 VAl

2. Calibration method
TLAS-G.20: Guidalines for calibratlon and checks of temperature controllad enchosures.

2. Ref dard i e
Irstrument 10 No. Certificate Mo Crue Date
Data Acquisition With Sensor LB-DA-08 (RTD-244 to RTD-256) 23084070 Q6 August 2024
{RTO-PLIOD)

4. This certificate is traceabls to the international system of unit ($1 Unit).
The measuremant is Iraceable to Asia Medical and Agricultural Laboratory and Ressarch Center Public Company Limited.

5 This result of calibration was found accurate as shown on date and place of calibration enly.

6. Condition of calibration item ;. Moemal
0[7//
Calibrated by Mr. Sarawonot Thammao Approved by (r. Muttaput Timula)
Sclentls g ﬂ‘l'
lssua date 19 April 2024 1 )‘ E

The wncarksintins re lor b conhidenge prabate v of Bonromalt 35%
The ealbeanion rasUlt i kve) only i i Have culd e 1Lem ant was fourd seeurate a3 shown on dais and place o sabbalon only

They Garificang is isswed o ith 1hez i ol dinalion qriiad by the Thas Labaralers Accrek it scheme wheoh has aseyssed] the messuremant capadity ol the
It mary and i ackatdy Lo ieendsd novonal stanclards s 1l e of 2l riealizecl &1 1he ing ratigpea stanoarde laboeatoey, This cenillesie meyr ool e
raproduc4c I Wl i 0l e epa with the price wetten apioual of the Aula Medical and Agneultual Labormory and Resarch Canler Pubds Comnsny birnined [ALARS)

361 S0l Ladpeao 122, Ladprao Road, TEL 02-516-2422 CONTACT@AMARC.CO.TH
Phisbphla, Wang Thanglang, Banghok 10310 Fay D2-515-6045 WWW.AMARC.CO.TH
FMCL4 Ry 11 Fltazzve Malg 1510021

A5 A MEDHCAL AnD
AGHICULTURAL LABGRATOFY
AND RESEARCH CENTER

REPGRT OF CALIBRATION

Resulte of Cabibration

Resolution PR B B o

1. Reporting of Temperatore

ame I 'ju

NSC-TISI-TIS17025
CALIBRATIOND15Z

Paga 20of 3
Certificate No. : 24-048203
Sample Code - 2412906-002

Callbration uuct uuct Measured tamperature at esch positions (°C) Uncertainty | Coverage
point {*C} | sewing (°Chreading (°C)]  *1 #2 | 23| nda | #5 | ¥ | a7 | 48 | #o™ s {°C} facter &
20 205 200 20028 | 19.86 | 1990 | 15.91 | 19.82 | 20,10 | 20.01| 19.80 | 19.75 059 200
2. Charactenzation results
Calibratian point °C) Stability £ (°C} Uniformity (°C) Crveralh variation (°C)
20 0.45 0.85 1.3
Hotes

UUC! = Unit Under Calibration ‘thf/\/
(>

,’,:3

A61 Soi Ladprao 122, Ladprao Road,

Phlsbphla. Wang Thonglang, Bangkok 10310
FRCL OB

TEL 02-515-2422
P O2-516-694%
Re 03

CONTACT@AMARC.CO.TH
WAL AMARC.CO.TH
Ellecrive Dalg 131011
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NSC-TISI-TIS17025
CALIBRATION 0152

REPORT OF CALIBRATION Page 3of3 -
Certificate No. : 24-046203

Sample Code : 2418906-002

Results of Calibration
- 1
1. Sensor instalation locations e #4
131 All sensors at any comers or walls should be positionad
S om (a % b x <] from the wall, O #3°
1.2 The raferance sensor is prefarably located of the geometric center # 9?"—"6% =
of the chamber. i #6 % 8%
2. imenior di ions approx of chamb as el '[#}_
W - 60 om;Da= 56 om;H= 146 om T o et D,
3, Airvelveor freshairlevel : Off P A v/
4. Fanlavel : Open = ——-——-—W——w—gw
5. The quoted w inty includes® Stabiliy of chamber and loading affact
in chamber at 20% of uniformity ". insrallation PosHions

€. Uniformity - the maxdimum differenca of messured lemperaturas at any sensors and the measured temperaiurs at the reference
location which are observed at the same time.

7. Stabllity - one-hslf of the greatest maximum diffarence of measured temperaturas t any one sensor.

8. Owverall variation - the differance of the i snd the mini d temp throughout observation tims.

9. UUC*reading - the average reading of indicating devica that farms the integral part of the encl

10. Calibration results without edjustment.

Th resul dad o U i pipied anthe & ity af g k. wihich for 4 cllatr bal
to A ey of 5% Th cland F han bey i LKSS M0
o
- End of Report -
-
o

261 Soi Ladprao 122, Ladprao Road, TEL 02-516-2422 CONTACT@AMARC CO.TH

Phlebphla, Wang Thonglang, Bangkok 10310 FAX 02-515-6943 WWW.AMARC.CO.TH
Fi-CLIHB Rav 0B Elferibva Data, 159021



Hot Air Oven
Model : UM 400

Serial No. : 900982
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NSC-TISI-TISLT025 HSCMSITISATO2S
CALIRRATION 0152 CALIBRATIONOLS2
CERTIFICATE OF CALIBRATION Page 1of 3 REPORT OF CALIBRATION Page 2of 3
Cartificate No. : 24-001944 Certificate No. : 24.001844
sample Code :  24-00963-001 Sample Code :  24-00963-001
Customer . EASTERN THAI CONSULTING 1882 CO., LTD,
Retults of Calibcation
683 Moq 11, Sukhapibarn 8 Rd.. Mongkham,
Sriracha, Chonburi 20230 Rasolutian 2 03 %G
Location of Calibration : EASTERM THAI COMSULTING 1992 CO., LTD, 1. Reporting of Temperaturs
(Hot Lab) Calibration uuce uuce Magsured temperature at @ach positions (°C) Uncerwainty | Coverage
Equipment : Temperature controllad enclosures [Hot air oven) point (°C) | setting (°C)|reading (°C)} #1 32 B3 na 5 76 *7 £8 | vg™ L [°C) factor &
Manufacturer : Meromert Model : UM 400 60 0.0 600 |60.04|59.90| 59.81 | 59.84 | 59.47 | 59.91 | 50.08 [ 55.98 | 5%.87 025 2.00
Serial No. : 900362 1B No. : LABEW7A 85 £5.0 BS.0 | B5.07| 6575 | 85.58 | 05.62 | 84.60 | 85.83 | 86.28 [ 85.94 | 8577 0.34 200

Date of Receipt : 09 January 2024 Date of Calibration 09 January 2024
2. Characterizetion results

Condition of Callbration

C ility = {° j ity (! Owarall variati i
1. Environment 1.1 Ambient temperature : Maximum 06 "C ;' Minimum 292 °C Callbration point (*C} Stability + {'C) Uniformily {°C) varall variation {°C)
12 Relative humidity . Maximum 575 % ; Minimum 464 % 0 on 0.49 0.40
1.3 Lina voltags supplied : Mawimum 2295 VAC ; Minimum 2225 VAC a5 0.09 113 172
2. Calibration method Moles
TLAS-G-20: Guidelines for calibratlon snd checks of lemperaura controlled anclosures. . UUE* = Unit Under Callbration
A. Reference standard nstrument
Instrumeant 1D Mo, Cantificate No. Due Date
Data Acquisition With Ssnsor LB-DA-10 {RTD-257 to RT{-265) 23-066256 29 June 2024
{RTD-P1100)
4. This certificate ks traceable 1o the international system of wnit {S1 Unit).
The measurement is traceable ko Asia Medical and Agricultural Laboratary and Research Center Public Company Limited.
5. This result of calibration was found accurate as shown on date and place of calibeation only.
6. Cendivion of calibration item : Mormal
Calibrated by Mr. Sargwoot Thammo Approved by (M. Somehsl Nearnpunt)
Scientist Signed for Difector
Issue date 09 January 2024 . 7 v . .
‘ Je
Tha s ane for a L iy ol : 85% s . s
Thie calibssion resum i spnlied only Lo the shove callbranad stem and was fosnd accurate as shawn on date a3 olwoy of calbranion anly
This Cartalicane it iwsed in with the il ol o gramed by the That Laboratory AccidRalkon schems which has asaesaed yhe mesayrement capabily of ihe
! o it5 L] ized natsonal and b tha unil of measeramerd ceplized g ihe ssreyponding natlonal siardends Labovatory. Thag centificala may nl be
reproducad Db thae (n lul dxcept with (he oo wiitian sgpco of the s kiedial and Agiscullu sl Laboeaiory and Rasearch Cenndl Pullla Coamod iy Limirgd (AMARC).
361 501 Ladprao 122, Ladprao Road, TEL 02-516-2422 CONTACT@AMARC.CO.TH 361 Soi Ladprao 122, Ladprao Road, TEL 02-516-2422 CONTACT@AMARC.CO.TH
Fhizbphia, Wang Thongiang, Bangkok 10310 FAX 02-515-6949 W AMARD.CO.TH Fhlabphle, Wang Thonglang, Bengkok 10210 FAX 02-516-6949 WIWWAMARG.CO.TH

FRECL-Ta Fige 0 Eflzerva Dave 1510421 L1008 Fev.0R Effective Dala. 1510721
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NSC-TISI-TIS17025
CALIBRATION 0152

Page 3of 3
24-001944

24-00963-001

REPORT OF CALIBRATION

Certificate No. :

Sample Code :

Results of Calibration

= g
1. Sensor installation locstions pa =
11 All sansors at any comers or walls should be positionad
5cm (axb x c) from the wall. i #3°
1.2 The reference ssnsor is preferably located of the geometric center # 9?‘__““”“ -
of tha chamiber. A o# 6 iﬁ e,
2. Intetlor di ons approk of chamt i . II# "
W= 40 on:D= 28 om;H= 39 om ”'d;,"cﬂ 2
3. Airvelve or frash sirlevel . OFf P o Vo
A Fanlevel : Open DU E—-Y
5. Tha queted uncertainty includss” Stability of chamber and lcading effect Flaure: Example of sengo
in chamber at 20% of uniformity ". instalistion Positions
. Uniformity - the maximum difference of measured temperatures at any sensos and the d temp at the raf;
lacation which ere obeervad st the same time.
7. Suabllity - one-half of the greatest maximum difference of measured tamgerabturas 5t any ona sensor.
8. Overal variation - the differsnce of the maximurmn and the minimum meesured temparaturas throughout obsarvation time.
9. UUC-reading - the average readmyg of indiceting device that forms the iegral part of the anclosure.

10. Calibraticn results without adjustment.

of d b th k which for 3 nosmal distribution coresponds

The tasul Vs soved 1 o
Sth LA RCRDD

to a covelage probability of approximately 95% Th

- End of Report -

cCoBY

361 Sol Ladoreo 122, Ledpreo Road, TEL 02-516-2422 CONTACT@AMARC.CO.TH
Phiabohla, Wang Thongleng, Bangkak 10810 FAX 02-516-5849 WWWAMARG.COTH
Fu-CL08 Rev.08 EHacibee Dul, 15T



LIQUID IN GLASS THERMOMETER
Model : Total Immersion

Serial No. : 43560



QUALITY CALIBRATION CO.LTD.
35 Petchkasem 63/2 Road, Laksong, Bangkae, Bangkok 10160
Tel (662) 421-5402, (662) 444-0152-3, Fax {662} B09-4584
wwrw.qealibration,com

HEC TR TIS | 1025
CALIBRATION i

CERTIFICATE Mo : 23T10864 PAGE:10QF2
REFERENCE Mo ; 71117-1

Certificate of Calibration

EQUIPMENT : LIQUID IN GLASS THERMOMETER

MANUFACTURER ; PRECISION

MODEL : 0°C TQ 100°C

SERIAL No : 43560

D No : LABE 16/1

RESOLUTION o f1°C

TYPE 3 TOTAL IMMERSION

CONDITION AS RECEIVED - USED ITEM

SUBMITTED BY : EASTERN THAI CONSULTING 1992 CQ., LTD.
683 MOO 11, SUKHAPIBAN 8§ ROAD, NONGKHAM,
SRIRACHA, CHONBURI 20230

CALIBRATED BY £ CHARUKITL.

CALIBRATION DATE : 09-No :;(

APPROVED BY : f

NGQQ}( J
ISSUED DATE 3 08-Nov-23
RECEIVED DATE s 02-Nov-23

QUALITY CALIBRATION CO.LTD.
233 Petchkasem 63/2 Road, Laksong, Bangkae, Bangkok 0160
Tel (662) 427-3402, (662) 444-0152-3, Fax (562 8094584
wrw.qealibeation.com

CERTIFICATE Mo : 23T10864 PAGE:20F2

Calibration Report

EQUIPMENT ! LIGUID IN SLASS THERMOMETER

MANUFACTURER i PRECIZION

MODEL 3 0°C TO 10 *C

ID Mo ] LABE 14671 SERIAL NUMEBER H 43360
RESOLUTION ] 0l°C TYPE ¢ TOTAL DMMERSION
RECEIVED DATE : 02-Naw-23 CALIBRATION DATE . 9-Nov-23
AMBIENT TEMPERATURE . 23*C+3°C RELATIVE HUMIDITY 5 50 %RH + 20 %RH

CONDITION OF THI, ULTS OF CALIB

- THIS INSTRUMENT WAS CALIBRATED BASED ON ASTM E77.1992 BY COMPARISON WITH STANDARD PLATINUM RESISTANCE
THERMOMETER. (SPRT) INTO LIQUID BATH TEMPERATURE CONTROLLER. THE TEMPERATURE SCALE USED WAS BASED ON
TTS-90.

. REFERENCE STANDARD INSTRUMENTS ;-

[n

N MEN MODEL SERIAL No CERTIFICATE No DUE DATE
1} STANDARD THERMOMETER 1502 77964 2373927 05-Mar-24
2) SPRT PROBE s6ld 636626 2313927 08-Mar-24
3) PRECISION BATH 7320 A2ll0s 22713199 14-Dee-23
4) PRECISION BATH CTR-40 AGB153 22T13198 09-Dec-23
3) PRECISION BATH 6045 3Co23 22713200 19-Dec-23

THE CERTIFICATE I8 VALID FOR THE ITEM GALIBRATED AS SHOWN ON THE DATE AND PLACE OF CALIBRATION ONLY
THIS RESULT EXCLUDE LONG. TERM STABILITY OF THE UNIT UNDER CALIBRATION,

THIS CERTIFICATE IS TRACEABLE TC THE INTERNATIONAL SYSTEM OF UNIT MAINTAINED AT:-

- NATIONAL TNSTITUTE OF METROLOGY (THAILANDY.

RESULT OF CALIGRATION : WITHOUT ADJUSTMENT

(RN

STANDARD oce IMMERSTON COBRRECTION EMERGENT UNCERTAINTY
EEADING READING DEPTH (*C) STEM QF
) () (mm) TEMPERATURE | MEASUREMENT

(*C) (=)
0.009 00 50 0.0090 NiA 0.26
25.01 25.0 165 0.0050 NA 0.26
50,00 30,0 275 2.0040 N/A 026
99.991 | 100.0 360 -0.009 293 0.26

THIS CERTIFICATE MAY NOT BE REPRODUCED OTHER THAN TN FULL EXCEPT WITH THE PRIOR WRITTEN APPROVAL OF
QUALITY CALIBRATION €G, LTD.

F.GO1Q REY (2

UUCH : UNIT UNDER CALIBRATION
THE REPORTED UNCERTAINTY OF MEASUREMENT WAS BASED ON A STANDARD UNCERTAINTY MULTIFLIED BY A
COVERAGE FACTOR k =2, PROVIDING A LEVEL OF CONFIDENGE APPROXIMATELY 95%.

END OF CALIERATION REPORT

F-Go10 REV




pH Meter
Model : SevenCompact S220

Serial No. : B448305208
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ARCH CENTER

Customer

\‘. P ln_-,,{
*

Location of Calibration

CERTIFICATE OF CALIBRATION

AMARC | B85 oo
4ND RESEARGH GENTER VI,
) i i -
il&:{// S*Iﬁ\\-’?
T T
Gy %Ny
Drefy S KCTAMR e
HSC-TS1LTIS17025
CALBAATION 0152
Page 103 REPORT OF CALIBRATION Paga 20f2
Supersede to Colibration Cartificate No. 24-001949 Supersede te Calibration Certificate No. 24-001549
Certificate Mo, 23-00134841 Certificate No. : 24-00194341
Sample Code 24.00963-006 Sample Code : 24.00963-006
EASTERN THAI CONSULTING 1932 CO., LTD. STl CLOTHHG N H0ae T
i M solution : 1 ;O0Im i
€83 Moo 11, Sukhspibam 8 Rd.. tlongkham Eguipment phieter i F
Sriracha, Chonburi 20230 Manufactures METTLER TOLEDO Model : SevenCompact 5220
EASTERM THA! CONSULTING 1992 CO., LTD, Serial No. BA48305208 1D No. : LABET1/4
fLaboratary) Range -2.000 pH 1o 20,000 pH ; x2000.0 my; -5.0°C 10 130.0°C
Equipment PH Meter : - '
Manufactorer METTLER TOLEDO Model SevenGompact 5220 Resulity of Gallbrauan
Serial No. B448305208 1D No. LABE 11/4 Part 1. DG Voltage measurement
Date of Receipt 08 January 2024 Date of Calibration 1 09 January 2024 oH Meter Serial No. BA48305208
Condition of Calibration
1, Environment Nominal Value Applied DC Voltage Average indicator reading Uncertainty Coverage laclor
11 Ambient temperature 224 + Q2 °C 1.2 Relative hurnidity BG4 % o+ 21 % oH - mv PH my &
2. Calibration method
In house method WI-CL-019: based on direct measuremant by using standard voltage calibrator and using cerlifiad reference matarial 0 4N 4138 000 £ 0.083 200
{CRM} 4 177477 177.4 4.00 + 0,083 2.00
3. Reference standard [ Cerntified reference material = 0.000 o1 700 . 0.083 200
Insirument 1D Nax. Certificata Mo, Dug Crate
31 vohage Caliorator LB-AMC-01 23E3244 09 Ootober 2024 1 VAT A3 0 * 0983 200
3.2 Digital Thermomater LB-TH-33 23-058974 25 August 2024 14 -414.113 -113.8 14.00 £ 0.083 200
Certiligd Reference Material Lot. Mo Ref Mo, Expire Date
3.3 Buffer Solullon pH 4,008 919273 PH2IB.LS 24 Septamber 2025 Part 2. Performance of Elactrode system
3.4 Buffer Solutlon pH 6,988 9a1727 PHIQ7.LS D& Movember 2024 Electrode Manufaciurer METTLER TOLEDD Model +  InLab Expart Pro-ISM
3.5 Buffer Solution pH  9.997 919278 FH2Z0.L5 24 Seplamber 2024 Electrode Serlal Mo, 1 2453082
4. This certificate is traceable to the international system of wnit (S1 Unit). Three-Point Calibration at pHd, pH7 snd pH1O Percent Slope 283
4.9 Instrument Mo. 3.1 through Technology Promotion Association (Thailand-Jopan}
42 Instrument Mo, 3.2 through Asia Medical and Agricultural Laboralory and Research Canter Public Company Limired. Standard Buffer Solution Average indicater reading Error alug
4.3 Buffer Solution Mg, 3.3 and No. 3.5 traceabls to CPA chem (through primary measurement meathod-Harned cell using calibrared oH (@ 25°C) o v
thermometer, baromater, and nanovoltmetar Accredited laboratory 1S0AEC 17025 and ISOMEC 17034).
4.4 Buffer Solution Mo, 3.4 tracesble 1o CPA chem (CPA Ref HARNED CELL LotN 61275737 CPA RefN HARNED CELL Lot 61273986 2.008 pa 1521
Aceradited laboratory IS0/EC 17025 and ISCAEC T7034) £.986 7.00
5. This result of calibration was found accurate as shown on date and place of calpration only. 9.997 10.01
&. Condition of calibration item Normal .
Calibrated by Mr. Muttaput Timula Approved by (M. Sorhchai Meampunt) The rsuli ded ol
Scientist i
Jsswe date 31 Jenwary 20r24
It ara bor ol Mmately 5%
The colibeanon rosult 15 applbad onky ko the aboeet collbeaied dem and was [ewnd sceurate ss shomn o dund avd plece o cabiatlon anly
Thea Cevtillzale |3 istwed 0 ol L of ol w thie Thoi | Acheanne which has supessrd the Measursment capabaie of the
and Wg 1o Mgl e K thie et o reglized 51 (hy gtk dar Ihas conLINC IR mpy il Lo
reproduend caher than in [ul eoceps with Lh frled woiiLisn approvdlof the Ao Moedical arnd Soviculivial LSO oy and Reses ch Camar Fublic Coroany Leminsd (RMART)
361 Sok Ladprac 172, Ladprao Road, TEL 02-516-2472 CONTACT@AMARC COLTH
Phiabphla, Wang Thenglang, Bangkok 10310 FAY 02-516-6249 WNW AMARC.CO.TH
Fuicina Reme 11 :

pH
T8

af
Ellgyinn: Date. 150

Lincertainty
pH
Q.002
0.0
1872
41 18 staled B Lhe andeed

h A5 The slandird

Coverage faotor
+ 0.010
0013

k
1 0.011
351 Sol Ladpran 122, Ladpran Road,
F-CLOW

2.00
1+ 00N

2.00

Phlabphla, Wang Thonglang, Bangkok 10310

2.00

Inciar b whezh lor a nosmal dissritaion

TEL 02-516-2422
FAX 02-516-6349

Raw {3

CONTACT@AMARC.CO.TH

MW AMARC CO.TH

Eflaciry Dave 150020
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CALIBRATION 0152
Page 3of3

Supersede to Calibration Cartificate Ne. 24-001949

Cartificate No. ; 24-001949/1
Somple Code :  24-00863-006
Equéipment +  pH Metar (Digital Tharmaometer with senscr)
Thermorreter readout
Manufacturer METTLER TOLEDO Model 1 SevenCompact 5220
Sarial No. + B448305208 D Mo, . LABE11/4
Resolution IR | *c Range 1 5.0 SCrp 1300 °C
Thermomerer sensor
Manufacturar METTLER TOLEDC Model + InLab Expert Pro-15M
Serial No. 2453582 1D . Nk
Condition of Calibration
1. Envwonment 11 Amblent temperature 26 "¢ + 03
1.2 Relative humidity 581 % 1 33 %

2. Calibration method

2.1 Thes caliiwstion use in house method WI-CL-021 : by comparison with standard thernomater

22 The eallibration by comparison unit under calibration {UUC} to the standard thermometar in a callbretion bath at Lhe

controlled tamperature,

2.3 The temperature scals in use of this laboratory is the i nal scalka of 1990 (ITS-20).
3. Raf lard i

Instrument Model 1D. No. Certificats No. Due date

A1 Resistance Thermometar PTAQC RTD-50 23-096874 25 August 2024

3.2 Thermomeler Readout GT-n LB-TH-33 23-09a374 23 August 2024

4. This certificate is ble to tha int

ional system of unit (51 Unit).

Asia Medical and Agricultural Laboratory and Research Canter Public Company Limited {Accreditation Under TLAS Laboratory

Calibration No.Crns2}

5. This fesult of calibration was found accurate as shown on date and place of calibration ondy.

8. Condition of Calibration item : Mormal
Results of Calibration
Calibration Average of Unit under calibration Exparded
. Coverage factor
paint standard reading | Immersian depth | Average reeding | Correction value uncertainty i

°c C mim i c °C

25 25.000 120 250 0000 £ 004 200
tlotes
- Calibration resutts withoul adjuestment
That ramdt of U5 staied ee th slanderd ¥ of hy 06 Ingrer b, which lor o normal disbtion sorepponds
w Lkl of W BE% The Nandand of herk b [

- End of report -

361 Soi Ladprao 122, Ladpreo Road,

Phlabphla, Wang Thonglang, Bangkok 10310
i CLoii

TEL 02-515-2422
FAY 02.518.6919
Rev (8

e CONTACT@AMARC.CO, TH
WA AMARC. 0. TH
Fllecims ate 19N



STANDARD WEIGHT 50 g



AMARC | B

Centificate No. . 22-052238
Sample Code : 224950-003

CERTIFICATE OF CALIBRATION
Customer ; EASTERN THAI CONSULTING 1992 CO., LTD.

683 Moo 11, Sukhapiban 8 Rd., Hongkham,

Sriwacha, Chonburi 20230

Location of Calibration  ; Asia Medical and Agricuttural Laboratory and Research Center Public Company Limited

(Calibration Laboratony)
Equipment ; Standard Welght 50 o
Manufactures :» METTLER TOLEDC
Class + F1
Serial No- « Nik
1D Ng. + LABE 1011
Date of Receipt ; 18 May 2022
Date of Calibration : 30 May 2022
Calbrated by Mr. Somwang Sangdee Approved by { Mr. Somchai Neampunt )
Scientist Signed for Director
kssue date 3t May 2022
Th mlies 900 for a conbdence p of 96x.

Ths calitwation resul In sppliad only 2 the sbows calbrated dem wnd was kund sceutsie 3 thown on dats ond place of calibratkon oy,

itk wmwumummmmmﬂmmmm

This Certilicate I ksued in ‘: with the diiens of
iy of the aivd U hilicy to iad rational i i to the il of measuremend realized of U coneipandng
novonsl nanderds lob This canill nct b reproduced other than in ful axcept with the prior wicn spproval of the Asla Medicel end Agriculural

Labomiory and Ressarch Cemtar Public Compamy Limited {AMART)

361 Soi Ladpruo 122, Ladpraa Road, TEL 02-516-2422 CONTACT@AMARC.CO.TH
Wang Thongt nghok 10310 FAY 02-516-55849 WWW.AMARC.CO.TH
FRRCL-M7 Fov05 Elactive Date. B0

ASIA MEDICAL AND
AGHIEUSLLUML LABORATORY
AND RESEARCH QENTER

Certificate No. . 22052238
Sample Code :  2219150-003

REPORT OF CALIBRATION

Equipment : Standard Weight 50 g

Manufactures : METTLER TOLEDC

Class F1

Serial No. : N/A

ID No- - LABE 101

Result of Calibration ¢ : @ Without adstrnent T R 5

Conventional value of the result of weighing in air. For a welght taken at a reference temperature (£ of 20°C, the
conventional mass is the mass ofa reference weight of a dansity (p,y) of 8000 ke which it balances In air of a reference

density {pg) of 1.2 kg.m™

Description ' Deviation | Conventional | Expanded Maximuam 1D Mo.
i | I . b porisath
! | Mass LT ¥ LA ible Error
' I i
: i | : i
| img) ! : (mg) } x(mg) !
i I { |
50 g -0.324 i 49.999676 o9 | 0.0 1 030 : LABE 101
Tha result o ity of U is steted 86 the standard ity of Riplied by h foctor k»2:0, whick fora
normel disiribart . [ ge probabiity of app S2%, The stanclard uncanaingy of hach b g
whth UKAS
361 5ol Lodprao 122, Ladpiac Road, TEL 02-516:2422 CONTACT@AMARC.CO.TH
Phlsbphla, Warg Thongk Yok 10910 FAX 02:616-6949 WWWAMARC.CO.TH
FM-CL-084 Rev.03 Ettacitve Dote. IS0/
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Sample Code 2249150-003
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&
Condition of Calibration :

3, Red

REPORT OF CALIBRATION
Instrumgnt

P
il

2. Calibration Method : Direct comparison weighing according to OIML R111-1: 2004(E}
Class
1] Standard Weight 1/ng to 1 kg E2

4, This ceutification & traceable to the J

IDHo,

1. Ambient Conditions : Temperatura 20 °C + 1.5°C, Relative humidity 50% # 0% and air density 1.20 kgfm®
{ Instrument numbar 1).

LB-WE-T9
5. Condition of Cafibration iem: Normal

Centificata
of Unit
Asis Medical and Agricultural Laboratory and Research Center Public Company Limited
6. Description of Calibrated ltem :

079368
Typa and Horminal Vabue :
Shape :

"
wedal: -

D Date
22 September 2022
Material

Casze +

Standard Weight 50 g

Cylindrical waight with knob
Stainless stesl

Wooden Box

Recalibration

- End of Report -

361 Sol Ladprao 122, Ladpruo Road, TEL 02-516-2422 CONTACTEAMARC.CO.TH
Priabphia, Wang Thongk ook HOKII0 FAX Q-51E-GB49
FHa-CL-6a Rere 023

WIWWAMARC.CO.TH
Effwcihve Daie. BSH0/2Y




STANDARD WEIGHT 100 g
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Certificate No, : 22052239 Page 1 of3
Sample Code s 2249150-004
Customes : EASTERN THAI CONSLULTING 1992 CO,, LTD.
683 Moo 1, Sukhapiban 8 Rd., Nongkh
Sriracha, Chonburi 20230
Location of Calibration  : Asia Medical and Agricultural Lub y and R h Conter Public Company Limited
[Calibration Laboravory)
Equipment ; Standard Weight 100 g
Manufacturer : NfA
Class + NfA
Sefiol Mo. + NfA
D No. + LABE 10/2
Date of Receipt ; 18 May 2022
Dale of Calibration : 30 May 2022
Calibrated by Mr. Somwang Sangdee Approved by { Mr. Somchai Neampunt)
Schenttst Signed for Director
lssue date 31 May 2022
T aralor & comlidence probabiity of appromeicly T5%.
The ool reush is-applied only 1o tha b r—— nd wog found sccurste 26 shown on data snd place of calibration only.
Thia Canificats la lsued in donos with the sonditlans of ditation grasted by the Thal Lsbortary Ancreditation echeme which haa assatsed tha
hility of the leb and ks o szed notional dards ond to the unil of measwromant realized at tha colrseponding
nstional y. Thi Hicale may not b ucad othar thow I bl amcapt with the prior writtan spprovel of tha Acts badical and Agricukural

Laboratory and Ressarch Centar Fublic Compony Limniied [AMARC).

361 Sol Ladprao 122, Ladpmo Road, TEL 02-516-2422 CONTACTEAMARC.CO.TH
Piriabyphida, Wang Thonak ok 1030 FAX Q2-516-5340 WWW AMARC.CO.TH
Fh-CL-AT Row 05 Effective Dete. 15/10/21

AMARC | st
TORY
AND RESEAHCH CENTERA

Certificate No. : 22-052239
Sample Code : 224950-004

REPORT OF CALIBRATION

Equipment : Standard Weight 100 g
Manufactures : HfA

Class NfA

Serlal Mo. : HfA

I Mo ¢ LABE W2

Rasult of calibraﬁon 3

Conventlonal value of the resuft of weighing in air. For a weight taken at a reference temperature (i} of 20°C, the

conventional mass is the mass of a reference weight of a density (p,,) of 8000 %g.m” which it bal inairofa
density (pg) of 12 kg.m™®
. | i :
Description D 4 i G ional | Expanded | Maxiim i 10 Ho.
| ! | | |
! I Mass | Uncenainty Permissible Error
! | ! i i
| {mg} | | {mg) | +{mg} :
i - [
100 g | -0 | 99999029 g | 0.16 | 0.50 : LABE 1072
The resol ed ’ ks sited 56 he slanderd inty of higliad by th Eactor k=20, which kn a

1 Aiabslbuiti " PR by G5 Th N anhy of b N [T

of
mummma E

D)™\

LY
\

361 Soi Ladprao 122, Ladprao Road, TEL 02-516-2422 CONTACT@AMARC.CO.TH
Fhlabphla, Wang Thongh kek 10310 FA 02.316-6943 WWW AMARC.CO.TH
FM-CL-0Hd4 Rev.03 Effoctive Date. 1550421
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Centificate No. ;22052239
Sample Code : 2299150-004

REPORT OF CALIBRATION

Condition of Calibration
1. Ambient Conditions : Temperature 20 °C £ 1.5°C, Relathve hannidity 50% + 10% and air density 118 kg/m®
2. Calibration Method : WI-CL-00T basa on OIML R 1111 : 2004{E)

3. Raf standard inst
[nstrumsant Class 10 Ho. Cartificate da. Due Date
1} Standard Weight 1 mgto1kg E2 LB-WE-79 N-019366 22 September 2022

4. This cartification is bée to the Wternational System of Unit maintained at : -

Asia Medical and Agricubtural Laboratory and Resaarch Center Public Company Limited
{ Instrument number 1).
5. Condition of Calibration item: Normal

Rt s oS roacimas
Type and Noménal Value : Standard Walght 100 g
Shaps : Cylindrical wekght with knob
Matertal - Stainless steel
Case: Wooden Box
Comments : Recalibration

- End of Report - i““

CBRY

361 Soi Ladprao 122, Ladprao Road, TEL 02-516-2422 CONTACT@AMARC.CO.TH
dabphia, Wong Thonak Bangkek 1030 FaX 02-516-6349 WWW AMARC.CO.TH
Fit-CL-084 R 0 Ellective Oate. 150421




STANDARD WEIGHT 50 g
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NSC-TISETISTIDTS.

Certificate No. 1 22-052237 P:::n:“o:‘):l:
Sample Code : 2299150-002

CERTIFICATE OF CALIBRATION
Customer ; EASTERN THAI CONSULTING 1082 CO., LTD.

683 Moo 11, Sukhapiban B Rd., Nongkh
Sriracha, Chonburi 20230

Location of Calibration  : Asia Medical and Agricultural Laboratory and Research Center Public Company Limited

{Calibration Labioratory)
Equipment : Standard Waight 50 g
Manufacturer : NfA
Class : NfA
Serial No. s NfA
1D M. + LABE10/4
Date of Receipt : 18 May 2022
Date of Calibration : 30 May 2022
Calibeated by Wr. Somwang Sangdec Approved by { Mr. Somchai Neampunt )
Scientist Signed for Director
Issue date 31 May 2022
™ e for 2 condi p o ierstaly 05%. k 1

Thi: colfbration result bt spplied onty 1 the above cafbrated ibam and was found acourats st thown on date o placa of callbration only.

This Certili & ksoed in i with the ufiti af {Ration pranisd by tha Thei Loboratory Accrediation scheme which has sssessed the
oMLy of the lat and U LAlly o nalicnal dards and 10 the it of meadurement realized 3 the corresponding
satbonsl foaries vty This cestik may not be fuced other than in full excent with 1ha prior wiitten appreval of the Asia Medical and Agricultural

Laboralory and Resesroh Cantes PUBRC Company Limited [AMARC).

CONTACT@AMARC.C0,TH
WWW_AMARC CO.TH
Effective Dale. ¥50/21

361 Sol Ladprao 122, Ladprso Raad, TEL 02.516-2422
Phishohla, Wi . X 10310 FAX 02:516-5849

FH-[X{H? Rew. 05

|ll"l“.lh

AMARC | S N

Centificate No. 1 22-052237

Sample Code 22-19150-002

REPORT OF CALIBRATION

Equigment, : Standard Welght 50 g

Manufacturer LTLY

Class NiA

Serial No. : N7A

1D No. = LABE 10/4

Result of Calibration : @ Wit adiesment O Adsiment

Gonveantionat value of the result of weighing In air. For a weight teken at a reference temperature (i) of 20°C, the
conventional mass Is the mass of a reference weight of a density {p.) of 8000 kg3 which it balances in air of a reference
density (pg) of 1.2 kaum™

Descriplian Daviation Conventional ) Expanded : Maximurm ID No.,
. 1 | i .
: Mass i Uncenainty l Parmissible Error |
H i , :
' | |
| {mg) | ; mg) | t {mg} :
= 1 | : i
50 g i -0an ’ 49999883 g | LR 1) .30 | LABE 10/4
Therssuh enpanded of U ks staied ac the siandard ity of iplied by the factar k= 2.0, which fors

i dy 95%. Tha standard inly of has b ingd in

g L ol apey

with UKAS M3003 2

364 Soi Ladprac 122, Ladprao Road, TEL O2-516-2422 CONTACT@AMARC.CO.TH
Fhiabphia, Wang Thonglang, Bangkok 10310 FAX 02-516-5949 W AMARC.CO.TH
FMLCL064 Fob. 3 Effaciive Dave. TSACI




AMARC | B S
AND RESEARCH CENTER S

Certificate Na, + 22-052237
Sample Code : 2219150-002

REPORT OF CALIBRATION
c . dCﬂhraﬁDn R J:" _ I”‘ . i ny

1, Ambient Conditions : Temperature 20 °C £ 1.5°C, Relative humidity 50% £ 10% and air density 118 kg/m®*

2. CaSbration Method : WI-CL-00T base on CHML R #11-1: 2004(€)

3. Ref dard instrument

Wnalivment Clags I N, Cartificare Mo, Due Data

1) Standard Weight 1mg to 1kg e2 LB-WE-79 21-079366 22 September 2022
4. This certification is t b 10 the | jonal System of Unit maintained at : -

Asia Medical and Agricultural Lsboratory and Research Center Public Company Limitad
{ Instrument number 1),

5. Conditon of Callbvation wem: Mormal

6. Description of Calibrated ltem ;

Type and Mominal Value : Standard Waight 50 9

Shape ; Cylindrical weight with knob

Material = Seainless steel

Casa: Wooden Bax

Comments : Recalibration

- End of Report - ﬁ\"—/
C@F=”

361 Sol Ladpeao 122, Ludprao Read, TEL 02-516-2422 CONTACT@AMARG.CO.TH
Phiabphia, Wang Tt Bangkok 30310 FAX 02-516-6949 WWWAMARC.COLTH

FM-CL-064 Rev.03 Effactive Dats. SA0H
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1 | Aldrin

2 Arsenic

LA

Barium

4 | Q-BHC

i

8 Biochernical Oxyzen Demand

9 Cadmium
10 | Chemical Oxygen Demand

11 cis-Chlordane

12 trans-Chlordane

13 Chromium

| Spectrometric Method™
1) Liquid-Liquid Extraction, Gas Chromatographic Method™

1) Liquid-Liquid Extraction, Gas Chromatographic Method™
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method™

1) Continuous Hydride Generation/Atomic Absorgtion
Spectrometric Method™

2) Digestion, Inductively Coupled Plasma Method™
Digestion, Inductively Coupled Plasma Method™

1) Liquid-Liquid Extraction, Gas Chromatographic Method®
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass

2) Liquid-Liquid Extraction, Gas Chromatographic / Mass

Spectrometric Method® |
1} Liquid-Liquid Extraction, Gas Chromatographic Method™ |

Spectrometric Method™

| 1) Liquich-Liquid Extraction, Gas Chromatographic Methad®

2) Liquid-Liquid Extraction, Gas Chromatographic / Mass "

2) Liquid-Liguid Extraction, Gas Chromatographic / Mass
Spectrormetric Method™

1) 5-Day BOD Test, Membrane Electrode Method™

2) 5-Day BOD Test, Azide Modification Method™
Digestion, inductively Coupled Plasma Method®

Closed Reflux, Titrimetric Method™

1) Liquid-Liquid Extraction, Gas Chromatographic Method™
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method!®

1) Liquid-Liquid Extraction, Gas Chromatographic Method®
2) Liguid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method™

1) Digestion, Direct Air-Acetylene Flame Method™

2) Digestion, Inductively Coupled Plasma Method!®

1@‘@@«2% ; 14 Color...




il asuafiv BT
14 | Color ADMI Weighted-Ordinate Spectrophotometric Method™
15 | Copper 1) Digestion, Direct Air-Acetylene Flame Method!®
2) Digestion, Inductively Coupled Plasma Method™
16 | Cyanide Distillation, Colorimetric Method™
17 | 4.4'-D0OD i 1) Liguid-Liguid Extraction, Gas Chromatographic Method™
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method!
18 | 44"-DDE 1) Liquid-Liquid Extraction, Gas Chromatographic Method™
.' | 2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
| Spectrometric Method!
19 | DOT | Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method™
20 | Dieldrin 1) Liquid-Liquid Extraction, Gas Chromatographic Method™
2) Liguid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method®
21 | Endosulfan | 1} Liquid-Liguid Extraction, Gas Chromatographic Method™
| 2) Liquid-Ligquid Extraction, Gas Chromatographic / Mass
Spectrometric Method!™
22 | Endosulfan Il 1) Liquid-Liquid Extraction, Gas Chromatographic Method'
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method™®
23 | Endosulfan sulfate 1) Liquid-Liquid Extraction, Gas Chromatographic Method¥ |
| 2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
| Spectrometric Method!”
24 | Endrin Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method!
25 | Endrin aldehyde 1) Liquid-Liquid Extraction, Gas Chromatographic Method™
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method™ |
26 | Endrin ketone 1) Liquid-Liquid Extraction, Gas Chromatographic Method® |
| 2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
| Spectrometric Method®
27 | Formaldehyde | Distillation, Colorimetric Method™
28 | Free Chlorine 1) lodometric Method™

| 2) Colorimetric Method™ X

RN

29 Heptachlor...




ey arsuafy FuATRd
28 | Heptachlor 1) Liquid-Liquid Extraction, Gas Chromatographic Method™
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method®
30 | Heptachlor Epoxide 1) Liquid-Liquid Extraction, Gas Chromatographic Method®
' 2) Liguid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method™
31 | Hexavalent Chromium Filtration, Colorimetric Method™®
32 | Lead 1) Digestion, Direct Air-Acetylene Flame Method™
2) Digestion, Inductively Coupled Plasma Method!
33 | Manganese Digestion, Inductively Coupled Plasma Method!¥
34 | Mercury Digestion, Cold-Vapor Atomic Absorption Spectrometric
Method"
35 | Methoxychlor Liquid-Liguid Extraction, Gas Chromatographic / Mass
Spectrometric Method™
36 | Nickel 1) Digestion, Direct Air-Acetylene Flame Method™
2) Digestion, Inductively Coupled Plasma Method!®
37 | Ol and Grease Liquid-Liquid, Partition-Gravimetric Method™
38 | pH Electrometric Method™
3% | Phenols Distillation, Direct Photometric Method™
40 | Selenium Digestion, Hydride Generation/Atomic Absorption
Spectrornetric Method™!
41 | Sulfide ZnS Precipitation, lodometric Method¥
42 | Temperature | Field Method®
43 | Trivalent Chromium 1) Digestion, Direct Air-Acetylene Flame Method: Filtration,
Colorimetric Method: Calculation™
2) Digestion, Inductively Coupled Plasma Method:
Colarimetric Method: Calculation™
44 | Total Dissolved Solids Dried at 180 °C™
45 | Total Kjeldahl Nitrogen | Macro Kjeldahl Methog!¥
46 | Total Suspended Solids Dried at 103-105 ™
47 | Zinc Digestion, Inductively Coupled Plasma Method™

1

GG
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10

11

12

13
14

15

16

17

18

| Hydrogen Sulfide

Lead

Manganese

| Mercury

Nickel

Opacity
Oxides of Nitrogen

Selenium

Sulfur Dioxide

Sulfuric Acid

Tin

Method™

Absorption Sampling, lodometric Method™

Isokinetic Sampling, Digestion, Inductively Coupled Plasma |

Method®

Isokinetic Sampling, Digestion, Inductively Coupled Plasma
Method®

Isokinetic Sarnpling, Digestion, Cold-Vapor Atomic

Absorption Spectrometric Method™

drudt | arsuafiv Toamwd
1 Antimony Isokinetic Sampling, Digestion, inductively Coupled Flasma
Method™
2 Arsenic | Isokinetic Sampling, Digestion, Inductively Coupled Plasma :
| Method® |
3 Cadmium [sokinetic Sampling, Digestion, Inductively Coupled Plasma
Method®
4 | Carbon Monoxide 1) Bag, Non-Dispersive Infrared Method™
2) Instrumental Analyzer Method®
5 Chrornium ' Isokinetic Sampling, Digestion, Inductively Coupled Plasma |
Method™
6 Cobalt Isokinetic Sampling, Digestion, Inductively Coupled Plasma
Method®™
7 Copper Isokinetic Sampling, Digestion, Inductively Coupled Plasma

Isokinetic Sampling, Digestion, Inductively Coupted Plasma |

Method!!
Ringelmann’s Method®™

1) Absorption Sampling, Phenoldisulfonic Acid Method®
2) Instrumental Analyzer Method!”

lsokinetic Sampling, Digestion, Inductively Coupled Plasma
Method™

1) Absorption Sampling , Barium-Thorin Titrimetric Method™
2) Instrumental Analyzer Method®

lsckinetic Sampling, Barium-Thorin Titrimetric Method™®

Isokinetic Sampling, Digestion, inductively Coupled Plasma

o

19 Total Suspended Particulate...
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‘ 19 | Total Suspended Particulate | isokinetic Sampling, Gravimetric Method™®

t 20 | Vanadium Isokinetic Sampling, Digestion, Inductively Coupled Plasma

| | Method!® :
' 21 | Xylene i Adsorption Sampling, Gas Chromatographic Method!® _J

WlAdY WU 111 5983
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1 Acenaphthene | Liquid-Liquid Extraction, Gas Chromatographic/Mass ,
_ | Spectrometric Method™ i
2 Acetone | Purge and Trap, Gas Chromatographic/Mass Spectroretric
Method!¥
3 Aldrin Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
“ Anthracene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method®
5 | Antimony | Digestion, Inductively Coupled Plasrma Method
6 Arsenic 1) Continuous Hydride Generation/Atomic Absorption
Spectrometric Method™
| 2} Bigestion, Inductively Coupled Plasma Method™
.7 | Barium Digestion, Inductively Coupled Plasma Method!™
i 8 Benz(a)anthracene - Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!™
i 9 Benzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
i Method!
10 | Benzo(b)fluoranthene Liquid-Liquid Extraction, Gas Chromatographic/Mass
: Spectrometric Method!™
11 Benzo(k)fluoranthene ' Liquid-Liquid Extraction, Gas Chromatographic/Mass ’
; Spectrometric Method!® |
12 | Benzola)pyrene Liquid-Liquid Extraction, Gas Chromatographic/Mass {
- Spectrometric Method™
13 | Benzo[gh,ilperylene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!®
14 | Beryllium Digestion, Inductively Coupled Plasme‘)/ylsthod[“]

15 Bis(2-chloroethyljether...
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15 | Bis{2-chloroethyljether Liquid-Liquid Extraction, Gas Chrormatographic/Mass
Spectrometric Method™
16 | Bis(2-ethylhexyl)phthalate | Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrormetric Method!”
17 | Bromodichloromethane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method¥
18 | Bromoform Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™
19 | Butanol | Purge and Trap, Gas Chromatographic/Mass Spectrometric
| Method™
20 | Butyl benzyl phthalate Liquid-Liquid Extraction, Gas Chromatographic/Mass
f Spectrometric Method!”
21 | Cadmium Digestion, Inductively Coupled Plasma Method®
22 | Carbazole Liguid-Liguid Extraction, Gas Chromatographic/Mass
Spectrometric Method"!
23 | Carbon disulfide Purge and Trap, Gas Chromatographic/Mass Spectrometric
| Method™
24 | Carbon tetrachloride Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™
25 | Chlordane Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
26 | p-Chloroaniline Liquid-Liquid Extraction, Gas Chromatographic/Mass
| Spectrometric Method™
27 | Chlorobenzene | Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™
28 | Chlorocdibromomethane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™
29 | Chloroform Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™
30 | 2-Chlorophencl Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
31 | Chromium 1) Digestion, Direct Air-Acetylene Flame Method™
2) Digestion, Inductively Coupled Plasma Method!™
32 1) Digestion, Direct Air-Acetylene Flame Method;

| Chromium (Il

Filtration, Colorimetric Method; Catculation!®
2) Digestion, Inductively Coupled Plasma Method,;

Filtration, Colorimetric Method, Calculatignts.

33 Chromium (V1)




| @it | avsuaiin | Wanswh
33 | Chromium (V1) | Filtration, Colorimetric Method!®
3 | Chrysene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!
35 | Cyanide Distillation, Colorimetric Method!”
36 | DDD Liquid-Liquid Extraction, Gas Chromatoeraphic/Mass
: | Spectrometric Method!¥
37 | DDE Liquid-Liquid Extraction, Gas Chroratographic/Mass
Spectrometric Method!®
38 DDT Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!™
39 | Dibenz{a,h)anthracene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
a0 | D-n-butyl phthalate Liquid-Liouid Extraction, Gas Chromatographic/Mass
Spectrometric Method®
41 1,2-Dichlorobenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric !
Method™ |
42 1,3-Dichlorobenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric |
Method!®!
43 1,4-Dichlorobenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™
44 ' 1,1-Dichloroethane Purge and Trap, Gas Chromatographic/Mass Spectrometric
': Method®
45 1.2-Dichloroethane Purge and Trap, Gas Chromatographic/Mass Spectrometric
| Method® |
46 | 1,1-Dichlorcethylene Purge and Trap, Gas Chromatographic/Mass Spectrometric |
Method™ |
47 | cis-1,2-Dichloroethylene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method"!
48 | trans-1,2-Dichloroethylene | Purge and Trap, Gas Chromatographic/Mass Spectrometric
% Method™
49 | 2,4-Dichlorophenol Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
50 | 1,2-Dichloropropane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™!
51 1,3-Dichloropropane Purge and Trap, Gas Chromatographic/Mass Spectrometric |

Method!
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52 | Dieldrin Liguid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method®
53 | Diethyl phthalate Liquid-Liguid Extraction, Gas Chromatographic/Mass
| Spectrometric Method™
54 | 2,4-Dirmethylphenol | Liquid-Liquid Extraction, Gas Chromatographic/Mass
| Spectrometric Method®
55 | 2,4-Dinitrotoiuene Liguid-Liquid Extraction, Gas Chromatographic/Mass
{ Spectrometric Method!!
56 | 2,6-Dinitrotoluene Liquid-Liquid Extraction, Gas Chromatographic/Mass
| Spectrometric Method™
57 | Di-n-octyl phthalate ' Liguid-Liquid Extraction, Gas Chromatographic/Mass
| Spectrometric Method™
58 | Endosulfan | Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!™
59 | Endrin Liquid-Liquid Extraction, Gas Chromatographic/Mass
. Spectrometric Method™
60 | Ethylbenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method®™
61 Fluoranthene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
62 | Fluorene Liquid-Liguid Extraction, Gas Chromatographic/Mass
_ Spectrometric Method™
63 I Heptachlor Liquid-Liquid Extraction, Gas Chromatographic/Mass
| Spectrometric Method!
64 | Heptachlor epoxide Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™®
65 | Hexachlorobenzene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
66 | Hexachloro-1,3-butadiene | Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
67 | n-Hexane Purge and Trap, Gas Chromatographic/Mass Spectrometric
| Method™
68 | OL-HCH Liguid-Liquid Extraction, Gas Chromatographic/Mass
! Spectrometric Method™
69 \ [B-HcH Liquid-Liquid Extraction, Gas Chromatographic/Mass

Spectrometric Method!® (\ e |
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L70 Y-HCH Liquid-Liquid Extraction, Gas Chromatographic/Mass
| Spectrometric Method™
71 Hexachlorocyclopentadiene | Liquid-Liquid Extraction, Gas Chromatographic/Mass
; Spectrometric Method!!
72 | Hexachloroethane Liquid-Liquid Extraction, Gas Chromatographic/Mass
| Spectrometric Method®
73 | Indeno(1,2,3-cd)pyrene Liguid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
74 | Isophorone Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
75 | Lead 1) Digestion, Direct Air-Acetylene Flame Method!?
- 2) Digestion, Inductively Coupled Plasma Method
76 | Manganese | Digestion, Inductively Coupled Plasma Method™
77 ! Mercury Digestion, Cold-Vapor Atomic Absorption Spectrometric
| Method!!
78 | Methoxychlor Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
79 | Methylene chloride Purge and Trap, Gas Chromatographic/Mass Spectrometric
| Method™
80 | Z-Methylphenol Liquid-Liquid Extraction, Gas Chromatographic/Mass
| Spectrometric Method™
81 | 2-Methylnaphthalene Liguid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method®
82 | Methyl tert-butyl ether Purge and Trap, Gas Chromatographic/Mass Spectrometric
| Method™!
83 | Naphthalene Purge and Trap, Gas Chromatographic/Mass Spectrometric |
Method™ |
84 | Nickel Digestion, Inductively Coupled Plasma Method@
85 | Nitrobenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!
86 | N-Nitrosodi-n-propylamine | Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!
87 | pH | Electrometric Method™
88 | Phenanthrene , Liquid-Liquid Extraction, Gas Chromatoeraphic/Mass
- | Spectrometric Method!® ( -
~—
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Phenol 1) Distillation, Direct Photometric Method™
2} Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
90 | Pyrene Liquid-Liguid Extraction, Gas Chromatographic/Mass
Spactrometric Method™
91 | Selenium Digestion, Hydride Generation/Atomic Absorption
Spectrometric Method™
92 Sitver Digestion, Inductively Coupled Plasma Method®
83 | Styrene | Purge and Trap, Gas Chromatographic/Mass Spectrometric
' Method™
94 1,1,2,2-Tetrachloroethane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method"]
95 | Trichloroethylene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™ !;
96 1.2,4-Trichlorobenzene | Purge and Trap, Gas Chromatographic/Mass Spectrometric :
- Method™ !
97 | 1,1.1-Trichloroethane Purge and Trap, Gas Chromatographic/Mass Spectrometric !
| Method!® |
98 1,1,2-Trichloroethane Purge and Trap, Gas Chromatographic/Mass Spectrometric |
| Method® |
99 | Tetrachloroethylene | Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™
100 | Toluene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™
101 | 2,4,5-Trichlorophenot Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
102 | 2,4,6-Trichlorophenol Liquid-Liguid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
103 | 1,3,5-Trimethylbenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™ I[
104 | Vanadium Digestion, Inductively Coupled Plasma Method!™
105 | Vinyl acetate Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!®
106 | Vinyl chloride Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™ L
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107 | m-Xylene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™
108 | o-Xylene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!
109 | p-Xylene - Purge and Trap, Gas Chromatographic/Mass Spectrometric
| | Method™
110 ‘ Xylene (Total) Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!™
111 | Zinc Digestion, Inductively Coupled Plasma Method™
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| Antimony

Arsenic

Barium

| Beryllium

Cadmium

I Chromium

Chromium (V1)

Cobalt

Copper

Digestion, (nductively Coupled Plasma Method® 10!

1) Waste Extraction, Digestion, Inductively Coupted
Plasma Method®%!%

2) Digestion, Inductively Coupled Plasma Method®!¥!
1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method?%t% ;

2) Digestion, Inductively Coupled Plasma Method'®?!
1) Waste Extraction, Digestion, inductively Coupled
Plasma Method2*1

2} Digestion, Inductively Coupled Plasma Method®!?
1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method(%19

2) Digestion, Inductively Coupled Plasma Method!®19!

| 1) Waste Extraction, Digestion, Inductively Coupled

Plasma Method?%1

2) Digestion, Inductively Coupled Plasma Method®!®!
1) Waste Extraction, Digestion, Colorimetric Method!?1?!
2) Alkaline Digestion, Colorimetric Method®!¥

1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method!2*:19

2) Digestion, Inductively Coupled Plasma Method®'®
1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method2

2) Digestion, Inductively Coupled Plasina Method®™'?
Id
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11

Lead

Mercury

12 | Nickel

13

14

15

16

17

18

Molybdenum

Selenium

Silver

Thallium

| Vanadium

Zinc

1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method?>'®

2) Digestion, inductively Coupled Plasma Method™'™
1) Waste Extraction, Digestion, Cold Vapor Atomic
Absorption Spectrometric Method®!!

2} Digestion, Cold vapor Atomic Absorption
Spectrometric Method®!V

1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method!2%10)

2) Digestion, Inductively Coupled Plasma Method®'?

1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method?*1%

2) Digestion, Inductively Coupled Plasma Method®!?
1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method?*'%

2) Digestion, Inductively Coupled Plasma Method®'?

1) Waste Extraction, Digestion, Inductively Coupled
| Plasma Method?*19

2) Digestion, Inductively Coupled Plasma Method®!?
1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method2*1%

| 2) Digestion, Inductively Coupled Plasma Method®'®

1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method?*19
2) Digestion, Inductively Coupled Plasma Method®?
1) Waste Extraction, Digestion, Inductively Coupled
Plasma Method!?*!%

9,10]

2) Digestion, Inductively Coupled Plasma Method!
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1 Acenaphthene Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method!*17!
2 Acetone Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!!416]
3 Anthracene Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method!'>!"!
4 | Antimony Digestion, Inductively Coupled Plasma Method®!?
5 Arsenic Digestion, Inductively Coupled Plasma Method®!®
6 | Barium | Digestion, Inductively Coupled Plasma Method®®9
7 Benz(a)anthracene Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method!'s!7)
8 Benzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
| Method!!416]
9 | Benzo(b)fluoranthene | Uttrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Methog!!*1”)
10 | Benzolkfluoranthene Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method! 7!
11 Benzo(a)pyrene ' Ultrasonic Extraction, Gas Chromatographic/Mass
5 Spectrometric Method®>!7
12 | Benzolg,h,ilperylene Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method!517!
13 | Beryllium Digestion, Inductively Coupled Plasma Method®1%
14 | Bis(2-chloroethyljether | Ultrasonic Extraction, Gas Chromatographic/Mass
_; Spectrometric Method!'>7]
15 | Bis(2-ethylhexyl)phthalate | Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method!'>!”
16 | Bromodichloromethane Purge and Trap, Gas Chromatographic/Mass Spectrometric
1 Method(**1¢)
17 Bromoform | Purge and Trap, Gas Chramatographic/Mass Spectrometric
_. - Method416)
18 | Butanol Purge and Trap, Gas Chromatographic/Mass Spectrometric

Method*¢!

IQJ‘Butyl benzyl phthalate...
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19 | Butyl benzyl phthalate Ultrasonic Extraction, Gas Chromatographic/Mass
| Spectrometric Method(!>!7!
20 | Cadmium Digestion, Inductively Coupled Plasma Method® !
21 | Carbazole Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method*>!"
22 | Carbon disulfice Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method416!
23 | Carbon tetrachloride Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method1*19!
24 | p-Chloroznitine Ultrasonic Extraction, Gas Chrornatographic/Mass
Spectrometric Method*1”!
25 | Chlorobenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™4#)
26 | Chlorodibromomethane Purge and Trap, Gas Chromatographic/Mass Spectrometric
| Method!®1¢
27 | Chloroform Purge and Trap, Gas Chromatographic/Mass Spectrometric
| Method!**¢!
28 | 2-Chlorophenol | Ultrasonic Extraction, Gas Chromatographic/Mass

29
30

31
32

33

34

35

36

37

Chromium

Chromiurm (I

Chromium (V1)

Chrysene

Dibenz(a,h)anthracene

Oi-n-butyl phthalate

1,2-Dichlorobenzene

1,3-Dichlorobenzens

1,4-Dichlorobenzene

Spectrometric Method*!"

Digestion, Inductively Coupled Plasma Method®1®

Digestion, Inductively Coupled Plasma Method;

Filtration, Colorimetric Method; Calculation®®®

Alkaline Digestion, Colorimetric Method!!#1!

Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method!!*7!

Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method ")

Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method>!7

Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!1¢l

Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!*1¢!

Purge and Trap, Gas Chromatographic/Mass Spectrometric

i

1 Method[la.lﬁ] F\ B
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| 38 1,1-Dichlorcethane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method4!¢
39 | 1,2-Dichloroethane | Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!!*#]
40 | L.1-Dichlorcethylene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!!*19)
41 | cis-1,2-Dichloroethylene | Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!41¢]
42 | trans-1,2-Dichloroethylene | Purge and Trap, Gas Chromatographic/Mass Spectrometric
Methad*1¢!
43 | 2,4-Dichlorophenol | Ultrasonic Extraction, Gas Chromatographic/Mass
 Spectrometric Method(517
44 | 1,2-Dichloropropane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!!1l
45 | 1,3-Dichloropropane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!¢*¢!
46 | Diethyl phthalzte - Ultrasenic Extraction, Gas Chromatographic/Mass
Spectrometric Method!>!”
47 | 2,8-Dimethylphenal Ultrasonic Extraction, Gas Chromatographic/Mass
,' Spectrometric Method!'>!7]
48 | 24-Dinitrotoluene Ultrasonic Extraction, Gas Chromatographic/Mass
| Spectrometric Method"517)
49 | 2,6-Dinitrotoluene | Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Methad!*7]
50 | Di-n-actyl phthalate Ultrasonic Extraction, Gas Chromatographic/Mass
| Spectrometric Method!*7!
51 | Ethylbenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
- Method(t416]
52 | Fluoranthene | Ultrasonic Extraction, Gas Chromatographic/Mass
| Spectromatric Method>1")
53 | Fluorene Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method!%17!
54 | Hexachlorobenzene Ultrasonic Extraction, Gas Chromatographic/Mass
| Spectrometric Method™*!?
55 | Hexachloro-1,3-butadiene Ultrasonic Extraction, Gas Chromatographic/Mass

’ Spectrometric Method>!7

LN

_’ . \\—A\'ﬁ;
TRV

56 n-Hexane .
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56 | n-Hexane Purge and Trap, Gas Chromatographic/Mass
Spectrometric Method®®4¢!

57 | Hexachlorocyclopentadiene | Ultrasonic Extraction, Gas Chromatographic/Mass

Spectrometric Method!>7)

58 | Hexachloroethane Ultrasonic Extraction, Gas Chromatographic/Mass
_. Spectrometric Method!>!"!
58 | Indenoll,2,3-cd)pyrene Ultrasonic Extraction, Gas Chromatographic/Mass
| Spectrometric Method!>!
60 | Isophorone Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method>17
61 | Lead Digestion, Inductively Coupled Plasma Method™!'®
62 | Manganese | Digestion, Inductively Coupled Plasma Method®!®
63 | Mercury | Digestion, Cold-Vapor Atomic Absorption Spectrometric
| Method®'!
64 | Methylene chloride Purge and Trap, Gas Chromatographic/Mass
Spectrometric Method!*®)
65 2-Methylphenact Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method!>7)
66 | 2-Methylnaphthatene Ultrasonic Extraction, Gas Chromatographic/Mass
| Spectrometric Mathod!>7
67 | Methyl tert-butyl ether Purge and Trap, Gas Chromatographic/Mass
| Spectrometric Method*19!
68 | Nephthalene Purge and Trap, Gas Chromatographic/Mass
| Spectrometric Method!41#)
69 | Nickel Digestion, Inductively Coupled Plasma Method®!?
70 | Nitrobenzene Purge and Trap, Gas Chromatographic/Mass

Spectrometric Method!1*!¢

71 | N-Nitrosodi-n-propylamine | Ultrasonic Extraction, Gas Chromatographic/Mass

Spectrometric Method!>!”

72 | Phenanthrene Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method>!?

73 | Phenol | Ultrasonic Extraction, Gas Chromatographic/Mass

Spectrometric Method!17)
74 | Pyrene Uttrasonic Extraction, Gas Chromatographic/Mass

Spectrometric Metho
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75 | Selenium Digestion, Inductively Coupled Plasma Methog®®
76 | Sitver Digestion, inductively Coupled Plasma Method®!®
77 Styrene - Purge and Trap, Gas Chromatographic/Mass Spectrometric
' Method!1%9
78 | 1.1,2,2-Tetrachloroethane | Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method*1¢)
79 | Tetrachloroethylene Purge and Trap, Gas Chromatographic/Mass Spectrometric
| Methodte:6!
80 [ Tcluene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method(**1¢!
81 | 1.24-Trichlorobenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
| Method"1¥
82 1,1,1-Trichloroethane ' Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!41®!
83 | L,1.2-Trichloroethane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!4l
84 | Trichiorosthylene | Purge and Trap, Gas Chromatographic/Mass Spectrometric
| Method!416
85 | 24,5 Trichioropheraol Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method!!)
86 | 2,4.6-Trichlorophenc. Ultrasonic Extraction, Gas Chromatographic/Mass
- Spectrometric Method!!5!7]
87 1,3,5-Trimeshylbenzene | Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method*14]
88 | Vanadium Digestion, Inductively Coupled Plasma Method®!?
89 | Vinyl acetate Purge and Trap, Gas Chromatographic/Mass Spectrometric
ethodi®9
80 | Vinyl chioride Purge and Trap, Gas Chromatoeraphic/Mass Spectrometric
| Method!116!
21 | m-Xylene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!'*1¢l
92 o-Xylene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!!*14]
93 p-Xylene + Purge and Trap, Gas Chromatographic/Mass Spectrometric

 Methog4 /\

94 Xylene (Total)...
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94 | Xylene (Total) Purge and Trap, Gas Chromatographic/Mass Spectrometric
| Method!!4*9
95 | Zinc Digestion, Inductively Coupled Plasma Method®™!¥
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1 Aldrin

2 Arsenic

3 Barium

4 | O-BHC

5 | B-BHC

6 | d-BHC

7 | Y-BHC

8 Biochemical Oxygen Demand
g Cadmium
10 | Chemical Oxygen Demand
11 cis-Chlordane

1) Liquid-Liquid Extraction, Gas Chromatographic Method™
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method™

1) Continuous Hydride Generation/Atomic Absorption
Spectrometric Method™!

2) Digestion, Inductively Coupled Plasma Method™
Digestion, Inductively Coupted Plasma Method!™

1) Liquid-Liquid Extraction, Gas Chromatographic Method!"
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method™

1) Liquid-Liquid Extraction, Gas Chromatographic Method'™
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method!!

1) Liquid-Liquid Extraction, Gas Chromatographic Method™
2) Liquic-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method!!

1) Liquid-Liquid Extraction, Gas Chromatographic Method™
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method™

1) 5-Day BOD Test, Membrane Electrode Method!™!

2) 5-Day BOD Test, Azide Madification Method™

Digestion, Inductively Coupled Plasma Method™

Closed Reflux, Titrimetric Method!™

1) Liquid-Liquid Extraction, Gas Chromatographic Method™
2) Liguid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method!!

& :%"’12 trans-Chlordane ...
N
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12 | trans-Chlordane 1) Liquid-Liquicl Extraction, Gas Chromatographic Method!!
2} Liguid-Liguid Extraction, Gas Chromatographic / Mass
Spectrormetric Method!?

13 | Chromium 1) Digestion, Direct Air-Acetylene Flame Method!
2) Digestion, Inductively Coupled Plasma Method!™

14 | Color ADMI Weighted-Ordinate Spectrophotometric Method!

15 | Copper 1) Digestion, Direct Air-Acetylene Flame Method™
2) Digestion, Inductively Coupled Plasma Method!!

16 | Cyanide Distillation, Colorimetric Method!!

17 | 44'DOD 1) Liquid-Liquid Extraction, Gas Chromatographic Method™
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Methodt!

18 | 4,4'"-DDE 1) Liquid-Liguid Extraction, Gas Chromatographic Method!!
2) Liguid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method!

19 | DODT Ligquid-Liquid Extraction, Gas.Chromatographic / Mass
Spectrometric Method!"!

20 | Dieldrin 1) Liquid-Liquid Extraction, Gas Chromatographic Method!™
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method!!

21 | Endosulfan | 1) Liquid-Liquid Extraction, Gas Chromatographic Method!™
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method!!!

22 | Endosulfan | 1) Liquid-Liquid Extraction, Gas Chromatographic Method™
2) Liquid-Liguid Extraction, Gas Chromatographic / Mass
Spectroretric Method!!!

23 | Endosulfan sulfate 1) Liquid-Liguid Extraction, Gas Chromatographic Method!!
2} Ligquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method!!

24 | Endrin Liquid-Liquid Extraction, Gas Chromatographic / Mass

Spectrometric Method!!

?25 Endrin aldehyde ...
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25 | Endrin aldehyde 1) Liquich-Liquid Extraction, Gas Chromatographic Method!
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method!

26 | Endrin ketone 1) Liquid-Liguid Extraction, Gas Chromatographic Method
2) Liguid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method™

27 | Formaldehyde Distillation, Colorimetric Method™

28 | Free Chlorine 1) lodometric Method!!
2) Colorimetric Method!!

29 | Heptachlor 1) Liquid-Liquid Extraction, Gas Chromatographic Method!
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method™

20 | Heptachlor Fpoxide 1) Liquid-Liquid Extraction, Gas Chromatographic Method™
2) Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrometric Method!)

31 | Hexavalent Chromium Filtration, Colorimetric Method™

32 | Lead 1) Digestion, Direct Air-Acetylene Flame Method™
2) Digestion, Inductively Coupled Plasma Method!!

33 | Manganese Digestion, Inductively Coupled Plasma Method!!

34 | Mercury Digestion, Cold-Vapor Atomic Absorption Spectrometric
Method!!

35 Methoxychlor Liquid-Liquid Extraction, Gas Chromatographic / Mass
Spectrornetric Method'"!

26 | Nickel ) Digestion, Direct Air-Acetylene Flame Method!"
2) Digestion, Inductively Coupled Plasma Method™!

37 | Qil and Grease Liquid-Liquid, Partition-Gravimetric Method'!

28 | pH Electrometric Method

33 | Phenols Distillation, Direct Photometric Method!!

40 | Selenium Digestion, Hydride Generation/Atomic Absorption

Spectrometric Method™

41 Sulfide ...
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41 | Sulfide ZnS Precipitation, lodometric Method!!
42 | Temperature Field Method™!
43 Trivalent Chromium 1) Digestion, Direct Air-Acetylene Flame Method; Filtration,

Colorimetric Method:; Calculationt
2) Digestion, inductively Coupled Plasma Method;

Colorimetric Method: Calculationt

44 | Total Dissolved Solids Dried at 180 °C"

45 | Total Kjeldaht Nitrogen Macro Kjetdahl Method!!

46 | Total Suspended Solids Dried at 103-105 °C !

47 | Zinc Digestion, inductively Coupled Plasma Method!
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1 Acenaphthene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method

2 Acetone Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™

3 Aldrin Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!

4 Anthracene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™

5 | Antimony Digestion, inductively Coupled Plasma Method!"

6 Arsenic 1) Continuous Hydride Generation/Atomic Absorption
Spectrometric Method!™
2) Digestion, Inductively Coupled Plasma Methodl!!

7 | Barium Digestion, Inductively Coupled Plasma Method!

3 Benz(a)anthracene Liquid-Liquid Extraction, Gas Chroratographic/Mass

Spectrometric Method!

9 Benzene ...
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9 Benzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!!

10 | Benzo(b)luoranthene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method'!

11 | Benzo(k}luoranthene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!

12 | Benzola)pyrene Liquid-Liquid Extraction, Gas Chrornatographic/Mass
Spectrometric Method!!!

13 | Benzolgh.i]perylene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!

14 | Beryilium Digestion, Inductively Coupled Plasma Method™

15 Bis{2-chloroethylether Liguid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™

16 | Bis(2-ethylhexylphthalate | Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!

17 | Bromodichloromethane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!!

18 Bromaoform Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!

19 | Butanol Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method(®

20 | Butyl benzyl phthalate Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™

21 | Cadmium Digestion, Inductively Coupted Plasma Method!"

22 | Carbazole Liguid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!!

23 | Carbon disulfide Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method(!

24 | Carbon tetrachloride Purge and Trap, Gas Chromatographic/Mass Spectrometric

Method!!

25 Chlordane ...
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25 | Chlordane Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!

26 | p-Chloroaniling Liguid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!®

27 | Chlorobenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!!

28 | Chlorodibromornethane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!!

29 | Chloroform Purge and Trap, Gas Chrornatographic/Mass Spectrometric
Method!!

30 | 2-Chlorophenol Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™

31 Chrormium 1) Digestion, Direct Air-Acetylene Flame Method!
2) Digestion, Inductively Coupled Plasma Method™

32 | Chromium (1D 1) Digestion, Direct Air-Acetylene Flame Method;
Filtration, Colorimetric Method; Calculationt!
2} Digestion, Inductively Coupled Plasma Method;
Siltration, Colarimetric Method, Calculationt!

33 | Chromium (V1) Filtration, Colorimetric Method!!!

34 | Chrysene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!

35 | Cyanide Distiltation, Colorimetric Method™

36 | 0DD Liguid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!

37 DDE Liguid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™

38 |DDT Liquid-Liquid Extraction, Gas Chrornatographic/Mass
Spectrometric Method!!

39 Dibenzia,hlanthracene Liguid-Liquid Extraction, Gas Chromatographic/Mass

Spectrometric Method!!!

;m‘wo Di-n-butyl phthalate ...
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43

44

45

46

47

48

49

50

51

52

53

54

Di-n-butyl phthalate

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

1,1-Dichloroethane

1,2-Dichloroethane

1,1-Dichlerosthyiene

cis-1,2-Dichloroethylene

trans-1.2-Dichloroethylena

2.4-Dichlecrophenol

1,2-Dichloropropane

1,3-Dichloropropane

Dieldrin

Diethyl phthalate

2,6-Dimethylphenol

Liquid-Ligquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™!

Purge and Trap, Gas Chrornatographic/Mass Spectrometric
Method!!!

Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!

Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!

Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!"

Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!

Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!!

Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!

Purge and Trap, Gas Chrornatographic/Mass Spectrometric
Method!!

Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!

Purge and Trap, Gas Chrormatographic/Mass Spectrometric
Method!!

Purge and Trap, Gas Chromatographic/Mass Spectrometric

Method™t

Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™

Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!

Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™

W
55 2,4-Dinitrotoluene ...
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55 | 2,4-Dinitrotolucne Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!

56 | 2,5-Dinitrotoluene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™

57 Di-n-octyl phthalate Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!

58 | Endosulfan Liquid-Liguid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!!

59 | Endrin Liguid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™

60 | Fthylbenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method

61 Fluoranthens Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!"

62 Fluorene Liquid-Liguid Extraction, Gas Chromatographic/Mass
Spectrometric Method!"

63 | Heplachior Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!

64 | Heptachlor epoxide Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!

65 Hexachlorohenzerne Liquid-Liguid Extraction, Gas Chromatographic/iMass
Spectrometric Method!

66 Hexachlore-1,3-putadiene Liquid-Liguid Extraction, Gas Chromatographic/Mass
Spectrornetric Method!

67 | n-Hexane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!!! '

68 | O-HCH Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!

69 B-HCH Liguid-Liquid Extraction, Gas Chromatographic/Mass

Spectrometric Method!™

I VN
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70 | y-HCH Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method(!

71 | Hexachlorocyctopentadiene | Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™

72 | Hexachloroethane Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!

73 Indeno(1,2,3-cdlpyrene Liquid-Liguid Extraction, Gas Chromatographic/Mass
Spectrometric Method!

74 | Isophorone Ligquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!

75 | Lead 1) Digestion, Direct Air-Acetylene Flame Method!!
2) Digestion, Inductively Coupled Plasma Method!”

76 | Manganese Digestion, inductively Coupled Plasma Method™

77 Mercury Digestion, Cold-Vapor Atomic Absorption Spectrometric
Method!!

78 tethoxychlor Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!

79 Methylena chloride Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!"

80 | 2-Methylphenol Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!!

81 | 2-Methylnaphthalene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!

82 | Methyl tert-butyl ether Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™

83 | Naphthalene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!!!

84 | Nickel Digestion, Inductively Coupled Plasma Method™!!

85 Nitrobenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric

() _ ;
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86 N-Nitrosodi-n-propylamine ...
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86 N-Nitrosodi-n-propylarmine | Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!!!

87 | pH Electrometric Method™

88 | Phenanthrene Liguid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method!

89 | Phenol 1) Distitlation, Direct Photometric Method!®
2) Liquid-Liguid Extraction, Gas Chromatographic/Mass
Spectrometric Method™

30 Pyrene Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method

91 Selenium Digestion, Hydride Generation/Atomic Absorption
Spectrometric Method!™

92 | Sitver Digestion, Inductively Coupled Plasma Method®

93 | Styrene Purge and Trap, Gas Chrornatographic/Mass Spectrometric
Method!

94 | 1,1,2.2-Tetrachloroethane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™

95 | Trichtoroethylene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™

96 1,2,4-Trichlorohenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!

97 1,1,1-Trichlorgethane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™

98 1.1,2-Trichigrosthane Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™

99 letrachloroethylene Purge and Trap, Gas Chroematographic/Mass Spectrometric
Method?

100 | Toluene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!

101 | 2.4,5-Trichlorophenol Liquid-Liquid Extraction, Gas Chromatographic/Mass

i 14}
Spectrometric Methad —
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102 2,4 6-Trichtorophenat ..
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102 | 2,4,6 Trichlorophenol Liquid-Liquid Extraction, Gas Chromatographic/Mass
Spectrometric Method™
103 | 1,3.5-Trimethylbenzene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™
104 | Vanadium Digestion, Induictively Coupled Plasma Method™
105 | Vinyl acetate Purge and Trap, Gas Chroratographic/Mass Spectrometric
Method!®
106 | vinyl chioride Purge and Trap, Gas Chromatographic/Mass Spectrometiic
Method™
107 | m-Xylene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!™
108 | o-Xylene Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method!”
109 | p-Kylene Purge and Trap, Gas Chromatographic/Mass Spectrametric
Method™
110 | Xylene (Total) Purge and Trap, Gas Chromatographic/Mass Spectrometric
Method™
111 | Zinc Digestion, Inductively Coupled Plasma Method™

AU 97Y73U 12 518013
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1 COL-HCH Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method!??!

2 B-HCH Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method®?!

3 Y-HCH Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method?

q Heptachlor Ultrasonic Extraction, Gas Chromatographic/Mass

Spectrometric Method?!
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5 Aldrin Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method??!
6 Heptachlor epoxide Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrornetric Method??
i Chlordane Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method!®¥
8 Dieldrin Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method!??)
9 Endrin Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method?!
10 DDD Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method?!
11 DOT Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method*!
12 Methoxychlor Ultrasonic Extraction, Gas Chromatographic/Mass
Spectrometric Method!>?!
LONF591989

1. APHA, AWWA WEF. Standard Methods for the Examination of Water
and Wastewater. 24™ ed. Washington, DC: APHA, 2023,

2. United States Environment Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods, Ultrasonic Extraction. SW-846 Method 3550C,
2007

3. United States Environment Protection Agency. Test Methods for Evaluation Solid
Waste Physical/Chemical Methods. Semivolatile Organic Compounds by Gas
Chromatography/Mass Spectrometry. SW-846 Method 8270E, 2018

4. awmimnsadwindauwissemalng. allehaseiiuds. fuiaddl 4. ngawme:
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t ih - #lod Standard Methods for the Examination
40 mg/L it 5 000 mg/L of Water and Wastewater, APHA,
AWWA & WEF, 23°ed,, 2017,
part 5220 C
- Usan Standard Methods for the Examination

0.001 meg/L 14 0.02 me/L

- Olof

2 mg/L 13 5 000 mg/L

of Water and Wastewater, APHA,

AWWA & WEF, 23%%ed, 2017,
part 3112 B

Standard Methods for the Examination
of Water and Wastewater, APHA,

AWWA & WEF, 23 ed., 2017,
part 5210 8
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1 13"1 - ?l"l'iﬁfl:fmtl‘lﬁ'ﬁgwuﬂ Standard Methods for the Examination
() Agaungil 180 °C of Water and Wastewater, APHA,

u

-

25 mg/L fla 10 000 me/L

- AUV IRV

=

flaamail 103 °C §1 105 °C

A1l

5 me/L i3 2 000 mg/L

- igealss

0.5 me/L 9 10 mg/L

AWWA & WEF, 237%ed, 2017,
part 2540 C

Standard Methods for the Examination

of Water and Wastewater, APHA,

AWWA & WEF, 23°ed., 2017,
part 2540 D

Standard Methods for the Examination
of Water and Wastewater, APHA,
AWWA & WEF, 23"ed., 2017,

part 4500-F C
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of Water and Wastewater, APHA,

AWWA & WEF, 23" ed,, 2017,
part 5220 C

Standard Methods for the Examination
of Water and Wastewater, APHA,

AWWA & WEF, 23"ed., 2017,
part 3112 B

Standard Methods for the Exarmination
of Water and Wastewater, APHA,

AWWA & WEF, 23%ed., 2017,
part 5210 B
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u
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WUU NUY./8UB. o
Form NSC/TISI 2

Tususeaauil 23-LB0251
(Cortificate No ™

TUSUT9ISZUUNU

(Certificate of Accreditation)

21AE3UNNANNTUNTEIVUYRNITUINTFIVUNIVIA W.A. bEEo

(By Virtue of National Standardization Act B.E. 2551 (2008))

LaYIINTETNUNINTFIUREAN UNIATINNTTY

(Secretary-General, Thai Industrial Standards Institute)

panlususasaUuln

(Issues this certificate to)
USEW dauiisu lne aeudans 1992 d1in
(Eastern Thai Consulting 1992 Co., Ltd.)
24 ) ]
& a
magta‘u‘m

(Address)

o YN o PUUFNIAUIER & AUaNUBIN 81LNBATIIN Jminvays
(683 Moo 11, Sukhapibarn 8 Road, Nongkham, Sriracha, Chonburi)

lasun195U599AIUEIN5A

(Certificate of competence)

mmmmgmmmﬁ UaN. evobé - bd&oe
(Standard No. TIS 17025-2561 (2018) (ISO/IEC 17025: 2017))

YafmualunIeANuEINNTaves nesujuRnismadeunazesufuinisas ey

(General requirements for the competence of testing and calibration laboratories)

NUYLAVNITSUTANN  1AFIU emel

(Accreditation No. Testing 1712)

Inedssazidenavuazvourielalususes anslilu QR CODE way www.tisi.go.th

(Details of the scheme and scope of the certificate are shown in QR CODE and www.tisi.go.th)

2NN A TUT bm FIMAY WA, b
(Issue date : 23 August B.E. 2566 (2023))

L, Qo

(wetendA sueUUN)
sesarBnsdiinuINATIUNER AugmaTnT Ty
UAURTIVNISUNY
usmsdtinunnssIuRanSumgaa Ty

P -_: LR LT

X 3:\:/'/,,
[t Sg——

e HaCNRA
NILNTNYAANNTTU S1HNULATTIUHEANUNYAFINNTTY '—{”//':\’H‘Q?g
(Ministry of Industry Thailand, Thai Industrial Standards Institute) %
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https://center.tisi.go.th/certify/check_files_lab/MTAxNg
https://portal.apps.go.th/edoc/signature/verify?DocumentID=c88f6993-9830-487b-8b70-fa0a4ab32a52

sgazideasvnazveudgluiusasiasufiing

(Scope of Accreditation for Testing)

TuSusawaan 23-1B0251
(Certification No. 23-LB0251)

A v a wa Aav a as o & o w
GU'E]‘VI'E]\‘]‘UQUmﬂ']i VTN BaNIU 1“8 ADULANY 1992 1AM
(Laboratory Name) (Eastern Thai Consulting 1992 Co.,Ltd.)
‘ViﬂJ'WEJLa?Jﬂ'ﬁ%{UTENﬁ negou 1712
(Accreditation No.) (Testing 1712)
aduil 01 PaNIALAIUN 17 NINgIAU W.A. 2566 893ui 16 nsngIAw w.e. 2571
(Issue No.01) (Valid from) (17 July B.E.2566 (2023)) (Until) (16 July B.E.2571 (2028))
anunmvesufuiinig M a1s Ouwenaaun  Otesna Owndeun Ovaneanui
(Laboratory status) (Permanent) (Site) (Temporary) (Mobile) (Multisite)
F1UN1TINAEU I1YNIINAFEDU %%‘Vlﬂﬁ@‘U
(Field of Testing) (Parameter) (Test Method)
avduInaen
(Environmental field)
1.1 - Tanguin - Standard Method for the
( Water) (Heavy metal) Examination of Water and

- Tasidlew (Cr)

0.03 mg/L to 2.00 mg/L
* NBILAY (Cu)

0.03 mg/L to 2.00 mg/L
- ian (Fe)

0.03 mg/L to 2.00 mg/L
- iz (Pb)

0.01 mg/L to 1.00 mg/L
- dniAa (Ni)

0.03 mg/L to 2.00 mg/L
- ogilieu (Al

0.10 mg/L to 2.00 mg/L
. WuiSen (Ba)

0.03 mg/L to 2.00 mg/L
. uAALlaw (Cd)

0.003 mg/L to 1.00 mg/L
« WLSATE (Mn)

0.03 mg/L to 2.00 mg/L
« 1 (Ag)

0.05 mg/L to 2.00 mg/L
. daned (Zn)

0.03 mg/L to 2.00 mg/L

Wastewater, APHA, AWWA,
WEF 23 edition 2017.
Part 3030 F and 3120 B

()

N3ENTNONAVNTTUAUNNUIATI RGNS TTgRaIn T
(Ministry of Industry, Thai Industrial Standards Institute)
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(Scope of Accreditation for Testing)

TuSusawaan 23-1B0251
(Certification No. 23-LB0251)

aduil 01 PaNALAIUN 17 NINgIAU W.A. 2566 893uR 16 nsngIAw w.e. 2571
(Issue No.) (Valid from) (17 July B.E.2566 (2023)) (Until) (16 July B.E.2571 (2028))
anunmvesufuiinig M a1is Ouwenaoun  Otesna Owndeun Owaneaniun
(Laboratory status) (Permanent) (Site) (Temporary) (Mobile) (Multisite)
191NN YNTNAFDU Fvegau
(Field of Testing) (Parameter) (Test Method)
#19189WInA0Y
(Environmental field)
1. 11 (si0) eshunasiingiy - Standard Method for the
(Water ) (cont.) (Oil & Grease) Examination of Water and

2. Ude

(Wastewater )

3.0 mg/L - 20.0 mg/L

- Tavenin

(Heavy metal)
< Tasiiie (Cr)

0.03 mg/L to 2.00 mg/L
* N23LAY (Cu)

0.03 mg/L to 2.00 mg/L
- Wan (Fe)

0.03 mg/L to 2.00 mg/L
« nzM (Pb)

0.03 mg/L to 2.00 mg/L
« UniAia (Ni)

0.03 mg/L to 2.00 mg/L
- agiiiley (A)

0.10 mg/L to 2.00 mg/L
« WULSBY (Ba)

0.03 mg/L to 2.00 mg/L
- uAALie (Cd)

0.03 mg/L to 2.00 mg/L

Wastewater, APHA, AWWA,
WEF 23 edition 2017.
Part 5520 B

- Standard Method for the
Examination of Water and
Wastewater, APHA, AWWA,
WEF 23" edition 2017.
Part 3030 F and 3120 B

()

N3ENTNONAMNTTUAUNUINATT LRGN TTgnaIN T
(Ministry of Industry, Thai Industrial Standards Institute)
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(Scope of Accreditation for Testing)

TuSusawaan 23-1B0251
(Certification No. 23-LB0251)

aduil 01 PaNALAIUN 17 NINgIAU W.A. 2566 893uR 16 nsngIAw w.e. 2571
(Issue No.01) (Valid from) (17 July B.E.2566 (2023)) (Until) (16 July B.E.2571 (2028))
anunmvesufuiinig M a1is Ouwenaoun  Otesna Owndeun Owaneaniun
(Laboratory status) (Permanent) (Site) (Temporary) (Mobile) (Multisite)
A1IN1INAFBY FIENITNAFDY FWneaey
(Field of Testing) (Parameter) (Test Method)

ANVNAILINADY
(Environmental field)
2. Ude (59)

(Wastewater ) (cont.)

- Tavgutn (M)
(Heavy metal) (cont.)
« LL9nLa (Mn)
0.03 mg/L to 2.00 mg/L

« 191 (Ag)

0.05 mg/L to 2.00 mg/L
. danzd (Zn)

0.03 mg/L to 2.00 mg/L

- lasfunazungiu
(Oil & Grease)
3.0 mg/L - 20.0 mg/L

- Standard Method for the
Examination of Water and
Wastewater, APHA, AWWA,
WEF 23" edition 2017. Part
3030 F and 3120 B

- Standard Method for the
Examination of Water and
Wastewater, APHA, AWWA,
WEF 23" edition 2017.
Part 5520 B

N3ENTNONAVNTTUAUNNUIATI RGNS TTgRaIn T
(Ministry of Industry, Thai Industrial Standards Institute)
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sgazideasvnazveudgluiusasiasufiing
(Scope of Accreditation for Testing)

TuSusawaan 23-1B0251
(Certification No. 23-LB0251)

aduil 01 PaNALAIUN 17 NINgIAU W.A. 2566 893uR 16 nsngIAw w.e. 2571
(Issue No.) (Valid from) (17 July B.E.2566 (2023)) (Until) (16 July B.E.2571 (2028))
anunnvissUfjuiinis O a9 Musnaawn  Odamsn Owndeun Owaneaniun
(Laboratory status) (Permanent) (Site) (Temporary) (Mobile) (Multisite)
#191N15N9EBY S18NSNAFOU FWnegou
(Field of Testing) (Parameter) (Test Method)
AL MGG
(Environmental field)
3. WUNN159IN9U - SEAULEBS - 1SO 11202:2010

(Workplace)

(Sound Level)
- szdudsaade

Leqr U39 30 - 130 dB(A)
« SEAUEEIEIAR

Linax 3249 30 - 130 dB(A)

- USENPNI¥NTHQAANYINTSY 13BININT
AuAsasnNUaensitlun1sUsEnouians
lssnui grfvansiang exlunisinnu

WA.2506 arTudl 6 We. 2506

(Notification of The Ministry of Industry B.E. 2546 (2003)
on the Safety Protection Measures in Factory Regarding
Working Area Environment, dated November 6, 2003)

- US¥MPNTUETaRNILAEANATEMIINY (509
v a v ¥ Yo a

npspszRudsmgedligninlaSuade

pansTEsnaIMSYNNUluwariu aniun 13

§.A. 2560

(Notification of the Department of Labor Protection and
Welfare on the standard of noise level that employees
are allowed to receive in average period of work each day,

dated December 13, 2017.)

- USEMANIUE I aR MILAEANATBMINY Boq
WA NLAMIT 35 N1SATIVTALALNTI AN
ANMENMSTINNUA IR UTEA UANNT DU WaS
719 95 01 89 T asETAUAEUSYLAY

A9NSN A DIANRUNIT BITUN 8 NI, 2561

(Notification of the Department of Labor Protection
and Welfare on Criteria, Measurement Methods, and
Analysis of Working Conditions Regarding Heat, Light, or
Noise Levels, Including Duration and Types of

Businesses to Be Performed, dated February 8, 2018.)

N3ENTNONAMNTTUAUNUINATT LRGN TTgnaIN T
(Ministry of Industry, Thai Industrial Standards Institute)
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sgazideasvnazveudgluiusasiasufiing
(Scope of Accreditation for Testing)

TuSusawaan 23-1B0251
(Certification No. 23-LB0251)

aduil 01 PaNALAIUN 17 NINgIAU W.A. 2566 893uR 16 nsngIAw w.e. 2571
(Issue No.) (Valid from) (17 July B.E.2566 (2023)) (Until) (16 July B.E.2571 (2028))
anunnvissUfjuiinis O a9 Musnaawn  Odamsn Owndeun Owaneaniun
(Laboratory status) (Permanent) (Site) (Temporary) (Mobile) (Multisite)
#191N15NAdBY S18NSNAFOU Wnegeu
(Field of Testing) (Parameter) (Test Method)
#1913 A0Y
(Environmental field)
4. USTYNNA - STAULEDY -150O 1996 - 1 : 2016
(Ambient)

(Sound Level)
- svfuLdsaads
LegT 223 30.0 - 130.0 dB(A)
« SEAULFBIGIER
Lmax 433 30.0 - 130.0 dB(A)

- UsEMARIENI TUNNTAILINA DULYY A
AU 15 (2540) F8aMvum 1RSI
szaudeslaenaly asium 12 f.a. 2540

(Notification of The National Environmental Board
Volume 15 B.E. 2540 (1997) on the general noise
level standards, dated March 12, 1997)

- Uizﬂ?ﬂﬂillﬂ']‘l_lﬂmmﬁ‘lﬁ L%EN P

ANIUAISEAULEYS A9TUN 11 &.A. 2540
(Notification of the Pollution Control Department on
the calculation of the noise level, dated August 11,
1997)

- Uizmﬂﬂiﬂﬁqamqmmwmﬁm 15949
A5N15999IATLAULFLINITTUNIU LU
deaady 24 Talus wagseauldesgegai
LININNTUTENBUNINITLTIU W.A.

2553 aaduil 20 5.A. 2553
(Notification of the Department of Industrial Works

on Methods for Measuring Noise Annoyance, Noise
Levels 24-Hour Average and Maximum Noise Level
from Factory B.E. 2553, dated December 20, 2010.)

(b

N3ENTNONAVNTTUAUNNUIATI RGNS TTgRaIn T
(Ministry of Industry, Thai Industrial Standards Institute)
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