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ARER- THAFRETEAR ) BANANTAFTEFENTA
FEZBESFRATNE i%ﬁ%&%ﬁn%ﬁlzﬁf”ﬁzmﬁﬁ
FE R SRR ARG AN A AT SRR - BERE - e RA - B
ol b 2 ARRI B IS E ik BE R AN E 2 Mk (Pipeline Integrity
Management ) » 424)3]i& - Ve A ERAAN S 228 > RiE - fHAANEE
QEFLEN  ERERTME > RPBEX -

FRENBZE RO BRATHEMR Pipelines Act 1962 » B8 FTHE
8] British Standard Code of practice for Pipelines f&#% BS8010 » % 4%
424 8| Pipeline Safety Code %4 M2 AZERMZE » HRE 248 HAEF
BEBRENG  F -2 B -REXZRARZTEREALLE - #E BPA 29
z UKOP # 42 2 #4150 'iﬁ'ﬁﬁﬂ“ﬁfﬁi—#ﬂ M4kt st - LICENERGY /> &) 2 B &30%,
REEA G - HEN SRR IER S
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M55 — : [A guide to the Pipelines Safety Regulation 1996]
ms%= : [British Standard Code of Practice for Pipelines] part 1.
M55 = [British Standard Code of Practice for Pipelines] part 2.
ke R EARE AR &

MseA - [Pipeline Safety Code) #HE &bt &2 B2 28R
Fé%o5  BPA 28 BB EH

Mtsk-t : LICENERGY 2 8) B4 8RBT 4 4

PSR B RARIT LB T AG 3R 3



1. B&

REPEHEAN - AN REWMBATHRARLETTAE  BiFEHEE
HADFEER - FR—BHEA R BHERBUEFMEREK  AFHE
HARNEARREMATH » BRICAN]FRFTIESE > HELERINGR N E]
BB G2t - 4k B - BETHE R e Uk A2 E
FIEBSME R Bk - MEERIANI)EREHLIS » BEBEEHAINY
THREY -

WMAERZEE N TR ER LRARFEES M2~ REHEH
%- HAEREEAE O AEELBIZANLERRIRERFERA R
F HB B4 % ¥ X844 BRITISH PIPELINE AGENCY LIMITED (BPA) 28] ~ 4
sp &R ste B LICENERGY o 8) 8478 MI#t 5 » SARR AR Sh 2 5] LR AT, © A%
RZ I ERFIGEHAREAENAERARE S KT BRTFIESRT
1 -

W REREBUTEREEE M2 LS~ RE

MR hA LA EREEANGT - 2 BELE BN RRAIEHay
ok > BB E N B AT N B 2 -

W4 BATRT LS -

Fafbai i

OB FR B INE AN S BRI R B

O BUE Shh R B B Rk ~ i~ BRI B RRB S e 2

U
W OBRAMBEMNE QAL AN A T REES L RATREIERE
¥ OESEHEREES R BREFRIRFY BRI BL BRARAHL -
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2. AT#

9A128% 9F 138 Aefit¥iH -

9A148Z10 A 138 WHEEPHTEASHIEDBPA 2858 5 UKP £
AHRERETEFLE  LEHBEEF CT S



W BIREGAEEEH 0 BREARERBUT TR
r"***iﬁﬁ Mz ike RARE -
105148210 A 23 8 # LICENERGY 2 &)t & S REIE R4 -
10248210258 &BREEGL-

3. TEHIZEHR
3.1 ZAEHRX
% 42% [Pipelines Act 1962) -3 B & &r& T 1962 FBp2am 5elt » &
BRGS0 7 1996 SEF 4 B2 49 20% [Pipelines Safety Regulation
1996) « # BB 4 RR2#47ERF] (Health and Safety Executive HSE)
BEAT - FHRaERIEEE [A guide to the Pipelines Safety Regulation
19961 (3#mtsk— ) HE L EHBE L% | £ 3 HRIBEARN BuF )
ERIBAEH ~ AERA W EHHA - BRALE  SAEERBEMIRAT R
ERA RIS
Bl SRR AR R B MR R EATA FE LA LR BEUX
1962 ﬁ“—i,ﬁﬁé@%ﬁﬁﬁ E R A TEM BT ART FRER A KX B
TG G2 T s R LR BRI E 2R B F
W EURH R - REZERIMERFAERZEEFE » A U EERB R
B 5@4%%%%%‘%1 CERARBETERTEAENESR -
B ag o kst 31 4% Regulations » IAEAEE 55 4 34y 0 Bidide T ¢
Part 1. 474 Introduction
ERL 1~ A4k - IRESIR > BAER TR EA o
Part 2. 488 General
SR 51T - % %iux#r AR BB WEME  2HR
O FRARNE TEARAD RERE R TR
ﬁ&@? ' $%3R 0 A AT WA EHE -
Part 3. /%4 E 4 Major accident hazard pipelines
R 18-2T 1% - AlRREs  FEMETR] > Zdardd - EAES



il FHEXMH - FEIREES  FHR
g#3rE o BRI -
Part 4. 2£38 Miscellaneous
R 28~31 #% - T EHIE - RFREUR 0 1962 FEEUEZBR 0 TER
g b BAEEL o

3.2 HEEHRTHER
B A 4 T A% ZR[British Standard Code of practice for Pipelines]) :
f5#5% BS8010 » 4= E B %422 5 (British Standards Institution BSI) 41
R HETRETH L2AMRER T BT R LB SE -
REHETQEHEINL AN AP 2 MaEnhEE8E M it T
Part 1.Pipelines on land : general
M ¢ 48R
HXEFEH - BB HATER LM AREES TR RS
A ARAE - 4~ ST RART - S o (BFEMSR—)
Part 2.Pipelines on land : design, construction and installation
Re 1 kst~ R RH
HAEEH - B B3 HE 0 aiRE > Pas o @i YR
W BRI BA o (M=)

3.3 RETHRMMEREE

(1) [Pipelines Act 1962) &4k

(2) [British Standard Code of practice for Pipelines]
HREREHER

(3) [Requisitioned Land and War Works Act 1948] 3R TRt A ik

(4) [The Land Powers Defence Act 1958) i 4%

(5) [Shell-Mex and BP (London Airport Pipeline) Act 1959]
Shell & BP @i 2r3] (tEAMIFER) %



(6) [Esso Petroleum Company Act 1961) Esso & ik/8)7k
HBAGRTETRES  SASR LI 6 BT GA M RER ST -
1960 FREBETHE > AEME AT TR BaeHR AR 20 4+
Z &t R (design life) » HFCIRGHEHMERBZ A0 F2E RN FHR - T4
RN E RSB RBHRA TR PAGEAZTHREBE T M
Pipeline Construction Authorization (PCA) %35 > BRIFE BELLTE% -
BURAHREERERTH  ARRAET ECRCH TRFANTEN  BUTA
FARGRES ~FELEHMHRETR  —RATHBETERRE  2REER
B BUHEEEAEERANEETELWES  WESHRH T REISY
I F ELHERRIE - At d LHEEE Ak
REBRERATEE DARETE  FREREZBN TR ETRHEER
T HABEI T 20k RS 0 JANEI R IR B AARR N 0 B ANERS T A
WRREEARRMGESGE > B Ea N TR ELIN T2 BRAE T
FR L EFTIWIOMAEREZ BIRAT - ¥H AR ENERERAT  BY
G NIRRT R RS X 308 0 AR B ik 2 IR B B LAERAF
SiBEAE 0 BARIE B SRR R R R SR E AR B R TR
RARTE 44 o A1 S ] 648 L 3dd R AEF] & 0 Bpibi&tE (easement)#1E (1817
F AN ROREME ) o s b4 ~ Ve 2 AR SRR - TARARIE B s B A
MMEAE o o B~ KE - ERE
RBUEERRERE T2bEEE » X T HHTREHL > dUTaY
WA BRI e 0% E AR RG> RAmEFBTAREGEE
o mARGHH ARG EIMERE » 4 T HIERETHE - FAARE
SRE B EPFHFEMEHF 20 F 5T BiRged o s & A8
RERFARETE - —2RIFER T EFHREBHA TRBERTE 3
IR EZ IS 0 Rt 6 AR LIGFE TR ET RN TEH E BT -
EHAMMEAAE > Bl T
(1) ik TV BRI R EZ M -
(2) R & BRI REEE R BBHEBEZE -

}



(3) REt L ARE BT AR E RN E QT AERE ~ AR E R
T AUMREESR TPRELZBRRAELEFR TARERME I
T LR EREH - AR IR R DT EE 0 Fholekmaw o
(4) Fadan B ERSSERBERERMHER -
(5) B8 % FHERZMBRACER  wikiE 5 - KEEFE
ERBETHRETHRZR N R X TREETRD
(6) FHRBIZRIBRBTHALEmAE > LA H (BaE) THLER -
B AR IR N T AR S R LU b B el
(7) BT BEA NREA ZEY - BRI FRREIIE -
(8) Bepsbiat sh B B4 RURHE -
(9) FHEEFASREITREHLEEE > EEH BEFEEEY
B %% 2 AR o
(10) Fabs s 2 bagmpiR GER) -
(11) REEBFERBH REREES FATZWH - REFNEL 400 %
(1300 3£ ROSEE Pafk A NEE -
(12) REHFERBIEH RARIEES FAT 2 W3 RAE7E 5 30 (100
#ROEE NIEEITHE -
#E LW e (Institution of Petroleum IP) 3847 — M3 s 4222 8
[Pipeline Safety Code) (3#M4kH) > BRI B T ¥rHE A2 b f48Y
i RPETRAETGIR S - BB IIBERN Le) — R BRI - B ¥ B
B T EEREE RS -
EREDER RESHT—FF - il
$—F - HAKE - LAE - REHM T Tkt 2 P F
TR ~ PrER R - Mk - REEE C BRER -

3.4 X EBAFRTGREANLR
FIREBEIMLE ~ %~ ARBAEHEE  THREEERWT ¢



Country Code Title
B % k3| 2
3 BS8010-Section 2.8 1992 |Code of Practice for Pipelines

—Steel for 01l & Gas
hRANE ERZ TR

3 IGE/TD/1 - Ed3 1993 Steel Pipelines for High Pressure
Gas Transmission
B HRAM MY TR
S ASME/ANST B31.8-1995  |Gas Transmission & Piping Systems
REEERER AL
g [SO/FDIS 13623 - 2000 Petroleum & Natural Gas Industries
-Pipeline Transportation Systems
Bl RARARAEX TG ERASR
# B SniP 2.05.06-85-1988  |Construction norms & Regulations
~Trunk & Pipelines
Mg R R IR RIRE
Code Design Factor Min. Cover Depth | Block Valve Space
R Sk TN ERRE ] B ) RE
BS8010 Max. 0. 72Crural )down (0.9 m 16km maximum
to <0. 3(urban) A FESE 16kn
IGE/TD/1 Max. 0. 72(rural )down [Typically 1.1 m  |Not Specified
to <0. 3(suburban) REAE
ASME/ANSI Max. 0. 80(remote)-  |0. 6 m(remote) 32km maximum
B31.8 Min. undefined A EESE 32km
ISO/FDIS Max. 0. 83(remote)-  |0. 6m(rural)to 1. 2|Not Specified
13623 Min. undefined m(urban/crossings) |# 84 &
SniP Typically up to 1.0 m(rural) Maximum 30km and
Max. 0. 90(remote) either side of river
Ccrossings
B K 2B 30km A& F A%
FRZAE




Code Classifications Testing
| S R,
BS8010  [Class 1 (rural) 24 hours test between 90% & 150% Max
Class 2 (intermediate) |operating pressure (MOP) or 2 hours
Class 3 (urban) test at min 1.25 x MOP
24 /NSRRI A N 90% E 150%5 KEk
VB 2 B RN 1,25 45 kIERE
BE A8 2 ) e
IGE/TD/1 {Type R (rural) For design factor<=0. 3,
Type S (suburban) Mininum 1.5 x design pressure e
Type T (town) AT ER 0.3 RN 15 4%
IR SR
For design factor> 0.3,
1.b x design pressure may be
allowable 24 hours °
TR F AR 0.3 F A 1D B3kt B A
AR 24 /NF
ASME/ANST |Class 1 (rural) For design factor<=0. 3,
B31.8 Class 2 (intermediate) Mininum 1.5 x design pressure e
Class 3 (urban) 23R RSN 0. 3 FHoN A 1D 4
Class 4 (city) R AR
For design factor> 0.3,
1.5 x design pressure may be
allowable 24 hours °
A F AN 0.3 FL 1.5 BEHEEA
AR 24 /)N F
[SO/FDIS |Class 1 (remote) 1 hour test at 1.2 ~ 1.4 x MOP
13623 Class 2 (rural) (depending on location)
Class 3 (intermediate) [then 8 hours at 1.1 x MOP
Class 4 (urban) 1.2 B 1 4B RBER AR /s
Class b (city) B 0 24504 1.1 4B RERVEER 77 R 8
JNBF
SniP Not Specified 24 hours test at 1.1 x MOP

then 12 hours at MOP
oL 1] AR KA Al 24 ) 2
T PAER KRARVER 1B 12 /e




4. BPA 3] &4 e 32
4.1 @

BRITISH PIPELINE AGENCY LIMITED (BPA) 8 AR B — % & FERE 2~
7 @HEBFARER (BS]) A  BAAPRBIREEY G FEETHE
B4 2% UKOP 28 B 4 4 46 o b B RAB B &3 ~ 4548 ~ B3 3%t - 4R BP >
Shell ~ Texaco ~ Mobil ~ Fina % 5 Fidb8) & T8 Berits 1960 SF& 5
ERILBPA 28] B TER R FEAARBEE Rt - A BP
% Shell w8 A% AATE - BPA N8 3A THEABH 100 A - EF4TEE
3~ 3 TARBIT ISR S TR 54 30 ARANATOLARGES L3 K
£ 60 £ A Kingsbury 2 #id B4+ ~ 45K s A terminal F 37358408
TR R

UKOP i % 4 % 448 R BT £ 3R A 3845 » B AT S+ B~ 8
4L o A % Kingsbury #d & b # 258 SCADA(Supervisory Control
And Data Acquisition)#iwm B4 4 > ZAKIEFAYE  WEH RN

(pressure meters) ~ A g3t (flow meters) ~ A (density meters) ~ 22

&3} (color meters )~ % & 3t (temperature meters ) ~ & X2 #4552 5 (prover
loop) S &4 FREAMAE - EdERERT - £6 A SRS TRETR
12 P BpeFeh b B hEE R 0 B4 A BibiEdr (remote) F ARPUT
BIBARE  TRIERE ~ BPIEAASERLE & ik Rbikib g > B mIEEA
AR KRR ARG ERRFER DA - XES A EZ TR FbE
% 1200 B4 > 4P AR D] 100 AN BT se idR AR BB E T4k T REBTHBA
B~ S

UKOP %42 B 3721 24 /N DAL E 35 8 % - %4 BP ~ Shell %
INE) BB HAR T R 2 2 Thames & %4k £ 2 Mersey 0k b BdiiE sl ohid -
DA & AR 4 AT ERARTER A &4 Heathrow fo Gatwick — Bl
MG AR 2 MR B -

10



4.2 UKOP #4448
W w3 wEMEGRAKAR > b Thames-Mersey #4444 %480 L&
%4 (multi-product pipeline) °

Thames-Mersey West London Wal ton-Gatwick
RE 505km 62km 36km
&3 Fy 1965-68 1968(&84) 1984
g 10-14 = 6-10 = 10 »¢
i i g 8 #& S TRA AL MR
1999 #iyid & 7538 i 3135 -4 1485 4

M BE 8 fbah (95~ 98 @4 0 B 0 Bk diesel © £ gas oil 0 ALEMK
#h aviation » ¥ kerosene % ) °

% 8 Rk e

¥ A8 ~ 1718 terminal SRR 4 4T E K

% & Kingsbury #id e P o s 8 8 EE4eiE - 1990 5 257 SCADA 4 4 -

¥ HhoalarA  BP ~ Shell ~ Texaco ~ Mobil ~ Fina -

3¢ 1999 F4asih & 1215.8 B -

4.3 FREEEER

FHE F R ~ s RS BAL A H IR R — Ry 0 B AL EARE
S RAETREEEH LRIFHVEE » BT RATH HRSEEER AR R
i EEEZERHEE 23 B - ERRE S B 0 BB SRR
FHIBEEE TS - FEERRSRT 5 A3 5178 0 B EATE AR A
SBRPMEMT | B A BT ETAE - ﬁ%ﬁ%%ﬁ%%ﬁ%ﬂﬁ%gmﬂ%ﬁg
BARIBARET R -

BPA »E) FloH{E R #F % AR B R E R RS URE > BRETRRIA
To TN EERALE

(1) Bpesg Ei%imEn] > &idy SCADA B3k A PR 3T B 55 » AT R at iy

g EAMELLE AU ER AR E A LR DR RETR TS
(2) By R ERHEFEASL  ORIITEROBERDEHAS

1



(3) ZEdfurbk BIMERRE  LELEETSHRBET & -

(4) F 4430 83b X ~ o7 X MM - BRMERAE B R
ERGHEGRERAE «

(D) 18 7 & 8T B 4 kRl T BB ERME ML T S eAR R - AT B 3R ba RN
TR RLERILE B E 2GR TAE -

BPA »EAEREEBYE > AATRAELRS ~ RDEE ~ A3
R E RIS SRR EEEANASTE WIEEEARIR SR EE
ShAEAE - FERY - el e T T2 PUTEEE - BPA R FEA
#, (pipeline safety management system) #& 28 @5/ » £E44ET7] 11
fEEERF

(1) FE43#4& Risk Assessment
(2) #1373t# Programme Planning
(3) s & 1384 Performance Measurement & Reporting
(4) %3247 Management Review
(5) 268 %41 Staff Involvement
(6) 4/ F# % Incident/accident Investigation
(7) ;445 Legislative Compliance
(8) %#:55B System Development
(9) 44914k HSEQ Training
(10) B xi&i& Staff Communications
(11) B4 Eg 24 Energency Preparedness
BPA ) s T R EHLEE
3¢ iR aRl(leak detection)
¥ EkiRsE (corrosion protection)
¥ 3848 %32 (wayleave management )
¥ m¥sizF (liaison and education)
¥ % F#) (on-line inspection)
3 B A3 (pressure testing)



¥ B4 mEstitE (emergency plamning) 5 & - Péa P FEAEERANT ¢

(A) s&mfEml(leak detection) & A FHLAR B A
a. #% (technology)

FLE > By R B & Supervisory Control And Data Acquisition
(SCADA) 4% #ERBANEGHHVREZCABTFHRE - A
ShB T SR AR E AR 0 2R BRGS0 3 5 5445 SCADA A 4t
FEFHELE R SEAE R BRI a9RE N RIR B AL -
B R BN ER BSOS R A F 3 S B R A2 SCADA & 4t ©
FIRER AR 2 My R ARREIF RS EIRER
Thie - BATH & T EMBGAIRE B LAH L —HRNEH T
1B IR] B 45 1N R0 - T 3 L ARAT — R B R R 35 SR B HAR IR 25k SCADA
A48 AINAEE » RBRF ~ T4~ B8 SCADA R AR LE
BT LY BN RA R RIS BN ERRZERL
EHHeg-

b. B#|(visual detection)

—RRBNERIBIE T > FAT B RME RE FRAEEH SibHLRT
% o NRIBEARMEE IIEA R MEHREAR BABERZB TR
BE M E BB R AR S GOURKE BAIRARARE - BlubihE
B RIE AT RIFMG AL ReY) o F B ME £ 4 BoNLEEA K -

(B) edfFs# (corrosion protection) : 4/ 4% LB SAFAARIF &R 7K ©
I bk A 4R AR AR B LB B SR L IR RRBE R B A » o AR TR AREY
BRI R AR B IR B AR MR b ARARHE A 48 R AR o SLRAETT R A
LAY 0 AR~ RS SR E S TR ET R LR TR
Ve ZAB SIS AR E S 4 0 FRAR S RAEIRE K B se R 0 SERA R 9R
% BRE bR FEE BRI TSR A -

a. ¢1,7% (coatings)



OBEME RS BESER  MELEES  RROA[FHHIET
#a4# A 8 & (bitumen) pu 32 i A £ & 0 14 R4EFH PE Brédim el H&:LE' i
& 4% I 5 A MRS (epoxy ) 1B & LB AR R R AR -
ﬁ%ﬁ%a%m&%ﬁﬁ@%ﬁm&ﬂ’&ﬂ%ﬁ@%%hiﬁ‘ﬁk%
MZIRHAEE » RPAEEB AL

b. 24544 (cathodic protection)

FeAE by akik A& Himphrey Davy se4 7 1820 s+ ==k 4 - 2] 1930
AR AL BE ANEER A2 B BME E 4 - 5 BEBHERII A S
e RARE T ARE o F ISR ER Y R WA R ARTE e E
FUE - BRI B EN A 5 URR— 2B HERE R AR AR
RAFHE L RARE  FRELBALEHE - S EFER LB AR A
o MR B E RS 1 AR 0 TEBREGER © P ERHCR TN BT o

(C) #42%38 (wayleave management) : ;£ & BERKBHKF -
a. ¥k (ground surveillance)
Ik BRI E RO e R RABIR MR AR TR G TR
18 B3R K A0 AT AR, © B SR e AR E fv?iﬁ:’fEITﬁE% FEREE
B WEEFHEERE IR I AR
b, % ¥ 8548, (aerial monitoring)
A AR ERY > AABRKRERE ST RS —
Ve E - RERETH P oREFEREE - ZPAERTIHRAL %?ﬁ

(D) Bi%#zd (liaison and education)
HRMEIRETEY ASIESR IR SR T2
%ﬁﬁﬁ%@ﬁﬁﬂﬁﬁmlﬁﬁﬁ%ﬁwﬁme%w#ﬁ%%lxﬁk
ﬁ%ﬁﬁﬁ=ﬁ%§ﬂ%ﬁ%ﬁﬁﬁﬁ%ﬁmﬁ°Ek%ﬁ#ﬁ%
B ¥ S HF XA MR BV BARFT R 88N 8RHA
HHBHFT ARt - FRAMEN  FRERTRERE - MRE



T BT KA RETEREE B R R R TSR o IATHAL
FWEW R ARERRES -

(E) % _k#8](on-line inspection) : &M% &R pig 4] -
S EARRIR 38T B BB ARG 6 IR T Tk « ATE R R B
MAs A% A8 4 B (intel ligent pig) » MRl H R Aaif pig BNEHA >
uﬁﬁﬁﬁﬁﬁTEm’ﬁém&ﬁ&% BRI > B F R R R
EH > SBRBHBATHOA > THER S TR DEME -
#M%% Fro BRI S R AL E R E BAAEROE oI
BIELE - 8 B R pig MABIRT - ALFERIFEMELRE  FEL
#7647 clean pig R E 2| ENMIEFTR AL - MBMELHAEREHE
3T geometric pig REE B HNIEEMb - FWE - ABEEEEN - AR
PUTHER pig ZWAE » BETE - pig MARBHIM T - BATRAR
BIEFMELE > Rt A GURBRR R R T B &L, - TSR E
BE - emit R REEEAMANE ) RIERGRIEET RARRIAE -
BPA 84 A intelligent pig FMERAMEHLE HEE SARR] > B FA0m—
NS T A -—BER o Ha AR 3 FERARA 0 A 2 RECTH
HROSENCHRE ) 2 8) 4%, 2 4RI BB » 1 R&E3638 B P11 /A 2)#a] - BPA 8] &
HEFH pig HBRRAS R B TSP LA F ¢
No.1 -3 B PII 28] - #eF 30 FARBIIRIGCERITANT - HEFAHER
404 ¢ PIPETRONIX 28] » 3% S nlissg A 5l - AR & A
TERE

No. 2 —#7 & HROSENCHRE) 22-2) ~ % B TUBOSCOPE />3] ~ % B T. D. WILSON 2>
3 ¢ HRE A8 SBE oA EHEM R A RSE -

BEERA G R AF A EFIRE R D EE SARBIREE £ -

(F) E&raE(pressure testing) : & M hoBigE
FRATEF  EARLEBR > R E YA TEH R ARF



G) £&

4o o BB SREHER BSS010 HE AT A - LARAFFR I &
90%Z. 150%F] 28 /7 AR 24 /N skdi MR BA 1. 20 R KARAR R ) R 2
ANER o R BB AR R R R 0 RMAE B SRR
YRRZT 7 REARS GRS BAEHOSIEA o B8A BRUNER > T
FIARIR AR 4o - ARBRAR MBS P B S M — RS R BAR - (RR
PRRAE R e R KB ERR A ERERRE R SRR R
e

& fE %3+ % (emergency planning)

BEHTERG AR - TAEE R
% SLIRIEAE P R By U BB ey — 3 0 - A RS B A LIRS

ﬁ%&%ﬁﬁ@h*i%&i&ﬁ%ﬁ%m%ﬁ’%ﬁﬁﬁﬁﬁﬁ%ﬁ%

TGRS - RERGETAZRY » EBENTRHZIRARK

FREENAERETES

oy

BPA A B B HAUTHEZ T/FRE > RFRoTF ¢

78 B 38 % |9B B 35 &
R T RRE B | Ea)
=PI EREY BA | HATRE B
BaE SRS BE | PSARTEE e
BAETR) & i B A B 7 R T 2 e A A
Tk BE  |SEMEE REE
WERRYE #H |FELRy e
Fa A%y B B —k AR AR E AR D A
ARy Ak S BEE AR 2 %
TEEMAE & |mERpigal (7TH—8H) &%

BPA 3B AR 30 588 3Exr T UKOP #HidE ik
% (stable)Z kil » G ERIEFTHMBMELE

st

B BLEE - BPA 38 3R14% U AV % S @ik B

16

HEBIEFAE
C BA B RN RS
CREERDIN £ 0. I%E M BAARE - EWNE S + 0. 1D%BEEARE -
% (prover loop) # REA& A7 UKOP



Hub o wekon-line BB ESHEMAE - &hPTRIFEERE (round trips)
ARkt~ B~ BEATEEER  AAEMILE 88 FRORRENE
Bpeficdt Turbine M EH BRI FEE B - BRI ERTELEEMAS
A5 - SCADA 4 4L Bppd s BRI T B 8 S8l B 4335 > T A B FHinig
1 F# R BT  ARERSsEIREd B2 Ak - £4F UKOP 3rs B R A B HE
B b R RARAKEZ GBI -

5. LICENERGY 23] & 4 mEIE # &
5.1 fifr

LICENERGY 2 8) & — FFH4e 2 8] » i 3o 1976 45> 357 1998 £ & k7
Hieih ~ RABR -~ KELREE R EAR L ORE > SRR erR e i
BIRBAT SR AR E S - SN AN FE LB ERA - AR
BT RESBRFENEELSRIEL > L AARITRRNRERF LK
WNE B S PR A~ AR mERFHERA TR 0 BALERITR
SR FRHER  AFTELHES b 05 S RAABMRS - R M T
LICENERGY /313 B /1S4 Al eap A @ > BRACHATR 2148 5k 6h Br od
AGFHTARBE - REABR - FEABGEHNE ~ TRALH - TRE
YN E) ~ SCADA AR ~ b~ AN EMER TS R BRBASER
BATH 125 % LA P BA R Y Emg E3UTas iR ERARA
MOOERAG  BNEERS B OEERPE o 1£4F LICENERGY 2 &) fefxfey
ABBR O Al RRA ~ KRR S mBERET G FRAYTE L08R
Y F e Bp BRI A BB R -

5.2 ARAR

ERABE AR TR AR TR B TR T LR
FORREHR A o MRB LR E  BEMF LA BRSNS
A RBEAE T LA ARRETILR - R4 BARAVHERRA
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Preface

This guide to the Pipelines Safety Regulations 1996 (81 1996/825) is mntended
to help pipeline operators and others involved with pipeline activities or who
may be affected by the Regulations to understand what the Regulations
require.

Environmental considerations

The Pipelines Safety Regulations 1996, made under the Health and Safety at
Work etc Act 1974, do not cover the enviconmental aspects of accidents arising
from pipelines. However the Regulations, by ensuring that a pipeline is
designed, constructed and operated safely, provide a means of securing pipeline
integrity, thereby reducing risks to the environment.

It is impor: :nt that effects on the environment are considered at all stages in
the life cycle of a pipeline.

Most large onshore pipeline projects require an assessment to be carried out
which is designed to identify the likely impact of a project on the environment,
to determine the significance of that impact and to establish mechanisms which
will minimise any adverse impact. The Electricity and Pipeline Works
(Assessment of Environmental Effects) Regulations 1990 apply to cross-
country pipelines as defined under the Pipelines Act 1962 (PA62) and detail
the procedures to be followed when considering the need for an environmental
statement to accompany an application for a pipeline construction
authorisation from the Secretary of State for Trade and Industry. The Town
and Country Planning (Assessment of Environmental Effects) Regulations
1988 apply to PA62 local pipelines.

The Environment Agency (or its Scottish equivalent the Scottish Environment
Protection Agency) issues good practice guidance on how the operators’
responsibilities under duty of care can best be met. The Water Resources Act
1991 gives the agencies powers of prosecution in the event of any spillages
resulting in the pollution of watercourses.

Environmental aspects of offshore pipelines are addressed in the Pipelines
Works Authorisations, issued by the Department of Trade and Industry,
through the provisions of the Petroleum and Submarine Pipelines Act 1975.

For offshore pipelines with a diameter greater than 800 mm and a length of
more than 40 km an environmental impact assessment will soon need to be
carried out once the Environmental Impact Directive is implemented.
Information on design and construction

The Health and Safety Commission (HSC) has issued an informal discussion

document to consider ways of ensuring that pipeline operators can comply with
their duties through the provision of design and construction information.

@iv)



Introduction 1 This booklet gives guidance on the Pipelines Safety Regulations 1996,
which came into force on 11 April 1996. For convenience, the text of each
regulation is included in #zalics, with the appropriate guidance immediately
below. Where regulations are self-explanatory, no comment is offered.

guidance) replace earlier prescriptive legislation on the management of pipeline
safety with a more integrated, goal-setting, risk-based approach encompassing
both onshore and offshore pipelines. They revoke various requirements which
had become unnecessary.

2 The Pipelines Safety Regulations (referred to as ‘the Regulations” in this

3 The Regulations complement other onshore and offshore regulations.
Offshore thev complement the new regime for offshore health and safery
legislation at the heart of which lies the Offshore Installations (Safety Case)
Regulations 1992 (SI 1992/2885). Onshore they complement the regulations
dealing with extending competition to the domestic gas market including the
Gas Safety (Management) Regulations 1996 (SI 1996/551). The Pipelines
Safery Regulations cover:

(a) the definition of a pipeline;

(b) the general duties for all pipelines;

(c) the need for co-operation among pipeline operators;

(d) arrangements to prevent damage to pipelines;

(2) consequential amendments to other regulations (eg repeal of sections of
the Pipelines Act 1962 and the revocation of three sets of regulations and
parts of three further sets of regulations);

and for major accident hazard pipelines they cover:

(f) the description of a dangerous fluid;

(g) the requirement for emergency shut-down valves (ESDVs) at offshore
installations;

(h) the notifications structure;

(i) the major accident prevention document;

(j)  the arrangements for emergency plans;

(k) the transitional arrangements.

Scope of the Regulations

4 The Regulations apply to all pipelines in Great Britain, and to all
pipelines in territorial waters and the UK Continental Shelf. Schedule 1 lists

the pipelines to which these Regulations do not apply. Detailed guidance to
Schedule 1 is given in the commentary on the Schedule.



Regulation 1

Regulation 1

Regulation 2

Regulation

Regulation

[3%)

Part1 Introduction

Citation and commencement

These Regularions may be cited as the Pipelines Safery Regularions 1996 and shall
come into force on 11th April 1996.

Interpretation
(1) In these Regulations, unless the context otherwise requives -
“dangerous fluid” has the meaning given by regularion 18(2);

5 The definition of dangerous fluid in the Regulations is widely drawn; the
fluids covered are contained in Schedule 2 which lists the dangerous fluids by
generic category and, where appropriate, the conditions under which they are

conveyed.

“emnergency shut-down valve” means a valve which 1s capable of adequazely blocking
the flow of fluid within the pipeline ar the point at which 1t is ncorporated;

6 Regulation 19 requires emergency shut-down valves (ESDVs) to be fitted
to certain pipelines connected to offshore installations. An ESDV should be
capable of stopping the flow of fluid within the pipeline. However, minor
internal leakage past the ESDV may be accepted providing it does not
represent a threat to safety. The rare of leakage should be based on the
installation’s ability to control safely the hazards produced by such a leak.

“the Executtve” means the Health and Safety Executive;
“fhuid” includes a mixture of fluids;

“local authority” means -

(a) in relation to England, a county council, a council having the functions of
a county council, the London Fire and Civil Defence Authority, a
metropolitan county fire and civil defence authority, or the Council for the
Isles of Scilly;

(b) in relation to Scotland, the council for a local government area; and

(c) inrelation to Wales, a county council or a county borough council;

7 Regulations 25 and 26 relate to emergency plans to be prepared by local
authorities. This duty falls to the local emergency planning authority; in the
case of metropolitan authorities this rests with the appropriate metropolitan
county fire and civil defence authority. In Scotland, where regional councils
were replaced by unitary authorities on 1 April 1996, the preparation of
emergency plans rests with the local unitary authority.

“major accident” means death or serious injury involving a dangerous fluid;

8  The term ‘major accident’ appears in a number of places in these
Regulations. In particular, the judgement whether there is the potential to cause
a major accident will determine the range of hazards identified, and the risks to
be evaluated, under regulations 23(1)(a) and (b) and will determine the scope of
emergency procedures and plans prepared under regulations 24 and 25.

2
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Regulation 3

Regulation

9 A major accident would cover death or serious injury from a fire,
explosion or uncontrolled emission from a pipeline. This includes both events
which have escalated beyond the control of the normal operating envelope of
the pipeline and those resulting from third party interference. Whether an event
leads 1o serious danger to people will depend on factors specific to the incident.
Major accidents to people can be distinguished from other accidents by the
severity of the injuries, the number of casualties, or by the physical extent of
the damage in areas where people may be present. The risk strategy needs to
address fully the potential for any major accident.

“wmajor accident hazard pipeline” has the meaming given bv regulation 18(1);

10 A ‘major accident hazard pipeline’ is one which conveys a dangerous fluid
which has the potential 1o cause a major accident.

“operaror”, in relation to a pipeline means -

(a) the person who is ro have or (once fluid is conveyed) has control over the
conwveyance of fluid in the pipeline;

(B)  unul that person is known (should rhere be a case where ar a material
time he is not yer known) the person twho Is to comimnission or (where
conumissioning has started) conunissions the design and construction of the

pipeline;

(c) when a pipeline is no longer, or is not for the time being used, the person
last having control over the conveyance of fluid n .

11 The operator of the pipeline is the person who has control of the pipeline
at any time during all stages of its life cycle from the design stage through to
final decommissioning.

12 Uniil the person who is to have control of the conveyance of fluid is
known, the operator is the person who commissions the design of the pipeline
or (where such work has started) the person who commissioned the design.
“pipeline™ shall be construed in accordance with regulation 3.

(2)  Unless the context otherwise requires, any refereice in these Regulations to -

(a) a numbered regularion or Schedule is a reference to the regulation or
Schedule in these Regulations so numbered; and

(b)  a numbered paragraph is reference to the paragraph so numbered in the
regulation or Schedule 1n which the reference appears.
Meaning of “pipeline”

(1) Subject to the provisions of this regulation, in these Regularions “pipeline”
means a pipe or sysiem of pipes (together with any apparaius and works, of a kind
described in paragraph (2), associated with it) for the conveyance of any fluid, not
being -

(a) a drain or sewery

(b) a pipe or system of pipes constituing or comprised in apparatus for heating
or cooling or for domestic purposes;

3
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a pipe (not being apparatus described in paragraph (2)(e)) which is used
m the conrrol or monitoring of any plant.

The apparatus and works referred 1o in paragraph (1) are -

any appararus for inducing or facilitaring the flow of any fluid through, or
through a part of, the pipe or system;

any apparatus for treating or cooling any fluid which is 1o flow through,
or through part of, the pipe or system;

valves, valve chambers and similar works which are annexed to, or
incorporated in the course of, the pipe or system;

apparatus for supplying energy for the operation of any such apparatus or
works as are mentioned in the preceding sub-paragraphs;

apparatus for the transmission of information for the operation of the pipe
or system;

appararus for the cathodic protection of the pipe or system; and

a structure used or to be used solely for the support of a part of the pipe or
systen.

13 This regulation defines what is meant by a pipeline. Drains and sewers
including liquid effluent outfalls which discharge into a river or estuary are not
considered to be pipelines for the purposes of these Regulations.

14 These Regulations do not apply to pipelines which form part of control
monitoring equipment such as small bore pipes or tubes normally bundled
together with cables, wires, etc to form an ‘umbilical’ used for hydraulic control
or signalling purposes.

15 However, new designs of ‘umbilicals’ are appearing with pipes within the
bundle which are larger in diameter and are used for the conveyance of fluids
for purposes other than control or monitoring. It is likely thar future designs
may include pipes of considerable diameter or even a number of ‘large’
diamerer pipelines bundled together. Even though the basic design and
structure of these new systems may be similar to umbilicals, they will be
considered to be pipelines and will be subject to the requirements of these
Regulations.

16 These Regulations cover pipelines used for the conveyance of fluid.
Electrical equipment such as high voltage cable systems which utilise fluid
under pressure for circuit integrity and are self-contained are excluded from the
scope of these Regulations.

3

For the purpose of sub-paragraph (c) of paragraph (2) a valve, valve

chamber or similar work shall be deemed to be annexed to, or incorporated in the
course of, a pipe or system where it connects the pipe or system to plant, an aoffshore
installation, or a well.

17 Regulation 3(3) defines the interface berween plant, an offshore
installation or a well and the pipeline.

18 Figures 1 to 7 give examples of different interfaces and illustrate the limits
of pipelines covered by these Regulations.
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Nore: The diagrams in Figures 1 to 7 are for illustrative purposes only —
of actual pipeline systems.
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Reguiation

19  Pig traps connected to a pipeline, used for either launching or receiving
pigs or for facilitating other equipment to be run through a pipeline, are
included within the scope of the Regulations. The pig itself, or other
equipment run through a pipeline, is not considered to be part of the pipeline.

20  For pipelines connected to onshore plant, the limit of the pipeline is the
primary shut-off valve which connects the pipeline to the plant or the primary
valve(s) off the pig trap, where fitted, which connects the pipeline to the plant.
Process plant facilities and pipework beyond the primary shut-off valve are not
covered by these Regulations.

21  On an offshore installation the limit of the pipeline is up to and including
the emergency shut-down valve or primary shurt-off valve(s) off the pig trap,
where fitted, which connects the pipeline to the installation.

22 Although apparatus for inducing or facilitating flow is included in the
definition of a pipeline, where such apparatus is not incorporated in the

pipeline system itself, for example compressors on an offshore installation, then
such apparatus is not covered by these Regulations.

(4) A pipeline for supplying gas o premises shall be deemed not to include
anything downstream of an emergency control.

(5) In this regulation -

“emergency control” means a valve for shutting off the supply of gas tn an emergency,
being a valve intended for use by a consumer of gas;

“gas” has the same meaning as it has in Part I of the Gas Act 1986,

(a) 1986 c.44.

23 For pipelines supplying gas as defined by the Gas Act 1986 to consumers,
the limit of the pipeline in these Regulations is the emergency control.

Application

(1) Subject to paragraph (2), these Regulations shall apply -
(a) in Great Britain; and

(b))  to and in relation to pipelines and activities outside Great Britain o
which sections 1 to 59 and 80 to 82 of the 1974 Act apply by virtue of
article 6 of the Health and Safety at Work etc. Act 1974 (Applicarion
outside Great Britain) QOrder 1995,

(2)  These Regulations shall not apply 1o any pipeline or part of a pipeline
which 1s described in Schedule 1.

(6) SI1995/263.

24 This regulation defines the scope of the requirements as pipelines in
Great Britain, and all pipelines in territorial waters and the UK Continental
Shelf. Schedule 1 lists the pipelines to which these Regulations do not apply.
Detailed guidance to Schedule 1 is given in the commentary on the Schedule.

8
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Regularion

L

(3) In the case of a pipeline 1o which the Pressure Systems and Transportable
Gas Containers Regulations 1989(% apply, nothing in these Regulations shall require
the taking of any measures to the extent that they are for the prevention of danger
within the meaning of those Regulations.

(a) SI1989/2169.

25  The Pressure Systems and Transportable Gas Container Regulations
1989 (PSTGCR) apply to onshore pipelines which constitute a ‘pressure
system’ where the operating pressure is grearer than 3 bar absolute (2 bar
gauge) and conveying a relevant fluid. The regulations address in some detail
pipeline hazards resulting from the stored energy of the fluid conveyed. Where
measures are taken in compliance of PSTGCR to prevent danger within the
meaning of those regulations, there will be no requirement for duplication of
these measures through the Pipelines Safety Regulations.

PartII General

Design of a pipeline

The operator shall ensure that no fluid is conveyed in a pipeline unless it has been so
designed that, so far as is reasonably practicable, it can withsrand -

(a) forces arising from its operation;
(b)  the fluids that may be conveyed in it; and

(¢)  the external forces and the chemical processes to which it may be subjected.

26 The purpose of this regulation is to ensure that the design of a pipeline, or
any modification to it, takes into account the operating regime for the pipeline,
the conditions under which the fluid is to be conveyed as well as the
environment to which the pipeline will be subjected.

27 The pipeline, or any modification to it, should be designed so that it 1s
safe within the range of operating conditions to which it could be reasonably
subjected. In the pipeline design, account should be taken of the maximum and
minimum operating temperatures and of the maximum operating pressure of
the pipeline. Account should also be taken of the nature of the fluid being
conveyed, for example, corrosive, abrasive or chemical effects. The possibility
of any subsequent changes in the fluid to be transported, or in the condition
under which it is to be transported should be considered at the design stage.

28 The external forces and the chemical processes 1o which the pipeline will
be subjected will need to be identified and evaluated. Account should be taken
of the pipeline location and its susceptibility to damage. This may include
consideration of the physical and chemical actions of the environment in which
the pipeline is to be located and the terrain, subterrain or seabed conditions.
Account should be taken of foreseeable mechanical and thermal stresses and
strains t0 which the pipeline may be subjected during its operation.

29 Iris also important that the forces to which the pipeline is to be subjected
during its construction are taken inro account in its design.

9



30 Any change to the fluid conveyed will need a reassessment of the pipeline
design to ensure that the pipeline is capable of conveying the fluid safely.

31 The design and location of the pipeline should take account of the hazard
potential of the fluid being conveyed. Consideration should be given to routes
which will minimise the possibility of external damage. Extra prorection may be
required to prevent damage from other condirions such as road and river
crossings, long self-supported spans and structural movements.

32  In general, British Standards provide a sound basis for the design of
pipelines. Other national or international standards (eg a relevant standard or
code of practice of a national standards body or equivalent body of any
member state of the European Union) are likely to be acceptable provided the
proposed standard, code of practice, technical specification or procedure
provides equivalent levels of safety.

33  For low pressure natural gas polyethylene pipelines (operating below 8
bar absolute), technical guidance in the form of recommendations from the
Institution of Gas Engineers offers standards recognised across the industry in
IGE/TD 3: 1992 Edition 3: Distribution mains and IGE/TD 4: 1994 Edition 3:
Gas services. The design of gas service pipelines is specifically addressed in the
HSE Approved Code of Practice and guidance entitled Design, construction and
wnstallation of gas service pipes (ISBN 0 7176 1172 8).

Safety systems

The operator shall ensure that no fluid is conveyed in a pipeline unless it has been
provided with such safety systems as are necessary for securing that, so far as is
reasonably practicable, persons are protected from risk to their health or safery.

34 The pipeline should be provided with such safety systems, as necessary,
to protect people from risk. Safery systems cover means of protection such as
emergency shut-down valves and shut-off valves which operate on demand or
fail safe in the closed position, so minimising loss of containment of the
pipeline inventory. Safety systems also include devices provided which prevent
the safe operating limits being exceeded, for example pressure relief valves.

35 Safety systems are not meant to cover all control or measuring devices.
However, safety systems do include control or monitoring equipment, such as
flow detectors and pressure monitors, which have to function properly in order
to protect the pipeline or to secure its safe operation.

36 Safety systetns also include leak detection systems where they are
provided to secure the safe operation of the pipeline. The method chosen for
leak detection should be appropriate for the fluid conveyed and operating

conditions.

37 Interlock arrangements may be provided as safety systems, particularly
where they prevent inadvertent operation. For example, valve interlocks may be
used in conjunction with bleed devices on pig trap door mechanisms to prevent
opening up under pressure.

10
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Access for examination and maintenance

The operator shall ensure that no fluid is conveyed in a pipeline wnless it has been so
designed that, so far as is reasonably practicable, it may be examined and work of
matntenance may be carried out safely.

38 The design of the pipeline should take due account of the need to
facilitate examination and maintenance. Consideration should be given ar the
design stage to any requirement to provide suirable and safe access and
operation for in-gservice inspections, such as pigging.

Materials

The operator shall ensure thar no fluid 1s conveyed in a pipeline unless it is composed
of materials which are suitable.

39 This regulation requires that all materials of construction specified in the
design of, and in any subsequent modifications to, the pipeline should be
suitable for the intended purpose. This requirement applies not only 1o the
pipeline but also to the associated equipment.

40 The material of construction should be able to withstand the physical and
chemical conditions of the fluid to be conveyed under the operating conditions
for which the pipeline has been designed. Any changes to the fluid conveyed or
the operating conditions of the pipeline, including an extension of the pipeline
design life, will warrant a reassessment of the pipeline material to ensure it is
capable of conveying the fluid safely.

41 Changes in operating conditions include changes to the corrosion
protection system which may well affect corrosion rates and therefore the
design life of the pipeline.

Construction and installation

The operator shall ensure thar no fluid s conveved 1 a pipeline (save for the purpose
of tesring 1t) unless it has been so constructed and installed that, so far as is reasonably
practicable, it is sound and fit for the purpose for which it has been designed.

42 The purpose of this regulation 1s to ensure thar a pipeline which has been
properly designed, is fabricated, constructed and installed in a manner to
reflect that design. During the installation, design considerations such as the
location of the pipeline, depth of cover, need for supports or anchors, and extra
protection at vulnerable locations should be adhered to.

43 Suitable procedures should be developed for the construction and
installation of the pipeline. Pipe-laying techniques, appropriate to both the
location of the pipeline and the type of pipeline being laid should be used.

44  The regulation recognises that before a pipeline is brought into operation
it is common to allow the introduction of a fluid, commonly water, into the
pipeline 10 pressure test as part of the demonstration of its soundness and
fitness for purpose. Testing in this regulation includes precommissioning work
such as pressure testing, flushing or cleaning the pipeline, or other activities
which introduce fluids into the pipeline, prior to bringing it into use and the
use of intelligent pigs in carrying out a baseline inspection.

11



Regulation 10

Relationship with other Regulations
Onshore Regulations

45  The Construction (Design and Management) Regulations 1994 (CDM)
cover the health and safety management of construction projects by those who
contribute to the avoidance, reduction and control of health and safety risks
faced by construction workers, and others, when engaged on or affected by new
construction works. CDM covers the design of the pipeline in so far as the
design should take into account the safety of those carrying out the
construction (and any subsequent) maintenance work. Similarly, CDM covers
the safety management of those involved in the construction during the
construction stage, but does not cover the design and construcrion of the
pipeline for safe operation and use. This is covered by the Pipelines Safety
Regulations 1996.

46  The CDM Rgulations only apply to the acrual construction work of a
pipeline. Prefabrication work on a pipeline in a fabrication workshop or yard is
outside the scope of CDM.

Offshore Regulations

47  Offshore pipelines and pipeline works are subject to the general provisions
of the Health and Safety at Work etc Act 1974 (HSW Act) and HSW Act
Regulations, such as the Management of Health and Safety at Work
Regulations 1992 (MHSWR), which extend outside Grear Britain.

48 This legislation is applied offshore by the Health and Safety at Work etc
Act 1974 (Application outside Great Britain) Order 1995. The activities
covered include: pipe-laying operations and associated work such as trenching;
the inspection, testing, maintenance, repair, alteration or renewal of pipelines;
and diving operations in connection with such works. MHSWR also extends to
the connected activities of loading, unloading, fuelling or provisioning vessels
engaged in pipeline works. :

49  Employers of workers engaged in pipelines works or connected activities,
for example on pipelay barges, are also required under regulation 15(2) of the
Offshore Installations and Pipeline Works (Management and Administration)
Regulations 1995 to ensure that their workers know or have ready access to the
address and relephone number of the HSE office covering the sector in which
the pipeline works are taking place.

50 Thus, all occupational risks connected with offshore pipeline construction
works are subject to the HSW Act and the associated inspection and
enforcement regime.

Work on a pipeline

The operator shall ensure thar modificarion, maintenance or other work on a pipeline
15 carried out in such a way that its soundness and fitness for the purpose for which it
has been designed will not be prejudiced.

51 The purpose of this regulation is to ensure that any subsequent
modification, maintenance or other work, such as inspection, of a pipeline
should be carried out in such a way as not to affect derrimentally the pipeline’s
continuing fitness for purpose.

12
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Regulorion

Operation of a pipeline
The operacor shall ensure that -

(a)  no fluid is conveved in a pipeline unless the safe operating limits of the
pipeline have been established; and

(b)  a pipeline is not operated beyond its safe operating liniits,
save for the purpose of testing ir.

52 In order to operate the pipeline in a safe manner, the operator will need
to draw up safe operating limits, which reflect the pipeline design, its operating
history and its current and furure condition, and ensure that it is operated and
controlled within these limits.

53  For pipelines, safe operating limits may be specified in terms of maximum
operating pressure and maximum and minimum temperature. In some cases
safe operating limits will also take into account such matters as fluid velocities
and any limits set on the composition of the fluid.

54  The regulation recognises that for the purposes of proof resting a pipeline
to ensure that it is sound and fit for purpose, it is often necessary to test the
pipeline to pressures beyond its maximum allowable opcrating pressure, the
safe operating limit.

Arrangements for incidents and emergencies

The operator shall ensure that no fluid is conveyed in a pipeline unless adequate
arrangements have been made for dealing with -

(a) an accidental loss of faad from;
(b) discovery of a defect in or damage to; or
(c)  other emergency affecting,

the pipeline.

55 This regulation requires that adequate arrangements are in place in the
event of an incident or emergency relating to the pipeline. In particular
arrangements should be in place for loss of containment and for discovery of
damage to, or a defect in, the pipeline which requires immediate attention or
action. The detail and scope of the arrangements will vary according to the type
of pipeline, its location and the fluid being conveyed. Where a defect in, or
damage to, a pipeline is found which could affect the safety of the pipeline, but
not requiring immediate attention, then consideration will be needed of
appropriate action in such circumstances.

56 In some circumstances it may be necessary for arrangements to be in
place for emergencies which may have an affect on the pipeline. For example,
arrangements should be in place covering an emergency on an offshore
installation which may affect connected pipeline(s).

Relationship with other Regulations
Onshore Regulations

57 In the case of gas pipelines subject to the Gas Safety (Management)
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Regulations 1996, these arrangements for incidents and emergencies may be
referred to in the gas transporter’s or network emergency co-ordinator’s safety
case.

Offshore Regulations

v

58 Regulation 8 of the Offshore Installations (Prevention of Fire, Explosion
and Emergency Response) Regulations 1995 requires the installation operator
to draw up an emergency response plan for the installation and this should
cover the arrangements in place for emergencies which may affect the
connected pipeline.

Maintenance

The operator shall ensure that a pipeline is maintained in an efficient state, in efficient
working order and in good repair.

59 This regulation deals with the requirement to maintain the pipeline to
secure its safe operation and to prevent loss of containment. Maintenance is
essential to ensure that the pipeline remains in a safe condition and is fit for

purpose.

60 The operator needs to consider maintenance and inspection requirements
for the pipeline. Examination and monitoring of the pipeline are part of routine
maintenance. The operator needs to consider both how and when the pipeline
should be surveyed and examined to validate and maintain it in a safe
condition.

61 The extent of the work done to maintain a pipeline will depend on its
material of construction, its location, the fluid conveyed and the condition
under which it is operated. For example, for low pressure gas distribution and
service pipelines onshore, the operator should monitor the pipeline to secure its
safe operation. For major accident hazard pipelines, the maintenance plan
should form part of the pipeline’s safery management system.

62 It is important to recognise thar a pipeline includes associated equipment
such as valves, bridles and other primary attachments. It may also include
launch and reception pig traps. These should be maintained, as necessary, t¢
ensure that they are kept in efficient working order. Maintenance under this
regulation also includes maintaining any safety system associated with the
pipeline which has been provided to secure its safe operation.

63 A pipeline which is out of service should also be maintained in a safe
condition; if it has been out of service for a significant period of time, detailed
assessment of the condition of the pipeline will be necessary to ensure fitness
for purpose before returning it to service.

Decommissioning

(1) The operator shall ensure that a pipeline which has ceased ro be used jor
the conveyance of any fluid is left in a safe condirion.

64 Pipelines should be decommissioned in a manner so as not to become 2
source of danger. Once a pipeline has come to the end of its useful life, it
should be either dismantled and removed or left in a safe condition.
Consideration should be given to the physical separation and isolation of the
pipeline. It may be necessary to purge or clean the pipeline; due consideration
should be given to the hazardous properries of any fluid conveyed in the
pipeline or introduced during the decommissioning.

14
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Regulation 16

65 Depending on the physical dimensions of an onshore pipeline and its
location, under the general provisions of the HSW Act, it may be necessary to
consider the risk of the pipeline corroding and causing subsidence or acting as
a channel for water or gases.

66 Offshore, pipelines should be either dismantled and removed or leftin a
condition where they will be not become a source of danger to people. It is
likely that the riser section of an offshore pipeline will be dismantled. However,
the extent of the obligation ro remove the remainder of the pipeline will depend
on the diameter of the pipeline, its location on the seabed, its stability and on
subsea conditions. It should be noted in this context that the decommissioning
(in statutory language, abandonment) of offshore pipelines is also subject to
and regulated by the Petroleumn Act 1987 and should be discussed with the
Department of Trade and Industry, whose formal approval for
decommissioning programmes is required before they can be implemented.

(2)  The operator of pipeline shall ensure that work done m discharge of the
duty contained in paragraph (1) is performed safely.

67 Work dene in carrying out the final decommissioning of a pipeline should
be done in a safe and controlled manner.

Damage to pipeline

No person shall cause such damage 1o a pipeline as may give rise 10 a danger to

persons.

68 This regulation applies to the operator of the pipeline, for example when
carrying our maintenance on the pipeline, to ensure that the pipeline does not
sustain damage through his actions which could give rise to danger to people.

Eaqually this regulation applies to the actions of third parties since interference
is the main cause of damage to pipelines leading to loss of containment.

69 In many cases the damage to a pipeline by a third party is accidental; it is
important thar such damage is reported to the pipeline operator. Failure to
notify damage to a pipeline which ultimately affects the safety of others could
be a breach of the HSW Act. Some third party incidents may not appear to
have caused obvious or serious damage, however, these incidents should still be
reported to the pipeline operator as the pipeline may have been weakened or its
integrity impaired in some other way, eg damage to its corrosion protection
coating.

70  Itis important that the location of onshore pipelines, and in particular
underground pipelines, is considered when carrying out building, excavarion or
dumping or other such work, as such activities may either cause damage to
pipelines or deny access to them for maintenance purposes.

71  Similarly, when carrying out vessel or anchoring activities offshore the
location of offshore pipelines should be considered. Information regarding the

location of offshore pipelines is normally available from the Hydrographer of
the Navy and included on Admiralty charts.

Prevention of damage to pipelines

For the purpose of ensuring that no damage s caused Lo a pipeline, the operator shall
take such steps to nform persons of its existence and whereabouls as are reasonable.

15



P ' 72 It is important that third parties are made aware of the presence of a
pipeline, and that information is available, where appropriate, regarding the

. location of the pipeline. For instance, where streer work is to be undertaken

" informarion on the location of underground services including pipelines will be

: required. On request, pipeline operators should be able to give approximate
locations of pipelines, usually in the form of plans.

73 Because of the problems associated with identification of underground
pipelines, parallel running of similar pipelines in the street should be avoided;
where it is unavoidable, consideration should be given to means of identifying
each pipeline such as with coloured plastic marker tape or indicator tape
incorporating a metallic tracer wire. A colour coded identification system used
by utilities and local authorities is set out in the National Joint Utilities Group
publication No 4 The identification of small buried mains and services April 1995.

74 The operator shall take reasonable steps to inform people of the existence
of the pipeline and its whereabouts, and for major accident hazard pipelines
there should be regular contact with owners/occupiers and tenants of the land
= ' through which the pipeline passes. This should include supplying informarion
on the route of the pipeline.

75 Depending on the fluid conveyed, the pipeline location and the
conditions under which it is conveyed, it may be appropriate to consider
periodic surveying of its route to check on activities which might affect the

pipeline.

76  Offshore, damage to pipelines may arise from fishing activiries and
anchoring. Consideration should be given to reducing the potential for damage
1o offshore pipelines by use of concrete coating, trenching, burial, protection
structures or mattresses etc.

Relationship with other Regulations

77  As part of the offshore Pipeline Works Authorisation issued by the
Deparmment of Trade and Industry under the Petroleum and Submarine
Pipelines Act 1975, information regarding the location of offshore pipelines is
normally passed to the Hydrographer of the Navy for inclusion on Admiralty
charts.

Co-operation

Resulns ' Where there are different operators for different parts of a pipeline, each operator shall
. | co-operate with the other so far as is necessary to enable the operators to comply with
17  the requirements of these Regulations.
Ve 78  This regulation places a duty on operators of different parts of a pipeline

or a pipeline system to co-operate with other operators of that pipeline or
system, where appropriate, to enable each of them to fulfil their duties under
. these Regulations. It does not mean that an operator of part of a pipeline can
evade his own responsibilities by seeking to pass them to others. If an operator
is capable of complying with a duty unaided, then the co-operation duty does
,  not come into play. However, it is likely that where a pipeline or pipeline
¢ system has different operators for different parts of it, co-operation between
i each operator will be required in ensuring the health and safety of people or
' activities involving the pipeline.
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Part II' Major accident hazard pipelines

Dangerous fluids

(1) The provisions contained in regulations 19 to 27 shail apply in relation o
a pipeline in which a dangerous fluid is being, or is 1o be conveyed (in these
Regulations referred ro as a “major accident hazard pipeline”).

79  This regularion defines the pipelines with the potenrial to cause a major
hazard accident which attract the addirional duties under these Regulations:
emergency shut-down valves, notifications, the preparation of a major accident
prevention document, the preparation of emergency procedures and the
preparation of an emergency plan by the local authority.

(2) For the purpose of these Regulations a fluid is a dangerous fluid if it falls
within a description tn Schedule 2,

80  Dangerous fluids which are brought within these requirements are listed
in Schedule 2. Detailed guidance about which fluids are described as
dangerous is given in the commentary on the Schedule.

Emergency shut-down valves
(1) The operaror of a major accident hazard pipeline which -

is connected 1o an offshore installation; and

(a)
(6)  has an mternal diameter of 40 millimetres or more,

shall ensure that the requirements contained in Schedule 3 are complied with in
relarion to the pipeline.

81  Emergency shut-down valves (ESDVs) are required to be firted to all
risers of major accident hazard pipelines of 40 mm or more in diameter at
offshore installations. Schedule 3 sets out the requirements for these ESDVs.

(2)  The duzy holder in relation to an offshore installation to which a pipeline
described in paragraph (1) is connected shall afford, or cause to be afforded, to the
operator of the pipeline such facilities as he may reasonably require for the purpose of
securing that the requirements contained in Schedule 3 are complied with in relation ro
the pipeline.

(3)  Inthis regulation -

“dury holder”, in relation to an offshore installation, means the person who is the dury
holder as defined by regulation 2(1) of the 1995 Regulations in relation to that
installarion.

“the 1995 Regularions” means the Offshore Installations and Pipeline Works
Management and Administration) Regulations 199502

(a) SI 1995/733,

82  This regulation places a duty on the duty holder in relation to the offshore
installation to provide the operator of the pipeline with such facilities as he
requires to fulfil his duties as set out in Schedule 3.
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Notification before construction

The operator shall ensure thar the construction of a major accident hazard pipeline is
not commenced unless he has notified to the Executive the particulars specified in
Schedule 4 at least 6 months, or such shorter time as the Executive may approve,
before such commencement.

83  This regulation requires the operator to notify ' HSE of certain details of a
proposed new pipeline prior to its construction. The inrention is that this
notification should be made at the ‘end of the concept design’ stage, which will
normally be at least 6 months prior to the start of construction. The
notification must contain the information contained in Schedule 4. This
regulation only requires a notification to HSE; this does not place any
constraint on the operator to proceed to detailed design and construction.

84  This notification may form the first contact between the pipeline operator
and HSE; earlier contact may be helpful. This notification should be made at a
point where the design is sufficiently advanced to be able to set out, in general
terms, the particulars required in Schedule 4 but not so late that the company
has already committed itself to major expenditure. Once a pipeline has been
built, it is very difficult and extremely costly to make changes.

85 Only a limited amount of informarion about the pipeline is required at

this notification stage. Where some of the information cannot, at the time of
notification, be fully specified, notification to HSE should go ahead, together
with details of when the further information may be provided, by agreement

berween the operator and HSE.

86  This notification is aimed at triggering HSE’s inspection arrangements
and it will provide the basis for the start of a dialogue between the pipeline
operator and HSE about arrangements to secure the proper construction and
safe operation of the pipeline. The intention behind the notification is to ensure
that HSE is made aware of the proposed pipeline before major expenditure has
been commitred, since it is at this early stage that the most recent and best
practice of design, and use of materials, can be applied at least cost. The
information that is supplied will help HSE to form a view on appropriate
inspection arrangements.

87 The information to be supplied need only represent the particulars as far
as they have been developed by this stage. It is likely that there may be minor
changes to the information, however, where the changes are significant to the
level of risk of the pipeline, these further derails should be supplied to HSE.

88  Although for major projects, this notification will be made at an early
stage and at least 6 months prior to the start of construction, there may be
cases when a shorter notification period will be appropriate. HSE will be
sympatheric to requests for shorter notification periods where good reason is
demonstrated.

89  This may apply offshore to shorter lengths of pipeline or small projects,
such as pipeline network extensions. There will also be cases which are a result
of operational demands such as where there is a requirement to construct a
pipeline from an installation for the purposes of well testing or evaluation.
Cases when shorter notification is appropriate need the approval of HSE.

90 A reduced period of notification may be approved for short onshore
pipelines, eg local pipelines to be built under section 2 of the Pipelines Act
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1962, which may be viewed as relatively small projects where construction may
be required to start over a shorter scale than six months.

91 Notification shall contain the details listed in Schedule 4. Notification
should be sent o the appropriate office of HSE’s Chemical and Hazardous
Installations Division (CHID) in Aberdeen or Norwich (addresses below). As a
general guide, pipelines located in Scotland or in Scotrish waters are covered by
the Aberdeen office, all other pipelines are covered by the Norwich office. Fax
or other electronic transmission arrangements arc acceptable.

Health and Safety Executive (CHID)  Health and Safery Executive (CHID)

Lord Cullen House 122A Thorpe Road
Fraser Place Norwich

Aberdecn AB25 3UB Norfolk NRI I1RN
Tel: 01224 252500 Tel: 01603 275000
Fax: 01224 252555 Fax: 01603 275055

Relationship with other Regulations

92  This notification does not form part of the role HSE undertakes as a
consultee on the route of the pipeline for planning purposes. However, since
HSE is consulted on, and assesses the route of, major accident hazard
pipelines, both onshore and offshore, in practice the information required in
the notification under this regulation will also be required for HSE to assess the
route as a consultee.

Onshore pipelines

93 HSE is a consultee on the route of a land pipeline attracting the
additional duties. The Department of Trade and Industry consults HSE on the
route of cross-country pipelines and local planning authorities consult HSE on
the route of local pipelines under the Pipelines Act 1962.

94  Through the licence condition of a public gas transporter under the Gas
Act 1995, the route of high pressure gas pipelines need to be notified to HSE.
In cases where the route does not comply with specific guidelines, HSE should
be consulted on the proposed route.

Offshore pipelines

95 HSE is a consultee of the Department of Trade and Industry on the route
of a proposed new pipeline under the Petroleum and Submarine Pipelines Act
1975.

Notification before use

The operator shall ensure that no fluid is conveyed in a major accident hazard
pipeline, or conveyed following a period in which it has been out of commission (other
than for routine maintenance), uniil the expiration of 14 days, or of such shorter
period as the Executive may in that case approve, from the receipt by it of a
notification of the date on which it is intended to convey or, as the case may be,
resume the conveyance of fluid in the pipeline.

96  This notification, of the intention to bring the pipeline into use, is
required so that HSE is made aware that the dangerous fluid is to be
introduced into the pipeline.
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97 A notification period of 14 days is required; though in exceptional
circumstances a shorter notification period may be permissible if agreed by
HSE.

98  This notification applies to the first introduction of the dangerous fluid
into the pipeline. However, this regulation also applies to circurnstances where
the pipeline may have been taken out of commission (other than for routine
maintenance, planned or emergency repair) and is to be brought back into use.

99 It is not intended that notification of bringing back into use will be
required after it has been shut down for routine maintenance. Routine
maintenance includes work such as valve lubrication, maintenance of pig traps,
maintenance and replacement of cathodic protection equipment, function
testing of pipeline equipment and instrumentation, running repair work (slight
surface damage repairs, coating and wrapping repairs, rectification of spans
etc). However, in cases where the pipeline has been subject to major
modifications or remedial work which has been notified to HSE under
regulation 22, notification of bringing back into use is required.

100 Notification can be made in writing, by fax or by telephone to the
appropriate office of HSE’s Chemical and Hazardous Installations Division
(CHID) in Aberdeen or Norwich. Other electronic transmission arrangements
are also acceptable. Information should include the pipeline identification,
name of the operator/point of conract and date the pipeline is to be used for the
first time or reused.

Notification in other cases

(1)  Where there is a change of operator of a major accident hazard pipeline,
or of his address, the operator shall notify any such change to the Executive within 14
days thereafter.

(2)  Subject to paragraph (3), in the case of a major accident hazard pipeline
the construction of which has commenced, or has been completed, the operator shall
ensure that no event of a kind described in Schedule 5 takes place until the expiration
of 3 months, or such shorter time as the Executive may n that case approve, from the
receipt by the Execurive of particulars specified in thar Schedule in relarion to such
event.

(3) Where an event of a kind described in Schedule 5 takes place in an
emergency, the operator shall notify 1o the Executive the particulars specified in that
Schedule as soon as is reasonably practicable.

101 This regulation concerns any significant changes to the pipeline which
affect the level of risk. Notification to HSE is required of certain changes such
as changes in the operating regime, major modifications to the pipeline,
changes in fluid and cessation of use of the pipeline.

102 Schedule 5 sets out instances when notification is required; detailed
guidance is given in the commentary to the Schedule.

103 The notification should be made to HSE at completion of the concept
design for the change. The intention behind the 3-month notification period is
to ensure that HSE is made aware of the proposed changes to a pipeline once
the details have been established but before major expenditure has been
committed. The information that is supplied will help HSE to form a view on
appropriate inspection arrangements. However, urgent works may be carried
out with shorter notification periods with the approval of HSE.
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104 Notification of change of the pipeline operator, or his address, should be
made within 14 days of the change being known.

105 Notification should be sent to the appropriate office of HSE’s Chemical
and Hazardous Installations Division (CHID) in Aberdeen or Norwich.
Notification in writing, by fax or other electronic transmission arrangerments is
acceptable.

Major accident prevention document

(1) The operator shall, before the design of a major accident hazard pipeline is
completed prepare, and thereafier revise or replace as often as may be appropriate, a
document relating to the pipeline containing, subject to paragraph (2) sufficient
particudars to demonstraze thar -

(@)  all hazards relating to the pipeline with the potential to cause a major
accident have been identified;

(b)  the risks arising from those hazards have been cvaluared;
(¢)  the safery management system is adequate; and

(d)  he has established adequate arrangements for audit and for the making of
reports thereof.

(2) Paragraph (1) shall only requare the particulars in the document referred
1o in paragraph (1) 1o demonstrate the maiters referred to in thar paragraph 1o the
extent that it 1s reasonable 10 expect the operator to address them ar the time the
document is prepared or revised.

(3)  Where the document referred 1o in paragraph (1) describes any health and
safery arrangements or procedures to be followed, the operator shall ensure that those
arrangements or procedures are followed unless in particular circumstances of the case
it s not in the best interests of the health and safety of persons to follow them, and
there has been insufficient time 1o revise or replace the document 1o rake account of
those circumsrances.

(4)  In this regulation -

“audit” means systematic assessment of the adequacy of the safery management
system, carried out by persons who are sufficiently independent of the system (but who
may be employed by the operator) 1o ensure that such assessment is objective; and

“safery management system” means the organisation, arrangements and procedures
established by the operator for ensuring that the risk of a major accident is as low as is
reasonably pracricable.

106 This regulation deals with the operator’s overall aims and principles of
action for the conrtrol of the aspects of design, construction and installation,
operation, maintenance and final decommissioning which have a bearing on
the health and safety arrangernents with respect to the control of major
accident hazards.

107 The major accident prevention document (MAPD) initially shall be
prepared during the design of the pipeline. Where there is a change in the fluid
conveyed which results in an existing non-major accident hazard pipeline
falling within the definition of a major accident hazard pipeline, then this will
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require a reassessment of the pipeline design. The MAPD should be prepared
at this reassessment stage.

Major accident prevention document

108 The MAPD is a management tool to ensure that the operator has
assessed the risk from major accidents and has introduced an appropriate safety
management system to control those risks. The aim is that the document will
explain how the operator has established satisfactory management systems to
control the major accident hazards of the pipeline or pipeline system.

109 The MAPD can be made up of a number of documents. A covering
document may be prepared which need only be a short statement setting out
the health and safety arrangements with respect to the control of the major
accident hazards. This covering document should, however, refer to more
detailed documents which make up the MAPD. These will include the safety
management system detailing arrangements such as training procedures,
management responsibilities and auditing arrangements which set down how
that operator’s policy to control major accident hazards will be put into action.
It is important to recognise that safety management is an integral part of the
normal business management of an organisation.

110 The MAPD should contain sufficient information to demonstrate that all
hazards relating to the pipeline with the potenrial to cause a major accident
have been identified and the risks arising from those hazards have been
evaluated.

111 This requires the operator o identify the ways in which a major accident
may occur and to evaluate the risks arising from those hazards. Account will
need to be taken of hazards during the various stages of the life cycle of the
pipeline including commissioning, excursions from normal operating limits,
maintenance and any other activity which may affect the pipeline. This also
requires consideration of matters such as the nature of the dangerous fluid
being conveyed, the conditions under which it is conveyed and the
susceptibility of the pipeline system to damage.

112 Where appropriate, an operator can produce a single MAPD for all his
pipeline systems, rather than produce a separate MAAPD for each individual
pipeline. The MAPD must reflect the hazards and risks associated with all the
major accident hazard pipelines covered by it and the supporting safery
management system should be applicable to all those pipelines.

Safety management system

113 The pipeline MAPD should be supported by the safety management
system which is in place for the control of the safety of the pipeline throughout
its life cycle from its concept design through to decommissioning. The safety
management system will need to consider the interfaces between the pipeline
design, construction, operation and maintenance. Key elements of safety
management are management’s leadership, commitment and accountability.
Both an adequate organisation and sufficient resources are necessary to
implement the operator’s policy with respect to the control of major accident
hazards effectively.

114 Tt will be necessary for the MAPD, and the associated management
arrangements, to be updated at various stages throughout the life cycle of the
pipeline. It is recognised that, for example, at the concept design stage, it may
not be practicable to describe furure management procedures for controlling
risks to people during the operation of the pipeline.
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115 A clear line of responsibility and accountability for the control of health
and safety needs 10 be established from the highest management down. As a
pipeline moves through the various stages of its life cvcle, the line of command
and accountability might change; the basis for change and arrangements for
bringing it about should be set our in the safetv management system.

116 The safery management systern should cover the organisation and
arrangements for preventing, controlling and mirtigating the consequences of
major accidents. These include specific attention to management cornpetencies
and procedures necessary to minimise the possibility of these events and if they
occur, to limit their potential for causing harm. The saferv management system
is likely to set out the management control and monitoring procedures to be
followed in critical areas such as:

° ensuring that systems are in place to provide for the satisfactory co-
ordination of all those involved in the safery of the pipeline;

° establishment of operating procedures for normal operation of the
pipeline as well as abnormal operation and non-routine operations;

* communication of those procedures 1o relevant personnel, eg through
mstructions, operating manuals, permits to work;

®  establishment of adequate systems for the selection, control and
moniroring the performance of contractors so that their working methods
and standards are such as to ensure the safetv of their activities;

L] establishment of standards for training, for all people with a significant
role to play in the safety of the pipeline. This is likely to extend to the
highest levels of management and will also deal with training of those in
supporting roles such as engineers and contractors;

L) the procedures adopted for the systemartic appraisal of the major accident
hazards associated with the pipeline and evaluation of the risks arising
frorn those hazards;

] procedures for the planning of modifications to be made to the pipeline.

117 The importance of the arrangements for achieving the initial and
continuing safety of the pipeline requires that the safety management svstem
pay particular attention to these arrangemecnts. These include the arrangements
for ensuring the soundness and fitness for purpose at the various stages in the
life cycle of the pipeline.

118 It will be necessary that suitable and sufficient records of a pipeline are
kept, including the design, construction, operation, and maintenance, so as to
be able to dernonstrate that the pipeline is safe.

119 Specific arrangements for dealing with emergencies form part of the safery
management system. The emergencies to be addressed will result from the
hazard identification and risk assessment process. Having identified all types of
emergency events, plans and procedures should be prepared for dealing with
these. The preparation of emergency procedures is covered in regulation 24.

Audit

120 ~Once a systematic and formalised management approach to safety has
been implemented, it becomes necessary to audit the system performance. This
regularion requires that arrangements are in place for audirs to be made of the
safety management system which address its adequacy in achieving the safety of
the pipeline. This requires a demonstration that there are clearly defined
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systems for audit of the quality of the design, construction, operation, main-
tenance and finally decommissioning of the pipeline. As for other aspects of the
safety management system, performance standards for the audit and review
process should be set and monitored. The people carrying out the audits
should be sufficiently independent to ensure that such an audit is objective.

121 Auditing is referred to in HSE’s publication Successful health and safety
management as ‘the structured process of collecting independent information on
the efficiency, effectiveness and reliability of the total safery management
systern and drawing up plans for corrective action’.

122 In order to provide the necessary independent perspective and to
maximise the benefits from the auditing process, audits should be carried out
by competent people outside the line management chain of the areas or
acrivities being audited.

123 Performance standards should be established to identify responsibilities,
timings, and systems for reviewing. To ensure effectiveness, those responsible
for implementing any remedial action should be clearly identified and deadlines
set for the completion of such action. Audit should be viewed by all within the
organisation as arl opportunity to identify weaknesses in management control
or procedures.

Relationship with other Regulations
Offshore Regulations

124 The definition in the Offshore Installations and Pipeline Works
(Management and Administration) Regulations 1995 excludes pipelines,
nevertheless there is a provision for any part of a pipeline connected to an
installation and within 500 metres of the installation 1o be ‘deemed’ to be part
of that installation, which is appropriate when considering the safety of people
on the installation and possible consequences of a pipeline failure.

125 For the same reasons, offshore pipelines fall partly within the scope of the
offshore safety case regime. Under Schedules 1 and 2 of the Offshore
Installations (Safety Case) Regulations 1992 (SCR), the safety case must
demonstrate that full account has been taken of risks to the installation, and to
the people on it, arising from the pipeline. This entails, for any pipeline
connected to an installation, giving a description of the design and hydrocarbon
inventory of the pipeline demonstrarting that an integrated approach will be
taken to the management of the installation and the pipeline so risks from a
major accident are at the lowest level that is reasonably practicable. The SCR
provisions regarding pipelines at the interface are not enough in themselves to
ensure the safe operation and integrity of offshore pipeline systems as a whole.
However, work done in the safety case to identify the safety critical elements of
a pipeline can be used in the pipeline MAPD.

Onshore Regulations

126 The Gas Safety (Management) Regulations 1996 (GS(M)R) are
concerned essentially with the safe management of the flow of gas through
public gas transporters’ networks. Those Regulations require a safety case o be
prepared which should contain sufficient information to demonstrate that the
transporter’s operation is safe, and that the risks to the public and employees
are as low as is reasonably practicable. Schedule 1 of those Regularions lists the
particulars to be included in the safety case. It is not intended that the
requirements of Schedule 1 of GS(M)R should duplicate those in the Pipelines
Safety Regulations 1996 (PSR).
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{127 There are some areas of unavoidable overlap between these two sets of
: regulations, in particular the duties dealing with safety management systems

i (the MAPD in PSR and the safety case in GS(M)R). Although PSR covers
"1 safety management systems, such systems are concerned solely with pipeline

; integrity and the consequences of its loss. In contrast GS(M)R is concerned
with the safe management of the supply of gas o users and the management of
the flow of gas. To minimise duplication, those parts of any documents which
are prepared under the requirements in PSR can be referenced in the GS(M)R
safery case.

Regulation 24 Emergency procedures

(1) The operator shall ensure that no fluid is conveyed in a major accident

Regulation .
hazard pipeline unless -

(a) such appropriate organisarion and arrangements as shall have effect; and
(&)  the procedures which shail be followed in different circumstances,

1 the event of an emergency relating 1o the pipeline have been established and
recorded,

(2)  The operator shall revise or replace the record of the organisation,
arrangements and procedures referred 1o in paragraph (1) as often as may be
appropriate.

(3)  The operator shall ensure that the organisation, arrangements and
procedures referred 1o in paragraph (1) are tested, by practice or otherwise, as often as
may be appropriate.

128 This regulation requires that adequate emergency procedures are
prepared for dealing with the consequences of a major accident involving a
pipeline. The detail and scope of a major accident will vary according to the
pipeline, its location and the fluid conveyed and the operator will need to
consider these aspects when drawing up the emergency procedures.

129 The emergency procedures for an offshore pipeline should cover the
pipeline, as an entity, as well as the interface with offshore and onshore
installations. The plan should cover the procedures needed to respond to all
foreseeable major accidents involving a pipeline, ie it should set out who does
what, when and how and to what effect, in the event of an emergency. It
should describe arrangements at the interfaces with onshore and offshore
installations to ensure that they doverail.

130 For onshore pipelines, it is important that the pipeline operator and local
authorities liaise to ensure that the emergency procedures and the local
authorities’ emergency plans are dovetailed in order to provide a
comprehensive and effective response to emergencies.

131 The emergency procedures should be kept in an up-to-date operational
state. They should be revised as necessary to ensure that they cater for any
changes in operation that might have a significant effect on the procedures.

132 Although this regulation does not specify the frequency at which tests
should be carried out, it is important that the procedures are exercised and
tested with sufficient frequency and depth so that they can be relied upon to
work effectively in an emergency. The procedures should be monitored and

25



Regulation 23

Reguladion

reviewed in the light of exercises and tests and of any practical experiences
gained from operating the plan in a real emergency, and remedial action
identified and taken.

Relationship with. other Regulations

Offshore Regulations

133 Regulation 8 of the Offshore Installations (Prevention of Fire and
Explosion, and Emergency Response) Regulations 1995 (PFEER) requires the
owner or operator of an installation to prepare an emergency response plan for
the installation after consulting with people likely to become involved in
emergency response. Consultees will include the pipeline operator, operators
and owners of other installations as necessary, for the plan to reflect agreement
about shurring down pipelines for emergency response. The relevant parts of
the pipeline emergency procedures required by the Pipelines Safety Regulations
1996 and the emergency response plan prepared through the requirement in
PFEER should be compatible.

Emergency plans in case of major accidents

(1) A local authority which has been notified by the Execurive that there is, or
is 10 be @ major accident hazard pipeline in its area shall before the pipeline 1s first
used or within 9 months of such notificarion, whichever is later, and subject to
paragraph (5), prepare an adequate plan derailing how an emergency relating 1o a
possible major accident in its area will be dealt with.

(2) In preparing the plan pursuant to paragraph (1) a local authority shall
consult the operator of the pipeline, the Executive and any other persons as appear o
the authority to be appropriate.

(3) A local authoriry which has prepared a plan pursuant to paragraph (1)
shall, as often as is appropriate and, in any case, at least every three years review the
plan and make such revision as is appropriate.

(4) The operator of a major accident hazard pipeline shall ensure that every
local authoriry through whose area the pipeline will pass is furnished promptly with
such information as it may reasonably require in preparing the plan referred ro in

paragraph (1).

(5) It shall be deemed 1o be sufficient compliance with the requirement in
paragraph (1) as to the time by which a plan is 1o be prepared, where such time 1s
exceeded by reason of waiting for information referred ro in paragraph (4) which has
been prompily required.

(6) Where a pipeline passes or is 1o pass through the areas of two or more local
authorities the duties under this regulation may be discharged by them where they
prepare a single plan.

134 Local authorities at county or equivalent level, once notified of a pipeline
by HSE, are required by this regulation to prepare an emergency plan for each
major accident hazard pipeline passing through their area. The requirement

under these Regulations is for emergency plans which should specifically relate
to the protection of the health and safety of people, not environmental damage.

135 Though local authorities will already have general emergency plans, it will
be necessary to have either pipeline specific plans or to include specific
reference to each major accident pipeline and how their emergency
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arrangernents are integrated into the existing emergency provisions in the area
covered by the authority.

136 Itis intended that emergency plans should only be drawn up or amended
after consultation with bodies who may be able to contribute information or
advice. In all cases this will include the emergency services (fire, police and
ambulance), hospitals, the pipeline operators and HSE. Other bodies 10 be
consulted will depend on circumstances and could include adjacent local
authorities through whose area the pipeline passes, government departments
dealing with agriculture, the Environment Agency or its Scottish equivalent,
the Scottish Environment Protection Agency, and companies providing water
services.

137 Full laison and effective two-way flow of information is required between
the pipeline operator and the local authority. Information from the pipeline
operatar is needed to enable the authority to draw up the emergency plan, and
information from the authority should be available 1o the pipeline operator to
assist in the preparation of the pipeline emergency procedures so as to achieve
doverailing between the pipeline emergency procedures and the local
authority’s emergency plan.

138 The pipeline operator should provide information about the type and
consequences of possible major accidents and the likely effects. Informarion
should also be provided on the route of the pipeline, the fluid conveyed and the
operating conditions, location of shut-off valves and emergency control
arrangements.

139 In the event of an incident involving a pipeline, it is important there is
effective communication berween the emergency services and pipeline control
centre.

140 The emergency plan should be a written document, in a format which
can be used readily in emergencies, and kept up to date o reflect changes in
risk, procedures, hardware and personnel. The authors of the plan must
address all relevant aspects including the following:

(a) the types of accidents to people to be taken INo accounr;

(b) organisations involved including key personnel and responsibilities and
liaison arrangements between them;

(¢) communication links including telephones, radios and standby methods;

(d) special equipment including fire-fighting matcrials, damage control and
repair items;

(e) technical information such as chernical and physical characteristics and
dangers of the fluid conveyed;

() information about the pipehne including route of the pipeline, location of
shut-off valves and emergency control arrangements;

(2) evacuation arrangemernts;

(f) contacts and arrangements for obtaining further advice and assistance, g
meteorological information, transport, first aid and hospital services,
water and agricultural informarion;

() arrangements for dealing with the press and other media interests.

141 Since an incident involving a pipeline could occur at any point along its
length, it is often inappropriate to provide location specific advice along the
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whole length of the pipeline. The plan is likely to focus on those parts of the
pipeline which are vulnerable to damage such as road, rail and river crossings
and other areas of higher risk. Pipeline plans for this reason are likely to be
generic and flexible in nature.

142 In discharging their duties, local authorities must take reasonable steps to
ensure that they are preparing plans which will prove adequare in the event of
major accidents. This will involve checking and testing the various Components
of each plan during its development.

143 The local authority shall review, and where necessary, revise and update
the plan at suitable intervals so that it can be relied upon o work effectively in
an emergency. The maximum interval for review should be every three years.

144 For existing pipelines, local authorities are allowed 18 months from
notification of the pipeline to prepare the major accident hazard emergency
plans (see regulation 27(6)).

145 For all new pipelines, the plan is required before the pipeline is brought
into use, or within 9 months of notification of the pipeline to the local authoriry
by HSE, whichever is the later.

Charge by a local authority for a plan

(L) A local authority which prepares, reviews or revises a plan pursuant to
paragraph (1) or (3) of regulation 25 may charge a fee, determined in accordance
with paragraphs (2) to (4), to the operator of the pipeline to which the plan relates.

(2) A fee shall not exceed the sum of the costs reasonably incurred by the local
authority in preparing, reviewing or revising the plan and, where the plan covers
pipelines of which there are more than one operator, the fee charged to each operator
shall not exceed the proportion of such sum astributable to the part or parts of the plan
relating 1o his pipelines.

(3)  In determining the fee no account shall be taken of costs other than the
costs of discharging functions in relation to those parts of the plan which relate 10 the
protection of health or safety of persons and which were costs incurred after the coming
into force of these Regulations.

(4)  The local authority may determine the cost of employing a graded aofficer
for any period on work appropriate to his grade by reference to the average cost to it of
employing officers of his grade for thar period.

(5) When requiring payment the local authority shall send or give to the
operazor of the pipeline a derailed statement of the work done and costs incurred
including the date of any visit to any place and the period o which the statement
relates; and the fee, which shall be recoverable only as a civil debt, shall become
payable one month after the statement has been sent or given.

146 This regulation enables the local authorities who are responsible for
preparing and keeping up-to-date emergency plans required under regulation
25 1o recover the cost of undertaking this work from the pipeline operator.

147 The local authority may only recover costs that have been reasonably
incurred. There may be locations where several pipelines are co-located, so the
local authority may decide to prepare one emergency plan covering all the
pipelines. In such an event each pipeline operator should be charged for only
that part of the costs which can be artributed to the pipeline under his control.
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Regulation

148 The charge made may only be for the cost of preparing the plan itself and
of any changes necessary to keep it up to date. It does not cover the cost of
emergency equipment (cg fire appliances) considercd necessary for the
operation of the plan. Furthermore, the charge should relate only to those parts
of the emergency plan concerned with the health and safety of people, not with
environmental damage.

149 The charge made may be based on the time spent by ofticers of
appropriate grades. The average costs of their employment overheads as well as
salary may be taken into account.

150 In presenting a charge 10 a pipeline operator, the local authority should
provide an itemised, detailed statement of work done and cost incurred. Any
dispute arising over the charge has to be decided in the civil courts. HSE has
no enforcement role for the recovery of cost incurred by a local authority in
respect of emergency planning.

-

Transitional provision

(1) In the case of a pipeline, the construction of which is commenced within 6
months after the coming into force of these Regulations, it shall be sufficient
compliance with regulation 20 if the particidars specified in Schedule 4 are notified to
the Executive within 3 months after the coming into force of these Regulations.

151 For major accident hazard pipelines where the construction is
commenced wirthin 6 months of these Regulations coming into force, the
information required in regulation 20 and Schedule 4 should be notified to
HSE within 3 months.

(2)  Subject 1o paragraph (3), in the case of a major accident hazard pipeline,
the construction of which was commenced (and whether or 1ot completed) before the
coming into force of these Regulations the particulars specified in Schedule 4 (or, in
the case of paragraphs 3, 4, 5, 6 and 8 particulars, where apprapriate, of the actual
route of the pipeline or of the riser, materials used, fluid conveyed, and the temperatuire
and pressure, and maximum rate of flow of that Ffluid) shall be notified 1o the
Execurive within 6 months afier such coming into force.

(3)  Paragraph (2) shall have effect where, pursuant to regularion 3(1) of the
Notification of Installations Handling Hazardous Substances Regulations 1982(%,
the particulars relating to that pipeline specified in Part II of Schedule 2 1o those
Regulations have been supplied before such coming into force.

(a) SI1982/1357.

152 For existing major accident hazard pipelines, or ones under construction,
the information required by regulation 18 of Schedule 4 should be notified to
HSE within 6 months of the Regulations coming into force, unless the pipeline
has been notified o HSE through the notification requirement in the
Notification of Installations Handling Hazardous Substances Regulations 1982.

(4)  In the case of a pipeline, the design of which was completed before the
coming into force of these Regulations, or within 12 months after such coming nto
force, regulation 23 shall have gffect as if, for the words “before the design of a major
accident hazard pipeline is completed” in paragraph (1) of that regulation there were
substituted the words “within 12 months after the coming into Jorce of these
Regulations™.
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Regulation 28

Regulation

153 Where a major accident prevention document (regulation 23) is required
for existing major accident hazard pipelines and for proposed new pipelines,
where the concept design will be completed within 12 months of the
Regulations coming into force, the MAPD should be in place by 11 April 1997.

(5) Inthe case of a pipeline which was first used before the coming into force
of these Regulations it shall be sufficient compliance with the requirement in regulation
24(1) where the matters referred to therein are recorded within 6 months after the

coming into force of these Regulations.

154 For existing major accident hazard pipelines, the emergency procedures
should be in place within 6 months of the Regulations coming into force.

(6) Where a local authority receives a notification referred to in paragraph
(L) of regulation 25 within 6 months after the coming into force of these Regulations,
thar regulation shall have effect in relation to the pipeline notified as if the reference in
that paragraph to 9 months were a reference to 18 months.

155 For existing pipelines a local authority, once notified of a major accident
hazard pipeline, is allowed 18 months to prepare its emergency plan.

Part IV Miscellaneous

Defence

(1) In any proceedings for an offence for a contravention of any of the
provisions of these Regulations it shall, subject to paragraphs (2) and (3), be a
defence for the person charged to prove -

(a) that the commission of the offence was due to the act or default of another
person not being one of his employees (hereinafier called “the other
person™); and

(b)  that he took all reasonable precautions and exercised all due diligence to
avoid the commission of the offence.

(2)  The person charged shall not, without leave of the court, be entitled 1o rely
on the defence in paragraph (1) unless, within a period ending seven clear days -

(a) before the hearing to determine mode of trial, where the proceedings are n
England or Wales; or

(b)  before the trial, where the proceedings are in Scotland,

he has served on the prosecutor a notice in writing giving such information identifying
or assisting in the identification of the other person as was then in his possession.

(3)  For the purpose of enabling the other person to be charged with and
convicted of the offence by virtue of section 36 of the 1974 Act, a person who
establishes a defence under this regulation shall nevertheless be treated for the purposes
of that section as having committed the offence.

156 It shall be the operator’s responsibility to ensure that any other person
contracted to perform work does what is required in helping to meet the legal
obligation set by these Regulations. The operator will therefore need to put in
place suitable arrangements to ensure proper performance of functions
required under these Regulations. Regulation 28(1) offers a defence in legal
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proceedings, if it can be shown that a contravention of the Regulations is due
to an act or default of another person and the operator exercised all due
diligence. It should be noted that where the commission of an offence is due to
the act or default of another person, HSE has powers, through section 36 of the
Health and Safety at Work etc Act 1974 (HSW Act), to prosecute the other
person.

Certificates of exemption

(1) Subject 1o paragraph (2) and ro any of the provisions imposed by the
Communities in respect of the encouragement of improvements in the safery and health
of workers at work, the Executive may, by a certificate in writing, exempt any persomn,
pipeline or class of persons or pipelines from any requirement or prohibition imposed by
these Regulations and any such exemption may be granted subject 1o condirions and
with or withour limir of time and may be revoked by a certificate in wiiting at ainy

time.

(2)  The Executive shall not grant any such exemprion unless, having regard
10 the circumstances of the case and, in parricular, o -

(a) the conditions, if any, which it proposes o azzach 1o the exemption; and

(b)  any other requirements imposed by or under anv enactments which apply
10 the case,

it is sansfied that the health and safety of persons who are likely 1o be affected by the
exemption will not be prejudiced in consequence of ir.

Repeal of provisions of the Pipe-lines Act 1962

Sections 20 to 26, 27 1 32 and 42 of the Pipe-lines Act 1962(%) are hereby repealed.

(@) 1962 c.38; section 24 was repealed by Sl 1974/1986; and sectivn 264 was mserred by section 26 of the
Petrolewn Act 1987 (1987 ¢.12).

157 This regulation sets out the sections of the Pipelines Act 1962 (PA62)
which are repealed by these Regulations. These sections are relevant statutory
provisions of the HSW Act. Safety notices served by HSE under PA62 do not
apply after these Regulations come inro force.

158 Section 37 of PA62 which requires notifications of certain pipeline
accidents to the emergency services etc. is not being repealed by these
regulations since this section covers notifications which mav include
environmental effects such as pollution of warer.

Revocation and modification of instruments

(1) The instrumenis specified in column 1 of Part I of Schedule 6 shall be
revoked to the extent specified i column 3 of that Pari.

(2)  The Notification of Installations Handling Hazardous Substances
Regulations (“the 1982 Regularions”) shall have effect subject o0 the modifications of
those Regulations specified in Part II of Schedule 6.
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159 This regulation sets out the revocations and modification of statutory
instruments associated with these Regulations and also listed in Schedule 6.

160 The Nortification of Installations Handling Hazardous Substances

Regulations 1982 have been modified to remove the requirement to notify
certain pipelines to HSE contained in those Regulations.
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BS 8010 : Part 1: 1988

Foreword

This Part of BS 8010 has been prepared under the direction
of the Civil Engineering and Building Structures Standards
Committee, The standard is to be published in four Parts
to form a complete revision of all Parts of CP 2010 as
follows.
Part 1

Part 2 Pipelines on land: design, construction and
installation

Pipelines on land: general

Part 3 Pipelines subsea: design, construction and

installation

Part 4 Pipelines on land and subsea: operation and

maintenance
This Part 1 (which supersedes CP 2010 : Part 1: 1966
which is withdrawn) contains general information
which is relevant to pipeline construction for a variety
of transported substances, It deals with those aspects of
pipeline development which affect the owner and occupier
of land through which the pipeline passes.
Part 1 is divided into six sections. Definitions and general
details are given in section one. Section two gives
recommendations on the routing of pipelines and section
three on the acquisition of the land and rights of way,
compensation and legal documents. Section four deals with
the construction of pipelines and the reinstatement of the
land. The aspects of operation, maintenance and inspection
are briefly examined in sections five and six and are to be
deait with fuily in Part 4.
A list of principal Acts of Parliament and Statutory
Instruments is included in appendix A,
A flow chart for implementation of a pipeline project is
included as appendix B.

* Published

Part 2 is to be divided into several Sections each of which
contains information on the design, construction and
installation of a pipeline in a particular material. These
Sections are to be published as separate documents as
follows.

Section 2.1 Ductile iron™*

Section 2.2 Steel for water and associated products

Section 2.3 Asbestos cement

Section 2.4 Prestressed concrete™

Section 2.5 Glass reinforced thermosetting plastics

Section 2.6 Thermoplastic {under consideration}

Section 2.7 Precast concrete

Section 2.8 Steel for oil, gas and associated products
These Sections are not intended to repiace or duplicate
hydraulic, mechanical or structural design manuals.
Part 3 will include information relevant to the design,
installation and cormmissioning of subsea pipelines in steel
and other materials,
Part 4 will contain advice on the operation and
maintenance of pipelines and wil! be in Secticns related to
the conveyed material,
Until such time as each Part and Section of BS 8010 is
published the relevant Part of CP 2010 will remain the
applicable code.
It has been assumed in the drafting of this British Standard
that the execution of its provisions is entrusted to
appropriately qualified and experienced people.

Compliance with a British Standard does not of itseif
confer immunity from legal obligations.
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BS 8010 : Part 1:1989
Code of practice. Section one

Section ohe. General

1.1 Scope

This Part of BS 8G10 gives recommendations on the
installation of pipelines on land. |t deals with those aspects
aof acquisition of land and other rights, construction,
operation and maintenance, which affect land, and which
are common to all applications and materials on land.
Principal Acts of Parliament are listed in appendix A. These
Acts enable pipelines to be constructed and regulate
procedures. A flow chart for the implementation of a
pipeline project given in appendix B relates the required
procedures.

NOTE. The titles of the publications referred 1o in this standard
are listed on the inside back cover.

1.2 Definitions

For the purposes of this Part of BS 8010 the following
definitions apply.

1.2.1 pipeline. A line of pipes, of any length, without
frequent branches, 1t does not include piping systerns such
as process plant piping within refineries, factories or
treatment plants.

1.2.2 on land. Refers to a pipeline laid on or in land
whose surface is above high water mark, including those
sections laid under inland watercourses.

1.2.3 subsea. Refers to a pipeline laid under maritime
waters and estuaries, and the shore below high water mark.

1.2.4 promoter. An organization that seeks to install,
operate and maintain a pipeline under statutory powers.

1.2.5 lease. A legally binding agreement granted by a
landowner to the promoter, for a determinable period of
time, whereby essentially the ownership of the land is
transferred 1o the promoter for use during that period.

1.2.6 easement. A legally binding agreement granted by a
landowner to the promoter of a pipeline, either in
perpetuity or for a long term, which sets out the rights and
obligations of both parties, (and their respective successors
in title) in refation to the matter, but under which
ownership of the land remains with the landowner.

1.2.7 wayleave. An agreement (similar in nature but less
specific than an easement) granted by a landowner to the
promoter, permitting the promoter to execute works on
the terms specified.

1.2.8 statutory notice. A notice issued under an Act of
Parliament by the promoter to a landowner, occupier or

relevant authority stating the statutory powers which the
promoter will exercise in surveying, installing, operating
and maintaining a pipeline. Such notice is somatimes
required to be dispilayed for public comment.

1.2.9 working width. A strip of land, usually wider than
that covered by an easement, lease or wayleave, which is
used by the contractor for the purpose of installing a
pipeline.

1.2.10 pipeline spread. A continuous length of sequential
pipeline installation on which the contractor is currently
working.

1.2.11 header drain. A length of land drainage pipe,
usually installed parallel to a pipeline, for the purpose of
conveying sub-surface water from existing land drainage
systems severed by a pipeline.

1.2.12 cathodic protection. A system to reduce the rate of
corrosion of ductile iron and steel pipes, and the ferrous
compounds of pipelines in other materials, by regulating
the electrical potential between a pipeline and the
surrounding ground.

1.3 Safety

Specific safety matters are dealt with at appropriate places
in the text of this and the other Parts of this standard.

There is a statutory requirement to provide for the health,
safety and welfare of all employees and members of the
public in connecticn with the design, construction,
operation and maintenance of pipelines under the
Factories Act 1961, the Factories Act (Northern Irefand)
1965, the Health and Safety at Work etc, Act 1974, the
Heaith and Safety at Work {Northern Ireland) Order 1978,
and Regulations enacted under these. Attention is also
drawn to guidance notes published by appropriate
Authorities.

Compliance with the Acts and Regulations requires
knowledge of the relevant statutory notices, registers,
records and forms. There are also British Standards which
are particularly directed to health and safety considerations,
and these will be referred to in this and other Parts of

BS 8010, as appropriate.

1.4 Insurance

Promoters should ensure that there is adequate third party
insurance in force during design, installation and
subsequent operation of pipelines.
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2.1 General

2.1.1 Economic, technicai and safety considerations are
the primary factors governing the choice of pipeline routes.
The shortest route may not be the most suitable, and
physical obstzcles, environmental and other factors shouid
be ccensidered,

2.1.2 The main factors influencing routing are:
{a) contents of the pipeline and operating conditions;
(b) terrain and subterranean conditions;
(c) hazards;
{d} existing and future land use;
{e} permanent access;
(f) transport facilities and utility services;
{g) agricultural practice;
{h) environmental impact.

2.1.3 Other considerations apply to underwater pipelines,
namely:

{a) underwater environment;

{b) waterbarne traffic;

(c) fishing;

{d) underwater development;

{e) bed conditions.
NOTE. Subsea pipeiines will be covered in detai] in BS 8010 :
Parts 3* and 4°.
2.1.4 Consultations should be held as early as possible
during route selection, with appropriate organizations,
in respect of their existing and future developments.
These organizations include:

British Coal

British Geological Survey

British Pipeline Agency

British Railways Board and other statutory Railways

British Telecom and other telecommunications operators

British Waterways Board

Civil Aviation Authority

Country Landowners’ Association

Council for the Preservation of Rural England

County, District and Parish Councils and London

Boroughs

Electricity, Gas and Water Authorities

Government Departments

Independent pipeline operators

Independent developers of mineral rights

Internal Drainage Boards

Landowners and occupiers

Local Trusts for nature conservation and archaeology

National Farmers’ Union

National Park Authorities

Nature Conservancy Councii

Navigation: Harbour Authorities -

* In preparation.
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or the equivalent national and local organizations which in
Scotland include:

South of Scotland Eiectricity Board

Nerth of Seotland Hydro Electric Board

Regional and Islands Councilis

Scottish River Purification Boards

Mational Trust for Scotland

National Farmers Union of Scotland

Scottish Landowners’ Federation

Scottish Woodland Qwners’ Asscciation
in appropriate circumstances detailed consultation may be
required with iocal and/or specialized organizaticns.

22 Operating conditions and hazards

2.2.1 The operating conditions in pipelines affect route
selection. The main parameters concerned are:

{a) the nature of the contents;

(b) maximum waorking pressure;

(c} peak flow rate;

{d) pipeiine material and diameter.

2.2.2 For agiven pipeline material, diameter ar
consideration sheould be given to:
{a) the probability of fracture and its consequences;
(b} the maximum possible size of fracture;
(c) the consequent maximum rate of release of contents;
{d) any change of state of the contents under
atrmospheric conditions;
(e) the total volume that can escape under en.igen:,
conditions.

2.2.3 Where pipelines convey flammable or toxis
substances or those liable to cause contaminaticn, the
routes selected should, wherever reasonably practizsble,
avoid built-up areas. Consideration should be given to
routing that will minimize the possibility of external
damage, which could lead to incidents and attendar:
damage to third parties, A safety evaluation may bs
requested by the approving authority, and this requivernent
should be checked before a preiiminary route is put forward
Fire authorities should be consulted in appropriate cases
order that they may take Into account the risk categories
of the areas being traversed, to determine measures required
to deal with accidents,

2.3 Terrain and subterranean conditions

2.3.1 An important consideration in pipeline routing is the
geography of the terrain traversed. On land, this can be
broadly separated into surface topography and subterransan
geology, and it is usually convenient to consider both
natural and man-made geographical features under these
two headings.
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2.3.2 The principal geographical features which are likely
to be encountered include the following.

Land surface
Agricultural:
Heritage:

craps, livestock, woodlands
natural beauty, archaeological,
ornamental

rivers, mountains

water catchment areas, forestry

Natural barriers:
Natural resources:

Occupation: population, communications,
services

Physical: contouring, soil or rock type,
water, s0il corrosivity

Subterranean

Earthquake zone category
Geological features

Land infill

Mining and quarrying

QOld mine and quarry workings
Pipetines and underground services
Possible land slippage

Tunnels

Water table limits

2.3.3 Surveying

An essential prelude to pipeline projects is to acquire from
records, maps and physical surveys a complete set of data
on each of the geographical and geclogical features that are
relevant to the safe, reliable and economic operation of the
pipeline.

The adoption of a tentative route should be preceded by a
desk study, making use of all available material. In addition
to current editions of maps and records, reference should
be made to superseded editions. Before a route is finally
adopted for construction, a physical survey should be made,
aided as necessary by aerial photography, soil surveys and
underwater observations.

Maps and plans used for land surveys are obitainable from
the Ordnance Survey. Geological information may be
obtained from the British Geological Survey. For
infarmation on mining, application should be made in the
first instance to British Coal, or to the owners of mineral
rights in the case of privately owned mines and quarries.
Many independent sources of specialist information exist
which may assist in route determination. The pipeline
promoter should employ professional advisers as early as
possible on those aspects requiring expert knowledge.

2.3.4 Adverse ground conditions
The following adverse ground conditions should be
considered during the route planning stage:

(a) the proximity of past, present and future mineral
extractions, including uncharted workings;

(b} areas of geological instability including faults and
fissuring;

{c) soft or waterlogged ground;

(d) soil corrosivity;

(e} rock and hard ground;
{f) flecod plains;
(g) earthquake zones;
{h} existing or potential areas of land slippage and
subsidence;
{i} infifled 1and and waste disposal sites including those
contaminated by disease or radioactivity.
British Coal, private mine owners and the owners of mineral
rights should be consulted to determine the extent of

. present and possible future mining operations and the

existence of tips and old workings, These bodies should be
consulted on possibie projected subsidence.

Local authorities, local geological institutions and mining
consultants are available for consultation on general
geological conditions, slippage areas, tunnelling and other
possible adverse ground conditions.

Where there is a possibility that any of these conditions
might arise during the lifetime of pipelines, observations
teading to their detection should be incorporated in the
regular surveiilance procedures adopted. This will include
measurement of local ground movement and of indicative
changes in pipeline siresses.

2.4 Existing and future land use

Existing areas of develepment should be avoided as far as
possibie, but at locations where this is unavoidable, the
proximity of pipelines to structures should be related to
design parameters for particular contents. In exceptional
circumstances it may be advantageous to override normal
design limitations, and provide altermative installation
methods or additional protective measures giving the same
degree of reliability and safety.

Avreas designated for future development require careful
consideration, to reduce the incidence of expensive
diversions or alternative works at a later date.

The routes of pipelines conveying substances which may
cause contamination of water supplies should, wherever
reasonably practicable, avoid crossing exposed aquifers or
land immadiately upstream of waterworks intakes or
impounding reservoirs. Where avoidance is not possible,
statutory water undertakers and private abstractors may
require additional precautions to be taken.

Water authorities should be consulted about all watergourse
crossings particularly in relation to future widening and
deepening. The larger watercourses are classed as ‘main
rivers’ and are directly controlled by water authorities;
lesser watercourses draining low level areas may come
within the contrel of internal drainage boards. In other
cases the riparian owners and occupiers should be consulted.
The jurisdiction of water authorities includes river
embankments, sea and tidal defences and secondary works
to reduce the spread of flood water. Where pipelines cross
or are laid adjacent to any such embankments, it is essential
that the agreement of the relevant water authority be
sought.
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In Scotland, Regional Councils and River Purification
Boards should be consulted about ail watercourse crossings.
Riparian owners and occupiers may also need to be
consulted. As regards sea and tidal defences and works to
reduce the spread of flood water, where pipelines cross or
are laid adjacent to any such works, the agreement of the
appropriate Regional Council should be sought. In Northern-
Ireland the relevant authority is the Drainage Division of
the Department of the Environment.

Consideration shouid be given 1o the availability and
suitability of water for hydrostatic test purposes and its
subsequent discharge.

2.5 Permanent access

The final route should permit ready and adequate access
from public highways for the equipment and materials
necessary to carry out pianned inspections, maintenance
and emergency repairs. This aspect should be taken into
account at the time pipeline routing is being negotiated
with landowners and occupiers. Access may have to be
negotiated with parties other than those through whose
land pipelines will be laid.

Access facilities should be determined by the frequency of
use, the testing and repair equipment likely tc be required,
and the anticipated urgency of repairs.

2.6 Transport facilities and utility services

Particular regard should be given to the layout and levels
of existing transport facilities and utility services, and
enguiries made regarding their foreseeable development.

I is essential that pipeline routes accommodate the special
conditions imposed by the authorities concerned.
Normally pipelines should be routed to minimize disruption
to existing facilities and services, However at locations
where this is not possible, the most appropriate solution
may be to relocate existing services rather than divert the
pipelines.

All relevant authorities shouid be approached in good time
requesting detaiis of their facliities and services. |n certain
cases they may arrange to excavate exploratory trial holes,
or will carry out other locational tests on site in order to
provide plans of the actual positions.

The number and lengths of crossings under or over
transport facilities should be minimized, and the
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recommendations of the relevant transport authorities
should be taken inte account. Pipetines faid in highvave
are subject to legislation related to public utilities street
works.

2.7 Agricultural practice

Pipelines should be located to produce minimum
disturbance to established agricuitural practice.

Permanent above ground apparatus, located on or adiacent
to the line of pipelines, shiould be sited with the agreemznt
of the land owners and occupiers concerned to minimize
future obstruction.

Consideration should be given to terminating sewer
manholes below the surface of agricultural land. Chambers
which terminate at ground level should be sited at #eld
boundaries.

2.8 Environmental impact

Among environmental factors to be considered should be
the possible effects on the following.

(a) Sites of Special Scientific Interest,

(s} National Parks: Country Parks,

(c) Areas of outstanding natural beauty.

(d) Ancient monuments and archeological sites.
(e) Tree preservation orders.

(f} Noise and vibration.

(g} Odour and dust.

Early reference should be made to the relevant nlanning
authorities to determine whether an Environmenizl ' .o
Assessmment {E1A) will be reguired for a pipeline and 1ts
associated above ground installations. If required, »n FI4
should cover the effect of pipeline works on local amenities
and future developments, Pipeline promoters should also
ascertain at the planning stage whether they are cr are
likely to be subject to Directives of the European
Comrmunities.

Where there is a possibility of pipeline constructinr g
permanent facilities giving rise to noise complainis, an
environmental nioise survey should be carried out hy
suitably qualified persons befere the pipeline routs s
estzblished, so that a prior noise assessment can be ad,
Particulars of previous noise complainis may be obiained
from relevant local authorities.
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Secticn three. Acquisition of land and other rights

3.1 General

The responsibility for acquiring the necessary land,
easerents and ancillary rights for the pipeline rests with
the promoter. These shouid be obtained wherever possible
by private negotiation. If statutory powers are necessary,
the procedure to be followed has been established by
legisiation,

Promoters should, at the earliest stage, consult the owners
and occupiers coneerned, as weill as statutory organizations,
and other representative associations such as the Country
L.andowners’ Association and National Farmers’ Unton or
their equivalent counterparts in Scotland, Wales and
Northern Ireland.

Promoters should make full use of other advice from land
agents, surveyors and engineers in all negotiations with
owners and occupiers. Promoters should make full use of
legai advice aithough this may not be necessary in the case
of wayieave orders acquired by Statute.

The practicai considerations and aims in 3.2 to 3.7 apply,
irrespective of whether the land is acquired by private
treaty or by statutory powers.

3.2 Access for survey and route selection

Although much can be done from plans and geological and
aerial surveys, route selection requires access to the land,
and may often necessitate on site ground investigations.
The consent of awners and occupiers should be sought
individually for any such access.

The promoter will normally obtain temporary rights which
will lapse after the survey is completed. A prior undertaking
should be given to landowners and occupiers to make good
damage done or loss sustained during the survey and to pay
compensation for any damage not made good.

An unnecessarily large number of entries on to land can be
avoided by prior consultation with planning and other
focal authorities, as described in section two,

3.2 Types of rights

3.3.1 Rights granted directly by Acts of Parliament
Statutory Authorities and Government bodies have powers
under Acts of Parliament to lay, use and maintain pipelines.
Reference should be made to the Act or Order which grants
those powers, as to the procedure to be adopted by the
Authority concerned.

3.3.2 Rights granted by agreement between landowner

and promoter

Where a promoter is not granted rights directly by Act of
Parliament, he wili require the agreement of the landowner,
conferring some interest in or over the land concerned, to
lay and maintain a pipeline. The agreement may take any
of a variety of names (such as easement or lease) but legally

the interests which may be conferred, and the associated
degrees of security to the promoter, are, in the order of
magnitude:
{a) a freehold of the land;
{b) a leasehold interest in the iand for a term of years
corresponding to the likely life of the pipeline;
(c) an easement over the land;
{d) a wayleave from the landowner 1o place the pipeline
on his land.
The acquisition of these rights is similar in all parts of the
UK although the legal terms are different in Scotland. The
Scottish terms are described in the final paragraph of this
clause.
The interests in land which the promoter will require are:

(a) Freeholds. Generally, the only freehoids which need
to be purchased outright will be for land on which
buildings are to be constructed (e.g. pumphouses}, or
land which it wiil be necessary to fence {e.g. where there
are valves) but, as these may sometimes be set back from
a pubiic highway, specific provision for permanent rights
of access to and from the plots should be made.

(b) Fasements and leases. 1t will not usually be
appropriate to purchase land for laying the pipeline
itself and, where possible, easernents or leases should be
obtained.

I it is the promoter’s own land which will be served by
the pipeline (i.e. a dominant tenement, such as a
refinery at one or other end of the pipeline) easements
may be acquired. These may be for a term of years or in
perpetuity and, as they run with the land, they will not
be extinguished by a change of ownership; thus, if the
landowner dies or seils his land or if the pipeline changes
hands, the pipeline easement will continue automatically,
provided it continues to serve the dominant tenement.

Where the promoter needs to obtain rights for a
pipeline, but is not entitled to obtain an easement,

a different form of grant {such as long leases of
subterranean strips) will need to be acquired. Leases of
subterranean strips are subject to the provisions of the
Land Registration Acts as to registration of leases.

An easement or a lease will cover pipeline works
(including surface obstructions) and, where necessary,
rights of way, cathodic protection beds and other
apparatus. The document will specify the rights and
liabilities of each party, the width of an easement and
the terrns under which the rights are granted.

The width of an easement is not necessarily as large as
the temporary working width. It is essential that the
temporary working width be agreed before work
commences. Any amendment to the working width
has 1o be agreed between promoter and occupier, The
promoter’s rights and obligations incorporated in the
document should include the number of pipelines,
associated cables, ete., permitted to be laid, their depth
and provision for inspection, maintenance, operation,
repair or relaying, the future use of the surface of the
land and procedure on abandonment {see section six}.



il

=]

G 1

¥ 5%

The restrictions on the grantor in respect of the
protection of the pipeline should also be included.
Where an easement is acquired through registered land,
notice of the grant of the easement or lease, together
with notice of any ancillary covenants restricting the use
of the land, should be registered at the Land Registry
by the pipeline promoters against the title of the land
affected. For unregistered land restrictive covenant and
equitable easements {e.g. informal grants) should be
registered,

{c) Wayleaves. The wayleave will confar no interast in
the land as such, the contractual rights being binding
only on the original contracting parties, and will thus
confer no security on the promoter if the original
landowner sells his land. Care should therefore be taken
by the promoter not to obtain oniy a wayleave when a
greater interest in land is required.
(d) Additional rights. Additional rights could be for
construction, reconstruction and rights of way 1o and
from the pipeline and provision for the installation and
maintenance of cathodic protection outside the
easement strip. In the case of a permanent installation,
an additional grant of easement may be required for
works not covered by the grant for the pipeline.
(@) Mineral rights. 1t should be ascertained if any
mineral rights are owned or leased separately from the
surface ownership. Suitabie arrangements will generally
need tc he made to safeguard rights of support and to
negotiate compensation to mineral owners and
operators. An adaption of one of the statutory mining
codes mavy need to be incorporated in the deed of grant.
in Scotland, while the acquisition of these rights is similar
in its practical effect, the separate statutory and legal
systemn means that generally rights will be acquired under
the appropriate Scottish statutes, although rights may be
acquired through agreement with the landowner by the
following:
(1) Acquisition of the dominium utile (similar to freehold
purchase in England).
(2) Leasehoid.
(2) Deed of Servitude (similar to sasement in England).
(4) Wayleave,

3.3.3 Rights granted indirectly by Acts of Parliamant

A promoter wishing to lay and maintain a pipeline over
land may fail to obtain the agreement of a landowner,

The promoter may then have to seek the right compuiscrily
under appropriate legislation.

3.4 Financial consideration and
compensation

3.4.1 Payments to cwners

Owniers are generally entitled to receive payment for
granting an easement or lease, or sale of freehold interest,
or where rights are acquired by statute.
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3.4.2 Compensation for damage and loss

Owners or occupiers or both are entitled to compenszri<
for any land which cannot ke Tully reinstated.
Compensation is therefore payable for damage o crops,
loss of profits, loss of residual manurial value, loss of or
damage to sporting rights, Nagotiations over compensation
for land covered by rights described in 3.3 are the
responsibility of the promoter.

Landowners and occupiers should be made aware that
occupation of land by a contractor is permitted only
within the designated working area.

[.andowners and eccupiers concerned should aveoid entering
into independent negotiations with the contractor executing
the work.

In cases where the promoter is exercising statutory powers,
owners and occupiers have a duty to mitigate any losses
which may arise.

Shooting and fishing rights are often sub-iet but may still
be subject to compensation for loss. Before construction

it should ke determined to whom compensation «..oi..l

be paid.

Delay in payment of compensation should be aveided and,
where appropriate, payment on account should be made
for matters not in dispute.

3.4.3 Professionai costs

The professional Tzes reasonably incurred by the owners
and/or occupiers of any interast in land through which the
pipeline may be routed should noimally be reimbLics. o,
the promoter. Cosis may be based on the Ryde’s scale of
Professional Charges as approwriate for pigeline waoel.,

3.5 Planning permission

“ =

Except where exemption has already been provig: 3 7z, v
statutory powers, pipeline construction may not be
commenced untii either planning permission has been
obtained from the local planning authorities cr, whare
aporopriate, aythorization has been obtained from: is!
Government Departments. Investigation with the iec3i
planning authorities should be carried out to determ- @ °F
other construction related areas {e.g. construction cainps,
pipe storage areas) require planning permission.

e T
eVt

3.5 Consultation with other interests

3.6.1 General

A pipeiine will usually cross the routes of roads, railways,
canals and water courses. It is also likely to cross or lig
adjacent to existing underground or overhead services
operated by water, gas and electricity undertakings,
telecommunication, drainage and sewerage authorities and
other pipeline operators. Construction drawings cf the
relevant sections of the project should be submitted to
each appropriate authority in sufficient detail to enable
proper consideration to be given.
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It is always the responsibility of the pipeline promoter to
ensure that all bodies or persons whose duties or interests
are likely to be affected by the construction and cperation
of the pipeline are provided with sufficient information to
enable them adeguately to carry out their duties or
safeguard their interests.

3.6.2 Railways

When pipelines are to be laid across or adjacent to tracks
the appropriate railway authority should be consulted well
in advance. In the case of main lines a year or more notice
of works may be necessary. A complete closure of all tracks
for a 24 h pericd is uniikely to be available. Appropriate
administrative and operational costs should be paid by the
promoter.

British Rail has produced a handbook, entitled{Engineering
recommendations for pipelines constructed on or adjacent
to railway property’ to which reference should be made.

3.7 Plans

3.7.1 Preliminary routing plans
For preliminary routing plans, maps of either 1: 25000 or

1 : 50000 scale should be used, according to the complexity
of the terrain.

3.7.2 Field reconnaissance plans

For field reconnaissance plans, Ordnance Survey maps of
either 1: 10000 or 1: 25000 scale should be used. The use
of 1: 10060 maps may obviate duplication, since this is the
smallest scale acceptable for applications under the
Pipelines Act.

3.7.3 Final field survey plans

For final field survey plans, Ordnance Survey sheets of
1:2500 scale with field numbers should be used.

3.7.4 Strip plans

Strip plans should be prepared from QOrdnance Survey
sheets of 1: 2500 scale. In built-up areas, consideration
should be given to the use of plans of 1: 1250 scale. Any
alteration to land drainage works should be detailed on
these plans. Any vertical section or profile along the

pipeline route should be shown to a scale appropriate to
the variations in ground elevation. Special crossings should
be detailed on separate drawings which shcuid e cross-
referenced to the appropriate strip plan; the scale shouid
be between 1: 250 and 1: 25 depending on the complexity
of the work.

3.7.5 Plans for attachment to legal documents

Plans for attachment to legal documents should be based
on the Ordnance Survey sheets, preferably the 1: 2500
scale. It may be necessary to prepare these plans on a
larger scale where the areas of fand are very smail or
complex or, conversely, to a smailer scale where large
areas of land are involved.

3.7.6 As built plans

If, during construction of the pipeiine, there are any
changes or deviations from any plans which have been
issued in accordance with 3.6.1, as built plans, to the same
scale as the original plans, should be issued to all original
recipients on completion of the werk. If foeund more
convenient the strip plans detailed in 3.7.4 may be used
for this purpose.

3.7.7 Digital mapping

Consideration should be given to the method in which the
horizontal and vertical alignments of a pipeline are recorded
in digital form, known as the Coordinated Method.
Detailed design of the route by the Coordinated Method is
based on a land survey, and the alignment of the pipeline
related to the Ordnance Survey grid. Setting out of the
pipeline for construction is controlled by permanent
ground markers, established by the survey. These ground
markers should be retained on site with the agreement of
the landowner and occupier 1o enable subsequent pipeline
location.

Using this methecd, the above plans can be recorded on
stable film, showing Crdnance Survey grid lines and
location of the pipeline for use in conjunction with
conventional maps. Alternatively pipeline details can be
recorded electronically for use in Digital Mapping systems.

NOTE 1. Ordnance Survey Maps and Sheets may not be reproduced
or copied without the permission of the Director-General of
Ordnance Survey.

NOTE 2. A publication ‘Coordinated Pipelines Practice’ is available
from the Institution of Civil Engineering Surveyors.
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Section four. Pipe instailation and reinstatement

4.7 Entry upcn land

4.1.1 Preparation

The promoter should arrange for representatives, e.q.
agricultural liaison officers, to maintain close personal
contact with occupiers, beginning well before construction
is to commence and continuing until reinstatement is
complete and compensation for damage has been paid.
The promoter’s represantatives should discuss with the
occupiers the implications of the work and the construction
programmme. The representative should advise occupiers
whether the work will be completed in cne coperation or

if return will e necessary after the main pipelaying has
been completad; also whether night and/or weekend work
will be invelved, The representative should keep occupiers
informed of any significant changes in the programme, and
should advise owners of any changes affecting their
interests.

Before the land is entered for construction, as much notice
as possibie over and abeve any statutory period should be
given to individual owners and cccupiers and to any
authority affected. Each of these shouid be given the
address and telephone number of the representatives of the
pipeiine promoter to whom any complaints or requests are
to be mada,

As far as practicable, the working width should have been
determined and documentied with owners and cccupiers as
part of the overal! iand acquisition process.

Advance provision should also be made for any land
required for stering pipes and other materials, for parking
and maintaining equipment, and for the siting of
temporary offices, camps, sanitary facilities, etc.

4.1.2 Working width
Consuttation shouid be undertaken by the promaoter with
occupiers at the eariiest possible stage so as to determine
the width of the working area for construction. Any later
amendment to the working width should be negotiated by
the promoter. In deciding upon the extent of any extra
working width there should be recognition of the ground
terrain and conditions at the following locations:
{a} at major road, rail, river and canal crossings;
(b) where deep pipelines are being installed;
{c) where it is necessary to go beneath existing
underground services;
(d} where it is necessary to go beneath ditch and stream
crossings and land drainage;
{e) where it is necessary to stack separately various
subseil bands and topsoil to ensure correct order of
replacerment.

4.1.2 Infected areas

Wherever an area nas been declared an infected area on
account of foot and mouth disease, swine vesicular disease,
fowl pest, swine fever or other notifiable disease, entry on
the land for any purpese should be suspended except with
the approval of the Ministry of Agriculture, Fisheries and
Food or the Department of Agriculture and Fisheries for
Scotland or Department of Agriculture for Northern

Ireland. Entry wili be governed by such conditions as ma;
be stipulated or agreed. Promoters in conjunction with
owners and occupiers directly affected by the pipe.inz
should take such reasonable precautions as may b2 nes oo™
to avoid the spreading of soil borne pests and diseasss,

e.g. Rhizomania.

Infected areas are not necessarily declared when g netiiso's
disease outbreak is confirmed, although this action is
invariably taken with foot and mouth disease. Precautions
shouid therefore be taken when there are outbreaks in an
area or when individua} infected farms are declared tc have
animals infected with notifiable disease.

4.1.4 Record of condition

Before work starts, a record shculd be made of the state ¢
the land including photographs where appropriate.
Particular note should be made of the depth of the topsoil
and any special features, so that they may be adeguaicly
reinstated if disturbed. This record should be agreas v’
the occupier and, wherever possible, the owner, The o =
of preparing it will be borne by the promoter. The »
of dealing with any trees growing within the working width
should be agreed at this time. Where irees are not to be
felled, it may be necessary to make slight deviations in the
aiignment of the pipeline or require additional v ki
width to allow the passage of equipment. Where special
protective works exist or are required en account of &
notifiable disease, the fact should be noted in the recurd.

4.2 Working season

Wherever possible the construction period for pipelines
laid through agricuitural land shouid be limited to the
period in each year when ciimatic conditions are <t v,
pipeline construction wili cause least harm to the soil
condition. {n Engiand this is generally between ihe (pril ¢,
and late QOctober with an additional period of one moth
for reinstatement works. Arrangements should also be
made where possible Tor construction works in agricutu) al
land to stop if extreme adverse weather conditions ar
encountered which could seriously affect the firal
condition of the land.

4.3 Pipeline spread

it is recommended that the promoters restrict the total
length of each pipeline spread from the start of the
temporary fencing, to the point of the sub-soil backfilling
cperations, Where the spread exceeds 15 km it may be
advisable to appoint additional Agricultural Liatsan Officers

4.4 Trespass

Construction personnel should not trespass outside the
working limits of the pipeiine route or other agreed areas.
Goocdwill should be maintzined with owners, occupiers and
representatives of authorities, by respecting their rights
and causing the least possible damage or interference.
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4.5 Preparation of the working width

4.5.1 Clearing and grading

Preliminary work in pipeline construction should include
pegging out, erection of temporary fencing, the clearing
and dispesal of all scrub, h(radges and debris from the route,
together with the proper and adequate fluming or bridging
of ditches and streams. These operations should be planned
from the outset to cause the least possible disturbance to
owners and occupiers.

Trees should not be felled unless absolutely necessary and
special precautions will need to be taken where any tree
within the working width is subject to a preservation order.

Where trees have been felled, any resulting timber will,

in the absence of any arrangement to the contrary, remain
the property of the landowner. The removal of any roots
of trees felled should be agreed with the occupier,

In good agriculturat land, unless agreed otherwise by the
occupier, topseil should be stripped from the whole of the
working width apart from that area used for the stacking
of the topsoil. The width and depth of stripping of top soil
will be governed by individual circumstances, Thie depth
will not normally exceed 300 mm {12 in) unless otherwise
agreed with the occupier, Special arrangements should be
made for mooer and heathlands.

All topsoil should be deposited separately, ready for
replacement in its original position without contamination.
Where possible turf on lawns, sports and ornamental
grounds, etc. should be carefully cut, rolled and kept in
moist condition for subsequent replacement.

The height of stacked top soil should be limited to avoid
compaction. !f reinstatement of land is delayed beyond
the current season then precautions should be taken to try
to avoid loss of topsoil through erosion. This may
necessitate the grassing over of the stacked topsoil. In
addition if prolonged exposure is encountered it may be
necessary to carry out spraying of the stacked tepsoil for
weed control.

The land should be restored to its original contours and the
topsoil replaced, unless otherwise arranged with the
landowner,

Care shouid be taken to avoid earth slippage out of the
warking width, Travel along the working width shouid be
minimized to avoid increasing compaction of the soil.

4.5.2 Temporary fencing

In agricultural land, appropriate stock-proof feneing should
be provided along each side of the working width to
exclude animals kept on adjoining land. This is normally
the first operation after pegging out. Where no stock is
kept, the limits of the working width should be adequately
marked in agreement with the occupier. All temporary
fences should be maintained until work on the section is
completed, the ground fully restored and permanent walls,
fencing, or hedges reinstated. In no case should nails or
staples be driven into trees. In areas where special
{e.g. anti-vermin} fencing has been erected, precautions

" should be taken at all times during construction not to
nullify the purpose for which the fencing was provided.
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Gaps in hedges or walls at field and road boundaries
should, where necessary, be temperarily closed during
construction. Temporary fencing for this purpose should
be to a standard equivalent to the adjoining boundary
hedge, wall or fence. A removable section or gates should
be provided for contractors’ plant access.

Temporary bridging and widening of access roads for the
passage of plant and equipment may be required.

All temporary fencing, access bridges and access roads
should be 1o a reasonable standard agreed with the
occupier, Additional precautions may need to be
undertaken where infectious disease is encountered.

The removal of temporary fencing should be carried out
in consultation with the occupiers.

4.5.3 Public safety

The contractor should ensure at all times that the general
public is protected from any danger arising from the
installation and testing of pipelines.

Fencing should be provided to prevent free access to the
site with particular attention be given to excavations,
open pits and borzholes. Care shouid be taken to avoid
accidents to children who may trespass on the site. I the
entrance to a site crosses a public road or footpath this
should be kept clear of obstructions, mud and spoii.

4.5.4 Emergency services

The promoter should advise ali o7 these services of the
works in hand prior to commencement. This notification
should include the supply of maps and plans of any
ternporary access points.

4.6 Pipe distribution

Stringing of the pipes end to end along the working width
should be done in such a manner that the ieast interference
is caused in the land crossed. Gaps should be left at
intervals to permit the passage of farmstock and equipment
across the working width. Pipes should be laid out carefully
to prevent damage to the pipe or coatings and in a manner
to ensure that they remain safely where placed until
incorporated in the pipeline. If straw is used for protecting
pipes, etc., in transit, it should ali be collected and burnt

in a safe area immediately after use so as to avoid any
possible agricultural contamination.

4.7 Trenching

Trenching includes all excavation which is carried out by
trenching machine, excavator, or by hand, to prepare the
trench to the required dimension for the pipeline.

Special consideration should be given to the depth of the
trench. in agricultural land the depth of cover should not
be less than 900 mm (3 feet).

It may be necessary to increase the depth of trench for
pipelines following hydraulic gradients, to avoid land drains,
drainage systerns, roads, railways or other crossings or for



i

i

it

S

other special reasons such as Tenlands, peat and marsh areas
and for improved pipeline security.

In rocky ground, rough grazing, or by special arrangement,
the cover may be reduced, provided the contents of the
pipeline are not liable to be adversely affected by frost and
the pipe material is strong enough to withstand the loading
of any anticipated vehicular traffic.

Temporary underpinning, supperts and other protective
measures for supporting building structures or apparatus

in or adjacent to the trench should be of proper design and
sound construction.

If the backfiiled pipeline trench is likely to act as a drain,
precautions shouid be taken to prevent ioss of any fine
materiai.

4.8 Support of excavations

An excavation should be properly supported, or the sides
sloped back to a safe angle, before the excavation reaches
a depth of 1.2 m. At this depth persons working in it
would be buried or trapped if thers were a colflapse. An
adequate store of suitabie supports should be kept on the
site to provide immediate shoring and strutting as found
necessary. No timbering or other support for any part of
an excavation should be erected or substantially added to,
altered or dismantled, except under the direction of a
competent person with adequate experience of such work.
All material for such work shouid be inspected by a
competent person on each occasion before being taken
into use, and material found defective in any respect
should not be used.

The condition of the ground being excavated may
necessitate the sides of the excavation being closely
supported. This is particularly important when temporary
spoil heaps, material stacks, excavating plant, pipe handling
devices, cranes, or pile-driving apparatus are positioned
adjacent tc an excavation. The shoring and strutting of
excavations in proximity to a railway or a highway,
whatever its use, will need 1o take into account the
support of services such as gas and water mains, sewers
and underground tunneis, in addition to the loading on
the highway from foot and vehicular traffic.

The stability of the excavation should be investigated in
relation to the safety of the services, their structural
condition and likely movement. Likewise, structures cn
adjacent lands may necessitate an appraisal of the live and
dead loads, and whether the resultant of the loads will
cause a loading cn the sides of the excavation, or whether
the excavation wiil affect the stability of the neighbouring
structure. it may be necessary to provide temporary shoring,
strutting, ground treatment or other support to the
structure to safeguard its stability, Detailed information
may be found in BS 6031 and Report 97 Trenching
Practice” published by the Construction Industry Research
and Information Association. Attention is also drawn to
the Statutory Instrument 1961 No. 1580 the Construction
{General Provisions) Regulations 1861,
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4.9 Expicsives

If it is proposed to use explosives, regulations regarding
their storage and use should be strictly observed and
agreement obtained from the cwners, cccupiers, authorities
and all others affected concerning their use and the timing
of blasting operations. Atiention is drawn to the danger of
unexploded charges. The promoter’s as built records shoula
indicate where explosives were used. Detailed guidance may
be found in B8 5607 on the use of explosives in the
construction industry.

£.370 Avcidangce of

It wiil generally be advantageous to lay the pipeline teiow
most existing services, such as water and gas pipes, cabies,
cable ducts and drains, but not necessarily sewers. Sufficier .
clearance between the pipeline and other services should be
agreed between the parties and adequate arrangerneirs
should ke made to protect and support the other services,
Where thrust or auger boring or pipe jacking methods are
used, the clearances required shou!d be the subject of
consuitation between the parties concerned. The pipeline
should be iaid so as not to obstruct access to the ~the
services for inspection, repair and replacement.

cther services

Particular care should be taken when operating under or
near overhead services. in such cases, the authority
concerned should be asked to give advice on the clearances
which should be maintained between the overhead rervings
and any equipment which is employed, together with the
use of height gauges on each side of the overhead service
In addition, in the case of overhead power lines, the
possibility of induced voltsge should be discussed with the
relevant authority in order that appropriate safery - -
may be taken.

Warning slabs, tape, tiles or other rarkers shouid by rlurea
over and close to pipelines and any associated cables at
their points of intersection with other serviges,

417 Landdrains

The method of restoring disrupted land drains i w.,
particular case shouid be agreed with the owner and
cceupier concerned at the time of negotiating easemieitts,
In the event of a dispute, the advice of an agreed dratrage
expert with knowledge of local conditions should be taken
and followed.

Information regarding the location of land drains in
agricultural land should be obtained wherever possible
from lecal sources or from the Divisional Office of the
Ministry of Agriculture, Fisheries and Food or the
Departrnent of Agriculture and Fisheries for Scotland or the
Department of Agriculture for Northern lreland.

ftis essential that the course and general condition of all
land drains which are iocated during pipeline construciion
be marked and recorded at the time.



BS 8010 : Part 1: 1989
Section four

Section two. Routing

Before backfilling is commenced, the landowner or occupier
should be given adequate notice of the reinstatement of
drains to enable the landowner or occupier to inspect if
they so wish,

The repair of land drains should keep pace with the
progress of pipelaying to epsure that drainage systems are
out of action for the shortest possible time. However such
repairs should only Le carried out in suitable ground
conditions.

Prior to or immediately after the pipeline is commissioned
the drainage of the land affected should ke restored to a
condition as efficient as that before the work was started.
This will usually consist of laying one or more header
drains parallel to the pipeline trench. In the case of a single
header drain it should be laid on the uphill side of the
‘rench to collect water from all the disturbed drains, and
graded to a free outfail. The drains on the downhill side of
the trench should be properly sealed to prevent the intake
of soil into the drains. Arrangements may be required to
drain the working width,

in the case of narrow trenches it may be possible to
reconnect the existing drains across the pipeline. For wide
trenches reconnection across the pipeline should only be
considered where no suitable outfalls are available for
header drains.

Where existing drains are reconnected, they should be first
cleaned out at the junctions as far as possible, and then
connected across the pipeline trench and supported in such

a way as to be protected against displacement or settlement.

The backfilled pipeline trench itself will usually collect
water and may act as a drain. In some cases this water will
not drain away, but collect, e.9. at a low point or where the
backfill is impermeable. Arrangements should be made to
drain these points to a free outfall. |t should be recognized
that defects in the system may not become apparent for a
number of years.

It is recommended that the promoter provides the
landowner/occupier with a set of records relative to the
drainage system as installed and modified.

412 Ditches

Where a pipeline passes underneath a trench, ditch or
culvert, it should be suitably protected with concrete or
cther similar material, having a minimum cover of 300 mm
{12 in) from the hard cleaned bottom of the ditch or
culvert to the top of the protection. Ditches, drains,
cuiverts and watercourses which are in any way interfered
with by the pipeline operations should be maintained in
effective condition during the construction period and be
restored finally to as good condition as before the
commencement of work.

Where a crossing has to be made above the bed of a ditch,
but below the level of the banks, or across a culvert, the
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underside of the pipe should be at such a level above the
bed of the watercourse that it will not ebstruct any flow
which can reasonably be expected. In such a case reasonable
cover adjoining the ditch should be provided: normally

450 mm {18 in) cover at a distance of 900 mm (36 in) from
the edge of the ditch is considered reasonaktle,

Where a pipetine runs parallel to a ditch, the edge of the
pipeline trench nearest to the ditch should be kept at a
distance from the edge of the ditch at least equal to the
depth of the ditch, or the depth of the trench, whichever

is the greater.

4.13 Maintenance of services

It is essential that services such as water, gas and electricity
supplies, sewerage and telephones be maintained during the
praogress of work, Pipes, cables and other apparatus
belonging to statutery undertakers should not be
interfered with or altered without the consent of the
undertakers. Undertakers may require to carry out
alterations themselves at the expense of the promoters,
Private pipes, cables and other service apparatus should not
be interfered with or altered without the consent of the
owner, and any alterations should be carried out so that
interruption to the service is kept to 2 minimum. It should
be noted that privately owned apparatus may be subject to
byelaws, regulations or other control,

Private water supplies affected by pipeline cperations
should be maintained during the progress of the work,
protected from pollution and permanently restored as

soon as possible after the pipeline is laid. If necessary,

they should be replaced during the progress of the work by
water from another suitable source. Where fields containing
animals are split, consideration should be given to the need
for additional drinking troughs.

4.14 Fishing and sporting rights

Fishing and sporting rights should at all times be protected.
Where a watercourse is frequented by migratory Tish, the
flow should be maintained during the progress of the works
in such a manner as will allow the passage of the fish. The
local fisheries official should be consulted over the periods
suitable for the execution of works in order 1o take into
account the needs of migratory Salmonids and freshwater
fish.

4.15 Pollution

Steps should be taken to prevent pollution of watercourses
by chemicals, fuels, oils, excavated spoil, silt laden
discharges or other materials. The disturbance of bed
deposits should be minimized as far as practicable,



4.1% Maintenance of access

Where the trench and pipeiine interfere with any normal
access an alternative access or a bridge shouid be
constructed and maintained, together with access ways 10
provide adequate temporary communications across the
works until normal access has been restored. The temporary
access across the working width should, where necessary,

be provided with properly hung swing gates which
effectively prevent livestock straying on to the working
width.

417 Canal, river, road and rail crossings

Special methods of construction may be required when
pipelines cross canals, roads and railways. Agreements
reached with the appropriate authorities may be
conditional upeon approval of the design, construction,
timing, and issue of statutory notices. These vary according
to the size of the pipeline, the material conveyed and the
nature of the crossing. Consideration shouid be given to
the use of pre-tested pipe in crossings.

4.17.1 Roads

Where a pipeline crosses or passes along a highway the
exact siting and constructional details should be agreed
with the highway authority, who may also specify the
manner in which trenches should be backfilled and
compacted, and the nature of reinstatement of the road
surface, In the avent of a road closure being considered
necessary, agreement with the highway authority should
be sought at an early stage as statutory periods of notice
are required for such closures.

Where the highway authority considers that the road
affected is of such importance as to justify the avoidance
of traffic disruption, or the disturbance of the carriageway
pavement, they may require the use of pipelaying
techniques which do not necessitate cpen trench excavation.
Where werk is being carried out adjacent to or on any
public or private road, warning signs — and at night
warning lights — should be provided and maintained as
required by the body having jurisdiction over the road.
Particular care should be taken to avoid damage to drains,
sewers and all other services laid within the highway,
Where these services are disturbed they should be reinstated
in accordance with the highway and appropriate service
authority requirements.

4.17.2 Railways

The appropriate railway authority should be approached
before any works are carried out on or adjacent to any
railway property.

Private level crossings are provided only for the landowner
and tenant of the adjacent land. Therz is seldom any
warning given of approaching trains, and the profile may
be unsuitable for the equipment being used. The
appropriate railway authority should be approached before
the crossing is used as access to the worksite.

BS 8010 : Part 1 : 1989
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4.17.3 Yiatercourse crossings

Where a pipeline crosses a watercourse, the design and
method of construction require consent from the drz!
or water authorities concerned, and in Scotland from L.
appropriate river purification board. The design and methos
of construction should take into account the characteristics
of the watercourse. Consideraticn should be givern 1o the
suspended solids generated and the particular requirements
of the water authority under the Controi of Pollution Act.
It may be necessary to plan the work to take advantage of
seasonal variations and to make arrangements to take action
on receipt of flood warnings in order to prevent damage o
the werks or the surrounding country.

4.18 Backfilling, cleaning-up and
reinstating

Rackfiiling cperations should follow as closely as cossiive
the laying of the pipe. The backfill shouid be comiven
to suit the type of bedding and the type of pipe.:
material. Neither topscil nor material harmful to the
pipeline shouid be used. Safe working practices should be
adopted to avoid damage 1o the pipeiine.

The trench should be backfilled with selected r.atei e (Gi .
the excavation to preserve as far as possibie the original soil
sequence and should be compacted to minimize subseguent
settlement. The backfill shculd not contain any perishable
material including scrub or vegetabie growth. If the owner
or occupier so requires, the top 300 mm (12 in} ¢ any
agreed greater depth of subsoil should be loosened by an
agreed method before reinstatement of topsoil and whoo -
possible the land restored to iis original contours. Unless
otherwise arranged with the landowners or occupiers the
topsoil shouid be replaced. Top seiling and reinstaie: or,
work should only be carried out when ground and weathel
conditions are suitable.

The topseil of agricuitural 1and should be left in a loose,
friable and workable condition to its original full depth
and over the whole working width and should be a7 frec
from stones as the adjacent land, Any additional o5l
imported will be subject to the reasonable requiramend:

of the occupier as to the testing of the suitability of thr
imported soil. Arrangements for final reinstatement and
seeding of any land should be agreed in advance with the
owner or occupier.

Disposal of any surpius material from the site should be

by agreement with the landowner, and such surplus shocld
not include topsoil.

The permanent reinstatement of gaps made in fences,
hedges, walls, etc., should be agreed with the landowner or
occupier. Where hedges have 1o be re-planted, they sholsid
be proiectad on both sides by a fence together with wire
netting turned out or buried at the bottom for protection
against rabbits. The fencing and netting should te
maintained until the hedge is fully established. All wire
fences should be well strained when reinstated.

All constructional debris, tools, equipment and any
temporary works should be removed and the working

3
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width reinstated so that the route of the pipeline may be
restored as nearly as possible to its original condition and
handed back to the occupier without delay. Debris should
not be buried without the consent of the landowner or
oceupier.

The reinstatement should include all permanent walls,
fencing, hedges, footpaths, private roads and temporary
accesses.

Any certificate presented to the occupier for signature
relating to the completed reinstatemnent should be limited
to the condition ascertained at the time.

About one year after the completion of the work, the
promoter should make a survey to check the adequacy of
the reinstatement. Where possible, this should be done by
reference to the agreed record of condition (see 4.1.4).

4.19 Pipeline markers

Distinctive markers should be erected at all road, rail, river
and canal crossings and elsewhere as required to identify
the pipeline and to indicate its position and other details,
Markers should be placed at field boundaries and not in
fields, preferably in such a way that they are not obscured
by vegetation and do not interfere with agricultural
operations.

Where aerial surveillance is intended, sufficient markers

should be visible from the air to indicate the pipeline route.

At all valve installations piates should be provided to give
the same information as on the markers. Groups of marker
posts can be avoided by the use of special marker plates
bearing engraved dimensioned diagrams of the layout.
Markers should not be treated with any substance likely to
be harmful to livestock.

*Published in Sections.

420 Cathodic protection

Where a pipeline is to be cathodically protected the
promaoter should establish liaison with owners of ather
pipelines, cables, sheetpiling and other buried metallic
structures likely 1o be affected so that these may be
safequarded.

Further information on this matter is contained in BS 8010 :
Part 2* and in CP 1021.

421 General supervision

The pipeline promoter should provide competent and
adequate supervisory staff and be satisfied that contractors
employed do likewise.

422 Safety during testing

The safety precautions required when pipelines are being
pressure tested are -etailed in other parts of this code.
These may involve the temporary closure of highways.
(including footpaths and bridleways). The highway
authority should be consulted regarding the procedure to
be adopted. Other statutory authorities should be consulted
as appropriate. Notices warning the general public should
be clearly displayed.

4.23 Records

Records should be kept by the promaoter of all tests and
inspections carried out on the pipeline.

Copies of as built plans indicating the pipeline’s size, depth
and location related to surface features should be provided
for each owner and occupier by the promoter.

14
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Section five. Operations, modifications, maintenance, repair

and inspecticn

5.1 General

It is essential that procedures for the operation,
modification, repair, maintenance and inspection of
pipelines are formulated and adhered to so that a pipeline
continues to function safely whilst in use. This standard
encompasses the transpcortation of widely differing fluids
and it is not practicable to specify in Part 1 a detailed set
of procedures covering the many cases involved. Until

BS 8010 : Part 4* is available operating bodies shouid
develop procedures for operating, modifying, maintaining,
repairing and inspecting pipelines based upon the
recommendations given here and upon best industry
practice.

52 Operations

All matters of operation, maintenance, repair and
modification of an operating pipeline are properly the
concern of the operating body. Correct operating
procedures are those which ensure that the operating
demands upon the system at any particular time can be
achieved safely. Ali maintenance works and modifications
should be coordinated with operating needs. Qperating
bodies should take account of these inter-relating factors
when drawing up their procedures. Particular care should
be taken in differentiating between routine procedures and
emergency procadures,

5.3 Route inspection

Routine visual inspection of land pipelines should be made
to check on the condition of the pipeline easement. Any
third party activity on, or adjacent to the pipeline
easement and which couid affect the integrity of the
pipeline should be investigated. The frequency of such
inspection may vary dependent upon local conditions.
Urban areas and intensively farmed agricultural land are
likely to require mere frequent and closer inspection than
heathland. Particular attention shouid be paid to areas
where problems may occur, for example, disused
underground workings and river and watercourse crossings.
Any excavation or development occurring near buried '
pipelines should be monitored,

Arrangements should be made with owners and occupiers
to permit a routine programme of inspection of the route.
In the abserice of any such arrangement, except in cases of
emergency, prier written notice of all pipeling inspections
involving entry on land should be given to the occupiers.
All persons carrying out inspections should carry and
produce on reguest adeguate means of identification.
Where air patrols are used, aireraft should fly at a suitable
height to avoid nuisance or harm to poultry or livestock.

*In preparation.
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54 Infected areas

Certain areas may be declarec an infected area on accr >
of foot and mouth disease, fowi pest, swine fever, or ailwr
notifiable disease including soil borne pests and dissases.
Where this occurs, routine pipeline inspections involving
entry on such land should be suspended uniess there are
exceptional circumstances, [ there is a clear necassity o
enter land, approvai of the Ministry of Agriculture,
Fisheries and Food, or the Department of Agriculture and
Fisheries for Scotland or the Department of Agriculture for
Northern treland should be obtained, and entry should be
governed by such conditions as may be stipuiated.

5.5 Emergencies

Emergency procedures should be drawn up for sach
pipeline by the operating body. The purpose is ¢ ¢n.ure
that ali operations staff and other parties involved are
adequately informed regarding the action to be el 11
the event of an emergency. Other parties likely to be
invelved include personnel not normally involved with the
routine operations, the public emergency services, local
authorities and utility service authorities. Procedures o e !
be developed to meet the needs of each individual pipeline
and should include for periodic emergency exercises to be
carried out in conjunction with the public emergency
services.

All occupiers of land traversed by a pipeline shaoutd hr
requested by the pipeline operators to assist by speeay
notification of any abnormal occurrences which moyy =07 -0,
or may have been caused by the pipeline, Pipeline operators
should provide land occupiers with current teiephone
numbers for contact in ar: emergency. Similarly gl s
operators should notify occupiers and any authority
concerned of incidents which might affect their imiriecis

5.6 Maintenance

Complementary to the operating procedures, anc niingiu:
of operational constraints, maintenance procedure: 5= oirke
be developed tc ensure that the system retains it u.egiy
and that all safety devices are in working order. The rights
acquired for the construction of a pipeline usually \noiude
rights necessary to maintain and repair the line. Excapt ir
emergencies, mainienance and repair work should foliow
the same procedures as those for the original conziructic
particularly in relation to notices 1o landowners and
occupiers.
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Section six. Abandonment

6.1 Disused pipelines

A pipeline may be considered disused when it has been
abandoned or when the owners cease to inspect it reqularly
and are no longer prepared to maintain it in an operable
condition.

When the owners are no longer prepared to maintain a
disused pipeline in an operable condition they should take
precautions to prevent the pipeline from becoming a source
of danger or nuisance or an undesirable watercourse.

6.2 Precautions

Befare being abandoned, the pipeline should be completely
disconnected at both ends and if necessary divided into
sections. All open ends should be capped and sealed. In
certain areas, e.g. those subject to subsidence or where
heavy external loads may occur, it may be necessary to
close the pipeline at both ends and to fill the abandoned
line with a suitable filler, Where the abandoned pipeline
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cannot be made safe by the above method, it should be
rernoved. In all cases where the fiuid conveyed is
considered an environmental or safety hazard, or could
become so after contact with the soil, it will be necessary
to remove completely the fluid from the pipeline. In other
cases, it may be possible to permit the fluid to remain in
the disused pipeline.

All surface chambers should be removed to not less than
Q00 mm {36 in) below ground level. Backfilling and tand
reinstatement should be in accordance with 4.18.

6.3 Records

A record should be kept by the owners of a pipeline to
indicate that they have taken the necessary precautions,
A record plan showing the size and depth of the pipeline
and its location related to surface features should also be
prepared and a copy given to the owners and occupiers
of the land concerned.
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Appendices

Appendix A. UK Statuies

The following iist of principal Acts of Pariiament and
Statutory instructions is given in alphabetical order and the
dates quoted are the vears in which the Acts were passed,
This list should not be assumed to include all relevant
statutes.

Acquisition of Land Act 1981

Ancient Monuments and Archaeological Areas Act 1879
Atomic Energy Authority Act 1954

Coast Protection Act 1948

Compulsory Purchase Act 1965

Construction (General Provisions) Reguiations 1961
Control of Poiiution Act 1974

Countryside Act 1968

Countryside {Scotland) Acts 1867, 1981

Customs and Excise Act 1952

Factories Act 1881

Fire Precautions Act 1971

Gas Acts 1665 and 1872

Health and Safety at Work ete. Act 1974

Health and Safety at Work (Northern Ireland) Order 1978
Highways Act 1580

Historic Buildings and Ancient Monuments Act 1863
Housing Acts 1861 and 1974

Land Compensation Act 1861 and 1973

Land Drainage Act 1876

Land Powers (Defence) Act 1958
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{ ands Clauses Consolidation Act 1845

Local Government Act 1972

Qil and Gas (Enterprise} Act 1682

Petroleurn and Submarine Pipelines Act 19758

Pipelines Act 1262

Public Health Acts 1536 and 1861

Public Heaith {Ireland} Act 1878

Public Health {Drainage of Trade Premises} Act 1837

Public Health {Recurring Nuisances) Act 1869

Public Utilities Street Works Act 1950

Radioactive Substances Act 1860

Requisitioned Land and War Works Act 1845 and 1848

Rivers (Prevention of Pollution) Acts 1951 and 1961

Sewerage (Scotland) Act 1968

Town and Country Planning Act 1871

Town and Country Planning General Development
Order 1977

Water Acts 1945, 1848, 1973, 1976, 1881 and 19&3

Water Act {Northern lreland) 1872

Water Resources Acts 1863, 1868 and 1971

Water Scotland Act 1848, 1949, 19687 ena &Ll

Water Suppiies and Sewerage Act {Northern ireland)
18458

Water Supply and Sewerage Services {Northern !reland)
Order 1973

Wild Life and Counsryside Act 1887
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Appendix B. Flow chart for implementation of a pipeline project

Preliminary routing/desk study

Carry out desk study of routes.

Employ professional advisors.

Prepare plans 1 : 50000 or 1 : 25000.
Consult appropriate organizations.
Consult landowners/occupiers.

Consider geographic and operating factors
Commence preliminary engineering.

| PR

Field reconnaissance and routing

Prepare plans 1: 25000 or 1 : 10000 {preferred).
Prepare field survey plans 1 : 2500,

Arrange temporary access for surveys and site
investigations with landowners and occupiers.
Consider surface and subterranean features

both natural and man-made.

Prepare plans for planning consant.

I

Commission Hazard Analysis
and/or Environmental Impact
Assessment if required.

Planning approval

Lodge application to construet with local authority and
Government Departiments {unless provided for by statutory powers).
Consuit other interests.

| A S

Acquisition of land and other rights

Prepare plans 1: 2500.

Negotiate easements, leases or freeholds and rights of access.
{Other powers exist for Statutory Authorities.)

Negotiate temporary working and storage areas with
necessary access.

Neqgotiate compensation for landowners and operators of

Deign the pipeline

Carry out detailed engineering

and prepare contract documents.
Tender and award construction
CONtracts.

Plan: construction, testing,
commissioning, emergency procedures,
operation and maintenance

mineral rights.

L

Construction

Appoint or confirm Liaison Officer, and publicise. Liaise with
individual occupiers on times of entry. Record conditions of land
before entry.

Provide temporary fencing, accesses, bridges, ete. prior to topsoil
strip and clearance over working width. Carry out drainage
diversions and reinstate on completion.

Construct pipeline with major crossings of other utilities, roads,
railways and topographical features programmed 10 suit.

Test.

Commission.

Reinstate land, remove temporary fencing, prepare and deposit
as-built drawings.

Arrange payment of damage/loss of crop compensation.

i

Qperation, maintenance and inspection
Inspect and maintain pipeline.
Agree emergency procedures.

Abandonment of pipalines

Disconnect, seal and render safe. Fill solid in areas of settlernent,
Remove if no alternative provides satisfactory solution.

Record measures taken and inform landowner and occupier.

18
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Amendment No. 1 AMD 7799

published and effective from 15 August 1993
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;> .« STANDARDS. .. i,
— - Pipelines
Part 2. Pipelines on land: design,
construction and installation
Section 2.8 Steel for oil and gas
Corrections
AMD 7799 Clause 2.9.2 Hoop siress
Angast 1993
Delete the existing formula for hoop stress thin wall and substitute the following.
S, ind
h="__
20t
ARD 7799 Figure 2 Minimum distance from normally occupied buildings for
Angust 1993 methane (a category D substance)
Delete the existing figure 2 and substitute the attached new figure 2.
NOTE. The drawing is unchanged but a key to the pipe diameters
and two notes to the figure have been inserted.
4741 7799 List of references
August 1993

In the informative references, list of IGE publications, insert the following new
reference after the reference to IGE/TD/] : 1984.

'IGE/TD/3 : 1993 Gas distribution mains (3rd edition)'
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Maximum operating pressure - bar

Key to pipe diameters

A Exceeding 914.4 mm (36") but not exceeding 1066 mm to 1068 mm (427)
B Exceeding 762.0 mm (30%) but not exceeding 814.4 mm (36%)
C Exceeding 609.6 mm (24" but not exceeding 762.0 mm (30%)
D Exceeding 457.2 mm (18“) but not exeeeding 609.6 mm (24")
B Exceeding 323.8 mm (12 %4") but not exceeding 457.2 mm (187
F Exceeding 168.3 mm (6 %) but not exceeding 323.8 mum (12 %9
" G Not exceeding 168.3 mn (6 ¥&%)
H Ali diameters, wall thickness < 9.52 mm,
I All diameters, wall thickness 2 5.52 mm or impact protection
J All diameters, wall thickness 2 11.891 mm

NOTE 1. Pipelines designed to operate between 7 bar and 19 bar should have an internal design pressure of 19 bar.

NOTE 2. For pipelines designed to operate at less than 7 bar, guidance may be obtained from IGE/TDV/3.

Figore 2. Minimum distance from normally occupied buildings for methane (a category D
substance)
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Foreword

This Section of BS 8010 has been prepared under the direction of Technical
Committee B/203. BS 8010 is a complete revision of all five Parts of CP 2010.
ES 8010 is to be published in four Parts as follows.

Part 1. Pipelines on land: general

Part 2. Pipelines on land: design, construction and installation
Part 3. Pipelines subsea: design, construction and installation
Part 4. Pipelines on land and subsea: operations and maintenance

Part 1 (which supersedes CP 2010 : Part 1 : 1966) contains general information
which is relevant to a variety of pipelines and a variety of transported materials.
It deals with those aspects of pipeline development which affect the owner and
occupier of land through which the pipeline passes.

Part 2 is divided into several Sections which will be published as separate
documents as follows:

Section 2.1 Ductile iron

Section 2.3 Asbestos cement

Section 2.4 Prestressed concrete pressure pipelines
Section 2.5 Glass reinforced thermosetting plastics
Section 2.6 Thermoplastics

Section 2.7 Precast concrete

Section 2.8 Steel for oil and gas

Each Section will contain information on the design, construction and
installation of a pipeline in the particular material. These Sections will supersede

the existing Parts 2, 3, 4 and 5 of CP 2010.

Part 3 will include the general information relevant to subsea pipelines and the
particular information on design, construction and installation of a pipeline in
specific materials.

Part 4 will contain advice on the operation and maintenance of pipelines and will
probably be in sections related to conveyed material.

This Section of BS 8010 supersedes part of CP 2010 : Part 2 : 1970. This Section
of BS 8010 deals with oil, gas and other substances which are hazardous by
nature of being explosive, flammable, toxic or reactive, generally classified as
category B, category C and category D substances (see 2.2).

The gnidance given on the design of pipelines for the transmission of methane is
based directly on the philosophy and guidance contatned in the Institution of Gas
Engineers Recommendations on transmission and distribution practice
IGE/TD/1 : 1984 Sieel pipelines for high pressure gas transmission. The
Institution's guidance is specific to 1st and 2nd family gases and can be
supported by experimental data. Copies of the Recommendations are available
from the Institution and should be consulted.

It has been assumed in the drafting of this British Standard that the execution of
its provisions is entrusted to appropriately qualified and experienced people.

Attention is drawn to the principal Acts of Parliament, which enable pipelines to
be constructed and regulate procedures. These are listed in appendix A of

BS 8010 : Part 1 : 1989.

Compliance with a British Standard does not of itself confer immunity from
Jegal obligations.
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BS 8010 : Section 2.8 : 1992

Section 1. General

3.1 Scope

This Section of BS 8010 : Part 2 provides guidance
on the design, construction and installation of steel
pipelines on land for oil, gas and toxic fluids. It is
not intended to replace or duplicate hydraulic,
mechanical or structural design manuals.

The extent of pipeline systems on land for
conveying oil, gas and toxic fluids which are
,.overed by this Section is shown in figure 1.
Peference should be made to BS 8010 : Part 1 :
1229 for those aspects of land acquisition, routing,
ianstallation, operation, maintenance and
abandonment of pipelines which affect land.

1.2 References

*.2.1 Normative references

This Section of BS 8010 incorporates, by reference,
vrovisions from specific editions of other
oublications. These normative references are cited
st the appropriate points in the text and the
publications are listed on page 46. Subsequent
amendments to, or revisions of, any of these
publications apply to this Section of BS 8010 only
when incorporated in it by updating or revision.

1.7.2 Informative references

This Section of BS 8010 refers to other publications
that provide information or guidance. Editions of
these publications current at the time of issue of
Livis standard are listed on page 48, but reference
should be made to the latest editions.

1.3 Definitions

For the purposes of this Section of BS 8010 the
definitions given in BS 8010 : Part 1 : 1989 apply
together with the following.

1.3.1 availability
The probability that a system will be in the
operational state.

1.3.2 coating

A durable material of high electrical resistance
applied to the external surface of steel pipes and
fittings to protect the metal from corrosion.

1.3.3 component

A general term for any item that is part of a
pipeline other than a straight pipe or field bend.
NQTE. Also referred to as a fitting.

1.3.4 design temperature

The design temperature is the maximum or
minimum temperature which determines the
selection of material for the duty proposed and
should represent the most arduous conditions
expected.

W

1.3.5 holiday
A flaw in the coating or lining.

1.3.6 holiday detector

A device for detecting flaws in the coating or
lining.

1.3.7 insulatien joint

A fitting having high electrical resistance which

can be inserted in a pipeline to insulate electrically
one section of pipeline from another.

1.3.8 intermediate station

A pump, compressor, valve, pressure control,
heating or metering station, etc. located along the
pipeline route between the pipeline terminals.

1.3.9 internal design pressure

The pressure selected as the maximum sustained
pressure exerted by the pipeline contents for which
a pipeline is to be designed.

1.3.10 lining

A durable material applied to the internal surface
of steel pipes and fittings to protect the metal from
corrosion, erosion or chemical attack.

1.3.11 maximum operating pressure

The surn of the static head pressure, the pressure
required to overcome friction loss and any required
back pressure.

1.3.12 maximum allowable operating pressure
(MAOP)

The MAOP is that pressure, excluding surge
pressure or other variations, for which a pipeline is
qualified.

1.3.13 night cap

A temporary closure at the end of a section of
pipeline.

1.3.14 pig

A device propelled through a pipeiine by f{luid
pressure, for cleaning, swabbing, inspection or
batch separation.

1.3.15 pig trap

A device allowing entry to the pipeline for the
launching and receiving of pigs and other
equipment to be run through the pipeline.

1.3.16 pipe

A hollow cylinder through which fluid can flow, as
produced by the manufacturer prior to assembly
into a pipeline.

NOTE. Also known as linepipe.
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1.3.17 pipeline

A continuous line of pipes of any length without
frequent branches used for transporting fluids. It
does not include piping systems such as process
plant piping within refineries, factories or
treatment plants.

A pipeline on land is a pipeline laid on or in land,
including those sections laid under inland water
courses.

A pipeline subsea is a pipeline laid under maritime
waters and estuaries and the shore below the high
water mark.

NOTE. Certain aspects of both on land and subsea Parts of

BS 8010 are relevant to the shore area and should be consulted
for landfalls.

1.3.18 pipeline system

An interconnected system of pipelines including
piping within terminals and intermediate stations
as shown in figure 1.

1.3.19 pup
A short made-up piece of pipe.

1.3.20 redundancy

The incorporation of components in parallel in a
control system in which the system fails to operate
only if all its components fail to operate.

1.8.21 reliability

The probability of a device or system performing in
the manner desired for a specified period of time.
1.3.22 tie-in welds

Tie-in welds are welds carried out between two

sections of pipe already welded together and
installed in the ground. '

1.3.23 voting systems

Systems incorporating parallel components which
operate only if a predetermined proportion of the
components indicate that the system should
operate.

1.4 Units

The International System of Units (SI) (see

BS 5555) is followed in this Section. Exceptions are
pipeline diameters which are also given in inches
and the unit used for pressure which is the bar.
NOTE. 1 bar = 10° N/m® = 107 Pa.

1.5 Application

1.5.1 General application

The steel pipelines covered by this Section should
be constructed with butt welded joints and are
generally suitable for conveying oil, gas and toxic
fluids. The choice of steel, components, coating
and lining (if necessary) will depend on the service
conditions and the particular environment. The
major application of this Section will be the
transmission of substances for which low alloy
carbon steel pipe will meet the service conditions
required. Service conditions include maximum
operating pressure, maximum and minirnum
temperatures, extent of chemical and physical
reaction between the substance conveyed and the
pipe, and the flarnmability and/or toxicity of the
substance conveyed. Environmental factors are
described in BS 8010 : Part 1 : 1989.

Pipelines are unlikely to be required to operate
outside the temperature range — 25 °C to

+ 120 °C. In the event of pipelines being required
to operate outside this range reference should be
made to specifications such as ANSI B31.3 or
BS 806 where design stresses for pipe materials at
other temperatures are given.

1.5.2 Categorization of substances

Substances to be conveyed by pipelines should be
placed in one of four categories according to the
hazard potential of the substance. {See 2.2.)

The provisions of this Section apply to pipelines
conveying category B, category C and category D
substances (see 2.2).

1.6 Pipeline and plant area
demarcations

This Section applies to pipeline systems connecting
production plants, process plants, refineries, and
storage facilities, including any section of pipeline
constructed within the boundaries of such facilities
for the purpose of connecting it to a pumping
station or process piping.

This Section does not necessarily apply to other
piping systems within such facilities and for which
other British Standards are available.

Figure 1 illustrates the extent of pipeline systems
to which this Section applies.




gl 1111

Section 1

BS 8010 : Section 2.8 : 1992

—M

Wellheads

\
!

77N
vy ©

\,
\:l:,’

Flow line

Separation plant

7
..ﬂ_\\
_,_Ei}_—_——-

Gathering station

Bistribution

i Terminal with —_— ,’“L\\ /Sfornge
] storage and pump { bl b
i of compressor \ I ump oF compressor
i station N T / station
} —w— Distribution
.
|
Intermediate stafion Legend
——— Pipeline system covered by
= this code
Storage
l e .. ap ey
Process plant with J“\<"/// Piping and fuqluﬂes not
N g - covered by this code
storage and pump f/ \ Process plant
or compressor o i
station \ \\ /I / —4— Pigging facilities
s
r iat ion -
T Distribution X Intermediafe station - pump,
Lo compressor, valve, pressure
N AN control, heating or metering
’\ p - fny Storage station efc. covered by this
N I code
Pump or compressor —
station [7) Pump, compresser or gafhering
’/"é station covered by this code
Intermediate station
T = Distribution
Terminat with — t”‘\)__(’ﬁ\;_‘ Storage
storage soLo N
1 1. Extent of pipeline systems for conveying oil and gas which are covered by this Section

Figure




BS 8010 : Section 2.8 : 1992

Section 1

i —

1.7 Safety

Safety considerations affecting the design,
construction and installation of pipelines are
covered generally in BS 8010 : Part 1 : 1989 and
specific recommendations for the extra protective
measures which may be provided for pipelines are
given in appropriate clauses in this Section.

1.8 Environmental protection

Environmental factors to be considered in the
design, construction and installation of steel
pipelines are covered in BS 8010 : Part 1 : 1989.

1.9 Quality assurance

The safety and reliability of a pipeline system may
be iraproved by the introduction of quality
assurance procedures. These procedures should be
used in the application of the whole of this Section
including design, procurement, construction and
testing.

In this respect reference should be made to BSI
Handbook 22 Quality Assurance, BS 5750 and
section 7 of this document.

NOTE. Other recognized quality assurance codes may be
specified and in this case section 7 should be referred to.

1.10 Statutory requirements

BS 8010 : Part 1 : 1989 gives recommendations for
compliance with the requirements of all authorities
whose duties or interests may be affected by the
construction of a pipeline. Appendix A of

BS 8010 : Part 1 : 1989 lists the principal Acts of
Parliament regulating the construction of pipelines.

s

1.11 Documentation
BS 8010 : Part 1 : 1989 gives recommendations for
the types and scales of plans to be used in routing
surveys and construction of pipelines. In addition,
the following records should be maintained by the
promoter.
a) Materials specifications and test results.
b) Equipment manufacturers and suppliers.
¢) ‘As built’ route alignments generally of
1 : 2500 scale (in built-up areas 1 : 1250 scale
should be considered).
d) Detailed larger scale drawings of crossings and
installations, etc.
e) Land drainage drawings.
) Pressure test records.
g) Factory and construction inspection records.
h) Welding records showing the location of each
pipe and component giving pipe number, grade,
wall thickness, coating type, coating thickness
and weld number.
The use of computerized records systems should be
considered for these records.

1.12 Abandonment

BS 8010 : Part 1 : 1989 gives recommendations for
the steps to be taken on abandonment of a
pipeline.

1.13 Pipeline design flowchart

The pipeline design flowchart shown in table 1 may
be used by the pipeline designer as a guide through
the design process as it relates to this Section. The
flowchart does not attempt to show all the various
pathways required to arrive at the chosen design.
The numbers shown in the flow chart boxes refer
to the sections and clauses within this Section.




S (R

Section 1 BS 8010 : Section 2.8 1992
- _____________________ ______ "]

Table 1. Pipeline design flowchart

Route Quality Assurance ServiceConditions
Environmental considerations | Part1 Prepare QA plan 7 Categories of substances 2.2
Safety considerations 2.1,23 Pressure, temperature, flow
&24 and surge design conditions | 2.7
Select pipe diameter 2.8
Design Factor
Classification of location 24
Select design factor 2.5
Deslgn Criterla
Pressure: temperature design | 2.8
Stress eriteria 2.9 Internal corrosion 4.3
Expansion and flexibility 2.9
Materials
Selection of materials 3
Selection of wall thickness 2.8
Crossings Terminals and intermediate stations
Environmental considerations | Part1 Piping design 5.4
Crossings design 2.6 Pressure design of components 2.8
Review of design factor 2.6 Selection of valves and equipment 2.8
Review of design factor 5.4
Safety systems 5.8
Stress eriteria 2.9
Expansion and flexibility 2.9
Externsl corrosion 4.2 Testing and commissioning
Environmenta! considerations | Partl Environmental considerations | 8
Corrosion survey 4.2 Testplan 8
Cathodic protection 4.4 Commissioning plan 9
Chosen design
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Section 2. Design

2.1 Safety considerations

2.1.1 General

The recommendations of this Section are
considered to be adequate for public safety under
conditions usually encountered in pipelines
including those within towns, cities, water
catchments and industrial areas. The Section is not
intended to be a design handbook and although it
contains certain recommendations it does not
replace the need for appropriate experience and
competent engineering judgement. Fundamental
principles should be followed throughout and
materials and practices not recommended in the
Section may be used providing they can be shown
to achieve comparable safety standards.

The design and location of a pipeline should take
account of the hazard potential of the substance to
be conveyed, the proximity of the pipeline to
normally occupied buildings and the density of
popuiation in the areas through which the pipeline
passes. Potential causes of pipeline damage which
may lead to subsequent failure include the
activities of third parties carrying out agricultural
or construction works along the route of the
pipeline such as those associated with deep
working of the land, drainage, installation and
maintenance of underground services and general
road works.

Consideration should be given at the design stage
to any requirement to provide suitable and safe
zecess for in-service inspection.

The safety and reliability of a pipeline system may
be improved by the application of quality assurance
procedures in design. In this respect reference
should be made to section 7.

2.1.2 Extra protection
The design of a pipeline should take into account
the extra protection which may be required to
prevent damage arising from unusual conditions
such as may occur at river crossings and bridges, or
due to exceptional traffic loads, long self-supported
spans, vibration, weight of special attachments,
ground movement, abnormel corrosive conditions,
any other abnormal forces and in areas where the
depth of cover is iess than recommended.
Typical examples of extra protection are:

a) increased pipe wall thickness;

b} additional protection above the pipe;

¢) application of concrete or similar protective

coating to the pipe;

@) use of thicker coatings to improve corrosion

proteciion;

e) increased depth of cover;

) use of extra markers to indicate the presence

of the pipeline;

g) provision of a sleeve to protect from live loads;

h) provision of impact protection for

above-ground pipelines.

2.2 Categorization of substances

2.2,1 General

Substances to be conveyed by pipelines should be
placed in one of the following four categories
according to the hazard potential of the substance.
If the category is not clear the more hazardous
should be assumed.

Typically water based fluids.

Flammable and toxic substances
which are liquids at ambient
temperature and atmospheric
pressure conditions. Typical
examples would be cil, petrolenm
products, toxic liquids and other
liquids which could have an
adverse effect on the
environment if released.

Category A
Category B

Non-flammable substances which
are gases at ambient temperature
and atmospheric pressure
conditions. Typical examples
would be oxygen, nitrogen,
carbon dioxide, argon and air.

Flammable and toxic substances
which are gases at ambient
temperature and atmospheric
pressure conditions and are
conveyed as gases or liquids.
Typical examples would be
hydrogen, methane, ethane,
ethylene, propane, butane,
liquefied petroleum gas, natural
gas liquids, ammonia, and
chlorine.

Category C

Category D

Mixtures of gases and liguids should be placed in
relation to their composition. Other gases or liquids
not specifically included by name should be placed
in the category containing substances most closely
similar in hazard potential to those quoted

(see 2.2.2). Guidance on this may be found in
publications such as A guide to the Notification of
Installations Handling Hazardous Substances
Regulations 1982 [1], published by HSE and
Hazard definition: nomenclature for hazard and
risk assessment in the process industries [2]
published by the Institution of Chemical Engineers.
2.2.2 Hazard potential

2.2.2.1 General

In the unlikely event of 2 rupture of a pipeline
conveying a gas, the blast effect owing to stored
energy is an important factor in the hazard
potential of the substance. The rupture of a
pipeline conveying a liguid will have a much lower
blast effect owing to the relatively incompressible
nature of liquids. Gases conveyed as liquids will
have an intermediate effect. The characteristics of
some hazardous substances commonly conveyed in

10
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pipelines have been included in 2.2.2.2 to 2.2.2.4,
to assist the designer in determining the category
into which hazardous substances should be placed.

2.2.2.2 Substances conveyed as a liquid

Crude oil and refined petroleum products (heavier
than butane) are flammable and will be released as
a liquid which may infiltrate ground water and
migrate from the point of release along the ground
or in water courses. Toxic liquids will behave in a
similar manner. Crude oil and petroleum products
vadiate a high level of heat on ignition.

2.2.2.3 Substances conveyed as a gas

Nitrogen and carbon dioxide readily mix with air
but may form a heavier than air cloud on release
{due to temperaturc reduction) increasing the risk
of asphyxiation in the immediate vicinity. In
addition carbon dioxide has a degree of toxicity
{(uee the latest issue of HSE Guidance

Note EH40/82 Occupational exposure limits [3]).
Oxygen readily mixes with air, supports combustion
and will increase the flammability of combustible
raaterials in the immediate vicinity of a release,
Hydrogen is flammmable, lighter than zir and easily
ignited. When ignited it radiates heat and may
produce a vapour cloud explosion.

Methane is flammable, lighter than air, radiates
heat on ignition and can form a vapour cloud
vich may migrate from the point of rupture.
Ethane is flammable, slightly heavier than air,
radiates 2 high heat on ignition and can form a
vapour cloud at low level which may migrate from
{2 point of rupture.

7.%.2.4 Substances conveyed as liquid or gas or
in dense phase

Ethylene is flamumable, slightly lighter than air but
may form a heavier than air cloud on release due
o temperature reduction. Ethylene radiates a high
heat on ignition and can form a vapour cloud
which may migrate from the point of rupture.
Ethylene has the lowest critical pressure of
commonly transported gases, can decompose
exothermally and is capable of detonation.

Natural gas liguid (NGL) will on relezse behave in
relation to its constituents, ethane, propane and
butane etc., depending on its particular
composition. NGL is flammable, will radiate a high
heat on ignition and form & vapour cloud at ground
level which may migrate from the point of rupture.
Liquefied petroleum gas (LPG) is flammable and,
although conveyed in pipelines as liquid or gas, will
be released as a heavier than air gas (propane and
butanes) which can migrate some distance at
ground level. LPG will radiate 2 high level of heat
or: ignition. The behaviour of gases and associated
Tiguids in two phase flow pipelines will depend
upon their particular composition on release.
Ammonia is flammable and toxic, and will be
relcased as a heavier than air gas which can
migrate some distance at ground level. Ammonia
will radiate heat if ignited; the gas has a toxic
effect.

2.3 Safety evaluation

2.3.1 General

The pipeline designer should give consideration to
the preparation of a safety evaluation for pipelines
designed and constructed in accordance with this
Section. The evaluation should include the
following:
a) critical review of the pipeline route;
b) description of the technical design of the
pipeline system including potential hazards of the
substance to be conveyed and design and
construction aspects of the pipeline system;
¢) details of pressure control, monitoring and
communications systems, emergency shutdown
facilities and leak detection (where
incorporated);
d) proposals for pipeline monitoring and
inspection during operation together with
emergency procedures.

2.3.2 Risk analysis
Where a risk analysis is required as part of the
safety evaluation it should include the following:
a) the identification of ali potential failure
modes;
b) a statistically based assessment of failure mode
and frequency;
c) a detailed evaluation of the consequences of
failure from small holes up to full bore rupture
including reference to population density;

d) prevailing weather conditions;
e) time taken to initiate a pipeline shutdown.

The risk analysis should culminate in an evaluation
of risk along the pipeline.

2.4 Classification of location

2,4.1 General

The location of category C and category D
substance pipelines should be classified in relation
to population density along the route of the
pipeline to determine the operating stress levels
and proximity distances from normally occupied
buildings. The location of category B substance
pipelines need not be classified in relation to
population density but may require extra
protection or be subject (0 a safety evaluation.

Class 1 location Areas with a population
density less than 2.5 persons
per hectare.

Class 2 location  Areas with a population
density greater than or equal
to 2.5 persons per hectare and
which may be extensively
developed with residential
properties, schools and shops
ete.
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Central areas of towns and
cities with a high population
and building density,
multi-storey buildings, dense
traffic and numerous
underground services.

Class 3 location

The measurement of population density is
described in 2.4.8. Additional factors should be
considered when classifying pipeline location such
as future development, topographical features in
the area through which the pipeline passes and
watercourses crossed or adjacent to the pipeline
leading to areas of higher population density. In
these and other comparable cases a more stringent
classification of location may be considered where
the effects of a pipeline failure could be
experienced by population centres outside the
immediate vicinity of the pipeline.

2.4.2 Proximity to occupied buildings

9.4.2.1 The minimum distance between a pipeline
conveying category B substances and normally
occupied buildings should be determined by the
designer taking into account both access
requirements during construction and access
requirements for maintenance and emergency
services during operation.
2.4.2.2 At the pipeline feasibility study stage the
initial route and population density assessment for
pipelines conveying category C and category D
substances (excluding methane) should be
established by taking account of the proximity to
occupied buildings. The minimum distance (in
metres) for routing purposes between a pipeline
having a design factor (see 2.5) not exceeding 0.72
and normally occupied buildings should be
determined from the following formula:

Minimum distance

D2 D P

where
D is the pipe outside diameter (in mm);
P is the maximum operating pressure (in bar);
©Q is the substance factor (see table 2).

The proximity distances for pipelines conveying
category C substances at pressures less than 35 bar
should be the same as those for the substance
czleulated at 35 bar

Table 2. Substance factors

Substance Substance factor, @
Axmmonia 2.5

Ethylene 0.8

Hydrogen 0.45

LPG 1

NGL 1.25

Category C 0.3

M

Substances not specificaﬂy listed by name in
table 2 should be given the substance factor most
closely similar in hazard potential to those quoted.

For pipelines conveying category C substances and
having a design factor not exceeding 0.3, the initial
route may be established by allowing a minimum
distance of 3 m between the pipeline and normally
occupied buildings. For pipelines conveying
category D substances and having a design factor
not exceeding 0.3 and a wall thickness greater than
11.91 mm the initial route may be established by
allowing a minimum distance of 3 m between the
pipeline and normally occupied buildings.

The minimum distances should finally be
determined by taking into account factors including
the hazardous nature of the particular substance
being conveyed and the pipeline inventory in
conjunction with a safety evaluation of the pipeline
(see 2.3).

2.4.2.8 The minimum distance between a pipeline
conveying methane (a category D substance) and
normally occupied buildings should be determined
in accordance with figure 2.

2.4.2.4 Pipelines designed to operate outside the
range of maximum operating pressure and pipe
diameters shown in figure 2 may be acceptable
provided a more detailed assessment of potential
additional hazard is made in conjunction with a
safety evaluation (see 2.3).

2.4.3 Population density

2.4.3.1 For category C substance pipelines the
population density should be calculated as the total
of the average number of persons normally
occupying buildings within a strip centred on the
pipeline of width three times the minimum
distance given in 2.4.2.2 for any 1.5 km length of
pipeline.

2.4.3.2 For methane (a category D substance)
pipelines the population density should be
calculated as the total of the average number of
persons normally occupying buildings within a strip
centred on the pipeline of width 10 times the
minimum distance shown by lines A to G in

figure 2 for any 1.5 km length of pipeline.

2.4.8.3 For category D substance pipelines
(excluding methane) the population density should
be calculated as the total of the average number of
persons normally occupying buildings within a strip
centred on the pipeline of width eight times the
minimum distance given in 2.4,2.2 for any 1.5 km
length of pipeline.

2.4.3.4 The population density is expressed in
terms of number of persons per hectare.
Measurement of population density should be based
on a survey of normally occupied buildings
including houses, schools, hospitals, public halls,
and industrial areas. The population should be
estimated following consultation with local
authorities to assess the population level in the
area concerned.

12
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} Figare 2. Minimom distance from normally occupied buildings for methane (a category D

substance)

The point at which the required degree of
protection changes adjacent to the boundary
between class 1 and class 2 areas should be
one-half of the appropriate strip width from the
boundary of the higher density area.

QOccasionally the method of population density
assessment may lead to an anomaly in classification
of location such as may occur in z ribbon
development area or for pipelines conveying toxic
substances. In such cases consideration should be
given to 2 more stringent classification than would
be indicated by population density alone.

2.5 Selection of design factor

2.5.1 Design factor

The maximum design factor a to be used in the
caiculation of allowable stress for pipelines
{see 2.10.2) should be as described in 2.5.2
end 2.5.3.

2.5.2 Category B substances

The design factor ¢ should not exceed 0.72 in any
location. In areas of high population density
extensively developed with residential properties,
schools, shops, public buildings and industrial areas
consideration should be given to providing extra
protection to the pipeline as described in 2.1.2.

2.5.8 Category C and category D substances

The design factor a should not exceed 0.72 in
class 1 and 0.30 in class 2 and class 3 locations.
However the design factor may be raised to a
maximum of 0.72 in class 2 locations providing it
can be justified to a statutory authority by a risk
analysis carried out as part of a safety evaluation
for the pipeline (sec £.8.2).

Pipelines designed to convey category D substances
in class 2 loeations should have either 2 nominal
wall thickness of 9.52 mm or be provided with
impact protection in accordance with 2.6.8 to
reduce the likelihood of penetration frem
mechanical interference.

It is essential that pipelines designed to operate in
class 3 locations be limited to a maximum operating
pressure of 7 bar.

12
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2.6 General design considerations
2.6.1 Road crossings

2.6.1.1 General

The design of pipeline road crossings and parallel
encroachments to roads should take account of
daily and seasonal traffic density and risk of
external interference in the area. For category C
and category D substance pipelines, roads should
be classified as major roads or minor roads for
ailocation of design factor and wall thickness.
Major roads would normally include motorways and
trunk roads. Minor roads would normally include
all other public roads. Private roads or tracks
should only be classified as minor roads if there is
reason to believe that they may be used regularly
by heavy traffic. Assessments of traffic densities
should be carried out by consultation with the
Department of Transport and local highway
authorities concerned.

Road crossings should be installed by open-cut,
boring or tunnelling methods following consultation
with the relevant highway authorities. Particular
care should be exercised in the consideration of
ground conditions and temporary works design.
The minimum distance between the road surface
and the top of the pipe or sleeve should be 1.2 m.

2.6.1.2 Category B substances

For pipelines designed to convey category B
substances no revision to design factor or wall
thickness is required at road crossings.
Consideration should be given to the provision of
impact protection at open-cut crossings of major
roads.

2.6.1.3 Category C substances

For pipelines designed to convey category C
substances no revision to design factor or wall
thickness is required at road crossings. However,
impact protection should be provided at open cut
crossings of major roads.

2.5.1.4 Category D substances
For pipelines designed to convey category D
substances the design factor a should be 0.30 for
both major and minor road crossings. However, the
design factor may be raised to 2 maximum of 0.72
if this ezn be justified to a statutory authority by a
risk analysis carried out as part of a safety
evaluation for the pipeline (see 2.5.3).
Pipeline crossings of major roads should be carried
out using either:
2) pipe with a nominal wall thickness of
11.81 mm or greater without impact protection;
cr
b) pipe with a wall thickness appropriate to the
design factor and with impact protection in
accordance with 2.6.8.

For major roads the design factor, wall thickness or
impact protection requirements should extend for a
distance equal to the minimum distance shown in
figure 2 for methane or the final minimum distance
(see 2.4.2.2) for other category D substance
pipelines, measured at a right angle from the edge
of the carriageway.

Pipeline crossings of minor roads should be carried
out using either:

1) pipe with a nominal wall thickness of 9.52 mm
or greater without impact protection; or

2) pipe with a wall thickness appropriate to the
design factor and impact protection in
accordance with 2.6.8.

For minor roads the design factor, wall thickness or
impact protection requirements should extend
between highway boundaries on each side of the
crossing.

2.6.2 Rail crossings

Pipeline rail crossings should be designed and
classified in the same manner as described in 2.6.1
for road crossings. Major rail routes would normally
include inter city and high density commuter
routes. Minor rail routes would normally include all
others. The minimum distance between the top of
the pipe or sleeve and the top of the rail should be
1.4 m for open cut crossings and 1.8 m for bored or
tunnelled crossings. Assessment of traffic densities

" and crossing requirements should be carried out by

consultation with the appropriate railway authority.

2.6.3 River crossings

Pipelines crossing rivers and estuaries which
cannot be designed and constructed using normal
land pipeline methods should be classified as
submarine pipelines and designed and constructed
in accordance with BS 8010 : Part 3 : 1992,

2.6.4 Canal, ditch, dyke and other water
crossings

Pipelines crossing rivers and canals should be
designed in consultation with the water and
waterways authorities to determine the minimum
depth of cover and additional protection required.
In considering additional protection, account
should be taken of potential pipeline damage by
ship’s anchors, scour and tidal effects, flood
defences and any future works such as dredging,
deepening and widening of the river or canal.
(See 6,14.)

2.6.5 Pipe bridge crossings

The preferred design for pipeline crossings is for
buried installation of pipe. Where it is necessary to
utilize pipe bridges these should be designed in
aceordance with good structural engineering
practice and with a design factor in accordance
with 2.6.1 or 2.6.2 as appropriate. Pipe bridge
design should consider thermal and structural
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stresses, pipe carrier stresses and foundation
{oadings. Sufficient headroom should be provided
to avoid possible damage from the movement of
traffic or shipping beneath the pipe bridge.
Account should be taken of accessibility
requirements for maintenance and of restrictions
on access to the general public. Potential cathodic
protection interference between the pipeline and
bridge supporting structure should be considered.

2.5.6 Sleeved crossings

The preferred design for pipeline crossings is for
installation of pipe without the use of sleeves to
reduce the likeihood of corrosion and for ease of
maintenance. Where particular circumstances
indicate the need for a sleeved crossing, reference
sirould be made to section 7.2 of the Institution of
Gus Engineers IGE/TD/1 : 1984 and BS 7361 :
Tart 1@ 1991,

2.6.7 Parallel encroachments

Pipelines running parallel to major roads or major
rail routes should have design factors appropriate
to major road crossings if they encroach within the
minimum distance shown in figure 2 for methane
ot the final minimum distance (see 2.4.2.2) for
category C and other category D substance
pipelines.

2.6.8 Impact protection

At some crossings and in areas where the likelthood
of third party activity leading to interference with
2 pipe is increased, the use of impact protection
15 vecommended.

Impact protection may take the form of increased
cover, concrete surround, concrete slab over or
similar construction.

Unless otherwise recormmended in this standard
fmpact protection should extend between the
highway or railway boundary at each side of the
crossing.

2.6.9 Adverse ground conditions

Reference should be made to 2.8.4 of BS 8010 :
Part 1 : 1989.

Where pipelines are unavoidably located in such
areas, appropriate protective measures should be
taken to counter any potential harm to the
pipeline. These may include increased wall
thickness, ground stabilization, erosion prevention,
instaliation of anchors, provision of negative
buoyancy, ete. as well as the surveillance measures
advised in BS 8010 : Part 1.

2.5.10 Depth of cover

In agricultural land the depth of cover shouid be
2ot less than 800 mm. For the depih of cover in
other areas reference should be made to BS 8010 :
Part 1.

e

2.6.11 Location of cathodic protection stations

The selection of sites for cathodic protection
stations should take account of the distance from
the pipeline route, ground resistivity, ease of access
for maintenance, proximity to other buried metallic
services and railways, proximity to power supplies,
existing ground beds for other pipelines and
minimum interference with agricultural operations.
Cathodic protection systems should be designed in
accordance with BS 7361 : Part 1 : 1991,

2.6.12 Location of section isolating valves

2.6.12.1 Section isolating valves should be
installed at the beginning and end of the pipeline
and at a spacing along the pipeline appropriate to
the substance being conveyed to limit the extent of
2 possible leak. The spacing of section isolating
valves should reflect the conclusions of any safety
evaluation prepared for the pipeline and should
preferably be installed below ground. In the
locating of section isolating valves account should
be taken of topography, ease of access for operation
and maintenance, protection from vandalisi and
proximity to normally occupied buildings. Section
isolating valves should be installed at either side of
a major river or estuary crossing where the pipeline
could be damaged by ship’s anchors or scouring of
the river bed.

2.6.12.2 For pipelines designed to convey

category B substances, section isolating valves
should be installed at locations which would limit
drain down of pipeline contents at any low point to
not more than the volume contained in a 16 km
length of the pipeline.

2.6.12.3 For pipelines designed to convey
category C and category D substances, section
isolating valves should be installed at intervals of
about 16 km along the pipeline. This distance may
be increased if it can be justified to a statutory
authority as part of a safety evaluation of the
pipeline.
2.6.12.4 For pipelines designed to convey
eategory D and toxic Category B substances,
automatic or remotely controlled section isolating
valves should be installed unless non-installation
can be justified to a statutory authority as part of 2
safety evaluation for the pipeline. Consideration
should be given to similar installation on pipeclines
conveying category C and non-toxic category B
substances.
2.6.128 Use of internal inspection devices
Consideration should be given to the design of
pipclines to accoramodate internal inspection
devices (intelligent pigs).
Important factors to be considered include:

a) minimum radius of bends;

b) changes of internal diameter;

¢) length of and access to pig traps;

d) design of branch connections.
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2.6.14 Leak detection

Consideration should be given to the incorporation
of a leak detection system into the design of a
pipeline. The method chosen for leak detection
should be appropriate and effective for the
substance to be conveyed. Typical leak detection
methods include continuous mass balance of
pipeline contents, detection of pressure waves,
monitoring of rate of change of pressure and flow,
and dynamic modelling by computer. The leak
detection system should be part of the overall
pipeline management system which should
incorporate route inspection in accordance with
BS 8010 : Part 1 : 1989.

2.7 Design conditions

2.7.1 General

This clause covers the pressures, temperatures and
forces applicable to the design of pipeline systems.
Pipeline systems should be designed for the most
severe coincident conditions of pressure,
temperature and loading which may occur during
normal operation or testing.

2.7.2 Internal design pressure

The internal design pressure used in design
calculations should never be less than the
maximum operating pressure at that point. The
maximum operating pressure is the sum of the
static head pressure, the pressure required to
overcome friction losses and any required back
pressure. The internal design pressure used in
design calculations may be modified by taking into
account the difference in pressure between the
inside and outside of any pipeline component.
Allowances for pressure rises above maximum
operating pressure due to surges are described

'in 2.8.2.4 and 2.8.2.5. (See figure 3 for a review of
pressure definitions.)

Where pipelines are connected to wells,
consideration should be given to well kill pressure
in the assessment of maximum operating pressure.

2.7.3 Maximum allowable operating pressure
(MAOP)

The MAOP is related to the test pressure
established by carrying out a hydrostatic or
preumatic test on the pipeline in accordance with
section 8. It Is essential that the MAOP does not
exceed the internal design pressure.

2.7.4 Temperature considerations

2.7.4.1 Design temperature

‘The design temperature should be established by
iconsidering temperature variations resulting from
Ipressure changes and extreme ambient
temperatures, but should not include post rupture
conditions or emergency blow-down conditions.

INOTE. Consideration should be given to possible fault
‘conditions which may give rise to low temperature.

—————————

2.7.4.2 Solar gain

Where piping is exposed to the sun, consideration
should be given to the metal temperature rise
resulting from solar gain.

2.7.4.3 Fluid expansion effects

Provision should be made to withstand or relieve
increased pressure caused by heating of static fluid
in a pipeline system or component.

2.7.4.4 Cooling effects

The cooling of vapour or gas may reduce pressure
in a pipeline system to vacuum and account should
be taken of this in pressure design.

2.7.4.5 Pneumatic lesting

Consideration should be given to minimum test
temperatures when pneumatic testing is applied
(see 3.8.2 and 8.4.2).

2.7.5 Dynamic effects

2.7.5.1 Shock effects

Effects caused by sudden changes in external or
internal pressure shall be considered in the pipeline
system design.

2.7.5.2 Wind

The effects of wind loading should be taken into
account in the design of exposed pipeline systems.
2.7.5.83 Discharge reactions

The pipeline system should be designed to
withstand reaction forces and temperature changes
which may occur during discharges or pressure
release.

2.7.5.4 Vibration

The pipeline system should be designed to minimize
stresses induced by vibration and resonance.
2.7.5.5 Earthquake

Consideration in the design should be given to
pipelines located in regions of known earthquake
activity.

2.7.5.6 Subsidence

Consideration in the design should be given to
pipelines located in mining areas, made up ground

or other areas where subsidence is known to occur
or likely.

2.7.6 Weight effects

2.7.6.1 General

The weight effects described in 2.7.6.2 and 2.7.6.3
combined with loads and forces from other causes
should be taken into account in the design of
pipeline systems.

2.7.6.2 Live loads

Live loads are varying loads such as weight of the
substance being conveyed, the weight of test
liquid, the weight of snow and ice and traffic
loads.

18
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* The MAOP may vary between these limits dependent upon the test pressure.

2.7.6.3 Dead loads

Dead loads are constant loads such as the weight of
the pipe, components, coating, backfill and
unsupported attachments to the pipeline system.

2.7.7 Thermal expansion and contraction loads

Provision should be made for the effects of thermal
expansion or contraction in the design of pipeline
systemns. Account should be taken of stresses
induced as a result of restriction of free thermal
movement owing to restraints.

2.7.8 Pressure expansion

The effects of longitudinal expansion due to
internal pressure should be taken into account in
the design of pipeline systems.

2.7.9 Relative movement of connected
coxnponents

The effects of relative movement of connected
components or buried piping should be taken into
account in the design of pipeline systems and pipe
SUppOrts.

2.8 Design criteria

2.8.1 General

This clause covers the ratings, design allowances,
minimum design values and variations permissible
in the design of pipeline systems.

2.8.2 Pressure : temperature ratings

2.8.2.1 Components having specific ratings

The pressure ratings for components should
conform to those standards listed in section 3.
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2.8.2.2 Components noi having specific ratings
Piping components not having specific ratings may
be used if the pressure design is based on sound
engineering analysis supported by proof tests,
experimental stress analysis or engineering
calculations as appropriate.

2.8.2.3 Normal operating conditions

‘For normal operation the maximum operating
pressure should not exceed the internal design
pressure and pressure ratings for the components
used.

12.8.2.4 Allowance for variations from normal
Qoperation

Surge pressures in liquid pipelines may be produced
‘ ;By sudden changes in flow which occur for
example following valve closure, pump shutdown,
pump start-up or blockage of the moving stream.
Surge pressure calculations should be carried out to
assess the maximum positive and negative surge
pressures in the piping system. Account should be
taken of surge pressures produced within the
pipeline affecting piping systems outside the scope
of this standard such as upstream of pumping
1stations or downstream of pipeline terminals.

2.8.2.5 Quer-pressure protection

‘Adequate controls and protective equipment should
be provided to cnsure that the sum of the surge
pressure, other variations from noxmal operations
and the maximum operating pressure does not
exceed the internal design pressure at any point in
the pipeline system and equipment by more than
10 %. (See 5.8.2.)

2.8.2.6 Consideration for different pressure
conditions

When two pipeline systems operating at different
pressure conditions are connected the valves or
components separating the two pipeline systems
should be designed for the more severe design
conditions.

2.8.3 Pressure design of pipeline and pipeline
comporents

2.8.8.1 Siraight pipe under internal pressure
The nominal thickness of steel pipe minus the
specified manufacturing tolerance on wall
thickness, should not be less than the design
thickness, ¢, used in the calculation of hoop stress
in 2.8.2. A nominal pipe wall thickness should be
selected to give adequate performance in
¢onstruetion handling and welding. For treatment
é‘)f corrosion allowance see 2.11.

2.8.3.2 Straight pipe under external pressure

The pipe wall thickness should be adequate to
prevent collapse under conditions during
construction or operation when the external
;l?ressure exceeds the internal pressure taking into
account pipe mechanical properties, bending
stresses, dimensional tolerance and external loads.

e

2.8.3.3 Flanges

Flanges should be designed and manufactured in
accordance with BS 1560 : 1989, BS 3293 : 1960,
ANSI B16.5 : 1988 or MSS SP-44 : 1991, as
appropriate for the pressure and temperature
ratings. Flanges exceeding or departing from
standard dimensions may be used provided they are
designed with reference to BS 5500 : 1991 or
ASME Boiler and Pressure Vessel Code,

Section VIII, Division 1, appendix II : 1989 [4].
2.8.3.4 Fittings

Fittings should be designed and manufactured in
accordance with BS 1640 : 1962, BS 1965 : 1963,
BS 3799 : 1974, ANSI B 16.9 : 1986 or MSS SP-75 :
1988 as appropriate and should have pressure and
temperature ratings based on stresses for pipe of
the same or equivalent material.

2.8.3.5 Non-metallic components and gaskets
Non-metallic trim, packing, seals and gaskets
should be manufactured in materials compatible
with the substance being conveyed in the pipeline
system and should be capable of withstanding the
design pressures and temperatures.

Gaskets should be designed in accordance with

BS 1832 : 1991, BS 2815 : 1973, BS 3381 : 1989 or
ANSI B 16.20 : 1973, as appropriate. Special
gaskets may be used providing they are suitable for
the pressures, temperatures and substances to
which they may be subjected.

2.8.3.6 Bolting

Bolting should be designed and manufactured in
accordance with BS 4882 : 1990 or ANSI B 16.5 :
1988. Bolts or studbolts should extend completely
through the nuts.

2.8.3.7 Valves

Steel valves should be designed in accordance with
recognized industry standards such as those listed
in section 3. Valves having pressure-containing
components such as body, bonnet, cover, end
flange or gate manufactured in cast iron or ductile
iron should not be used in pipeline systems covered
by this Section.

Special steel and non-ferrous valves may be used
providing their design, including material strength,
structural features, tightness and test procedures,
is in accordance with the standards listed in
section 3.

Consideration should be given to the installation of
valves to 2 fire safe design in safety critical areas.

2.8.3.8 Branch cornections

The design and fabrication of welded branch
connections and reinforcement, where appropriate,
should be in accordance with ANSI B31.3 : 1987 or
ANSI B31.8 : 1989. Where welded or forged branch
connections are installed in pipelines designed for
pigging, special branch connections should be used
to ensure that the pig is not damaged whilst
passing the connection, allowed to enter the
branch or become stuck.
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2.8.2.9 Bends

Changes in direction may be made by bending pipe
or installing factory-made bends or elbows. All
bends should be free from buckling, cracks or other
avidence of mechanical damage. The nominal
internal diameter of a bend should not be reduced
by ovality by more than 2.5 % at any point around
the bend. Sufficient tangent lengths should be left
at each end of bends to ensure good alignment.
Pipes bent cold should not contain a butt weld
within the bent section.

(he wall thickness of finished bends, taking into
necount wall thinning at the outer radivs, should
ve not less than the design thickness, ¢, shown

in 2.8.2.1. An indication of wall thinning as a
mercentage may be given by the following empirical
formula:

wall thinning = %

syhere
7 is the inner bends radius divided by pipe
diameter.
This formula does not take into account other
factors which depend on the bending process and
reference should be made to the bend
snanufacturer where wall thinning is critical.
< -ference should be made to 3.5.2 for materials
aspects of bending and to 6.6 for field bending
during construction.
Mitred, wrinkle or gussetted bends should not be
:ed in pipeline systems covered by this Section.
Aceount should be taken of the use of cleaning,
scraper and internal inspection devices when
specifying the radius of bends intended for
installation in pipelines.
Factory-made bends and factory-made wrought
steel elbows may be used provided they comply
with 2.8,3.6 and this clause.

2.8.3.10 Closures

Closure fittings, inciudiig those designed for
repeated opening and closing, except blind flanges,
should be designed in accordance with BS 5500 :
1861 or ASME Boiler and Pressure Vessel Code,
Section VIiI, Division 1 : 1989 [4] and 2.8.3.6 for
polting.

“nd closures for components including pig traps,
flters and prover loops should incorporate an
.nterlocked vent to prevent the closure being
opened before the release of pressure from the
component. The design should ensure that the
inges and locking mechanisim are sufficiently
cobust to withstand repcated use.

Tat, ellipsoldzl, spherical and conical closure heads
snould be designed in accordance with BS 5500 :
1991 or ASME Boiler and Pressure Vessel Code,
Zection VI, Division 1 : 1989 [4].

2.8.3.11 Threaded joints

All pipe threads on piping components should be
taper pipe threads in accordance with BS 3799 :
1974 or ANSI B16.11 : 1880. The installation of
threaded joints (including compression fittings)
should be discouraged on buried piping systems.

2.8.3.12 Special joinis

Special joints, such as insulation joints, may be
used provided they are designed in accordance
with good engineering practice and applicable
requirements of this section. The design of special
joints should take account of vibration, fatigue,
cyclic conditions, low temperature, thermal
expansion and construction installation stresses.
Before installation into the pipeline, the joint
should pass a hydrostatic pressure test without end
restraint at a pressure equal to the pipeline test
pressure.

Z.8.4 Pig traps

Pig traps should be designed according to the
provisions of this Section. However, reference may
be made to BS 5500 for fabrication, and for design
of details such as nozzle reinforcement, saddle
supperts and other items not classed as standard
pipeline sections. Welding and inspection
requirements should be supplemented by BS 45615 :
1984, Pig traps should be tested at pressures not
less than those reguired {or the associated pipeline.

2.8.5 Siug catchers

2.8.5.1 General

Stug catchers should be installed upstream of
stations, terminals and other plant to remove slugs
of liquid from multi-phase flow pipelines. The
design pressure should be equal to the internal
design pressure of the pipeline system (sce 2.7.2).
Consideration shouid be given to thermal relief,
pipeline and process-related relief requirements
and measurcs to reduce fire exposure. The design
should take account of static loading, transients
during slug arrival, anchor and support
requirements and the provision of sample poinis to
evainate the build up of solids. When carrying out
flexibiiity and stress analysis calculations account
should be {2ken of momentum and dynamic
effects.

Z.8.5.2 Vessel-type slug caichers

The design of vessel-type slug catchers should be in
accordance with BS 5500 : 1291 or ASME Boiler
and Pressure Vessel Code, Section VI, Division 1 :
1989 (4],

2.8.5.3 Multipipe-type slug caichers

For buried multipipe-type siug catchers the
pressurc design should be in accordance with this
Section with an appropriate design factor. For
above-ground multipipe-type slug catchers the
pressure design should be in accordance with
ANSI B31.3 1 1987,
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iIn both cases reference should be made to
BS 5500 : 1991 or ASME Boiler and Pressure Vessel
Code Section VIII, Division 1 : 1989 [4] for nozzle
reinforcement and saddle support design and for
construction quality requirements,
2.8.6 Anchor blocks
Design of anchor blocks to prevent axial movement
of a pipeline should take into account the pipeline
expansion force and any pipe to soil friction
preventing movement. The axial compressive force
required to restrain a pipeline should be calculated
as follows.
Thin wall
F = A(Ea (T2 - Tl) + 0.5 Sh - vSh)

Thick wall
- Sh _P

F = A(EG(TZ - Tl) -+ m V(Sh 10)

where

F  is the axial force (in N);

A is the cross sectional area of the pipe wall
(in mm?);

E s the modulus of elasticity (in N/mm?)
(2.0 x 10° at ambient temperature for
carbon steel);

a is the linear coefficient of thermal
expansion (per °C) (11.7 x 10~8 per °C up
to 120 °C for carbon steel};

T, s the installation temperature (in °C);

Ty  is the maximum or minimum metal
temperature (in °C);

Sy, is the hoop stress calculated in 2.9.2, but

using the nominal pipe wall thickness
(in N/mmZ);

i is the ratio of outside diameter to inside
diameter, D/D; (see 2.9.2);

v is the Poissons ratio (0.30 for steel);

P is the internal design pressure (in bar).
. NOTE. Additional forces may need to be considered.

2.9 Pressure, thermal and other stress
criteria

2.9.1 Generzal

This clause covers the calculation of hoop stress
(2.9.2) and the calculation of expansion and
flexibility stresses (2.8.3). The allowable hoop
stress is given in 2.10.1 angd the allowable stress for
expansion and f{lexibility design (equivalent stress)
is given in 2.30.2,

2.9.2 oop stress

The hoop stress (S,) developed in the pipe wall at
the internal design pressure should not exceed the
allowable hoop stress {S,p) given in 2.10.1. The
hoop stress should be calculated by using either the
thin wall or thick wall design equations.

Thin wall
pD

Sh=2_0z

Thick wall
The thick wall formula may be used when the
D/t ratio is < 20. This gives the maximum hoop

stress encountered at the inside face of the pipe
wall.

S = p(D? + DP)
"7 1022 - DY)
where
Sp  is the hoop stress (in N/mm?);

p  is the internal design pressure (in bar)
(see 2.7.2);

D is the outside diameter (in mm);
4 is the design thickness (in mm);
D; s the inside diameter (D - 2} (in mm).

The thick wall design equation gives a more
accurate calculation of hoop stress and always gives
the smallest value of maximum stress. When the
D/t ratio is greater than 20, the difference between
the stresses caleulated from the two formulae is
less than 5 %.

2.9.3 Expansion and flexibility
2.9.3.1 General

2.9.3.1.1 Pipelines and piping should be designed
with sufficient flexibility to prevent expansion or
contraction causing excessive forces or siresses in
pipe material, joints, equipment, anchors or
supports.

Expansion calculations should be carried out on
buried and above-ground pipelines where flexibility
is in doubt and where significant termnperature
changes are ¢xpected such as occur in heated oil or
refrigerated pipelines. Thermal expansion or
contraction of buried pipelines may cause
movement at termination points, changes in
direction or changes in size. The necessary
flexibility should be provided if such movements
are unrestrained, by anchors. Account should be
taken of buckling forces which may be imposed on
pipelines laid in active mining areas.

The effect of restraints, such as support fricticn,
branch conmections and lateral interferences should
be considered.

Calculations should fzke into account stress
intensification factors found to be present in
components other than plain straight pipe. Account
may be taken of any extra flexibility of such
components. In the zbsence of more directly
applicable data, the flexibility factors and stress
intensification factors shown in BS 806 may be
used.
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Above ground pipelines and piping may be
restrained by anchors so that the longitudinal
movement owing to thermal and pressure changes
is absorbed by direct axial compression or tension
of the pipe. In such cases expansion calculations
should be carried out taking into account all the
forces acting on the pipeline. Consideration should
be given to elastic instability due to longitudinal
compressive forces.

Where movement is unrestrained, flexibility should
b= provided by means of loops, offsets or special
fittings.

2.9.3.1.2 The total operating temperature range
should be the difference between the maximum
and minimum metal temperatures for the operating
ycle under consideration and should be used in
caleulating stresses in loops, bends and offsets.

e temperature range used in the calculation of
reactions on anchors and equipment should be the
difference between the maximum or minimum
snatal temperatures and the installation
remperature, whichever gives the greater reaction.

2.9.3.1.3 Where there is a likelihood of repeated
stress changes (including thermal stress) giving rise
to fatigne conditions, reference should be made to
ANSI B31.3 ; 1987 or IGE/TD/1 : 1984 for the
assessment of stress range reduction factors.

2.9.5.1.4 Nominal pipe wall thickness (including
any corrosion allowance) and nominal outside
diameter should be used for expansion and
»"2xibility calculations,

2.9.3.2 Longitudinal stress

The total longitudinal stress should be the sum of
the longitudinal stress arising from pressure,
bending, temperature, weight, other sustained
loadings and occasional loadings (see 2.7).

A pipeline should be considered totally restrained
when axial movement and bending resulting from
temperature or pressure change is totally
prevented.

For totally restrained sections of 2 pipeline, the
longitudinal tensile stress resulting from the
combined effects of temperature and pressure
change alone should be calculated as follows.

Thin wall
Spp = v8y — Ea(Te - T4)

Thick wall

Sui = v (Sk - 1) - Ba (Ty - TY)

where

Sy is the longitudinal tensile stress {in N/mm?);
v is the Poissons ratio (0.30 for steel);
»  is the internal design pressure (in bar};

Sy is the hoop stress caleulated in 2.9.2, but
using the nominal pipe wall thickness
(in N/mm?2);

E s the modulus of elasticity (in N/mm?2)
(2.0 x 10% at ambient temperature for
carbon steel);

a  is the linear coefficient of thermal
expansion (per °C) (11.7 x 10° per °C, up
to 120 °C for carbon steel);

Ty  is the installation temperature (in °C);

T> is the maximum or minimum retal
temperature (in °C).

For unrestrained sections of a pipeline, the
longitudinal tensile stress resulting from the
combined effects of temperature and pressure
change alone should be calculated as follows.

Thin wall

Usek =1
Thick wall
_ bn 1000 Myi
Sz = Z
where

Sie s the longitudinal tensile stress (in N/mm?);

My, is the bending moment applied to the
pipeline (N-m);

) is the stress intensification factor (see
BS 806);

k  is the ratio D/D; (see 2.9.2);

Z  is the pipe section modulus (in yun3).

2.9.3.3 Shear stress

The shear stress should be calculated from the
torque and shear force applied to the pipeline as
follows:
1000 T . 28

27 A

where

7 is the shear stress (in N/mm?);
T  is the torque appiied to the pipeline

(in N-m);

Sr  is the shear force applied to the pipeline
{in NJ;

A s the cross sectional area of the pipe wall
(in mm?2);

Z  is the pipe section modulus (in mm3).
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2.9.3.4 Equivalent stress

The equivalent stress (S,) should not exceed the
allowable equivalent stress (Sze) given in 2.10.2.
The equivalent stress should be calculated using
the von Mises equivalent stress criteria as follows:

Se = (Sp? + SL2 - SpSy, + 313)%
where

Sp is the hoop stress calculated in 2.9.2, but
using the nominal pipe wall thickness
(in N/mm?);

8. is the total longitudinal stress (as defined
in 2.9.3.2) (in N/mm2);

7 is the shear stress (in N/mm?).

NOTE. The von Mises equivalent stress has been derived
from the full equation by assuming that the third principal
stress is negligible.

2.10 Limits of calculated stress

2.10.1 Allowable hoop stress

The allowable hoop stress (S,;) should be
calculated as follows;

Sa.h = CLQSy
where

San s the allowable hoop stress (in N/mm2);
@ is the design factor (see 2.5);
e is the weld joint factor (see below);

Sy is the specified minimum yield strength of
pipe (in N/mm?2), (see table 3).

1 Table 3. Pipe specified minimum yield strength
(Sy)

Pipe specification | Type of grade of | Specified minimum
! pipe yield strength
N/mm?
API 5L : 1991 B 241
X42 289
X46 317
X52 358
X566 386
X60 413
X65 448
X70 482

The weld joint factor e should be 1.0 for pipe
zonforming to API 5L when suppilied as seamless,
ongitudinally welded or spirally welded pipe. I

:he pipe histery is unknown, the weld joint factor e
should not exceed 0.60 for pipe of 4.5 in (114 mm)
utside diameter or smaller, or 0.80 for pipe larger
han 4.5 in (114 mm) outside diameter.

2.10.2 Allowable equivalent stress

The allowable equivalent stress (S,.) should be
calculated as follows:

Sae = 0.9 8
where

Sae s the allowable equivalent stress
(in N/mm?);

Sy  is the specified minimum yield strength of
the pipe (in N/mmZ), (see table 3).

2.11 Corrosion allowance

A corrosion allowance on design thickness need not
be included providing the substance to be conveyed
is non-corrosive or meastres are taken to prevent
corrosion. Where internal corrosion, external
corrosion or erosion is expected, a corrosion
allowance may be made following an appropriate
study, taking into account the type of corrosion
expected and the required life of the pipeline. No
external corrosion allowance is required if both an
anti-corrosion coating system and a cathodic
protection system are installed. Where a corrosion
allowance is applied it should be added to the
value of the design thickness (see 2.8.3.1).

2.12 Fatigue life

Consideration should be given to the fatigue life of
pipelines to ensure that minor defects do not grow
to a critical size under the influence of cyclic
pressure. The maximum daily variation in hoop
stress should not exceed 125 N/mm? to ensure a
life of 15000 stress cycles (equivalent to one stress
cycle per day for 40 years). Reference should be
made to ANSI B31.3 : 1987 or IGE/TD/1 : 1984.

The maximum number of stress cycles expected for
a pipeline should be evaluated by multiplying the
number of daily cycles occurring within a given
stress range by C in table 4. More complex daily
stress cycles should be evaluated by multiplying the
number of individual stress cycles, within the daily
cycle, by C in table 4. The sum of factored and
unfactored cycles should not exceed 15000.

Table 4. Factors for hoop stress variations

Stress range Stress range Value of constant C
N/rmum? Ibf/in?
0to 35 0 to 5000 0.0
35to 70 1000 to 10000 | 0.2
70 to 105 10000 to 15000 | 0.6
105 to 1256 15000 to 18000 | 1.0
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2.13 Thermal insulation

Where pipelines are designed to convey substances
which are either heated or refrigerated, thermal
insulation may be required in addition to an
anti-corrosion coating. Account should be taken of
the differences between installation and operating
temperatures in relation to axial stresses (see 2.9.3)
and movement. Thermal insulation systems should
be designed to retain the substance being conveyed
within its process design limits at the lowest design
flow rates. Reference should be made to CP 3009 :
1670 and BS 4508 for the design of thermally
insulated underground pipelines,

Thermal insulation may be built up from layers of
different materials selected according to the
temperature gradient through the system.
Differences in coefficient of thermal expansion of
the various materials and the pipe should be
considered. Vapour barriers should be installed to
prevent the migration of moisture within the
insulation and subsequent damage to the pipeline
material.

Careful consideration should be given to the
rmaximum design operating temperature for
anti-corrosion coatings. Since the risk of external
corrosion at elevated temperatures is higher than at
ambient temperatures and since above ground
coating damage inspection technigues are
ineffective, the pipeline system should be designed
to accommodate internal inspection devices
(intelligent pigs).

wonsideration should be given to the depth of cover
wf heated or refrigerated pipelines in agricultural
land in respect of thermal effects on crop growth.
Tor refrigerated pipelines the possibility of frost
heave should be considered.

2.14 Sui)ports and anchors

The forces and moments transmitted to connected
equipment such as valves, strainers, tanks,
pressure vessels and pumping machinery should be
kept within safe limits.

Supports should be designed to support the pipe
without causing excessive local stresses in the pipe.
Friction forces at the supports should be considered
in evaluating the flexibility of the system. Braces
and damping devices may be required to prevent
vibration of piping.

Attachments to the pipeline should be designed to
keep within safe limits the additional stresses in
the pipe wall caused by the attachment.
Non-integral attachments such as pipe clamps are
preferred where they will perform the supporting
or anchoring functions.

Where a piping system or pipeline is designed to
operate at, or close to, its allowable stress, all
connections welded to the pipe should be made to
an anchor flange incorporated in the pipeline with
full penetration butt welds or to a separate
cylindrical member which completely encircles the
pipe. The encircling member should be welded by
continuous circumferential welds.
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Section 3. Materials

3.1 General requirements, materials and dimensional standards

Pipeline materials and components should conform to the specifications listed in table 5 or should meet
the recommendations of this Section for materials not listed.

Table 5. Standards for materials

Subject

Number

1

Pipe

Specification for line pipe

Steel pipes and tubes for pressure purposes: carbon steel with specified room
temperature properties

Specification for steel pipes and tubes for pressure purposes: carbon and
carbon manganese steel with specified elevated temperature properties

Specification for steel pipes and tubes for pressure purposes: carbon and alloy
steel with specified low temperature properties

Flanges, fittings and gaskets

Steel pipe flanges and flanged fittings

Factory-made wrought steel butt-welded fittings

Ring joint gaskets and grooves for steel pipe flanges

Steel pipe flanges and flanged fittings for the petroleum industry
Steel butt-welded pipe fittings for the petroleum industry

Oil resistant compressed asbestos fibre jointing

Butt-welded pipe fittings for pressure purposes

Compressed asbestos fibre jointing

Carbon steel pipe flanges (over 24 in) for the petroleum industry
Metallic spiral wound gaskets for use with flanges to BS 1560
Steel pipe fittings, screwed and socket welded, for the petroleum industry
Steel pipeline flanges

Specification for high test wrought welded fittings

Bolting

Bolting for flanges and pressure containing purposes

Valves

Pipeline valves

Steel venturi gate valves, flanged and butt-welded end

Steel plug valves

Steel gate valves, flanged or butt welded ends

Small carbon steel gate valves, compact design

Stee! wedge gate valves (flanged and butt welded ends) for the petroleum,
petrochemical and allied industries

Steel check valves (flanged and butt-welded ends) for the petroleum,
petrochemical and allied industries

Steel globe and globe stop and check valves (flanged and butt welded ends)
for the petroleum, petrochemical and allied industries

Steel ball valves for the petroleum, petrochermical and allied industries

Specification for steel wedge gate, globe and check valves 50 mm and smaller
for the petroleum, petrochemicsal and allied industries

Specification for plug valves
Safety valves

API BL : 1991
BS 3601 : 1987

BS 3602 : Part 1 :
1987 and Part 2 ;
1991

BS 3603 : 1991

ANSI B16.5 : 1988
ANSI B16.9 : 1986
ANSI B16.20 : 1973
BS 1560
BS 1640
B8 1832 :
BS 1965 :
BS 2815 :
BS 3203 :
BS 3381 : 1989
BS 3799 : 1974
MSS SP-44 : 1991
MSS SP-75 : 1988

1991
1963
1973
1960

BS 4882 : 1990

API 6D : 1991
API 597 : 1991
API 599 : 1988
API 600 : 1991
APT 602 : 1985

BS 1414 : 1975
BS 1868 : 1975
BS 1873 : 1975

BS 5351 :
BS 5352 :

1986
1981

BS 5353 :

BS 6759 :
1984

1989
Part 3 :

1
K>S
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r'mble 5. Standards for materials (concluded)

Subject

Number

5 Structural materials and pressure vessels

pressure purposes

Specification for weldable structural steels

specifications-ferrous
Unfired fusion welded pressure vessels

Steels for fired and unfired pressure vessels. Plates
Steels for use in chemical, petroleum and allied industries

Steels for fired and unfired pressure vessels. Sections and bars
Specification for steel forgings (including semi-finished forged products) for

Specification for steel castings for pressure purposes

ASME boiler and pressure vessel code section II : Part A : Materials None

BS 1501

BS 1501 to BS 1504,
BS 1506

BS 1502 : 1982
BS 1503 : 1989

BS 1504 : 1976
BS 4360 : 1990

BS 5500 : 1991

| range — 25 °C to 120 °C.
L—=

! NOTE. In any of the standards listed where the pressure rating is specified at 38 °C it is acceptable to use the component in the

2.2 Limitations on materials

Materials should be selected to ensure suitability
for service under the intended operating
conditions. Consideration should be given to the
significance of temperature on the performance of
materials. Those materials exposed to low
temperatures should have adequate fracture
‘sughness at the design temperature. Where the
substance to be transported requires that special
materials should be used, selection should be based
on the particular requirements and relevant
L=cognised specifications and recommendations,
c.g. BS 3605, ASTM A790 M and NACE MR-01-75.

Cast iron should not be used for
pressure-coniaining components.

Limitations on gasket materials are given
in 2.8.3.5.

Limitations on bolting materizals are given
in 2.8.3.6 and BS 4882 : 1990.

3.5 Pipe
5.8.1 Specification

Linepipe should be supplied as seamless,
longitudinally welded or spirally welded pipe.
Butt-welded pipe should not be supplied. (Refer to
API 5L}

Consideration should be given to the compietion of
2 manufaciuring procedure qualification test on
linepipe to be specially manufactured for a specific
pipeline. This should be carried out before
significant quantities of linepipe are produced to
ensure compliance with the chemical and
mechanical properties in the specification.

3.3.2 Fracture toughness

To ensure resistance against brittle or ductile
running fracture, linepipe should be impact tested
if required in accordance with ANSI B31.3 :
1987/EEMUA 153/89 : 1987 or IGE/TD/1 : 1984.
Where pipelines are required to be pneumatically
tested, reference should be made to appendix D of
BS 5500 : 1991 with regard to minimum ambient
temperature for carrying out the pneumatic test.
The value of fin appendix D should be interpreted
as defined by appendix K of BS 5500 : 1991.

3.3.3 Hardness

Hardness testing requirements should be agreed
between the purchasers and the manufacturer.
3.3.4 Post weld heat treatment

The seam weld of electrically welded line pipe
should be heat treated to ensure compliance with
the mechanical and fracture toughness
requirements in the specification.

3.8.5 Weldability

Consideration should be given to the completion of
a weldability trial on pipe selected during line pipe
production for each size and supplier of pipe.
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3.4 Pipe without full certification

Pipe without full certification may not be used
unless each pipe has been subjected to testing in
accordance with all appropriate sections of the
relevant material standards for pipe in table 5 to
establish chemical and mechanical properties,
dimensions, non-destructive testing properties and
visual aceeptability. The pipe should also comply
with the additional recommended requirements
in 3.3 and should be hydrostatically pre-tested in
accordance with the relevant materials standard
before installation.

3.5 Pipe fittings, components and bends

3.5.1 Pipe fittings and components

Fittings and components should be subject to
similar testing to linepipe in respect of fracture
toughness, hardness and weldability.

3.5.2 Pipe bends

Pipe intended for manufacture into bends should
be selected to take account of changes in
mechanical properties and wall thickness after
bending. Advantage may be taken of pipe delivered
with certified mechanical properties better than
the specified minimum values and measured wall
thickness greater than the design thickness.

Traditional methods of bend manufacture by the
hot-forming process (furnace bends) may differ in
their effect upon the pipe mechanical properties
when compared with more modern methods (e.g.
induction bends). Unless the method is well
established with a continuous history of successful
manufacture in the range of bend materials and
dimensions concerned, the process should be
subjected to a manufacturing procedure
qualification test. The level of testing and
acceptance criteria should be similar to that
required in the manufacturing procedure
qualification test for the parent pipe (see 3.3).

Particular care should be taken with methods
which involve quenching as part of the process.

3.6 Quality assurance

For quality assurance aspects of materials refer to
section 7.

26
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Seciion 4. Corrosion protection

4.1 General

Buried pipes may be affected by external corrosion
arising from the formation of corrosion cells in the
surrounding ground or from stray electrical earth
currents and should be protected by a combination
of anti-corrosion coatings and cathodic protection.
Above-ground pipes should be protected from
atmospheric corrosion by a suitable coating or paint
system. Internal corrosion may be caused by the
corrosive effect of the substance being transported
and may be controlled by a combination of
corrosion inhibitors, internal lining, dehydration or
frequent pigging.

4.2 External corrosion

4.2.1 General

Pipelines should be designed and routed to take
account of the possible corrosive effects of
industrial waste ground, parallel encroachments to
high-voltage overhead a.c. power lines and stray
d.c. earth currents. Anti-corrosion coatings should
be selected to reflect the varying ground conditions
found during a soil and resistivity survey carried
out along the pipeline route.

4.2.2 External eoatings for buried pipelines

External coatings should have suitable mechanical
and electrical properties in relation to the pipe size,
environment and operating conditions. Coatings
should also exhibit strong adhesion and resistance
to cathodic disbondment at holidays. A
factory-applied coating is preferred for all pipeline
components to ensure adequate surface preparation
and coating appiication under controlied

conditions.

Factory-applied external coating materials may be
glass-reinforced coal-tar or bitumen in accordance
with BS 4164 and BS 4147, polyethylene, epoxy
powders, two component resin systems or other
proven materials. Coal tar protective coatings
should be applied in sccordance with AWWA C203.
When selecting an external factory-applied coating,
consideration should be given to the safety and
effectiveness of a repair system that can be
efficiently applied in the field.

Field-applied coatings for bare pipe, fittings and
joints should be selected and applied to reproduce
as far as possible the properties of factory-applied
coatings. If a spirally-applied tape wrapping system
is used, care should be taken to ensure mechanical
and electrical compatibility with other
factory-applied coatings on the pipeline and with
the cathodic protection system.

Particular attention should be given to
compatibility between the field coating and the
original pipe coating. The external coating of other
below ground components forming part of the

pipeline system should be designed in conjunctior:
with the cathodic protection system and other
coatings on the pipeline. For components of
irregular shape, external coating materials su~x &
two component resin system or rnastic combin
with tape wrapping may be used.
Considerzation should be given to the use of 2 baid
abrasion-resistant compatible external coating such
as 3 polyurethane or two component epoxy resin
system where coated pipe is to be installed by
thrust boring or similar methods.

4.2.3 External coatings for above-growad
pipelines

Above-ground pipelines should be protected agairst
corrosion by the use of suitable coating systems in
accordance with BS 5493 : 1977. Above-ground
sections of pipelines should be electrically isclated
from the buried sections and should not, ravsy
cathodic protection currents. (See 4.4.>

4.3 Internal corrosion

4.3.1 General

The design of pipelines should include an
assessment of the corrosive nature of the subscance
being transported. Consideration should be grver. o
the control of corrosion as described in 4.3.2

and 4.3.3.

4.8.2 Internal coating

Where internal coatings are used to contrc:
corrosion they should be applied in accordance
with the quality specifications and dry il 2
thickness requirements established for suitabie
protection of the pipe material from the suhiten
being conveyed. Reference should be made to

API RP 51L2 for rccommended practice for internal
coating of pipelines. :

If pipes are joined by welding such that micish .7
exposed, consideration should be given t¢ £
coating of the joint area or the use of a su g
inhibitor. Account shiould also be taken of the
internal coating in the selection of pigs to prevent
damage during pigging.

4.3.3 Corrosion inhibitor

Where corrosion inhibitors are used to control
internal corrosion, sufficient corrosion coupons or
other monitoring equipment should be instalied in
suitable locations to monitor the effectiveness of
corrosion control. Inhibitor injection equipment
should be included in the design, and corrosiasn
monitoring equipment should be designed to permit
passage of pigs if required. The corrosion inhibitor
selected should not cause deterioration of any
components in the piping system or of the
substance being conveyed. The effects of high
turbulence in the performance of inhibitors should
be considered.
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11.4 Cathodic protection
Defects in the external coating systems enable the

éround water to come in contact with the pipeline

s}teel and allow electric corrosion currents to flow,
r‘esulting in pipeline corrosion, often in the form of

91tﬂng at small coating defects. A cathodic
protection system should be installed to reduce this
(izorrosion.

Cathodic protection may be applied by the

s:acrificial anode or impressed current method and
should be designed and constructed in accordance

\:zvith BS 7361 : Part 1 : 1991.

'1"‘he cathodic protection system should be brought
ipto operation as soon as possible following pipeline
gonstruction and where delays are unavoidable the
use of temporary sacrificial anodes should be
¢onsidered, particularly in areas with corrosive
ground conditions. The application of cathodic
protection to a pipeline may cause adverse effects
cim other buried metallic structures close to the
protected pipeline and the procedures of BS 7361 :

Part 1 : 1991 should be followed.
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5.1 General

A typical schematic layout of facilities included as
terminals and intermediate stations is shown in
figure 1.

5.2 Location

Pipeline design and economic influences will
determine the approximate location of intermediate
stations. Consideration should be given to
topography, ease of access, availability of services,
ground conditions, safety and environmental
factors in the more precise location of intermediate
stations. The precise location of intermediate
stations should be considered as part of any safety
evaluation.

Terminals and intermediate stations should be
located and securely fenced to ensure adequate
safety conditions exist for the protection of third
parties, buildings and areas of public access.

An assessment of noise levels should be made for a
proposed intermediate station and account taken of
predicted noise levels compared with existing
background noise levels in the choice of sites.

5.3 Hazardous area classification

Plant and equipment should be specified in
accordance with its hazardous area classification.
Guidance on hazardous area classification may be
obtained from appropriate recognised codes such as
IP Modei Code of Safe Practice, Part 15, Area
Classification Code for Petrolewm Installations [5]
and BS 5345 : Part 1.

5.4 Piping

Above and below-ground piping should be designed
in accordance with the design conditions (see 2.7)
and design criteria (see 2.8) of this Section. Design
factors should follow the recommendations of 2.5.
However, consideration should be given to reducing
these design factors where special conditions exist
at the particular location.

Consideration should be given to the preparation of
a detailed stress analysis of piping for the design
conditions (see 2.7) to ensure that siresses within
piping and forces and displacements exerted on
equipment comply with the design criteria

(see 2.8).

For piping design, reference may be made to

ANSI B31.3 and IGE/TD/12 : 1985.

5.5 Vibration resonance and noise

The effects of vibration and resonance on piping
and equipment should be considered in the design
of intermediate stations. Particular attention should
be given to the analysis of piping vibrations caused
by connections to vibrating equipment or by gas
pulsations associated with reciproeating pumps or
COmMpressors.

Account should also be taken of noise generated by
piping and equipment in the design of station
piping. Where noise levels cannot be further
reduced by design or equipment selection,
consideration should be given o the use of accustic
cladding or enclosures.

5.6 Heating and cooling stations

The design of some pipeline systems may require
heating or cocling of the substance being couveyed
to maintain the design flow conditions.
Temperature indication and controls should be
provided on the pipeline system to ensure that the
temperature is maintained within the design
temperature range (see 2.7.4). For heating stations
trace heating may be required on pipework, pump
bodies, drains and instrument lines to chsure
satisfactory flow conditions following shudrwn
Account should be taken of expansior =4
contraction stresses within piping betwecu
above-ground and below-ground sections.

5.7 Interface detection

Interface detection equipment should be insiailed
on pipelines designed to convey differenc
substances in sequence through the pipcling to
detect the interface between different batches.

5.8 Safety systems

5.8.1 Design

Terminals and intermediate stations shonld be
located at a sufficient distance from adjiwc..
property and areas of public access to srunimize five
hazards and allow free movement of firefightineg
equipment around the site.

Fences erected around intermediate stations which
may prevent escape of personnel in an expergene,
should be provided with a sufficient numke
gates conveniently located to provide es
place of safety. Gates should open outwarcs su -
unlocked or able to be opened from the inside
without a key when the area within the fenced
enclosure is occupied.

Terminals and intermediate station buildings
containing pumps or compressors should be
ventilated such that personnel are not endangered
by accumulations of hazardous concentrations of
flammable or noxious vapours or gases under
normal operating conditions and abnormat
conditions such as blown gaskets or glands.
Consideration should be given to the instaliation of
gas detection and warning devices.

Station piping should be designed to enable
personnel to gain clear access to and around
equipment for maintenance without trip or
overhead hazards. Hot or cold piping should be
suitably insulated or protected to prevent injury to
personnel.
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5.8.2 Pressure control and pressure relief

Piping within terminals and intermediate stations
ay be subjected to overpressure or vacuum
conditions as a result of surge following a sudden
change in flow during valve closure or pump
shutdown, excessive static pressure, fluid
w#cpansion, connection to high-pressure sources
during a fault condition or as a result of a vacuum
created during shutdown or drain-down of the
pipeline.
P‘rotective devices such as relief valves,
pressure-limiting stations or automatic shutdown
eguipment of sufficient capacity, sensitivity and
reliability should be installed to ensure the
conditions of 2.8.2.5 are met. Where high
reliability of automatic shutdown equipment is
rgquired high integrity protective systems which
rgly upon instrumentation to protect against
overpressure may be used. Where high integrity
piotective systems are proposed, a comprehensive
r ‘liability study of the system should be carried out
in which consideration should be given to hazard
rate, redundancy, voting systems and the design of

] - : .
e?_ulpment for on-line testing and maintenance.

5.8.3 Vent and drain lines

nt and drain lines to atmosphere should be
extended to a location where the substance may be
discharged without hazard. Account should be
taken of the relief valve capacity in the sizing of
vrnt lines.

5.8.4 Monitoring and communication systems

Al monitoring and communication system should be
installed on pipelines to provide an indication and
record of pressure, temperature, flow rate and
physical characteristics of the substance being
cbnveyed. The system may also be used to provide
information on pumps, compressors, valve
pbsitions, meters, and tank levels together with
al‘arm conditions such as power supply failure, high
temperature of electric motor windings and
rotating machinery bearings, excessive vibration

1 ‘vels, low suction pressures, high delivery
pressures, seal leakage, abnormal temperatures and

tlile detection of fire and hazardous atmospheres.

T‘elemetry based systems may be used for
controlling equipment.

‘n assessment should be carried out to determine
tl‘ie required availability of monitoring and
communication systems, the need for redundant
components and the necessary provisions for secure
power supplies to ensure that the required
pgrfomance is met.

5.8.5 Emergency shutdown facilities

Purap or compressor stations should be provided
with emergency shutdown systems to prevent
major hazards in the event of process faults or
equipment failures.

Push buttons or switches to initiate an emergency
shutdown should be provided in at least two
locations outside the area of hazard, preferably
close to the exit gates.

5.8.6 Fire-fighting facilities

Terminals and intermediate stations should be
provided with fire-fighting facilities which are
appropriate to the size and nature of the site
following consultation with the local fire
authorities. Fire-detection outdoors should be by
the use of flame-detection instrumentation. For
indoor fire-detection, heat and smoke detectors .
should be provided. For protection of control rocoms
consideration should be given to inert gas systems
(see BS 5306 series).

Fire detection equipment should be installed to

BS 5839 : Part 1 : 1988 recommendations. Fixed
fire-fighting equipment should be to BS 5306
series.

Portable fire equipment should be to BS 5423 :
1987 and installed to the provisions of BS 5306 :
Part 3 : 1985.

Reference should be made to the IP Model Code of
Safe Practice, Part 2, Marketing Safety Code [6].
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Section 5. Construction

6.1 General

Reference should be made to BS 8010 : Part 1 :
1989 which considers the aspects of pipeline
projects which affect land owners and occupiers
along the route of the pipeline. Account should be
taken of the procedures and recommendations in
BS 8010 : Part 1 : 1989 to be followed before any
work on land commences.

The safety and reliability of a pipeline system may
be improved by the application of guality assurance
procedures in construction. In this respect
reference should made to section 7.

6.2 Construction supervision

The pipeline designer and construction contractor
should ensure that competent and experienced
staff arc appointed to supervise the full range of
pipeline construction activities. Particular attention
should be given to environmental matters, quality
assurance and public safety aspects of pipeline
construction.

6.3 Safety

High standards of safety should be maintained at
all times and reference made to the Health and
Safety at Work Act 1974 [7]. Safety training should
be given to all employees engaged in supervision
and construction of pipelines,

Particular provisions of the Factories Act 1961 [8]
apply to pipeline construction and account should
be taken of the Construction (Lifting Operations)
Regulations [9]. Reference should also be made to
the Ionising Radiations Regulations 1985 [10] and
The Pressure Systems and Transportable Gas
Containers Regulations 1989 [11].

6.4 Setting out and surveying for bends
At each particular location the pipeline should be
set out by the contractor and checked by
supervisory staff before construction commences.
Following setting out and right-of-way preparation
a survey should be carried out along the pipeline
route to determine the pipe bend requirements
taking into account the changes in direction in
both horizontal and vertical planes and allowing for
any grading which might be carried out.

NOTE. The nuraber of bends may be reduced by judicious
grading of the trench at approaches to crossings and other
obstacles.

6.5 Handling and storage of pipe

Care should be taken to prevent damage to pipes,
fittings and coating during handling. Slings or
equipment used for handling pipes should be
designed to prevent pipe or coating damage.
Reference should be made to IGE/TD/6 : 1985.
Where minor damage to coating has occurred
repairs should be carried out. Where extensive
coating damage has occurred there should be a
complete recoating of the area affected.

= ey

6.6 Pipe siringing, field bending and
swabbing

Pipes should be strung along the pipeline route L.¢
placed on suitable cushioned packing to prevent
damage to the coating.

Pipe may be flexed to a radius of curvature which
does not induce a bending stress exceeding 85 % of
the specified minimum yield stress. Cold bends of
40 pipe diameters minimum radius may be made
from the pipe specified for straight lengths. Such
bends should be made on 2 suitable field bending
machine manned by irained operators.
Cold bends of a radius less than 40 pipe diamcters
may be made in the field providing:
a) the quality control conditions are equivalent to
those applicable to an established bending shop;
b) the {inished bends comply with 2.8.3.8,
¢) pipe material is selected to comply w:iv 77,2,
Cold bends should be checked for ovality, wall
thinning and location of longitudinal seam. Pipes
and bends should be swabbed before alignment and
welding to ensure that all dirt and other clyets
likely to cause obstruction are removed. A gauging
plate should be pulled through each bend before
installation to ensure compliance with the
specification for ovality.

6.7 Pipe inspection

All pipes should be visually inspected for possible
damage in transit and rectified before strinzin=
Gouges, grooves, notches and arc burns iops
to pipe during construction may cause subsegueny
pipeline failure in service. These may be cav ik
ground out providing that the resuiting wall
thickness is not less than the design thickness
given in 2.8.3.1. If the wall thickness is reucad
below the design thickness the damaged =i
should be cut out as a cylinder of length not leas
than one pipe diameter.

In pipelines designed for category B or for
category C substances, and subject to hydrcstatic
testing, any dent which contains a scratch, shary
edge, groove or arc burn should be removed. Al
dents which affect the curvature of the pipe at the
longitudinal weld or any circumferential weld
should be removed. The removal of dents should he
carried out by cutting a cylinder of length not Jess
than one pipe diameter Insert patching or
knocking out of the dent is not permitted.

After stringing, but before alignment for welding,
pipe ends should be inspected for bevel damage
and dimensional errors and repaired by grnding o
rebevelling.

NOTE. Guidance on allowable defects is contained in AP 5L
and IGE/TD/1.
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6.8 Welding

6.8.1 General

The welding of pipeline systems should be carried
out in accordance with BS 4515 : 1984.

Prefabricated and interconnecting pipework in
terminals may alternatively be welded in
accordance with ANSI B31.3, BS 2633, BS 4677,
BS 4870, BS 4871 or API 1104 as appropriate.

6.8.2 Night caps

Suitable night caps should be placed on the open
ends of welded sections of pipeline at the end of
each day’s production or when no work is in
progress to prevent the ingress of dirt or other
objects, small animals and water. If there is 2
likelihood of trench flooding, appropriate action
should be taken to prevent flotation of the pipeline
section.

6.8.3 Welding inspection

Welding inspection and non-destructive testing
should be appropriate to the welding standard
used.

In pipelines designed for category B substances and
for category C substances subject to hydrostatic
testing, welding quality should be established by
100 % radiographic inspection. After satisfactory
welding quality has been achieved the level of
radiographic inspection may be progressively
reduced to a minimum of 10 % of field welds. If
welding quality falls, the level of inspection should
be increased back to 100 % radiography until
welding quality is restored. In locations where
possible leakage could cause pollution or other
hazards, all welds should be subjected to 100 %
radiography.

In pipeline systems designed to convey category C
substances and tested by pneumatic rather than
hydrostatic methods, or systems designed to convey
category D substances, field welds should be
subjected to 100 % radiographic inspection. If this
is impracticable, ultrasonic testing should be
performed instead.

All tie-in welds and all welds made in road, rail and
watercourse crossings for pipelines carrying any
category of substances should be subject to
radiographic examination. In addition, all tie-in
welds made following any hydrotest should be
subject to ultrasonic inspection.

6.9 Joint wrapping and trench
excavation

Welded joints between pipes should be protected
against corrosion in accordance with 4.2.2. Trench

excavation should be carried out in accordance
with BS 8010 : Part 1 ;: 1989.

6.10 Coating inspection and holiday
detection

Pipe coating and tape wrapping should be visually
inspected at the time of application to ensure
compliance with the quality plan. Particular
attention should be given during tape wrapping to
ensure correct adhesion, tension and overlap
between tapes. After field bending the coating or
wrapping should be inspected and any damage or
disbondment repaired. Whilst lowering the pipe
into the trench the areas under skid, cradle or belt
supports should be inspected for damage and
repaired.

Immediately before lowering the pipe into the
trench the whole of the coating should be
inspected by use of a holiday detector set to the
correct voltage applicable to the coating. Any
defects should be marked and repaired before the
pipe is lowered. Where disbondment of the coating
has occurred the coating should be removed,
replaced and retested.

6.11 Lowering

Before the pipe is lowered care should be taken to
ensure that the bottom of the trench is clean, free
from objects likely to cause coating damage and
able to provide even support to the pipeline. Where
the trench contains rock or stones a 150 mm
thickness of sand or other suitable material should
be placed beneath the pipe. Alternatively the pipe
may be protected by a suitable coating.

Roller cradles or wide belt slings should be used to
lift and lower the pipe into the trench using
sideboom tractors or similar machinery. Such
machinery should be certified in accordance with
the Factories Act 1961. All equipment in contact
with the pipe coating should be suitably padded to
prevent coating damage. Account should be taken
of the stresses in the pipeline during the lifting and
lowering operation to prevent overstressing of the

pipe.

6.12 Backfilling and reinstatement

Backfilling and reinstatement should be carried out
in accordance with BS 8010 : Part 1 : 1989. The
first 150 mum of cover to the pipe should comprise a
carefully compacted finely graded material free
from sharp-edged stones or other deleterious
material. Backfilling should be controlled to
prevent damage to the pipe coating by large stones.
Trench barriers may be used in steeply sloping
ground to prevent the loss of backfill material by
land slip or washout.
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Backfilling should be carried out before hydrostatic
testing. In the event of work being necessary
within the working width after hydrostatic testing
the position of the pipeline should be clearly
marked and precautions taken to ensure that heavy
plant crosses the pipeline at properly constructed
and defined crossing places only.

Reinstatement in roads should be carried out in
consuitation with the local highways authority.

6.13 Coating survey following
construction
On completion of pipeline construction a suitable
combination of the following should be carried out
to locate any areas of coating damage on the buried
pipeline:

a) signal attenuation coating survey;

b) Pearson type survey;

c¢) close-interval potential survey.
Any coating damage found should be repaired.

6.14 Crossings

Road and rail crossings may be constructed by
open-cut, boring or tunnelling methods. Open cut
road crossings should be carried out in a manner
which minimizes the disruption to normal traffic
flow. Particular attention should be given to the
statutory and local authority requirements for
warning signs and lights during the construction of
road crossings.

Where water crossings are installed by the open-cut
method temporary flume pipes or overpumping
should be considered to ensure that there is no
disruption to water flow during construction. To
achieve stability of the pipeline at water crossings
consideration should be given to the application of
a weight coating such as concrete to maintain
negative buoyancy of the pipe during both
construction and in service. Attention should be
given to maintaining the integrity of flood or tidal
barriers at river crossings during construction.

Consideration should be given to the possibility of
future cleaning and deepening operations on
drainage ditches. Where such operations are likely
and where the pipeline is installed by open cut
methods, protective slabs should be provided. For
large drainage ditches and dykes a reinforced
concrete slab of adequate dimensions should be
placed above the pipe and below the hard bottom
of the ditch, bedded on firm ground either side of
the pipe trench. For smaller ditches precast
concrete marker slabs should be adequate. The top
of the slab should be at least 300 mm below the
cleaned bottom of the ditch.

6.15 Cleaning and ganging

Following construction, the pipeline sections s7 - id
be cleaned in lengths of several kilometres by
passage of swabbing pigs 1o remove dirt and ofhey
matter.

Gauging pigs having a soft metal disc of diameter
not less than 95 % of the least-specified internal
diameter of pipeline up to 508 mm nominal, or
with 25 mm clearance for larger pipes, should be
passed through each completed section before
testing to ensure that it is free from internal
obstruction. The progress of pigs through the
pipeline should be carefuily monitored.

Where temporary pig launchers or receivers are
used for pigging operations during construction
they should be welded or boilted to the pipeline and
not attached by friction clamps.

6.16 Tie-in welds

Tie-in welds also include closure welds made to
connect installed crossings to adjacent ditched
sections of pipeline. Particular attention should be
given to ensure the proper alignment of ol es o
tie-in welds without the use of jacks or wedges tc
ensure that the welds remain in a stress free
condition during backfilling and subsequent
operation. Tie-in welds between long lengths of
exposed pipe should not be made when the
ambient temperature is above 30 °C or below 5

6.17 Paps

Pipe pups or off-cuts produced during coms .-
may be welded into the pipeline but should ror be
shorter than twice the diameter of the pigz -~

600 mm long whichever is the lesser. When a pipe
is cut the pup should be given a suffix number to
trace its inclusion elsewhere in the pipeiine A cur
ends should be non-destructively examined [or
laminations,
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Section 7. Quality assurance

7.1 General

Quality assurance procedures should be applied
throughout design, procurement, construction and
testing of a pipeline system to ensure compliance
with specifications, procedures, standards and
safety requirements. An efficient document control
system is essential. Reference should be made to
BS 5750 when setting up the procedure.

7.2 Basic terms

7.2.1 Quality assurance

Quality assurance embraces all those planned and
systematic actions necessary to provide adequate
confidence that a product or service will satisfy
given requirements of quality.

7.2.2 Quality plan

The quality plan should set out specific quality
procedures, resources and activities which are
appropriate and relate to the particular project
including the required written certificate
inspection and hold points. It should include
procedures for:

Environmental controls (BS 8010 :
Part 1)
Design auditing (section 2)
Material source and identification (section 3)
Corrosion controls (section 4)
Pipe coating (4.2.2)
Welding operations (6.8)
Welder qualifications (6.8)
Welding inspection and acceptance (6.8)

(section 8)
(section 9)

Testing
Conrmissioning

7.2.3 Inspection

Inspection is the process of controlling quality by
examining, measuring, testing, gauging or
otherwise comparing the material or item with the
specified requirements. The level of inspection
should be such as to satisfy the requirements of the
quality plan. Inspection activities should be
certified by appropriately qualified personnel.

7.3 Design quality assurance

'7.3.1 Design basis

A design basis manual should be prepared, taking
account of the process illustrated in table 1.

7.3.2 Supervision

The design and construction of the system should
be carried out under the supervision of a suitably
experienced chartered engineer.

7.4 Materials quality assurance

7.4.1 Pipe

The quality plan should specify the tests and
documented evidence required to ensure that the
pipe as delivered meets with the specification
against which it has been ordered. Each heat of
steel should be certified. Pipe mill inspection
should be specified. Each accepted pipe should be
given a unique identification number,
cross-referenced to the inspection certification so
that it can be identified and its quality verified.
Each pipe used for the construction of the pipeline
should be clearly marked with the unique pipe
identification number which should be maintained
and transferred to any pipe off cuts.

7.4.2 Stock material

Where material is purchased from stockholders, it
is essential that the supplier provides satisfactory
documentary certification (either of original
manufacture or by appropriate testing) that the
material supplied is in accordance with the
required specification.

7.4.3 Shop fabricated equipment
Shop-fabricated or manufactured.equipment (such
as pig traps, manifolds, slug catchers, valves,
flanges, insulation joints, meters and meter
provers) should be constructed only from material
which can be identified and verified as tc quality
and specification. Fabrication should not
cormmence until written certification is available.

7.5 Construction quality assurance

The construction quality plan should detail the
procedures to be employed so as to control the
construction process and the means of ensuring
compliance with thera. The method of recording
and accepting or rejecting non-conformities should
be fully developed.

It should also identify the organisation and
responsibilities of those controlling the
workmanship criteria. The procedures should
include instructions for training, qualifying and
periodic re-examination of personnel. Where the
quality of workmanship is dependent on highly
skilled or specially trained personnel, only those
qualified to perform the work should be used.

The construction quality plan should also identify
the inspection, certification and construction
records and reports required to confirm the quality
and safety of the constructed pipeline.

7.6 Records and document control

7.6.1 General

All documents, specifications, drawings,
certificates and change orders relating in any way
to project guality should be retained,
cross-referenced and filed in accordance with the
quality plan.
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7.6.2 Design documentation 7.6.5 Pressure testing and pre-commissioning
The following documents should be included: docamentation

a) design basis manual; The following decuments should be inciuded:

b) design audits, resultant change instructions a) selection of test sections with respect to

and their implementation; hydrostatic head between high and low points;

7

¢) calculations relating to construction and b} filling procedure and records of pig run;

operation; ¢) test procedure;

d) materials and construction specifications; d) instruraent calibration certificates;

¢) drawings and sketches. e) test recods including calculation of air

content, half-hourly pressure log and pressure
and femperature charts.

{) pre-commissioning records.

7.6.3 Procurement docurmentation
The following documents should be included:
a) certificates of compliance, testing and

identification of material; 7.6.6 Retention of decuments and recoxrds

b) Non-destructive testing (NDT) results and All construction documentation should be retained

radiographs; for at least 3 years following start-up of the
pipeline.

c) inspection reports; All desi ¢ testi d
e s . esign, procurement, testing and suivey
d} weld procedure c%uahﬁcanon cgr_t;flc.ates, documentation should be prepared for reiention for
e) welder and NDT inspector qualification the life of the pipeline.
certificates;
f) manufacturing and fabrication procedures;
g) heat treatment certificates;

h) quality plans and manuals.

7.6.4 Construction documentation
The following documents should be included:
a) weld procedure qualification certificates;

b) welder and NDT inspector qualification
certificates;

¢) NDT inspection reports and radiographs;

d) weld repair reports and radiographs;

e) land drainage plans and alterations;

f) records of geographic location of pipe lengths
and pipe joints by unique identification number;
g) coating inspection records;

h) field inspectors’ records covering such items as
pipe condition, field joint wrapping, trench
condition and depth, coating repairs, and sand
padding;

i) inspection records relating to special
constructions, e.g. crossings of watercourses,
railways, roads and services, thrust bores, valve
sites, cathodic protection bonding;

j) coating survey results and repair records;
k) field bending reports.




BS 8010 : Section 2.8 : 1992

Section 8

Section 8. Pressure testing

8.1 Introduction

8.1.1 General

It is essential that pipelines are pressure tested
after construction work and backfill to prove their
strength and leak tightness prior to commissioning.
Testing may be carried out in suitable sections as
work progresses (see 8.4.1). Where topography or
other considerations require testing in a number of
sections, consideration should be given to a final
tightness test. Pipelines should be tested
hydrostatically, except that in the case of pipelines
designed to carry category C substances and to
operate at a design factor of not more than 0.3,
pneumatic testing may be considered using dry, oil
free air or nitrogen (see 8.4.2).

8.1.2 Procedures

A written procedure for the test should be
prepared detailing the acceptance criteria, and all
testing should be carried out under the supervision
of an experienced test engineer.

NOTE. It may be necessary to give notice to a statutory
authority of the intention to carry out the pressure test.

8.2 Safety precautions

8.2.1 Precautions to be taken during a test

Reference should be made to the Health and Safety
Executive Guidance note, General series 4 Safety
in pressure testing [12]. When formulating safety
procedures it should be recognised that pneumatic
testing will store far greater energy in the pipeline
than the equivalent hydrostatic testing.

The following safety precautions should be adopted
during pressure testing.

a) All crossings and areas of public access should
be patrolled during the period of the test.

b) Warning notices should be erected indicating
that testing is in progress.

¢) Boundaries should be clearly marked around
the test equipment at each end of the section to
deter persons not involved with the testing from
approaching closer than the recommended safety
distances. The typical safety distance for
hydrostatic testing is 15 m. For high-level or
pneumatic testing, greater distances should be
considered.

8.2,2 Cold weather

[n cold weather, after the completion of hydrostatic
testing all lines, valves and fittings should be
drained corapletely to prevent frost damage.

8.2.3 Use of temporary pig traps

Care should be taken in the operation of temporary
pig launchers and receivers during the test and
these should not be opened unless the pressure in
launcher or receiver is zero.

It is essential that any temporary pig traps attached
to a pipeline under test are isolated from the
pipeline unless they are designed and fabricated to
the same standard as the pipeline.

8.3 Test equipment

8.3.1 General

Instruments and test equipment used for
measurement of pressure, volume and temperature
should be certified for accuracy, repeatability and
sensitivity. Gauges and recorders should be checked
immediately pricr to each test. Dead weight testers
and other equipment should have been certified
within the 12 months preceding the test.

8.3.2 Measurement of pressure

Hydrostatic test pressure should be measured by a
dead weight tester having an accuracy better than
+ 0.1 bar and a sensitivity of 0.05 bar.

8.3.3 Measurement of volume

The volume of liquid added or subtracted during a
hydrostatic test should be measured by equipment
having an accuracy better than £ 1.0 % and a
sensitivity of 0.1 % of the calculated volume of a
liquid to be added after line filling has been
completed to produce in the test section the
required test pressure (see 8.4.1). Where pump
strokes are used to determine the added volume an
automatic stroke counter should be used.

8.3.4 Measurement of temperature

Temperature-measuring equipment should have an
accuracy of = 1.0 °C and a sensitivity of 0.1 °C.

8.3.5 Other measuring equipment

Pressure and ambient temperature recording
equipment should be used to provide a graphical
record of test pressure and above ground ambient
shade temperature for the duration of the test.

8.3.6 Test end design

Test ends should be designed and fabricated to the
sarme or higher standard as the pipeline and
pre-tested to 10 % above the specified test pressure
of the pipeline.
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8.4 Test pressure

8.4.1 Hydrostatic pressure test

The hydrostatic test pressure in any part of the
system under test should be not less than the lower
of:

a) 150 % of the maximum operating pressure; or

b) that pressure which will induce a hoop stress
as defined in 2.9.2 of 90 % of the specified
minimum yield stress of the pipeline material in
the system under test.
NOTE. Provided that in no case should the hydrostatic test
pressure be less than the sum of the maximum operating
pressure plus any allowance for surge pressure and other
variations likely to be experienced by the pipeline system
during normal operation.
The pressure at the point of application should be
such that the test pressure as calculated in this
clause is generated at the highest point in the
section under test. The additional static head at
any point in the section should not cause a hoop
stress in excess of the specified minimum yield
stress of the material at that point.

8.4.2 Pneumatic test pressure

Pneumatic testing should only be carried out on
pipelines designed to convey category C substances
which are to be operated at a design factor of not
more than 0.3. The pneumatic test pressure should
not be less than 1.25 times the maximum operating
pressure (see 8.5.2 and note to 8.4.1). However,
the pneumatic test pressure should not exceed that
pressure which, when substituted into the
formulae in 2.9.2 and 2.10.1, gives a design factor
greater than 0.375. The pneumatic test should be
carried out at an ambient temperature not less
than that given by appendix D of BS 5500 : 1991
with the value of f in accordance with appendix K
of BS 5500 : 1991,

8.5 Test procedure
8.5.1 Hydrostatic testing

8.5.1.1 Water quality

Water for testing and any subsequent flushing
should be clean and free from any suspended or
dissolved substance which could be harmful to the
pipe material or internal coating where applied or
which could form deposits within the pipeline.
Consideration should be given to using water from
a public utility supply and where this is not
practicable water may be taken from other sources.
In the latter case samples should be analysed and
suitable precautions taken to remove or inhibit any
harmful substances. Special care is needed in
dealing with water sources containing potentially
harmful chemicals or bacteria; it is advisable to
take specialist advice and the local water authority
should be notified. (See also BS 8010 : Part 1.)

TR Y TR

8.5.1.2 Line filling

During filling, one or more pigs or spheres shotas
be used to provide a positive air/water interfacs
and to minimize air entrainment. All spaces in
which air could be {rapped, such as valve bodies,
bypass pipework, etc. should he vented and sealed.

Where the fill rate is siow and there are steep
downhill sections it may be necessary to maintsin
an air pressure to inhibit pigs running ahead of the
linefill. A safe limit of any such air backpressure
should be established and carefully maintained.

The use of pig location devices to track the pig,
and hence the interface position, is recommended

8.5.1.3 Air conitent

The measurement of air content should be carried
out by constructing a plot of pressure agzinst
volume (see figure 4) during the initial stage of
pressurization until a definite linear relaticrshi-, «
apparent. By extrapolating this linear curve pack to
the volume axis, the air volume may be assessed,
and compared with the total volume of the test
section,

A comparison should also be made between the
linear slope of the pressure/volume relationship or
100 % water content. If these two slopes differ by
more than 10 %, the test section should be refillec.
The theoretical slope may be calculated from the
following formula:

AV
AP
where

= V(O.O4417) + 4.50)105

AV is the incremental volume of water added
(in m3);

V  is the volume of test section (in m3);

AP is the incremental pressure change (it bar);

D is the nominal pipe diameter (in =

i is the nominal wall thickness (in =
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water added

8.5.1.4 Thermal stabilization

Time should be allowed after filling for the
temperature of the water in the pipeline to
stabilize with the ground temperature at pipeline
depth.

8.5.1.5 Pressurization

The pressure in the test section should be raised at
a controlled rate to the test pressure calculated
according to 8.4.1. The volume of water added, the
corresponding pressure rise and the time should be
logged during this operation, and the air content
calculated according to 8.5.1.3. A period should be
allowed for stabilization. During this period residual
air will continue to go into solution and
time-dependent straining of the pipe can take
place. Test pressure should then be held for a
period of 24 h. Pressure and teraperatures should
be recorded every } h, and the volume of any
water added to maintain test pressure noted.

NOTE. Cyelic testing. As an alternative, 2 cyclic testing
procedure may be followed, which accentuates time-related
straining. Pressure is initially raised to test pressure for a period
of 2 h, then reduced to half the value and then raised again to
test pressure for a further 2 h. Pressure is again reduced to half
the test pressure, then ruised again and the test pressure held
for 24 h. Pressure, temperature and volume are logged
throughout the test as in 8.5.1.5.

8.5.2 Pneumatic testing

A pneumatic pre-test should be carried out on the
pipeline section at a pressure of 1.5 bar before
commencing the full pneumatic test. At this stage
the pipeline section should be carefully inspected
for signs of leakage.

The full pneumatic test should be carried out by
raising the pressure in the test section at a
controlled rate in increments of 7.0 bar to the test
pressure specified in 8.4.2 for a strength test and
held for a period of ;h. The pressure should be
lowered at a controlled rate in similar decrements
to 110 % of the maximum operating pressure of the
pipeline and held for a period of 24 h as a leak
test.

A pressure-relieving device should be fitted to
compressors used in pneumatic testing to prevent
overpressurizing the pipeline.

8.5.3 Test data recording

A record of pressure, volume change, underground
and ambient temperature should be compiled over
the full duration of a pipeline pressure test. The
record of pressure and temperature should be
monitored and recorded every ; h throughout the
test. For hydrostatic testing, underground
temperature measuring equipment should be
installed at least 2 days before commencement of
the pressure test to establish an underground
temperature trend over several days including the
24 h hold period.

NOTE. Temperature trends can be measured to a sensitivity of
better than 0.1 °C if plotted graphically over several days. A
graphical plot of pressure, underground temperature and

ambient temperature against time prepared during the test
period will assist in the interpretation of test results.
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8.6 Test acceptance criteria

8.6.1 General

The pressure test should be considered as
satisfactory if no observable pressure variation
occurs which cannot be accounted for by
temperature change taking into account the
accuracy and sensitivity of the measuring
equipment.

8.6.2 Method of assessment for hydrostatic test

The relationship between pressure and temperature
should be calculated in accordance with the
following formula:

264.7 Ty

AP = Bt + 100
where

AP is the pressure change {in bar/°C);

T is the temperature factor change {from
figure 5);

D is the nominal pipe diameter {in m);
3 is the nominal wall thickness (in m).

The temperature factor change Tr should be read
from figure 5 at the mean test temperature, AP
should be multiplied by the temperature change
during the test to find the pressure correction.

Account should be taken of both ambient and
underground temperatures (see 8.5.3) according to
the respective lengths of pipeline involved, when
calculating the pressure/temperature relationship.
NOTE 1. It has been observed that a significant time lag may

occur beiween a change in ground temperature and a
corresponding change in pressure in the test section.

NOTE 2. Chill or heat factors on exposed pipe may have an
effect on pressure readings.

8.6.3 Method of assessment of pnenmatic test

The relationship between pressure and temperature
should be calculated in accordance with the Gas
Laws. However, owing to the difficulty in assessing
the actual gas temperature within the test section,
inconclusive results of such calculations may oceur.
In this event consideration should be given to
extending the pneumatic test hold period to obtain
more conclusive results.

— = T3

8.7 High level testing

High-level hydrostatic testing may be carried ¢ 2.
During high-level testing a detailed
pressure/volume graph should be maintained
throughout the test. The test pressure should be
specified as the lesser of either:

a) the pressure given by the formulae in 2.9.2
and 2.10.1 in which the design factor is 1.14 for
seam welded pipe and 1.02 for searmless pipe (but
see note); or

b) the pressure at which the pressure/volume
graph reaches the point at which twice the
volume of water is required to raise the pressure
1.0 bar compared to the volume required to raise
the pressure 1.0 bar at the commencement of the
linear section of the pressure/volume graph
(doubie stroking).

In other respects high-level testing should ‘o
the hydrostatic test procedure in 8.5 with simgis-
acceptance criteria as 8.6. Account should be {aken
of fabricated items incorporated into a pipeline
subjected to high level testing and their suitability
to withstand the test pressure.

NOTE. High-level testing can cause damage to coatings
particulariy of coal tar ename] or bitumen. For seamless pipe
with such coatings a design factor in a) above of 0.£7 is
recommended.

Liow

8.8 Disposal of test water

Arrangements should be made for the dis:. . 2:.
test water from the pipeline section after
completion of pressure testing, bearing i mind
that it may be heavily discoloured with - -
particles. Consents should be obtained frem
landowners and occupiers, and from rive - %5,
and water authorities (see BS 8010 : Part 1).

n

8.9 Repairs to test failures

Any pipeline which fails a pressure test sk
repaired and retested. The failed portic:: 5
replaced and the welds subjected to both
radiographic and ultrasonic inspection in
accordance with BS 4515 : 1984.

For pipelines subjected to high level testing repairs
should be carried out using pre-tested wipe The
pipeline or section should then be re-tested for an
aggregrate pericd of not less than 24 h.
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8.10 Tie-in welds

Consecutive test sections should be constructed to
overlap so that the tie-in can be made with a single
weld. If the tie-in cannot be made without using a
length of pipe, this length of pipe should be
pretested in accordance with 8.5.1 or 8.5.2 before
instailation. All tie-in welds not subject to
subsequent pressure testing should be subject to
radiographic inspection supplemented by ultrasonic
testing.

8.11 Pre-testing of crossings
Road and rail crossings classified as major crossings,
river crossings, canal crossings and bridge crossings
(see 2.6) should be fabricated from pre-tested pipe
or should be pre-tested after fabrication but before
installation and final test. Pre-testing of pipe or
fabrications should be carried out in accordance
with 8.5 except that:
a) the pre-test pressure should be at least 1.05
times the test pressure appropriate to the section
into which the crossing is to be installed taking
into account the elevation of the crossing within
the test section; and
b) the duration of the final hold period should be
not less than 3 h.
The test should be considered acceptable if no
leaks are detected on visual examination.

8.12 Testing of fabricated components
Fabricated components (such as pig traps, slug
catchers, insulation joints or manifolds) should o=
pressure tested to lirnits equal to those required fo-
the completed pipeline. If the components are aksc
to be tested out as part of the completed system
they should te designed in accordance with test
procedures and pressure in 8.4 and 8.5.

Fabricated components and fittings should be

tested to the test pressures not in excess of the
flange rating of the particular item.

8.13 Test records

All certificates and records produced in connectisn
with pressure testing a pipeline should be retained
by the registered operzator for the lifetime of the
pipeline.
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Section 9. Commissioning

9,1 General

Commissioning refers to the work required to bring
a pipeline system into operation after completion of
construction. A commissioning procedure document
should be prepared which systematically sets out
the commissioning operation.

9.2 Precommissioning

9.2.1 Integrity test

On completion of pressure testing consideration
should be given to carrying out an integrity test on
the completed pipeline system to demonstrate its
integrity by proving that all tie-ins between test
sections have been completed and that all
equipment has been correctly installed into the
system. This is particularly important where
previously untested mechanical joints have been
incorporated into the systems. When the integrity
test medium is not cornpatible with the substance
to be conveyed in the pipeline, it should be
displaced by a compatible substance.

0.2.2 Test pressure

The test pressure for the integrity test should not
be less than the maximum operating pressure plus
any allowance for surge pressure and other
variations likely to be experienced by the pipeline
systems in normal operation subject to an upper
limit of 1.1 times the design pressure (see 2.8,2.5).

9.3 Cleaning

Consideration should be given to the degree of
cleanliness required in the operating pipeline both
at the design stage and before the introduction of
the substance to be conveyed during
commissioning. A cleaning method appropriate to
the substance being conveyed should be employed.

9.4 Commissioning

9.4.1 Commissioning of category B substance
pipelines

Commissioning of category B substance pipelines
should comprise the displacement of test medium,
if necessary, by pumping the substance to be
conveyed into the pipeline. Pigs or spheres may be
used to minimize interface mixing and to monitor
progress of the interface along the pipeline. Care
should be taken to clear trapped test medium from
valves, fittings and instruments.

9.4,2 Commissioning of category C substance
pipelines

Comumnissioning of category C substance pipelines
should comprise the displacement of the test
medium, if necessary, by the substance to be
conveyed. This should be undertaken at a
continuous and carefully controlled rate to reduce
the mixing of test medium and substance to be
conveyed. At the end of the pipeline, venting
arrangements should consist of a valved connection
to a vertical vent pipe discharging into a safe area,
a valved sampling connection and a pressure gauge
connected to the pipeline.

Suitable detection equipment to monitor the
change from test medium to conveyed substance
should be used.

9.4.3 Commissioning of category D substance
pipelines

Prior to the introduction of category D substances
into the pipeline system, removal of the test
medium, if necessary, and drying of the pipeline
should be carried out. Initial removal of the test
medium should be by the use of swabbing pigs and
draining down at valve locations. Drying should be
achieved by a method appropriate to the dryness
required. Drying may be carried out by the use of
drying agents such as methanol conveyed along the
pipeline between pigs and may be followed by
purging with dry nitrogen. Other drying methods
such as dry air, nitrogen purging or vacuum drying
may be considered. Where vacuum drying is
proposed the suitability for vacuum conditions of
seals incorporated into pipline components such as
pig-trap doors and valves should be established.

Commissioning should comprise the introduction of
an inert gas such as nitrogen followed by the
introduction of the substance to be conveyed at a
continuous and controlled rate immediately
following the inert gas. For lighter-than-air
substances, venting arrangements at the end of the
pipeline should consist of a valved connection to a
vertical vent pipe not less than 2.5 m high, a
valved sampling connection and a pressure gauge
connected to the pipeline. Suitable detection
equipment to monitor the change from test
medium to conveyed substance should be used.

For the commissioning of category D substance
pipelines designed to convey methane, reference
should be made to section 11 of the Institution of
Gas Engineers IGE/TD/1 : 1984,




padl i

Section 9 BS 8010 : Section 2.8 : 1832

w;_ I

9.5 Deferred commissioning

When 2z significant time lag is expected between
completion of testing and commissioning,
consideration should be given to filling the pipeline
with a suitable fluid to reduce the likelihood of
internal corrosion of the pipe. Suitable fluids
should be selected from dry inert gas, gas oil and
water. If water is used care should be taken to
ensure that all air is excluded from the pipe line
and that the water is free of corrosive material.
The pipeline should remain under a small positive
pressure, which should be periodically checked,
until commissioning commences.

9.6 Commumnications

During all phases of cleaning, testing, purging and
commissioning, a reliable communications system
should be in operation between field personnel.
Consideration should be given to the use of
trackable pigs during initial swabbing operations.

9.7 Handover procedures

Arrangements should be made to ensure that the
completed pipeline is handed over to the pipeline
operator with all the necessary records and as-built
information to enable the pipeline to be safely
operated. The information should also include
as-built route maps of the completed pipeline.
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List of references (sce clause 1.2)

Normative references

BSI standards publications
BRITISH STANDARDS INSTITUTION, London
BS 1414 : 1975 Specification for steel wedge gate valves (flanged and butt-welding
ends) for the petroleum, petrochemical and allied industries
BS 1501 Steels for pressure purposes. plates
BS 1502 : 1982 Specification for steels for fired and unfired pressure vessels: sections
and bars
BS 1503 : 1983 Specification for steel forgings for pressure purposes
BS 1504 : 1976 Specification for steel castings for pressure purposes
BS 1506 : 1990 Specification for carbon, low alloy and stainless steel bars and billets
for bolting material to be used in pressure refaining applications
BS 1560 Circular flanges for pipes, valves and fittings (Class designated)
BS 1640 Specification for steel bult-welding pipe fittings for the petrolewm
industry
BS 1832 : 1991 Specification for compressed asbestos fibre jointing
BS 1868 : 1975 Specification for steel check valves (flanged and butt-welding ends) for
the petroleum, petrochemical and allied industries
BS 1873 : 1975 Specification for steel globe and globe stop and check valves {flanged
and butt welded ends) for the petroleum, petrochemical and allied
industries
BS 1966 : Specification for butt-welding pipe fittings for pressure purposes
BS 1965 : Part 1 : 1963 Carbon steel
BS 2815 : 1973 Specification for compressed asbestos fibre jointing
BS 3293 : 1960 Specification for carbon steel pipe flanges (over 24 inches nominal
size) for the petroleum industry
BS 3381 : 1989 Specification for spiral-wound gaskets for steel flanges to BS 1 560
BS 3601 : 1987 Specification for carbon steel pipes and tubes with specified room
temperature properties for pressure purposes
EBS 3602 : Specification for stegl pipes and tubes for pressure purposes: carbon
and carbon manganese steel with specified elevated temperature
properties
BS 3602 : Part 1 : 1987 Specification for seamless and electric resistance welded including
tnduction welded tubes
, BS 3602 : Part 2 : 1991 Specification for longitudinally arc welded tubes
ps 3603 : 1991 Specification for carbon and alloy steel pipes and tubes with specified
low temperature properties for pressure purposes
BS 3799 : 1974 Specification for steel pipes fittings, screwed and socket-welding for
the petroleum industry
S 4360 : 1990 Specification for weldable structural steels
S 4508 Thermally insulated underground pipelines
S 4515 : 1984 Specification for welding of steel pipelines on land offshore
S 4882 : 1990 Specification for bolting for flanges and pressure containing purposes
S 5306 : Fire extinguishing installations and equipment on premises
BS 5306 : Part 3 : 1985 Code of practice for selection, installation and maintenance of
portable fire extinguishers
BS 5306 : Part 6 : Foam systems

\ BS 5306 : Part 6 : Section 6.1 : Specification for low expansion foarn systems
1988
‘ BS 5306 : Part 6 : Section 6.2 :  Specification for medium and high expansion foam systems
1989

'
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BS 5345

BS 5345 : Part 1: 1989

Code of practice for selection, instailation and maintenance of
elecirical apparatus for use in poleniially explosive atmospheres
(other than mining applications or expiosive processing and
manufacture)

General recommendations

BS 5351 : 1986 Specification for steel ball valves for the petroleum, petrochemical ana
allied industries
BS 5352 : 1981 Specification for steel wedge gate, globe and check valves 50 mwm and
smaelier for the petroleum, petrochemical and alited indus: 7es
BS 5353 : 1989 Specification for plug valves
BS 5423 : 1987 Specification jor portadle fire extinguwishers
BS 5493 : 1977 Code of practice for proiective coating of iron and steel structures
against corrosion
BS 5500 : 1991 Specification for unfired fusion welded pressure vessels
BS 5839 : Fire detection and alarm systems for building
BS 56839 : Part 1 : 1988 Code of practice for system design installation and servicing
BS 6759 Safety valves
BS 6759 : Part 3 : 1984 Specification for safety valves for process fluids

BS 7361 : Cathodic protection
BS 7361 : Part 1: 1991 Code of practice for land and marine applications
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BS 8010 : Code of practice for pipelines
BS 8010 : Part 1:

1989

Pipelines on land: general

BS 8010 : Part 3 : 1992 Pipelines subsea: design, construction and installatic
CP 3009 : 1970 Thermally insulated underground piping systems
ANSI publications!)

AMERICAN NATIONAL STANDARDS INSTITUTE, New York

ANSI B16.5 : 1988
ANSI B16.9 : 1986
ANSIB16.11 : 1980
ANSI B16.20 : 1973
ANSI B31.3 : 1987
ANSI B31.8: 1989

API publications!

AMERICAN PETROLEUM INSTITUTE, USA

APISL : 1991

API 6D : 1691

API 597 : 1991
API 599 : 1988
API 600 : 1991
API 602 : 1985
APIRP 512

EEMUA publication
ENGINEERING EQUIPMENT AND MATERIAL USERS ASSOCIATION, London

EEMUA 153/89 : 1987

Pipe flanges and flanged fittings

Factory-made wrought steel butt welded fittings
Forged steel fittings, socket welded and threaded
Ring joint gaskets and grooves for steel pipe flanges
Chemical plant and petroleum refinery piping

Gas transmission and distribution piping systems

Specification for line pipe

Specification for pipeline valves

Steel veniuri gote valves, flanged and butt-welded end
Steel and duefile iron piug valves

Steel gate valves, flanged or butt welded ends

Compact steel gate valves

Recommended practice for internal coating of line pipe for
NOM-COTTOSIVE JUS transmission service

Supplement to ANSI/ASME B.31.8

1) All publications are available from BSI Publications.
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IGE publication

INSTITUTE OF GAS ENGINEERS, London

1G/TDY/ Recommendations on transmission and distribution practice
IG/TD/1 : 1984 Steel pipelines for high pressure gas transmission, Edition 2
MSS pub]icationsl)

MANUFACTURERS STANDARDIZATION SOCIETY OF VALVE AND FITTINGS INDUSTRY INCORPORATED, Virginia, USA
MSS SP-44 : 1991 Steel pipeline flanges

MSS SP-75 : 1988 Specification for high test wrought butt welded fittings

Other references
{4] ASME Boiler and Pressure Vessel Code, Sections II and VI, 1989. Arerican Society of Mechanical
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Typical sectional drawing and specification
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U.K. products pipeline
installs new scada sysiem

Chris Giles SD-Scicon Lid.

|\ esign of the supervisory control
il and data acquisition (scada) sys-
§:om recently installed on the
¥ United Kingdom Oil Pipelines
Ltd. (UKOP) multiproduct pipeline
svstem provides a high level of auto-
mation and system availability.

UKOP is trustee and agent for BP
Oil (U.K.) Ltd., Chevron International
Qil Company Ltd., Fina plc, Mobil Ol
Co. Ltd., Shell U.X. Oil, and Texaco
Ltd.

The project to replace the existing
control system was managed by Brit-
ish Pipeline Agency Ltd. (BPA) which
designs and operates liquid petroleum
pipelines for several third-party cli-
ents, including UKOP.

The scada system was designed and
built by SD-Scicon, a U.K.-based sub-
sidiary of EDS, which supplies svs-
tems integration services for the oil
and petrochemical industries,

Hybrid system

The UKOP pipeline system (Fig. 1)
consists of two pipelines. One origi-
nates from the Stanlow refinery on the
fver Mersey and delivers to terminals
at Uttoxeter, Kingsbury (near Bir-

|

A BPA engineer a

djusts the control unit for an hydraulic valve at Buncefield,

Milton Keynes, LLK.
Ian Neilson British Pipeline Agency Lid.  Hemel Hempstead,

UK.

mingham), Northampton, and Bunce-
feld. The second draws product {rom
refineries and wank farms in the
Thames Haven area and delivers to
terminals at Buncefield, Northamp-.
ton, and Kingsbury.

The system, which consists of some
170 km (292 miles) of 6-14 in. pipeline,
ships eight grades of white oil for
several shipping companies and trans-
ports approximately 2,000 parcels of
tuel per vear; individual parcels may
be split between several different de-
livery destinations.

Before this project, the pipeline wa
controlled by a hybrid 1960s and 1970
control system which had evolved as
the pipeline system expanded. [t was
nearing the end of its useful life, pri-
marily through hardware obsoles-
cence.

It had also become apparent that the
system would be unable to satisty new
requirements expected to arise during
the 1990s:

@ BPA would need improved proc-
ess monitoring and leak-detecrion fa-
cilities, to be able to maintain safety
and environmental performance.

e Limitations of the existing conirol

in

@

northvest of London. The valve is operated and controlled via the new scada system

from Kingsbury near Birmingham,

100 miles north. (Photograph by John D. Elton.)

|
|

svstem meant that the pipeline svstem
had to be conrrolled from three sites.
Signiticant cost savings could be real-
ized if it could be controlled from a
single, ceniralized control system.

Providing a range of automation
facilities would be necessary if the
existing control center personnel ar
Kingsbury were to be able safelv to
operare the increased length of pipe-
line and number of sites which would
come under their control.

® The vipeline system plavs & crifi-
cal roie in the distribution strategies of
the shipping companies and operates
close to irs maximum capacity. Shuc-
downs vaused by control system mal-
functions or rfailures were thersfoie
becoming even more unacceptable.

= [ncreasing implementation of new
computer systems for planning and
product accounting within the ship-
ping companies was causing demands
for more process-related data, ar in-
creasingly frequent intervals, to be
placed on the pipeline operat.ons
staff.

It was clear that these demany
would grow further and that

could only be met if such data were

» England

24

Mersey

d Uttoxeter
Bearstovk\( LT

- %
3
Kingsbury\”‘&:

Northampton
S 3
{ Bliswom}(\ Eppi
Wales .. Yy _Epping
C/ e Buncefield ﬂ’“‘c\ ;

Thames 2=

470 km pipeline 6-14 in. OF
[s}c¥]

Reprinted from the March 30, 1992 edition of OIL & GAS JOURNAL
Copyright 1992 by PennWell Publishing Company



UKOP 1:50.000 Route Mapgs

1) These maps are supplied only 1o indicate the existence of e pipeiines;
they should not be copied. enlarged, scaled or digitised.

2) The pipelines must be located on site by a BPA representative before any
excavations commence.

3) These pipelines carry refined petroleum products at exiremely hign
pressure.
4) Nominal cover is only 3' (0.8m) and no special warning @pe or protecticn

is usually found.

5) All excavations (including hand frial holes) witnin 3 meires of the pipelines
must be supervised by a BPA represeniaiive.

B8) Please give us 7 days notice of your intention to work near the pipelines
and a minimum of 2 days to arrange supervision.

BPA Land & Wayleaves Office = Normal Consultations
and requests for supervision Tel: 01442 213911
Fax: 01442 214077

BPA 24 Hr Conirol Room — Qut of Hours urgent works
del 01827 63744

BPA Emergency Tel: 01827 637083

Lorc Alexender House, Watgrhouse Stregt
e = Hemel Hamnsiezd, Heris, MP1 1EJ, UK
Tel: —44 (0) 1442 2242200 Fax: —44 (0) 1422 214077

N B
6 v B Comaltants Darera w
v s
< —T IP w TISF BWSTIIUTE

O3F PETRONFUY

Pt P N E-mal business @hpe.co.L<
L v, % \, Wk aitm- Rk .
NACER ] l Website: niip.vwww.bpa.co.uk
W 4
Shel? J
[#fald] & ] i BPA 15 a business nare of Brush Preehne Agancy Limitad
Award constiuctionine Registerad office as atove. Regisiarad in England No 1223157
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Tel: +44 (0) 1442 242200 Fax: +44 (0) 1442 214077
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O RPA

PIPELINE QPERAT INS & SNGINEZAING

-

1.0 INTRODUCTION

Pipelines can be considered as the safest and most cost effective means of transporting
large quantities of hydrocarbons over long distances. From an environmentai point of
view pipelines have less of an impact than transportation by road or rail.

The operation of pipeline systems are continually under review to minimise the costs.
BPA has, in receni vears, achieved considerable efficiency improvements for the
pipelines that it operates, with plans in place to further increase the efficiency.

This has resulted in a period of considerable change but throughout a prime
consideration has been the integrity of the pipeline system, with an excellent record
being maintained. ]

Any company operating a pipeline system has a moral obligation to protect the people
and the environment of the country in which it operates, in addition to any existing
national statutory requirements currently in force. This is especially important in the UK,
as the pipeline systems tend to supply product tc the more densely populated areas of
the country with the pipeline routes c¢rossing over and under numerous river and other
water courses.

The financial implications of an in-service failure for any pipeline system of high usage
would be significant for the pipeline owner/operator. In addition to the cost associated
with the repair of a defect, loss of throughput, arranging alternative supply, and the
associated clean-up operation, the operator would suffer an immeasurable sstback ir
public cpinion in the use of high pressure hydrocarbon pipelines.

To ensure that the pipelines systems continue to perform their duty without loss of
product the operator is respensible for putting in place systems to prevent failure -
damage to the pipeline. Additionally systems must be put in piace to reduce the
consequence of any loss should this occur. The term given to this process is Pipe .
Integrity Management.

2.0 TYPES OF PIPELINE FAILURE

Pipeline performance data shows that the volume of oroduct lost from pipeline systers
is very low. However it must be recognised that pipeline failures do occur. In recent
years, net spillage, that is the volume remaining after recovery, has amounted iu
0.00042% of total oil transported through oil industry pipeline networks in Western
Europe (ref. Concawe Report 5/94).

The types of pipeline failure can be divided into five main categories:
o Mechanical failure
These occur when stresses in the system exceed allowable limits. These can

be causad by pocr material quality or faulty construction. Mechanical failurg
represents 25% of the number of spillage incidents and 27 % of product lost.

HAWHITMAN\IP-LOG.DMW Pege %
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L] Operationai failure

These can occur due to excessive pressurisation or malfunctions of
equipment such as pressure relief or control valves. They can also occur due
to human error. Operational failure represents §% of the number of spillage
incidents and 4% of product lost.

L] Corrosion

Pipelines can be subject to both internal and external corrosion. Internal
corrosion generally occurs when corrosive products are present in the pipeline
in addition to water. External corrosion is the predominant type of corrosion
experienced with hydrocarbon pipelines {in particular refined hydrocarbons)
and usually occurs due to failure of the pipeline protective coating and/or the
cathodic protection system. Corrosion represents 33% of the number of
spillage incidents but only 18% of the product lost.

. Natural hazards
These accur due to localised natural phenomena such as ground movements.
The possibility of the phenomena are taken into account during the design

and planning phases and therefore the occurrence of failure due to these is
low resulting in 5% of the spillage incidents and 3% of the product lost.

° Third Party Activity

The majority of these occur due to accidental damage by third party
excavations. A small number of spillages are caused deliberately.

The consequences of the pipeline damage equates to 31% of the number of
incidents and 51% of the product lost.

PIPELINE INTEGRITY MANAGEMENT PROCESS

The Pipeline Integrity Management process is applicable during the whole life of a
pipeline system including design, construction, operation, inspection and maintenance.

The Pipeline Integrity Management process can be segregated into various activities.
There are certain activities which should be considered as a necessity for all systems,
and carried out on a regular basis, and additional activities which should be considered
on their merits for each particular pipeline or following other works upon the pipeline
system.

Regular Activities
Wayleave Management
The possibility of mechanical damage to the pipeline by third parties or changing ground

conditions can be reduced by effective management and menitoring of the wayleave in
which the pipeline runs. This can be broken down into several categories.

HAWHITMAN\IP-LOG.DMW Pace 3
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° Monitoring

The pipeline operator monitors the wayleave to identify any activities which
may affect the pipeline. This is carried out during his normal day to day
requirements to travel along the pipeline route for maintenance works etc.
and is also carried out by a regular aerial surveillance (usually helicopter)
along the route. The aircraft will carry an observer familiar with the pipeline
route who will be looking for any activity within the wayleave or encroaching
close and likely to enter into it which may affect the pipeline. Subject to the
nature of the activity the helicopter wili either immediately land to investigate
further or report the incident to the pipeline control centre who will despeich
a vehicle to investigate. The aerial surveillance is usually carried out at
fortnightly intervals.

L Education

The works within the wayleave fall within two categories, either authoriser!
or unauthorised. The authorised works are those of which the operator is
aware and has therefore been able to discuss all the necessary requirements
and precautions with the third party. The activities that provide the concern
are those that are unauthorised and which the operator has no piior
knowledge of. The greatest concern is that the third party may not even
know of the existence of the pipeline and be excavating down to the pipeline
depth in ignorance with heavy machinery which is quite capable of causing
rupture of the pipe.

In order to combat this, pipeline operators within the UK have embarked upci
a process of education for all those companies that may, at some time, need
to carry out works within the pipeline wayleave, together with "¢
landowners. These companies include all the utility services, local authorities
and contractors. The education is in the form of presentations, videos aia
printed literature providing details of the pipelines and their routes, contact
points, the consequences of failure and the precautions to be taken fg
prevent damage.

This process is a continuing one as the pipeline data is updated and the <t
of third parties grows. This has been particularly the case recently as cable
TV companies continue to appear.

The sharing of the burden for these works between the participating
companies results in the most cost effective solution for each in terms of
financial and manpower resources.

HAWHITMANAIP-LOG.DMW Pane 4
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. Supervision

Prior to any works taking place within the wayleave the pipeline operator will
logate and mark the exact position of the pipeline. The operator will stipulate
the protective measures that must be undertaken near to the live pipeline.
In most cases the operator will maintain a presence on site until the work is
completed to ensure that the working practices used will not put the pipeline
at risk.

3.1.2 Corrosion protection

External pipeline corrosion is prevented by the application of a protective coating, which
insulates the pipeline from the soil, and by cathodic protection which ensures that
current only flows from the soil to the pipeline and that corrosion occurs at the
associated ground beds where it can be tolerated. The two measures are
complementary, failure of one, most commonly the coating, being compensated by the
presence of the other.

The pipeline operator must ensure that both the systems are functional and providing
the protection required.

. Pipeline coatings

The performance of the coating will depend upon the coating materials, the
standard of workmanship when applied, its age and any damage caused
during pipeline construction or subsequent. The standard of pipeline coatings
has improved over the years and coatings of pipelines currently in service
range from site applied hot poured bitumen to factory applied epoxy.

Specialist sub-contractors are employed to carry out coating surveys. The
exact nature of the survey will depend upon the contractor employed but
generally will involve the walking of the pipeline route and the measurement
of current loss from the pipeline.

The operator must decide upon the types of surveys to be undertaken and
the frequency of those surveys. The rectification of coating defects
identified by the surveys can be made by excavation and re-coat of the
pipeline and in certain circumstances by adjustment of the cathodic
protection system.

L Cathodic protection

The pipeline operator must maintain the cathodic protection system to a
standard at which the desired level of protection is given. Routine monitoring
involves taking regular readings at test posts to ensure that current levels
within the pipeline are maintained above specified limits, When indications
are received that the current levels are not being maintained the operator
must investigate further into the performance of the transformer rectifiers
and groundbeds. Failure of any of these items invariably involves the
operator in further expense for rectification works.

HAWHITMANP-LOG.DMW Pame &
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3.1.3 On-Line Inspection

On-line inspection is a non-destructive methed of detecting defects in the metai wail of
a pipeline. The vehicle (commonly known as an intelliigent pig) is passed through the
pipeline, propelled by the product, continually monitoring the wall by means of either a
magnetic flux leakage or ultrasonic technique. The vehicle pravides an accurate methed
for locating any defects and for describing the defect in terms of axial and
circumferential length and pipe wall penetration depth. The most common defect that
the vehicle will be expected ta identify is corrosion but will also identify mechanical
damage and material defects such as laminations.

The use of on-line inspaction tools has now widely been accepted within the pipeline
industry and is in some circumnstances a statutory requirement dictated by the pipeline
Safety Notice.

From the information received from the inspections the operator can cary nut
calculations to determine whether the remaining strength of the pipeline material s
sufficient to operate at the required pressures. If this is found not to be the case the
operator must decide whether to put into place remediation works to repair the defective
section of pipeline or accept that the pipeline must operate at lower pressure and

therefore lower flow rate.

As the on-line inspection produces an accurate assessment of defect size, repeat
inspections mean that all data can be compared with previous inspection data to provide
an assessment of any defect growth rate, or other changes in pipeline condition. Witk
this information, and a general knowledge of the general condition of the system, the
operator can make a judgement as to the re-inspection interval. This is one of ine
decisions required to be taken by the operator; others include:

L] What information is required from the tooi? How sensitive does the pig have
to be? What accuracy is required?

° What type of vehicle should be run, magnetic-flux or ultrasanic?

. Can the flow conditions required for a particular vehicle be achigved?

© is the pipeline suitable for running the vehicle? Are there any bend or bore
restrictions? Are temporary facilities required for launching and receiving the
vehicle?

@ Is it necessary to run gauge, bend or calliper pigs before the inspection
vehicle?

° Are there facilities and systems in place to handle the ~dirty" product

generated by the vehicle?
All of the above must be considered by the operator before embparking on an on-iing
inspection programme. Any one of the items will affect the investment leve! required
As with all items the operator is striving to achieve the lowest possible, most suitable
service at the optimum cost. The confidence of achieving this can only be obtained by

HAWHITMAN\IP-LOG.DMW Pane A
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experience of the varying tools and techniques and the verification of the results
provided.

3.1.4 Validation pressure testing

The integrity of a pipeline sysfem can be demonstrated by carrying out a pressure test.
It should be noted that a pressure test can only provide confirmation of the pipeline
integrity at the time of the test.

The requirement to carry out a regular pressure test may be the subject of the pipeline
Safety Notice.

The validation pressure test would normally be carried out by increasing the product to
a pressure equating to 110% of the normal maximum operating pressure and held for
24 hours.

The operator must allow for the pipeline to be out of service for a total of 60 hours to
facilitate the test which equates to 6 hours for preparing the pipeline for the test, 24
hours for pipeline temperature stabilisation, 24 hours for pressure test and 6 hours to
return the pipeline to a condition suitable for operation.

A satisfactory result from a pressure test will provide the operator with the confidence
to continue pipeline operations for a limited period.

3.1.5 Leak Detection
The detection of pipeline leaks falls into two main categories:
L] Visual Detection

This relies upon the detection, above ground, of the presence of product,
visible on the ground or a water course. From the operator this infarmation
will be received during line walking or during the aerial surveillance.
However, the main source of information will be from landowners or the
public who, if they know of the presence of the pipeline, will immediately
assume that it is the source for any oil found. This can instigate numerous
false alarms as, unfortunately, the dumping of old oil cans etc. in ditches and
other water courses is becoming increasingly more common. Therefore the
operator must have in place systems to check the authenticity of any report
efficiently and effectively.

. Technology

Application of SCADA system based leak detection has been a requirement
of UK pipeline Safety Notices for a number of years. Although the basic
technology and techniques are relatively mature, continuing advances in
computer and communication technology provides improvements. The
success of the systems are largely dependent upon the accuracy and
repeatability of the instruments available on the pipeline.

.
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A number of tachniques are available to the pipeline operator including
volume/mass balance, pressure monitoring, pipeline modelling and statistical
techniques. Each technique has its merits and shortfalls. The selection of
the most sppropriate and cost effective technigue is greatly influenced by &
number of factors including the complexity of the pipeline network, the
pipeline operating modes, the instrumentation available and the available
SCADA system. The key element in the selection pracess is the assessment
of the available techniques in the context of the relevant pipeline. This
assessment should be carried out by somecne with a detailed knowledge of
the technology and also of the pipeline’s operating characteristics.

The operator must remember that leak detection is only one element within
the Pipeline integrity Management process and must therefore ensure that
the level of investment in this high technology and therefore high cost aspect
reflects the real benefits.

Having installed a leak detection system the pipeline operator should havs =
policy of verifying their performance. This can be carried out by initiating
controlled removal of unmetered product from the pipeline. When this is
carried out with the operator’s prior knowledge, this can be used as the
trigger for an emergency response exercise.

Emergency planning

The risk of pipeline failure can be reduced but can never be eliminated from pipsinic
operations. For this reason, safety awareness is an important part of any integrity
management process in order that the effects of incidents and accidents can be
substantially reduced. Emergency pians and procedures should be developed with the
relevant authorities and emergency services.

A properly developed plan:

L]

reduces the thinking time when an incident gccurs
defines responsibilities
help contain the incident and minimises the extent of damages

speeds up rehabilitation

To develop a plan it is first necessary to identify the hazard and the risk, and then
identify the means by which the hazard can be controlled. For a pipeline the risks,
consequences and method of dealing with failure can vary along the route. For exarnple,
the consequences of a pipeline failure in the centre of a field with no aquifer close by
is vastly different than that of a failure at a crossing of a fast flowing river. Therefare,
an essential part of the plan is an environmental audit of the pipeline route.

Dara R
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For the plan to be effective it is necessary for all the aperating staff and others likely to
get invalved, including the public services, to be adequately informed regarding the
actions to be taken in the event of an emergency. Therefore the success of the plan is

linked to the training given.

Together with the plan and the trained staff the operator also requires other resources
available.

] equipment suitable for the cessation of the leak, the containment of the spill
and the recovery of the oil. At certain geographic locations industrial
cooperatives have been formed with stockpiles of equipment, materials and
supplies to provide a communal response to oil spills.

. contracted services to carry out specialised activities outside the fields of the
operator or other emergency service. Each operating location will maintain
an up-to-date list of local and national contractors.

Periodically, procedures and facilities are tested by emergency exercises carried out in

conjunction with the relevant authorities. These exercises check operators’
preparedness and provides guidance towards modifications required.

Additional Activities

Particularly during the design and construction phase of a pipeling, and following any
subsequent modifications to the pipeline, the operator must consider the application of
the following:

- review of operating philosophy

- review of maintenance philosophy

- design reviews

- surge analyses

- procedure reviews

- safety audits

- pigging programmes

- hydrostatic pressure tests

HAWHITMANIP-LOG.DMW Pana 9
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SUMMARY

Pipeline Integrity Management is a large investment item in terms of financial and
manpower resources. The operator has to decide on how much to invest in each of the
activities within the Pipeline Integrity Management process. These decisions have tc be
made after considering and quantifying all of the risks and censequences associated with
the particular system.

Each pipeline operater must develop a Pipeiine Integrity Management programme to meet
the pipeline system reguirements. This programme must be cortinuaily reviewed as the
pipeline conditions change and particularly as the age of the pipeline increases.

The decisions become increasingly difficult as the continuing pressure is always for
reduced operating costs. The operator is always looking for more cost effective ways
to carry out the activities. These may include activity sharing with other operators,
contractorisation and sub contracting.

The overall objective for all pipeline operators is to achieve the correct balance among
safety, cost efficiency and throughput availability to ensure that pipelines remain the
safest and most efficient way of supplying the inland market.

Dace 10



by Dcvid Whitman, Project Manager, BFA

The existence of a 510 km pipeline carrying hydrocarbon products from coastal
refineries and storage terminals te iniand population centres is not well-known. Gwned

by several consortia of international oil companies, the line is operated by BPA, whose

David Whitran writes here on maintaining the integrity of major pipelines.

The cost and the environmental impact

of energy transportation may seem to
be two very different issues but they are
often inseparably linked. Pipelines are a very
good zxample. Pipelines can be considered
the safest and most cost effective means of
transporting large quantities of hydrocarbons
over long distances. From an environmental
point of view they have less of an impact than
transportation by road or rail.

Any company operating a pipeline system
has a moral obligation to protect the people
and the environment of the country in which
it operates, in addition to any existing national

statutory requirements currently in force.

Energy World Moy 1998 Nuwber 259

Multi-product pipeline being
laid in Malaysia

This is especially important in the UK, as the

pipeline systems tend to supply product to
the more densely populated areas of the
country with the pipeline routes crossing
over and under numerous river and other
water courses.

The financial implications of an in-
service failure for any high pressure
hydrocarbon pipeline system of high usage
would be significant. In addition to the
costs of repairing the defect, loss of
throughput, arranging alternative supply, and
the associated clean-up operarion, the
eperator would suffer an immeasurable

setback in public opinion.

To ensure that the pipelines systems
continue to perform their duty without loss
of product the operator is responsible for
putting in place systems to prevent failure or
damage to the pipeline. Additionally systems
must be put in place to reduce the
consequence of any loss should this occur.
The term given to this process is pipeline
integrity management.

TYPES OF PIPELINE FAILLS
The volutne of product lost from pipeline
systems is very low. However pipeline
failures do occur. In recent years, net spillage,
the volume remaining after recovery, has
amounted to 0.00042% of toral oil trans-
ported through oil industry pipeline
networks in Western Europe.

There are five types of pipeline failure.

Mechanical
These occur when stresses in the system

_exceed allowable limits. These can be

caused by poor material quality or faulty
construction. Mechanical failure represents
25% of the number of spillage incidents and
27% of product lost.

Operational

These can occur due to excessive
pressurisation or malfunctions of
equipment such as pressure relief or
control valves. They can also occur due to
human error. Operational failure
represents 6% of the number of spillage
incidents and 4% of product lost.

Corrosion

Pipelines can be subject to both internal and
external corrosion. Internal corrosion
generally occurs when corrosive products are
present in the pipeline in addition to water.
External corrosion is the predominant type
experienced with hydrocarbon pipelines (in
particular refined hydrocarbons) and usually
occurs due to failure of the pipeline
protective coating and/or the cathedic
protection system. Corrosion represents
33% of the number of spillage incidents but
only 18% of the preduct lost.

T
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The UKGOP pipeline network is on
products pipeline systems in the world. The main system was built between {963
and 1968 and connects the Staniow refinery on Merseyside with two refineries
on the river Thames; Thames Haven and Coryton, as well as serving Heathrow
Airport. A second leg between Kingsbury and Buncefield, together with an
extension to subply Gatwick Airport, was added in 1984.

il movements through the network are controlled remotely from the

at the UKOP multi-product spiitier
manifold ct Buncefield, Hertfords,

Kingsbury pipeline terminal in the Midlands by means of a supervisory and control and data acquisition {SCADA) system.
Overall, the system transports more than 10% of the total volume of clean oil products consumed in the UK, including more “aam

half the aviation fuels supplied to aircraft at London’s main airports.

Natural hazards Others are additional activities to be

These occur due o localised natural considered for each particular situation.
~henomena such as ground movements. The
YYAYLEAYE MANAGEMENT

The possibility of mechanical damage to the

«ssibility of the phenomena are tken into

account during the design and planning phases
and therefore the occurrence of failure due to  pipeline by third parties or changing ground

these is low resulting in 5% of the spillage conditions can be reduced by effective

_incidents and 3% of the product lost, management and monitoring of the

wayleave, the channel in which the pipeline
Third party activity runs. Three ways of achieving this are:
The majority of these occur due to accidental
damage by third party excavations. The Monitoring
consequences of the pipeline damage equates The pipeline operator manitors the

to 31% of the number of incidents and 51% of  wayleave to identify any relevant activities.

the product lost This is carried out during his norma! day-
to-day requirements to travel along the

PIPELINE INTEGRITY MANAGEMENT  pipeline route for maintenance works eic

The pipeline integrity management process is and is also carried out by a regular aerial
applicable throughout the life of a pipeline survelllance (often by helicopter) usually at
system including design, construction, fortnightly intervals.

eration, inspection and maintenance. Some
elernents of the process are a necessity for all  Education

systems, and carried out on a regular basis. The works within the wayleave are either

authorised or unauthorised. Authorised
works are those cf which the operazae .

aware and has therefore been able to

discuss all the necessary requiremen
precautions with the third party. The
activities that provide concern are thase
that are unauthorised and of which tFe
operator has no prior knowledge

To combat this, pipeline oparaters
within the UK have embarked upon 2
process of education for all those
companies that may, at some time, nead to
carry out works within the pipeline
wayleave, together with the landowners. It
takes the form of presentations, videos and

printed literature.

Supervision

Prior to any works taking place within the
wayleave the operator will mark the exact
position of the pipeline. The operator will
stipulate the protective measures that must

be undertaken near to the live pipeline. In



most cases the operator will maintain a

presence on site until the work is completed.

CORROSION PROTECTION

Extarnal pipeline corrosion is prevented by
a protective coating, and by cathodic
protection. This ensures that current only
flows from the soil to the pipeline and that
corrosion oceurs at the associated ground
beds where it can be tolerated. The two
measures are complernentary, failure of
one, most commonly the coating, being

compensated by the other.

Pipeline coatings

Cuoatings of pipelines currently in service
range from site applied hot poured bitumen
1o factory applied epoxy. Specialist sub-
contractors carry out surveys of the
condition of the coating. The operator must
decide upon the types of surveys to be
undertaken and their frequency.

Cathodic protection

The pipeline operator must maintain the
cathodic protection system to a standard at
which the desired level of protection is given.

ON-LINE INSPECTION

On-line inspection is a non-destructive
method of detecting defects in the metal wall
of a pipeline, The vehicle (commonly known
as an intelligent ‘pig) is passed through the
pipeline, propelled by the product, continually
monitoring the wall by means of either a

magnetic flux leakage or ultrasonic technique.

The vehicle provides an accurate method for
locating any defects and for describing the
defect in terms of axial and circumferential
length and pipe wall penetration depth. The
most commen defect that the vehicle should
identify is corrosion but it will also highlight
mechanical damage and material defects.
On-line inspection tools are in some
circumstances a statutory requirement
dictated by the pipeline Safety Notice.
From the information received the
operator can make a judgement as to the
re-inspection interval, what should be
covered and how. This is one of the
decisions required to be taken by the
operator before embarking on an on-line

inspection programme.
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VALIDATION PRESSURE TESTING
The integrity of a pipeline system at a
particular moment can be demonstrated by
carrying out a pressure test. A regular
pressure test may be the reguirement of
the pipeline Safety Notice.

The validation pressure test would
normally be carried out by increasing the
product to a pressure equating to | 10% of
the normal maximum operating pressure
and held for 24 hours.

The operator must allow for the
pipeline to be out of service for a total of
60 hours for the test.A satisfactory
pressure test resulc will provide the
operator with the confidence to continue

pipeline operations for a limited period.

LEAK DETECTION
The detection of leaks falls into two

main categories.

Visual

This relies upon the detection, above
ground, of the presence of preduct, visible
on the ground or in a water course. This
information will be received during line
walking, during aerial surveillance, from

landowners or the public.

Technology
Application of SCADA system based leak
detection has been a requirement of UK
pipeline Safety Notices for a number of years.
A number of techniques are available to
the pipeline operator including
volume/mass balance, pressure monitoring,
pipeline modelling and statistical
techniques. The key element in the
selection process is the assessment of the
available techniques relevant to the

particular pipeline.

EMERGENCY PLANNING

Safety awareness is an important part of
any integrity management process because
the risk of pipeline failure can be reduced
bur can never be eliminated.

Far a pipeline the risks, consequences
and method of dealing with failure can
vary along the route. For example, the
consequences of a pipeline failure in the
centre of a field with no aquifer close by

are vastly different than that of a failure
at a crossing of a fast flowing river.
Therefore, an essential part of the plan
is an environmental audit of the
pipeline route.

In conglusion, the financial and
manpower resources required make
pipeline integrity management a large
investment. But the management process is
not an option, and ensuring that it is

continually effective is vital.
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BPA has 30 years experience of

rmanaging, operating and maintaining a
wide range of hydrocarbon product
pipeline and storage systems on major
schemes worldwide. Related
consultancy services are provided to
clients worldwide. Operations and
engineering services are available across
a range of fluid handling systems from
multi product, gas, gas condense, black
oil and LPG pipelines through storage
and pumping facilities to road, rail and
sea |oading facilities.

BPA provides expertise on any
aspect of the project cycle, from
conceprual studies through FEED and
detail design, to construction
management, Commissioning and start
up, and then all aspects of pipeline
system operation and management.
Contact: Rhys Davies, BPA, Lord
Alexander House, Waterhouse Street,
Hermnel Hempstead, Herts HP ! I E},
tel: 01442 242200, fox: 01442 214077,
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INTRODUCTION

Overlaying open communications with the ability to integrate legacy applications with new
operations and business management applications is the theme of this document. As
pipelines mave from being pure merchants to transporters/merchanis and eventually ic pure
transporiers, the need becomes stronger for better information facilitating improved decision-
making.  Such information must be easily disseminated to clients throughout the
organisations as well as externally. Clients can easily leverage the vaiuaple experience that
has been gained in managing this fransformation in the Uniied States.

ENERGY SOLUTIONS INTERNATIONAL (ESI)

The ENERGY SOLUTIONS INTERNATIONAL Group results from the merger between the
LICENERGY Group and Wright Logue & Associates of Houston. ESI combines the globai
experience of LICENERGY in simulation and optimisation of gas pipelines with the WLA
suite of Java based application moduies and middleware. The Message Broker (NECTAR} i~
the middleware system by which ESI infegrates applications and makes all data easily
shared. Full Internet accessibility is assured with this leading edge technology. Through the
ESI technology, Clients will be able to coniinue fo use legacy systems, develop new
applications (available through ESI or third parties) and insure seamiess interaction belwee..
systems!
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The most striking aspect of modem computing is its heterogeneity and fast pace of
development. Gas companies as well as other enterprises wrestle with a wide variety of
operating systems, third- and fourth-generation languages, RDBMS, networking protocols
and management tools. It is in this challenging context that users demand an ever-growing
level of application integration.

To accommeodate the complex and fast-changing nature of the gas business, the need exists
to reduce or eliminate the boundaries between applications, to re-use data and processing
logic more effectively within the enterprise and to create 'virtual enterprises’ by linking
applications together.

Traditional methods of integration via database centric frameworks cannot meet these
requirements. It costs too much and takes too long to modify applications to work with each
other. Too few tools exist to reconcile redundant and inconsistent data.

At ESI, we believe that gas pipeline companies must rethink the problem of interoperability
and consider drastic revisions in the customary design process. Supporting our position is the
fact that leading-edge gas companies in the USA are deriving interesting benefits from
integrated gas management sysiems utilising the message broker centric.

Strategies that rely on making all application systems compatible through database centric
systems will not survive. A message broker strategy, on the other hand, is based on the
premise that distributed heterogeneity and changes are inescapable.

Message brokers are another step in the gradual evolution of moving logic out of the
application program and into a reusable system-wide function. The flow control (workflow)
service of a message broker is key to the success of this concept. Message brokers enable
Business Process Reengineering by re-engineering only those application programs,
databases and other parts of the infrastructure.

THE APPROACH

ESI secure, Internet enabled integrated systems for gas pipeline management are providing
optimised decision support data fo and from its clients' corporate operations and business
units, throughout their organizations, and across the world - NOW.

The products are written in the Java language, making them machine independent, web
ready, and extremely easy to maintain.

ES} products communicate intemally and extemally via the Internet and intranet, using
message brokering, browser based graphical user interfaces, and employing highly detailed
security for users and developers alike.

E\ STRATEGIC SALES\Sales MateriaES] Systam Concepts.doc/31-07-00/AW/DS 4
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THE PRODUCTS

TIE PACK
J-AM J-AR Rapid Application and Configuration environment
Nectar Event Management Message Broker
Common Model Rules, Procedures, Connectivity and Data
RDBMS Bridge Link to any RDBMS
SCADA Bridge Link to any SCADA cr Data Historian
GAS PACK
RTM On-line real time transient hydraulic model!
PM On-line predictive simuiator
LAM On-line iock ahead simulator
CsO Compressor Station Optimiser
MCA Marginal Cost Analysis
LDS Leak Detection System
Gas SCOPE Simulation Control and Operations Planning Environment
Gas Nominations Intemet based gas nominations processing
Smart alarm Intelligent operational alarm processing
Gas Forecaster Neural Network based gas lead forecaster

BUSINESS SOLUTIONS

GTS Gas Contracts, Nominations and Allocation Management
Systems.

Hedger

Gasman

These preducts accelerate, conirol and save costs in the implementation of large, complex
optimisation and simulation projects. This combination of general-purpose implementation
and integration tools and industry specific products is used to deliver completely integrated
gas or liquids pipeline management systems. The system architecture comprise 4 main typas
of components

Message brokers responsible for any communication between other componenis
Graphical configurators used to build the system in a fast and efficient visual way
Graphical user inferfaces used to operate the sysiem

Application modules providing & variety of data processing, data storage and externai
interfaces.

The generic characteristics of these elements are described below.

E:A\STRATEGIC SALES\Sales MateriaN\ESI Systern Concapts.doc/31-07-00/AW/DS 5
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2.3 TIE-PACK

231 MESSAGE BROKER (NECTAR)

At the hub of the gas management system the message broker acts as a broker between
many target or source enfities (such as network, middleware, applications, and systems),
letting them share information more easily than with traditional techniques.

The message broker is a CORBA compliant publish/subscribe technology embedded with the
graphical configurator for use by all the ESI products and legacy client applications included
in the integration. The message broker allows the integration of traditional operations based
systems with business systems, providing vital decision support data in real time. To this
end, a message broker's purpose is o integrate multiple activities (applications, objects, or
databases), whether they're new, old, legacy, centralized, or distributed. The message broker
will allow electronic information to flow from user to user and application-to-application the
same way paper was flowing in the traditional organisation. Data flow will be much faster,
more efficiently and as soon as needed.

Traditional integration employs database - centric architecturas that focus on the location of
stored data. Changes in the way an application reads or writes data, requires changes to the
database, and to the other applications using the data. This is called “tightly coupled”, and
while relatively easy to implement, when only one or two applications are being integrated it
is very difficult to use where a number of new and legacy products are being integrated.

Integration using a message broker focuses upon the dissecting of data. Making the
architecture Broker centric is a fundamental shift in thinking, and is needed befors an
integrated suite of systems can truly be called Web Enabled.

in this paradigm, changes in the way applications read or write data o the database or
among themselves, requires only that changes need to be made to the broker. This is called
loosely coupled, and is ideal for muitipie application integration.

The message broker technology ties many different platforms and application development
solutions together and it can also use any number of middleware and APl mechanisms to
connect and route information to each application. it routes information between

applications.

You can separate message broker services into several distinct categories. These include
message transformation  services, rules processing, intelligent routing, message
warehaousing, flow control, repository services, directory services, APls, and adapters.

Message Transformation Layer

The message broker has a message translation layer that understands the formais of every
message being passed among applications and changes their formais as required. The
message broker restructures the data from one message into 2 new message that makes
sense to the receiving application (or applications). The message translation layer provides a
common dictionary with information on how each application communicates and which
information is relevant to each application.

£\ STRATEGIC SALES\Sales Material\ES| System Concepts_doc/31-07-00/AW/DS 6
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Inteliigent Routing

Intelligent routing (sometimes known as flow control) builds on the capabilities of both the
rules and the message transformation layer. The message broker can identify messages
dynamically coming from a target application and route that information to the proper scurce
application, transiating the messages if required.

If a message comes to a message broker, it is analysed and identified as coming from a
particular system or subsystem—for instance SAP. Once the message broker identifies and
understands its message’s origin and schema, it processes the message. By applying
applicable rules and services, including message transformation.

Once the message is processed, the message broker routes the message 10 the subscribing
system. This may take less than a second, and up fo 1,000 of these cperations may occur
simuitaneously.

Rules Processing

The rules processing engine allows system architects and deveiopers o create rules
goveming control of the message processing and distribution. The message broker enabtes

an application development environment to support the special application integralic.:
requirements.

The rules engine will let you implement inteiligent message routing and transformation. For
example, in some instances a message may be required by one other receiving application.
In other instances, you may have to route a message to two or more applications. Solving
each problem required the ability to route the message to any number of applications that are
extracting and translating data from other applications.

Message Warehousing

The message warehouse is a database that store messages flowing through the message
broker. In general, message brokers provide a message persistence facility to meet several
requirements, inciuding message mining, message integrity, message archiving, and
auditing.

Message mining uses the message warchouse as a quasi-data warehouse, allowing
extraction of business data to support decisions. Message warehousing can provide services
such as message integrity, since the warehouse provides a natural persistent staie of
message traffic.

If a server goes down, the message warchouse is a persistent buffer or queue to store
messages that otherwise would be lost. The message warehouse is used to resend or
compare messages with other message warehouses on the network thus ensuring message
transfer integrity. This is much the same principle as the persistent message queuing that
other message-criented middleware preducts support.

E:\ STRATEGIC SALES\Sales Material\ES| System Concepts doc/31-07-CO/AW/DS 7
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J-AM J-AR

J-AM J-AR™ (Java based Application Monitoring and Application Reporting) is a rapid
application development environment used for developing the GMS.

J-AM J-AR™ contains a sophisticated event management system, graphical user interface
and intemetintranet communication capability. All applications comprising GMS are
accessible from J-AM J-AR™ for user interaction.

Standard Microsoft Windows functionality is provided on high-resolution graphical displays.
Standard object and symbol libraries are provided allowing data to be displayed in both
graphical and textual form.

The message broker is embedded with the graphical configurator and enables the system to
be implemented as a distributed Intranet/Intemet tool serving the widest of user communities.

Realising that implementation delays were the real money loser for the client community, ESI
concluded that the design of an easy-to-use, "point-and-click" Rapid Appiication
Configuration Environment (RACE) greatly improves profitability.

From a work-screen (schematic), the user builds the system by simply selecting objects from
a palette and placing them on the schematic, connecting them to other objects and editing
alphanumeric properties through dialogs. With no work, additional objects with default
attributes are defined in the RDBMS and included in the Common Model for use by the rest
of the system, see below. The conneciivity between the objects is established as they are
added to the schematic, quickly building a system ready for flow.

Figure7 N

B - -

The icons and schematics are easily user definable. The schematics can take on any look
that the user desires, including SCADA screen emulation. The schematics, thus configured
by the user, become the GUI for the complete suite of products.

E\STRATEGIC SALES\Sales MateriaNES| System Concepts.doc/31-07-00/AW/DS 8
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Adapters

Message brokers adapters are, generally speaking, a layer between the message broker
interface and the source or target application. An adapter can adapt to differences between
source or target and the message broker's native interfaces

In addition to adapters, message brokers use APIs to access the message broker’s services
from an application. These are similar to the APl of a fraditional message-oriented
middleware product except that the message broker lets you integrate many applications.

The application of an integrated gas management system with an architecture based on
message broker communications fully integrated with the Intemet provides the oniy solution
for the gas company of today who wants to remain ahead of the competition in the future.

COMMON MODEL

Large distributed web-based systems yield plenty of benefits including improved user access
and faster data availability, but keeping control of their implementation is very difficult.
Recurring problems with large, distributed systems include redundancy of data definitions
and even more common, redundancy of attributes, business rules, and procedures. Part °
the development of these systems, is the control of the definitions used to build them.

Description

The Common Model is ESI's mechanism for ensuring that data, rules, and procedures ocot:’”
only once across the entire gas management system.

When the rapid application configuration environment is used ic add a valve to a schematic,
that valve is written to the RDBMS and becomes pari of the Common Medei. Anv
application using the vaive in that location along ihe line uses this single deiinition: there is
no possibility for divergence or confusion regarding that valve, its state, its operation, or it?
place in the rules built using the Expert System capabilities of the system.

Every disiributed developer or user sees the same definition of that valve. If the value is
deleted, it vanishes from the entire system. As a result, there are no vestiges io clear up and
the vaive never retumns to haunt the application in the future as some difficult {o find errer in
a calculation.

The Common Model contains the entire definition of all of the objects, rules and procedures
used by the entire system. It can also be inferfaced to distribute legacy systems outside ihe
system (such as the Geographicai Information System) ensuring that ali the systems in the
suite remain in data synchronization.

This approach provides a number of benefits:

Eliminates the need for muitiple definitions and consequent interface development.
Consistent answers from all applications using the same data.

Robust implementation.

Unique data definition.

Saves time and money on support and maintenance.

E:\ STRATEGIC SALES\Sales MaterialES] System Concepts.doc/31-07-00/AW/DS 9
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Another advantage of having both the appiication and the /O web based is multiple-user
system access from different locations simultaneously, This enables the end user to be much
more actively involved in the configuration process. On a recent project with Transcanada
pipeline, the client had more configuration personnel working on the project than ESI.

234 BRIDGES

A number of standard bridges between ES! application modules and common applications
such as SCADA and databases have been developed.

Corporate RDBMSs are ubiquitous throughout the industry, and any system claiming to be
capable of integration must be capable of integration with any RDBMS.

The point where the gas management system integrates with the corporate RCBMS is the
Common Model. Actually, the Common Model, going further than integration, becomes part
of the corporate RDBMS, As the rapid development application is used to configure the
Common Model, J-AM J-AR is actually configuring tables in the RDBMS, behind the scenes
and away from the direct attention of the developer or the user.

Supervisory Control and Data Acquisition (SCADA) systems are used to monitor and control
oil and gas transmission pipelines. These systems normally have their own data storage
mechanisms and have to be extremely "safe". This means that it must be impossible for
control logic to go wrong, and for the SCADA system to enact dangerous equipment
operational sequences. Further, if anything does go wrong, the SCADA system must be able
to shut down the pipeline in an orderly and safe manner. Bridges with numerous SCADA

systems have been developed.

24 GAS-PACK

The application modules integrate gas nominations, gas demand forecasts, and market data
with current and future hydraulic states, enabling the user to build an operational plan in a
single graphical environment where all data may be shared securely and reliably with the rest
of the organization. This significantly enhances the quality of decision support information
throughout the organization, enabling key staff to make fast and profitable decisions, closing
the gap between operations and business.

North America’s leading natural gas transmission companies have utilised these products to
build the foundation for their gas pipeline management systems. These are just a selection of
the application modules available,

- Real Time Model On-line real time fully transient model

- Predictive Model On-line automatic predictive simulator

- Look Ahead Model On-line automated look ahead simulator

- CS8 Optimiser Compressor station optimiser

- LDS Leak detection system

- MCA Marginal Cost Analyser

- Scope Simulation Control and Operations Planning Environment
- Nominations Internet based on-line gas nominations processing

- Gas Forecaster Neural network based gas load forecaster

-  Storage Manager Gas storage optimiser

E:\ STRATEGIC SALES\Sales Material\ES| System Concepts doc/31-07-00/AW/DS 10
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GAS PACK APPLICATIONS

The gas simuiation software is one of the key requirements in providing an integraied gas
pipeline management system. And it can be only through the use of the worlds leading
pipeline simulation software from ESI that the ARAMCO's vision can be realized.

REAL TiME MODEL

The cere of any network simuiation is the simulation model; ESI is able tc supply the Worlds
leading Real Time Fully Transient Dynamic Model. Many weorld-class energy companies
have successfully proved this model on similar applications.

The real time model provides real time data on gas Flows, Pressures and compositions
throughout the neiwork., This provides an accurate starting point for Predictive and Lock
Ahead simulations,

The real time Pipeline Simulation Software makes use of ESP mathematical hydrautiv
models. These models provide the state estimation based on real-time measurements
provided from the field. It is from this state estimation that all the “application” modules
derive data, either using it as a comparison to measured data or as input io other
calcuiations. The flexible design of the system allows the addition of exira levels o
sophistication to any functionality stated below.

. Data Supervision - The continuous evaluation of the validity of acquired data based on
physical interrelations and limitations rather than the ordinary range checks provided
by most SCADA systems.

» Information Conceniration - The reduction of groups of data by means of the model
into a few characieristic values thus raducing the mass of data an operator needs t»
monitor in order {0 supervise the process.

. Operational Supervision - The monitoring of process phenomena that are not nommaiy
continuously available o the operator, e.g. monitoring a pressure at a location where
measurement is not possible.

. Operational Planning - The prediction of process changes under various operation:s!
modes based on the current state and simulation of future process conditions much
faster than real time.

. Automatic State Estimation - A few measurements are applied to provide detailed
results for pressure, flow, temperature, and quality throughout the pipeline.

. Line Pack Calculation - The pipeline mode! provides real time line pack data. At any
instant, it is possible to determine total gas volume. Gas {emperature and pressure
orofiling is automatically applied to the line pack calculations to compensate for the
effect of temperature and pressure.

. Automatic Tuning - The differences between measured and calculated data are used io
tune the model to actual pipeline conditions resulting in improved performance of
application modules.

E\STRATEGIC SALES\Sales Material\E51 System Concepts dee/31-07-C0/AW/DS 11
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. Gas Composition Tracking - The gas composition tracking software determines the
movement of the different gas components or properties through the transportation
system, thus forming the basis to accurately assess gas properties {i.,e. BTY,
degradation, contamination, etc.) as function of space and time. Composition and
property measurements of product entering the pipeline are being periodicaily updated
and passed to the pipeline model. Composition is tracked down the pipeline noting
times of arrival of critical or new composition at the gas terminal.

. Fuel Consumption - This module calculates required power, torque, and fuel
consumption per compressor unit. Using calculated and measured fuel consumption;
compressor efficiency can also be calculated. In addition to this, the module can keep
track of accumulated fuel consumption at each compressor unit.

. Over/Under Pressure and Flow Detection - Maximum and minimum pressure and flow
limits can be defined separately for different modules. An alarm will be issued when
the model calculates pressure or flow below or above the set boundaries anywhere in
the pipeline network.

. Compressor Analysis - The compressor analysis module continuously monitors the
energy consumnption of the compressor units. This monitoring is based on the fuel
consumption and efficiency parameters of each compressor unit.

. Survival Analysis - The purpose of survival analysis is to assist the operator in
determining operation of the pipeline in the case of a major loss of flow into the
pipeline. Based on calculated current line-pack, pipeline flow in, and pipeline flow out,
the survival-time analysis module will provide information on how long the pipeline can
continue to operate.

252 LOOK AHEAD MODEL

This tool provides forecasting of near future pipeline conditions. The look ahead tool
performs a faster than real time flow analysis to discover the consequences of controiled
adjustments, independent but based on real time pipeline operations.

253 PREDICTIVE MODEL

The predictive model tool is a simulation facility capable of performing “What if?” scenarios
based on realistic modeiling of equipment, product, and pipeline. The predicative model
provides the capability to simulate pipeline operational strategies independently without
disturbing normal pipeline operations. The model utilises any combination of measured,
calculated, artificial process measurements or equipment status. It is executed in time steps
and provides a simulation of pipeline conditions. The output is differentiated from the
primary pipeline model data and presented to the system operator for analysis.

The various standard ESI application modules have been described above, as the ARAMCO
philosophy has been to use standard applications where possible to meet the requirements of

the project.
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Within the ESI moedelling environment, the network simulation will be carried out in real time
at a frequency dependant upen the update time of field data from the SCADA sysiem this is
typically 10 to 20 seconds Therefore real time data is available for any of the defined
parameters for any point in the neiwork at any time with historical data archived as required.
Predictive, Look Ahead and Survival time simulations will provide the additional simulations
required from the list above. The results of the simulations will be presented through the GUI

All of the simuiation data will be available in the central database for access by other
applications within the gas management system. As with all aspects of the ESi sysiem the
data is availabie to be displayed wherever necessary, via web technology or other means o
any authorised user.

All of the simulation functionaiity required by ARAMCO can be accompiished with siandard
ES1 software modules. However where reguired, bespoke configuration of the exisiing
medules will provide the additional functionality required.

GAS LOAD FORECASTER

ESI’ neural net-based Gas Load Forecasting system (GLF) is being used in the USA by
clients operating extremely complex delivery systems, and is saving them hundreds of
thousands of dollars by providing their predictive simulation models with forecasis accurais
to within 5% of actual demand.

Some estimate of predicted load is the very first step in the marketing and operations cycie,
without it marketing can't project, capacity sellers don't know the cost cf their capacity or ifs
availability, operations can't plan to run safely and profitably, and the system will not work «t
full efficiency.

The forecast engine is based on a general-purpose neural network. The neural network is
trained using historical characteristics such as weather dafa, calendar information, =20~
economic information such as competing energy costs.

Forecasts are generated automalically according to a set schedule, or whenever trigger
events occur. Typically, events such as the arrival of new weather data or new nominations
data will injtiaie a new load forecast. Whenever the differential between the forecasted loads
and the actual loads vary by more than a defined threshold, the particular neural networi.s
that are associated to that load will autornatically retrain in-order to provide a better fit for the
available data.

EA STRATEGIC SALES\Sales Materiai\ES! System Concapts.doc/31-07-00/AW/DS 13
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A typical display from the gas load forecaster can be seen below:-
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All of the data from the Load forecaster will be available in the central database for other
applications that subscribe to it. Modifications to the set-up of the forecaster can be handled
directly through associated dialogue boxes, as seen below.
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This leaflet is one of a series containing examples
of Energy Solutions Consultancy and Prgject work.

This data sheet outlines just some of the
management modules developed and used oy
Energy Solutions engineers in the modelling of

pipeline networks to maximise the bDusiness
benefits of our software systents on behaif of
Clients.

BATCH MANAGEMENT

Comprises Scheduling, Movements and Transfer
Distribution; batch wacking is a pre-requisite for the
scheduiing and/or transfer distribution modules, and
the combination of all three management modules
enables an Operator to implement batch scheduiing
and to supervise transportation n accerdance with an
established schedule,

BATCH TRACKING

Determines the movement of product interfaces
through a pipeline system, and the progress of batch
fronts, together with the expected tme of amrival at
downstream locations is regularly updated via the
pipeline model.

CATHODIC PROTECTION

This software monitors the cathodic protection
parameters collected by the SCADA system in order ©
display and analyse trends arxl generate alarms.

g " ;“;} X 2
e s

5 2, :t n

COMPCSITION TRACKING

tnables he determination of movements in procucy
composition and neating value. The parameters at
mixing poinG are caicuiated and treated as an inflow &
a pipeline section; the sofiware regularly updates e
pesitdon of the parametsss based on the velocity profile
of the base pipeline model, and the systemn fhen
caiculates the actual parameters in the delivery points.

COMPRESSCR CPTIMISATION

An optimisation model is generic, enabling detak
specification of compresscr, engine and local conga
characteristics within a station to facilitate optimisadic
on the basis of current flow pattemns and distributicn: &
reai-time, ¢r ¢n & scenario derived from the pradictive
model

R

The results of an optimisation define the set point for
individual compresser  siations, together with an
cptimum compressor configuration that will minimise
the energy required for compression and cooling within
2ach stzden.

DRAG RECUCTIC!!
This medule simulates the effects of pipeline additives
by adjusting friction values in the flow calculations; the
mecule can be appiied to drag reducing agents and
CoITosion innibiors.

Refs/Pipeline Management Moduies/05-09-00/HT/ic



MANAGEMENT, NOMINATION AND ALLCCATION
This gas management software comprises!

« A Nomination Computer Systermn - which tracks
energy levels in the pipeline to ensure that the
participating fields are maintaining thelr individual
share of the fine stock.

s+ An Aliccaticn Computer System - which allccates
the gas transported from the originating fields to
the gas shippers on the basis of data provided by
the nomination system, the measured gas supply
and the measured Custormer demand.

e The Maintenance Scheduler - designed o improve
the efficiency of warehcuse handling, purchasing,
work orders and preventive maintenance.

» The Energy Soiuticns Geographical Information
Systern (LIGS) - which is used for the management
of objects that have a geographical relationship to
each other; different types of information can be
assigned (for example, geographical, technical,
administrative, or operational data, as well as
damage and failure reports).

PIPELINE EFFICIENCY

Defined via the friction factor (determined from the
pipeline roughness and its actual diameter), which is
cakulated on a per-section basis from pressure drops
and flows. The friction factor enables an Operator to
modify system parameters in order to accommodate
less efficient conditions, or to implement pig cleaning of
the pipeline.

PIPELINE INVENTORY

This module calculates tie product mass within the
pipeline on the basis of pressure, temperature and
density profiles in order to determine the amount of
product available. From the profiles, the actual line
pack and rate of change is determined for each pipefine
segment and for the total system.

PRESSURE MONITORING

A real-ime presswre profile is caladated from the
hydrauiic model, and compensation for the effects of
temperature (including diumal solar energy changes) is
automatically applied to these caleulations; pre-
configured safety limits applied w the pressure profile
provide over- and under-pressure warnings.

PRODUCT TRACKING
This software detarmines the movement of product
batch interfaces throughout a pipeline system.

The system parameters are derived from the pressure,
temperature and composition equations and from the

product properties.

PUMP QOPTIMISATION

This module calculates the optimum  pump
configuration with regard to fuel consumption in those
pipelines with multiple booster stations.

The optimisation i based on the flow
pattern/distribution  characteristics, ~ availability  of

purmps, pump system efficiency curves and on e
specified operational consirainis of e pipeline,

SCRAPER TRACKING

Facilitates Facking of the pesition and type of any
pig(s) in a pipeline as a basis for waming an Cperater
that a pig is approaching a receiver station, for avoiding
false rupture alarms, and for the inital locating of a
biocked pig.

STATE ESTIMATION
This is the process through which all known and
estimated pipeline information is integrated in order t©
enable system softwere tools to produca culputs that
will be useful to a system Operator and to a pipeline
operating company.,

SURVIVAL TIME AMALYSIS

ESIids provides real-time line pack data that can be
plotted against distance by the SCADA system, and at
any instant in time, it will be pessile o determine total
product volume and the distribution along the pipeline.
Based on current line pack, pipeline flow IN and
pipeline fiow OUT, and on customer demands, the
Survival Time Analysis provides information on the
length of time that a plant will continue to operate
when a teak or other cut-off cccurs.

Refs/Pipeline Management Modules/05-09-00/HT/jc
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This leaflet is one of a series containing examples
of Energy Solutions Consuitancy and Project work.

Energy Solutions experis conduct studies of jeak
detection system capabilities and requirements
on behaif of Clients.

The dynamic pipeline response to leaks and
ruptures are assessed through a Leak Defection
Design Study.

Implementation of the on-line leak detecticn system
implies requirements for insgumentation and data
transmission, both of which are of key impertance io
the overall functicning of the leak detection system.

Knowledge of the practical cperation of the pipeline is
also essential to establish the correct design of the leak
detection system software package; and evajuaticn Is
needed as to the extent that the system will be zble ©
model the different conditions within the pipeiine, The
points to be considered include:

+  Normal, maximum and minimum pipeiine flow and
pressure operating conditions

« Transient flow conditions (pump start\stop, valve
operation, etc.)

«  The effect of temperature variations

«  Multiple products within the pipeline

«  The effects of saaping

« Therelevance of shui-in leak detection

e
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The quality of the data and the design of the software
in relation to pipeline operations will define e
capabiiity of the leak detection system.

PERFORMING A DESIGH 5TUDY

This fype of study can produce Input o a Client’s own
spill analysis and safety siudy, and generally resuls i
a set of doasments detziling the capabilites of
altemative detection methods. The objediives of a
study are to assess the lsak detection capability 0
terms of the overall system specification and pipsine
operations, ie.:

o Minimum leak size
»  Leak size/detection time
=  Leak location accuracy

For existing systems, this work can  incdude an
assessment of potential preblems and “bottlenecks”.

Refs/LD Studies/17-07-00/HT/ic



BEMEFITS TO THE CUIENT

Design studies form the basis for a Client's leak
detection philosophy for a particular pipeline project,
and the report prepared by the Energy Solutions
Engineers will include a system description under the
following headings:

»  Description of the leak detection software package

»  Detecticn capability

«  Requirements assessment and recommendation of
available\additional instumentation update time

«  Computer H\W requirements

A Design Study may include the implementation of a
pipeline model, so that simulations can be used to
determine the responses to leaks and operational
changes. In this way, simulations of the time series of
pressure, flow and temperature (comparable to the real
measurements on the actual pipeiing) can be obtained.
From these simulations, a detailed assessment of the
leak detection algorithim respenses can be performed in
crder to determine the detection time and the effect of
transient flow conditions.

Design studies performed on  existing pipeline
installations assess the requirements for the total
informaticn relevant to successful leak detection,
including:

Instrumentation accuracy and availability

»  A/D conversion

»  Communications

»  SCADA requirements
SENSITIVITY STUDIES

So that both the Client and Energy Solutions can be
fully aware of the capebiliies of a leak detection
system, and also to assess the accuracy and benefits
provided by a pipeline management system, a pipeline
sensitivity study is recommended.

A Sensitivity Study will analyse leak sensitivity
thresholds and pipeline operating conditions as a
standard initial step to determining the achievable leak
detection performance before installing leak detection
software.

Due to the requirements of pipeline safety regulations
and the economic consequences of a leak through loss
of product, clean up costs, pipeline and equipment
downtime and repair costs, etc.,, fast, effective and
accurate leak detection methodolegies are needed.

Energy Solutions recognises the complexity of dynamic
leak detection software, and therefore has developed
its own software tool for analysis and study of leak
detecticn sensitivity. This software can be used in the
engineering design phase, or can be utilised for an
existing nipeline.

Through a Energy Solutions leak sensitivity study, the
pipeline operating company gamns the following
benefits:

1. Defining the characterisiics of those leaks that
could be masked by insttumentation errors,
telemeiry problems, and by inconsistencles in fuld
property parameters.

2. The cperating company wilt gain an understanding
of where additional or improved instrumentadicn
sheuld be installed to assist in leak detection.

3. Evaluation of the benefis and cosis of a leak
detection system implementation.

4. Establishing leak sensitivity thresholds in crder o
provide realistic expectations and targets,

When the sensitivity study is completed, the Client wiil
thoroughly understand the problems identified by the
Energy Solutions Engineers, and will appreciate the
benefits that can be provided. Both the Client and
Energy Solutions can then develep a close working
relationship during the implementation of the leak
detection system.

PERFORMANCE STUDIES

A Leak Detection Performance Study includes an
assessment of the Energy Solutions DS detection
capability in relation to the overall network and to the
operation of the pipeline and will evaluate:

«  Minimum detectable leak size
«  Relationship between leak size and detecticn time
» Achievable leak location accuracy

The Final Study Report from the Energy
Solutions Engineering Team will include a
description of the availabie instrumentation
enhancements, together with indications of the
anticipated improvements in the leak detection
capabilities for the Client’s designated network.

Refs/LD Studies/17-07-00/HT/jc
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.in place.

departments of a pipeline company

RANSMISSION PIPELINES are the safest method of transporting energy. They have an
excelient safety record, mainly due to their proven design and operating practices. These
practices have changed little since the early days of p'peltnes Similariy, the methods used
to manage a pipeline system have Changed lithe over the years. '
- However, pipeline operators are now bemg asked the simple question “How do you
‘manage your pipeline?” by board members, regulatory authorities, etc. The reasens for this
~'question can range from cost-effectiveness-to safety considerations. Indeed, in the UK,
| .pipeline safety regulations require a pipeline operator to have a safety management system _

. Conseqguently, pipeline operators are now producmg and workmg to management
“systems. This paper presents an overall pipeline management system that can be used on
-¢:8n offshore or onshore, oil or gas pipeline. The system is in the form of a formal, structured
#i:document, -that is authorized -by top management and amplemented by all staff in all

chruary (998

P\

Introduction

Good management of any company or assetis
vital to its success, both in terms of profit and
safety. There are many examples of poor
management causing major disasters: the fire in
the London Underground in 1988 which cost 31

- lives was attributed to “blinkered” management
who believed they were self sufficient, and were
.unwilling to take advice or criticism [1].

Pipeline companies are going through major
changes, ranging from ‘downsizing’, to
franchising maintenance and operation activities.
These changes, and increasing pressure from
regulatory authorities to have auditable
management processes in place, mean that
pipeline operators arc now producing, and
working o, management systems.

The methods and systems they adopt vary
significantly, which is in contrast to their assets.
Pipeline companics designand operate their assets

This paper was first presented at the Pipeline Risk
Management and Reliability conference held in

= Houston in November, 1997, organized by Pipes &
Pipelines International and Clarion Technical
Conferences.

using detailed, prescriptive, codes and procedures
that are both well-documented and recognized.
This means that most companies design and
operate their pipelines using identical codes and
procedures. However, the management of these
assets is left to the discretion of individual
companies, and many use differing methods and
structures that have been in place for decades.
Consequently, it is easy to design a pipeline and
show that is safe and efficient, by simply saying
it is designed to a recognized code, e.g. ASME
B31. However, it is not possible to say the same
thing about the pipeline management because no
formal or agreed systcms are available.

This can lead to problems. For example, how
is the competence eificiency, and cost-
effectiveness of the management of a pipeline
system measured and recorded? Is the
management ‘good’, isitefficient, 18 itoperating
the pipeline satcly etc.? How can an operator
assess the performance of its management, and
how can it show regulatory authorities that it has
a top-quality management systemn, with suitable
benchmarks?

What is needed is a systematic and formal
appraisal -of-all aspects of the managers and
management, and this can be achieved through a
managementsystem.
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Fig.l. An overview
of the key elements
of a safety-
management
system [4].

Pelicy
development

Qrganisational
development

Developing
techniques of
planning,
measuring & .
reviewing

What is a management system?

First of all, we need to know what a
management system is, and what it can do.
Unforiunately, management systems are often
confused with management structures; they are
completely different, although the latter is
contained in the former.

A ‘management systermn’ is a management
plan, in the form of a document that explains to
company staff, customers, regulatory authorities.
etc., how the company and its assets are managed,
by stating:

® who is responsible for each aspect of the
asset and its management;

@ whatpolicies and processes are inplace to
achieve targets and goals;

® how they are implemented;

e howperformanceis measured; and finally

@ how thé whole system is regularly
reviewed and audited.

The document is agreed at board level,
constantly and systematically reviewed and
updated, and all levels of management comply
with its contents.

Many companies operate such a system in 2
piecemeal, or unstructured, manmer. It is the
production of a single, detailed document that
encompasses all the above aspects that creates
the ‘system’. The next question is, “why have a
management system?”. Some of the reasons are
given above, but-numerous examples can be
given that show the importance and usefulness of
formal pipeline management systems, i.e.:

& A board member, shareholder, or
regulatory authority can ask how your
pipeline is designed and operated, and is
it cost-effective, safe, and efficient? It is
easy io say, for example, “The pipeline is
to BS 8010, so everything is OK”, and this
should satisfy any possible query or
concern easily. If the same guestioner
asked the question “How is your pipeline
managed?”, what would your answer. be,
and how would you justify and show the
effectiveness of the current management?

# Youcan imagine the problems.a pipeline
operator would have if he/she was to
decide to franchise all pipeline operations
to a contractor. The first thing the
contractor would ask for is a formal
document stating how the pipeline
operator wanted the pipeline to be
operated, the processes to be followed,
the measures used to assess performarce,
etc. Tt is relatively casy to hand over
several filing cabinets full of codes of
practice, and specifications that tell a
contractor how many times to inspect a
pipeline, or how often to check valve
operation, etc., but these will not tell the
contractor how this is all managed, orhow
an operator wants it to be managed to
satisfy corporate goals, measures of
performance, safe_ty:mana.gcf,_mentcﬂteria,
etc. -

- ——_—

continued on page 21 after Pipeline Report
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How do you manage your pipeiine?

—— (continued from page 20)

In pipeline companies undergoing
sweeping changes, including downsizing
and management rotation and
rationalization, it is essential that new
managers can casily and quickly be
informed of the management techniques,
structures and processes in place, that will
allow him/her to achieve company goals
and objectives quickly.

Regulatory authorities are increasingly
asking operators for formal and
documented management systems. In the
UK, the Pipeline Safety Regulations (2]
require a pipeline operator of a major
accident hazard pipeline [3] to have a
safety-management system documented
and in place.

Simple management systems

A simple management system is a safety-
management system; Fig.1 gives an outline [4].
Thisis one part of a pipeline-management system.
However, it does show the components of a
management system. If any of these components
are missing, it is not a complete system. The key
elements are:

corporate, departmental, and locai policies
are stated, agreed, and undersigned by
senior management. These policies will
also include objectives/goals.

the organization of these policies is stated,
in terms of organizaiion structure and
strategy. This will usually include the
name of the person/department who takes
ownership of this part of the business.
Ownership can be divided into
accountability (who decides on the policies
and plan, and selects those responsible),
and responsibility (who carries out the
policies and plan).

how policies are realized is contained in a
detailed plan. This plan can be anything
from a simple flowchart, to a detailed
framework.

how this plan will be implemented is
stated. The plan and its implementation
will be achieved by written processes.

wherever a policy is being implemented,
it should have some performance measure

that allows management to assess its
effectiveness and value.

the organization, plan, implementation,
processes uiilized, and performance
measures in place, should be regularly
reviewed against specified criteria. The
review must have ‘teeth’, i.e. where
deficiencies are identified, procedures
mustbein place and implementedtoensure
rectification. Indeed, a performance
measure for the whole systerm s the speed
of the review and implementation of
recommendations and changes.

finally, the whole system, and all its
elements should be subject toregular audit.
This audit should not be a ‘compliance
audit’, that merely checks that the
paperwork is in place, and the people are
following all the policies, eic.. The audit
should be a ‘critical audit’ that appraises
both the system in piece, and eachelement,
toensureitis performing its stated function
effectively.

A simple example of how this system would
work is in environmental safety:

® The corporate policy states that all

company pipelines will comply with all
environmental legislation, and present an
‘as low as reasonably practicable’ risk to
the surrounding environments. This policy
is likely to be in the form of a mission
statement, and itemized in terms of
objectives.

The organization of this policy, in terms
of those persons/departments responsible
and accountable, is detailed, with alisting
of individual responsibilities. It is useful
to specify one ‘owner’ of the policy, such
as a board director.

The plan outlining how envirommental
protection, and compliance with legal
requirements. is to be achieved, i.e. how
the corporate objectives are to be achieved,
is sumrmarized, but not detailed.

The methods and procedures in place to
achieve these objectives should be listed
and how they will be implemented
detailed. These will include measures in
place to avoid environmental damage,

21
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Fig2. A
pipeline-
management
system [5].

-

CPERATIONS
MANAGEMENT

PIPELINE

emergency plans and procedures in place
to mitigate leakages, etc.

Implementation of the plan should be
outlined, but this is not sufficient; a list
of...

Performance criteriamustbe agreed with
all Ievels of management before
implementation. These criteria constitute
the ‘success factors’. Performance
measures could be number and scale of
leakages, response time to leakages, etc.

Review of these elements is essential. The
review would start with an assessment of
the objectives (are they reasonable and
achievable?), the organization, and the
plan in place to realize these objectives.
Then the performance measures are
assessed, and the whole system reviewed
using them.

An audit by an independent person/
department of the whole system will need
to be performed at regular intervals. Part
of this audit may use an environmental
agency/consultant to  appraise
performance measures, etc,

Pipeline management system

Anexample of a pipeline management system
is shown in Fig.2 [S]. This is a suggested format;
different companies require different formats,
and different priorities. However, this overall
format should satisfy the needs of most companies,
and also satisfy requirements of regulatory
authorities. _

Each arm of the management system in Fig.2
should contain all the elements of Fig.l.
Therefore, it is not sufficient to have in place an
inlegrity-monitoring programme (however good
it may be); this programme must be constantly
reviewed, and audited to test its adequacy, and
check that it is being applied correctly and
completely.

One of thekey components of the management
system is measuring performance (Fig.1). Thisis
irnportant in pipeline engineering, as it can allow
early detection of problems, and can also allow
relaxations in operational practices, thatcan allow
reductions in operating costs. Fig.3 gives an
example of how measuring performance can
achieve this.

In this example, in-service inspection is
reduced at the start of 1997 because the pipeline
has & very low incidence of leakage, and the
inspections in place are considered excessive.
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However, as a competent operator. management
sets a performance measure that insists that an
increase in the number of leaks is unacceptable.
Management agrees that ‘unacceptable” will be
deterioration or leaks over and above accepted or
past levels (from an in-house database). During
the year all pipeline incidents and leaks are
monitored. If they go above the agreed levels,
they have failed the performance criterion, and
therefore inspections would have to be increased
in the following year to achieve the same
performance criterion. This example shows the
flexibility of a management system,

i

Producing 2 management system
Detail

A management system can be as detailed as a
company requires. It can range from a few pages
that outline a cornpany’s overall strategy for its
pipeline network, and its management structure,
responsibilities and review process, t0 an in-
depth document that itemizes all aspects of a
pipeline’s management.

Fig.4 presents asummary of the types of level
of detail that can be included in a management

[
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Fig.3.
Performance
measures in a
pipeline-
management
system [5].

Fig. 4. Differing
levels in a
management
systers.
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Fig.5. Typical
Andrew

_ Palmer &

Associates
management
system chart.

7" in1. Conference on Pipeline Risk Management and Reliability, Houston, USA, November 1987

OWNER
faemooyssomasComary - PROCESS TITLE
OBJECTIVE PERFORMANCE
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DELIVERABLE PLAN AUDIT /REVIEW
IMPLEMENTATION DOCUMENTATION

Amendment XXX
YYY 2111197

system. It should always be recognized that a
management system will be driven by the
corporate strategy, which will take account of
business drivers, profit goals, safety issues, etc.
This is the starting point of the system.

A variety of differing levels of detail can be

. included in a pipeline management system. It

does not necessarily have to include everything
that is needed to manage a pipeline effectively
and safely, as it can refer to more-detailed
documents such as site procedures.

Most companies will have the policies,
procedures, and specifications summarized in
Fig.4 available, and usually there will be long-
serving staff who will be applying them, and be
able to present summaries of them all, and locate
them. These staff are pivotal in the efficient
management of a pipeline, and - in effect - are the
management system. However, this reliance on
‘corporate memory’ can be dangerous,
particularly if there are regular changes in a
company, and staffing reorganizations. A major
purpose of a management system is to eliminate
this reliance on corporate memory, by ensuring
that all management roles, policies, etc., are

"documented, withregular and systematic updates

and reviews.
Structure

The management system will be in the form
of a document that includes all the elements of
Figs 1 to 3. A typical system will consist of an
overview of the management of a company or
asset, with a chart detailing individual aspects.

Fig.5 shows the chart layout used by Andrew
Palmer and Associates to assist companies
produce a managemsent system. The overall
management of a company is divided into
‘processes’, including emergency planning,

Version J

pipeline operation, document handling, etc. The
company can produce a§ many processes as
required, depending on the detail required. Senior
management would only require a single chart
for ‘pipeline operation’, but those departments
involved in pipeline operation would want to
produce many more detailed charts, such asthose
dealing with pipeline maintenance, pipeline
inspection, pipeline flow control, etc., (see Fig.4).

Production

The whole management system is produced
as follows:

® management (up to board level) agrees to
produce and work to a formal management
system,;

® management agrees on the contents of the
management system document. This will
dictate the degree of detail (and number of
processes) to be incorporated;

o management agrees on the format of the
system (for example, Fig.5), including
those responsible for audit and review;

® the first part of the system (overview,
objective, and mission statement) are
approved at board level;

® the second part of the system (contents,
definitions, and text to explain the system
and how it is to be applied) is agreed by
senior management;

® the final part of the system (all the charts)
is drafted and agreed with all levels of
management;



@ the management system is produced, and
authorized at board level;

¢ the management system is applicd for a
full year. The first annual review and
audit may involve extensive changes
(including additions or withdrawals of
charts).

Conclusiens

Pipeline operators are now producing and
working to management systems. These pipeline-
management systems can be used on an offshore
oronshore, oil or gas pipeline. The systems are in
the form of a formal, structured document, thatis
authorized by top management, and implemented
by all staff, in all departments of a pipeline
company.

It serves as a benchmark document for all
managers in a company, and is a means of
monitoring management performance, and
assessing its effectiveness.

The system explains to company staff,
customers, regulatory authorities, etc., how the
company and its assets are managed, in a safe and
cost-effective manner. It specifies roles and
responsibilities, how the company achieves stated
corporate objectives, regulatory requirements,
etc., including the overall plans and methods of
implementation.

Because it is a formal, structured document,
it can easily be updated as the company changes,

Pipes & Pipelines International January-February 1998

or made available to franchisees who may operate
parts of the company s assets. This ensures that
all parts of the company’s assets are managed in
an agreed, consistent, effective, and formal
manncr.
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yeslgning a cosi-effective and

reliadbie pipeiine leak-deteciion
sysiam

by Dr Jun Zhang
REL insirumentation Ltd, Manchester, UK

_ eﬁectrve and has a very low false. alarm rate Leaks with sizes from'0. 5% to 95% were

. pipelines. in this | paper, the’ pen‘ormance of Lhe system lS reported after the comparison of__,::___,,

pattern- recognrtlon functlons Real tlme applrcatrons and fleld tests show that it |s cost

detected on quurcl propylene ethylene gas, “natural- gas and natura!l gas liquid’ (NGL)"

different leak detecnon methods.

Introduction

Withincreasing public awareness and concern
for the environment, recent pipeline leak incidents
have shown that the cost to a company can be far
more than the downtime and clean-up expenses.
As more stringent statutory regulations are
introduced, cost-effective and reliable leak-
detection systems are in demand.

In this paper various pipeline leak-detection
mcthodologies are reviewed. These include
biological, hardware- and software-based
methods. Each method has its advantages and
disadvantages. To compare the performance of
these methods, seven key attributes are defined:
leak sensiuvity, location estimate capability,
operational change, availability, false alarmrate,
maintenance requirement, and cost.
Unfortunately, none of the existing methodologies
can offer good performance for all the attributes.
A comumon problem for most of these methods is
high false alarm rate, .. generating a leak alarm
when the pipeline is under normal operation.
False alarms are undesirable because they
gencrate cxtra work for operational personnel,
they reduce the confidence operators have in a
system, and a real leak may be overlooked.

Therefore it is essential to design a cost-
effective and reliable leak-detection system. Such

This paper was first presented ai the Pipeline
Reliability conference held in Houston on ] 7th-20th
November, 1996, and organized by Pipes & Pipelines
International.

a systemn has been developed by Sheil after
intensive research and field tests over several
years. The system applies advanced statisical
techniques and its trademark is ATMOS PIPE.
Examples of real-time applications and field tests
are presented in this paper.

Review of leak-detection methods

Different leak-detection methods are applicc
to monitor the integrity of a pipeline (Bose 1993,
Carlson 1993, Turner 1991). Broadly speaking,
they canbe classified into three categores (Fiz. 1}

® Biological methods - experie.iced
personnel or trained dogs can detect and
locate a lcak by visual inspection. odour,
or sound.

® Hardware-based methods - diffeen:
hardware devices are used to assist ihe
detection and localisation of a ieak.
Typical devices used include acoustic
sensors and gas detectors, negative-
pressure detcctors. and infra-red
thermography.

® Software-based methods - various
computer software packages are used to
detect leaks in a pipeline. The complexivy
and reliability of these packages vary
significantly. Examples of these methocs
are flow/pressure change detection and
mass/volume balance, dynamic model-
bascd system, and pressure-point analysis.



In the foilowing sections, a brief description
of the above methods will be given followed by
a comparison of their key attributes.

Biological methods

A traditional leak-detection method is to use
experienced personnel who walk along a pipeline
looking for unusual patterns near the pipeline,
smelling substances which could be released
from the pipeline, or listening to noises generated
by product escaping from a pipeline hole. The
results of such leak-detection methods depend on
individuals’ experience and whether a leak
develops before or after the inspection.

An additional leak-detection method is to use
trajined dogs which are sensitive to the smell of
substances released from a Jeak.

Hardware-based methods

The hardware-based methods can be divided
into four types according to the principles on
which the devices are designed:

visual devices

acoustic devices
gas-sampling devices
pressure-wave detectors

Visual devices

Some leaks can be detected through the
identification of temperature changes in the
immediate surroundings. Infra-red thermography
was used to detect hot water leaks as the
surrounding temperature increases after a leak
develops (Weil 1993). This method can be used
from moving vehicles, helicopters, or portable
systems. and is able to cover several miles or
hundreds of miles of pipeline per day.

The recent development of advanced wide-
area temperature sensors makes the temperature
profile technique more practical. Temperature
sensors such as multi-sensor electrical cable and
optical time-domain reflectometry using fibre-
optic cables are used to detect changes of
temperature in the neighbourhcod of a leak
(Turner 1991).

Ground-penetrating radar (GPR) uses aradar
transmitter and receiver to accurately pinpoint
buried pipeline leaks withoutdigging. The leaking
substances can be ‘seen’ at the source by the
radar via the changes in the surrounding soil’s
electrical parameters. A ‘colourgraphic’ data
format then displays the leak (Graf 1990, Hennigar
1993).

Acoustic devices

‘When a leak occurs, noise will be generated
as the fluid escapes from the pipeline. The wave

Pipes & Pipelines International January-February 1997
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of the noise propagates with a speed determined
by the physical properties of the fluid in the
pipeline. The acoustic detectors detect these
waves and consequently the leaks (Hough 1988,
Klein 1993, Kurmer 1993, Turner 1991).

Due to the limitation of the detection range, it
is usually necessary to install many sensors along
the line. These sensors detect acoustic signals in
the pipeline and discriminate leak sounds from
other sounds generated by normal operational
changes.

Sampling devices

If the product inside a pipeline is highly
volatile, a vapour-monitoring system can be used
to detect the level of hydrocarbon vapour in the
pipeline surroundings. This is uwsually done
through gas sampling (Sperl 1991).

The sampling can be done by carrying the
device along a pipeline or using a sensor tube
buried in parallel to the pipeline. The response
time of the detection system is usually from
several hours to days. For application to offshore
pipelines, a hydrocarbon detector can be used
with a ROV (remotely operated vehicle) with
swimming and sea bed crawling capacity. Pipeline
leaks result in hydrocarbon anomalies in
surrounding sediments and sea water, which can
then be detected by the hydrocarbon detector.

Negative pressure

When a leak occurs a rarefaction wave is
produced in the pipeline contents. The wave
propagates both upstream and downstream from
the leak site. The wave travels with speed equal
to the speed of sound in the pipeline contents.
Pressure transducers can be used to measure
pressure gradient with respect to time (Turner,
1991). Usually two sensors are used for each
pipeline segment to help discriminate between
noise and externally-caused pressure drops.

Software-based methods

Software-based methods use flow, pressure,
temperature. and other data provided by a SCADA
(supervisory control and data acquisition) system
(Bose 1993, Turner 1991); they can be divided
into four types:

Fig.1. Review of
leak-detection
methods.
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Method Leak Location | Operational | Availability Faise aiarm Maintenance Cast :
sensitivity | estimate change requirement
n .

biclogical YES YES YES NO LOW MEDIUM HIGE

visual YES YES YES NO MEDIUM MEDIUM HIGH )
I
1

acoustic YES YES NO YES HIGH MEDIUM MEDIUM |

sampling YES YES YES NO LOW MEDIUM HIGH

neganve YES YES NO YES HIGH MEDIUM MEDIUM

pressure

flow change | NO NO NO YES HIGH LOW LOW

mass NO NC NO YES HIGH LOW LOW

balance

dynamic YES YES YES YES HIGH HIGH HIGH

- model -
PPA YES NO NO YES HIGH MEDIUM MEDIUM

flow or pressure change

mass or volume balance
dynamic model-based system
pressure-point analysis

Flow or pressure change

This technique relies on the assumption thata
highrate of change of flow or pressure at the inlet
or outlet indicates the occurrence of a leak. If the
flow or pressure rate of change is higher than a
predefined figure within a specific time period,
then a leak alarm is generated (Mears 1993).

Mass or volume balance

If the difference between an upstream and
downstream flow measurement changes by more
than an established tolerance, aleak alarm will be
generated. This method allows the detection of a
leak which does not necessarily generate a high
rate of change in pressure or flow. The methods
can be based on flow difference only, which
would generate a simple mass or volume balance
scheme, or on flow difference compensated by
pressurc/temperature changes and inventory
fluctuations in a pipeline (Liou 1993, Parry 1992).

Dynamic model-based system

In its various forms this technique attempts to
mathematically model the fluid flow within a
pipeline. Leaks are detected based on
discrepancies between calculated and measured
values (Griebenow 1988, Hamande 1995, Liou
1994, Mears 1993).

The equations used to model the fluid flow
arc:

conservation of mass
conservation of momenturn
conservation of energy
equation of state for the fluid

The partial differential equations are solved
by a varicty of computational techniques,
depending on the choices of suppiicrs. The
alternative methods currently in use in commercial
softwarc packages include:

finite difference

finite element

method of characteristics

frequency response/spatial discretisation

The method requires flow, pressure. and
temperature measurements at the inlet and outlet
of a pipeline and. ideally. pressure/temperature
measurcments at several points along the pipeline.

Pressure-point analysis (PPA)

This method is based on the assumnption that
if a leak occurs in @ pipeline, the prescurs m the
line drops. Using simple statistical anaiy e 2.2
pressure measurements, a decrease in the mear
value of a pressure measurement is de’z 72
the decrease 1s morc than a predefined level, then

a leak alarm is generated.

faly

Comparison of key attributes of diffeve .
methods

Eachleak-detectionmethod has its advaniages
and disadvantages. To compare the performance
of different methods, it is necessary to define the
key attributes of a leak-detection system:

® leak scnsitivity - can small leaks e
detected?
@ location estimate capability - is location
estimate given?
® operational change - can the method work
if pipeline experiences operational
. changes, e.g. throughput change.
pigging?
e availability - can the method monitor a



pipeline continuously, i.c. 24 hours a
day?

@ falsc-alarmrate - frequency of leak alarms
gencrated during leak-free operations.

@ mainienance requirement - level of
technical expertise required to
maintain the system.

@ cost - capital expenditure (CAPEX) and
on-going operating costs (OPEX).

Based on these definitions, Table 1 shows the
comparison of the above methods. Note that the
above attributes arc common features of the leak-
detection methods. In practice, the performance
of each method varies considerably depending
on the vendors, pipcline operating conditions,
and quality of the hardware/instrumentation
system available.

Table 1 shows that there is no method which
israted “good” for all the attributes. In particular,
false alarm appears to be 2 common problem for
all the techniques except the biological and
sampling methods, which cannot monitor a
pipeline continuously.

Comparison of the four software-based
methods shows that flow change, mass or volume
balance, and pressure-point analysis methods are
easy to maintain and inexpensive to install, but
they cannot estimate leak location and arc not
suitable for pipelines with operational changes.

The dynamic model-based method works
during operational c¢hanges and can provide
location estimate, but it requires a high level of
expertise to maintain and is expensive to install.

To overcome the deficiencies of the above
systems, rescarch and development have been
carried out to design a reliablc and cost-effective
leak-detection system. The result of this
development work is a statistical pipeline leak
detection systern known as ATMOS PIPE.

ATMOS PIPE technology

~ATMOS PIPE is a statistical pipeline leak-
detection system, incorporating advanced pattern
recognition functions. It has been developed at
Shell by applying advanced statistical techniques
to flow and pressure measurements of a pipeline.
Variations generated by operational changes are
registered and a leak alarm is generated only
when a unique pattern of changes in flow and
pressure exists (Zhang, 1993).

This statistical method does not use
mathematical models to calculate flow or pressure
in a pipcline. but it detects changes in the
relationship between flow and pressure using
measurement data available. As the system
monitors a pipeline continuously it learns about
continual changes in the line and flow/pressure
instfuments.

An optimum sequential analysis technique
(sequential probability ratio test) is applied to
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Fig.2 (above). Example of inlet flow measurement under normal
pipeline operations.

Fig.3 (below). Outlet flow measurement correspondong (o the
conditions in Fig.2.

Qutlet Flow Measurements Under Normal Operations

0 10 20 30 40 50

Minutes

detect changes in the overall behaviour of the
inlet and outlet flow and pressure. It works based
on the observation that although the control and
operation may vary from one pipeline to another,
the relationship between the pipeline pressure
and flow will always change after aleak develops
in a pipeline. For example a leak could cause the
pipeline pressure to decrease and introduce a
discrepancy between the inlet and outlet flow-
rate. This leak-detection system is designed to
detect such changes, i.¢. pattern recognition.

Field tests and real-time applications show
that ATMOS PIPE is superior to the above
methods. Some examples of the field tests are
given below.

Liquefied propylene pipeline

Two 4-in diameter, 37-km long, liquefied
propylene pipelines (lines A and B) run in parallel
through a hilly area. The initial leak detection
system was implemented in 1991 for line A only.
In the summer of 1992 due to pipeline maintenance
and pigging, line B was commissioned to transport
propylene as well. Investigations showed that the
systemn designed for line A wasreadily applicable
to line B. Therefore with little effort the system
was tailored to monitor either or both of the lines,
including switching from one line to the other.
Suchflexibility has proven to be amajoradvantage
of the system, compared with the conventional
model-based systems. Significant time and money
were saved by applying the Shell system to these
pipelines.
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Fig.6. Pressure
measurements
during normal
pipeline
operating
conditions.
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Fig.4. Leak detection time vs. leak size for
propylene pipelines.
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Fig.5. Localization accuracy vs. leak size for
propylene pipelines.

Pipeline operational changes take place
continuously as a result of upstream plant
variations. As shown in Figs 2 and 3, both the
inlet and outlet flow fluctuate significantly and
the difference between themis non-zero. However
no false alarm is generated by such operational
changes or discrepancy between the instruments.
Over the past five years of operation, a number of
changes have been made in both the plant and
pipeline operation, e.g. throughput increase by
maximizing the plant’s production, pigging, but
the system has been running satisfactorily without
any modification or false alarm.

Leaks with sizes from 0.5% to 9.3% were
generated during field tests. The tests show that
as the leak size increases, both the detection time
and localization error decrease exponentially
(Figs 4 and 5).

Low-pressure ethylene pipeline grid
The leak-detection system was installed on a

low-pressure ethylene pipeline grid with
diameters of 6in/8in and a total length of 40km.

Pressure Measurements

pressure at inlet 1

It was the first time the system was appued {c
pipeline network. There are two possible suppliers
1o the pipeline and cthylene can be taken out of
the line at two delivery points.

A number of controiled leaks have bL.ir
generated on purpose to test the sysiem since its
installation. The minimum leak generated was
3% of the total throughputin the pipeline and was
detected in 3 hours.

Note that this application was carried ~uf
without updating the old instrumentation sysieni
and the only additional equipment was a perasis.
computer. Flow and pressure meters were
available at the supply and delivery points but
they were of poor quality. For examg ™, 7.
resolution of the pressure meter at supply 1 was
0.5 bar (Fig.6). Suchlow resolution did dcer=acs
the sensitivity of the system and hence leaks
lower than 3% were not created during the tests.

Frequent operational changes took plare in
the pipeline and usually there was no ‘siews
state’ operation. As an cxample, Figs ¢ ard 7
show the flow and pressure measurems 12 2ves
an 18-hr period. No false alarm was generates
during such operating conditions.

Sour gas pipeline

The system implemented on the sour gas
pipeline was intended for field tests only. The
total pipeline length is 73km and the line diameter
is 18in. In addition to the pressure zid flow
measurements at the inlet and outlet of the pipeline,
pressure measurements are available at the five
valve stations along the pipeline. -

During the field tests, tenleaks were generated
at two locations: 45km and 60km from e lalet.



The minimum leak generated was 0.7% of the
throughput and the maximum detection time was
two hours. The system was successful in detecting
all the leaks and the leak-size estimate was
satisfactory. The field tests illustrate that only
marginal changes occur in the detection time as
the leak location changes from 45km to 60km.

Natural gas liquid pipeline

A study was carried out for a natural gas
liquid pipeline. The pipeline is 220km long with
a diameter of 22in. In total, 107 days of pipeline
operating data were collected including flow and
pressure at the inlet and outlet, and pressure at 21
valve stations along the line. During the data-
collection period, ten leaks were gencrated with
sizes ranged from 0.5 to 1.7kg/s. The leaks were
generated at different sites: inlet end, outlet end,
and middle of the line.

Fromthe collected data, it can be seen that the
pipeline experiences alot of operational changes.
Fig.8illustrates that although the flow has changed
by more than 20% between 18:00 and 21:00 hrs,
the corrected mass imbalance term has arelatively-
constant mean as a result of the inventory change
corrections.

The test of ATMOS PIPE on the 107 days’
data demonstrales that the system can detect
leaks greater than 1.6kg/s without generating
false alarms. The main conclusions of the study
are:

® Thesame leak detectionresults have been
achieved with or without any intermediate
measurements between the inlet and the
outlet.

® Significantreductionin capitalinvestment
and maintenance costs is expected by
reducing the number of instruments
required. It is not realistic to detect leaks
lower than 1kg/s without false alarms, due
to the relatively-low repeatability of the
existing instruments.

® It is more cost effective to install high-
quality flow and pressure instruments at
the inlet and outlet only than to have poor-
quality instruments at all valve stations as
well as at the inlet and outlet.

Conclusions

Statutory regulation demands that automated
leak-detection systems are installed for new and
upgraded pipelines. To design a cost-effective
system, itis necessary toimprove the performance
of existing techniques. Intensive research and
development at Shell have produced a novel
statistical leak-detection system, which is
marketed as ATMOS PIPE. Operational

Pipes & Pipelines /nternational January-February 1997

Flow Measurements

flow at outlet 2

S

ow at inlet 1
flow at outlet 1

0 2 4 6 8§ 10 12 14 16 18

Hours

N

Fig.7 (above). Flow measurements during normal pipeline operating
conditions.

Fig.8 (below). Corrected mass imbalance dervied from flow and
pressure measurements.
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experience and a number of field tests illustrate
that this new technology is cost efficient in terms
of capital investment (CAPEX) and operating
costs (OPEX), it is reliable to run, and requires a
low level of expertise for maintenance.
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