z——-—f‘,a‘d;

DETECH NG, KEAKAGE OF FLU D FROM A CONDUI T The i nvehbobd T#ellat es to
det ect i on ' of Ieakage of fluid froma conduit through which Z é%rean1of
fluid flows. The conduit can, for exanple, formpart of a n f rk for
distributing gas or liquid, or formpart of a plant for processing
hydrocarbons. Generally, the occurrence af ja_l eak shoul d be detected at an
early stage in order to limt the risks involved with the |eak, esEeciaIIy
when inflammuabl e fluids are transported through the conduit.

darmage to environnment or equi pnent due to leaking fluid can be limted or

Fo detoct | cakage of fPRFRCEESH Lepipal, BB ktnibi®on.a-cololril QLo 1% leed

whi ch invol ves neasurlng the inlet and outlet- flow rates, and conparing the

flowrates in ordef €g§g1é|ca%i%£ ?P? SFQ@LQQ nlgft?ga%éggib e. I n

anot her known net ho Ion o vari uid
pressure or flﬁlwldlﬁMDMagquudung ubVQUGbnEh@beaaStﬁaRmJQfaiduﬁdd Thi s

met hod ai s tofﬁ@argctTﬁéaéénaﬁs?m A5 UESPERLkEm giepr%w Pazt 9¢l gcted
i nterval s al ong the g ge I ne, i ch measurenents are conpared with the

assumed stat|5¥¢E%9r ?Fl@ﬁ?FBhbuﬁFﬂgs§a§aﬁFaééqHthh@rkﬁSWW Retho®L ias
that al arns afﬁ&@ﬁteﬁog £68688ihg ﬁyaEOQErB@nbeabaﬁeramaynothbarnB are

gener atod 10 c358,2LhER¥8RCs FIRE°HARLIACKE! AERLALK G OBE' BuFHY, srage

met hod to deteim drdémgboolimiti théroisks involved with the leak,
especially when inflammable fluids are transported
through the conduit. Furthermore, damage to environment
or equipment due to leaking fluid can be limited or
prevented if the leak is detected at an early stage.

In a known method to detect leakage of fluid from a
pipeline a mass balance technique is used which involves
measuring the inlet and outlet flow rates, and comparing
the flow rates in order to check the fluid mass balance
in the pipeline.

In another known method a statistical distribution of
variations of fluid pressure or fluid flow rate during
development of a leak is assumed. This method aims to
detect leaks from measurements of pressure at selected
intervals along the pipeline, which measurements are
compared with the assumed statistical distribution. A
disadvantage of the known methods is that alarms are
often generated in case of no leakage, or no aiarms are
generated in case of leakage, especially during varying
operating conditions.

It is an object of the invention to provide a
reliable method to detect leakage of fluid from a
conduit, which method overcomes the disadvantages of the
known methods.

It is a further object of the invention to provide a
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conduii, which method overcomes the disadvantages of the known met hods.

It is a further object of the invention to provide a

-2- reliable device for detecting | eakage of fluid froma conduit. In
accordance with the invention there is provided a nethod to detect |eakage
froma conduit through which a stream of_fbuid flows, the nethod
conprising: - neasuring at |east one variable of the grqup, consisting of
fluid pressurer%%hﬁbl%|@3746ﬁ/f@?edﬁéﬁﬁééﬁgalﬁﬁkégeaﬁg 518d€0/g°M Be and at
a |l ocation of gdeqsi#eam to provide a data set representlng the variable

at said location and betme n said, % E and sec ond %b - deterglﬁgng
statistical probabﬁ‘l??c%f IS Wi b dllag?% 1gt ‘c’ﬁtr?t fi& REQYAFERe Rt
under the hypahdiisod tdadlebecterkalagectuom andoadsiat thrbogh phdkabial ity

of obt ai ni ng S$t§%%ﬁt8f #%Céoglgagéngﬁggéggﬁﬁ& Hpﬂéglggﬁ hypothe3|s t hat

| eakage occurs INg 0 SsisTas’'being true if
t he ‘probability cﬁmeﬂﬁumxmmgataldaahtaneevatl ehefntheugsatpt under said

hypot hesis is é&&ggét gno hﬁlﬁiﬁbﬁi?é gweosnabkmanmw ¢agat Betilech om
nt under e

t he measurene esi s. usiLng statistical
probabilities #ofi¥se §%¢e§t§6ﬁ06¢ Eama 8Re ﬁ%pétﬁ@§ﬁ§199 PE %88 eved t hat

variations, fogteanp! eodyﬁowdepsraatanaétcbapgeSeﬁtlﬁbutﬂeh%@mnllen t he
conduit, can be distin UIS g1éhgwoccurre he devi ce
e

c
according to the $aYRn ?6ﬁ &Bﬂp?F CHBafigt %l gsﬁpsnﬁegpnpe£§Feéﬂe
vari abl e of the graéefperminisgi agsvétistidapressbabidhtdyf blii dbthawingt e

said data set from the measurement under the hypothesis
that no leakage occurs and a statistical probability of
obtaining said data set from the measurement under the
hypothesis that leakage occurs; and
- selecting one of said hypothesis as being true if the
probability of obtaining said data set from the
measurement under said hypothesis is larger than the
probability of obtaining said data set from the
measurement under the other hypothesis. By using
statistical probabilities for the selection of said one
hypothesis it is achieved that variations, for example
due to operational changes or fluid hold up in the
conduit, can be distinguished from the occurrence of a
leak. |

The device according to the invention comprises:
- neans for measuring at least one variable of the
group consisting of fluid pressure and fluid flow rate
between a first and a second time and at a location of
the stream, to provide a data set representing the
variable at said location and between said first and
second times;
- means for determining a statistical probability of
obtaining said data set from the measurement under the
hypothesis that no leakage occurs and a statistical
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between a first .and a second tinme and at a |location of the stream to
provide a data, set representing the variable at said |ocation and between
said first and second tinmes; - neans for determining a statistical
probability of obtaining said data set fromthe neasurenment under the
hypot hesis that no | eakage occurs and a stgtistical

-3- probability of obtaining said data set fromthe neasurepent under the
hypot hesi s t habTPRaRhet¥cefir sbtaiping fridsdebr setef¥PBgtBRe of said
hﬁpot hesis as Ib@é@grémelﬁtijﬁrﬁlié@ Eh@bﬁﬁ:b‘tfxdsﬂé Phaai miteagagal gcgatr_et;sah;ifrom
t he measurenent under_sa thesis 1s lagger, than e probabili 0
obt ai ni ng sai d_ datBc¥R¢ ?5n¥gﬂgc gu?%ﬁnﬂf ﬁﬂﬁéph¥ﬂggg?%éﬁ ﬁ?pb?ﬁé@is.

I n a preferredteudoif nEhe pfobbbilhﬂgnbfoobsaidihgcaaidnd&bangea Fromt

| ocati on, sai t L[S t e es
the further s?%%%h%#?gﬁréﬁégguﬁ?é%£s%?ggv§¥§§%Psgggt&ge%ggégg Fﬁgg?Egnd
second tines dvtokabilityond dbtaithbngosaitedstacaatt rpmothde a second

data set reprqﬁﬁggﬁpgméﬂg Mﬁa%fbtﬁeaét5§f5§§?993959 ation and between said

first and second tinmes; - _determning, [ atistical probability of _
obt ai ni ng the secohd ¥REeEerredderbedinenbopfethe iR¥ENEAONeERAGe occurs

ﬁnd ahStatiSLiL@?aﬂi@@aﬂbfﬁéyaOfiEQEaiabaﬂ?éﬁfl§8£Qnég€§t§eEeEoEﬁ§eh the
ypothesis that,|le e occurs; and - . el ecting sai e esis as
borg true 1 EHEShrdRGe Fety apdobhg mebfod ot Rt soScEhandUr LT,

hypot hesi s is stegerofhan the probability of obtaining the data set under
the other hprlheﬁﬁéasﬁfiﬁé égf&epgriable between said first and second

times and at a second location of the stream to provide a

second data set representing the variable at the second
location and between said first and second times;

- determining a statistical probability of obtaining
the second data set under the hypothesis that no leakage
occurs and a statistical probability of obtaining the
second data set under the hypothesis that leakage occurs:;
and

- selecting said one hypothesis as being true if the
probability of obtaining each data set under said
hypothesis is larger than the probability of obtaining
the data set under the other hypothesis. It is thereby
achieved that the effects of operational changes on the
detection of a leak are further eliminated, and that, for
example, a time lag between an increase of the mass flow
rate at an inlet of the conduit and at an outlet thereof
is taken into account.

To provide a reliable statistical calculation
procedure, the step of determining said probabilities of
obtaining each data set comprises selecting a statistical
distribution of the variable at the location pertaining
to the data set under the hypothesis that no leakage
occurs and selecting a statistical distribution of the



achieved that the effects of operational changes on the detection of a |eak
are further elimnated, and that, for exanple, a tinme |ag between an

i ncrease of the mass flowrate at an inlet of the conduit and at an outl et
thereof is taken into account. To provide a reliable statistical

cal cul ation procedure, the step of deterniging said probabilities of
obt &i ni ng each data set conprises se[ecting a statistical distribution of
the variabl e aYa2¥+eblecati saigdeiogrhian vaderethat hysethapder thaé

hypothesi s thaledRad€akegerorCthe 308t88teehingisteiBhtsbh§abethgt ri bution
of the . . e at said [ocation

_ -4- vyacri abl
under the hypd§+m%&§rt5%te?%%kﬁBEeBCEEFSPaYh%gS%ﬁFFEF?EE|mﬁPQtVP Befons
being simlar to eamturdbersbatibsoicay deptesentavbon vl the. variaBteurate

Statistical dicyrrnnreoed e BELCELAR Er) Sal I BE e R EPEBn S B e ol 1
equal vari ancegaussiapr@istnbbytiors shapingf sdestanthahyyseadaprobabilities
and sel ecting ¢4 {39885 hypothesis are carried out using Wald's sequenti al
probability ratio test (SPRT) as described in Vld A, "Sequenti al
anal ysi s", Dover Ffefewrblyibhe: stemsefvdetemminipgisaidz J., "Optinum
character of theolsaiienties 2h@baLiétt¥ngabhodt 886 nypBtheMakhgratical
Statistics, 19, 1948 N Thf seqguential " prob E|L|t¥ ﬁaﬁLi”teSt QSPRT) will
now be di scussRFBFRPYE ARTLRY §%§d05 %?EH%P B3hI Probaby liky £8tdet er mi ne
whet her a | eaktdwis (ERRT) eals i deacpilpedi he Bysdem whirsbgaentopgr at e under
normal  condi tigh, prs nkerpl fakagey, Copdlt! 0Pgah e L8l | QW RggnYPOt heses are
Wolfowitz J., "Optimum character of the sequential
probability ratio teSt", Ann. Mathematical Statistics,
19, 194s8.
The sequential probability.ratio test (SPRT) will now
be discussed briefly and by way of example only. In order
to determine whether a leak has occurred in a pipeline
system which can operate under normal condition or under
leakage condition, the following hypotheses are
constructed:
hypothesis Hgp implying that the system is under
normal operation; hypothesis Hj implying that the system
is under leakage operation.
Successive observations of said at least one variable
of the group consisting of fluid pressure and fluid flow
rate are denoted as yj, ¥2,...¥t, where t indicates the
sampling number. _ |
Assume that the probability of observing yi1,..., Yt
is given by Pg(t) when Hp is true and by Pj(t) when Hj is
true. At the tth sampling step, the logarithm of the
probability ratio
Eﬁ(t)
Pb(t)

A(t) =.ln

(1)

is computed and a decision is made as follows:



construct ed: hypot hesis Herr] inplying that the systemis under nornal
operation; hypothesis Herr] inplying that the systemis under |eakage
operati on. Successi ve observations of said at | east one variable of the
group consisting of fluid pressure and fluid flow rate are denoted as
ylerr], y[err],---Yt, where t indicates th sanpl i ng nunber. Assune t hat
t he probablllty of obserV|ng y[err] err% Is given by Plerr](t) when
"Herr] is true andI%%q)erl]l(‘t)tMnt%Iﬁt? he lfébs%éf"??lé"?tﬁnganpl i ng
step, the |ogagdddipt Offi; Lt he probability ratio [err] is conputed and a
decision is nade as fotloms | f

[err] (t) > A thehf thtth nat® tHRepkerminath e %E%%%EYaH%?r?nd | f

[err](t) [err]a&tephem tern1nate t he observatlon and accept Herr].

Gt herw se contlnuq%é %$ crlg e th 5899%%f§%8 A (A>0) and B (B <

0) are deternined tes r éng err], [err]), where
[err] is the faIséfmﬁa¢mm$b¢ata1hn(ha3e0bfan@ Be&ﬂ)<p9bba§¢Id§ ermlneFerr]

st P?og‘sﬁfgdb&( 2y qg\fe%éemantfeﬁe ekefigtRald, PRPPARLLLY. The
o is the false alarm (alarm in case of no-leak)
probability.
B is the missed alarm (no alarm in case of a leak)
probability.

The relationship between A, B and a, B is:

1-8B

A < 1n (2)

o
B

l-a

B 2 1In (3)

The upper limits of a and B for fixed values of A and B
are given by
o <e B | B < eB (4)

Therefore the false alarm and missed alarm
probabilities can be controlled by adjusting the
thresholds A and B. To choose the values of A and B in
practice, it is sufficient to assume equality in (2) and
(3).

When a leak develops in a pipeline, the fluid
flowrate and pressure will generally change, starting
from the location of the leak and propagating toward the
inlet and outlet of the pipeline. In case of steady state
flow conditions prior to leakage, the flow variables
change until a new steady state condition occurs. It is
to be understood that fluid flowrates and pressures
subjected to random fluctuations also represent steady
state flow conditions, at least as long as such variables
can be characterized by a statistical distribution, for
example a gaussian distribution. For such steady state
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[err] The upper linmits of a and [err] for fixed values of A and B are given
by a [err] e [err] [err] [err] e[err]

(4) Therefore the false alarmand m ssed al arm probabilities can be
controlled by adjusting the thresholds A and B. To choose the val ues of A
and B in practice, it is sufficient to assygme equality in (2) and (3).

When a | eak develops in a pipeline, the fluid flowate and pressure w |
general | y chan§towseandikgonsokhenbypothersas besthng PARPARE FRSpBSati ng
toward the |nIgéngﬂguggéaehsoﬁogmgwgkpel|ne In case of steady state flow
conditions prig he fl ow vari abl es chagge until a ngw steady

tQ age,
state condltloﬁ{ocgﬁr%l %g ggu?ﬁlﬁﬁ WhHBr BeBBI™L haRAf VaE d2PCEWPATes and
pressures subjectenltnlrasdgauébmahuaithnmeahsm1*Amﬁeaadtvat&admesbq@e flow

condi tions, I r d by a
stat:sLiCSI di% {rl By 9%% 9 ?gésggéPew gau |an2da§§r§%%§?%%% b@g y
steady state Hl Mo 1s gaussian with mean mp-8mof how U@mdamp@ngz he
nypothest s Lest! nowRepl A i g b5 S285thUchadsatibal LAvss bF tHeeupho err]

S gaUSSI an wi th nean r varl ance err IS

gaussi an with ﬂ%@nahiﬁhﬁ]QP lﬁFn{ém&]aaﬁdAmarﬁéﬁc@hﬁeﬁﬂPeEFeQHFéﬁﬂanmqerr]
i's gaussi an W ¢RafBas Bteﬁlﬁ_] aﬁadmga&aaaea ber &l leak H[err]* Merr] is
gaussi an with nean n$ &} % E% vari ance g L g ng and
Merr] are the nas® dgres ?ntﬁEh?WFeFaBn eaPPERENEE: Pt @PPHYP%and
[err] are the wabatsedPRTNtouhypbshgeisotesténygk Hgd Hjeand H@Jsemlﬁy a
| eak. respectively. A leak alarm is generated only if both Hj
and Hl* are accepted simultaneously.

For the testing of the above hypothesis Hq against
Hgp, equation (1) can be transformed into a simple

recursive form:

Am Am1
A (E) = A (£ - 1) + gl—; M (t) - m) - —+ (5)
Similarly for testing of hypothesis Hl* against Ho*,
we have:
Am Am2
A, (E) = Ay(t —1) - gzz M, (t) - m, + —2 (6)

Therefore at every sample step t, a decision is made
by comparing Aj(t) and An(t) with the threshold values A
and B. It is possible to set different thresholds for
Aj (t) and Ay (t). The above leak detection scheme can be
modified for other boundary c¢onditions by testing
different combinations of variables.

Once a leak has been detected, the leak size can be
estimated using the corrected mass balance technique
which involves determination of a difference between the
inlet and outlet flow rates while the variation of the
fluid hold up in the pipeline is taken into account. The
fluid hold up can be determined for example from
temperature and pressure measurements along the pipeline.
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A | eak- detection scheme can be obt ai ned by applying Wald's SPRT to
hypot hesis testings Herr], Herr] and Herr]*, Herr]* respectively. A
| eak alarmis generated only if both Herr] and Herr]* are accepted

si mul t aneousl y. For the testing of the above hypothesis H err] against
Herr], equation (1) can be transformed Lnto_a sinple recursive form

[err] Slnllarl for testin of hypothesis Herr alnst Herr]*,
have: [err] et 8f8r 628t véP?aE&ﬁﬁﬂeb¥téBP9Y1&gd &esileRs nade by
conpaL:ng [errbﬁghf?Bdaﬂgbkhthh W?thh%hetbbﬁgsbtbgevéhuﬁiébna@@ﬂ%ﬁf | ’
ossible to se i fferent ol.ds for [err] ,an er ove | ea
8etect|on schem®card 88 g FiPwOFﬁgksbgbﬁdBFﬁgégﬁ%I E%hgﬁf?qt I ng

di fferent conbloaatdon. oTheaﬂeakIéscatloncuqecanlbekeb&amb¢e@.@Euan;dﬂuathe

| eak size can t the corrected mass bal ance techni que which
i nvol ves deter??ngé%%ﬁaogguggaggerence bet ween t he |nlet and outlet flow

rates while thﬁ_%g@,; tlggqle&of ﬁhf. M hoIIg M lngg(} thﬁ ai&gﬁpwe S tzidﬁan

i nt o account up” ¢an2 détern1 for 2 I"e&L f rom
tenperature angyppgssure neasurenents along t he pi peline.

-7- The le E can be I qgcalised by applying the | east squares al gorithm
to the steady statg, egudl pQn dr’l afie'dn-1line calculated sample means of

the pressure measurements at the inlet and the outlet of
the pipeline respectively;

~ ~

M, and My are the on-line calculated sample means of
the mass flow measurements at the inlet and the outlet
of the pipeline respectively;

L is the length of the pipeliﬂe;

K is a constant determined by the friction factor,
fluid density and pipeline diameter. K is estimated using
the flow and pressure measurements before a leak is
detected.

In case the flow conditions do not represent a steady
state condition, for example due to strongly varying
operating conditions, generally a time delay occurs
between changes of the flow conditions at the inlet and
at the outlet of the pipeline. The following equation can
be used to calculate the probability ratio A(t) for such

non-steady state conditions:

Mt)=?»(t—1)+% zu:)—m—%“-‘ (8)

c
where

Z(t) represents the difference between the inlet
flowrate and the outlet flowrate taking into account
said time delay and the inventory variation, i.e.
Z(t) = M7(t) - Mp(t') - AM(t), t indicating a first
sampling number, t' indicating a second sampling
number at said time delay after the first sampling
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the measured fluid flow rates and pressures to the | eak | ocation. The | eak
| ocation X/ err] can be estinmated using the follow ng equation:

2 2 2 [err] where [err] and [err] are the on-line
cal cul at ed sanpl e nmeans of the pressure nmeasurenents at the inlet and the
outl et of the pipeline respectively; -[grL] and [err] are the on-line

cal cul ated sanpl e neans of the mass flow neasurenents at the inlet and the

outl et of the pipeliMeeFespedt MMty indigatinghEhe o BVRNEPTYhERFLBELPRe:

Ki sI a cog_stant deﬁ@t‘ié”@@é'rbﬂhéh@nﬁélﬁérﬁﬁdf%tﬁéenftuaﬁddeﬂsl ty and

pi pel i ne dia est ted.using the £l ow an nent s
before a | eak d@ﬂ@%?% Sis tep 13353 ﬁ@ef%BQ/%Sﬁg 5?% %&gnng g@%ﬁgsent
a steady state coﬁM@t:oﬂ 1$ogae$anmhewﬂuh meastmoagtlyvanighog © eratlng

condi tions, generqé%let g %?8%% agc§¥£§ B§£¥eﬁn cgﬁngﬁa Q%EEQEcE'GW

conditions at the i pel 1 ne. ol I ow ng
equation can bé¢hesedntbsctheuhaar dhﬁfprebablbetyeﬁattbe[énﬂFGtFnﬂor such

non- st eady Sta&@tf&ﬂdfibﬁnﬁate L?F&ie“@é&ﬁrrené&tbfrspiéaﬁnt Amf B the
di fference between the_in|et owr at t he outl et flomwate takin

into account Minjmamileakpataytanhet Aetervedt s8Ry 4r 8t FBR, VRrdance ity -
Merr](t) - MetéldistribheiohME)z. tAtnda@nt sampaef Etep, A (8@miki ng

e L O SAM R0 £ ER P SHBLLRT1a vAYIR®h Bha®3hlalbl d8l &y after
generated as soon as A(t) becomes greater than or equal
to A. A similar scheme can be used in case the measured
variable is the fluid pressure. Then Z(t) represents the
fluid pressure at the inlet or at the outlet.

The invention will now be further illustrated in the
following two examples.
Example 1

The scheme of equations 5 and 6 was applied to detect
two occurrences of leakage in a 100 km long pipeline of
internal diameter 50 cm, and operating at randomly
varying pressure and flowrate conditions. The operating
conditions were as follows:
fluid flowing through the line : air;
temperature of fluid : 290 K;
Moody friction factor : 0.02;
inventory variation : 50% of average mass flowrate;
sampling intervals : 35 seconds;
simulation period : 3 hrs;
SPRT test strength : o = 0.05; B = 0.05;
thresholds : A = 2.9444; B = 2.9444;
measured variables : mass flowrate and pressure at inlet
and outlet.

The average inlet pressure was 55 bar, and the
average outlet pressure was 48 bar. The average mass
flowrate was 29 kg/s.



- 8- . nunrber, and AMt) indicating the inventory variation rate over

the tinme period between t and t'. The hypothesis testing schene for |eak

detection is then: Herr] : Z is gaussian with mean m and vari ance

[err] Hl : Zis gaussian with nean m+ Am and variance [err] where m

is the nmean difference between the inlet_agd_outlet flow rate before

occurrence of a leak, Amis the mninmumleakrate to be detected and [err]

is the variance ofAthbrafsieakuefoh2dfmassaflenchosanpre simplated ptt) is

CO”D?EG? ﬁﬁth lbéatbéﬁsﬁofﬁzUakﬂeffoﬁrﬁ?énighiﬁnhhalﬂ%”%&ﬁbe% as sgon §Zd
err](t econgs, greate n_or equ o A sim|ar scheme can, u

Fn case the nggsﬁggﬁsva&?ﬁbi@agsw?gegﬁFﬁFHeﬁrB§§89ewai92ﬁ EFﬁPepgﬂPgsents

the fluid pressooisalailibeg fatﬁbhﬁé?af?thEimutte&.1.8 bee thbeth@m wﬁllTh

now be furtherj sfra Lh.the oW ng,.two S anpl e e

schene of equé?%%% %ﬁaégg%cgéénasﬁﬁPgdwtg 85?éc$¥?§g §8EﬁE¢é§§e?féFhe

| eakage in a 1b@akm thagcprpettad méssnbelantedtasbhéqued basednonofdeat i ng

at random'y vagyipg ndi-t L QRS+ rat.i

condi 11 ons. wer Lo FaN BELEEPE nE R R8E BhEnE AL EARSinfHE GRE BE1de

t enper at ure of"3$ RRPLiedotw; exbbugter thei shzpaefokthe deek. Theentory

vari-ation : 50&§@im@teaay@annﬁétélQﬂwehé:15§ﬂp55ﬂ91hﬂ§egé§hgd2w%% seconds;
si mul ati on pekggg .. 3,hrs; , SPRT aest ﬁérgn?thk: a =20.0 iz err] = 0.05;
threshol ds : A=3 k343. Bioce thasachualifeakysirgplas 12%asd frowrate and
pressure at in3e48akgl/suttkee. estimdbionvacageatcyl sasppogsuTaeves timaltad,

Do kgre, VO A BotttISh BECERY" fedR%dE RAL 22 En ¥ELRAIERERTRIEEOYS © VS

determined with the least squares algorithm, the accuracy
thereof being 98%.

A second leak of 1.1% mass flow loss was simulated at
location x = 50 km from the inlet and at time t = 0.4
hrs. This leak was detected using Wald's sequential
probability ratio test at time 2.1 hrs, the time delay in
detection being 1.7 hrs. The mass balance technique
failed to estimate the leak size because the leak was
very small relative to the inventory variations. The
least squares algorithm was used to localise the leak,
which algorithm converged to leak location x = 55 km from
the inlet, the accuracy of the estimation being 95%.
Example 2

The scheme of equation (8) was applied for both
flowrate measurements and pressure measurements to detect
four leaks simulated in a 37 km long pipeline of diameter
10 cm, and operated to transport liquefied propylene at
varying operating conditions. During normal operation the
mass flowrate varies between 200-320 tons/day, the inlet
pressure varies between 15-22 bar, and the outlet
pressure varies between 10-11 bar. The results of the
leak detection scheme were as follows:



- 9- . Afirst leak of 12% mass flow |l oss was sinulated at |ocation x = 20
kmfromthe inlet and at tinet = 0.4 hrs. The | eak was detected using

Wal d's sequential probability ratio test at tinet = 1.8 hrs, the tine
delay in detection being 1.4 hrs. After detection of the |eak, the
corrected mass bal ance techni que, based onghe flow and pressure
nmeasurenents at the inlet and outlet was applied tqg estimate the size of
the | eak. The_t@2kMeed |leak rate in the |adt sanpling pediod was43 13
kg/s. Since thpegptygdbel €eak size was 12% i1.08 3.4&5%kg/s, okhe esthgation
accuracy was 9 /0 he estlﬂa%f gom 1on of the leak was x = 22 kmfromthe
inlet as deter RPELng gutateluares algorithm the accuracy thereof
bei ng 98% méaser:edidlé&nksmﬁel 1% mass f9.@64 0s4.88s silndi3&t ed1lanl%

| ocation x = 5 fr e at timtet = 0.4 hrs. This | eak was
det ect ed usi ng?%/\a% 81&%%3% ltfﬂgwgrﬁﬁsgabi lity ratio test at tinme 2.1 hrs,
the time del aydébhedbient tbmebéinhguted) hrs. ITtie nasd .Pal anée 7t echd2gde
failed to es“f@é&li?&ti@ﬂ%??ﬁf because t he deeak 1\ga%%ver1yl 938l | opelgat i ve
to the inventory varriations east .squares al gorithm was use 5

| ocal i se the |bakkrahecﬁS‘awetwaneééﬁVer géd Ko |3;9k 0%0c20i-8% x —85§%km
fromthe inlet, the accuracy of the estimation being 95% Exanple 2 The
schene of equati on (8) was applied for both flowate nmeasurenents and
pressure neasurenents to detect four |eaks sinmulated in a 37 km | ong

pi peline of dianmeter 10 cm and operated to transport |iquefied propyl ene
at varying operating conditions. During nornal operation the nass flowate
vari es between 200-320 tons/day, the inlet pressure varies between 15-22
bar, and the outl et
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pressuie vari es between 10-11 bar. The results of the |eak detection schene

were as foll ows: - 10 - | eak No.
1 2 3 4 | eak size 10% 5% 2%
1% ( % of noninal flowate) neasured |eak size 9.26% 4.8%

1.83% 101% te) detegtion tine (mnutes) 1.7

1.9 rror 0.6% 13.6% 14.0% 20.8%
Ieakrate estl matzn mMﬂﬂmﬂm .0% 20.8% 8. 5% T 6501 SIN

CLAI il ut 0 Sdetect Ieakage froma conduit through which a
strean1of f|UId flows, conprising: - _neasucring at |east one variable of
the .group consisting of fluid pressur g flow rate between

1. A method to detect leakage from a conduit through
which a stream of fluid flows, comprising:

- measuring at least one variable of the group
consisting of fluid pressure and fluid flow rate between
a first and a second time and at a location of the
stream, to provide a data set representing the wvariable
at said location and between said first and second times;
- determining a statistical probability of obtaining
said data set from the measurement under the hypothesis
that no leakage occurs and a statistical probability of
obtaining said data set from the measurement under the
hypothesis that leakage occurs; and

- selecting one of said hypothesis as being true if the
probability of obtaining said data set from the
measurement under said hypothesis is larger than the
probability of obtaining said data set from the
measurement under the other hypothesis.

2. The method of claim 1, wherein said location forms a
first location, said data set forms a first data set, the
method further comprising:

- measuring said variable between said first and second
times and at a second location of the stream to provide a
second data set representing the variable at the second
location and between said first and second times;

- determining a statistical probability of obtaining
the second data set under the hypothesis that no leakage
occurs and a statistical probability of obtaining the
second data set under the hypothesis that leakage occurs;
- selecting said one hypothesis as being true if the
probability of obtaining each data set under said
hypothesis is larger than the probability of obtaining



a first and a second tlne and at a |l ocation of the str-\éﬂi\\\\\\\“dE\a\\\
data set representing the variable at said | ocation and @m

and second tinmes; - determning a statistical probab|I|ty of Ahz
said data set fromthe neasurenment under the hypot hesis that no Ieakége*
occurs and a statistical probability of obtaining said data set fromthe
measur enent under the hypothesis that Ieakage occurs; and - sel ecti ng one
of said hypot hee sdakapdehgundes thetatherob¥ppthesist obt aining said data

setbfLor1the P@@SfTE@EﬁétH@d3658§1§1ﬁ¥9?596§L8whéré§ﬁ92ﬁ§;?eepggg he Other
ropapi |1 (0] (0] al nln sal a se rom u
Eypot hesi sy 2 determiniig §21d| BFaPab l%E%%?nogaggg%EéPgoﬁaFg‘ Retz sets

| ocation, sai dcolmprises éeléatﬂnﬁlazftdgiﬁtseél ﬁhstgﬁbh@dohgbfhthed t

I Si Sl ri e betyween. sai st .and secon . es
oot *a SeconPTERalE ofe oPhe | LOERFRRR, PEEFREDIAR' fockhE, dha, ReE0RRdLy
representing tthevbyp@bheséﬁ that seecohdakagat boguaadabdt gedrctang &irst and
second tines; statijé’ﬁféﬂle n%f'gtf‘ ﬁﬁ@ibﬁtbfal:hBrGQE?hMEyaEf sQ%aELB'cQQ:LBﬁe

second data set under Eﬁ I's that no age occ
statistical préd®r|the byreobhashsnghakelsakand §§F§r§etthﬁd§ﬁaﬁhétlcal

hypot hesi s t hadidealiegeioesWeing sifel&et thJesdhdoRerh¥aet RasHngas being
true if the prob |I|t¥ of obtajning each data set under said hypothesis is
I

| arger than t P oY 26B83¢ ni ng _
- 12 - the dat@.seThenmbth¢®eoﬁt@Ea1My3pthnefein3$aibesﬁnth9ﬂlcélcIa|n11 or

Za AT Da iRl SSLET LS 08,581 PEORERL b 855 0ha R 79 S
substantlally equal variances.
5. The method of any one of claims 1-4, wherein said one
hypothésis is selected as being true if the difference
between the probability of obtaining each data set under
said hypothesis and the probability of obtaining the data
set under the other hypothesis exceeds a minimum
difference which is in functional relationship with a
selected false alarm probability.
6. The method of any one of claims 1-5, wherein said one
hypothesis is selected as being true if the difference
between the probability of obtaining each data set under
said hypothesis and the probability of obtaining the data
set under the other hypothesis exceeds a minimum
difference which is in functional relationship with a
selected missed alarm probability.
7. The method of any one of claims 1-6, wherein the
steps of determining said probabilities and selecting
said one hypothesis are carried out using Wald's
sequential probability ratio test as defined
hereinbefore.
8. The method of any one of claims 1-7, further
comprising creating a signal indicative of the truth of
said one hypothesis.
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variabje at” the location pertaining to the data set under tﬂgm m“\“‘
that no | eakage occurs and selecting a statistical distri:bu “““ 'E“
variabl e at said |ocation under the hypothesis that |eakage ursy the S
statistical distributions being simlar to each other but: having different
mean val ues. 4. The nmethod of claim3, wpﬁéﬁln sai d stati'stical

di stributions are gaussian distributions i ng substantially equal

vari ances. 5. Jhe Tiet hostlodd anff ame ate cdfii obalrd, 2vwBereharsandsand

ypothest s 1S eelgcledeasi bel 10 Leugy ! (nile 851 ERECOGRAREEICRRot B s

probability of I'ni ng each a set and t
probability ofSQQQQdrﬂ¢@ﬁth@ndh§a&%e@nuﬂdﬁleth@foth@r09966%ﬁ95|s exceeds a

”‘n'”U”‘d'fferfﬁ"*Tﬂﬁ”ﬁ%khéﬂ'éff téﬁ@aéfr@iéimgnﬁhgp MhébeﬁnSEhSCted
fal se alarm probabi|ity. 6, 1-5, wherein

The ho
sai d one hypot¥&3kion %EI%%%Eﬂg%slﬁe¢ﬂﬁe¥mh%e¢fth§°§VFF€rEh@esﬁé en the

probability ofs@doﬁ@léu;mt;e@@hrém&mﬁ@tsundemesguﬁlehyvarlnama 8odshhd
probability of, obtainin e data set.und her oth25|s g eeds a

B b mom di o eEC e o LS kRb8n cf il Ehel I8a8hoRimAYRR AT 30Es
m ssed al ar m prbbdthe |me;/th6’d Siies e biball by asydeserdbed| henelmbéfowaerel n

the steps of dﬂerzi“d‘éxﬂﬂc a&&' c@éf’%@?diéék& e &F o:ﬁeée%%&giﬁa‘cﬂr&l h

hypot hesis are carried o S sequentral proba ity rafio test
as defined heﬂ@%ﬁﬁéf@r%tr%amT%E ﬁ%@h@dfb@wﬁnyCGMEréﬁlﬁgalns 1-7, further

conpri sing creatifgeshsi Shalnédh ek g Ve Oledbe bRt hapfaB2bdo@Nehe

hypothesi s. group consisting of fluid pressurelgnd fluid flow rate
between a first and a second time and at a location of
the stream, to provide a data set representing the
variable at said location and between said first and
second times;
- means for determining a statistical probability of
obtaining said data set from the measurement under the
hypothesis that no leakage occurs and a statistical
probability of obtaining said data set from the
measurement under the hypothesis that leakage occurs; and
- means for selecting one of said hypothesis as being
true if the probability of obtaining said data set from
the measurement under said hypothesis is larger than the
probability of obtaining said data set from the
measurement under the other hypothesis.
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9. The.nmethod of any one of clains 2-8, wherein said first |location is at
.an inlet of the conduit, and said second location is at an outlet of the
conduit. 10. The nethod of any one of clainms 1-9, wherein the | ocation of
| eakage is determ ned by solving the steady state equation relating said
nmeasured variable to said | ocation of |eakage, using the | east squares
algorithm 11. The nethod substantially as descri bed herei nbefore. 12. A
device to detect |eakage froma conduit through which a streanrogsbhiusdn
flows, conprising: - neans for neasuring at |east one variabl e of The group
consisting of fluid pressure and fluid flowrate between a first and a
second tine and at a location of théaRredmRtd @rbvide a data set
representing the variable at said | ocation and between said first and
second tinmes; - nmeans for determning a statistical probability of
obt ai ning sai d data setPHYEHING IrFe”é‘g‘lﬁ%r%tFmrFﬁ %y‘b@ﬁ‘%ﬁ?s that no
| eakage occurs and a statistical probability of obtaining said data set
fromthe nmeasurenent under the hypothesis that | eakage occurs; and - neans
for selecting one of said hypothesis as being true if the probability of
obt ai ni ng sai d dat & seithfodons Iperavdakad ererietewterl exstialyd yhasiesi conduit
|arger than the prohablhlioh o ANAIIAW PRI PGS Lteld GRS easur ement
under the other hypothesrs. _

comprising measuring at least one variable of the group

consisting of fluid pressure and fluid flow rate over a
period of time and at at least one location of the
stream, to provide a data set representing the variable
at said location and over said period of time. A
statistical probability of obtaining said data set from
the measurement under the hypothesis that no leakage
occurs is determined, and a statistical probability of
obtaining said data set from the measurement under the
hypothesis that leakage occurs is determined. One of said
hypothesis is selected as being true if the probability
of obtaining said data set from the measurement under
said hypothesis is larger than the probability of
obtaining said data set from the measurement under the
other hypothesis. |
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