US 20150309514A9

19) United States

(10) Pub. No.: US 2015/0309514 A9

a2) Patent Application Publication 48) Pub. Date: Oct. 29, 2015
Pantelides et al. CORRECTED PUBLICATION
(54) SYSTEM FOR FLUID PROCESSING 30) Foreign Application Priority Data
NETWORKS
Jan. 13,2012 (GB) .eoveicercitccrcenee 1200547.6
(71) Applicant: PROCESS SYSTEMS ENTERPRISE Jan. 13,2012 (GB) .eoveicercitccrcenee 1200580.7
LIMITED, London, Greater London
(GB) Publication Classification
(72) Inventors: Constantinos Christou Pantelides, (51) Int.ClL
London (GB); Ying Sheng Cheng, GO5D 7/06 (2006.01)
Cambridge (GB); James Ingram (52) US.CL
Marriott, London (GB) CPC ..ot GO05D 7/0617 (2013.01)
(73) Assignee: PROCESS SYSTEMS ENTERPRISE (57) ABSTRACT
?ég[)ITED’ London, Greater London This invention relates to a method of monitoring a fluid pro-
cessing network having a plurality of fluid processing regions
21 Appl. No.: 14/371.962 including the steps of: receiving measured current parameter
(1) Appl. No ’ values at known points of the network; determining from the
(22) PCT Filed: Jan. 10. 2013 measured current parameter values regions of the network
’ that are active, all other regions being deemed inactive; sub-
(86) PCT No.: PCT/GB2013/050038 tracting inactive regions of the network from a model of the
fluid processing network to provide a current active network
§ 371 (e)(1), model; determining current parameter values of the current
(2) Date: Jul. 11, 2014 active network at least at points remote from the known
. .. points, the parameter values at said remote points being deter-
Prior Publication Data mined using the measured current parameter values and the
(15) Correction of US 2015/0025695 Al Jan. 22, 2015 current active network model; based on the current parameter
See Claim 79. values, determining if one or more pre-specified boundaries
are breached; and performing a predetermined action if one or
(65) US 2015/0025695 Al Jan. 22, 2015 more said boundaries are breached.
Measured data
302
Network
model
304

N—

Current state estimator




US 2015/0309514 A9
X
A

X

A

Oct. 29,2015 Sheet 1 of 10
(0))
O

@ VI 8inbi4

Patent Application Publication



US 2015/0309514 A9

dl di
d -

d

1
0 1
— H <
S 1
0 1

1
o 1
t L
8 1<
= 2
[ /] 1

1
v '
Yo “ d d
m i

1
Py Ll
(o]
Llu i
S

GlLl \

!
g1 8inbi-

Patent Application Publication



US 2015/0309514 A9

Oct. 29, 2015 Sheet 3 of 10

Patent Application Publication

€0c
suoifa. ojul

WB1SAS alijua apIAI(]

A

10C
sjuauodwo9 Jo saiuadoud

Buipnjoul ‘uonelusasaidal
W9)SAS aJ1jud ajelausr)

2 2Inbi4



Patent Application Publication  Oct. 29,2015 Sheet 4 of 10 US 2015/0309514 A9

Measured data
302

Current state estimator
306

Figure 3

Network
model
304




US 2015/0309514 A9

Oct. 29,2015 Sheet 5 of 10

Patent Application Publication

*(0)74
¢, payoealiq usaq
Aiepunoqg e seH

170} %
8]B]S YIOM]aU Juaiind aulwlslaq

L0V

18| anss|

v0¢€

A

A 4

50} %
BIEP YJOM]BU JUBLIND BAIS08Y

A

A

A

c0¢

Vi inbi-




US 2015/0309514 A9

10)
. payoBaliq usaq L0¥
Alepunoq e seH Ho[E 8Nss|
S
5
M 191017
= a1el1s
H YIOMIBU BAIOE 1USIIND BuUIWISle(
= 1
o 607
“ [2pOW I0M]aU JO 18sqns — )
S Buipuodsa.i00 10NJISUOD PUE YIoMIBU | v0€
|B10]1 841 J0 suoiba. aAI10B suIwIs1a(g

g
= 0] 7 < 208
[~™
= B1EP Y}JOMIOU JUSIIND DAIB00Y
S
&
Z
m gy 94nbi4
[~W



US 2015/0309514 A9

Cly
¢ pepssoxs usaq > L0v
N NWI| YSK B SEH A Us|e anss|
=
: H
-
g Ly
Z paJojiuow 8q 0] SYSU JO 19sqns 109|195
w,
2 t
] €0v _
> 91els }IOMIBU JuaLno aulwisleg |« v0¢
, -
E
g
= L0 ) 208
5 B]EP YIOMIBU JUSLIND SAI909Y
E
g
<
z O 2inbi4
=
£
=¥



US 2015/0309514 A9

Oct. 29, 2015 Sheet 8 of 10

Patent Application Publication

Ely
¢, pepasoxe usaq

1Ll YSU & SeH

L0V
18| anss|

b
[lelep Jo aaibap ajendoidde jo sjppow
Jusuodwod Buisn |apow yiomiau
a2inbiuoo-al pue suoifial aAlloe 10}
palojuow aq 0} SHSU JO 19sgns 108|985

10)7
suoiboal anioe

10} 31B]S YIOMIBU JUS.IND sulwIaleqg

(610174

[opOoW YIOMIaU JO 19sgns
Buipuodsa.lioo 1oN1ISU0D puUB YIomlau
[B101 8y} 10 Suoifa4 aAlloe auILIdla(q

_ ¥0€

A

(50}
BIEP YIOM]ISU JUSLIND SAIB08Y

c0g

A

dy 8inbi4



US 2015/0309514 A9

Oct. 29,2015 Sheet 9 of 10

Patent Application Publication

asegeleq

awi} Jua4ino e
uollen|eAd OlIBU39S 3NN} dleuiw.ia)

OlIBUSDS 8NNy
JO UozIIoy awin
0 pu

805

ATesSoooU T (Sjabessaw aendolade
aNsSI ® $ySI1I pasojuow 1sulebe

¥
N
§
N
N
§
N
N
§

RIS e

208

gpg L__oels yomau 92% pajoipald yoayn

€0G | UOIlB|NWIS DILBUAP BIA SWI SOUBAPY

AT

y0¢e

/ s SERLLAELL LU e

awi Jua4Ind 1e

uoien|eA@ olIeuads aininy

yum paaooud jou oq

|apow areldo.adde 10n1su0o fjusuodwod yiomiau
yoea Joj [ie1ep Buiepow 10 9a1bop aeldoidde -
SUILLIBIAP HI0MIBU Syl JO SUoIBal aANde auIwldla(

ros
¢,9WI} JUa.INJ
ou 1e uolnNoaxa
0lIeua9s ajelll
o ale N
{ OueuSdS 1S ™
S { NIOMION
AL UE /
e uauny
c0s B 17

G a2.inbi4



(=)

<«

-

w

3 1113 vO€

S asoqoiog ysiy asoqpiog

w [2POIA indino/indur 91y G

K UOI1EIIUNWILIOD

m ssadoud-1W| o

\ 4 ﬂ a(14 uoipInbIfuo)

S (u)or9 Y (U)TO9 J01EN|BATZ . }I0MI3N 3i0]4

= Ug 0LIDUIIS 3iNn4 OlIEUSIS =alning puasai

= °

Yo

g . 4

2  (2or9 (7)T09 Jorenjens J0¢ ¢09

5 > oueusds aimn " ACIEWRST NS e 1018|NI[EY

m L orpuoIs o d . 5 °Imnd yJomiaN alel4 | $91e4MO|4 13|U|

&  (mor9 5| (1109 J0%eniens | ﬁ

> I# OLIDU3IS 2in3n4 OlIBUDIS 3Jnin4

e | SI105U3s wouf
€09 pIOP 3WII-[D3Y

JOUOA [BeJ3U3D

mu.EmOth.E )A0MIauU 2J0]H

A 4

709 3|0su0) 1031e43d0 | —prmsaRT

0LIDU3IS
puBW3P-uQ

Jojetadp

9 ainbi4

Patent Application Publication



US 2015/0309514 A9

SYSTEM FOR FLUID PROCESSING
NETWORKS

FIELD OF THE INVENTION

[0001] The present invention relates to systems for moni-
toring and/or control of fluid processing networks.

BACKGROUND OF THE INVENTION

[0002] Networks for processing of fluids, such as in an oil
production facility, an oil refinery or a chemical plant, are
made up of a large number of component parts including,
without limitation, a large number of valves, pipe segments
and fluid chambers, with fluid flowing into and through the
components of the network. Such processing networks may
be provided with safety features, for example fluid release
networks such as flare networks, aiming to maintain pressure
within the network or within a part of the fluid processing
network at or below a safety limit.

[0003] A fluid release network may be a sub-network of a
fluid processing network and is also made up of a large
number of component parts including, without limitation, a
large number of pipe segments, valves and fluid chambers,
with fluid flowing into and through the components of the
network for the primary purpose of removing such fluid from
the processing network to a safe place, including without
limitation venting or flaring to atmosphere.

[0004] The fluid processing network may be provided with
sensors including, without limitation, fluid pressure sensors,
fluid temperature sensors and metal wall temperature sensors.
However these sensors can only measure property values at
the specific point where the sensors are located, leaving areas
of unknown pressure and/or temperature between the mea-
surement points.

SUMMARY OF THE INVENTION

[0005] In a first aspect the invention provides a method of
monitoring a fluid processing network comprising a plurality
of fluid processing regions, the method comprising the steps
of:

receiving measured current parameter values at known points
of the network;

determining from the measured current parameter values
regions of the network that are active, all other regions being
deemed inactive;

subtracting inactive regions of the network from a model of
the fluid processing network to provide a current active net-
work model;

determining current parameter values of the current active
network at least at points remote from the known points, the
parameter values at said remote points being determined
using the measured current parameter values and the current
active network model;

based on the current parameter values, determining if one or
more pre-specified boundaries are breached; and
performing a predetermined action if one or more said bound-
aries are breached.

[0006] Optionally, the current active network model is peri-
odically updated using periodically received updates of the
measured current parameter values.

[0007] Optionally, inactive regions that have become
active, or active regions that have become inactive, are deter-
mined from the updates of the measured current parameter
values.
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[0008] Optionally, the measured current parameter values,
the determined current parameter values and the pre-specified
parameter boundaries are selected from fluid pressure, fluid
temperature, pipe and/or vessel wall temperature, fluid flow
rate, and level of liquid in a vessel.

[0009] Optionally, the parameter boundaries include pre-
determined constant boundaries.

[0010] Optionally, the parameter boundaries include vari-
able boundaries or mathematical constraints derived from the
values of one or more parameters.

[0011] Optionally, at least one predetermined risk is asso-
ciated with a given parameter being outside a parameter
boundary.

[0012] Optionally, predetermined risks include a pipe frac-
ture risk, a pipe blockage risk and an explosion risk.

[0013] Optionally, the predetermined action is selected
from one or more of: issuing a notification to a network
operator and issuing an instruction to an automated network
control system.

[0014] Optionally, the notification includes identification
ofarisk associated with said current parameter values breach-
ing one or more boundaries.

[0015] Optionally, current parameter values are determined
for known points of the current active network for which
measured parameter values are received.

[0016] Optionally, measured current parameter values for
known points are replaced with the corresponding deter-
mined current parameter values for the same points in a
manner that is consistent with the model of the fluid process-
ing network.

[0017] Optionally, the current active network model
includes values of settings of the network based on received
values of settings of the network.

[0018] Optionally, the values of settings of the network
include values of valve settings of the network.

[0019] Optionally, one or more of the pre-specified bound-
aries apply to respective one or more pre-specified points of
the network.

[0020] Optionally, the network is a flare network.

[0021] Ina second aspect the invention provides computer
program code which when run on a computer causes the
computer to perform the method according to the first aspect.
[0022] In a third aspect the invention provides a carrier
medium carrying computer readable code which when run on
a computer causes the computer to perform the method
according to the first aspect.

[0023] Ina fourth aspect the invention provides a computer
program product comprising computer readable code accord-
ing to the third aspect.

[0024] In a fifth aspect the invention provides an article of
manufacture comprising: a machine-readable storage
medium; and executable program instructions embodied in
the machine readable storage medium that when executed by
a programmable system causes the system to perform the
method according to the first aspect.

[0025] Ina sixth aspect the invention provides a method of
monitoring a fluid processing network formed from a plural-
ity of fluid processing components, each fluid processing
component being associated with one or more predetermined
component models, the method comprising:

receiving measured current parameter values at known points
of the network;

generating a model of the fluid processing network from a
selection of the predetermined component models;
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determining current parameter values of the network at least
at points remote from the known points, the parameter values
at said remote points being determined using the measured
current parameter values and the network model;
determining if a current parameter value breaches one or
more predetermined boundaries; and

performing a predetermined action if one or more of said
boundaries are breached,

wherein one or more of the fluid processing components of
the network are each associated with two or more predeter-
mined component models; and

wherein for each component that is associated with two or
more predetermined component models, one of the said two
or more predetermined component models is selected for use
in generating the model of the fluid processing network
depending on conditions of the fluid processing network.
[0026] Optionally according to the sixth aspect the condi-
tions of the fluid processing network determining the compo-
nent model for a particular component used in generating the
model of the fluid processing network are selected from: one
or more current parameter values of the network; one or more
anticipated future parameter values of the network; and the
presence of one or more chemical species in the fluid pro-
cessing network.

[0027] Optionally according to the sixth aspect one or more
components of the network are associated with at least one
component model that is used in generating a model for all
conditions of the fluid processing network.

[0028] Optionally according to the sixth aspect the model is
modified in response to a change in a condition of the fluid
processing network that causes a change in the selection of
component model used in generating the model.

[0029] Optionally according to the sixth aspect the mea-
sured current parameter values, the determined current
parameter values and the predetermined parameter bound-
aries are selected from fluid pressure, fluid temperature, pipe
and/or vessel wall temperature, fluid flow rate, and level of
liquid in a vessel.

[0030] Optionally according to the sixth aspect the param-
eter boundaries include predetermined constant boundaries.
[0031] Optionally according to the sixth aspect the param-
eter boundaries include variable boundaries or mathematical
constraints derived from the values of one or more param-
eters.

[0032] Optionally according to the sixth aspect one or more
of the predetermined boundaries apply to respective one or
more pre-specified points of the network.

[0033] Optionally according to the sixth aspect at least one
predetermined risk is associated with a given parameter
breaching a parameter boundary.

[0034] Optionally according to the sixth aspect predeter-
mined risks include a pipe fracture risk, a pipe blockage risk
and an explosion risk.

[0035] Optionally according to the sixth aspect the prede-
termined action is selected from one or more of: issuing a
notification to a network operator and issuing an instruction to
an automated network control system.

[0036] Optionally according to the sixth aspect the notifi-
cation includes identification of a risk associated with said
current parameter values breaching one or more boundaries.
[0037] Optionally according to the sixth aspect current
parameter values are determined for known points of the
network for which measured parameter values are received.
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[0038] Optionally according to the sixth aspect measured
current parameter values for known points are replaced with
the corresponding determined current parameter values for
the same points in a manner that is consistent with the model
of the fluid processing network.

[0039] Optionally according to the sixth aspect the network
model includes values of settings of the network based on
received values of settings of the network.

[0040] Optionally according to the sixth aspect the values
of settings of the network include values of valve settings of
the network.

[0041] Optionally accordingto the sixth aspect the plurality
offluid processing components include pipe segments, valves
and fluid chambers.

[0042] Optionally according to the sixth aspect the network
is a flare network.

[0043] Inaseventh aspect the invention provides computer
program code which when run on a computer causes the
computer to perform the method according to the sixth aspect.
[0044] In an eighth aspect the invention provides a carrier
medium carrying computer readable code which when run on
a computer causes the computer to perform the method
according to the seventh aspect.

[0045] In a ninth aspect the invention provides a computer
program product comprising computer readable code accord-
ing to the eighth aspect.

[0046] In a tenth aspect the invention provides an article of
manufacture comprising: a machine-readable storage
medium; and executable program instructions embodied in
the machine readable storage medium that when executed by
a programmable system causes the system to perform the
method according to the sixth aspect.

[0047] In an eleventh aspect the invention provides a
method of monitoring a fluid processing network, the method
comprising the steps of:

receiving measured current parameter values at known points
of the network;

determining current parameter values at least at points remote
from the known points, the parameter values at said remote
points being determined by application of the measured
parameter values to a model of the network;

selecting one or more risks to be analysed from a group of
predetermined risks, each predetermined risk being associ-
ated with one or more points of the network,

for each selected risk, determining if a risk at the one or more
associated points of the network exceeds a predetermined
acceptable risk limit for that risk at one or more of those
points; and

performing a predetermined action if a risk exceeds a prede-
termined acceptable risk limit,

wherein a risk is selected for analysis if a current parameter at
the one or more points associated with the risk meets a pre-
determined risk selection requirement.

[0048] Optionally according to the eleventh aspect, one or
more of the group of predetermined risks is not selected for
analysis.

[0049] Optionally according to the eleventh aspect, each
predetermined risk defines at least one parameter boundary
that should not be breached.

[0050] Optionally according to the eleventh aspect, the
measured current parameter values, the boundaries and the
determined current parameter values and the predetermined
parameter boundaries are selected from fluid pressure, fluid
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temperature, pipe and/or vessel wall temperature, fluid flow
rate, and level of liquid in a vessel.

[0051] Optionally according to the eleventh aspect, the
parameter boundaries include variable boundaries or math-
ematical constraints derived from the values of one or more
parameters.

[0052] Optionally according to the eleventh aspect, the pre-
determined action is selected from one or more of: issuing a
notification to a network operator and issuing an instruction to
an automated network control system.

[0053] Optionally according to the eleventh aspect, the
notification includes identification of the risk limit that has
been exceeded.

[0054] Optionally according to the eleventh aspect, prede-
termined risks include a pipe fracture risk, a pipe blockage
risk and an explosion risk.

[0055] Optionally according to the eleventh aspect, current
parameter values are determined for known points of the
current active network for which measured parameter values
are received.

[0056] Optionally according to the eleventh aspect, mea-
sured current parameter values for known points are replaced
with the corresponding determined current parameter values
for the same points in a manner that is consistent with the
model of the fluid processing network.

[0057] Optionally according to the eleventh aspect, the cur-
rent network model includes values of settings of the network
based on received values of settings of the network.

[0058] Optionally according to the eleventh aspect, the val-
ues of settings of the network include values of valve settings
of the network.

[0059] Optionally according to the eleventh aspect, the net-
work is a flare network.

[0060] In atwelfth aspect the invention provides computer
program code which when run on a computer causes the
computer to perform the method according to the eleventh
aspect.

[0061] Inathirteenth aspectthe invention provides a carrier
medium carrying computer readable code which when run on
a computer causes the computer to perform the method
according to the eleventh aspect.

[0062] In afourteenth aspect the invention provides a com-
puter program product comprising computer readable code
according to the thirteenth aspect.

[0063] Inafifteenth aspect the invention provides an article
of manufacture comprising: a machine-readable storage
medium; and executable program instructions embodied in
the machine readable storage medium that when executed by
a programmable system causes the system to perform the
method according to the eleventh aspect.

[0064] In a sixteenth aspect the invention provides a
method of monitoring a fluid processing network, the method
comprising the steps of:

receiving measured current parameter values at known points
of the network;

receiving values of settings of the network;

determining current parameter values at least at points remote
from the known points, the parameter values at said remote
points being determined by application of the measured
parameter values to a model of the network;

predicting parameter values at a future point in time if a
predetermined change is made to the settings of the network,
or if no change is made to the settings of the network; and
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performing a predetermined action if the predetermined
change, or if no change, is determined to have the effect of
causing one or more of the predicted parameter values to
breach a predetermined parameter boundary.

[0065] Optionally according to the sixteenth aspect, the
values of settings of the network comprise values of valve
settings of the network.

[0066] Optionally according to the sixteenth aspect, the
measured current parameter values, the determined current
parameter values and the predetermined parameter bound-
aries are selected from fluid pressure, fluid temperature, pipe
and/or vessel wall temperature, fluid flow rate, and level of
liquid in a vessel.

[0067] Optionally according to the sixteenth aspect, the
parameter boundaries include predetermined constant
boundaries.

[0068] Optionally according to the sixteenth aspect, the
parameter boundaries include variable boundaries or math-
ematical constraints derived from the values of one or more
parameters.

[0069] Optionally according to the sixteenth aspect, at least
one predetermined risk is associated with a given parameter
being outside a parameter boundary.

[0070] Optionally according to the sixteenth aspect, prede-
termined risks include a pipe fracture risk, a pipe blockage
risk and an explosion risk.

[0071] Optionally according to the sixteenth aspect, the
predetermined action is selected from one or more of: issuing
a notification to a network operator and issuing an instruction
to an automated network control system.

[0072] Optionally according to the sixteenth aspect, the
notification includes identification of a risk associated with
said current parameter values breaching one or more bound-
aries.

[0073] Optionally accordingto the sixteenth aspect, current
parameter values are determined for known points of the
current network for which measured parameter values are
received.

[0074] Optionally according to the sixteenth aspect, mea-
sured current parameter values for known points are replaced
with the corresponding determined current parameter values
for the same points in a manner that is consistent with the
model of the fluid processing network.

[0075] Optionally according to the sixteenth aspect, the
current active network model includes values of settings of
the network based on received values of settings of the net-
work.

[0076] Optionally according to the sixteenth aspect, the
values of settings of the network include values of valve
settings of the network.

[0077] Optionally according to the sixteenth aspect, one or
more of the pre-specified boundaries apply to respective one
or more pre-specified points of the network.

[0078] Optionally according to the sixteenth aspect, the
network is a flare network.

[0079] In aseventeenth aspect the invention provides com-
puter program code which when run on a computer causes the
computer to perform the method according to the sixteenth
aspect.

[0080] In an eighteenth aspect the invention provides com-
puter readable code which when run on a computer causes the
computer to perform the method according to the sixteenth
aspect.
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[0081] Inanineteenth aspect the invention provides a com-
puter program product comprising computer readable code
according to the eighteenth aspect.

[0082] In a twentieth aspect the invention provides an
article of manufacture comprising: a machine-readable stor-
age medium; and executable program instructions embodied
in the machine readable storage medium that when executed
by a programmable system causes the system to perform the
method according to the sixteenth aspect.

[0083] In a twenty first aspect the invention provides a
method of monitoring a fluid release sub-network of a fluid
processing network, the method comprising:

receiving measured current parameter values at known points
of the sub-network;

determining current parameter values of the sub-network at
least at points remote from the known points, the parameter
values at said remote points being determined using the mea-
sured current parameter values and the current active network
model;

based on the current parameter values, determining if one or
more pre-specified boundaries are breached; and
performing a predetermined action if one or more said bound-
aries are breached.

[0084] Optionally according to the twenty first aspect the
fluid release sub-network is a flare network.

[0085] Optionally according to the twenty first aspect the
measured current parameter values, the determined current
parameter values and the pre-specified parameter boundaries
are selected from fluid pressure, fluid temperature, pipe and/
or vessel wall temperature, fluid flow rate, and level of liquid
in a vessel.

[0086] Optionally according to the twenty first aspect the
parameter boundaries include predetermined constant
boundaries.

[0087] Optionally according to the twenty first aspect the
parameter boundaries include variable boundaries or math-
ematical constraints derived from the involving the values of
one or more parameters

[0088] Optionally according to the twenty first aspect at
least one predetermined risk is associated with a given param-
eter being outside a parameter boundary.

[0089] Optionally according to the twenty first aspect pre-
determined risks include a pipe fracture risk, a pipe blockage
risk and an explosion risk.

[0090] Optionally according to the twenty first aspect the
predetermined action is selected from one or more of: issuing
a notification to a network operator and issuing an instruction
to an automated network control system.

[0091] Optionally according to the twenty first aspect the
notification includes identification of a risk associated with
said current parameter values breaching one or more bound-
aries.

[0092] Optionally according to the twenty first aspect cur-
rent parameter values are determined for known points of the
sub-network for which measured parameter values are
received.

[0093] Optionally according to the twenty first aspect mea-
sured current parameter values for known points are replaced
with the corresponding determined current parameter values
for the same points in a manner that is consistent with the
model of the fluid processing network.

[0094] Optionally according to the twenty first aspect the
sub-network model includes values of settings of the network
based on received values of settings of the sub-network.
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[0095] Optionally according to the twenty first aspect the
values of settings of the sub-network include values of valve
settings of the network.

[0096] Optionally according to the twenty first aspect one
or more of the predetermined boundaries apply to respective
one or more predetermined points of the network

[0097] In a twenty second aspect the invention provides
computer program code which when run on a computer
causes the computer to perform the method according to the
twenty first aspect.

[0098] In a twenty third aspect the invention provides a
carrier medium carrying computer readable code which when
run ona computer causes the computer to perform the method
according to the twenty first aspect.

[0099] In a twenty fourth aspect the invention provides a
computer program product comprising computer readable
code according to the twenty third aspect.

[0100] In a twenty fifth aspect the invention provides an
article of manufacture comprising: a machine-readable stor-
age medium; and executable program instructions embodied
in the machine readable storage medium that when executed
by a programmable system causes the system to perform the
method according to the twenty first aspect.

[0101] In particular embodiments of the invention relate to
methods and apparatus for online monitoring of fluid net-
works and other systems or plant. In this context “online”
means the monitoring system modelling the fluid network is
connected to the operating fluid network, system or plant so
as to be able to take measurements and data in real time and
model the network, system or plant in real time or faster than
real-time.

DESCRIPTION OF THE DRAWINGS

[0102] The invention will now be described in more detail
with reference to the Figures, in which:

[0103] FIG. 1A illustrates an exemplary fluid processing
network including flare network;

[0104] FIG. 1B illustrates an exemplary flare network;
[0105] FIG. 2 illustrates a process for modelling a network,
for example a flare network;

[0106] FIG. 3 illustrates apparatus for implementing an
embodiment of the invention;

[0107] FIG. 4A illustrates a first process for determining if
aboundary has been breached according to an embodiment of
the invention;

[0108] FIG. 4B illustrates a second process for determining
if aboundary has been breached according to an embodiment
of the invention;

[0109] FIG. 4C illustrates a third process for determining if
aboundary has been breached according to an embodiment of
the invention;

[0110] FIG. 4D illustrates a fourth process for determining
if aboundary has been breached according to an embodiment
of the invention;

[0111] FIG. 5 illustrates a process of determining if a future
scenario will cause a boundary to be breached; and

[0112] FIG. 6 illustrates a system according to an embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0113] With reference to FIG. 1A, a fluid processing net-
work 100 may contain a plurality of regions 101. Each region
may have at least one fluid inlet for inlet of fluid into a
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chamber 105, for example an inlet valve 103, and at least one
fluid outlet for outlet of fluid out of the chamber, for example
an outlet valve 107. Each region may be provided with a path
for outlet of fluid from the network after the fluid has been
processed, for example a valve 109. Each region 101 may be
connected to a safety outlet, for example a valve 111, for
outlet of fluid from the network through a fluid release sub-
network before, during or after processing of the fluid in order
to relieve pressure within a region 101 if pressure within the
region breaches a predetermined safety level. With reference
to FIG. 1B, the outlet path for each region may lead to aregion
120 of a flare network 110 comprising pipework and one or
more headers 113 leading to one or more flare stacks 115 for
ignition of the fluid.

[0114] Sensors (not shown), for example fluid pressure sen-
sors and/or fluid temperature sensors, may be distributed
throughout the fluid processing network, including the fluid
release sub-network.

[0115] Different regions 101 may be provided for different
functions, and different fluids may be present in different
regions 101. For example, an oil refinery network may con-
tain a fractional distillation region providing a plurality of
different fractions of crude oil, each fraction being supplied to
a different region or regions of the network for different
treatments depending on the end product to be produced from
each fraction. Exemplary treatments for each fraction
include, without limitation, hydrogenation, alkylation and
catalytic cracking. An oil platform may have areas for high-
pressure, medium-pressure and low-pressure separation of oil
and gas.

[0116] The fluid in each region may be in a liquid state or a
gaseous state, and/or a combination of liquid and gas, and the
state may vary over time.

[0117] In order to ensure that pressure does not reach a
dangerous level in areas where fluid property values are not
directly measured, the fluid processing network may be mod-
elled in order to determine such property values.

[0118] With reference to FIG. 2, in a first step 201 a model
of'the flare network 110 may be prepared by determining each
component “building block™ of the flare network and the
connectivity of different components. Exemplary compo-
nents include, without limitation, pipe segments, valves,
chambers and flares. The representation may include proper-
ties of each component including, without limitation, the
material that each component is made of; one or more dimen-
sions of pipe segments and chambers such as pipe segment
diameter, length and wall thickness; and properties such as
wall roughness.

[0119] The model may be a set of mathematical relation-
ships including a plurality of parameters of the network that
vary over time (e.g. pressure, temperature) and describe the
behaviour of the network over time. The model may be gen-
erated from sets of: algebraic equations; ordinary differential
equations; ordinary differential and algebraic equations; inte-
gral and partial differential and ordinary differential equa-
tions and algebraic equations. Exemplary models may be as
implemented in commercially available gPROMS® software
or MATLAB® software, and the like.

[0120] The network is deemed to be operating in a safe and
efficient manner provided the values of the model’s param-
eters remain within pre-specified boundaries which may
define a safe range for one or more parameters or combination
of parameters for operation of the network, and/or boundary
values for efficient operation of the network, for example
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boundary values that will avoid breakdown of all or part of the
network and/or excessive utilisation of raw materials and
energy. Parameter boundaries may be determined during
design of the fluid processing network based on safety stan-
dards, recommended practice and considerations of material-
of-construction properties.

[0121] Exemplary parameters for which boundaries may be
specified include, without limitation, one or more of:

[0122] (i) fluid pressure boundaries;

[0123] (ii) fluid flow rate boundaries;

[0124] (iii) fluid temperature boundaries; and

[0125] (iv) metal wall temperature boundaries for any

component parts including, without limitation, pipe seg-

ments, valves and fluid chambers.
[0126] Theboundaries of a network may include pre-deter-
mined constant boundaries, for example a constant associated
with a property of a component of the network, and each
component of the network may have one or more pre-deter-
mined constant boundaries associated with it. These pre-
determined constant boundaries may be incorporated into the
model of the flare network 110 generated at step 201.
[0127] The boundaries of a network may include variable
boundaries. Variable boundaries may vary over time depend-
ing on the function of the network and/or materials present
within the network at a given time. These variable boundaries
may not be incorporated into the model generated at step 201,
but may be generated in real time depending on the applica-
tion and condition of the network at a given time.
[0128] Boundaries may be specified for example in terms
of:

[0129] (a) numerical lower and/or upper limits on the
value of a certain parameter; for example, the tempera-
ture T of the fluid inside a pipe segment may have to be
kept above a certain temperature limit T at all times in
order to avoid the risk of brittle fracture of the pipe; in
this case, T is a model parameter, the value of which
varies over time while, for a given material of construc-
tion of the pipe, T, is a known constant (e.g. approxi-
mately —46° C. for certain types of carbon steel suitable
for low-temperature applications);

[0130] (b) relationships between the values of two or
more parameters; for example, in order to avoid the risk
of blockage caused by the formation of solid hydrates or
solid ice in a pipe segment carrying fluid that contains
water, the temperature, T, of the fluid inside it must
always stay above the hydrate and ice formation tem-
peratures, T, and T, respectively. Accordingly, bound-
aries in this case may be defined in terms of mathemati-
cal inequality constraints of the form T >T,and T >T,.
All three of these temperatures, T, T, and T,, are
parameters, the values of which vary over time depend-
ing on the changing nature of the fluid composition and
pressure as determined by the solution of the model.

[0131] Each boundary may be associated with one or more
risks. For example, in the case of safety boundaries an explo-
sion or rupture risk may be associated with the fluid pressure
within the network breaching a boundary fluid pressure value,
and a fracture risk may be associated with a pipe temperature
within the network falling below a minimum pipe tempera-
ture.

[0132] A risk may be determined to exist as soon as a
boundary has been breached, or if a boundary remains
breached for a predetermined period of time.
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[0133] The representation of the entire network may be
divided at step 203 into a plurality of regions, for example
regions 101 as described with reference to FIG. 1, or regions
120 in the case where the flare network 110 only is modelled.
Each region may have a different functionality.

[0134] A given boundary may be a universal boundary
applicable to a network as a whole, for example a whole flare
network 110 or may be different for two or more different
regions, for example regions 120 of flare network 110. Exem-
plary universal boundary values include a universal maxi-
mum pressure and a universal maximum Mach number.
[0135] Each region, for example a region associated with a
specific fluid processing operation, may independently be
divided into sub-regions with different boundaries for difter-
ent sub-regions. For example, a pipe may be made from a
number of segments that differ in one or more of material or
thickness, resulting in a different pressure and/or temperature
boundary for different sub-regions. A boundary may apply to
a single component of the network or a sub-region containing
a combination of components of the network.

[0136] With reference to FIG. 3, a current state estimator
306 is configured to receive the network model from a data-
base 304 storing the model generated as described in FIG. 2,
including a representation of the network and boundary val-
ues. The current state estimator 306 is further configured to
receive data 302 from measurements made by sensors in the
network. The data 302 may be applied to the network model
304 to determine real-time values of the parameters of the
network, such as current temperatures and pressures within
the network, at points remote from the measurement points,
as described in more detail with reference to FIGS. 4A-4D.
The current state estimator 306 may also analyse data 302
from measurement points and correct any inconsistencies in
these data, for example due to inaccurate readings. In a first
step, the current state estimator 306 may determine if data
received from a measurement point are inaccurate based on
the network model and on measurements from other mea-
surement points and determine a more accurate value for that
point to be used in place of the measured value. If the mea-
sured parameter values are not mutually consistent (accord-
ing to the physical laws embedded in the model) then they
may be replaced by the corresponding determined current
parameter values such that parameter values throughout the
network are mutually consistent. Accordingly, the current
state estimator 306 may determine accurate values for param-
eters throughout the network, including at measurement
points.

[0137] It will be understood that method steps described in
embodiments herein may be implemented as routines in com-
puter program code running on a computer processor or as
equivalent specialized circuits for data processing. Indeed
such a system may be implemented in a computer architec-
ture capable of running multiple processes in parallel, as will
be described hereinafter with reference to FIG. 6.

[0138] FIG. 4A illustrates a process for a data processing
system configured to determine the state of a flare network
110 during operation. In use, embodiments of the invention
provide real-time monitoring of fluid networks.

[0139] The system is configured to receive at step 401 cur-
rent network data 302. The data 302 may include one or more
of: data from measurements made by sensors in the flare
network 110, for example pressures and temperatures from
fluid pressure sensors and/or fluid temperature sensors; and
fluid flow rate data, which may be directly measured fluid
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flow rate data or data on the extent to which inlet valves 111
of the network 110 are open, from which flow rates may be
determined using established engineering techniques. The
current network data 302 includes not only data of the mea-
sured parameter but also the point in the network at which the
parameter was measured.

[0140] The data 302 only allows determination of whether
a boundary value has been breached at the points of the
network from which the data has been taken.

[0141] Atstep 403, the system is configured to combine the
received measured data with the network model stored in
database 304 in order to determine a current network state,
including parameters such as fluid pressure values and/or
fluid temperature values both at the points at which direct
measurements have been made and at points remote from
those direct measurement points. This is achieved via the
solution of a state estimation problem applied to the under-
lying set of mathematical equations in the model and based on
an appropriate algorithm including, without limitation,
extended Kalman Filters, Particle Filtering and others. The
state estimation problem and methods for its solution are
described in more detail in, for example, S. Simon, Optimal
State Estimation: Kalman, Hinf and Nonlinear Approaches,
Wiley Interscience, 2006.

[0142] The current parameter values of the network may be
checked at step 405 against boundaries, stored in database
304 or another database, to determine if a boundary has been
breached. The stored boundaries may be stored in a separate
risk database (not shown). The risk database may include the
identity of a model parameter or combination of model
parameters associated with a risk, and the lower and upper
limits of the value of this parameter which determine whether
a message alerting the operator needs to be issued, and the
severity of this message (e.g. “for information”, “warning”,
“severe warning” etc.). If a boundary has been breached, then
an alert may be issued to a system user at step 407. The alert
may contain one or more of: an alert as to the boundary that
has been breached; a message indicating a risk associated
with breaching this boundary; severity of the risk; and rec-
ommendations for remedial action.

[0143] If the network is automated, or certain safety sys-
tems of the network are automated, then the system may be
configured to send an instruction to the automated network
control system to take the relevant remedial action. For
example, a valve may be automatically opened in order to
relieve a dangerous build up of pressure.

[0144] The current network data 302 may be periodically
updated, and the parameter values of the current network state
determined at step 403 may be periodically updated based on
the updated current network data in order that the current
network state determined by the system is representative of
the real-time state of the network.

[0145] Referring again to FIG. 1B, one or more regions 120
of flare network 110 may be inactive during operation of the
network. For example, fluid may be flowing into or through
one or more regions 120 and no fluid may be flowing in one or
more other regions 120.

[0146] The data processing system may be configured to
analyse only the active regions of the network, and exclude
inactive regions from the model. By “active region” as used
herein is meant a region into or through which fluid is flowing
at or above a predetermined flow rate minimum, or has been
flowing within a predetermined period of time, or where other
parameters (for example, metal wall temperatures) are still
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changing over time as a result of relatively recent flow of
material through the region. By “inactive region” as used
herein is meant a region into or through which fluid is not
flowing at or above the predetermined flow rate minimum,
and has not been flowing at or above the predetermined flow
rate minimum for at least a predetermined period, or where
other parameters are not changing with time. The flow rate
minimum may be, but is not necessarily, a flow rate of zero.
[0147] With reference to FIG. 4B, the system may be con-
figured to carry out steps similar to those of FIG. 4A except
that current network data 302 may be analysed at step 409 to
determine currently active regions of the total network model
stored in database 304, for example by tracing and modelling
all possible flow paths emanating from valves that are cur-
rently open or valves that have recently been open and termi-
nating at a flare stack. Regions which are not deemed to be
active may be excluded from the model of the total network to
give a model of the currently active network, and the current
network state determined at step 403 may be done only for the
currently active network.

[0148] The active or inactive state of any given region may
change over time, and the data processing system may be
configured to periodically re-analyse the current network data
302 to determine if any region has changed from active to
inactive, or from inactive to active. In this way, the currently
active network determined at step 409 and the current net-
work state of the current active network generated at step 403
may be periodically updated in real time so as to remain
representative at all times of the current state of the network.
[0149] Note that certain embodiments according to the
invention may be able to automatically track and redefine
active regions of the network and include them in the com-
putation, for example by using a code routine that monitors
predetermined valves of the network between their open and
closed states. Such a code routine may execute from time to
time or in response to a trigger, in order to update and/or
redefine active regions to be included in the analysis.

[0150] By generating a model that includes only the active
regions for analysis, greater computational efficiency may be
achieved and, the model may be more robust than a model
including regions in which the values of parameters repre-
senting fluid flowrates may be at or close to zero.

[0151] The total number of risks monitored and potentially
identified by the system may be very large. For example, a
pipe may become brittle if it remains at below a first minimum
boundary pipe temperature for at least a time T1 (for example
due to the Joule-Thomson effect), and so a first risk associated
with pipe temperature may be a fracture risk. A predeter-
mined acceptable pipe fracture risk limit may be exceeded if
a measured or determined pipe temperature falls below a
predetermined minimum pipe temperature boundary, or if a
pipe temperature remains below a predetermined minimum
pipe temperature boundary for more than a predetermined
maximum time.

[0152] Furthermore, if a gas flowing through the pipe con-
tains water vapour, then there may be a second risk of ice
and/or other solids such as hydrates forming within the pipe at
temperatures below the minimum boundary value, which
may ultimately result in blockage of the pipe. A predeter-
mined acceptable ice blockage risk limit may be exceeded if
water vapour is flowing through a pipe and if a measured or
determined pipe temperature falls below a predetermined
minimum pipe temperature boundary, or if a pipe temperature
remains below a predetermined minimum pipe temperature
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boundary for more than a predetermined maximum time dur-
ing flow of water vapour through the pipe.

[0153] With reference to FIG. 4C, database 304 containing
the network model contains all predetermined risks and
acceptable risk limits. In another embodiment, a separate risk
database may contain all predetermined risks and acceptable
risk limits. Each entry in this database may comprise one or
more items of information including, but not limited to, the
identity of the model parameter associated with the risk, the
lower and upper limits of the value of this parameter which
determine whether a message alerting the operator needs to
be issued, and the severity of this message (e.g. “for informa-
tion”, “warning”, “severe warning” etc.). The data processing
system may be configured to select all or a subset of the
predetermined acceptable risk limits for analysis to determine
if one or more acceptable risk limits has been exceeded at
steps 411 and 413.

[0154] Each risk to be analysed may be associated with a
selection requirement which may be based on parameter val-
ues from the current network state determined at step 403. For
example, with reference again to the example risk of ice
forming within a pipe segment, the system may be configured
not to monitor the ice formation risk within a pipe or pipes of
aparticular region if the measured or determined temperature
of the pipe or pipes in that region is above a predetermined
level, and/or if no water vapour is present in the pipe or pipes
of that region.

[0155] The degree of detail that needs to be incorporated
within the model may depend on the risks that are to be
monitored. For example, a model of a pipe segment that is
capable of predicting the potential formation of ice may be
more complex than one that can predict only the temperature
and pressure within the pipe. The model database 304 may
contain multiple models of the same component (such as pipe
segments or vessels), each such model having different
degrees of detail. For example, in the case of a component
representing a pipe segment, the model database may contain
three distinct models: the simplest model may comprise only
a description of the relation between the fluid flowrate in the
pipe and the pressure drop within the pipe; a model of inter-
mediate complexity may additionally include a description of
the variation of temperature in the wall of the pipe along the
length of the pipe, together with descriptions of the heat
transfer between the wall and the fluid in the pipe and between
the wall and the surrounding atmosphere; finally, the most
detailed model may additionally include a description of the
potential formation of solids within the pipe at very low
temperatures. The system may then automatically select a
model of the appropriate degree of detail for each and every
component of the network that is consistent with the risks that
are selected to be analysed in constructing a model of the
overall network. The selection may be made via the evalua-
tion of pre-specified logical conditions involving the current
values of the parameters in the network. In the example of the
pipe segment mentioned above, the system may switch from
the simplest model to the intermediate complexity model if
the temperature T of the fluid in the pipe drops to within a
pre-specified margin of the temperature T of brittle fracture
of the material of construction of the pipe; T is a parameter
that is computed by the current state estimator 403, and its
value will generally change over time, while Ty is a known
constant. Furthermore, the system may be configured to
switch to the most detailed model if the differences between
the temperature T of the fluid in the pipe and the tempera-
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tures of potential ice or hydrate formation, T, and T, respec-
tively, are smaller than pre-specified margins; both T, and T,,
are time-varying parameters that are computed by the current
state estimator 403. Moreover, the choice of an appropriate
model for each component may be periodically changed as
and when required throughout the operation of the system,
such changes triggering a real-time re-configuration of the
overall network model.

[0156] The system may be configured to monitor certain
risks regardless of the current network state determined at
step 403. For example, the system may be configured to
always monitor risks that may have a severe safety impact, for
example an explosion risk, as opposed to risk limits associ-
ated with risks that may impact only the efficiency of the
network.

[0157] By selecting the risks to be analysed and re-config-
uring the model in the manner described above, the process-
ing time and/or processing power required by the system may
be reduced with little or no reduction in the effectiveness of
the system.

[0158] FIG. 4D illustrates a combination of FIGS. 4B and
4C, wherein inactive regions are determined at step 409 and
are omitted from the network model as described in FI1G. 4B,
a subset of the risks to be monitored are selected as described
in FIG. 4C, and the network model is automatically re-con-
figured to incorporate component models of an appropriate
degree of detail. If regions of the network are determined to be
inactive, thereby resulting in a more compact network model,
then this may allow for more risks to be selected to be moni-
tored using more detailed component models than if no deter-
mination of inactive regions is made.

[0159] The data processing system described with refer-
ence to FIGS. 4A-4D is configured to react when the current
state of the network has breached one or more pre-specified
boundaries. The data processing system may be further con-
figured to determine if the network is likely to breach one or
more boundaries at some future time, should certain hypo-
thetical events take place.

[0160] FIG. 5 illustrates the manner in which the system
may execute one future scenario starting from the current
state 501 of the network as determined at step 403 described
above with reference to FIGS. 4A-4D. The definition of a
future scenario 502 comprises items of information including
but not limited to the conditions under which the scenario
needs to be considered, the time horizon of interest to the
scenario (e.g. a certain number of minutes starting from the
current time), and the variation of zero or more inputs to the
network (e.g. flowrates entering through one or more of the
valves 111 in FIG. 1B) over this time horizon. For example, a
future scenario may determine the effects of opening some
valves 111 which are currently closed, and/or of closing of
some of the valves which are currently open, and/or of varia-
tions in the flowrates or other properties (e.g. composition
and/or temperature) of the material received through valves
which are currently open. The number of such additional
inputs may be zero, in which case the future scenario will
simply determine how the network state will evolve over time
from its current condition if no changes are made to network
settings. At step 503, the system determines whether the
future scenario is to be evaluated at the current time. The
definition of a future scenario may specify that it must be
executed at pre-specified, usually regular, time intervals (e.g.
every 10 minutes) and/or whenever one or more criteria (ex-
pressed in terms of logical conditions involving the current

Oct. 29, 2015

values of one or more of the system parameters) hold true. For
example, a future scenario relating to a hypothetical event that
may potentially cause the network to exceed its capacity may
need to be considered only if the system is currently operating
near its capacity, albeit still under it.

[0161] At step 503, the system may also proceed with the
evaluation of a future scenario following an explicit request
issued by external agents such as, for example, authorised
human operators or other computer programmes. Such a
future scenario may either be entirely pre-defined or be par-
tially or fully configured by the external agent prior to its
execution. This functionality allows the system to act as a
decision support tool, for example providing advance knowl-
edge of the effects of a proposed set of actions on the net-
work’s future behaviour.

[0162] Assuming that step 503 determines that the future
scenario is to be evaluated, then step 504 determines the set of
active regions that need to be considered given the current
state of the network and the additional network inputs stipu-
lated by the future scenario. Using the model database 304,
this step may also construct an appropriate subset of the
network model describing these active regions as described in
step 409 in FIGS. 4B and 4D. In doing so, and by applying
appropriate criteria to the predicted state of the network, the
system may also determine the appropriate degree of model-
ling detail to be applied to the modelling of each component
in the network as described in step 411 in FIG. 4D.

[0163] Using the model constructed at step 504, a future
scenario evaluator is configured at step 505 to perform a
dynamic simulation to advance time over a pre-specified time
interval, taking account of the time varying inputs to the
network as specified in the definition of the future scenario,
and predicting the state of the network at the end of this time
interval. Then at step 506 the future scenario evaluator
assesses this predicted state against the database of risks 507
and issues appropriate alert messages should one or more
boundaries be breached. Each such message may comprise
several items of information, including, but not limited to, an
identification of the future scenario being evaluated, the
future time (e.g. relative to the current time) at which the
breach is predicted to take place, and the identities and values
of the parameter(s) involved in this breach.

[0164] Finally, at step 508 the future scenario evaluator
checks whether the end of the time horizon of interest for the
future scenario being evaluated has been reached. If this is the
case, the execution of the scenario terminates, otherwise the
algorithm is repeated from step 504.

[0165] The system may be configured to consider for evalu-
ation one or more future scenarios using one or more respec-
tive future scenario evaluators operating concurrently or
sequentially, such consideration taking place at regular time
intervals during the network’s operation. Analysis of each
future scenario may be conducted concurrently or sequen-
tially on the same processor, or analysis may be divided
between a plurality of processors. Optionally, each future
scenario has a dedicated processor running a dedicated future
scenario evaluator.

[0166] FIG. 6 illustrates an embodiment of the system as
described herein, illustrating both monitoring of the current
state of a flare network and evaluating the effect of a number
n of future scenarios on the flare network.

[0167] The system comprises computational components
306, 601, 602, 603, 604 implemented as general computer
code which is independent of the particular flare network to
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which is system is being applied. A separate instantiation of
the future scenario evaluator component is executed for each
future scenario under consideration. Each computational
component may be implemented as a separate computer pro-
gram. Different components may be executed on the same or
on different computer processors, communicating with each
other using well-established inter-process communication
protocols such as the Message Passing Interface (MPI) or
Parallel Virtual Machine (PVM) protocols.

[0168] The flare network and the desired behaviour of the
system when applied to it are defined entirely in terms of the
configuration files 304, 310 and 610. A separate future sce-
nario definition file 610 is provided for each future scenario
under consideration. The complete separation between gen-
eral computational components and network-specific con-
figuration files facilitates the deployment and maintenance of
the system.

[0169] During the operation of the system, real-time data
are received from the sensors in the network. Some of these
data are used by the Inlet Flowrates Calculator 602 to deter-
mine the inlet flowrates to the network if these are not already
measured directly. The data, including the computed inlet
flowrates, are then passed to the Flare Network State Estima-
tor 306 which is a computer code implementation of the
algorithm described in FIG. 4D, Any alerts issued are trans-
mitted to the Central Monitor 603 which communicates them
in an appropriate form to the Operator Console 604.

[0170] The Flare Network State Estimator 306 also com-
municates the current state of the system to the Future Sce-
nario Evaluators 601, each of which is responsible for the
execution of a different pre-defined future scenario 610. Each
Future Scenario Evaluator 601 is a computer code implemen-
tation of the algorithm described in FIG. 5. Any alerts arising
from the execution of the corresponding future scenario are
transmitted to the Central Monitor 603 which then commu-
nicates them in an appropriate form to the Operator Console
604.

[0171] The system described herein may allow for accurate
determination of: parameters such as temperature and pres-
sure of fluid within the network; prediction of parameters at
points in the future if changes are made or are not made; and
determination of risks to efficiency and/or safety of the net-
work.

[0172] As shown by the above description, at least some
implementations of the invention as described herein may
involve programming, for example, of a processor unit of one
or more servers. Implementations that may involve program-
ming include, without limitation: generating a model of a
fluid processing network; determining parameters of the net-
work by applying measured data to a model of the network;
determining if a determined parameter exceeds a boundary;
predicting the effect on a parameter if a change, or if no
change is made to the settings of the system; determining if a
predicted parameter exceeds a boundary; and taking a prede-
termined action if a determined or predicted parameter
exceeds a boundary for that parameter, such as issuing an alert
[0173] Program aspects of the technology may be thought
of as “products™ or “articles of manufacture” typically in the
form of executable code and/or associated data that is carried
onor embodied in a type of machine readable medium. “Stor-
age” type media include any or all of the memory of the
supporting electronics system, computing devices, proces-
sors or the like, or associated modules thereof, such as various
semiconductor memories, tape drives, disk drives and the
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like, which may provide storage at any time for the software
programming. All or portions of the software may at times be
communicated through the Internet or various other telecom-
munication networks. Such communications, for example,
may enable loading of the software from one computer or
processor into another computer or processor. Thus, another
type of media that may bear the software elements includes
optical, electrical and electromagnetic waves, such as used
across physical interfaces between local devices, through
wired and optical landline networks and over various air-
links. The physical elements that carry such waves, such as
wired or wireless links, optical links or the like, also may be
considered as media bearing the software.

[0174] Hence, a machine readable medium may take many
forms, including but not limited to, a tangible non-transitory
storage medium, a carrier wave medium or physical transmis-
sion medium. Tangible non-volatile storage media include,
for example, optical or magnetic disks, such as any of the
storage devices in any computer(s) or the like. Tangible vola-
tile storage media include dynamic memory, such as main
memory of such a computer platform. Tangible transmission
media include coaxial cables; copper wire and fiber optics,
including the wires that comprise a bus within a computer
system. Carrier-wave transmission media can take the form of
electric or electromagnetic signals, or acoustic or light waves
such as those generated during radio frequency (RF) and
infrared (IR) data communications. Many of these forms of
computer readable media may be involved in carrying one or
more sequences of one or more instructions to a processor for
execution.

[0175] The invention has been described herein primarily
with reference to a fluid release networks, for example a flare
network of a fluid processing network. However, it will be
understood that the invention may be applied to any fluid
processing network in order to, without limitation, generate a
model of the fluid processing network; determine parameters
of' the fluid processing network by applying measured data to
a model of the network; determining if a determined param-
eter exceeds a boundary; predicting the effect on a parameter
if a change, or if no change is made to the settings of the
system; determining if a predicted parameter exceeds a
boundary; and taking a predetermined action if a determined
or predicted parameter exceeds a boundary for that parameter,
such as issuing an alert. Such alerts can be used for example
as messages for human operators, as messages for general
machine control interfaces, as safety alerts and/or alarms.
[0176] For example, the invention may be applied to an oil
refinery which may have a fluid processing network includ-
ing, without limitation, one or more hydrogenation, alkyla-
tion and/or catalytic cracking regions dedicated for a specific
oil fraction, and further hydrogenation, alkylation and/or
catalytic cracking regions for further respective specific oil
fractions.

[0177] Although the present invention has been described
in terms of specific exemplary embodiments, it will be appre-
ciated that various modifications, alterations and/or combi-
nations of features disclosed herein will be apparent to those
skilled in the art without departing from the scope of the
invention as set forth in the following claims.

1. A method of monitoring a fluid processing network
comprising a plurality of fluid processing regions, the method
comprising the steps of:

receiving measured current parameter values at known

points of the network;
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determining from the measured current parameter values
regions of the network that are active, all other regions
being deemed inactive;

subtracting inactive regions of the network from a model of

the fluid processing network to provide a current active
network model;

determining current parameter values of the current active

network at least at points remote from the known points,
the parameter values at said remote points being deter-
mined using the measured current parameter values and
the current active network model;

based on the current parameter values, determining if one

or more pre-specified boundaries are breached; and
performing a predetermined action if one or more said
boundaries are breached.

2. A method according to claim 1 wherein the current active
network model is periodically updated using periodically
received updates of the measured current parameter values.

3. A method according to claim 2 wherein inactive regions
that have become active, or active regions that have become
inactive, are determined from the updates of the measured
current parameter values.

4. (canceled)

5. A method according to claim 1 wherein the parameter
boundaries include any of predetermined constant bound-
aries; variable boundaries; or mathematical constraints
derived from the values of one or more parameters.

6. (canceled)

7. A method according to claim 1 wherein at least one
predetermined risk is associated with a given parameter being
outside a parameter boundary.

8. (canceled)

9. A method according to claim 1 wherein the predeter-
mined action is selected from one or more of: issuing a noti-
fication to a network operator and issuing an instruction to an
automated network control system.

10. (canceled)

11. A method according to claim 1 wherein current param-
eter values are determined for known points of the current
active network for which measured parameter values are
received.

12. A method according to claim 11 wherein measured
current parameter values for known points are replaced with
the corresponding determined current parameter values for
the same points in a manner that is consistent with the model
of the fluid processing network.

13-19. (canceled)

20. An article of manufacture comprising: a machine-read-
able storage medium; and executable program instructions
embodied in the machine readable storage medium that when
executed by a programmable system causes the system to
perform the method according to claim 1.

21. A method according to claim 1 wherein one or more of
the fluid processing components of the network are each
associated with two or more predetermined component mod-
els,

wherein for each component that is associated with two or

more predetermined component models, one of the said
two or more predetermined components models is
selected for use in generating the model of the fluid
processing network depending on at least one condition
of the fluid processing network; and
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wherein one or more components of the network are asso-
ciated with at least one component model that is used in
generating a model for all conditions of the fluid pro-
cessing network.

22. A method according to claim 21 wherein the at least one
condition of the fluid processing network determining the
component model for a particular component used in gener-
ating the model of the fluid processing network includes one
or more of: one or more current parameter values of the
network; one or more anticipated future parameter values of
the network; and the presence of one or more chemical spe-
cies in the fluid processing network and wherein the model is
modified in response to a change in a condition of the fluid
processing network that causes a change in the selection of
component model used in generating the model.

23-33. (canceled)

34. A method according to claim 1 wherein the current
parameter values are used as the initial point in conjunction
with the model to predict the parameter values at a future
point in time if (a) a set of predetermined changes is made to
the settings of the network over time, or if (b) no change is
made to the current settings of the network.

35-36. (canceled)

37. A method according to claim 34 wherein the model of
the fluid processing network may be updated during the cal-
culation of future behaviour via the subtraction of regions that
become active and/or via the addition of regions that become
active, such regions being determined automatically based on
the predicted parameter values.

38-42. (canceled)

43. A method according to claim 34 wherein the fluid
processing network may be updated during the calculation of
future behaviour via the selection of a different component
model for one or more components among those components
that are associated with more than one pre-determined com-
ponent model, such selection being determined automatically
based on the predicted parameter values.

44. A method according to claim 34 wherein the current
behaviour of the flow processing network and the future
behaviour of the flow processing network under one or more
(a) and/or (b) of claim 34 are determined via multiple simul-
taneous computations.

45-75. (canceled)

76. A carrier medium carrying computer readable code
which when run on a computer causes the computer to per-
form the method according to claim 1.

77-78. (canceled)

79. A system for monitoring a fluid processing network
comprising a plurality of fluid processing regions, the system
comprising:

means for receiving measured current parameter values at

known points of the network;

means for determining from the measured current param-

eter values regions of the network that are active, all
other regions being deemed inactive;

means for subtracting inactive regions of the network from

a model of the fluid processing network to provide a
current active network model,;

means for determining current parameter values of the

current active network at least at points remote from the
known points, the parameter values at said remote points
being determined using the measured current parameter
values and the current active network model,;
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means for determining if one or more pre-specified bound-
aries are breached based on the current parameter val-
ues; and

means for performing a predetermined action if one or
more said boundaries are breached.

80-96. (canceled)



