METHOD AND SYSTEM FOR COLLECTING AND ANALYZING OPERATIONAL INFORMATION
FROM A NETWORK OF COMPONENTS ASSOCIATED WITH A LIQUID ENERGY COMMODITY
CROSS-REFERENCE TO RELATED APPLICATIONS The present application claims priority to
U.S. Provisional Patent Application Serial No. 61/443,510 filed on February 16, 2011, the entire
disclosure of which is incorporated herein by reference. 10 BACKGROUND OF THE INVENTION

Embodimen sent. | royi i nalyzing
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such as crude oil or natural gas liquid (NGL). Liguid energy commaodities, such as crude oil,
comprise a muIt%Mﬁﬂ%ﬁ%oﬁﬁ@ & E‘.\Tﬂé@ M@élﬁe@&@w&a&ﬁ{e@g sold by many
parties, and as with any traded market, information about the traded commodities is very valuable to
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production, transportation, storage, 5 and distribution systems for each of these commodities can have
significant impacts on the price and availability of these commodities, making information about said

operations valuable. Furthermore, such information generally is not disclosed publicly by the various
comgponent owners or operators, and access to said information is therefore limited.

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority to U.S. Provisional Patent Application Serial No.
61/443,510 filed on February 16, 2011, the entire disclosure of which is incorporated herein by
reference.
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BACKGROUND OF THE INVENTION

Embodiments of the present invention provide a method and system for collecting and
analyzing operational information from a network of components associated with a liquid energy

commodity, such as crude oil or natural gas liquid (NGL).



Certain data is collected by organizations such as the United States Energy Information 10
Administration (E1A"), typically via surveys of selected owners and/or operators. However, the length
of time required to collect and compile this data and then disseminate it to the public or market
participants can range from days to months, so that the collected and compiled data is usually delayed
and of limited value for short-term trading purposes. 15 SUMMARY OF THE INVENTION
Embodiments of the present invention provide a method and system for collecting and analyzing
operational infpigatienctiiamanmirbaors ofuchrponaetsi hsseciatedavithia lilic dotsgyeammiodity,
such as crude oil or natural gas liquid (NGL). In accordance with the method and system of
embodimearis.oT trecprasanditiee atioby i isanbers biy meas pratventesiceshaey dediol swiievarious

points in a network to collect data. According to a first aspect of the present.inventign, there, is
provided P FEHBLARAE She S bR gso é}’a‘ff@?\ lﬁw?B%adﬁSWW%W&W%ﬁCgﬁ@@%ponents

assoctaid i SulUEL LS EOmMatibCRMmRIEALING MRz lidalmeanying A Aewa! of the

liquid energy commodity In storage at one or more storage facilities in the network, and storing that
measurgraelitcdiaiin a,2Rikstgatabase dta coptial dinta protessikgHiaiity it ncetefirtisinga flow
rate of the liquid energy commodity in one or more selected pipelines in the network, and storing that
flow ratemdhterimlzbdsgond Batabewemedhiesemabingaiafprocassirmpatikeyd (eperstentiniebls.
operational status of one or more processing facilities in the network, and storing that operational

status infSIRRAISHGSHhiFRioERAH AR SRR i Raf d‘&%&%@&éiﬂ@5¥’a¥cﬁﬁ9;%ﬂ3%ﬁaﬁﬁﬁﬁm
measurement data, th -oxfslo.‘z{\ﬁéaatceﬁgs%t% S%@%B%H%B%%t@g@é@g}g%ﬁ@@atlon to determine a balance of

the quui(c)i energy commodity in the network or a selected portion thereof at a given time; and (e)
communicating-infrmatorn abasttheshalancs. afithe Haudeneroysemsaeity tergytitdmatydnarket

participant. With respect to storage facilities, at each selected storage facility in a particular 10network,
thefe is AdméaisurameEbdAthetgrimalintad srtcky 0ilf oelothmt diqudsemdrlgy agemiprsditjowever, the
length of time required to collect and compile this data and then disseminate it to the public or

market participants can range from days to months, so that the collected and compiled data is

usually delayed and of limited value for short-term trading purposes.

15 SUMMARY OF THE INVENTION

Embodiments of the present invention provide a method and system for collecting and
analyzing operational information from a network of components associated with a liquid energy

commodity, such as crude oil or natural gas liquid (NGL).
In accordance with the method and system of embodiments of the present invention,
20  sensors or measurement devices are deployed at various points in a network to collect data.
According to a first aspect of the present invention, there is provided a method for collecting and
analyzing operational information from a network of components associated with a liquid energy
commodity, comprising the steps of: (a) measuring an amount of the liquid energy commodity in
storage at one or more storage facilities in the network, and storing that measurement data in a

25  first database at a central data processing facility; (b} determining a



in storage. For instance, most crude oil is stored in large, above-ground tanks that either have: a
floating roof, which.is k. n as an External Floating Roof (EFR); or a fi I floating roof
internal to thﬂrﬁﬁia 1%%3}/5 known as an Internal Floating Roof (IFR). P?Slsﬁge%lc é%r?ﬁ in a particular
location can be researched using publicly available resources 15or visual inspection, and all relevant
information about each tank, including volume capacity information, tank type floating roof or fixed
roof), and physicakdinteRsioNs cis:gieichisiaydatabasacthasanapiedeierminedischedule, an
inspection of each tank at the particular location is conducted that includes the collection of one or
more photographitiinsabs Si¢iaatadaibia spreetdisiyrarostibe whied raarkeana/eitite ollection of
infrared images or video of 20each tank. The collected hotofgrqg).hic irﬂggeta a,gd th collected infrared
images of eadlitARI AR HRRHHURE TR O (5 L BRTFAI protRe SR TR BT SHANE to obtain a
measureme”%%ﬁiﬁé%@f@%?o%%&@ﬁﬁﬂr%ﬁﬁ@ﬁié@ﬁiﬁdﬁ%@é&ﬁ’é@éﬁ&ﬂi%ﬂbmg- With respect to
pipelines, in order to maintain the pressure of the liquid energy commodity, pumping stations are
positioned alofagipipelinesyinatpunypsresed ateaeliiof 28tkiescapinrpipgastatibnguare typically
electrically driven induction motors. In order to perform a remote determination of the amount and rate

of flow in a parfemaiFiBelfraniice JRIERLIMhEe JRE e SR Ao SaI5ietsbased on monitoring

the real-fime elecilc pOweRcANPHTRIAN BL.SAME NUMBSLALRLTRING SIAligns glong a selected
pipeline. In one exemp 2 - 1itugh

T .
ary |mp(1eme tation, a monitoring device is deployed and used to monitor one

or more 5powgyidire srabiaRfyineelecisiepaven wigachaelesiedpriaging station. The monitoring
device is primarily comprised of sensing elements responsive to electric potential and the magnetic
flux densities assoclsitédesitt theicsre Beilisterpatherinied stegefordtaliowirgddrperiodic or

continuous measu[g,r&ents of the electric g}otentlal apgmgwa%no?tl&glﬁx ggsmes assog.ltated with the one

d
or more 68wef“iﬂ¥ and %%%leg%rée{’éer%ﬁ (oA RY) nE)gwer. ata from ‘f&’su%%gﬁ%’ﬁl}{%‘)nhé devices is then

transmitted tothe,centra) data,procassing faclibe-Atithe cenisel dakapraceaaingfacility, a model of the
pipelines and the pumping stations in the particular network is developed that includes computations of

the elevation gait: efltesssheifverinhaninnvoratereltkpumipingistdtf (AAR) thearfext] prafping station
downstream using standard geographical elevation data The pressure differential between the output

or 15discharg®éidd etiaaip hio e FESr & LRI St ARl Hretrplie eSSt the next

Thus, each tank in a particular location can be researched using publicly available resources
15 or visual inspeciion, and all relevant information about each tank, including volume capacity
information, tank type (Le., floating roof or fixed roof), and physical dimensions, is stored in
a database. Then, on a predetermined schedule, an inspection of each tank at the particular
location is conducted that includes the collection of one or more photographic images (ie.,
visible spectrum) or video of each tank, and/or the collection of infrared images or video of
20  each tank. The collected photographic images and the coliected infrared images of each tank
are then transmitted to a central processing facility for analysis to obtain a measurement of
the amount of crude oil or other liquid energy commodity in storage.
With respect to pipelines, in order to maintain the pressure of the liquid energy
commodity, pumping stations are positioned aiong pipelines. The pumps used at each of

25 these pumping stations are typically electrically driven induction motors. In order to perform



station downstream is then estimated. A range of possible flow rates for the pipeline from minimum
possible flow gg {%im possible flow for the pipeline is plotted versu%l}ﬁjgﬂﬂ)ﬁ%g&t expected
power consumption at the monitored pumping station. Once such power consumption determinations
have been made for any particular 20 pumping station, power changes at each pumping station can be
correlated to changes in flow through each pumping station. Thus since the monitoring devices
described abauenalowstenpariadicieraoniniaussneasurenrnis:pf peas aonswnedsat a particular
pumping station, the collected data from those monitoring devices can be used to determine flow
through and bewredirplifempingasediions based onyithiferddbt rtBesksiig fedities, a liquid energy
commodity enters a refin r%é)r other g{oces_sin facilit%/ at soine goint in tf}%or;l%twork. In the method

and system of A& BRALLA VDT thE BRaIatiBhar ath e SISEER BoR<EiMY facilities is ascertained.

SO
One prefeffe%mﬁﬂ%ﬁ%%&%&ﬂ%ﬁﬁt&%@é@& af resessingdaciiiesils: By.usiagdixed thermal
imaging 5 cameras. A thermal imaging camera can acquire thermal data and record images of
emissionssangdreatisignatiyieg ofwdripuskeeathitsidhat ganpive wsed. totasoettaingvhether a processing
facility is functioning as expected or not. ~ With data and information about the three fundamental
components olE4{SATREMAIRETRISHED o) SISPEGERECRtRBOTHY DD ERAES PAEHi A" Bt essing facilities - it
1o possible 1o A0 AsiermIs.ial. palanasRa s casiaeaiedivLfQhgxample, ‘balances” of
interest to marrﬁg{lpartlmpants with respect to crude ol mc?lude, but are not limited to: the amount of

crude oil in stpeagadbraivRABuMakalsegioRalfgiepimealbel amav dh-casdriil flowing into a
market region from adjacent market regions; and/or the amount of crude oil being processed into
gasoline and otisiesétristetierrisr oonets PORCEnsH ehddhramnddipsiyistensé e nisiefed 15 information

about the balance of the crude oil or other liqui teqlerc%\?/t%?mtmodité( in t?e_ etwork can be
communitated8 AYAHKEPHSHIET SIS LI BIRE? IR(BrSSIEY ParAaE e i harti®€ who would not

TOC
part{i)es, .e.;

ordinarily haveeady. accessitn sushnformation.Apearding @.paaaapdasnestef the present
invention, there is provided a method for collecting and analyzing operational information from a

network of coppanantstassaciatetbpeiikh20rellididicbepesgyrcondmdeityioc@apoiding the steps of: using a
thermal imaging camera to collect
between any monitored pumping station and the next pumping station downstream using
standard geographical elevation data. The pressure differential between the output or
15  discharge side of any particular monitored pumping station and the input side of the next
gtation downstream is then estimated. A range of possibie flow rates for the pipeline from
minimum possible flow to maximum possible flow for the pipeline is plotied versus the
equivalent expected power consumption at the monitored pumping station.
Once such power consumption determinations have been made for any particular
20 pumping station, power changes at each pumping station can be correlated o changes in flow
through each pumping station. Thus, since the monitoring devices described above allow for
periodic or continuous measurements of power consumed at a particular pumping station, the

collected data from those monitoring devices can be used to determine flow through and

between pumping stations.



images at one or more storage facilities in the network, transmitting the collected images to a central
data processing facility, and analyzing the collected images to measure an amount of the liquid energy
commodity in storage at each of the one or more storage facilities, and storing that measurement data
in a first database at the central data processing facility; positioning one or more power monitoring
devices to monitor power lines supplying electric power to particular pumping stations associated with
selected pipelitwl%hiril the n twcgrké eachfof.me one.or /more power mo itorin? devices including sensing
elements responS|vee§Be§fe8tﬂlé)%ostsé?ﬁia?cérlléersngghqeuﬁcEﬁhei" SRR 1{}?%8% rlines,
therefore gllowing ;g{giﬁltme surement of 5 eIectPin%Qgte%i%and rtga na%téc flu%< den iHlees ass§60(ffiated

. rOCESS], some t s 1 .
with theppowerﬁ es, and fhus a dBtefmination o power consume y eacﬁyﬁgmcﬁ ar pl})r%eplﬁlg station,
pﬁ!{aeclalirae in the

hich, i . corrglat ; theliqui rgy.commodity in_each selected |
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low rate data in a se atabase at the central data prgg

using a fhesta P agingeam ofe B asterianAn.eosaiongalels olons At IR AlgeaRsig fachities

in 10 the network, and storing that operational status’information in a t atabase at t ntral

data proggssing facilimanalyzing themeask emeitdatenthefiowiate data. RN g epeigtional

status information to deteli ine a balance of the liquid energy commodity in the network or a selected

portion theraphatagivesstivre; aAnd communicating dpfosmation @bautthe.balangs: of the liquig energy

commodity to a third-party market participant. 15According to a third aspect of the present invention,

there is proNided aymien iy soleaiing apd analyzing operational information from a network of
components associated with a liquid energy commodity, comprising: a storage measurement module

for receiving anwlianaizingCalesiaatisnagesuofapataeinanaistisage fRealiiasiq measyrasmamount of
the liquid energy commodity in storage at each of the one or more storage facilities, storing such 20
measurementidatdiinsefirst datdinase(id) fopeliate, deteminatiarswiadule figfseceivingangbprasessing
measurements of electric potential and magnetic flux densities associated with power lines for
pubipingigtations mbftelanmdtefipelines! tendede roine @l flowhate-ahipk licutheret gy casnamodity in
each of said one or more pipelines, storing such flow rate data in a second database; an operational
status nmoduiekfor rateivargsandiprogessingdnfor mationhads dtam25opdiatiodalstatusafapracessing
facility, storing that operational status information in a third database; an analysis module for querying
the first ehatkieib shuagsdondiambaskst anglehetthigly datiabeasbandmnalyizngiths!fleasugénent data,
the flow rate data, and the operational status information to determine a balance of the liquid energy
commoditpirkeic yeeen drkiord) aeseicrad s rrarptive radf et agivepint of crude oil being processed

into gasoline and other petroleum products. Once such an analysis has been completed,

15 information about the balance of the crude oil or other liquid energy commodity in the network

can be communicated to market participants and other interested parties, i.e., third parties who
would not ordinarily have ready access to such information.

According to a second aspect of the present invention, there is provided a method for

collecting and analyzing operational information from a network of components associated with

20 a liguid energy commodity, comprising the steps of: using a thermal imaging camera to collect

images at one or more storage facilities in the network, transmitting the collected images to a

central data processing facility, and analyzing the collected images to measure an amount of the

liquid energy commodity in storage at each of the one or more storage facilities, and storing that

measurement data in a first database at the central data processing facility; positioning one or



5 time; and a communications module for communicating infonnation about the liquid energy
commodity to a third-party market participant. According to a fourth aspect of the present invention,
there is provided a method for collecting and analyzing operational information from a network of
components associated with crude oil transport, comprising the steps of: using a thermal imaging
camera to collect images of 10 one or more storage tanks in the network, transmitting the collected
images to a central datat rocessin fatcililtly, atnd anaé}(%in the C(Pllectefi iglla es 1o measure an amount
of crudd™SilSrPthe o e o Mhidfe set%lraae én%l, ?;fnﬁoﬁorinﬁgl thatheastrement data in a first database at
the central data p{ocessin facg'éi&yw&sit@r&in one or mare,power (r)r}fgniet%mg fdf?ejvicese to_monito'r power

) t \
lines suB%?%ﬁ%geTea&ﬂ%sp%svfecﬁo parhcu are pﬁmB}Heg stations associateéd with se ?:tgﬁ p?ﬁe’ﬁﬁrees in 15
the netwark, each cp(‘) 1t~1h i

23609110 ons ot mare ReeLAARIorag devioes Reluding sensing slements secponsive

r?owe‘: a ) :
to electric potential and magnetic sities aSsociated with the power lines, theretore allowing for

a measyrement %ﬁ'88&&%9&5@%%@&‘%&9@@@%%@%&%”ﬁl@%%oé‘é%%@%&g #ith the power lines, and

thus a determination of power consumed by each particular pumping station, which, is then correlated

to asflowrale of i ikilieachReledied RinRlins indhridRaeMRrhapd sleripgihatiowsate data in
a second database at the central data processing facility; using a thermal imaging camera to ascertain
an opergipaatsiatis RN 0L RRaRrecessing Jaciifies indhenalverk vanehstering that- Qretational
status information in a third database at the central data processing facility; analyzing the
measurementAatadhsr fiawiigieidatacanch e aRgrationah siatsednfgsanation tadeterdinesadbalance
of crude oil in the network or a selected portion thereof at a given time; and communicating information
about thedmlanes dlerude eihto @ thisshparyrasskebpaticipan Aceqraiogdaa fikhiaspesiohthe
present invention, there is provided a method for 5 monitoring transport of crude oil in a network that
includesia:pradliciignSoaree, sopipeling anprpaassing faciliiyf and anaot moresiopafe taiekdn
comprising the steps of: positioning one or more power monitoring devices to monitor power lines
supplyingctecircky anksttaise léctathpatipigigistat onfoassosidted thith dhaipipelingextendingthetween
the production source and the processing facility, each of the one or more power monitoring devices
includingrseesing kRiblsmentgaegponsivetocelectdeipotentiavantt dug et dituspdatsitiesassociated
with the power lines, therefore allowing for a measurement of electric potential and magnetic flux
densitienfssutiatet Witliithmpeweletinesf drulthed andegsreninatigi viphwercconsurmeddgctesch
selected pumping station, which, is then correlated to a flow rate of crude oil in the pipeline, and
storing theitipoviheaeefthita Bivarfitsndatapasearaicainaidatapiocabsiighadntyneesiighs fendal
imaging 15 camera to ascertain an operational status of the processing facility; and storing that
operatioPREr s¥t0sRRdi A enindrsssona kritBl A # the central data processing facility; using a
thermal imaging camera to collect images of the one or more storage tanks, transmitting the collected
imades to the egeqmadraatéop%o@é%m?arcmfyﬁhan%%?%y&mglﬂ?@:c&réaéﬁ pRisied B AYEE@Tn
amount of crude oil in the one or more storage tanks, and storing that measurement data.in a 20 third
databastAF tHBEHHI- A HNEP B RUELATG FAURTHARIPMARE HOW PAECHREITRE B8ratichaiEtatus
information, and the measurement data to determine a balance of crude qil in the network at g given
time; andl m%ﬁﬁﬁgﬁnﬁom%gﬁowg%ﬁ%e HARHEE SPEHHET P o™ ‘H&é‘é&&}eﬁ%ﬂ?& Baltticipant.

DESCRL@L&JOzyigOCEIL@tEdQQQngsl l})lf:; 0?16 or more storage facilitics to measure an amount of the liquid

energy commodity in storage at each of the one or more storage facilities, storing such
20 measurement data in a first database; a flow rate determination module for receiving and
processing measurements of electric potential and magnetic flux densities assoctated with power
lines for pumping stations on one or more pipelines to determine a flow rate of the liquid energy
commodity in each of said one or more pipelines, storing such flow rate data in a second
database; an operational status module for receiving and processing information about an

25  operational status of a processing

Sa



FIG. I is a schematic view of an exemplary network associated with crude oil production; FIG. 2 is a
schematic view of an exemplary network associated with crude oil transport and processing; 5FIG. 3 is
an exemplary image in which the outline of three tanks has been found and marked on the image
using the Sobel edge detection method; FIG. 4 is an exemplary image with the outline of three
tanks from FIG. 3 overlaid on a subsequent collected image; FIG. 5 is a graph that illustrates the

one-dimensional sha of an e n ima G 6 |nc ir of 3x3 ¢ nvolut| N, masks used
ina$s née? Hfges{&e on gpm B n3 S atﬁén g7dfljus?{sltt1ens ow%@:tg%tgl@% %ftl%l}l a%%tgﬁlln a go ef%edge
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expected power consumptlon or an exemplary pumping station; re a series of

therma  eAgr A gD S A WA oL e ?’Jéfgﬁa‘fr@t%'ﬁl@%ﬁ@ﬁx?atti%ﬂer%ngé}’erﬁﬁﬁe 10

illustrates a storage ‘that is connecte to three pipelines; .11 is a plot illustrating how

directly gL GAARIRIRAURA LS HSRIIA heRiemaUcal g@gvﬁéﬁmmﬁqﬁéﬁ&h GRS

15FIG. 12 Is a schem nother exemplary network associated with crude oll

5  time; and a communications module for communicating information about the liquid energy
commodity to a third-party market participant.

According to a fourth aspect of the present invention, there is provided a method for
collecting and analyzing operational information from a network of components associated with
crude oil transport, comprising the steps of: using a thermal imaging camera to collect images of

10 one or more storage tanks in the network, transmitting the collected images to a central data
processing facility, and analyzing the collected images to measure an amount of crude oil m the
one or more storage tanks, and storing that measurement data in a first database at the central
data processing facility; positioning one or more power monitoring devices to monitor power
lines supplying electric power to particular pumping stations associated with selected pipelines in

15  the network, each of the one or more power monitoring devices including sensing elements
responsive to electric potential and magnetic flux densities associated with the power lines,
therefore allowing for a measurement of electric potential and magnetic flux densities associated
with the power lines, and thus a determination of power consumed by each particular pumping
station, which, is then correlated to a flow rate of crude oil in each selected pipeline i the

20  network, and storing that flow rate data in a second database at the central data processing
facility; using a thermal imaging camera fo ascertain an operational status of one or more
processing facilities in the network, and storing that operational status information in a third
database at the central data processing facility; analyzing the measurement data, the flow rate

data, and the operational status

5b



production; FIG. 13 is a flow chart depicting the general functionality of an implementation of the
method and system of the present invention in connection with the exemplary network of FIG. 12; and
20FIG. 14 is a schematic representation of the core components in an exemplary implementation of
the method and system of the present invention. DETAILED DESCRIPTION OF THE INVENTION
The present invention is a method and system for collecting and analyzing operational information
from a network.of components associated with a liquid ene ommodity, such.as grude.oil or natural
gas liq ull%&mr@ 15).“&8;3 él’iea%%)l%,asna?@él Ccerﬁgg%l s gci%ssﬁ ?Sé%éé{ﬁlsofy%fga?ﬁ/{eiﬁ%%%l} %n?ﬁ%’ aagt focations
> where [hele.ale nanalnaseling depesileol (aeivalle,QHte GRIBled 8t 4R ipeating (for
examplg, ffom a \iveaﬁl) the crude o typically pumped directly into a pipeline or stored In
above-q{](gﬂﬁ%ggsatﬂg gnga.g., tanks) or underground storage (e.g., salt dome caverns). From such
storage facilities, it can then be transported via pipelines to refineries or other processing facilities for

processing. Thys thele 3 an feregneedied0ghuark aheiideOikiellss GhdeslOoll Ripaiaeg, crude oil

storage facilities, and crude oil refineries. For another example, natural gas is extracted at

locationg whers hereAm:aturally 08GUrHINgKesar RSt RR&XIBriganatutahaas ispihenqerecessed
into "dry" natural gas or "wet" natural gas at processing plants, the latter of which is termed natural gas

liquid (N@RJeksdiRe NGkds thaniianspesieddring Mk, Ribalinemansksirirdoat NGtici@ggesies. The
NGL 15 may then be separated into at what are termed "purity” products such as ethane, propane,

and butape. Toese N&lipradugtsican themhrprpcrssethel aibylone elaskiogiaciitiessalbichitake
NGL products in and process them into petrochemical industry feedstocks such as ethylene,

propylepengiag | akeardancaadtivihetiraihethancksysiem withepesenidoveniienysensdreor

processing facility, each of the one or more power monitoring devices including sensing
10  eclements responsive to electric potential and magnetic flux densities associated with the power
lines, therefore allowing for a measurement of electric potential and magnetic flux densities
associated with the power lines, and thus a determination of power consumed by each selected
pumping station, which, is then correlated to a flow rate of crude oil in the pipeline, and storing
that flow rate data in a first database at a central data processing facility; using a thermal imaging
15  camera to ascertain an operational status of the processing facility; and storing that operational
status information in a second database at the central data processing facility; using a thermal
tmaging camera to collect images of the one or more storage tanks, transmitting the collected
images to the central data processing facility, and analyzing the collected images to measure an
amount of crude oil in the one or more storage tanks, and storing that measurement data in a
20  third database at the central data processing facility; analyzing the flow rate data, the operational
status information, and the measurement data to determine a balance of crude oil in the network
at a given time; and communicating information about the balance of crude oil to a third-party

market participant.
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20 measurement devices are deployed at various points in a network to collect data. The method then
generally comprises the steps of: (a) measuring an amount of the liquid energy commodity in storage
at one or more storage facilities in the network, and storing that measurement data in a first database
at a central data processing facility; (b) determining a flow rate of the liquid energy commaodity in one
or more selected pipelines in the network, 25and storing that flow rate data in a second database at

the cen ﬁ@% Si é{; %JTI - ( lg taining an operational status of one or more processing
facilities&[)l g@@?ﬁﬁlﬁg 3 ' ﬁ&’/{% t?gpe ational status information in a third database at the
central data processing fagilty, (d) anaizing the measurement data. e o gl dataand dhe
operational status’information to determine a baflance of the liquid energy commodity in the nétwork or
a Sselected pogfgn hereofiala, dvan.imesAd(sheammunisaing iermatien ahouhtsRalance of
the liquid energy commodity to a third-party market participant. As will become clear in the description
that foII%\A/(E pag%%gi%.the operational steps of the method and system of the present invention,
including t 8 collection of data and the various computational steps associated with the analysis of that

collgcted data,pgre Rreferably. 10achigyed.tiroyghingLse 0l @ SHgHRALCOMRUIRE BERE &iMad-Gnd

computer-readable instructions stored and executed by a computer. Thus, execution of the requisite
routinesand SuUby (HiINES cae Rerakisd i aubEIine aandaidarogramming techniques and languages.
With benefit of the following description, such programming is readily accomplished by one of ordinary
skill in the art. 15For example, with respect to crude oil, there is an interconnected network of crude oil
wells, crude oil pipelines, crude oil storage facilities, and crude oil refineries. For purposes of the
subsequent discussion, and as shown in FIGS, 1 and 2, a "network” for crude oil can thus be
characterized as having three fundamental components: (i) crude oil storage facilities; (ii) crude oll
pipelines; and (iii) crude oil refineries or other processing facilities. 20 Understanding and collecting
information about the operation of these components and the flow of crude oil between these
components allows for the modeling of the network and monitoring of the real-time network dynamics.
In other words, by taking certain physical measurements of the crude oil (or other liquid energy
commodity) at various points in the network, it is possible to determine total "balances" of the crude oil
in different functional

5d



25parts of the network. For example, "balances” of interest to market participants with respect to
crude oil inclu\qv%, %ut e not limited to: the amount of crude oil in storaglge in a given market region at a
2012/ cm% 12

given time; the amountor crude oil flowing into a market region from adjacen mar‘kzts-:-%lrgegions; and/or

the amount of crude oil being processed into gasoline and/or other petroleum products. 5Referring still
to the crude oil market, in the U.S., the amount of crude oil stored in tanks located at either terminals,

storage hubs, or oilrefinerias(nchuding Heucie aik intiansitinpipalines) isobtherdes of 340 million
barrels. 55,000 miles of pipelines transport crude oil from American production wells (notably in the
states of Texasubwaisiapdictdamesria, and Wyoming), import terminals (notably seaports in the Gulf of
Mexico), or overland acrqss 1Ot1ﬁ; border from Canada to various regional markets. These markets

are divided into five Targe Ta g TH IHETHE Rl B BRLIatHn AdhTHSRR AR5t Defense (PAD)
Districts. Crude oil @&@H@&qﬂg@igegty&@% nHiameterfiom.gight ggggig%g%;ggﬁmmrger interregional

pipelines, which service refineries or storage hubs, are generally more relevant to overall market
dynamicsihamshadiler intra-regional pipelines. The market relevance of crude 15oil in storage varies
depending on the purpose of the crude oil being stored. For example, crude oil stored at refineries is
available for refining Igt APy 2 sente v thiikhid ardslipteaiitreiontRebybteelish products.
Crude oil stor%dmg;\;nrqlglgl%g%ij storage hubs maybe indicative of the amount of crude oil being stored by
financial speculatorg or by suppliers to refineries downstream of the storage hub. Other tank storage

may be primarily usad.t9 i2@maistainapRrepHaap reesikas anp-yelumes lwidents successfully
operate the required flow dynamics on a particular pipeline. Storaae Facilities
(MW) for an exemplary pumping station;
10 FIGS. 9{a)-{d) are a series of thermal images illustrating the ramp-down of & fluid
catalytic cracking unit at a refinery;
FI1G. 10 illustrates a storage hub that is connected to three pipelines;
FIG. 11 is a plot illustrating how directly measured data is fitted using a standard
mathematical regression modet to historic data;
15 FIG. 12 is a schematic view of another exemplary network associated with crude oil
production;
FIG. 13 is a flow chart depicting the general functionality of an implementation of the
method and system of the present invention in connection with the exemplary network of
FIG. 12; and

20 FIG. 14 is a schematic representation of the core components in an exemplary

implementation of the method and system of the present invention.

DETAILED DESCRIPTION OF THE INVENTION



In accordance with the method and system of the present Invention, at each selected 25storage facility
ina parti_culgwg%&pﬁﬁ;;r_e is a measurement of the amount of crudg QE'ﬁﬁs%E%zEﬂléid energy
commodity in storage. For instance, one preferred method for measuring the amount of crude oil being
stored in a particular tank is described in commonly owned and co-pending U. S. Patent Application
Serial No. 13/089,674 entitled "Method and System for Determining an Amount of Crude Oil Stored in
a Particular Locationye whigh is+a6erpos atarbdher ejadly retelragg: and aisydegophethial U. S. Patent
Application Serial No. 13/089,674, most crude oil is stored in large, above-ground tanks that either
have: a floatinefroistionfieh iadrekeixearRrtbrnat Erdarify: Rood (ErRorefitedidof with a floating
roof internal to the tank, which is know n Internal Floating Roof (IFR). Thus, each tank in a
particular locati6HEaH Biéni‘ﬁ%%sarlgﬁggj\él@r g publicly available resources or visual inspection, and all

relevant information:ghouh gachhiapkqaingludingwoimns ﬁa%mw ipfmatigndankivee (i.e., floating
a

roof or fixed roof), and physical dimensions, is stored in a database. Then, on a predetermined
schedule san inspetticroheachtackuatthiempsitticutactodatidnis cbpdettetithatdrrtiodes the collection
of one or more photogra%hic ima%es (i.e., visible spectrum) or video 150f each tank, and/or the

collection of infPaFEIPHTatRR b Hardle Srdach thReEh e gBectaite eBkMet N derial means,
through use of JIUNELRIACE S ed SamEBR LR ARRllLE. aoliguin g cage plan aerial image

acquisition, such as & helicoptér flyover, the helicopter preférably flies a defined and repeatable flight
route and adhgeesita.ga pietdefinechsraurneasforihag el sitiefmanhichdaailitatesithe subsequent
analysis. Alternatively, 20 fixed thermal imaging cameras may take infrared images at predetermined
intervals. In affyibgsier thiecessitactBiip Hto draiphierriatsess aretonettdamirarateimages of each

tank are {Hen trlanerIiltteg ntl a i?gtglt{al parc%%essgggcfa élg¥lf8{nggglysis. With respect to the analysis
of a tank with & fi0& Ineé’ roof, one pr%eferredefg(jrm of analysis iS 10 determine the height of the roof

relative to the top ofthesaleciadiankatsinge2Rsiandal e imagsprtawmbat gatenmination techniques.
For example, tank levels can be

occurring reservoirs, The extracted natural gas is then processed inte “dry” natural gas or
“wet” natural gas at processing plants, the latter of which is termed natural gas liquid (NGL).
The NGL is then transported using NGL pipelines and stored at NGL storage sites. The NGL
15 may then be separated into at what are termed “purity” products such as ethane, propane, and
butane. These NGL products can then be processed at ethylene cracking facilities which take
NGL products in and process them into petrochemical industry feedstocks such as ethylene,
propylene, etc.
In accordance with the method and system of the present invention, sensors or
20 measurement devices are deployed at various points in a network to collect data. The
method then generally comprises the steps of: (2) measuring an amount of the liquid energy
commodity in storage at one or more storage facilities in the network, and storing that
measurement data in a first database at a central data processing facility; (b) determining a
flow rate of the liquid energy commodity in one or more selected pipelines in the network,

25  and storing that flow rate data in a second database at the central data processing facility; (c}



measured by drawing two vertical lines, such as LI and L2. When measuring tank levels for floating

roof tanks, theWLI Iiﬂnl%iszgrawn on the inside of the tank from the top of t% t%rélég(lquggn %é) the top of the
lid and apprOX|rﬁ)a2tes {heﬁ%eight the roof has been lowered. The L2 line is-dfavi of the outside of the

tank from the top of the tank down to the bottom of the 5tank and approximates the height of the tank.
The respective lengths of the LI and L2 lines are then measured. Such measurement is optimized, for

example, by eRguHIRGH3BAPRLAPAALRGAIIONR AR Rd-distaneca (ko m dhedani using high-resolution
equipment for image acquisition, and/or ensuring consistent and proper placement of the LI and L2

lines on the invges H@Basedoon thedetermiinedihdigiitiefihe po OF @attiehdidaipeicativg of the liquid level)
and the stored volume capacity information and/or the stored physical dimensions of the selected tank,

the amount of &AiHe B3 ML FAMEAN BB T e d PSP ERAM IS, TP (RS PEBTAS B he halfway point,
.e., at a 50% heightielaliye.i9:he ek Qf%%%gngﬁ)elﬂ@rﬁtfééﬁ%dﬁﬁﬂ thentapkbas,a typical cylindrical

construction with a constant diameter from the base to the 15top, it is calculated that 100,000 barrels
of crude odil areithiedank ibtated asiothamaayd tantolevel ipeicanicahahpadity ¢an be calculated by | -
(D1/D2), where DI and D2 are the respective measured lengths of Li and L2 in image pixels. Tank

level percent SFEEF5AERF B FRIIETRAYSY he R awi r3reaRdate the number of barrels of

crude oil in the tank. With1 [espect to th%lagal sis of a tank with a flqﬁﬂt‘in roof, in another preferred
. 11 be le: 1iat follows feranional steps _
form of 20image ane{lfflgfls, tﬁ%%ﬁ,%gf, an Sﬁvﬁlg g)gstea%f) a tank are i e%’%%a 1?,rllme?E‘%%qrﬂa photographic

image or infraged.igmRgead\wiRmatest slipticalfanm fitinies deteatianalgesithmsiemploying
mathematical transformations, such as a Hough transform, can then be used to fit an elliptical plane on
each of the toprrionfceamdtthenasesobibratethid Bés echyristheldetensinédreightra®iwdy roof relative to
the base and/or the top of the tank (which again is indicatiye of the liquid ?v,el and the stored volume

(
capacity MiforARifSH ARaTeh Hd St8Ha ¢ By SRR TR PEHETBh& B i %%T'é'%%g%’ AR e S mount of crude
oil in the tank Q%@i&&%&ﬁgwﬁﬁgm% Thus, execution of the requisite routines and subroutines

can be carried out using standard programming techniques and languages. With benefit of
the following description, such programming is readily accomplished by one of ordinary skill
in the art.

I3 For example, with respect to crude oil, there is an interconnected network of crude oil
wells, crude oil pipelines, crude oil storage facilities, and crude ofl refineries. For purposes
of the subsequent discussion, and as shown in FIGS, 1 and 2, a “network” for crude oil can
thus be characterized as having three fundamental components: (i) crude oil storage facilities;
(i) crude oil pipelines; and (ifi) crude oil refineries or other processing facilities.

20 Understanding and collecting information about the operation of these components and the
flow of crude oil between these components allows for the modeling of the network and
monitoring of the real-time network dynamics. In other words, by taking certain physical
measurements of the crude oil {(or other liquid energy commodity) at various points n the
network, it is possible to determing total *“balances™ of the crude oil in different functional

25  parts of the network, For example, “balances™ of interest to market participants with respect



With respect to tanks with fixed roofs, the liquid level within a selected tank can be ascertained from
the collected infrared images, as the temperature of the stored oil is different Sthan that of the gas
above it in thevfé)nzlg.l%%gsgreferred form of analysis to determine the heiﬁﬁf’gﬁsfﬁglﬁ?ﬁjﬁ level in the
tank is to measure the pixel distance from the liquid-gas boundary to the base of the tank. Based on
the ascertained liquid level within the tank and the stored volume capacity information and/or the

stored physicaj dimensiansefihe-salesieeiankniha.amonblal ciudasikinthetank can again be
calculated. 10Furthermore, with respect to tanks with fixed roofs and determination of liquid level from

the collected imfraceddmeg e enapatticatarum eflvodofibialysisis desdrbedidn fletail below. In this
particular method of analysis, infrared images are collected for each tank of interest at selected
intervals (e.q. *S8RSR) IS TR RS U BanamRtebs! Oaig ATget Bl Feellagicility for analysis.
Although the %ﬁﬂ}%@réﬁ%‘}}?gcﬁﬁﬁ the infrared images is preferably fixed in position, it is acknowledged
that there is often some minor movement of the camera. Thus, feature detection is used to find the
tank locatfon in eacRdffrarediiimagestadsiensieEnNa ar eccuratencatcutation @f the@mount of crude oil
in the tank. Edges in images are areas with strong intensity contrasts, i.e., a significant change in

20intensity froAtoiE et tshtidHartsTHaredrd v ariolis Meisods finsectnus #efitdetecting edges

in an image, which can be 1g{gneraall Arau .cﬁd into t\{vo%&gor'es: radient and Laplacian methods. A
. 1 d)saei nes) 18 € é)r eré éﬁ)r% 10N arrehs. R miles of%;pe 1nes transport ﬁm L
gradient method détects the edges by looking for the maximum and minimum-‘in the tirst derivative of

the image. A Laplasianmethpdsearchesfobasrociessingsindhe, seconshdskivative of the image to
find edges. Referring now to FIG. 5, an edge has the one-dimensional shape of a ramp.
Employing a grddientynethodotherderiyative bfsthpothe-tintalisioNak shapeotirdsidhows a maximum
located at the center of the edge. Based on this one-dimensional analysis, the
10" the border from Canada to various regional markets. These markets are divided mto five
large regions in the U.S. known as Petroleurn Administration for Defense (PAD) Districts.
Crude oil pipelines typically vary in diameter from eight to thirty inches. Larger inter-
regional pipelines, which service refineries or storage hubs, are generally more relevant to
overall market dynamics than smaller intra-regional pipelines. The market relevance of crude
15 oil in storage varies depending on the purpose of the crude oil being stored. For example,
crude oil stored at refinerics 1s available for refining at any particular point in time into
gasoline and/or other petroleum products. Crude oil stored at major oil storage hubs may be
indicative of the amount of crude oil being stored by financial speculators or by suppliers to
refineries downstream of the storage hub. Other tank storage may be primarily used to

20  maimain appropriate pressures and volumes in order to successfully operate the required flow

dynamics on a particular pipeline.

Sterage Facilities
In accordance with the method and system of the present mvention, at cach selected

25 storage facility in a particular network, there is 2 measurement of the amount of crude oil or



theory can be carried over to two dimensions as long as there is an accurate approximation to
5calculate the _derivative of a two-dimensional image. In this case, a Sobel operator is used to perform
a two-dimensi%vr?a%{)éffé{izg?“bradient measurement on a particular infrared T AGE A HREE} to find the
approximate absolute gradient magnitude at each point in the infrared image. See R. Gonzalez and R.
Woods, Digital Image Processing, Addison Wesley (1992), pp. 414428, The Sobel edge detection

method uses apaikplSx3-cPMRIIIRR iMasks (FG uRkneent Qestinating ihe.gradientdn the x-direction

(columns) (Ox) and the other estimating the gradient in the y-direction (rows) (Gy). A convolution mask
is usually mucdhesmaliecflvarddthié metushied agepssealaosuits tvecrivad ke israpphédoandi slid over the
image, manipulating a square of pixels at a time. Specifically, in use, the mask is slid over an area of

the input imad@ BrSHIghe % SBEYiNAMG BPLSroN N ena g es thenidsd eyt Piersimitehitts one pixel to
the right, and SiemaaRlnHasI0NA dablL Bt ddeaanashe. s abine e s piags at he

beginning of the next row. FIG. 7 illustrates how a convolution mask in a Sobel edge detection method
is appliedo ardnipld iedageswith the mask being applied over the top left portion of the input image
and equation (1) below being used to calculate a particular pixel in the output image. 20The center of

the mask is placed 8v&eibgdikel tRabasBdipr)icnan Seratdl i3 (e imhgeosteriesatriple, pixel (a22) is
e R S T T BT (22 e
External Floating Roof (EFR); or 2 fixed roof with a floating roof internai to the tank, which
is known as an Internal Floating Roof (IFR), Thus, each tank in a particular location can be
10 researched using publicly available resources or visual inspection, and all relevant
information about each tank, including volume capacity information, tank type (i.e., floating
roof or fixed roof), and physical dimensions, is stored in a database. Then, ona
predetermined schedule, an inspection of each tank at the particular location is conducted that
includes the collection of one or more photographic images (i.e., visible spectrum) or video
15 of each tank, and/or the collection of infrared images or video of each tenk. Such images can
be collected by aerial means, through wse of ground-placed, fixed cameras, or via satellite
imaging. In the case of an aerial image acquisition, such as a helicopter flyover, the
helicopter preferably flies a defined and repeatable flight route and adheres to a pre-defined
sequence for image acquisition, which facilitates the subsequent analysis. Alternatively,
20 fixed thermal imaging cameras may take infrared images at predetermined intervals. In any
event, the collected photographic images and the collected infrared images of each tank are
then transmitted to a central processing facility for analysis.
With respect to the analysis of a tank with a floating roof, one preferred form of
analysis is to determine the height of the roof relative to the top of the sclected tank using

25 standard image pixel number determination techniques. For example, tank levels can be

10



WO 2012/112759PCT/US2012/025418 The Gx mask highlights the edges in the horizontal direction,
while the Gy mask highlights the edges in the vertical direction. After takingx; the magnitude of both and
adding, the re&ﬂtﬁq&%m Gt detects edges in both directions. In practice?g %%z@%‘ésdetection image
is computed for each collected infrared 5image. Then, for each edge detection image, the tank location
is found by determining the best fit to one or more features. Each feature is a set of pixel locations

where the Sohghadgs.detectionimagr:shaulderniain An edoerRdbavs adblrek goler. FIG. 3is an
exemplary image in which the outline of three tanks has been found and marked on the image using

the Sobel edgévaetectidrirkethod] mdsd@ydoshiowsidow thisaouftimetof threfitanks can be 10overlaid
on a subsequent collected ima In this particular method of analysis, after finding the tank

location, the télﬁ‘i?‘lé‘i/@Fi@%ﬁﬂﬁ%ﬁ@%%ﬂ‘ﬁﬁ*&sﬁ@ﬁéﬁmﬁ%rg?é}’ﬁ‘ﬁaeé‘t 156tt5P of each tank, as also
shown in FIG,4. Each yertialling Jssearahed Howard from, éﬁ?dg%?o?hgﬂéggn}ao% for the next edge

location, which is the oll level location. The number of pixels between the bottom of the tank and the
150il levellocativantpixebhieightyis iseddoeamputadhejaniperernisiml asdallowsiPercent Full = 100
* (pixel_height) / (total pixel height of tank)(2) Furthermore, in this particular method of analysis,
the flow rate WitHhespesRs aSektantasiReebin Merearcufatetrpithty pateroE enaperotithe storage levels

within the tan lé'amera angle and distance from the tank, using high-resolution equipment for image

acquisition, and/or ensuring consistent and proper piacement of the 1.1 and L2 lines on the
image.

10 Based on the determined height of the roof (which is indicative of the liquid level)
and the stored volume capacity information and/or the stored physical dimensions of the
selected tank, the amount of crude cil in the tank can be calculated. For example, if the roof
is at the halfway poirt, i.e., at a 30% height relative to the top of a 200,000-barrel tank, and
the tank has a typical cylindrical construction with a constant diameter from the base to the

15 top, it is calculated that 100,000 barrels of crude oil are in the tank. Stated another way, tank
level percent of capacity can be calculated by 1 —(I31/D2), where D1 and D2 are the
respective measured lengths of L1 and L2 in image pixels. Tank level percent of capacity is
then multiplied by the tank capacity to calculate the number of barrels of crude ol in the tank,

With respect to the analysis of a tank with a floating roof, in another preferred form of

20 image analysis, the top, reof, and the base of a tank are identified in either a photographic
image or mfrared image, Automated elfiptical form fitting or detection algorithms employing
mathematical transformations, such as a Hough transform, can then be used to fit an elliptical
plane on cach of the top, roof, and the base of the tank. Based on the determined height of

the roof relative to the base and/or the top of the tank (which again is indicative of the liquid

Il



20Flow_i = (Si -Tank Capacity * 24 / 100(3) where S_i= (L_i + Li-1 + L_i-2 + Li-3 + L_i-4 + L_i-5i-6) /
7(4) and Si_thé( -1+L i-2+L 1-3+L i-4+Li-5++L_i-7) / 7(5) where Tank Capacity is in barrels,
and Li is the t3YWFPEHEAPFull at hour i. WO 2012/112759PCT/U52012‘/’55@23‘5’\/%%}? Flow_i <0,
then Flois set to zero since only oil flowing in to a tank is being considered. No matter which
technique of analysis is employed, the objective again is to obtain a measurement of the amount of

crude oil in stragein HRERRBIGHAI REMN s is.RiRrask 2Rt eeRIrahiaaRracessing facility.
With respect to storage of NGL products, such as ethane, propane, and butane, similar image
collection anddanalysis enkitie vericadandihoiinotadtarks:gomtmandyiasied to store such products can

be carried out in order to obtain a measurement of the amount of the NGL product in storage in the

particular network 1YBifanse Rn g Hhd el fivditng Eﬁ%ﬁ’ﬁlﬁ%ﬁéﬂi’aﬁd&ﬁn&cﬂlﬁér liquid energy
commodity in %E%{@g@d'ﬁo@nwﬁ%aam%%&&%E 215 dRlgimination. of e amaumt pd rate of flow in

selected pipelines in the particular network.
5 than that of the gas above it in the tank, One preferred form of analysis to determine the

height of the liguid fevel in the tank is to measure the pixel distance from the liquid-gas
boundary to the base of the tank. Based on the ascertained hquid level within the tank and
the stored volume capacity information and/or the stored physical dimensions of the selected
tank, the amount of crude o1 in the tank can again be caiculated.

10 Furthermore, with respect to tanks with fixed roofs and determination of liquid level
from the coliected infrared images, one particular method of analysis is described in detail
below.

In this particular method of analysis, infrared images are collected for each tank of
interest at selected intervals (e.g., every five minutes) and transmitted to the central data

15 processing facility for analysis. Although the camera that collects the infrared images is
preferably fixed in position, it is acknowledged that there is often some minor movement of
the camera. Thus, feature detection is used to find the tank location in each infrared image,
thus ensuring an accurate calculation of the amount of crude oil in the tank.

Edges in images are arcas with strong intensity contrasts, i.¢., a significant change in

20 intensity from one pixel to the next. There are various methods and techniques for detecting
edges in an image, which can be generally grouped into two categories: gradient and
Laplacian methods. A gradient method detects the edges by looking for the maximum and
minimum in the first derivative of the image. A Laplacian method searches for zero

crossings in the second derivative of the image to find edges.

12



15For instance, a large inter-regional crude oil pipeline typically runs for hundreds of miles. In order to
maintain the pressure of the flowing crude oil, crude oil pumping stations are typically constructed
every 80-100 ?ﬁﬂé"g.nflﬁg%umps used at each of these pumping stations are %&Ifﬁ“é’fectrically-driven
induction motors, with horsepower (hp) ranging from 500-4500 hp. Crude oil pipeline flow data in
real-time is generally only known to the 20 owners, operators, and shippers on the pipeline. In order to

perform a remote detgsminalienofithe ameuphant: iatesahailiiowsinR partighlar pipeline at a given
time, one preferred form of analysis is based on monitoring the real-time electric power consumption of
some numberkuipump ing-Statiomshafofiy &selectelttpipalidmensional sBpecificallyyin one exemplary
implementation, a monitoring device is deployed and 25used to monijtor one or more power lines

supplying ele&ﬁ@%mfﬁdéégﬁ_gﬁt&?éﬁa | iﬁ&%@}rﬁﬁ_%ﬁ@%ﬁ&%ﬁ@”&%ﬁﬂ@ (also referred to
herein as "poyer MoNEEUNg deVICe NS RIMAIIN Comprised ot SENRINg.AIGME S [eaRonsive to electric

potential and the magnetic flux densities associated with the one or ore power lines, therefore allowing
for periodit orcapaiBWRURTNABSWRIMeNE:ehibeelectHcIpairrtial agdbenagneaticifludaensities
associated with 5the one or more power lines, and thus a determination of power. The construction
and use of suBFRTBHitNHHevres patabsrfisedTH CHMPRbP BHAHUNB P 4tEpt Mo. 6,771,058

entitled "Apparatu %%}ethod for the Measurement and, Monitoring of Electrical Power Generation
i Transmi S L7 B PASAE Ko Lo A B0b AN A HEA At AT VSR Monttoring

Power and Cusent &lemic-eagh ofwhichisinerrporaied hereinhyrefaiengesd0fpaiasfrom such

monitoring devices is then transmitted to a central data processing facility. At the central data
processing fadiity Taerhddbidst e pipetintedand: thmipompingstdtionstimsih & Baticoiar network is
developed that includes computations of the elevation gain or loss between any monitored pumping

station and th&HBEXNSURA STAYRLATEN Halatr AR DRI G St ARd ARy EbE T aptin&  levation data. The
pressure diffegential lﬁ%‘é’?-?ﬂel@&ﬁ%&b%&?rﬁE%%bé&ﬁ%n%@l&l anyrpattighlanmaniipred pumping

station and the input side o
actual image. As a result, the mask is applied and slid over the image, manipulating a square

of pixels at a time,
Specifically, in use, the mask is slid over an area of the input image (from the
15  beginning of a row), changes the value of the pixel and shifts one pixel to the right, and then
continues to the right until it reaches the end of the row. 1t then starts at the beginning of the
next row. FIG. 7 illustrates how a convolution mask in a Sobe! edge detection method is
applied to an input image, with the mask bemng applied over the top left portion of the input
image and equation (1) below being used to calculate a particular pixel in the output image.
2+ The center of the mask is placed over the pixel that is being manipulated in the image; for
example, pixel {az) is converted to pixel (by) by:
bop = (a;; * myi) +{(a ® mi) + (a3 * mys) + (az * moy) + (a2 * maz) +

(823 * mia3)  (23; * ma1) + (az * ms2) + (233 * ma3) (1)

13



the next station downstream is then estimated. The pressure change calculations also take typical

minimum and%a?éimy&gressures for the pipeline into account for use géﬁ%%aﬁ%%lﬁscomputation

boundary values For example, a preferred flow model takes into account the pipeline length and 20
elevation change between a monitored pumping station and the next pumping station downstream.
The pipeline length, elevation change, and power usage are used to estimate the pressure differential
between the output side ®f thekfirshpiiepingistation.aad-le:laptissideveifdhe Gexagumping station
downstream. In other words, the frictional pressure differential or head loss (HeadLoss (H) in feet)
between any higbligbtripiregestanidns otical detettead ipetive s horzoiads PP s pd FdNg2012/025418
can be calculated from the variables set forth below. See Pipeline Rules of Thumb Handbook, Gulf
Professional PUbf tiﬂ%oﬁg%taéé?ﬁ%ﬁf %‘?db%?.t 4 £"8Pecific Oil Gravity (API) Q = Flow Rate (gaUmin)

5H = Head Differentjg), atBump (iR Riame aref Piag i kenath SBiRetinaSegment (ft) E =
Pump Efficiency V= Oil Velocity (ft/sec) 10KV = Kinematic Viscosity (cSt)
5 image. Then, for each edge detection image, the tank location is found by determining the

best fit to one or more features. Each feature is a set of pixel locations where the Sobel edge
detection image should contain an edge and have a black color. FIG. 3 is an exemplary
tmage in which the outline of three tanks has been found and marked on the image using the
Sobel edge detection method, and F1G, 4 shows how this outline of three tanks can be
10 overlaid on a subsequent collected image.
In this particular method of analysis, after finding the tank location, the tank level is
computed based on a vertical line starting at the bottom of each tank, as also shown in FIG. 4.
Bach vertical line is searched upward from the bottom of the tank for the next edge location,
which 1s the oil level location. The number of pixels between the bottom of the tank and the
15 oil level location {pixel_height} is used to compute the tank percent full as follows:

Percent Full = 100 * (pixel_height) / (total pixel height of tank) (N

Furthermore, in this particular method of analysis, the flow rate with respect to a

certain tank can be calculated by the rate of change of the storage levels within the tank:

20 Flow i=(8 i— S _i-1) * Tapk Capacity * 24/ 100 3
where S i=(Li+L il+L i2+L i-3+L i4+L i-5+ L i-6)/7 ()
and S il=(Li1+L i2+L i3+L i4+L i-5+ L i-6+L i7)/7 (5)

where Tank Capacity is in barrels, and L_i is the tank Percent Full at hour 1.
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HeadLossHead Loss (ft) The flow rate (Q) values range from zero to the maximum flow rate of the

pipeline. The flow rateé% is related to oil velocity as follows: 15Q =Flo - % s] day) (bbls | day)
gal\ (60* 24* 0025380 %4.286min(6) Q*0.1336805 0.002836788 *Q i (53}5%%. }as}élgi =(7)

60*-E*D2/4D2 To obtain the kinematic viscosity, a CentiStokes (cSt) value is based on an assumption
of API and temperature, and then is converted into units of (it2 /Sec) : Fanning's equation is then

used to computesihasfrictianalqnassura erap Mriewll-05s) hetwaenipurpingistatigns for a given flow
rate (Q), pipeline segment length (L) and elevation profile.
considered.

No matter which technique of analysis is employed, the objective again is to obtain a

measurement of the amount of erude oil in storage in the particular network, which is stored
5 atthe central data processing facility.

With respect to storage of NGL products, such as ethane, propane, and butane, similar
image collection and analysis on the vertical and horzontal tanks commonly used to store
such products can be carried out in order to obtain a measurement of the amount of the NGL
product in storage in the particalar network.

10
Pipelines

Along with measuring the amount of crude oil or other liquid energy commodity in
storage in a particular network, there is a determination of the amount and rate of flow in
selected pipelines in the particular network.

15 For instance, a large inter-regional crude oil pipeline typically runs for hundreds of
miles. In order to maintain the pressure of the flowing crude oil, crude oil pumping stations
are typically constructed every 80-100 miles. The pumps used at each of these pumping
stations are typically electrically-driven induction motors, with horsepower (hp) ranging from
500-4500 hp. Crude oil pipeline flow datz in real-time is generally only known to the

20 owners, operators, and shippers on the pipeline. In order to perform a remote determination
of the amount and rate of oil flow in a particular pipeline at & given time, one preferred form
of analvysis is based on monitoring the real-time electric power consumption of some number
of pumping stations along a selected pipeline.

Specifically, in one exemplary implementation, 2 monitoring device is deployed and

25 used to monitor one or more power lines supplying electric power to each selected pumping
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Fanning's equation for expressing the frictional pressure drop of oil flowing in a pipeline is a function of
a frictional loss g)zd%rf}’z‘%? from the Reynolds number (Re). L V2f *V2 *L Headlglt)zlss ft} =fD2*g =
2*32.174*D 5Re 2R&YAolds number - WO 2012/112759PCT/US2012/055 418" ¥ #abfe Re >2200
(Turbulent Flow) The hydraulic horsepower required to pump oil along a particular pipeline
segment is 5computed as follows, where His head differential (ft) on the discharge side of the pump:

HP = Horsepawgir. Sﬁeglgnhbring device (also referred to herein as “power monitoring device”) is
primarily comprised of sensing elements responsive to electric potential and the magnetic
flux densities associated with the one or more power lines, therefore allowing for periodic or
continuous measurements of the electric potential and magnetic flux densities associated with

5 the one or more power lines, and thus a determination of power. The construction and use of
such monitoring devices is described in commonly owned U. S. Patent No. 6,771,058 entitled
“Apparatus and Method for the Measurement and Monitoring of Electrical Power Generation
and Transmission,” and U.S. Patent No. 6,714,000 entitled “Apparatus and Method for
Monitoring Power and Cwrrent Flow,” each of which is incorporated herein by reference.

10 Data from such monitoring devices is then transmitted to a central data processing
facility. At the central data processing facility, a model of the pipelines and the pumping
stations in the particular network is developed that includes computations of the elevation
gain or loss between any monitored pumping station and the next pumping station
downstream using standard geographical elevation data. The pressure differential between

15 the output or discharge side of any particular monitored pumping station and the input side of
the next station downstream is then cstimated. The pressure change calculations also take
typical minimum and maximum pressures for the pipeline into account for use as reasonable
computation boundary values.

For example, a preferred flow model takes into account the pipeline length and

20  elevation change between a monitored pumping station and the next pumping station
downstream. The pipeline length, elevation change, and power usage are used to estimate the
pressure differential between the output side of the first pumping station and the input side of
the next pumping station downstream, In other words, the frictional pressure differential or

fiead loss (HeadLoss {H) in feet) between any two pumping stations on a selected pipeline
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3960 *E (12) The pump efficiency (E) is estimated to range between 0.25 and 0.40. The power
consumed by ar(lly g)articular pump can then be computed directly from pumﬁ horseg)ower using a
horsepower towpo%)véz/ UAitconversion factor ¢, which is equal to 0.00074%: %fozsﬁgegawatt =HP*
0.000746(13) Using equations (12) and (13) and setting H = (HeadLoss) (from equation (9)), a range
of possible flow rates (Q) for the pipeline from minimum possible flow to maximum possible flow for the
pipeline is plotiadyersusdhe aevivalanepeciatbpawesconsumption at themonitored pumping
station. 15For example, for a major U.S. pipeline flowing from the Gulf Coast to a major U.S. storage
hub in Oldahoradflo CatERrdarirardetiidmO it 38BIG0HArels per day, with the diameter of the
pipeline (D) = 2.44 feet. For a monitaored pumping station at location x, the distance of the line (L) from
that pumping statiornfo the’REHISWHEHEAM Bumping station at location y = 368,062 feet. For a typical
mid-range flow rate for thegpipsline 94,498,000 barrels per day, the corresponding flow rate Q
(gallons/minute) = 5833.28. The kinematic viscosity v = 0.004 centiStokes. The elevation difference
between pumping statioa xesd>pwmping Kstatigf)y = 353 feet. The resultant head loss (Head Loss) is

181.1 feet. A plot of flow rate (barrels ger day) against expected power consumption (MW) is shown
in FIG. 8. D = Diameter of Pipe (1)

L = Length of Pipeline Segment (ft)
E = Pump Efficiency
V' = Ol Velocity (ft/sec)

1G KV = Kinematic Viscosity (cSt)
HeadLoss = Head Loss {f1)

The flow rate () values range from zero to the maximum flow rate of the pipeline.

The flow rate () is related to oil velocity as follows:

: 1y Isiday) (g
15 Q =Flow Rate = (bls/ day) _ (bbls/ day) m( aal] (6
(60%24%0.0238095} 34286 \min
- Velocity(ﬁ/sec) . o= 0.1336?05 » 0.0028362788 #() 7
6=z =D /4 D
To obtain the kinematic viscosity, @ CentiStokes (eS7) value is based on an assumption of APT
and temperature, and then is converted into units of ( fi*/sec) :
*
20 KV = Kinematicviscosity( fi* /sec) = (e51)*10.0763910
1000000 ()

Fanning’s equation is then used to compute the frictional pressure drop (HeadLoss) between

pumping stations for a given flow rate ({), pipeline segment length (L) and elevation profile.
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Once such power consumption determinations have been made for any particular pumping station,
power changes at each pumping station can be correlated to changes in flow 10through each pumping
station. Thus,%’ﬂ&@%ﬂé"“r‘%%nitoring devices described above allow for pgﬁ%‘i}éz(g?z&?ﬁ‘f uous
measurements of power consumed at a particular pumping station, the collected data from those
monitoring devices can be used to determine flow through and between pumping stations Once the
flow rate betwegn; £ONSQEHHY RPUMRINE, HaUARS HASRERD £FOMIPHIaH S 1 pERietIgd method of
deriving total pipeline flow is to compute an average of the estimated flow rates at several pumping
stations to detenminecfhdftawnsbitasa)) thévpifelinteRgnnitolemblieRapproach is often used when fewer
than half the pumping stations are monitored on a given pipeline. Another preferred method of deriving
total pipeline flow uses Monte Carlo 20simulations to model power usage at all pumping stations along
a given pipeline and is used when half or more than half of the pumping stations are monitored. The
simulations use inp%ﬂm@h@ﬂeﬁﬁé&a Wations, as well as predictions of pasyer usage at
pumping stations along the pipeliné)\%/hﬁ:h fe hbtMbnitored. The power usage at the unmonitored
pumping stations is modeled with a unifof;rplgistribution from zero to a 25 maximum power usage
based on the numb&refibumpé amdthe Ey{ﬁgof pumps at each pumping station. For a(@wen flow
value, each Monte Carlo simulation uses the same observed power usage for the monitored pumping
stations and performs a random sample of the powger usage uniform distributions for the unmonitored
pumping stations. Equafiéie"(6yto (13y &rdWisédtp sinibiatépressiie head profile alorigithe entire
pipeline. If the pressure 5 head profile along the pipeline goes below the minimum pressure or above
the maximum pressure, the simulation is flagged as invalid. The pipeline flow regime, zero barrels per
day to capacity, is divided in a finite number of intervals. For each flow value at the center of each flow
interval, a large number of Monte Carlo simulations are performed and the number of valid simulations
is recorded. An overall pipeline flow is computed using the following
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10expected value: Ef _i* v Tow wheref i is flow value vi is the number of valid simulations for f i, and

Ton) is the total num})er of valid simulations for all flow intervals. 15 Finglé*'}g ertain circumstances, it
: WO SNZII : . : 7 2{?12/025 18

may be impossible or Impractical to monitor real- time electric power consumption of sonic number of

pumping stations along a selected pipeline. However, it would still be advantageous to know whether a

particular pumping station was on or off Accordingly, a thermal imaging camera (like those used for

monitoring 20storage facilities, as described above) may be used to assess the on/off condition of one

or more pumping stations. Similaly, althqugh electrigally®iriven ingduction motors are commonly used
at pumping stations, some pumps may be driven by gas or diesel-powered motors. Such motors
typically exhaust through one o2 Mibrg stdtks| so the opidittbn|aff2bperational levels (including
number of pumps on or off) oftH8%8unmBiRY station can-al&8%se] 0.024

3500 | 0.08 30000 | 0.023

4000 | 0.039 40000 | 0.021

4500 | 0.038 50000 0.02

5000 | 0.036 60000 | 0.019

5500 0,035 20000 0.018

6000 (.035 100000 0.017

7000 | 0.033 150000 | 0.016

8000 0.032 200000 0.015

5000 6.031 1000000 | 0.012

10000 0.03 10000000 | 0.01

15000 | 0.027

Table 1: Re > 2200 (Turbulent Flow)

The hydrautic horsepower required to pump oil along a particular pipeline segment is
5 computed as follows, where H is head differential (ft) oo the discharge side of the pump:

HP = Horsepower = SgrQ*H (12)
3960+ E

The pump efficiency (F) is estimated to range between 0.25 and (.40, The power consumead
by any particular pump can then be computed directly from pump horsepower using a
horsepower to power unit conversion factor ¢, which is equal to 0.000746.

10 MW =Megawatt = HP #0.000746 (13)

Using equations (12) and (13) and setting H = {(HeadLoss) (from equation {9)), a

range of possible flow rates () for the pipeline from minimum possible flow to maximum
possible flow for the pipeline is plotted versus the equivalent expected power consumption at
the monitored pumping station.

5 For example, for a major U.S. pipeline flowing from the Gulf Coast to a major U.S.
storage hub in Oklahoma, flow raies can range from 0 to 350,000 barrels per day, with the

diameter of the pipeline (D) = 2,44 feet, For a monitored pumping station at location x, the
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assessed using a thermal imaging camera directed at the stacks or ancillary equipment, Processing
Facilities 5Crude oil invariably enters an oil refinery at some point in the network to be processed into
gasoline and/cwoo;t‘%]épf)zé’frgoleum products, such as diesels, jet fuels, heeﬂ?ﬁé[}g%ﬂ%ﬁ%sﬁlﬁe ability of the
various units at the refinery to utilize the incoming crude oil is dependent on the proper functioning of
such units. Refineries are highly complex facilities which generally are designed and intended to

function year-ggine e B RoUtRrday pihilay-shlarwasksehednle-Hopewals disiiaptions and

malfunctions of equipment at these facilities occurs on a relatively frequent basis and can have
immediate impaeicrny marketdigaahics t®pelifidatygdiflpanticulartemitscitori@@ritibre refineries are
off-line, there is a decreased demand for crude oll at the affected refineries and a decreased supply of

gasoline and BtHEF P&fiﬁzéfdﬂifr‘é?ﬂfé@’m‘?%gﬂ%@%%ﬁ%ﬁ@ﬁ%ﬁ}“ﬁff&b—”t@@ %\%ﬁngf’%?."@b?‘:‘(falle_d refinery unit
ramp- 15 downs.and, aeRHRE LG0T PAIHGWRE MAKELINEIERL A addiign. fhere is also an

interest in the flow rates of crude oil into each refinery and the amount of crude oil in storage at each
refinery asanywgiyeg inden T herefare, hthaymethad and /ystem)af the pkesent invention, the
operational status of one or more processing facilities, such as refineries, in the network is
ascertained. With 20r@spedtors e (hards protes g AEmeasS Poiss cernetiansd Widhded to include any
facility in a net}{vork.ir%\(@ié:h there is some handling of the liquid energy commodity that can be

. SNO 11 . B . . . . .
monitored, even If there iS no material change to the liquid energy commodity, such as buffering,

transfer, or surge oveeleuiacilitiesnitany-eienhieneRieiered matheddermenitering the operation of
processing facilities is by using fixed thermal imaging cameras. 25 A thermal imaging camera can

acquire thermaidata datdrecord thaage stofdmissioastaind ede correlated to changes in flow

10 through each pumping station. Thus, since the monitoring devices described above allow for
periodic or continnous measurements of power consumed at a particular pumping station, the
collected data from those monitoring devices can be used o determine flow through and
between pumping stations.

Once the flow rate between consecutive pumping stations has been computed, one

15 preferred method of deriving total pipeline flow is to compute an average of the estimated
flow rates at soveral pumping stations to determine the flow rate on the pipeline as 2 whole.
The approach is often used when fewer than half the pumping stations are monitored on a
given pipeline,

Another preferred method of deriving total pipeline flow uses Monte Carlo

20 simulations to model power usage at all pumping stations along a given pipeline and is used
when balf or more than half of the pumping stations are monitored. The simulations use
inputs from the monitored pumping stations, as well as predictions of power usage at
pumping stations along the pipeline which are not monitored. The power usage at the
unmonitored pumping stations is modeled with a wniform distribution from zero to a

25 maxupum power usage based on the number of pumps and the type of pumps at each
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signatures of various key units that can be used to ascertain whether the processing facility is
functioning as expected or not.  FIGS. 9(a)-(d) are a series of thermal images illustrating the
ramp-down of‘%‘hﬂ’ﬁ’ygﬁfﬁf’ytic cracking unit (FCCU) at a refinery. As reflggiré#ﬁqlﬁ/f’ésg%(a)-(d), each
primary 5unit at a refinery typically has one or more exhaust stacks associated with it, which generally
function as exhausts for heating devices, such as furnaces, heat exchangers, etc., or exhausts for
emission contrakagyigasnstehAsWelSas:ReluRReselestinstalindusiprcipiators, etc. In general, if
a particular unit is functioning normally, a characteristic level of heating is observed on a thermal
image of the stackclimadditiep; frcharacieristipueniigsietiovia:al plufresOendanatmpidkdm the top of the
stack is also present and visible. When the unit is turned off, or not operating normally, the heating and

emissions frofAeER" ezekEnEns sk ine ik WRSBHEb PR T Biot s i E8H& abnormal
characteristics (6 4., 2x6855 HRRAING RLAXSREE SRISsIONSh-IUMIaHL AS AR LM R stacks, a
characteristic level of heating can be observedpon the thermal images for many other of types of
equipmens ass&ai atefowithsatdnihdne! deing:db Matnnehlimited dae veasetsipipingaduct work, heat
exchangers, furnaces, and/or ancillary equipment. Returning to FIGS. 9(a)-(4), in this particular
example, the FES-i§4rirarighioiatisd sidgelias Theswaiaailoy tsewerewe WEIGOia), the FCCU is

shown in normal operating mode. As. shown in FI1G. Q%b during.the start of ramp-dpwn, emissions are
seen from a 2185(:%(&:)&“%1 eVIr%?gltiﬂél % 1%53?%(5 ,Hgﬁr&d% ‘e)FﬁrC?EfEﬁgfllf)s“éI‘?glslﬁg\t/\}éer%ﬁ%%v(épcooIing with

respect to neighRAHRGAHS. d hisLGuRE6) otiERe ey Qf 4R faks W shaws o atinuing 6eqling; the emitting
stacks remains hot, but emissions from it are reduced. In 9(d), both FCCU and the stack have

completely cooledidlownizand isampddwincivtivl FEGY BeoneplatecEacty gefvéiryuait at a refinery also

has emer%ency control devices, such as flares,
1 expected value:

2 ity i

 Tow

(14)

where £ iisi” flow value
v_i is the number of valid simulations for / 7, and
Totv is the total number of valid simutations for all flow intervals,
15
Finally, in certain circumstances, it may be impossible or impractical to monitor real-
time electric power consumption of some number of pumping stations along a selected
pipeline. However, it would still be advantageous to know whether a particular pumping
station was on or off. Accordingly, a thermal imaging camera (like those used for monitoring
20 storage facilities, as described above) may be used to assess the on/off condition of one or
more pumping stations. Similarly, although electrically-driven induction motors are
commenty used at pumping stations, some pumps may be driven by gas or diesel-powered

motors. Such motors typically exhaust through one or more stacks, so the operation and
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25blowdown stacks, and other devices which can burn off or dissipate inline streams of feedstocks,
processing chemicals, and associated by-products in the case where the units need to be shut-down
rapidly. Such M@P&gﬁwsgontrol devices can also be used in the normaFSB’éjf’&ﬁW"éﬁ%ch units to
control the amounts of feedstocks, processing chemicals, and associated by-products in the process
streams. These emergency control devices can also be 5observed by a thermal imaging camera as
operating at charagiesisticaliulevals tiRicply iawaneimhenihedssodiaied-units, ate operating
normally and at abnormal levels (typically emitting at abnormal and elevated levels) when the
associated unitsesrd esiperidnoingisginesaare emgdstaite e, oriaing shupdown. In any event,
thermal images such as those shown in FIGS. 9(a)-(d) can be analyzed 10visually or by using
automated image analysis to ascertain the operational status of the primary units of a refinery. For
fm-ther discus‘s]ig&sglfnghﬁakmggse analysis techniques that may be utilized, reference is made to
commonly assigned and co-pending U.S. Patent Application Serial No. 13/269,833 entitled "Method
and System for Prodiginginfesmationites MarkeifRasticipanisoibautOnevenMaere Power Generating
Units Based on Thermal Image Data," 15which is a continuation of U. S. Patent Application Serial No.
12/053,139. BAeFF B Rt rdspREKTiBHS 3 esHyetatach hedshslb e dfekehregng viladditionally,
while the abovcf di cugﬁigng dirgrcted to retfitger@s wqicq. efine crude oll iqto _gasoline and/or other
petroleum proe lic S,e the ‘mhoni %ﬁn}go?%g 1rir’c‘?logﬁ/’rlﬁsuzlaﬁ’gfo{’auplp]ﬁf%é&) éﬂ%%%ﬁ%r%%e%sing facilities as: (a)

fractionation fagiliies: whessNe smaien2dsePaiiaied frrmdbe crvdemil fohsubseaient processing into
such products as ethane, propane,
which generally are designed and intended to function year-round on a 24 hour-a-day, 7 day-

10 a-week schedule. However, disruptions and malfunctions of equipment at these facilities
occurs on a relatively frequent basis and can have immediate impact on market dynamics.
Specifically, if particular units at one or more refineries are off-line, there is a decreased
demand for crude oil at the affected refineries and a decreased supply of gasoline and other
refined products in markets supplied by affected refineries. So-calied refinery unit ramp-

15  downs and ramp-ups are of particular market interest, but, in addition, there is also an interest
in the flow rates of crude oil into each refinery and the amount of crude oil in storage at each
refinery at any given time,

Therefore, in the method and system of the present invention, the operational status of
one or more processing facilities, such as refineries, in the network is ascertained. With

20 respect to the term “processing facilities,” this term is also intended to include any facility in
a network in which there is some handling of the liquid energy commodity that can be
monitored, ¢ven if there is no material change to the liquid energy commodity, such as
buffering, transfer, or surge overflow facilities. Tn any event, one preferred method for
monitoring the operation of processing facilities is by using fixed thermal imaging cameras.

25 A thermal imaging camera can acquire thermal data and record images of emissions and heat
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and butanes; (h) upgrading facilities (or upgraders), which process raw crude oils after mining and
prepare the crude oils for delivery to and subsequent refining at crude oil refineries; (c) ethylene
cracking facilifeS UHEER GL products and/or petroleum liquids (such &?ﬁ%ﬁ‘ﬂ%‘?ﬁ’i’é‘ processed into
petrochemical industry feedstocks such as ethylene, propylene, etc. and (d) natural gas processing
facilities, which produce NGL from natural gas. Balances 5Now, having described the monitoring of the

three fundam%'%@l&&%%ﬁk@e h@HUHCHA IR Lk RIQIRGR AC sS4 RipgIRes, and (ii)
c

processing facilities - it is possible to determine total "balances" of the crude oil or other liquid energy
commodity. Famekammple cand@smentioned above, "balances” of interest to market participants with

respect to crude oil include, but are not limited to: the amount of crude oil in storage in a given 10
market region at a gitfeh Harddkre st BeereldsnsibwiRg st 2 rRRER (dgidhi4rom adjacent

market regio”csa;t?"i‘r?;/ %‘%ﬁ%@%?{;ﬁ%ﬂﬁ%%dreeﬁgé'rryt;%g%’eﬁé&%ﬁnsﬁ%@tﬂaﬁ ?%a% g, gther petroleum

products. Re r ng again to In or o determine the phy alances’of crude oil or other
liquid enesgy eaImMaineinpRamticylan efworkthe:kombined data-fiam, theidomenitering of these
three fundamental components can be used to estimate physical balances of interest. For
example, FIGiunoiiistrabesst Brdrageckiancisesuck eofieeion shistoigectannks) 1 001hdt is connected to

bree Bvlney, it el 8,816 palne . oo e e BuSs o ey desrved

In general, if a particular unit is functioning normafly, a characteristic level of heating is
obgerved on a thermal image of the stack. In addition, a characteristic emission via a plume

10 emanating from the top of the stack is also present and visible, When the unit is turned off,
or not operating normally, the heating and emissions from such stacks are seen to be either
absent completely or display some abnormal characteristics (e.g., excess heating or excess
emissions). Similarly, aside from the stacks, a characteristic level of heating can be observed
on the thermal images for many other of types of equipment associated with a unit, including,

15 Dbut not limited to, vessels, piping, duct work, heat exchangers, furnaces, and/or ancillary
equipment,

Returning to FIGS, 9(a)-(d), in this particular example, the FCCU is in far right of the
image, as illustrated by the arrow. In FIG. 9(a), the FCCU is shown in normal operating
mode. As shown in FIG. 9(b), during the start of ramp-down, emissions are seen from a

20 stack in the middle of the FCCU, and the FCCU itself shows relative cooling with respect to
neighboring units. In FIG. 9(c), the body of the FCCU shows continuing cooling; the
emitting stacks remains hot, but emissions from it are reduced. In 9(d), both FCCU and the
stack have completely cooled down, and ramp-down of the FCCU is complete.

Each primary unit at a refinery also has emergency control devices, such as flares,

25  biowdown siacks, and other devices which can bum off or dissipate inline streams of
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20storage tank is made, and then a sum of all such measurements yields the collective amount in
storage at the storage hub 100 at a given time. Then, a determination of the real-time inflows and
outflows of oil Y Hé Et6¥age hub 100 can be made on a periodic basis'fréfraiEdEH tollected from
the monitoring devices for the power lines supplying electric power to selected pumping stations along
each of the three pipelines. For example, if Pipeline A and Pipeline B are incoming, and Pipeline C is

outgoing, a net nflpw.inip.the storaarub, 190 CaR. e .SampUisH Fom ASURMANRN fithe inflows less
any outflows: NetinflowIntoHub --(Pipeline A FLOW PipelineB™,) - Pipeline C,"(15) Thus, with the

measurementobihrucoliestiyedamointinesiorageatthiesiarage bk 100 hatengiven time and
subsequent periodic determinations of inflows and outflows, a substantially real-time determination can
be made as tORREEHIIRIGIERIBECBIN Sty s HheddtskageortibEobeati@lgiveh time. Furthermore,

additional modgslci’n tgg%\(;ér_éh%n be p%ssible to deter ine o erational{ll%_g{gggeters sgch as the effect on

al roducts OCESS Streams. 1C5C SIMCTECHC S cah aso be .
storage levels at the storage hub 16018 Various operationar conditions of the incoming and outgoing

pipelines, $he yse-pidiRcartainsiaage anks do.santaintcodaeilfram eaainpinalings, what crude oil
is in transit through the storage hub 100 and what crude oil stays at the storage hub 100. For
another examplefitlatercbi ested.frbmithemomitovingrdeliced fortthenpblvelditescsilipplying electric
power to selected pumping stations (PSI, PS2, P53, P54, PS5) along each of the pipelines can be
combined wittfTHf 5?1*5??%*%4&?‘93&1%%55?{5?%% B R A T BB BerstiTRry (not shown)

connected to thepipelings; %’%ﬁ%m%i&%t%p_alances of crude oil in transit to the refinery, in storage at
the refinery, and being processed at the refinery at any given time. It is further contemplated that, in
addition to combining diyectly, meastnes:eaiah as those shown in FIGS. 9(a)-(d) can be analyzed
10 visually or by using automated image analysis to ascertain the operational status of the
primary units of a refinery. For further discussion of the image anatysis techniques that may
be utilized, reference is made to commonly assigned and co-pending 1J.S. Patent Application
Serial No. 13/269,833 entitled “Method and System for Providing Information to Market
Participants About One or More Power Generating Units Based on Thermal Image Data,”
I35  which is a continuation of U, S. Patent Application Serial No. 12/053,139. Each of these
patent applications is incorporated herein by reference.
Additionally, while the above discussion is directed to refineries which refine crude
oil into gasoline and/or other petroleum products, the monitoring technology is also
applicable to such processing facilities as: (a) fractionation facilities, where NGLs are
20 separated from the crode oil for subsequent processing into such products as ethane, propane,
and butanes; (b) upgrading facilities (or upgraders), which process raw crude oils after
mining and prepare the crude oils for delivery to and subseguent refining at crude oil
refineries; {¢) cthylene cracking facilitics, where NGL products and/or petroleum liquids

{such as naphtha) are processed into petrochemical industry feedstocks such as ethylene,
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collected at different locations in a particular network as described above, data can also be 20obtained
from third-party and publicly available data sources, such as that provided by the United States Energy
Information AdYRiIAYHEHGT ("EIA"), to deliver estimations and predictiond of Fat&HERS of market
interest related to commodity supply, demand, and storage. For example, one such parameter of
interest is the total volume of crude oil in storage in the PAD 2 market region at any given time. EIA
publishes an g or. g2 YA Weslbe bRl an WEHDESIANEO TG A dP-30 AM EST.
Directly measured data and ETA data can be effectively' combined using a standard mathematical
regression madel. Specifically, the standard mathematical regression model is used to fit the directly
measured data to the historic PAD 2 crude oil storage inventory data published by ETA. The
determined PAD 2 crude oil inventories are then estimated going forward using the resultant model.
5Referring noy }o FIG. 11, in one example, directly measured data is obtained using the techniques
described abov%e.—s(i) the storage levels at a major PAD 2 storage hub; (ii) the crude oil flow rates

into PAD 2 (collected;from.six piRalinescntaring ihe FARL fRgian ot RARR) oand (iii) refinery unit
operational data (collected from nine PAD 2 refineries). This directly measured data is then fitted using

a standard mathematicairégrégsiongnidétite 0 historie BADIR wrodeailisibrageiinventory data
published by ETA. The determined crude qil inventories based on the model output ("Model" line in

FIG. 11) can fSHYbE e OFsHaREdod aantes 25 erilie DAinvEisry a8 CPRRYYid&%in FIG. Ti), and
PAD 2 crude gil | @,@%L%ﬁn%%m&9&,@&&@@%@%@g’k@gst%%féev&%gi{;msr@ﬁy [taptmodel. For

another example@%le. 12 is a schematic view of another exemplary network 15associated with crude
oil productiondarkdéitlizgledeide: et anginatng frammanmaibilaifo ni2 @0r4gy iethgirgproduction source) is
delivered to a pipeline 210. Along the pipeline 210, there are four sensor locations - Sl, S2, S3, S4, as
further déScribekpiaRsio# Fable SrrHeesipeliieZralioiHb waite s et ah@Hilers the crude oil to a

fractionation fgcﬁlal}:%tznjia%kgg pelgcigns; and/or the amount of crude oil being processed into gasohine and

other petroleum products.

Referring again to FIG. 1, in order to determine the physical balances of erude oil or

other liguid energy commodity in a particalar network, the combined data from the
15 montoring of these three fundamental components can be used to estimate physical balances
of interest.

For example, FIG. 10 illustrates a storage hub (i.c., a collection of storage tanks) 160
that is connected to three pipelines: Pipeline A, Pipeline B, and Pipeline C. Using the
techniques of analysis described above, measurement of the amount of crude oil in each

20 storage tank is made, and then a sum of all such measurements yields the collective amount
in storage at the storage hub 100 at a given time. Then, a determination of the real-time
inflows and outflows of oil into the storage hub 100 can be made on a periodic basis from the
data collected from the monitoring devices for the power lines supplying electric power to

selected pumping stations along each of the three pipelines. For example, if Pipeline A and
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is monitored by a sensor S5, as also described below in Table 2. From the fractionation 20facility 212,
crude oil flows to a stora%e facility 214, which is monitored by sensor(s) 56%, as also described below in
Table 2. Finalf(}r?irzlefﬁlllsnexémplary implementation, there is an additional’ 42 Sizr?pzd???égrepresented in
FIG. 12 by S7. This additional data input, S7, is used to further verify the collected data and results of
the various computational analyses. Specifically, in the 25exemplary network shown in FIG. 12, crude

oil in the storage:facilitv2adisdeliveradiia one-QEdnere fhips-AL iaseR isrminabiafgexport. Much data
about ships that transfer crude oil is publicly known and available, including ship capacity and ship

location via Awioiratigidentifioatiom8yste ot (A8 shipctkaokingiservices. While a particular ship is in
port at the sea terminal, a visual camera or-an infrared camera can be used to estimate flow rate of oil
5delivered to the paffféli&r&rmsTsl HaRdtfing ehe BREGE mvship iR Gisey, the changeiis ship position
relative to the waterline) over time. That delivery of oil should be equal to the reduction in oil level in
the storage facility 21%4s- OfteSisrasessirarRteibfotoly Bat BRI AR RELYSR JiPresr SHpY 4re delivering oil

toa Storage f%?gi%envgge%O&Z/llZ?SQPCE/1&§2012/0254

ad subsequent perfodic detérminations otllgﬂows and outflows, a
substantially real-time determmation can be made as to the amount of crude oil in storage at
the storage hub 100 at a given time. Furthermore, additional modeling may then be possible
to determine operational parameters, such as the effect on storage levels at the storage hub
100 for various operational conditions of the incoming and outgoing pipelines, the use of

10 certain storage tanks to contain crude oil from certain pipelines, what crude oil is in transit
through the storage hub 100 and what crude oil stays at the storage hub 100.

For another example, data collected from the monitoring devices for the power lines
supplying clectric power to selected pumping stations {PSI, PS2, P§3, P54, PS5) along cach
of the pipelines can be combined with information obtained from the analysis of thermal

15  images of a refinery (not shown) connected to the pipelines to determine the balances of
crude oil in transit to the refinery, in storage at the refinery, and being processed at the
refinery at any given time.

It 1s further contemplated that, in addition to combining directly measured data
collected at different locations in a particular network as described above, data can also be

20 obtained from third-party and publicly available data sources, such as that provided by the
United States Energy Information Administration (“EIA™), to deliver estimations and
predictions of parameters of market interest related to commodity supply, demand, and
storage. For example, one such parameter of interest is the total volume of crude oif in
storage in the PAD 2 market region at any given time. EIA publishes an amount for this

25 value weekly, typically on Wednesday morning at 10:30 AM EST. Directly meagsured data
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Monitored Compotierit Sensor Type Output S| Pumping Station Power Monitoring Device mW / Flow

Rate S2 Pum%i/n% Station 2 Thermal Imaging Camera _
 WO02012/112759 PCT/US2012/025418

and EIA data can be effeétiveiy combined using 2 standard mathematical regression model.
Specifically, the standard mathematical regression model is used to ﬁt the diréctly measured
data to the historic PAD 2 crude oil storage inventory data published by EIA. The determined
PAD 2 crude oil inventories are then estimated going forward using the resultant model.

5  Referring now to FIG. 11, in one example; directly measured data is obtained using the
techniques described above for: (i} the storage levels at a major PAD 2 storage hub,; (ii) the
crude oil flow rates into PAD 2 (collected from six pipelines entering the PAD 2 region from
PAD 3); and {1ii) refinery unit operational data (collected from mine PAD 2 refineries). This
directly meagured data is then fitted using a standard mathematical regression model to

10 historic PAD 2 crude 01l storage inventory data published by EIA, The determined crude oil
inventories based on the model output (“Model” line in FIG, 11) can then be compared to
actual PAD 2 crude oil inventory data (“PAD 27 line in FIG. 11), and PAD 2 crude oil
inveniories can then be estimated going forward using the resultant model.

For another example, FIG. 12 is 2 schematic view of another exemplary network

15 associated with crude oil production, In FIG. 12, crude oil originating from an oil platform
200 {or other production source) is delivered to a pipeline 210. Along the pipehine 210, there
are four sensor locations — S1, 82, 83, S4, as further described below in Table 2. The
pipeline 210 is then connected and delivers the crude oil to a fractionation facility 212, which
is monitored by a sensor S3, as also described below in Table 2. From the fractionation

20 facility 212, crude il flows to a storage facility 214, which is monitored by sensor(s) S6, as
also described below in Table 2.

Finally, in this exemplary implementation, there is an additional data input, as
represented m FIG. 12 by §7. This additional data input, S7, is used to further verify the
collected data and results of the various computational analyses. Specifically, in the

25 exemplary network shown in FIG. 12, crude oil in the storage facility 214 is delivered to one
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Operational Status (On / Off) S3 Pumping Station 3 Power Monitoring Device mW / Flow Rate S4

Pumping Station 4 Thermal Imaging Camera Operational Status (On / Off) S5 Fractionation Facility
Thermal Imagihg CHMER PCT/US2012/025418

or more ships at a sea terminal for export. Much data about ships that transfer crude oil is
publicty known and available, including ship capacity and ship location via Automatic
Identification System (AIS) ship tracking services. While a particular ship is in port at the
sea terminal, a visual camera or an infrared camera can be used to estimate flow rate of oil

5 delivered to the particular ship by measuring the change in ship draft (i.e., the change in ship
position refative to the waterline) over time. That delivery of oil should be equal to the
reduction in ¢if level in the storage facility 214, Of course, such technology can be similarly

used when ships are delivering oil to a storage facility,
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Operational Status (On / Oft) S6 Storage Facility / Tank(s) Thermal Imaging Camera(s) Level / Volume

S7 Ship Visual h
outputs from §$ 523

10

15

r Thermal Imaging Camera(s) Draft / Flow Rate Table 2 Referring now to FIG. 13, the
é 738 . PCT/US2012/023418
, and S4 are used to determine
Monttored Component Sensor Tvpe QCutput
51 Pumping Station 1 Power Monitoring Device mW / Flow Rate
82 Pumping Station 2 Thermal Imaging Camera Operational Status
{On / Off)
53 Pumping Station 3 Power Monitoring Device mW / Flow Rate
S4 Pumping Station 4 Thermal Imaging Camera Operational Status
{On/ Off)
S5 Fractionation Facility Thermal Imaging Camera Operational Status
{On/ Off)
86 Storage Facility / Tank(s) Thermal Imaging Camera(s) Level / Volume
S7 Ship Visual or Thermal Imaging Draft / Flow Rate

Camera(s)

Table 2

Referring now to FIG. 13, the outputs from S1, 82, 83, and S4 are used to determine

power changes at each pumping station along the pipeline 210, which ¢an then be used to

determine flow rate of the crude oil through the pipeline 210, as indicated by block 300 of

FIG. 13, and that flow rate data is stored in a database at & central data processing facility.

The output from S5 is used to determine the operational statug of the fractionation facility

212, as indicated by block 302 of FIG. 13, and that operational status informaiion in also

stored in database at the central data processing facility. The output from S6 is used 1o

measure ait amount of the ¢crude oil in storage at the storage facility 214, as indicated by

block 304 of FIG. 13, and that measurement data is also stored in a database at the central

data processing facility.

At the central data processing facility, an analysis is performed on the fiow rate data,

the operational status information, and the measurement data to determine total “balances™ of

the erude oil in different functional parts of the network, as indicated by block 310 of FIG.

13, For example, with respect this exemplary network, “balances” of interest to market

participants would include, but are not limited to: the amount of crude ofl flowing into the
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5 power changes at each pumping station along the pipeline 210, which can then be used to
determine flow, rate of the crude oil through the pipeline 210, as indicated %block 300 of FIG. 13, and
that flow rate data 5 otéfed in a database at a central data processing fggiﬁty.szf'hzéa%sdfgut from S5 is
used to determine the operational status of the fractionation facility 212, as indicated by block 302 of
FIG. 13, and that operational status information in also 10stored in database at the central data
processing fagiityril hte extpuhiron Sissesde Maasikean amemtiofthewiige:oll in storage at the.
storage facility 214, as indicated by block 304 of FIG. 13, and that measurement data is also stored in
a database atthécentadatd prdeces Simgifacilitgt it 1w gentradidataprocessing facility, an analysis is
performed on the flow rate data, 15the operational status information, and the measurement data to

determine total "bal3HEELeSFIHR AHdd SN Tt PARREBFATBLSHE SYOHBRHENISK ™Ss indicated by
block 310 of i@, 13, der Sxampig it iesrsrhihisexemplany netuotk-<halanges,of interest to
market participants would include, but are not limited to: the amount of crude oil flowing into the
network at a givesstitheibe iamblidpoficrute wibin stondierily tiesnetlyatckeat @ gisten time; and/or the
amount of crude oil flowing out of the network at a given time. Referring still to FIG. 13, once the
analysis has BeEHEBMReRrAioPRGE A-Ab bt fratwaTare a¥misETed that 87t the network can be
communicated to market participants and other.Sinterested parties,...e., third parties.who would not
ordinarily have reac ch%ocnegs&lt%é? &g rlnnao?}‘r?glt%i ’arétg ?ﬂ@@"ﬁé&j’l lt%‘;;eafgrcgl?b o 6fcf'%)ﬂl'rslmc‘cl)lfziltyti:-,mplated and

preferred thatguehcommunicationda third-party market pamtinipaniseowebhr.achigved through
electronic mail delivery and/or through export of the data to an access-controlled Internet web site,
which third-pahiydratkeepkattieipartycan @eeedky thebagbranod o irererérewseeiprogram, such
10as Microsoft Internef Explorer. Of course, communication of information and data to third- party
market p%\(?ticiﬁ)sazﬁfgr?ﬁgiﬁ/hg S W B SRS thTBUGH S g 6)5 ?éwtbq“oﬁ‘??ec}af?ﬁ 8WHGCommunications
media without,departing frem,the sRrikand ScoReIRi NG RIEFELIBVERIODE other known

comnmumications media without departing from the spirit and scope of the present invention,
| FIG. 14 is a schematic representation of the core components in an exemplary
implementétion of the method and system of the present invention. As shown in FIG. 14, the
15 central data processing facility 10 includes a first database 20, 2 second database 22, and a
third database 24. Of course, these databases 20, 22, 24 ‘(:Ouid be integrated into a single
database at the central data processing facility 10, Furthermore, the central data processing
facility 10 hosts a digital computer program, i.e., computer-readable instructions stored and
executed by a computer, that includes appropriate modules for executing the requisite
20 routines and subroutines for performing the operational steps of the present invention, Thus,
an exemplary system for determining an amount of a hiquid energy commodity stored in a
tank in accordance with the present invention includes: (a) a storage measurement module 49
for recetving and analyzing collected images of one or more storage facilities to measure an
amount of the liguid energy commodity in storage at cach of the one or more storage

25 facilities, and storing that measurement data in a first database 20; (b) a flow rate
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FIG. 14 is a schematic representation of the core components in an exemplary implementation of the
method and system of the present invention. As shown in FIG. 14, the 15central data processing
facility 10 incl&%égézﬂr]gfﬁatabase 20, a second database 22, and a third GAEBLEEP2 of course,
these databases 20, 22,24 could be integrated into a single database at the central data processing
facility 10. Furthermore, the central data processing facility 10 hosts a digital computer program, i.e.,
computer-readablgiinatictions steredant £xLGHHRL Y }eQMBMEE hat nclidesappropriate modules
for executing the requisite 20routines and subroutines for performing the operational steps of the
present inventishmddnas; firk exeinplanesystientfoodetirmifingapamaoiunt of agipglick@nergy commodity
stored in a tank in accordance with the present invention includes: (a) a storage measurement module

40 for receiviﬁ‘ﬁﬁﬂ"éﬁéﬁ?‘%iﬁ@e BﬁiﬁwimﬁééQOW@d? Fﬁﬁ?éegfé‘i%@‘@efﬁ‘éilﬁ?éé%i‘?ﬁeasure an
amount of the ligyjgl aneray, Gommodity, in, S1osa9e, al & %19&}@&9@&% MOre,SiOIags, 2ofacilities, and

storing that measurement data in a first database 20; (13) a flow rate determination ﬁmdule 42 for
receiving and feessing measdenaenisofihenlactia.potentakand magnedicsthns gensities
associated with power lines for pumping stations on a pipeline to determine a flow rate of the liquid
energy commbditpiraeishssdietramsiseline faddigtbrng thd Howalate dedalii@feecond database 22;
c) an operational status module 44 for receiving.5and processing information ahout an operational
Status of a prOCES G TSR el g Tl Do SRS BT T e e Batabase 24: ()
an analysis madujR:aier SRMiBathe datRRaAses 20:4R. fuandanalvang.the/mgasurement data,

the flow rate data, and the operational status information to determine a balance of the liquid energy
commodity in tresietalorkacelecsélpeted horbn theveolat: agivenr tmeruandife) acommunications
module 1060 for communicating information about the liquid energy commodity to a third-party market
participah?.  SONEEPBrEIRYRR KA IAR BrEWDF HOBE GRS SRR ISP EsE s and
implementati%ﬁigﬁgﬁlso possible without departing from the teachings of the present invention. This
detailed description, and particularly the specific details of the exemplary 15embodiments and
implementations distlesedriinaremilisngivan phinatphieriekoddiyohal embodiments and

implementations are also possible without departing from the teachings of the present
invention. This detailed description, and particularly the specific details of the exemplary

15  embodiments and implementations disclosed therein, is given primarily for clarity of
understanding, and no u;nlccessary Hmitations are to be understood therefrom, for
modifications will become obvious to those skilled in the art upon reading this disclosure and

may be made without departing from the spirit or scope of the invention.

31



understanding, and no unnecessary limitations are to be understood therefrom, for modifications will

become obvio\%s tz%ltzk}i)ls%gskilled in the art upon reading this disclosure aPr(':dr may. Bez%ade without
departing from hé Splrl% or scope of the invention. CLAIMS What is claiméq is: PR & hod for

collecting and analyzing operational information from a network of components associated with a liquid
energy commaodity, comprising the steps of: measuring an amount of the liquid energy
commodity in 8iorgg@e at one or more storage facilities in the network, and storing that measurement
data in a first database at a central data processing facility; determining a flow rate of the liquid
energy commdity incbireedrisnore selected pipelines in the network, and storing that flow rate data in a
second database at the central data processing facility; ascertaining an operational status of
one or more processing facilities in the network, and storing that operational status information in a

third database at the centighdata RrecessINGfAGH N ing oper@RAIVARG NG MeaSHERMENt data, the flow
rate data, and the operational status information to determine a balance of the liquid energy

commodity in ¢heometnarkasroaseledted jgordiontyerevhat o, givanitingeheamgs of: communicating
information about the balance of the liquid energy commodity to a third-party market participant. 2.The

method as recited in clairf i A TERTRRiGURF EHEfG CorRATRAE I THE Gl one or

more storage facilities in the network, and storing that measurement data in a first databasc at
a central data processing facility;

determining a flow rate of the Hquid energy commedity in one of more
selected pipelines in the network, and storing that flow rate data in a second database at the
central data processing facility;

ascertaining an operational status of one or more processing facilities in the
network, and storing that operational status information in a third database at the central data
processing facility;

analyzing the measurement data, the flow rate data, and the operational status
information to determine a balance of the liquid energy commodity in the network or a
selected portion thereof at a given time; and

commumicating information about the balance of the liquid energy commodity

to a third-party market participant.

2. The method as recited in cleim 1, in which the liquid energy commodity is

crude oil.
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WO 2012/112759PCT/US2012/025418 3. The method as recited in claim 1, in which the first
database, the second database, and the third database are integrated into a single database at the
central data proeé¥sinty Becility. 4. The method as recited in claim 17T e Sep of
measuring the amount of the liquid energy commaodity in storage comprises the sub-steps of:
periodically conducting an inspection of one or more tanks of a particular storage facility, including

collecting one or mare images.af gach tank; tiansmiting e colleiasimages.gfeach tank to the

central data processing facility; and analyzing the collected images of each tank to determine a liquid
level for eachdastse, and Thekhiel methed-asiresied itclairyéd dwheseinfaeoolibtted images are infrared
images acquired by a thermal imaging camera. 6. The method as recited in claim 5, wherein a
method of detetiigreédedds applied to each collected image to find the location of tanks in each
collected image and then to identify the liquid level in each tank. 7. The method as recited in claim
1, wherein, as part of the step of determining '

4, The method as recited in claim 1, in which the step of measuring the amount
of the liquid energy commodity in storage comprises the sub-steps of:
periodically conducting an inspection of one or more tanks of a particular
storage facility, including collecting one or more images of cach tanl;
-~ transmitting the collected images of each tank to the central data processing
faciiity; and
analyzing the collected images of each tank to determine a liquid level for

each tank.

5. The method as recited in claim 4, wherein the coilected images are infrared

images acquired by a thermal imaging camera.

6. The method as recited in claim 5, wherein & method of detecting edges is
applied to each collected image to find the location of tanks in each collected image and then

to identify the liquid level in each tank.

7. The method as recited in claim 1, wherein, as part of the step of determining
the flow rate of the liguid energy commodity in a selected pipeline in the network, a power
monitoring device is positioned to monitor power lines supplying electric power to a
particular pumping station on the selected pipeline, said power monitoring device including

sensing elements responsive to electric potential and magnetic flux densities associated with
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the flow rate of the liquid energy commodity in a selected pipeline in the network, a power monitoring
device is positioned to monitor power lines supplying electric power to a particular ?umping station on
the selected p%%ﬁ?fé’,lé%?ﬁ? power monitoring device including sensing e%&%@ﬁ b7 EjS|c5)‘§)1r815ive to electric
potential and magnetic flux densities associated with the power lines, therefore allowing for a
measurement of electric potential and magnetic flux densities associated with the power lines, and
thus a determ{ﬁl«};ml%gr?w&%%wﬁg 10YatheRALHEIBF DURRING.SAIAN magnic Hhe method as
recited in claim 1, wherein, as part of the step of ascertaining the operational status of one or more
processing fadiitiessimstheané twrie adierinad, immaing damenatispdsitiened foracduiteethermal data
from one or more units of a selected processing facility. - 9. The method as recited in claim 8,
wherein the tHEFATXPIRISERIE E&liffera is positioned to acquire thermal data from one or more stacks of
the selected processing facility. 10. A method for collecting and analyzing operational information
from a network of components associated with a liquid energy commodity, comprising the steps of:
using a thermal imaging camegsade Lolael imagesialanamneinare Sieragefacitifiesiig the network,
transmitting the collected images to a central data processing facility, and analyzing the collected
images to megsusraiveaitinitod P el fopicpenseriie éshmbaithd acstorhgeuieasheeiehe one or more
storage facilities, and storing that measurem nt gata in a first datab?se ?t tteizle central data processing
facility; R BT O F S P I BROE T TR SRIEoTIR G T U S TS BovWar Tihes supplying
electric powerfgglggrticular pumping stations associated with selected pipelines in the network, each of
the one or more power monitoring devices including sensing elements responsive to electric potential
and magnetic flux densities associated with the power lines, therefore allowing for a measurement of
electric potential and magnetic flux densities associated with the power lines, and thus a determination

of power consumed’by eadk AR El&FHE T StatiBrc T thiEn €t 8atéd o a flow rate of the

lquid energy commadity. i eachsslreied Bipallng InIhepRtwer Audeiatna thatlgy rate data in a

second database at the central data processing facllity; using a thermal'imaging camera to
ascertain an operational status of one or more processing facilities in the network, and storing that
operational status information in a third database at the central data processing facility;

analyzing the meastifemehingtta inedevinateddatlyzmadniretiope iafionatistinms 4 ntoraiiation to
determine a balance of the liquid energ commod’i%in the network or selectied portion thereof at a

given time: anff ©mPOPeRHSAHTE SHkG RSP SBBH I  BAIEHER 87 TR f§uid energy commodity
to a third-party market pagligipant.;mar irkkinkREBEHQHAS [86HEd IMEla Mot dRgyhich the liquid
energy commodity is crude oll.

facilities in the network, transmitting the collected images 10 & central data processing

facility, and analyzing the collected images to measure an amount of the liquid energy

commodity in storage at each of the one or more storage facilitics, and storing that

measurement data n a first database at the central data processing facility;

positioning one or more power monitoring devices to monitor power lines

supplying electric power fo particular pumping stations associated with selected pipelines in

the network, each of the one or more power monitoring devices including sensing elements

responsive to electric potential and magnetic flux densities associated with the power lines,

therefore allowing for a measurement of electric potential and magnetic flux densities

associated with the power lines, and thus a determination of power consumed by each
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12. The method as recited in claim 10, in which the first database, the second database, and the third
database _are‘iﬁrlléeZ%E%tle%SiQto a single daltabase a_t the central data proce&sllﬂggﬁgéﬂ%m .13. A s_ystem
for collecting and anallyzmg operational information from a network of components associated with a
liquid energy commaodity, comprising: a storage measurement module for receiving and
analyzing collected images of one or more storage facilities to measure an amount of the liquid energy
commodity ingstacagepahsackaiiienne onnesivege Reiliiesrsteriggcushyneasurement data in a
first database; a flow rate determination module for receiving and processing measurements
of electric potermiabdindreryndticedpirdensitibs mbvokiaddioits peviermedforpumping stations on
one or more pipelines to determine a flow rate of the liquid energy commodity in each of said one or

more pipelineS RO AR EEEh AOH TR HARH S $/BH database; an operational status module
for receiving and processjng infarmation ahout.an ePRLational SaliR.of Rresessing facility, storing
that operational status information in a third database; an analysis module for querying the first
database, thenseepnc:dainhasiesaindhthethird detabagotanchandalyzing:ihafreasurégment data, the flow
rate data, and the operational status information to determine a balance of the liquid energy
commodity intHé frétbaeR Sic &°SErb SeEPIR6PEHE (ETEHT at a given time; and a communications
module for communicating information about the liquid,energy, commodity to a third-party market
participant. 14. The syg{l;ézrlﬁga}gerglg?tsén ?ﬁe%%eeftﬁ"iqf c,hlonwv{/ gIC e%t’ aenlﬁr%% ﬁéﬁ% ‘%‘S@?‘%‘% second
database, ang,thethireksdaiabase asadnegraedinterd: singlendatanase. network % A method for collecting
and analyzing operational information from a network of components associated with crude oll
transport, consgeited gatitiengtepsioh a given timgsimg a thermal imaging camera to collect images of one or
more storage tanks in the network, transmitting the collected images to a central data processing
facility, and analyzing the*¥SMIEH R TER L RHERY PE P A Uit 16?“&‘}ﬁﬂeég5ﬁ(iﬁ"fﬁé“3ne or more
storage tanks, angd.staring fhat, measiprgment data in a first database at the central data processing
facility; positioning one or more power monitoring devices to monitor power lines supplying
electric power to particular pumping stations associated with selected pipelines in the network, each of
the one or more power monitoring devices including sensing elements responsive to electric potential
and magnetic flux densitié8ea8eBedataacitatinreiBddr s i Spsfo FaCAICRAMECY & measurement of
electric potentialdanql magnetic flux densities associated with the power lines, and thus a determination
of power consumed by each particular pumping station, which, is then correlated to a flow rate of
crude oil in each selected pipeline in the network, and storing that flow rate data in a second database
at the central data processing facility; using a thermal imaging camera to ascertain an
operational status ofZone Bremueteoprocedsiny dauilitizdriniick thefiwrd deehrid Storinepdhat operational

status information in a third database at the central data processing facility;
database, and the third database are integrated into a sigle databasc at the ceniral data

processing facility.

13. A system for collecting and analyzing operational information from a network
of cormponents assoctated with 2 liquid energy commodity, comprising:
a storage measurement module for receiving and analyzing coliected images
of one or more storage facilities to measure an amount of the liquid energy commodity m
storage at each of the one or more storage facilities, storing such meagurement date in a first

database;
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analyzing the measurement data, the flow rate data, and the operational status information to
determine a %@%ﬁ;ﬁg%&lde oil in the network or a selected portion thereof aj.a given time; and
communicating Information about the balance of crude oil to a third-party market participant. 16.
The method as recited in claim 15, in which the first database, the second database, and the third
database are integrated into a single database at the central data processing facility. 17. The
method as recited in claimfby; iacwhichinfomaiion Lo mrivaicaleréocttiegthisshpatinmarket participant
is an amount of crude oil in storage in the network at the given WO 2012/112759PCT/US2012/025418
18. The metheftFlagiepiteefim AbipacsiqiwyHrebtipferratieh Caraghieatder tyus&hird-party market
participant is an . amount of crude oi .flowi?lg into the.networ ver a iven timen% riod. 19. The

tations on pne ormore pipetines 1o determine a flow rate of.the 1 eperoy o ify m ..
method as re&ed i P TR FPRAER IRIGTIANION cCommunicated to e TR party market participant

is an amount ofcrdaQikflowing utiekihgnsiweikmveta SieN.tinasRakiaskse;  20. A method for
monitoring transport of crude oil in a network that includes a production source, a pipeline, a
processing facility, and omgcpemtone! stovagedanks reeivipgisidgthesstgpsi@mation aboypositioning one or
more power monitoring devices to monitor power lines supplying electric power to selected pumping
stations asso&iatBaAAtA B e B ER b RRE Rl Eaa iy LBPeaiahE the processing
facility, each %;Q&%ggseor more power monitoring devices including sensing elements responsive to
electric potential and magnetic flux densities associated with the power lines, therefore allowing for a
measurement of electric potamtdl anduroagretiiiimdensites.asseciated widhdheapower lines, and
thus a determination of power consumed by each selected pumping station, which, is then correlated
to a flow rate f drisdiéaslizls thepipaiirebamdestomss! di foWrateiudaa mbtirspusiatase at a central

data processTt%}‘ac?otXﬁ i using a Egg{l%nalf@a}%}g camera to %scertﬁn n operational status of

. S n 10 deter .0 energy COmmoaGity 1n Nnetwo; T &
the processing aCllniJ Y, ana sf)orlng]%hat opera?lona S iUS m‘rl%rmatlont?’n a secon doatabase at the

central data pracessiadifaciityss ot a givenisiRGguthermal imaging camera to collect images of the one or
more storage tanks, transmitting the collected images to the central data processing facility, and
analyzing the collected imagesitoitagaswreien fancountwtandefoinitidchebomaholimare storage tanks,

and storing that measurement data in a third database at the central data processing facility;
energy commodity to a third-party market participant.

14.  The system as recited in ¢laim 13, in which the first database, the second

database, and the third database are integrated into a single database.

15. A method for collecting and analyzing operational information from a network
of components associated with crude oil transport, comprising the steps of:
using a thermal imaging camera to collect images of one or more storage tanks
in the network, transmitting the collected images to a central data processing facility, and
analyzing the collected images to measure an amount of crude oil in the one or more storage
tanks, and storing that measurement data in a first database at the central data processing

facility;
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analyzing the flow rate data, the operational status information, and the measurement data to

determine a b@g%{el%fz%gdg oil in the network at a given t!me; and PCTI&&@@)&QH?MQ information
about the balance of crude oil to a third-party market participant. _

positioning one or more power monitoring devices to monitor power lines .
supplying electric power to particular pumping stations associated with selected pipelines in
the network, each of the one or more power monitoring devices including sensing elements
responsive to electric potential and magnetic flux densities associated with the power lines,
therefore allowing for 2 measurement of electric potential and magnetic flux densities
associated with the power lines, and thus a determination of power consumed by each
particular pumping station, which, is then correlated to a flow rate of crude oil in each
selected pipeline in the network, and storing that flow rate data in a second databage at the
central data processing facility;

using a thermal imaging camera 10 ascertain an operational status of one or
more processing facilities in the network, and storing that operational status information in a
third database at the central data processing facility;

analyzing the measurement data, the flow rate data, and the operational status
information to determine & balance of crude oil in the network or a selected portion thereof at
a given fime; and

communicating information about the balance of crude oil to a third-party

market participant.

16. The method as recited in claim 15, in which the first database, the second
database, and the third database are integrated into a single database at the central data

processing facility.
17.  The method as recited in claim 15, in which informsation communicated to the

third-party market participant is an amount of crude cil in storage in the network at the given

fime.
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18.  The method as recited in claim 15, in which information communicated to the
third-party market participant s an amount of crude oil flowing inte the network over & given

time period.

19,  The method as recited in claim 15, in which information communicated to the
third-party market participant is an amount of crude cil flowing out of the network over a

given time period.

20. A method for monitoring transport of crude oil in a network that includes a
production source, a pipeline, a processing facility, and one or more storage tanks,
comprising the steps of:

positioning one or more power monitoring devices to monitor power lines
supplying 2iectric power 10 selected pumping stations associated with the pipeline extending
between the production source and the processing facility, each of the one or more power
monitoring devices including sensing elements responsive to electric potential and magnetic
flux densities associated with the power lines, therefore allowing for a measurement of
electric potential and magnetic flux densities associated with the power lines, and thos a
determination of power consumed by each selected pumping station, which, is then correlated
10 a flow rate of crude oil in the pipeline, and storing that flow rate data in a first database at a
central data processing facility;

using a therma! imaging camera to ascertain an operational states of the
processing facility; and storing that operational status information in a second database at the

central data processing facility;
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using a thermal imaging camera to collect images of the one or more storage
tanks, transmitting the collected images to the central data processing facility, and analyzing
the collected images to measure an amount of crude oil in the one or more storage tanks, and

storing that measurement data in a third database at the central data processing facility;

analyzing the flow rate data, the operational status information, and the
measurement data to determine a balance of crude oil in the network at a given time; and
communicating information about the balance of crude oil to a third-party

market participant.
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