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BACKGROUND OF THE INVENTION

20 The present invention related to a method and system for determining an amount of a

liquid energy commodity, such as crude oil, natural gas liquids (NGL), and other liquid

hydrocarbons, in storage in an underground cavern.



20The present invention related to a nmethod and system for determ ning an
anount of a liquid energy commodity, such as crude oil, natural gas |iquids
(NG), amsoapteerodsiqui d hydrocarbons, in storage in an ®adasgeieoad3tavern
WO 2012/ 119054PCT/ US2012/ 027437 Li quid energy commodities, such as
crude oil, natural gas liquids (NG), and other liquid hydrocarbons,
conprise a nulti-billion dollar econom c market. These commbdities are

bought and sol.d by man rties, and as with any trade ket, information
obout ¢ ho. g anten IR e B srudSe Dubrud s MRS INDD et agu
Specifically, the operations of the various 5conponents and facilities of

t he prhydipseibens. comprispbmulit-pidlion dallsr gepaoman matkicst Fhesacpmmostios arsbqught each
of these commodities can have significant inpacts on the price and

avai | abd keldypyohartyhyesteescanirasdiith awy, travdel inngkdtnhémrmatiooabatd thettrasled d oper at i ons
val uabl e. Furthernore, such information generally is not disclosed publicly

by t heomaiddais i€ o0& AaRAblc QYRR PhrtiopRAB! Sg&iﬁ@dﬁ , BROPSELIbA Sfxhélvarious
information is therefore limted. 10 SUVWARY OF THE | NVENTI ON The
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ot her li,quid hydrocarbons, .in storage.in an upnderground cavern..l15ln
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pond in a particul ar underground storage. |location is researched using

publ i CPMAdLiss appling dfapatog abopisigid oncrativat F%ﬁﬁ?les Epgharmoee, swillgi ng, SONAR,
hydrographi c Li DAR or other nethods. Al physical contours and other

r el evamformaticor geatialy i disctased bublisly bothd, variaed eodipegentfaymesxempleatorpond
wal | sl ope(s), k or ki, maxi mum pond depth, zo, pond perineter as a

f unct iaad acdesdpiall, inR{rmhtion Bl thierefodd limited.

10
SUMMARY OF THE INVENTION
The present invention is a method and system for determining an amount of a liquid
energy commodity, such as crude oil, natural gas liquids (NGL), and other liquid hydrocarbons,
in storage in an underground cavern.
15 In accordance with the method and system of the present invention, each brine pond in a

particular underground storage location is researched using publicly available resources, visual
inspection, satellite imaging, SONAR, hydrographic LiDAR or other methods. All physical
contours and other relevant information about the brine pond, including, for example, pond wall
slope(s), k or k;, maximum pond depth, z,, pond perimeter as a function of depth, P(z), volume of
20  pond at maximum depth, ¥, and pond areas as a function of depth, A(z), are stored in a database.
From this information, a function is derived that describes the brine pond volume, V(z),
which is the volume in underground storage, as a function of the depth, z, of the brine pond at

any given time.



20 pond at maxi mum depth, Vo, and pond areas as a function of depth, A(z),
are stored in a database. Fromthis information, a function is
derived twatom¢gersibes the brine pond volume, V(z), whi eoTits2a1b®27M6T une in
under ground storage, as a function of the depth, z, of the brine pond at
any given tinme. WD 2012/ 119054PCT/ US2012/ 027437 The type of liquid
energy comodity(ies) in the underground storage caverns associated with

each pond i are). al sp researche d t ata is stored in the

dat abase.  ThetS ARGl i Gugparii o bnuufireSudo P Seerbisg st
brine pond at the particul ar underground storage | ocation is conducted, for
exanplvath ggich pand jsyai) elsereesgarghedy altqgwt%labdartﬁ@ S}?ﬁfﬁ%!ﬁ tefajahessr est in the frame
of reference or an aircraft carrying a canera that flies over the |ocation.
Such an i ndrestamonpicdatmdesd sdhedwde,cuuiisspectoon of caohbrioe porar & thd sradulammages  of
the brine pond. The acquired i mages of each brine pond are then

pr ef enabérgrdund Romdet|8€htioh iQco@OEd| foPE-OREHS ivitda fiR€d tdnidta withe@haBEhy podds
i mges are then anal yzed, preferably through the use of a digital conputer

pragr %rrtnté?aa ih A 9he amtarédc% dran taﬂcﬂalﬁ%a INGnRef hefigs briidetidon and

trace t wo contours over |nage rst contour represents the top
resents t he of the brine

edge ﬂ tour e
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acquired usrng a noving franme of reference, such as inm taken from an
ai rpl ane or hﬁépﬂet?&tletages o Fring RPnd a6 Hch erelerably tr%%m%tréé%a CEMERh vari abl e
angles of inclination with respect to the frame, it is preferred to
i nt r odnewssanpfagiipy.otessiquyed trageonhesr thempnal iz d; m@@lﬁﬂmjoltglhém usegd@ci at ed
contours are transforned to a conmmon frame of reference before subsequent
pr ocesligingconp@ss propanavenafpempdapands Gubake thafighedivet weidentiffand aatour s
is determned froma
10 two contours over the image. The first contour represents the top edge of the pond, and the
second contour represents the level of the brine within the pond at the time the image was
acquired. If the imagery is acquired using a moving frame of reference, such as imagery taken
from an airplane or helicopter, in order to minimize error introduced from variable angles of
inclination with respect to the frame, it is preferred to introduce a pre-processing step where all
15  images and their associated contours are transformed to a common frame of reference before
subsequent processing.
Then, the average perpendicular distance between the contours is determined from a
predetermined number of discrete measurements. Multiplying the average perpendicular
distance by the slope of the wall of the brine bond gives the depth, z, of the pond.
20 With the depth, z, the volume of the pond is then estimated using the volume function,
Viz).

Finally, the amount of the liquid energy commodity in storage is determined. In many

cases, the estimated volume of the brine pond is assumed to be approximately equal to the



predet erm ned nunber of discrete neasurenents. Miltiplying the average

per pendi cul ar di stance by the slope of the wall of the brine bond gives the
dept h, z,wofotdmo@and. 20Wth the depth, z, the vol une @CTiuseolpoE37s t hen
estimated using the volunme function, V(z) . Finally, the anount of the
liquid energy commodity in storage is determ ned. In nmany cases, the
estimated vol une of the brine pond is assuned to be approximtely equal to
the WD 2012/ 119054PCT/ US2012/027437 vol.une of the |iquid ener commodi ty
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Once the anal ysis of each brine pond in a particular |ocation is conpleted,
i nf or MEE®ANGbout the estimted vol umes can then be communi cated to market
partici pants and other 5interested parties, i.e., third parties who would
not or di narQdcy theeamlyssadicactclsspand i a phrticnfao tavatioron cabpldted, foamasiont  of
liquid energy commodity in underground storage at a given tine. DESCRIPTI ON

OF THEbHIRAWY MEgh @ dRumds ¢an théh BeEdnhuhiiREE tdhakebpdri€ipRAQEhd than enpty
state, with nultiple contours traced

5  interested parties, i.c., third parties who would not ordinarily have ready access to such
information about the amount of liquid energy commodity in underground storage at a given

time.

DESCRIPTION OF THE DRAWINGS
10 FIG. 1 is an aerial image of a brine pond in an empty state, with multiple contours traced
over the image;
FIG. 2 is a plot of the contours of FIG. 1 as digitized into X-Y coordinates;
FIG. 3 is a plot illustrating an area function calculated as a function of the depth of the
brine pond of FIG. 1;
15 FIG. 4 is an aerial image of the brine pond of FIG. 1 when the brine pond is storing a
significant volume of brine;
FIG. 5 is a plot illustrating the application of a 2D linear transform to the image and
contours of FIG. 4,
FIG. 6 is a plot illustrating how the average perpendicular distance between the contours
20  in FIG. 4 is determined from a predetermined number of discrete measurements;
FIG. 7 is an image of the edge of a particular brine pond, showing a series of markers at

spaced intervals near the edge of the brine pond;



over the image; FIG 2 is a plot of the contours of FIG 1 as digitized

I nto X-Y coordi nates; FIG 3 is a plot illustrating an area function
cal cul at esoas12aipesact i on of the depth of the brine pondPofi/usk@32/0274315FI G 4
is an aerial imge of the brine pond of FIG 1 when the brine pond is
storing a significant volunme of brine; FIG 5is a plot illustrating
the application of a 2D linear transformto the image and contours of FIG

4, FIG 6 is a,plot illustrating, how t aver age perpendi cul.ar distance
between ©hdTGonRLIY BT O et harlurionadY o SRS e el el unber

of discrete neasurenents; FIG 7 is an inmage of the edge of a particular
bri ne oh@cmetipdancheystens ek the srasentriayaesies; aad spaced i nterval s near the edge
of the brine pond; WD 2012/119054PCT/ US2012/ 027437 FIG 8 is a flow
chart depi AlGngisthehgaatee siprdsematiomomzhe tore ebmannaenil @amyputarplysemnbabi on of
the nethod and system of the present invention; and

exemplary implementation of the method and system of the present invention.

5
DETAILED DESCRIPTION OF THE INVENTION
The present invention is a method and system for determining an amount of a liquid
energy commodity, such as crude oil, natural gas liquids (NGL), and other liquid hydrocarbons,
in storage in an underground cavern.
10 In addition to aboveground storage, liquid energy commodities, such as crude oil, natural

gas liquids (NGL), and other liquid hydrocarbons, are stored in underground caverns. In North
America, these caverns are typically man-made, hollowed out of a geological salt formation by
pumping in water and extracting the brine in a process known as “solution mining.” It is
common for large reservoirs of national emergency supplies of crude oil, the so-called Strategic
15  Petroleum Reserve (SPR), to be stored in such underground caverns. The United States SPR is
stored in underground caverns in Texas and Louisiana, and the SPR caverns generally range in
capacity from 6 to 35 million barrels. See http:/www.fe.doe.gov/programs/reserves/spr/spr-
sites.html.
For another example, natural gas liquids (NGL) are another liquid energy commodity that
20 is commonly stored in underground caverns. One of two major storage hubs in the U.S. is in
Mont Belvieu, Texas. The storage area includes approximately 34 underground caverns with a

total storage of about 100 million barrels.



FIG 9 is a schematic representation of the core conponents of a conputer
systemin an exenplary inplenentation of the nethod and system of the
present iwoentZ/oms545 DETAI LED DESCRI PTI ON OF THE | NVENTIPCWUS2012/027HRE
present invention is a nmethod and system for determ ning an anount of a

| iquid energy compdity, such as crude oil, natural gas liquids (N&), and
ot her liquid hydrocarbons, in storage in an underground cavern. 10In

addition t ovegrqund storage, liquid energy c di ties, such crude
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and extracting the brine in a process known as "solution mning." It is
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the so-called Strategic 15 Petrol eum Reserve (SPR), to be stored in such
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in Texas and Loui siana, and the SPR caverns generally range in capacity
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mllion barrels. WO 2012/ 119054PCT/ US2012/ 027437 Wthin an
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floats on a volunme of brine. Therefore, associated with a single cavern or
mul tipl e cauerdesnmen @cthotl vitmadftaibingniee nsesbatyobrkeepliirheisaavies an f ul | when the
| iquid energy commodity has been extracted. The brine hel ps naintain the
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When the Il quid energy commodity needs to be extracted fromthe cavern,

bri ne form a closed system, the volume of the liquid energy commodity in storage is approximately
equal to the volume of brine in the brine pond.
In accordance with the method and system of the present invention, each brine pond in a
particular underground storage location is researched using publicly available resources, visual
15  inspection, satellite imaging, SONAR, hydrographic LiDAR or other methods. In this regard, a
detailed understanding of the pond shape and dimensions is required in order to associate a
particular level of brine in a pond with an associated volume of brine contained in the pond. The
simplest case is a brine pond which has been designed to be a rectangular solid shape, where the
depth of brine in the pond directly corresponds with the volume of brine in the pond. In cases
20  where the pond topology is not a simple geometric shape, public sources such as topographically
accurate maps are then used. All physical contours and other relevant information about the
brine pond, including, for example, pond wall slope(s), & or k;, maximum pond depth, z,, pond

perimeter as a function of depth, P(z), volume of pond at maximum depth, ¥;, and pond arcas as



is punped into the cavern, and the liquid energy commodity is displaced
into a pipeline to transport the liquid energy commodity out of the
facility.wohere/tibes4l i qui d energy comodity needs to be iPnjrast@d/oersd t he
cavern, it is punped in and the brine is displaced fromthe cavern. One
common met hod of maintaining the necessary brine volunme is to use an 10
aboveground pond to store the excess brine. If the brine pond and
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of porvchielt is e vatumre de prdergroond stodgpand fanawg cdhe dapth, z, of the brine pond at

2012/ 119054PCT/ US2012/ 027437 a function of depth, A(z), are stored in a

dat abaag givBtcimea dat abase woul d preferably be stored in a nmenory of a
conputer system As will becone clearer in the discussion that follows, the
const ant Vo, s, det g5 froman estimtion of the volunme in the brine
paod at thevﬂgkfﬂugig%ﬁﬁgaepth from engi neering docunentation or frofijan
anal ysis using the same nethods 5 prescribed herein. Vo may al so be
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y 9 sﬁown m EFG 1. In this case, the brine pond is in a substantially empty state as it is under

construction. Then, as also shown in FIG. 1, two or more contours of the brine pond are traced

15  over the image 10. Such contours could also be derived from engineering documentation or
drawings. In this case, there are three contours traced on the image 10: a first contour 20
representing the bottom of the brine pond; a second contour 22 representing the maximum pond
level; and a third contour 24 representing the top of the pond, i.e., the top edge of the berm
surrounding the brine pond.

20 Once the contours have been identified and traced over the image 10, those contours are
digitized into X-Y coordinates, as shown in FIG. 2

The area bounded by each of the contours is then calculated.



10V(z) =A(z)dz(1) For exanple, in determ ning physical contours of a
particul ar brine pond and establishing a volune function based on the
physi cal worburgosef the brine pond, an image 10 i s acqeCras0@92B8DWn in
FIG 1. In this case, the brine pond is in a substantially enpty state as
it is under construction. Then, as also showmn in FIG 1, two or nore
contours of the brine pond are traced 15 over the image 10. Such contours

could al so.be derived from engi.neerijn ocu tation or drawings., In this
cose. thor JIEAGLTER (OREHIRG (i GoUZ AT FHE O Ao nRor. Anr e st agiie Ber 20
representing the bottomof the brine pond; a second contour 22 representing
t he naXstrita IpdistermsNeg the dapthas torgatelado i gyeraga pereprdigdstdisignachstwesp of t he
pond, i.e., the top edge of the berm surrounding the brine pond. 200nce the

cont ogach tmvaurheé the aattur P# echresedting the eéah ofvtbe poink Theadppthl @, oftdadls eortowt our s
are digitized into X-Y coordinates, as showmn in FIG 2 The area bounded by
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The next step is to deternmne the depth, z, for each of the contours. In
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known from engi neering docunentation or other sources, or the slope can be
esti mat ed Bastdy vomgledomshiegesssion besthemppoanressiithe porrdeacionstion did) ois.
Lastly, using a linear regression or other appropriate fitting, an area
f unct icalbulafddzp a fusctival dfuhep@d dpthaz.f Bocdxamplabudhhelipanttgespbh is showhan
exanpl e, such a linear regression is shown in

10 the chart of FIG. 3. Specifically, with respect to the example shown in FIGS. 1-3, the areca

function derived from the brine pond in an empty state is:

A(z) = 68057-4352z )

And, the volume of the irregular shaped brine pond is:
15 V(z) = 68057(zp-z) — 4352/2%(z,°-2") + 112017 (3)
where z; equals maximum pond depth, and

where 112017 is a constant to account for a minimum pond volume.

This volume function, ¥{(z), is also stored in the database.
20 The type of liquid energy commodity(ies) in the underground storage caverns associated
with each pond is (are) also researched, and that data is stored in the database. Furthermore,
depending on the source and methods of their production, crude oils vary in chemical and

physical properties and are typically classified by American Petroleum Institute gravity (or API



10t he chart of FIG 3. Specifically, with respect to the exanple shown in
FIGS. 1-3, the area function derived fromthe brine pond in an enpty state
is: A(z) woeBD5(19¢5352z(2) And, the volune of the irregulPar/tsh@poel74dT i ne
pond is: 15V(z) = 68057(zo-z) - 4352/ 2*(z02-z2) + 112017(3) where zo equals
maxi mrum pond depth, and where 112017 is a constant to account for a m ninum
pond vol une. This volune function, V(z), is also stored in the database.

20The type of Jjquid ener co dity(jes) in the underground storage
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is stored in the database. Furthernore, depending on the source and nethods
of t hetaregingeerdasgroued sfeeweelcgtigmel/infaiese HoerAPh number gisysila anfoppafiay t i es
and are typically classified by Arerican PetroleumlInstitute gravity (or

APl Wabadt1R¢ typ® 05 4RAT blIB2QG L1240 7t@ ¢d mutibeladapasehi ch is a nmeasure of how
heavy or light a crude oil is relative to water. If crude oil is stored in
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i nformati on about the type of crude oil nay al so be stored in the database.
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facility, as indicated by block 200, and the established volume function is also stored in the
database 100 of the central processing facility, as indicated by block 202.
Then, on a predetermined schedule, an inspection of each brine pond at the particular
underground storage location is conducted, for example, via a fixed camera with the brine ponds
10 of interest in the frame of reference or an aircraft carrying a camera that flies over the location.
Such an inspection includes the acquisition of one or more visual images of the brine pond, as
indicated by block 300 of FIG. 8. For example, such images could include photographic images,
satellite images, infrared images, or any other type of imagery that would provide delineation of
the boundaries of each brine pond, i.e., the top edge of each brine pond and the level of brine
15  within each pond.

The acquired images of each brine pond are then preferably transmitted to a central
processing facility, as indicated by block 302 of FIG. 8. The acquired images are then analyzed,
preferably through the use of a digital computer program, i.e., computer-readable instructions
stored in a memory and executed by a processor of a computer system. Thus, execution of the

20  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.



5 physical contours of the brine pond are stored in the database 100 of the
central processing facility, as indicated by block 200, and the established
vol ume fuwotzommiipes4al so stored in the database 100 of tireTaSRAI2ZART437
processing facility, as indicated by block 202. Then, on a
predeterm ned schedul e, an inspection of each brine pond at the particular
under ground storage location is conducted, for exanple, via a fixed canera
with the brine. ponds 100of. interest.in the frane qf r rence or aircraft
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ordinary skill in the art. WO 2012/ 119054PCT/ US2012/ 027437 One form
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avai | abl e software program devel op by the National Institutes of Health and
i S avanladPplage at hélicoptet,/in shive b midim@ge\orior introduced fil@mntviafiyblanaglts site t wo
contours over the inmage, as indicated by block 304 of FIG 8. The first

CQOt OUficln8REE ARt SspbiQo HRPTARY St 19 hrdifieedBNAtroRRE ahhepRRERNY sRGAMEAH I
represents the level of the brine within the pond at the tinme the i mage was

acqui ri%g%e&':ai[ng‘ﬂéeﬁr éﬁo&&e@g&{gtﬁl}w !af&atg%svg?teg B ? ?&ﬁl‘;ﬁoﬁ %ﬂl@o 5 r{fﬂﬁgn{;elb%ﬁe” t he

bri ne orrng a Si ica une o rrne, an 1rst and

second contours are traced over this | If the inmagery is
acqui?@@wﬂ§?ﬁ8“§eWHV$ﬁbl Fegted 8ﬂh?%ﬁ%*ﬁﬁgﬁg‘§uch as imgery taken from an
ai rplane or_helicopter, in order to mnimze error introduced fromvariable
angl es of HinRIEINHRACP NS HER hegivsheeting & genssalized gpordinatq tsansfosmenrthy t o
i ntroduce a pre-processing step where al

identified contour to scale each of these contours to physical dimensions. An example of a 2D

15  linear transform is illustrated in FIG. 5. Using the perimeter of the top edge of the brine pond,
which is known from the research on the brine pond, as a reference, the contour of the top edge
of the brine pond is then scaled, sheared and rotated to match the reference. This transform is
exemplified by the equations below and can be accomplished using a software program such as
Matlab®, which is a commercially available software package marketed and licensed by The

20  Mathworks, Inc. of Natick, Massachusetts.

n = GXy + by, +¢ (4a)

Yo=dx, +ey, +f (4b)

10



i mges and their associated contours are transforned to a common franme of
reference before subsequent processing, as indicated by bl ock 306 of FIG

8. Wbhi2812pr1e65pr ocessi hg step begi ns by using a genecalisz&d/oendr di nat e
transformon the identified contour to scale each of these contours to
physi cal di nensions. An exanple of a 2D 15 linear transformis illustrated

in FIG 5. Using the perineter of the top edge of the brine pond, which is
known fromth reseﬁrc@ on . the brine.pond, as .a referegce, t he, cont our of
the t OB G fird BR i AOTBBAL NaY A rERCTSREASHETd COROYT & Patnd” F 814 @8 to mat ch
the reference. This transformis exenplified by the equations bel ow and can
be acEonpintspaeveddiomgthe coefdinge tapsfergatiansdnt-aad Naeredbotrapieeedi s a
comercially avail abl e software package narketed and |icensed by The 20

Mat hwepé@slinatesc. of Natick, Massachusetts. = ax n + byn + c(4a) = dxn + eyn
+f (4b) WD 2012/ 119054PCT/ US2012/ 027437 where xn and yn are the nth

coor di nat e TRitFanSforrRiid $16fcd AB as HtEehcaRRd QUBF vatiables if thetinalgsidpeodessA Ehe
constants derived fromthe coordinate transformation; and X, and /7, are

the transtandsd, ?socﬁ&gigﬁjﬁ’itgg?% "cshe_seconﬁi confgﬂfwh{cﬁ'}ﬂeg'fégbﬂéﬁ@ethée}f tggle@@l &Hhe

intermedi ate set o in the analysis process. T sane transform
is then. a ied to the.second contour ich.is representative of the |evel
of ¢ ndrr Phirethink Redd TREFS ind Bt ol sl ERRERETHE MrbdoBheclS, e
transformare then represented according to the physical dinensions of the
brineaﬁ%ﬁémgéﬁg@I$W§Cﬁﬁ@mﬁmﬁﬁ§§gﬁhﬁP@ﬂQ£?mﬁas been perforned, the average

perpendi cul ar distance ' '
Once the pre-processing step has been performed, the average perpendicular distance

between the contours, Py, 18 determined from a predetermined number of discrete
10 measurements, as indicated by block 308 of FIG. 8.
For example, FIG. 6 illustrates how such measurements are made. Multiplying average
perpendicular distance by the slope of the wall of the brine bond gives the depth, z, of the pond.

Z = KPger (5)

If the slope of the wall of the brine pond varies as a function of the perimeter, the slope

15  can be expressed as a function of the perpendicular distance.
k = k(Pger) (6)
Then, and as indicated by block 310 of FIG. 8, the depth may be computed in the

following manner.

27
Z = %fn " k{Pder(e)]dg X Per (7)

20 where 4 is an angular reference coordinate with an origin inside the pond perimeter.

With the depth, z, the volume of the pond is then estimated using the volume function,

V(z), from equation (3) above, as indicated by block 312 of FIG. 8.
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- der, -- between the contours, Pis determned froma predeterm ned nunber
of discrete 10 neasurenents, as indicated by block 308 of FIG 8. For
exanpl e, WOGo12611pdskust rat es how such nmeasurenents are nrAE/USMIRORTABYI Ng
aver age perpendi cul ar distance by the slope of the wall of the brine bond
gives the depth, z, of the pond. Z = k r(5) I f the slope of the
wall of the brine pond varies as a function of the perineter, the slope
15can be expresse a_.func of t endi ¢ .di st gnce.

as, i on %(ei er %tl af ng (f =
k(Pi er) (6) M cases whgkethe fame of refprgnceq qE‘{F RS 3100TH1C RAPE!S BXCG e dept h
may be conputed in the follow ng manner. Z =k[Pder(0)]d0 x ,27r (7) 20where
0 is &nowngarwetiplbt enetherdors of analptieisvp gptcefrropiougpeecs raitkrepanddmgan and to
peri nmeter. Wth the depth, z, the volunme of the pond is then
est i naleede asinmgetpivee] weh forcadch wottoon, InVWizg y¢gafd, edp@quanagns afSjreabovlestrag
i ndi cated by block 312 of FIG 8. WD 2012/ 119054PCT/ US2012/ 027437
intensity contrasts, i.c., a significant change in intensity from one pixel to the next. There are
5  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. In any event,
once the contour edges have been detected and identified, the areas bounded by a contour
10 representative of the level of the brine within the pond can then be compared to the derived area
function, 4(z), to determine the depth, z, of brine in the pond and hence the volume of brine in
the pond.
In certain circumstances, the pond itself may contain physical markers and/or height
markings which can be used to determine the pond depth. For example, FIG. 7 is an image of the
15  edge of a particular brine pond. As shown in FIG. 7, there is a series of markers 30, 32, 34, 36 at
spaced intervals near the edge of the brine pond. The positions of these markers 30, 32, 34, 36
are fixed. Thus, the depth, z, can be estimated by measuring linear distances in image pixels
from one or more of the markers 30, 32, 34, 36 to the edge of the brine in the pond.
Finally, the amount of the liquid energy commodity in storage is determined, as indicated
20 by block 314 of FIG. 8. In many cases, the estimated volume of the brine pond is assumed to be

approximately equal to the volume of the liquid energy commodity in storage in an underground

cavern associated with the brine pond.
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In cases where the frame of reference of acquired inmages of a brine pond is
fixed or is known geospatially, another formof analysis is to detect

cont our ealgesi2noishe pond i mage and to derive an i mage pCralS2@aee2r48dr each
contour. In this regard, edges in inmages are areas with strong intensity
contrasts, i.e., a significant change in intensity fromone pixel to the
next. There are 5 various nethods and techni ques for detecting edges in an
i mage, which can be generally.groupged into cat egori es: gradi ent and
Lapiaci an ot J A G R G agr bt b R g cem Bl S BORT Hy T or '+ he
maxi mum and mninumin the first derivative of the inmge. A Laplacian

met hodndexed bieBloply 326 ef Bl So dompsion gbedhas estigaeedaertimet ¢apdhesxba he i mage to
find edges. In any event, once the contour edges have been detected and

i dent icbmadinidakeel tamesket lpadtivdedtsbhyd atleo mtengsted Pantiepn es éntdaparties who tvoeld evel

of the brine within the pond can then be conpared to the derived area

funct ingferdalizy havelrbaddeiceésBitdSuchffotamidh abbut Bt abfouftofIfjuidécpgnd and hence
t he vol une of brine in the pond. In certain circunstances, the pond

d
i tgel f, od?t?% ﬁhﬁbrﬁ%ﬁﬁ& agg%{ ﬁ@fv%n FRY @3¢ J&ﬁ}sgﬁyetm%fn 98 VEILEBs ﬁ%?l ?ﬁ .

used to detefmne the pon pt For exanpl e, 7 1S an 1 nmage

15edg f.a particul ar br.i ne nd. As shown.in FIG 7, there is a sefries of
rar kegu gt B8 SEH' Serolfind B 80 OTGART oo Doyt ik dpfRE pona.
The positjons of these narkers,B?, 32,,34,,3§ﬁare fixed. Thu%% t he dept h,
z, canidyi! SeteyrReruERediesat Arapartig et Ineakion o & e GEQUININE ¢hrslsetepDXiBs 80%¢Som one
or nore of the markers 30, 32, 34, 36 to the edge of the brine in the pond.
Fi nal I(§or exéraplantrinetpoofls edrecsporflingitossterngyownithindd particulaseomnpage or the

determ ned, as indicated 20 by block 314 of FIG 8. In many cases, the

est i mah®dns@f ypaifd liguié hpdrooaboondan sls@bs tdtedattd abhecapmpuoixhtedtehyrkegqual to
the volune of the liquid energy coomodity in storage in an underground

cager DaagfReisdn@ G idledefted Biliee RMEhnten¥hR@iRd JAQRAREN/W$2012/ 027437

Once the analysis of each brine pond in a particular |ocation is conpleted,
and as_jndjcat. - Al f. Fl. I e ] ti mated
vol umse L FAEH Pl Rl 2l b hePp B S B BORM Y INER

intereste arti i.e,., third partie o would not. ordinarily have ready
e ces<ropet Beiort i it dsoecor el Rt OreT F gl e RS B e aE £y 1 1
underground storage at a given tine. O course, by sunm ng the volunes in
al | ofthropgh g eomop dpigechbrovierprgeBipiswe! sfMicspsefitiagrnst ExplopyRy Of course,

i nformati on about the total anount of |iquid energy commodities at the

part i comamuniacat obmfemation thé dgr ceifhitdgpadics sedyedtoelot dpcompligeddsofloa wide
exanpl e, brine ponds corresponding to storage owned by a particul ar conpany

onst headsmwibthe@knspe @éﬁm@nﬂcht%ﬂsdnéwamﬁaﬁtmﬁ@iing & nedhs @pivie af@b@pt af #d and
comuni cated to nmarket 1Oparticipants and other iInterested parties. It is

cont enplatedvandnpreferred that such

FIG. 9 is a schematic representation of the core components of a computer system in an
implementation of the method and system of the present invention. As shown in FIG. 9, the
computer system 400 generally comprises a processor 402, a memory (or memory component)

20 404, and an input / output interface 406. The input / output interface 406 communicates with and
receives data from a camera 410, a keyboard 412, and other input devices, and then passes such
data to the processor 402. The processor 402 is also in communication with the memory 404,

which stores multiple modules, including: (a) an image processing module 420; (b) a volume
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comuni cation to third parties could be achi eved through el ectronic nai
delivery and/or through export of the data to an access-controlled Internet
web site,wathdiigrsd users can access through a common | RCErUset12/02dBer
program such as Mcrosoft Internet Explorer(r). O course, conmunication
of information and data to third parties may al so be acconplished through a
w de 15 variety of other known conmuni cations nedia w thout departing from

the spirit .and 0 of the venti on. G, 9 is.a.sche i
Fepr o SalsHTORORC FE EbtT S il ey BmadiEh Cyinhiiph Rl 424

i npl enentation of the nmethod and system of the present invention. As shown
in FI @dyd) aseenmenpaiioas modyleedd04 diie perrspsr H)2 @Wteﬁ shespragsms O ssEpClEs, a
menory (or nenory conponent) 20 404, and an input / output interface 406.
The i re:pﬂmdieddmbemlntoﬁth&se nicglotes 406e ommuouy H@hblss stardslveamd daacdimess dhich from a
canera 410, a keyboard 412, and other input devices, and then passes such

dat a ttke Hrd€csRorRa A8&ss éiﬁﬂuseiﬁ@xwhaﬁ%ﬂ&%stﬂﬁaom s@dhsa éa)rp@@mmrrs &M with
the nenory 404, which stores nmultiple nodules, including: (a) an inmge

i s g §m§%§mg(5“’%p By B A Rt

deternination %gﬂﬁh and (d) a connunlcatlons nodul e 430. The
proceé@gwlfgﬁ fEY HFﬂgmﬁ$%granB of instructions enbodied in each of

t hese nodul es. The nmenory 404 al so stores certajn data el enments which the
processor ébwoa@caé%%bearmﬁ%%lét ihSERBEAIET AGUPIPET Pt ROnAH Y celietRong tq &)
physi cal contours of 5each brine pond, including slope; (b) the volune

f unct ingmbey efcavbrst fpecampld, gud tfemog gyckciontodil t this pandculatbriae gond ke 4 mages.
It should al so be noted that, in sone cases, a nunber of brine ponds may
corr egmmdumw@muﬁbmpr@éﬁmaawmomﬁ? areia BRloeiatcandiithr &fue ké¢pange back to FI G
1, this particular brine pond has a nmaxi mum vol une of approxi mately 480, 000

Oan%nti&g?o%%g%h@érﬁsdw%h hRothdba S8R Al O U 8F QHAIE aMESURE cidet hha t ot al
capacity of 3 mllion barrels of ‘crude oil. In such cases, the mapping of

caver ag)i) 0%9961‘%%) J@l I%na%] %ufﬁea@ot ) ﬁgreh h {hlg %a&%%s%p so?zlat ogurg;g ggtm?{c%éj me

esti ma SSOCI a I’OU onds can etermne vol unes

stored in. orres dln erns
assoc1a et with & grou pon L &8 De'used to determine volumes stored in the corresponding

caverns.
As a further refinement, some underground storage facilities use aboveground buffer
15  tanks to batch process the injections and withdrawals to and from the interconnecting
transportation infrastructure, which includes the pipelines coming into and leaving the facility
that carry the liquid energy commodity. This operational technique is used to maintain pressure
and to account for the rate of transfer to and/or from the facility being faster than the rate of
transfer to and/or from the transportation infrastructure. When buffer tanks are used, different
20  tanks may be used for the buffering of different liquid energy commodities.
When buffer tanks are used to batch process underground storage injections or
withdrawals, the tanks may be monitored with the methods described in commonly owned and

co-pending U.S. Patent Application Serial No. 13/089,674 entitled “Method and System for
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As a further refinenment, some underground storage facilities use
aboveground buffer 15tanks to batch process the injections and wthdrawal s
to and frwmaotes1poster connecti ng transportati on i nfrastr @crase)12mi4gh

i ncludes the pipelines comng into and | eaving the facility that carry the
liquid energy comodity. This operational technique is used to nmaintain
pressure and to account for the rate of transfer to and/or fromthe

facili bei.n ster t the rate of tr er to nd/o romthe

tr ans SO RYROR AR et hE Lisal Elirin Bt i BRGelr Larea g 20
tanks may be used for the buffering of different |iquid energy commodities.
When Bied e Apghk® 281 b wikielyistincaspereted phetseie By rafergegeg ribumeniéar @t4nfj ect i ons
or withdrawal s, the tanks rmay be nonitored with the nmethods described in
connnnbﬁmmmedmaﬁ&ddmmpmhﬂﬁmgdwnﬁgyBamHEMﬁkpmhmbmedoﬁngxmﬂ$nnemdnep6ﬁ©89,674
entitled "Method and System for WD 2012/ 119054PCT/ US2012/ 027437

Det er mhnbediffsteramdnt of a Liquid Energy Comodity Stored in a Particular
Location” and filed on April 19, 2011, which is incorporated herein by

rekerence. By ﬁ%b}%ﬁh acgﬁ ¢ bolihlo édfﬁ?a%logtfalﬁﬂgﬁiuﬁ PeticELMAL fond | AU d

energy commodities u5|ng t sane bri ne pon can
di f ferent, ate

falli r%a etrgeaguﬁg'%for (%Tlrgpleb M Hsrég%%ﬂ%rlrggge) or caﬁcfﬁate(lf ?}orﬁ) {)u 1c ycé\%ﬂaﬁg Idgtg
to improve the accuracy of the determination of the amount of the liquid energy commodity in
storage in an underground cavern associated with the brine pond.

As a further refinement, the amount of liquid evaporated from a particular brine pond

10 may be estimated from nearby measurements of evaporation or may be modeled from publicly
available weather data to improve the accuracy of the determination of the amount of the liquid
energy commodity in storage in an underground cavern associated with the brine pond.

As a further refinement, the perimeter of the transformed, top-of-pond coordinates may
be scaled up to the physical perimeter of the brine pond to account for any inaccuracies in the

15  linear coordinate transformation model. The scaling may be applied to the level-of-pond
coordinates or the final volume estimate to improve accuracy.

As a further refinement, the pumping machinery, along with the pumping exhaust and
pipelines leading to and from a particular underground cavern, may be monitored with infrared
imaging to determine more information about the operational dynamics of the underground

20  cavern. In this way, it is contemplated that the volumes stored in multiple caverns within the
same storage facility could be differentiated. Using the information acquired from research (for

example, information acquired from publicly available engineering plans for the facility) about
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may be neasured (for exanple, by using a rain gage) or calculated from
publicly avail able data to inprove the accuracy of the determ nation of the
anount ofwoOhei1diignsed energy comodity in storage in an eoudarsgeleeem3Taver n
associated with the brine pond. As a further refinenment, the anmount of

i quid evaporated froma particular brine pond 10 may be estinmated from
near by neasurenents of evaporation or may be nodeled from publicly

avai | ahl.e weat her data to i ove the accur of the determ natjan of the
Sroune AT o oG b E PymIRILe SRl AR G ner Sk aver n
associated wth the brine pond. As a further refinenent, the

per i mbreensowny liquithefesehednmedigy of - pond coor di nates may be scaled up to

t he physical perineter of the brine pond to account for any inaccuracies in
t he 15l i nednecdordinmytskilt inahs firp with tdcogninothet additmat embodigenmypntbe applied to
t he | evel - of -pond coordi nates or the final volune estimate to inprove

accur aglementationd\dre Alsbpobible witloun@ipaning fdif tHUERIhNG s ORERY fedo)t inkbi@fig. Wi t h

t he punpi ng exhaust and pipelines leading to and froma particul ar
unger g QUi RARE ot BRYadHaFRANASTEU silcllt JRfif VeIt LTRGIRY ohBo AT
more infornation a dht’?ﬁngperaQ{ong%k yné%%gs of the Jﬁggrg?oun °
20cavern, In this.,. i,f IS conte ated .t hat.the vol unes stored in

mul t1 pretems it aised s S SBPRYE et o F G SR B et at e
Using the information acquired fromyresearch (for_exanple, inforpation
acqui NBRSHEPBRY BrsriQnsyare(phq udersteodghereidemntpr modificatigns wHEbSeqEIE|obVPYS about
WO 2012/ 119054PCT/ US2012/ 027437 whi ch cavern is used for what |iquid energy
comodé thpse skilled wttht an obomecailmgshis dagloseewnd nser Usrmaddenwvidhowh départin oo
energy commodity. One of ordinary skill in the art will recognize

t hat ahldétititasrakoendfahd fiwodtsonand i npl enent ati ons are al so possi bl e without
departing fromthe teachings of the present invention. 5This detailed
description, and particularly the specific details of the exenplary

enbodi nents and
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i npl enentations disclosed therein, is given primarily for clarity of
under st andi ng, and no unnecessary limtations are to be understood

t her ef r omvofor2/mmeehuf i cati ons will becone obvi ous to thogeTdiseéizmer43n t he
art upon reading this disclosure and may be nmade w t hout departing fromthe
spirit or scope of the invention. WD 2012/119054PCT/US2012/ 027437 CLAI M5
What is clainmed is: 1. A nethod for determ ning an anmount of a |iquid energy
connﬁgHQXIig storage in an underground cavern based on an estinmation of a
vol u MSprine in a brine pond associated with the underground cavern,
conprising the steps of: establishing a volune function for the
bri ne Wbadisigladmad di physi cal contours of the brine pond, and storing the
vol une function in a database; acquiring an inage of the brine pond at a
subsequent tinme; transmtting the acquired image to a central processing
facility; identifying a first contour in the acquired inmage at or near a

top edge of| the DrictiRd@ONEtermining an amouﬁtdﬁmtli({]ui/d aetrgy sREADEHERN@Ege inn t he
acquired image representative of a level of the brine in the brine pond,

an underground cavern based on an estimation of a volume of a brine in a brine pond associated
with the underground cavern, comprising the steps of:

establishing a volume function for the brine pond based on physical contours of
the brine pond, and storing the volume function in a database;

acquiring an image of the brine pond at a subsequent time;

transmitting the acquired image to a central processing facility;

identifying a first contour in the acquired image at or near a top edge of the brine
pond;

identifying a second contour in the acquired image representative of a level of the
brine in the brine pond;

determining an average distance between the first contour and the second contour;

calculating a depth of the brine in the brine pond based on the average distance;

estimating the volume of the brine in the brine pond based on the calculated depth
and using the volume function stored in the database;

determining the amount of the liquid energy commodity in storage in the
underground cavern associated with the brine pond based on the estimated volume of the brine in
the brine pond; and

communicating information about the amount of the liquid energy commodity in

storage to a third-party market participant.
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determ ning an average di stance between the first contour and the second
contour; calculating a depth of the brine in the brine pond based on the
aver age dwetarxmE9osesti mati ng the vol unme of the brine i npPCmaskozne7spond
based on the cal cul ated depth and using the volume function stored in the
dat abase; determ ning the amount of the liquid energy commodity
in storage in the underground cavern associated with the brine pond based
on the estimated volune of the brine in the brine pond; and

comuni cating information about the amount of the quuid energy commodity
in storage to a third-party nmarket participant.

2012/ 119054PCT/ Ubemeth@basggqited in claim 1 Whérerfeiﬂlﬁé@p% cytallishing theyvelumiem 1,
wherein the step of establishing the volune function includes the sub-steps
of : udumyioa icadwndss ahd wbastepsiof’e an i nage of the brine pond in a substantially
enpty state; tracing two or nmore contours over the acquired image,

digitizing the tRgQrcafRfLotRFtieHABinddt 0f HrcbrRRPodd Ned aftstadBhIGUEmbyNg an
area bounded by each of the two or nore contours; determning the depth for

each qf,d.he two or nore contours; and calculating an area function as a
function of the determ ned depth.

tracing two or more contours over the acquired image;

digitizing the two or more contours into X-Y coordinates;
calculating an area bounded by each of the two or more contours;
determining the depth for each of the two or more contours; and

calculating an area function as a function of the determined depth.

3. The method as recited in claim 1, in which the liquid energy commodity is crude

oil.

4. The method as recited in claim 1, in which the liquid energy commodity is natural

gas liquids.

5. A method for determining an amount of a liquid energy commodity in storage in
an underground cavern based on an estimation of a volume of a brine in a brine pond associated
with the underground cavern, comprising the steps of:

establishing a volume function for the brine pond based on physical contours of
the brine pond, and storing the volume function in a database;

acquiring an image of the brine pond at a subsequent time;

18



3. The method as recited in claim1l, in which the liquid energy commodity
is crude oil. 4. The method as recited in claiml1, in which the

i quid erwogyixamsedity is natural gas |iquids. 5pCAvusetioe74BDr
determ ning an anount of a liquid energy comopdity in storage in an

under ground cavern based on an estimation of a volune of a brine in a brine
pond associated with the underground cavern, conprising the steps of:

est abl i shing a vol une .function far the brine pond ba edgon physi cal
contours of -t he BITREREHG CREIdmaRs Myt (e BPRRS TR on i n a dat abase:
acquiring an inmage of the brine pond at a subsequent time; WO

2012/ 119054PCT/ B8glyzing therrgyired mppsgite eilpgate Wéieﬁg”tﬂfi thebringigghe banapangit r al
processing facility; anal yzing the acquired image to calculate a

dept h of the bricstémating the vbluieen fplnbkinceintthevbrtinaygpridrasadodrutine celculated dopthne i n
the brine pond based on the cal cul ated depth and using the vol une function

st or edndl Dsihp ehcafl@B@siction stored in the @@4KAKAT Ni ng the amount of the Iiquid
energy commodity in storage in the underground cavern associated with the

brine pond basedoQinifi, &8 LhiTRhES HOliYE of rgﬁiag?]ﬁ{oidﬂﬁéﬂ Qofa%? ﬁ?ﬂliene pond;

and communi cating informatron a e afrount e liquid
di,ty i t o : t.hi rd- t ket. tici .. Th
ot hod a8 arae by APt ok B R BTl tmBRgy oBsReB e Jrife er ude
the brine pond; and

communicating information about the amount of the liquid energy commodity in

storage to a third-party market participant.

6. The method as recited in claim 5, in which the liquid energy commodity is crude

oil.

7. The method as recited in claim 5, in which the liquid energy commodity is natural

gas liquids.

8. A method for determining an amount of a liquid energy commodity in storage in
an underground cavern, wherein a brine pond is associated with the underground cavern, and
wherein a volume function stored in a memory component provides an estimate of a volume of
brine in the brine pond as a function of a depth of the brine in the brine pond, comprising the
steps of:

using a camera to acquire an image of the brine pond;

using a computer system to
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oil. 7. The nethod as recited in claim5, in which the liquid energy
comodity is natural gas |iquids. 8. A nethod for determ ning an
anount ofwe 2bigqupe4energy commodity in storage in an un@ergrseund2navern,
wherein a brine pond is associated with the underground cavern, and wherein
a volunme function stored in a nenory conponent provides an estimte of a
vol unme of brine in the brine pond as a function of a depth of the brine in

the brine pond, conprising.the steps of: usjng a.camera to acquire an inmage
of the brine pond: udPhg SICBRpATER eyl hoteaysed hage at Or feat a o ofe
2012/ 119054PCT/ US2012/ 027437 (a) identify a first contour
in t heféheduineawnilmage at or near a top edge of the brine pond,

(b) identify a second contour in the acquired i mage representative of a

| evel of the brine irib}t he idhanitifiea penodd contour in the acquired im4ge)replescatativaef an
aver age di stance between the first contour and the second contour by making

a nunhegrel of thdibsiae @t Bcbeias pomirent s bet ween the first contour and the second
cont our, (d) calculate a depth of the brine in the brine

O the brine in the BY| ne Ssud Bacayeee fissmes petrsh 46 ThaRPhoBRA R A g (e
;/ﬁl g{rg?ggogl Cc;[oiﬂt%ﬂf b}"rst Hl%kl %%er{u%gbneﬂir of ditschr%tearnnga%ﬁ]}em%];ltstb%?weleian‘ljei ﬁlrs?goenrtoq}{r a%grt%g)di ty
second contour,
(d) calculate a depth of the brine in the brine pond based on the
average distance,
() estimate a volume of the brine in the brine pond based on the
calculated depth and using the volume function, and
() determine the amount of the liquid energy commodity in storage in
the underground cavern associated with the brine pond; and

using the computer system to communicate information about the amount of the

liquid energy commodity in storage to a third-party market participant.

9. A method in a computer system for determining an amount of a liquid energy
commodity in storage in an underground cavern associated with a brine pond, comprising the
steps of:

storing in a memory of the computer system a slope of a wall of the brine pond as
a function of a location on a perimeter of the brine pond;
storing in the memory of the computer system a volume function for determining

a volume of the brine pond as a function of a depth of the brine pond;
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t he underground cavern associated with the brine pond; and usi ng
the conputer systemto communi cate information about the anmount of the
liquid erwogyixiamsedity in storage to a third-party marleetr/ysasiioeigpant. 9. A
method in a conputer systemfor determ ning an anount of a |iquid energy
commodity in storage in an underground cavern associated with a brine pond,
conprising the steps of: storing in a nenory of the conputer
system a slope of a wall of the brine pond as a function of a |Jocation on a
perineter of thé&'%BEAR H5gRgmory of the com ut%ftsaﬁtﬁwgdaf%resﬂél%&mwOﬁlflqﬁe
conput er systema volume function for determ ning a volune of the brine
pond &8ergy fcamerods b thegindengrayngfcaygra apsocigtedgpitithe byyoe pond;
2012/ 119054PCT/ US2012/ 027437 storing in the nmenory of the
conput er syst ematafaecrrteganreiengn@inty the nafmdriy ittt @ngrugpr sgaemmdligival imagehe
under ground cavern associated with the brine pond; at a later
tine, olfﬁfeeﬂrﬁiegﬁynﬂlab@taﬁlh% AemkhywRhiniodet SFbFREL er system a digital inmage of
the brine pond containing an unknown anmount of brine;
processi ng, by r 211\ di gi f.al i - 1.0
determne a fir tr&(r:egsﬁf%a)? arﬁg{))cretggbgr?? i ng té‘ﬁ{“éegxgﬁg‘g} tgyaf%%l g‘lr‘altg%éo ggﬁﬁﬁfﬁ t he
digital.im and a second conto representi a.level of brine. of the
br  ne AN ip f Fbr S BFEET fode St e oRRE BRI B i e By T BonblE o
of the conputer system an average di stance between the first contour and
t he sé%ﬁ%ﬁ’n@%f‘éﬁj’ﬁf?ﬁ&ﬂe&r}&l@lf&e ﬁ%ﬁlerﬂdﬁﬁf’iﬂmﬁg@di screte neasurenents;
determ ning, by the processor of the conputer system and based on the
aver age di st ancelctengining bytiaperoedsserd theacampiftertsysteins pmavesegedlistanagept h of a
brine in the brine pond; and

between the first contour and the second contour from a predetermined number of discrete

measurements;

determining, by the processor of the computer system, and based on the average
distance and the slope of the wall of the brine pond, a depth of a brine in the brine pond; and

estimating, by the processor of the computer system, and based on the depth of
the brine and the volume function, the volume of the brine in the brine pond; and

determining, by the processor of the computer system, and based on the estimated
volume of the brine in the brine pond, the amount of the liquid energy commodity in storage in

the underground cavern associated with the brine pond.

10. The method as recited in claim 9, and further comprising the steps of:
storing in the memory of the computer system a first digitized contour
representing a bottom of the brine pond, a second digitized contour representing a maximum
level of the brine pond, and a third digitized contour representing the top edge of the brine pond;

and

21



estimating, by the processor of the conputer system and based on the depth
of the brine and the volune function, the volunme of the brine in the brine
pond; andwo 2012/119054 determ ni ng, by the processor of treTASAQAWNET43BYSt em
and based on the estimated volunme of the brine in the brine pond, the
anount of the liquid energy comodity in storage in the underground cavern
associated with the brine pond. 10. The nethod as recited in claim?9, and
further conprising the. steps of: storing in the nenor t he
Comput or - oyat emHoR FAC T Bia s armasnebUe ER s R Gl b

bri ne pond, a second digitized contour‘rePresentin%“g maxi mum | evel of the
br i ne bpeafondeentanmgitheurkngivn arent eibrengs trarsierayestbyribe piescsopoidige of the
bri ne pond; and WO 2012/ 119054PCT/ US2012/ 027437 upon recei Vi ng
i nt o tchepnensysyerofusinge grorplitet ceydhamttahsgodn gh tlad fiishageowfto sdade, bhéane pond
cont ai ni ng the unknown anmount of brine, transform ng, by the processor of

the coARuitel tBYSisEBntolfitH thabchdBe eidd di%i@i@e@étﬁft&jrf}éﬁ@sénﬁﬁ@&fe&bﬁb@gb dthee first
contour to scale, shear, and rotate the first contour to match the third

di gi tiged pRILARY Vga%q;rﬁgsm 86rcti R teRerREYS rRhe EdMpRE s@?ceﬁ?ﬁ%h%ﬁ(:h was

previously stor In-t nory of the conputer systent and then applying

the generalized coqgrdinate.transformto the second contour. 11. A systemfor
det er rprp iy B ettt sPo il oD g SEMEIS ™ n stor age in an

under ground cavern associated with a brine pond, conprising: a nenory
conponent; an input / output interface in comunication with the nenory

conponent ; a processor in comunication with the nenory
conponent ddd t Hesysipufor/detsumping imareedndoéa lighid gpeigyeoswrodityds §toraey 1a
program of instructions for: receiving fromthe input /

out putaniunt@pfeund cavngn agsociated with 4 benapom; yorapiigignent : (a) a first digitized
contour representing a bottomof the brine pond; (b) a second digitized
contour representh@ifiod derpoittn | evel of the brine pond; and (c) a third
digitized contour representing a top edge of the brine pond,

an input / output interface in communication with the memory component;
a processor in communication with the memory component and the input / output
interface, the processor executing a program of instructions for:
receiving from the input / output interface and storing in the memory
component: (a) a first digitized contour representing a bottom of the brine pond; (b) a second
digitized contour representing a maximum level of the brine pond; and (c) a third digitized
contour representing a top edge of the brine pond,
receiving from the input / output interface and storing in the memory
component a slope of a wall of the brine pond as a function of a location on a perimeter of the
brine pond,
receiving from the input / output interface and storing in the memory
component a volume function for determining a volume of the brine pond as a function of a

depth of the brine pond,
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receiving fromthe input / output interface and storing in the nenory
conponent a slope of a wall of the brine pond as a function of a |ocation
on a periweter2/apossthe brine pond, r eceipeirrus26izoni48he i nput
/ output interface and storing in the nmenory conponent a vol unme function
for determning a volunme of the brine pond as a function of a depth of the
brine pond, WD 2012/119054PCT/ US2012/ 027437 recei vi ng
fromthe input / output.interface.and stori.ng in the nmenory conponent data
regarding a type of IFGHIEE BREVE MURAOHPYYIRHecHAN YRIEEGR SR RaDer n
associated with the brine pond, ~receiving fromthe input /
out putcomppeqnt date regrdisg e tynepfi iquidencrmmommedipsiehundgrgipeid edveitmage of t he
bri ne pond containi ng an unknown anount of brine,

pr ocesissonptddneitidthgitirae pondge to determne a first contour representing the
top edge of the brine pond in the digital inmge and a second contour
representing a | evel rdeivindfrbAth®ingubeolRpiitiftefadandntdriie ifitied ahotymage,
transform ng, using a generalized coordinate transformon the first contour
to SCabfipoflieduieitl ind QI bR ThbbnGAREHT uliGoRAL Si rfier d di gi tized
cont our ngreseﬁ?ﬁhg ﬁ%e top edge of ?ﬁel #%% pgﬁﬁa%EPCﬂ masebreviously
stored in the nenory conponept,..and.the lyin he neralized

coordi nate transformgﬁ§e$ﬁg@%é%ﬁﬁfggﬁﬁgﬁgggnxmﬁgiﬂmC&ﬁ%MTq”ﬁﬁwgﬁﬁPﬁing an
aver age di stance between the transformof the first contour and the

t r ansfoR pgsl tfebradsmd e Bisrctieital fagn and s SSERAMGORIE ECTERRTBERE dicveli A et e

measur enents; ' ~determning, using the average distance and
t he slbope obthettmepahd iothe wigitabimiage, pond, a depth of the brine in the brine
pond; estimating, using the depth of the brine and the

vol ume function, the traabformeingf udifiea Bercnraized codiginatel trdsfoendin tAgfrst contour
determ ni ng, based on the estimted volune of the brine in the brine pond,

the anpyiic, Qheah@id!rb@td e GRE COMOGOBTIRALE thcltiirF 4Rt B8 chMolV8pideRimgeund
cavern associated with the brine pond.
top edge of the brine pond which was previously stored in the memory component, and then
applying the generalized coordinate transform to the second contour;
determining an average distance between the transform of the first contour
and the transform of the second contour from a predetermined number of discrete measurements;
determining, using the average distance and the slope of the wall of the
brine pond, a depth of the brine in the brine pond;
estimating, using the depth of the brine and the volume function, the
volume of the brine in the brine pond; and
determining, based on the estimated volume of the brine in the brine pond,

the amount of the liquid energy commodity in storage in the underground cavern associated with

the brine pond.

23



