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AUTOVATI C VELL TEST SYSTEM.AND METHOD OF OPERATI NG THE SAME BACKGROUND OF
.THE INVENTION 1. Field of the Invention The present invention pertains to
the field of autonmated oilfield separator 5 systens for use in nmeasuring
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plus the cost Qﬁm&ets mmmammmwmmd fromoil and

gas sales. An Ollsét Id y l.cally extends over a plurality of mneral-right
| eases. Each | éa QPBW@ am o ses typically has an operator that

oversees t hgg ef f or t Pilladd gas wells reach beneath the earth's surface to drain rock formations
where producible quantities of oil and gas have become trapped. Oil, gas, and
water can simultaneously flow into the weli from a single producing formation. This
multiphase flow of oil, gas, and water results in a production mixture that may be
separated into its respective components. !t is desirable to separate the production
15 mixture including oil, gas, and water components into its respective components
because commercial markets normatly exist for only the oil and gas. No market
exists for the water because it is typically saltwater that can create a disposal
probiem. Oil and gas production is often associated with the production of a
significant amount of water because it is commercially feasible to produce these
20 wells until the pumping costs plus the cost of saltwater disposal exceed the
revenue derived from oil and gas sales.

An oilfield typically extends over a plurality of mineral-right leases. Each
lease or a group of {eases typically has an operator that oversees the efforts to
produce a particular set of wells. The operator must acquire well test data before

25 the operator can properly manage the lease. Well test data inciudes welthead
pressure data, as well as the volumetric flow rates for the respective oil, gas, and
water components of a production mixture that originates from a single well. The
lease operator requires well test information for a proper allocation of the revenue
derived from each producing weli among the various ownership interests in that

30 well. Additionally, the lease operator requires well test information to conduct
engineering studies that attempt to optimize the production performance of the field



produce a particular set of wells. The operator nust acquire well test data
before 25 the operator can properly manage the | ease. Wel| test data
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phases, e.9., 95 barrels of water per day, 5 barrels of oil per day, and 6 MCF of gas
per day. Another useful measurement is the 'water-cut' measurement. The term
‘water-cut is hereby defined as any ratio that represents a relationship between a

15 volume of oif and a volume of water in an oil and water mixture. According to the
most conventional usage of the term ‘water-cut’, weil production fluids in the above
example would have a 95% water-cut because water comprises 95 of the total 100
barrels of oil and water liquids. The term 'water-cut' is sometimes also used to
indicate a ratio of the total volume of oil produced to the total volume of water

20 produced. A term 'cil-cut' could imply the oil volume divided by the combined oil
and water volume. As defined herein, the term ‘water-cut’ encompasses all of
these alternative definitions.

The main production separator and the well test separator are each used to
separate the respective oil, gas, and water components that armrive at the

25 production facility as a mixture of these phases or components. The main
production separator recsives combined production volumes from multiple wells to
prepare these volumes for eventual sale. The test separator typically has a
reduced throughput capacity in comparison to the main production separator, and
is provided for use in measuring production rates that derive from a single well. As

30 used herein, the term “phase” refers to a type of fluid that may exist in contact with
other fluids, e.g., a mixture of oil and water includes a discrete oil phase and a
discrete water phase. Similarly, a mixture of oil, gas, and water includes a discrete
gas phase and a discrete liguid phase with the liquid phase including an oit phase
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"water-cut' is hereby defined as any ratio that represents a relationship
between a 15 volune of oil and a volune of water in an oil and water
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PCT/ US96/ 20890 seidom, if ever, completely removed from the segregated oil component at the
production facility. A residual water content of up to about ten percent typically
remains in the segregated oil component even after a separator is used to remove
most of the water from the oil component.

15 Two phase separators cost less, have a much simpler design, and require
less maintenance than do three phase separators. The use of a two phase
separator typically does not permit direct volumetric measurements to be obtained
from the segregated liquid (oil and water) components under actual producing
conditions. The use of a single Coriolis flowmater in combination with a two phase

20 separator advantageously permits measurement of the respective oil and water
volumes in the liquid phase leaving the test separator.

The use of a capacitance or resistance probe to measure water-cut in
produced fluids is known in the industry. These water-cut monitors operate on the
principle that oil and water have drastically different dielectric constants. Thus, a

25 water-cut probe can measure the volumetric percentage of water in a combined oii
and water flow stream. These monitors, however, provide acceptably accurate
water-cut measurements only where the water volume is iess than about 20% to
30% of the total fiow stream. The upper 30% accuracy limit is far below the level
that is observed from many producing wells. For example, the total liquid

30 production volume of an oii well can be 99% water. Water-cut monitors, therefore,
are relegated to determining the water-cut in an oil component that has a low water
content. Water-cut monitors most often cannot be used to determine the water



and a water phase. Industry termnology refers to a 'two-phase' separator
as one that is used to -separate a gas phase froma |liquid phase including
oil and water. A 'three-phase' separator is used to separate the gas from
the liquid phases and al so separates the |iquid phase into oil and water
phases. 5 As conpared to two phase separators, three phase separators
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A Coriolis mass flowmeter can be used to determine the total mass fiow rate and

15 allocate the total mass flow rate to the respective components or phases in the
combined flow stream. This caiculation technique is especially useful in
determining the mass distribution of two phase (e.g., oil and water) flows. Even so,
the technique presently requires laboratory analysis of manually obtained samples
to provide density data for use in the volumetric flow rate and water-cut calculation.

20 United States Patent No. 5,029,482 teaches the use of empirically-derived
correlations that are obtained by flowing combined gas and liquid flow streams
having known mass percentages of the respective gas and liquid components
through a Coriolis meter. The empirically-derived correlations are then used to
calculate the percentage of gas and the percentage of liquid in a combined gas

25 and liquid flow stream of unknown gas and liquid percentages based upon a direct
Coriolis measurement of the totat mass flow rate.

United States Patent No. 4,773,257 teaches that a water fraction of a total
oil and water flow stream may be calculated as set forth below in Equation (1):
(1 Xw=Dg -DBg TM(D,, T -Dg 7).

30 wherein Xy, is a mass-based fraction of water in the total combined oil and water
flow stream; De is a density of the total combined oil and water flow stream at a
measurement temperature T, Do,T is a known density of the pure oil component
in the total combined flow stream at measurement temperature T; and Dw,T isa
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and water flow stream These nonitors, however, provide acceptably accurate
wat er - cut neasurenents.-only where the water volune is | ess than about 20%
.to 30% of the total flow stream The upper 30% accuracy limt is far bel ow
the level that is observed from many producing wells. For exanple, the
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correlations that correct densities for temperature, can be obtained from various
sources including publications by the American Petroleum Institute.
A total volumetric flow rate is calculated according to Formula (4):
(4) Qg =MgD,,
15  wherein Qg is a Coriolis-based mass flow rate measurement obtained from the total
combined oil and water flow stream; and the remaining terms are defined above.
A volumetric flow rate of oil is calculated according to Equation (5):
(5)  Qy=Qg(1-Xp).
wherein Q,, is a volumetric flow rate of oil, and the remaining variables are defined
20 above.
A volumetric flow rate of water is calculated according to Equation (6):
6)  Q,=0g*X,,
wherein Q,, is a volumetric flow rate of water, and the remaining variables are
defined above.
25 The volumetric flow rate values Q, and Q,, can be corrected to a standard
reference temperature, T, through multiplication of the volumetric flow rate values
by the density at a measurement temperature and dividing by the density at the
reference temperature, e.g., as in Formula (7):
(7)  Qp*=Qg1*Dy tDy",
30 wherein Q, is a volumetric oil flow rate at a standard reference temperature Tn
Qo,T is a volumetric oil flow rate measured at temperature T and calculated
according to Equation (5); and the remaining variables are defined above.



A Coriolis mass fl oweter can be used to determne the total mass flow rate
and .15 allocate the total .mass flowrate to the respective conponents or
phases in the conbined flow stream This cal culation technique is
especially useful in determning the mass distribution of two phase (e.g.,
oil and water) flows. Even so, the technique presently re UI res Iaboratory
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Pat ent No. 5, 029, ASsignificaritqsoblam exdsts il thenyser ofdzduagione (1)) becausedheons

that are obtajn fl.ow n nbi_ne a and d f r eans n
known mass M"E‘%ﬁ&‘%@? %Pﬂﬂ%}i&%‘@?ﬁ’g r#nfﬁo u:sam h]eswgﬁ)%rﬁe'ﬂ?%ua?‘moggh
a ICor: olis hmﬂbta’meaffﬁomnai ?pew dyprgamangedmurrmaheo?asm Tc?helabmyn{)o |
cal cul ate the percent 0 as an e perce e o ujd in conbi ne
gas 25 and IM &W@‘gmm&ﬁ aF?‘t?GI %ﬁ‘%é%tebased
upon a di r@“mf&i%dh%h'u&oﬁlf&ﬁ#m%lﬂestti&ahﬁﬂie @&*Eﬂ:sfrh&’é/réﬁ’irﬁ:t Hmdcéd

St at es Pat ent No. 773,257 teaches that a water fraction of a tot al oil

and wat er fI@ngmﬁﬂ?%Wéﬂ&ﬂﬂ&‘@?%@ygmmaﬁﬁ%ﬁwﬁheﬁmmﬂn (1)
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and D erri10i gas from sok&ibtﬁiﬁr(dctﬁéﬁesultant sample has a relatively increased density as
PCT/ US96/ 20899 1inared to the former pressurized sample. Additionally, it is nearly impossible
to provide laboratory measurement conditions that replicate the field conditions.
The density values of produced fluids often change over the life of a producing
well. Therefore, periodic sampling of the production fluids is required. The
15 laboratory measurements are, accordingly, disposed to inherent error for lack of
timeliness in sampling the fluids and an inability to replicate production line
conditions in the laboratory.
A direct density measurement derived from the Coriolis meter cannot be
used in the volumetric calculation because it is most often impossible to obtain a
20 satisfactory direct density measurement from the separate oil component. Even if
a separator is used to separate the oil component from the water component, the
separated oil phase retains up to about ten percent water by volume. The residual
water causes an error in the direct density measurement.
Another source of volumetric inaccuracy in well test measurements pertains
25 to solution gas that is liberated at reduced pressures. The pressure-volume-
temperature behavior of the produced fluid can cause appreciable differences in
the measured quantities of separated oil and gas that are obtained from the
production mixture. A reduced pressure will fiberate gas from the oif phase. An
increased pressure drives gas back into solution. it is, accordingly, desirabile that
30 the test separator conditions approximate the conditions of the main production
separator.
The pressure within the test separator may be different from that in the main
production separator. Two phase well test separators often flash the production
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known density of water in the total conbined flow stream at neasurenent
tenperature T. The val.ues Derr] and Dierr] can be corrected for
~tenperature effects according to Equations (2) and (3) below. (2) Dlerr] =
Derr] - derr](T-Tr) 5 (3) Derr] =Derr] - derr](T-Tr),
wherein D[errﬁgq)is an oil density at a reference tenperaturepdrmgédrogoohi ch
IS conventio osen as 60[err]F); Dlerr] is a water density at the

reference tenperature err err] is a thermal expa coeffici.ent for
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Qerr](1-Xerr] wherein (Jerr] is a volunetric flowrate of oil, and the
remai ni ng vari N88Y.ar e defined 20 above. A volunetric flow rate of water
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wherein Qerr] is a volunetric flow rate of water, and the remainin
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production stream to provide the density values for the respective components.
Additionally, there is a need for a test separator system that utilizes sales line or
main production separator conditions throughout its measurement cycle to preserve
15 the integrity of the volumetric test measurements.
SOLUTION
The present invention overcomes the probiems that are outlined above by
providing a fully automated Coriolis-based well test system which does not require
manual sampling or laboratory analysis of the production fluids in order to
20 determine the density of the oil and gas components. Additionally, the test system
eliminates volumetric measurement errors that derive from the liberation of solution
gas at reduced pressures.
The well test system of the invention has two modes of operation. The test
system operates as a normal well test system to measure the volume of respective
25 components that are separated from a component mixture, namely, a wellhead
production material including oil, gas, and water components. The well test system
also has a special density determination mode that avoids the need to obtain hand
samples of the production fluids for density measurements. The-on-site density
measurements obtained from the system are more accurate than laboratory
30 measurements because the fluids are measured at line conditions.
The system includes a test separator that receives wellhead production and
separates the mixture into its separate components, A valve manifold is used fo
selectively fill the test separator with the production of a single well. The test
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reference tenperature, T[err] through multiplication of the volunetric flow
rate val ues by the density .at a nmeasurenent tenperature and dividing by the
.density at the reference tenperature, e.g., as in Formula (7): (7) {err]*
= Qerr] * Derr]/Derr]* 30 wherein Qerr] is a volunetric oil flowrate

at a standard reference tenperature T[err]; Qerr] is a vo‘I, r"gsﬁgil fl ow
rate neasur ¥P M4 mpperature T and cal cul ated according to (5);

and the renmining vari ables are defi ned above. WO 97/ 24615
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the |ife 3P aPhAssd uoﬁlpggether, uid density, temperature, mass flow rate, and water-cut
measurements are used to caiculate a volumetric flow rate for the oil and water
components in the production stream. This correction resuilts in a more accurate
calculation for the volumeiric oil flow rate.
In preferred embodiments, volumetric test errors are also minimized by
15 connecting a pressurized gas source to the test separator. The pressurized gas
source is used to maintain a substantially constant separator pressure even when
the separator dump valve is permitting flow of liquids from within the test separator.
Other salient features, objects, and advantages will be apparent to those
skilled in the art upon a reading of the discussion below in combination with the

20 accompanying drawings.



wel | . Therefore, periodic sanpling of the production fluids is required.
The .15 | aborat ory neasurenents are, accordingly, disposed to inherent
.error for lack of timeliness in sampling the fluids and an inability to
replicate production line conditions in the |aboratory. A direct density
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vol unetric calcal'ati'on because it is nost often inpossible to obtain a 20
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oil .and gas that are obtained fromthe production m xture. A reduced
pressure will liberate gas fromthe oil phase. An increased pressure drives
gas back into solution. It is, accordingly, desirable that 30 the test
separator conditions approximate the conditions of the main production
separator. The pressure within the test separator may be different from
that in the main production separator. Two phase well|l test separators often
flash the production 6 WO 97/ 24615
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fluid by liberating gas fromthe fluid at reduced pressure as the |iquids
are drained fromthe separators. No effort is nade to control the test
.separator pressure while the |iquids are drained because it is comonly
believed that the separated production conponents will be reconbined in the
mai n production separator for 5 eventual sale. The failur ,asg%ﬂb5ol t est
pressures r WO AR erroneous vol unetric neasurements because the reduced
gas pressure causes sol ution 8as to | eave the oil phase. The |iquid vol une

is, accordingly, DETAILED BES NE"QMQFJH&?REFWQEMMBNE,N A true need
exists for a Cori row
rates for the res%i%t?%?’&%ases é%%ﬁ@)@%&ﬁﬁ"&?%%ﬂ#%%&@?ﬁ?@ tream
wi t hout r equisystem 20inciuds valye maaifold @2for sseoin selectively fiping individuel weltsjuct i on
streamto prq vide th I for the res Ve _conmponent s

w1 ot f Yo sopie Ei}é% oH Weihymeialoth o o %?giﬁémﬁgﬁmes

sal es | i nes orvoltumetricof mpmmmm e testaps

nmeasur enment cycle to. pr rve the jntegrity of the volunetric tggsst
nmeasur enent s. Wﬁﬂs&‘sﬁg" @é’émamﬂvmq %@Pﬁﬁ?ﬂ@ inest separator24. hat
are outlined %W.&fsysmm ¢h§%du%d@é|%ﬂ$oﬁdnt§%té§tb§st@ﬁ\%n&?bh test

system whi ch does not require nmanual sanpling or |aboratory analysis of the
producti on fIRureRased dopera tvaristy %MW@'tWT%MyaﬁemM@doﬂ thed gas

conponents. ﬁg,ﬁfguﬁpaﬁguwmfﬂ@qt system el i m nates vol unetric measurenent

errors that rom | beration of solution gas at reduced
pressur es10The we Malvegnanifojd:22:inclutles pplurality of valves, e:g.; velverda.e Each vaive

e ohl e e b T OBURGR! Bl 188, 51 LABY 146 s, b IS ET dgl0o

m xt ur e, nanmghrpducingwell (nehdeplcted) Each valve is coupled with a test separator supply

line, e.g., line 36, leading to test separator gathering line 38. Each valve is also

coupled with a main production separator gathering line 40 leading to a

15 conventional main production separator 42. The valves, such as valve 32, are

preferably-three-way electronically-initiated, pneumatically actuated vaives that

control access to test separator line 38 and main production separator gathering

line 40. Valves 32 are used to direct the production of an individuai well to either

main production separator 42 or test separator 24. A particularly preferred three

20 way valve for use in this application is the Xomox TUFFLINE 037AX WCB/316 well

switching valve with a MATRYX MX200 actuator. The vaives are preferably

configured to each receive production fluids from a corresponding individual well.

The valves can selectively divert the production fluids to main production separator

gathering line 40 where the fluids are combined with fluids from other valves for

25 transport to main production separator 42, A single vaive can be selected to divert

the production from its associated well to test separator gathering line 38 for
transport to test separator 24.

Test separator 24 is a conventional well test gravitational separator having

an ovaloid outer wall 44 of sufficient strength to withstand well test pressures. Test

30 separator 24 is provided with an electronic liquid level indicator 46 for use in

indicating to automation system 30 the levet of total liquid including water 48, oil-in-

water emulsion 50, and oil 52. Gas 54 resides within test separator 24 above the

total tiquid level. An exemplary form of level indicator 46 is the Fisher Model 249B-
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production material including oil, gas, and water conponents. The well test
system al so has a special density determ nation node that avoids the need
.to obtain hand sanples of the production fluids for density neasurenents.
The-on-site density measurenents obtained fromthe systemare nore accurate
t han | abor at or neasurenents because the fluids are neaggirRitoddosde NE
condi tions. 1en1|ncludes a test separator that receives wellhead

ducti d t.h t t t |
ani 1 ol 'd°i”sa358§&5’ Pl Hog Fatpy Woye Frapiier n SRR Ups” YR OibrBtor 2448 VO
IngT? U% Igg /9|288\318 kebnneldied tcea flug gas diélh firié 56 5which preferably includes a gage pressure
separ.a is u ta|na xtue wat er
phases or conp&rﬁgg'f‘rgteﬁ/%biggt I’?zﬁ%?l W@éﬁfﬁgﬁ‘%%@ﬂ@gﬁgments
from the produgichifg Miniésots- Fleeeasraraﬁiineese assp%fé?ﬁblymomadseaagés fiswingier | v

drai'n the liquid conponents of the production conponent m xture fromthe

test separ atr 68 sueh 3% g5mart vertax metes Modal 8800 from:Ressmeint af £den Rrairey)| i s
[ ownet er (1 NCMifibdEbiA, dFfioriicd UiRirs ﬁ:.aigﬁ?éuﬁeef}ﬁhérﬁ&&tﬁj&\ ds’thid Miskie) 3051

nmeasure the nass res Ive ol l and ter conponents as

they | eave the fmoasRosetpaqufrEderm@amomm Electionicaily @oomllﬂdwgas flewisi ty
o0t o SEPROBIERE o STRADER i WSy BE S SRR oo vale
oi | 10 phase. &mgefdrmamplemeipuldmadﬁs a ummommea vahefromatFashennd
v e R b o R e B o RS 4 S i el 1
I N a nore accursepearator 42.

Flow rate instrumentation drain line 26 connects with a drain point 64 on test
separator 24. Instrumentation drain line 26 includes a water-cut monitor 66, which
uses electrical measurements to quantify the water-cut of fluids flowing through

15 instrumentation drain line 26. Water and cil have very different dielectric
constants, which make possible the use of electrical measurements to quantify the
water-cut. Thus, water-cut monitor 66 can utitize capacitance, resistance, or other
measurements to quantify the water-cut. Other commercially available devices
include the use of microwave radiation to detect water cut. An exemplary form of

20 water cut monijtor 66 is the Drexelbrook Model CM-2 capacitance monitor.
Instrumentation drain line 26 proceeds from water cut monitor 66 to liquid flowmeter
68. Liquid flowmeter 68 preferably includes a Coriolis flowmeter (including a mass
flowmeter, densitometer, and temperature gauge), which obtains mass fiow,
density, and flowmeter temperature measurements of materials passing through

25 instrumentation drain fine 26. Exemplary forms of flowmeter 68 include the ELITE
Modeis CMF300356NU and Mode! CMF300HS551NU, which are available from
Micro Motion of Boulder, Colorado. Temperature sensor 69 is provided to measure
the temperature of fluids within instrumentation drain line 26. An exemplary form
of temperature sensor 69 is the Model 68 sensor from Rosemount of Eden Prairie,

30 Minnesota. Sample port 70 is a manually operated valve that is provided for
obtaining samples of the fluids within line 26. In-line static mixer 71 is used to
ensure that well-mixed samples are obtained from line 26 through port 70.

11



calculation for the volunetric oil flowrate. In preferred enbodi nents,
volunetric test errors-are.also mnimzed by 15 connecting a pressurized
.gas source to the test separator. The pressurized gas source is used to

mai ntain a substantially constant separator pressure even when the
separator dunp valve is permtting flowof liquids fromwthin the test
separat or. WORIR4EIS| j ent features, objects, and advant agesPTHV$B®% ppar ent
to those skilled in the art upon a reading of the discussion belowin

conbi nati on wit h Dum ealre d2hissprefensblylelaatropically comtbied/ anth pheumatically

Cohemmt 1| aytSAIBE: JHH VAR £7) SR, PREIOCL L (LR} IR RPRAPRICE 22 (S0BD o ot
i nven: : 82 ; O?ri?stleﬂngdiéﬁi&s\ c_{tatsn m{egzrga ahﬂwambbg:/!d;s:gitg@bm ¢Fst separatpr 24ao fill
PCT/ USO8/ 208 wﬂm%m@g@ﬁwm@%@m o cimm vabrer’ Zisdhe

depi ct's ausormiest igwdl cohesitvaleIedel EZ-66nASTO ¢dive.olizfrimehtatidh draiAting 20
i nclude val ve_mani fold 22 for use,in selectively flow ng individual wells,

test separ at o6 teyminplesnmain productionseRaratobA2dr ain 1ine 26 for use in
measuring Gas blanket system 28 includes a pressurized gas source 74, which can be
gas from a compressor or fuel gas from a pressurized gas source that is used fo
operate the production facility. The gas source 74 could also be the main

10 production separator 42. Source 74 flows into gas supply fine 76, which leads {o
gas blanket valve 80. An exemplary form of vaive 80 is the Fisher Modet 357-546.
Valve 80 preferably works to maintain a constant pressure within test separator 24,
as needed, by throttling a flow of gas through supply tine 76. Supply line 76
terminates at upper entry point 82 into test separator 24,

15 Automation system 30 is used to govemn the operation of system 20. System
30 includes a computer 84 (e.g., an IBM 486 compatible machine) that is
programmed with data acquisition and programming software. A preferred form of
this software is the Inteliution software DMACS, which is available from
INTELLUTION, a subsidiary of Fisher industries. This software is particularly

20 preferred because it can generate alarms that indicate abnormal well test
conditions representative of mechanical failures which are potentially dangerous.
Computer 84 controls programming of remote operations controller 86, which
includes a plurality of drivers and interfaces that permit computer 84 to interact with
remote components of system 20. A preferred form of remote operations controller

25 86 is the Fisher Model ROC364. Controller 86 may also be programmed with
software to facilitate the implementation of control instructions from computer 84.
Valve control leads 88, 90, 92, and 94 respectively connect controller 86 with
corresponding electronically actuated valves 32, 80, 72, and 62 for selective
control of the vaives, Lead 96 connects controller 86 with pressure transmitter 58.

30 Lead 98 connects controller 88 with gas fiowmeter 60. Lead 100 connects
controller 86 with water-cut meter 66. Lead 102 connects controller 86 with
transmitter 104 which, in tum, connects with fiuid levet 46, liquid flowmeter 68, and
temperature sensor 69 for transmitting information to controller 86. An exemplary

12



5 wvolunmetric flow rates of production conponents com ng fromtest
separator 24, gas bl anket system 28 for use in maintaining a constant
_pressure in test separator 24, and automation system 30. The i ndivi dual
conponents of test system 20 may be purchased froma variety of comerci al

sources and %?]@?,%J‘sgd as the configuration shown in FIG 1. ptQmsssnessVal ve
mani fold 22 i es a plurality of valves, e.g., valve 32. Each valve is

coupled with a_wel | head su - Line, : ine .34, wWhi to a
<i gl o pr oduci RMERARTIGE Bijs tenchmE Mo BEFG/2%, whieh 3 Aualihié ot

separ at or suppatioh'df BoGidér, Cdibrado36, | eading to test separator gathering
i ne 38. Each valve_is also coupled with a nmain production separator .

gathering |ine 40 | E%H2fppicts 3schemalic pncess epmtol diagramuQyemning Hie ereration or
el ectronical | ylnlf nitrate ,a .F\‘geuﬁ'aét?éal | y %cq uat eeg v’ai ves t Eat rgg)?\t ro gccess
to test sepdr aBdmor mllseﬂg nStepd200epiesents anarmphiest sodg dhatenayeptianally 40.
Val ves 32 are t g o N rTa VAl t her
mai n producti owﬁéﬁﬁrﬁﬁwgﬂﬁﬁﬁﬁ@g#ﬁgﬁ?’?’f%‘f’m@%ﬁé erred
three 20 way \separator 24, arsusingvaiviineanifold 22t bypass test Bepa(am24WFf)lé!1ﬂinﬂEaﬂ)37AX
WCB/ 316 wel | sw L. Lve wiih. C . \al are
preferably conﬁ%ggf%ﬁgﬁﬂwpé%wgéu%%gy%ﬁﬁé&hoo%ggw fidetied.
cor (rjespondi ng i gdi v irdstep Pm,lttae Emmmmmmhwmwl hicy entl préision ]
producti on uids to nain. producition separator erin I ne, 40 ere the
Pl Ul ds are Hmiewiompin of VRS Roas Bt ke Bqionds) sns heysimede i n
production sepayérTiowtate 2% danngd aw'\w Equation (6)€ CaRuRtibs 6f theselyaaes rédifres
production fromits, associated wel'l to test separatqr_gathering |ine 38 for
transport to t&8@ calgyiatapgt Qﬂ?’#@?‘%%ﬁr’aﬂﬂ gﬁmwgﬁpgmhﬁ)mm
test gravitati GRatiere A fwietdrBs df chly (REALEIHS &Hbﬁ{ed‘&hhitw’edafngsgfefdiﬂbem
strength to withstand well test pressures. Test
a given well is on test. Therefore, Equation (1) relies upon laboratory
15 measurements to provide Do,T and D,, 1. As indicated above in the Background
of the Invention, thase laboratory measurements sometimes lack accuracy and
precision because the laboratory conditions do not correspond to the conditions
(e.9., pressure, temperature, and solution gas content) within test system 20,
According to the present invention, the values Do,T and Dw,T of Equation
20 (1) are replaced with the vailues Po,T and Pw,T according to Equation (8):
(8) XW = (De = po"'[’)’ (pW,T - pO,T)'
wherein PoT is a density of the pure oil phase exciuding any residual water
content of the segregated oit component; pw'-,-isadensityofﬂ'se pure water phase;
and the remaining variables are defined above. The variables Po T @nd py, 1 of
25 Equation (8) differ from the variables Do,T and Dw,T of Equation (1) because the
variables Do,T and Dw,T derive from laboratory measurements that are conducted
upon samples that are obtained manually, e.g., in a flow laboratory after removal
from system 20 through spigot 70. In contrast, the variabies PoT and p,, 1 derive
from in-line measurements that flowmeter 68 conducts on materials within test
30 system 20.
The discussion below pertaining to Steps 201 - 214 describes how to obtain
the in-line measurements of Po,T and Pw.T: These values have significance
because each of Equations (1) - (7) yields a superior (more accurate) calculation
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30 separator 24 is provided with an electronic liquid |level indicator 46

for use in indicating to automation system 30 the level of total Iiquid
including water 48, oil-in- water emulsion 50, and oil 52. Gas 54 resides
within test separator 24 above the total liquid | evel. An exenplary form of

| evel indicato I's the Fisher Mbdel 249B- 10 WO 97/ 2461

PCT/ US96/ 20%&’?38‘5 anal og float systemlevel transmtter ﬁﬁ’ﬁ%”ﬁ’&m

gl ass. Test separator 24 is connected to a flue gas drain line 56, which
preferably inbY sihstituting ag g fpf Bg suand by substittting:p,, 361 asahambbﬂndtﬂ%

P : as
oo e 2aRA kBl 1A e 2y bt el r‘%ﬁ@% ergﬁw%sa arPde
smart vortex atgusacy\ndhe caeﬂiaﬂmmhemelﬂl&lmhmfddﬁémnﬁasmmm%ﬂorgfaﬁ gm or
i fi di tter
Roserount of EA0HSaf prrB SR iSsbER Beut FPmRNEn e EaRHABRT BtDq M ow
control thiSot D| 8. Vinlcontrai?, anf(ﬂi‘weéhpdh@frolgﬁr@né hatsorgldngmeadtiehientd ne

56. Val ve 62 for ex urchased as a Model V2001066- ASCO val ve
from Fi sher 1@'B¥‘6‘?mm§%§“|t fﬁ%?t condifiong, ain 1 i ne 56 ter rri nat es in the

mai n production smre@smﬁﬁgepar i Ferfrcaicliatidh

connects with a _drajin point or 24. 1 nstrurrent atron-drain

line 26 incl utcBAYBtings 42) v (f) byowbstitutiog po ARt Pyop fordD ¢ qanidcy, reTheseeent s
to quantify tgfciiatichs car alSé bggéhgﬁn&y Wp&@;?@& ‘éﬁﬂr‘f el P8k ument at i on

drain line 26. Water and oil ve ver eren C constants,
whi ch makéBpossi bl 'é'stfﬁéem@fmwﬂy update thesvarisbias: v, ?@ani-lbb;tamﬁe
these values change over the life of the producing well. Therefore, the FIG. 2
process inciudes a density determination mode beginning at Step P201. In step
P201 computer 84 causes controller 86 to actuate one of the valves in manifold 22
(e.g., valve 32). The actuation diverts flow of materials from a selected well
15 through the valve to test separator 24. The valve need not be actuated if the well
is already flowing on test to separator 24, but it will normally be advantageous to
enter the density determination mode prior to conducting an actual well test.
In Step P202, controller 86 opens dump valve 72 to permit flow of materials
from valve 32 through test separator 24 and instrumentation drain line 26 into main
20 production separator 42. Controller 86 uses liquid flowmeter 68 to measure a
volume of total liquid sufficient to fill gathering line 38, test separator 24, and the
portion of instrumentation drain line 26 preceding flowmeter 68. This volume flows
through test separator 24, but does not fill test separator 24 because dump vale 72
remain s open. A multiple of this volume may optionally be used to assure that test
25 separator 24 has been fully purged of liquids from another well that did not flow
through valve 32. This volumetric test separator purge operation provides
significant advantages over conventional separator purge cycles that rely on a time
of flow to purge the separator. Purge cycles that rely on time can resuit in the
separator not being fully purged, and test measurements are eventually conducted
30 on fluids from the wrong well. A volumetric purge assures that test measurements
are eventually conducted on materials from the correct well.
in Step P204, controller 86 closes dump valve 72 to fill test separator 24 with
liquid. Atthe same time, valve 32 is permitted to continue flowing material into test
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wat er-cut. Thus, water-cut nonitor 66 can utilize capacitance, resistance,
or other measurenents to quantify the water-cut. O her commercially
_avai l abl e devi ces include the use of mcrowave radi ati on to detect water
cut. An exenplary formof 20 water cut nonitor 66 is the Drexel brook Mdel
CM 2 capacitance nmpnitor. Instrunentation drain |line 26 pro;@ﬁ%g9 wat er
cut nonitor B‘@’[’&‘f‘?qui d flowreter 68. Liquid flowreter 68 pretrerably
includes a Coriolis floweter (including a mass fl owreter, densit%ggter,
hek

and t enper at ur $eRgARIOE34 untihlevel iedicatenAb pravides A signaljadicating to gaptrolles
tenperature rreméﬂa gem bal ' ' rEISAbRL | ON
drg})n line 26. e%rrgﬁﬁ%s?or ne tg'; Q?Ihgmrea%ﬁlwnég#ﬁHgg'?iﬂée%%ﬁg I\/bdgﬁts

C}VFSOOlngNU anfeium&temmmgmpemw,cmémmml%péomm% ganhe on

B . Co 69 i ' :
Cemmoratur e of PRIGAHmeR PR aH Sepaliib-2f 1oCa dinfré k| it drinBrioMifp el
form of tenﬁermnatimenﬂ'dlrleﬁél] f¢rseao:m;eéﬁ.ddbmmimga1m)}rxp§ﬁwgheﬁlel\jt HT:angg
= . 30 .

o ded tor oH AP Dremriiiy. Gage dnoh's el oUW, it RE e e Hitedigddll', | 3
r2n'6xte[] r ZﬁgLSpgfteﬁ%mmnm ina weightdd float isdused inleeel iadicatob46. BGag flowmeter ne

WO 97/ 24615 . .
PCT/ US96/ 2089058 /npasMies dne Z°€'§"a%ﬂ%ﬂé$ fiow, leayipg test separator 24, Ayring the filh g
pneunatical |y Pﬁddé%&%ilg%&smwwﬁd%m Wm%(&dﬁsw&% BohtRsifer B8PaY at or

24 through instrunmentation drain Iine 26, and can be closed to permt test

separator AP t peeded toypaintap taeimaterials withbHegtneparatnr 24 p gubstantiglly ceestant y

L9/ " AP, 1Pt il o Ayl o b ikt a voume

of gas flowing through gas drain line 56.
When controlier 86 receives the signal from indicator 46 that test separator
24 is sufficiently full, controlier 86 causes valve 32 to divert its production to main
15 production separator 42. Controfier 86 also closes gas bianket vaive 80 and gas
fiow control throttie valve 62 to seal the materials within test separator 24. The
materials inside test separator 24 are permitted to settle while gravity segregates
the respective oil, gas, and water components of the material inside test separator
24. The wait period for gravity segregation can be based upon a sufficient time,
20 e.g., thirty minutes, as dictated by experience in the field. In the initial installation
of system 20, the operator can view the separation within test separator 24 through
a view window on level indicator 46. The required time for separation is provided
as program controt data to computer 84. The material within test separator 24 is
permitted sufficient time for gravity cause stratification of the different materials.
25 This stratification normally does not need to occur within two phase separator
because the separator is only designed to measure two phase (gas and total liquid)

flow.

The fill level within test separator 24 during gravity segregation preferably
ranges from about 60% to about 80% of the internal volume of the separator. The
30 drain level preferably drops down to about half of the separator internal volume.
The respective fill and drain levels for test separator 24 are preferabiy different for
each well, and can be programmed into computer 84. For exampie, a well that
produces at a high water-cut and low production rate with little associated gas
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26 termnates in main production separator 42. Gas bl anket system 28

I ncl.udes a pressurized-gas .source 74, which can be gas froma conpressor or
fuel gas froma pressurized gas source that is used to operate the
production facility. The gas source 74 could also be the main 10

production separator 42. Source 74 flows into gas supply |] i ch
| eads to ga!“&"mét val ve 80. An exenplary form of valve g‘gBPMFi sher

Model 357-546. Valve 80 preferably works to maintain a constant pressure
wi thin test swpterablnis associated withd@chigh i} laviel and ailow deain leyal toropjimizeditheugh

separat or 24, PR oléfin e SHefAR (i SafbertCd wET il piuble Hra highe | P01
of ﬁiyﬁteen][ ﬁgtg&mkrem ?m & h@wmemcfomapge wrulqu'aglyhau? aII?MﬂHm:;??EN;PIee
A rererred (A oY PETRIS AoWA18 1R T iebp(1B R SpPHAREN B flele, 7
i s avai |l abbe phase whilethdtilediig @ significant drai volurhé 0 plirge iissgregated welters

software is particular 20,l preferred because it can generate al arns that
i ndi cate abno‘?lf?éP Pﬁb%'QgP'condi tions representative of nmechani cal

failures which aranpRpP206after cOaRdIRF 86 Ras S@EiMiAGT thafthe Mteritis ingidedtesimm ng
of renote operations _controller 86, which includes a glurallty of drivers

and i nt er f acc¥SRarglor 24 are sulicianty seoregated, iCROEPIEr 88, irap valverfzotfent s
of system 20-aﬁmfmﬂsmmgst§e%a§a%9m?®hg§g§uﬁmh rai?n?i e%p | S

the Fisher Mdel ROC364. Controller y al so progr amred W sof t war e
to facili @t candinte mais peeduction iseparaieriz. oValvas 82 and 62 eemaio elasedp fher 84,

b cor kit el e e bor ARG o ook OE 28 oMo, ,°
sel ecti ve conreiativelysmalid.ey,désstban abad 196 percankafitbe tojaltseparator Bdume i(five
pressure tr angihdl fhopf ond QunkiRdl betfel SOPAGHS. IBler Sldps! iPsbh Bratige
volume permits rapid refilling of test separator 24 as needed to obtain an accurate
15 well test of the daily rate for the well.

Step P208 includes obtaining measurements of the materials draining
through line 26. Controller 66 receives signals from water-cut monitor 66 that
indicate the water-cut of the liquids flowing through drain fine 26. Similarly,
confroller 86 raceives mass flow rate and density signals from liquid flowmeter 68,

20 These signals can be converted into a volumetric flow rate either at flowmeter 68
or computer 84. Controlier 86 receives temperature signals from temperature
monitor 69. Controller 86 closes dump valve 72 when controlier 86 receives a
signal from liquid level indicator 46 indicating that the liquid components have
drained from within test separator 24 to a minimum leve! that avoids introducing

25 gas into instrumentation drain line 26. Flowmeter 68 measures the density of the
segregated materials that flow from test separator 24. The water density (pw,-r) is
measured from water layer 48, and will have the greatest density of any
component. This measurement is conducted on essentially pure water because the
water component is substantially free of oil. The oil-in-water emulsion 50 normalily

30 causes extensive variations in the density measurement, and these values are
ignored. The oil-in-water emulision skipping is also characterized by a density less
than water but greater than oil. Density measurements of the oil-in-water emuision
50 are ignored. The oil layer 52 will have the lowest density value. The density
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controller 86 with water-cut nmeter 66. Lead 102 connects controller 86 with
transmtter 104 which, -in turn, connects with fluid level 46, liquid
floweter 68, and tenperature sensor 69 for transmtting information to
controller 86. An exenplary 12 WO 97/ 24615

PCT/ US96/ 208%M0f transmtter 104 is the ELITE Model RpE3ARSer20848 Ch is
available fro Moti on of Boul der, Colorado. FIG 2 depicts a

e DT AL B R 52 et i o b e e ™ 2°
control | er 86. b&&ﬁ%eﬁ?@?me m&m&%pao%awﬁbnb@%emﬁrt hat may optlonally
i nclude testing a selected Wwell by ad ustlng mani fold 22 to flow the vveII

t hrough test separalhe maasused @il density| isccomestecbfar water soplant acceiing 1
separator 24 b)é @H{ngdwproductlon to mai n production separator 42 in

t he event that est ‘i s néeded. In step P200, the | ease operator needs to
know wi t h acﬁ:u(ﬁu)cy q-=thC|pw-pWQ)£(1 -WEk volunetric oil flowate Qerr] as

defined ab by E d
e e oY on eiind Py b chEpUal Wby 4Ol flpathidt 3 s o ' e
cal cul ati on of dsnw of tie aateresut mbdsmpma‘@casrmeaswédfbmmb Howhetert6®mt (1) .

lDFerE(rqua;[/vihiolne(;) flo M{ﬁtfr 68 an é)l?sl&-fﬁéﬁ f‘fﬂ?%'t he conbi ned deﬁ%‘#\é readl ng

| aboratory 15 fmsetémmmesbgmgam@&ﬁrphaﬁ& fdtuvesrlmwsdh@bove
in the Back%'}ound g;%t | pventi on these b'gpat El surerrents sorrtﬁtl nmes

| ack accura o1l componsnt exay

correspond to tdagvifyOstigrédetés oil component exatlng test separator 24. WC is measured by
the water-cut monitor 66. It is noted that the water-cut monitor 66 can be relied
upon to obtain accurate water-cut readings because the water-cut in the
segregated oil phase will typically not exceed 10%. The value Po,T is used in
15 Equation (8), and the Xy, value from Equation (8) is used in combination with
Equations (2) - (7) to provide volumetric rate calkulations.

It is desirable to maintain a constant pressure inside test separator 24
during step P208 because excessively high or low pressures can result in
volumetric test and density measurement errors as gas is liberated or absorbed by

20 the separator liquids responsive to abnormal changes in pressure. Controlier 86

monitors signals from pressure transmitter 58, and uses these signals to maintain

a substantially constant pressure inside test separator 24. Controller 86 adjusts

vaive 80 to supply additional gas as needed to compensate for the pressure

reduction that accompanies an expanding gas volume which compensates for the

25 removal of liquids from within test separator 24. The pressure inside test separator

24 is preferably maintained at a value equal to or slightly above that for the main

production separator 42. A slight additional pressure (e.g., + 10 psi) will facilitate

the flow of liquids through drain line 26 and into main production separator 42

without introducing a significant volumetric eror. The pressure inside test

30 separator 24 typically ranges from 200 psi to 1500 psi, plus or minus about 20 psi,
but the pressure can be any pressure that circumstances demand.

In step P210, computer 84 determines whether the quantity of oil measured

by liquid flowmeter 68 was a sufficient quantity from which to obtain an accurate
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(e.g., pressure, tenperature, and solution gas content) within test system
20. -According to the present invention, the values Dierr] and Dl err] of
.Equation 20 (1) are replaced with the values p[err] and p[err] according
to Equation (8): (8) Xerr] = (Derr] - p[err])/(p[err] - p[err]), wherein

p[err] is a density of the pure oil phase excluding any re
content of l"ffé"’é’é@éegat ed oil component; p[err] is a denmﬁ]‘g@%pure
wat er phase; and the remai ning variabl es are defined above. The vari abl es

p[err] and p[ eaad]ngoﬂt i® preferred to close Fpivei 32ffor véry briet periodsrafdibice soRsdo npt and

Dierr] of Equ from
| aboratory rreasu mnt%%@gp@%ﬁ%%%%@é%ﬁ%@ﬁthrsggwgt% ned
manual | y, e. gperiods af fpressule kipavedawry aaﬂthmlduano‘fhéreforemrwdraminam& tasbugh
spigot 70. In_cont t he vari.abl.es rt] e omin-line
measur enent s F?Eﬁ’#q?%MPWCBnﬁﬁefg"g ﬂ?@ﬁ“ﬂﬁ'ﬂﬁﬂ? é'é"?{ 'Eystem
20. The di $Cugsiumes st one ttﬁtﬁréefbah@lsﬁfﬁitﬂpﬁroaﬂénan Z%nﬁ‘aﬁérra@

obtain the in-line neasurenents of p[ep&l’and p[ err These val ues have

si gni fi cance HRALHSSA BEeshald velymatoHep & beforethe test i e

accurate) cal ggmpieté) VBlumetN&nibdsdardients are taken over he time that the well is
PCT/ US96/ 20890 b)a/ substituting p[err] for err by s Stltt UE["IBné

p[err] for D actudliyfiowing ibthecumy WGWﬂE@U welH h.ﬂwﬁlis ﬂ%lﬁ‘m\towlﬁq!uat i on
égéau-srgl thuP%h&fr‘iIéé ?(; W%Mﬁﬁ Iaﬁn'g{ eﬁ?\éghﬁ@oétsg@?%ﬁ prone
| abor at or lerrequanmmtﬁtod can hehwtamdlfolameasuremeﬁ{ einrthis cass, the signals from
liquid level indicator 46 are recsived to indicate dumping of water to a minimum
level that does not dump oil from within test separator 24 until steps P202 and
P208 have been repeated a sufficient number of times to obtain a measurable
quantity of oil. This feature of the processing avoids the need for the operator to
15 purchase an oversize test separator merely for the purpose of obtaining a sufficient
quantity of oil for measurement. Step P210 transfers control to step P214 once a
sufficient quantity of oil has been obtained for measurement.

Step P214 concludes the density determination mode by returning control
to Step P201. The cycle is preferably repeated until density measurements have

20 been obtained from all of the flowing wells connected to manifoild 22. Alternatively,
Step P214 can return control to Step P200 for conducting a well test.

The test information derived from the above-described process inciudes
water-cut data, volumetric gas flow rates, volumetric oil flow rate, volumetric water
flow rate, oil density, water density, separator temperature, and separator pressure.

25 Computer 84 stores these values for transmission to the operator. Alternatively,
the data can be transmitted to the operator through a radio that is coupled with
controller 86. The system advantageously permits more frequent and accurate well
testing than can be obtained manually by pumpers who visit the production facility.
The use of a Coriolis flowmeter (including a mass flowmeter and densitometer) as

30 flowmeter 68 is particularly preferred because of its inherent accuracy and
reliability.

it will be understood that numerous commercial sources exist for the
respective materials listed above. For example, several potential sources exist for
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5 Derr]. In contrast, Equation (1) relies upon error-prone |aboratory
measurenents that sonetines fail to reflect—in~line conditions. Flowreter
.68 is preferably programmed t¢THiS SEEET CABdHEN j ons according to Equations

(2) - (8) by substituting p[efr] argEmACEDR] for{ Dlerr] and Dierr]. These

cal cul ationsgf 5‘2(2215 0 be perf 4 or contr optpRisssizessdO
It 1s necess ‘3 1g'erl odically update the variables p[err] and p[err]
because these val ues change over the life of the produ0| ng well. Therefore
the FIG 2 pr o@@b‘mlﬁﬂlytﬁé@t SHEH AmYaium, 3Zoueteredl MAMIRSS suchs; op

P201. In step géqg}ogﬁmﬂee eéndgﬂuﬁ%%smaféﬂiowlsb&‘i #3Gnkieadf 46t §heTactothat he

val ves i n mani val ve 32). The actuation diverts flow of

materials f rompb@m ldéatﬁeqipeotﬁsmwgﬁeq mmawéswrc?eg?e%m&mté'ﬁe 24.

The val ve need f o]
separ at or 24, lﬁ?&c{g IPLinorrrgT'wtnEﬁ1 ant ageous to enfws %H drfanmSé

det ermi nati dh Hisose pkllled motheoﬂdlﬁrelmgdd}nabbt toa find.eand snlsstituta sthstantmllxe
controller 86 @ ens t flo | s e 32
Chrough test s Spvae materdle fonf Suormali Sirese. Aoy deboaprrathad Rl

pr Od:JCt i onf separelaé ocmﬂe’htloﬁalrmf reel-;bhase%m lia\m'tgh dpfdrdlwfbf R%esrﬁﬁl flcatsread ur e
a volune of tot | S JCI nt to at he | ne test,. .
separ ator 24, 'F&Pspg’f ﬁﬁ?‘?ﬁé’ﬁ?ﬂ" Frhﬂﬁs FR3fe azﬁé?ﬁ'@@emtﬂﬁ

fl owreter 68. 'ﬂbwinétéﬂ satwulf&mutrbd fo¢@ach dedin ﬁﬂ@ alrﬂhtsrap%cattuﬁ toRIm6Il

fill test separator 24 becaus% e 72 remain s og A nultiple of
this vol unet &ay Hg\eﬂr;pst"@d&séﬂﬁé‘o! negessayt %heéfﬁyaﬂfm 9l has
been ful I'y pur%mt?&;wﬁoﬁ mw&ts&ureva?uenﬁaﬁageawm& s ReRLE

val ve 32. This test “separator purge operation provi
si gni fi cant advapiuelibsofdhese diff separator purge cycles that rely

on atine of flowt &n% %;.{a,;@ 196d I %%g'tr 'lnge
can result in the sgéﬁ’rgé%é*#’&’?o? ei ng u'ﬂd%gpur ge tﬁégP ?& measur enent s
are eventual | y daserbed dwreinabove may be subjected to apparent modifications without
15 departing from the scope and spirit of the invention. Accordingly, the inventors
hereby state their full intention to rely upon the Doctrine of Equivalents in order to

protect their full rights in the invention.
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30 on fluids fromthe wong well. A volunetric purge assu m m
measurenents are eventual ly. conducted on naterials fromthgmm n Imlullll
An Step P204, controller 86 claoses dump.valve 72 to fill test Sepgar & of 24
with liquid. At the same tinmg THISISHEEBHASBEEN fitted to continue flow ng
material into test 14 WO 97/ 246g§pu\cgg
PCT/ US96/ 208409%46Mr at or 24 Umti+—tevet—rnedicat or 46 provi FETVS%ERN,

indicating to controller 86 that liquid within test separator 24 has
reached a fil ICUABMS!I . The fill level is preferably determi ned by the |ease

cbpararor 24 to . it o aptePlar WhE ISt sisiefBof st ARG AN Rolig of v
fill level forespeehivevebinpbsientsi(4s, n$01€52 m)emedraeémratadtfm bl &rfiponBne fl |l

| evel is preferabl based d | evel , but can al so be based
upon the oil MRX@& Baa'tc‘?'gprlﬂ'lgi in level indicator °

46. Gas fl gweter ﬁﬁaﬁﬁf@ﬂ{ fsspoRsive Qb Ll’HBétb! 6f BagelineBd prodiition édthponent
separator 24 during the f process Ile gas flow control throttle val ve

62 is adj ust ecﬂ"'ﬁ}"%@ﬁﬁ?m@ﬂgs@ SRbdyre imreemacttve mnmantathw@oﬁat erials

¥V: E)\r/]vlrrgt gfsgosgfg\rxﬁﬁ"si 5?&1 gofgh%ﬁ?é'g?%éa hat I cat eﬁa o) Str{%n of
gas flowing ticompgheptmidureita afiliieveldhat\wermits ea&draepaeahnecneansdo\napatate
cont ol | er 56 S etReed proiBtor Shpc RhFrthife it felpdt obinpBherks 8. 50,

pr oduct i omM e 32y 54)dheréaf, abfor dedihieg ll&ﬁlthdmpu:iense(ésm 52) ehsaid praductioB0 and
gas flow contig toh&&t Mibfure s S Sbpdfidting! MBaf 1S 'd Bhdin tovel SalCiduia

separator 24.
components inciuding an oil component {52) and a water component (48);

said automatic well test system characterized by
means (68) for measuring a fluid density value and a mass flow rate value
15 of each of said oil component and said water component as said draining means
drains said liquid components from said separating means to arrive at said drain
level,

means (84, 104, 106) for comrecting said measured fluid density vaiue of said
oil component by adjusting the same for water-cut within said oil component to

20 provide a corrected oil component fluid density value, wherein said correcting
means uses said fluid density value of said water component to correct said
measured fluid density value of said oil component; and

means (84, 104, 106) for calculating a volumetric flow rate with respect to
said oil component using said corrected oil component fluid density value.

2. The system as set forth in Claim 1 wherein said measuring means
includes a mass flowmeter and densitometer (68) for providing said mass flow rate
values and said fiuid density values.

5, The system as set forth in Claim 1 wherein said draining means
includes an electronically actuatable dump valve {72) connected to said separator
and said controlling means.

6. The system as set forth in Claim 5 wherein said filling means includes
a fluid level indicator (46) connected to said separator and said controlling means

for indicating said fluid level within said separator to said controliing means.
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.inside test separator 24. The T .E'T ?EEP@ avity segre*gatci oh can
based upon a sufficient time, §2 @%ﬁ:’u&q&i y minutes, as dictated by
experience ir‘v{)gﬁ{&#&l d. In the iniBER talladtion of systyefwiderosse
operator can Wlhe separation within test separator 24 through a view
wi ndow on | evel indicator 46. The required.time for, se tion is prqvided
as program control @ata S YSieptassetothin '%@?%Fﬁ?ﬁ@@%@s‘ggﬂg?%t or
24 is perm ttednSgiebirghieally aciRtdbis vaha'(32) Bsupiad Skiftild sbarbi on wellhéde
different materials. 25 This stratification normally does not need to occur

within two phageoductien Huids apd saidseParatingdnedn®: or is only designed to
measure two phase (gas aryh &yéth ds! sifiHh inl Qlim TWherbin scliceRasiinginBahe St
separator 24 during gravity 'segregation preferably ranges from about 60%to
about 80% of t includescaCGoriolis|mass r {68)a adensitornater 68), @ndi s watar=ut
preferably drop&’éﬁg%o about half of the separator internal volune. The
respective fill rain levels for test separator 24 are preferably
different for each &l | ThesystemnadsetforthyinClaim!! whereircsaigfiling méans and said

exanple, a well that produces, at a hi ter-c d | ow,production rate
i t rr]m| itt] e asddANOY udewgagy?é%%gﬁﬁ:r repealfjatblyafﬁlmg said gepara ing means
PCT/ US96/ 20890 pyr efddirith| said swekited Jroductiohh compbaént’ imikture Vel reach asdiew
drain level to optimzed the glrodu ed.oil volunme in the separator. In
conpari son, a rmined,bibley raiing ﬁ?ﬁdgﬁ‘é'dé’w‘%ﬂ"a sgidiseparating
volurmetric oil e, woul d preferably have a low fill level, and drain a

very small volune down to the drain |evel to permt seParation of thehgas
12. A method of operating an automatic well test system to measure t

volume and density of respective components that are separated from a component
mixture forming a wellhead production material, said method comprising the steps
of.

5 filling (P204) a test separator (20) with a production component mixture (48,
50, 52, 54) to a fill level for separation of said wellhead production component
mixture by said separator, said production component mixture including a water
component (48) and an oil component (52);

draining (P206) liquid components (48, 50, 52} of said production

10 component mixture from said separator to a drain level;

said method characterized by the steps of

measuring {P208) a fluid density value, 2 mass flow rate, and a water-cut
value respectively of said liquid components after said draining means drains said
liquid components from said separating means to arrive at said drain ievel;

16 correcting (P210) said fluid density value measured on said oil component
by adjusting the same for water-cut within said oil component to provide a corrected
oit component fluid density value; and

using (P200) said corrected oil component fluid density value and said mass
flow rate to calculate a volumetric fiow rate with respect to said oil component.

13. The method of operating an automatic well test system as set forth
in claim 12 wherein said step of correcting said fluid density value measured on
said oil component by using a formula

materials inside test separator 24 are pernitted to settlilmmlmulﬂmlwlm
segregates the respective oil, gas, and water conponents I e *
e
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L= A=A

St-0p
determned that the materials insTiHS SHERT BASBEEMdr 24 are’suffitientl’y
segregated, controller 86 opens dunp REPLRCEIR to drain the materials within
test separator 24 through instrumentatriomdratrmTTne 26 10 aag iﬁéo mai n
producti on SEPAVMEEY 42 Valves 32 and 62 remain closed. TR&EX of
materials that are drained fromw thin test separator 24 is preferably kept
relatively small, poe: = (besmy fWOMABANC)five percent of the total separator
vol une (five barrelﬁi\?f .om a.dne:tiwndr d ba.{ﬂrgsl se rﬁt@ré?nl.n Ieiter tsteps,
this small drainag Bifo b%rsﬁi' Lo eﬂ P CPMPPRT Ul sét(\fp‘é?ﬁ?cﬁ 34 as
geededzg g obt Fé:gpmngecnrp‘tis d totalvddrisity @f the begregawdi diyc?mpmémﬁnétwn%/el | . )
tep P i ncl udes .obtai ni ng nmeasurenents of the terials ainin roug
i o 26, Cont MEHAG WRSH B0 BIRARGIEE! B S0 PPOtTIELAL LTPeREHS 5t Pog File

i ndi cate the wahsity dftfie Watet Gemporibnt SSmebsurbd By §ditl dessitoftietérionl 4 S8y d

Simlarly, controller 86 receives mass flow rate and density signals from

liqui d fl owretEtersRhiassyanc s is heyraipcil of thasegseaated ol companentyaiudiagr i
flowrate eit %&ig?ési %tgi"@fér%s&ﬁa@h mn%e;rag@_n Pin e %gr%ﬁéﬂ\bﬁs

tenperature sign m t'enperature nonito ntro ses dunp
val ve 72 when componenht.er 86 receives a signal fromliquid | evel indicator

46 indicating that stshe & gu 8?9@&' j Mgl
separator 24 to a r1nh'ni nt'?ngﬂg%gpatgﬁa av@g@%ﬁ%@%{%ﬂ%&%ﬂ%g&%{@ﬁh
i nstrunment ati dn claim r12 wherein . sdid step tofr dréihing: is whamaddrizede by i providingt he

Cplerr]) 1o meretiucton Sak alarié 4] PubF o MERAGR A doic Rpeible drepine ¥
density of anyiashingaithmatefislswhen saiddieid componentiars &8irg draired fidnkaid pur e

wat er because the water conponent is substantially free of oil. The
oi | -in-wat er SPRBEHM 50 normal ly

15. The method as set forth in Claim 14 including a step (P212) of refilling
said separating means with said wellhead production component mixture to said

5 phase while not needing a significant drain volume to iﬂllﬁ“%ﬂiﬂ;“ﬁl}“&"ﬂd
wat er phase beneath the oil. |n gtep-P206—atter—gontroll " .

fill level after said draining means has drained said separating means to said drain
level, and repeating said draining step until a sufficient quantity of said oil
component has been obtained to permit said measuring step to occur.
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30 causes extensive variations in the density neasurement, and these
val ues are ignored. The*“oil ~i n- wdt kHpping i s also
characterized by a density |ess tﬂiﬂS§$¥ f*¥¥h§ At er than oil. Density
measurements of the oil-in-water iA6BDar e i gnored. The oil |ayer 52
wi |l have th&W0 93685 density value. The density 1 WO 97 pe1orss20890
PCT/ US96/ 20890 neasurenent (p[err]) of 0|I2Iayer 52 nust be corrected for
resi dual water content because it typlcal y contains up to about ten
percent water. The neasured oil density is corrected for water content
according to Equation (9) below. 5 (9) pl[err] = (p[err] - Plerr]WO)/(1 -
WC), wherein p[err] is water-corrected oil _d t tenperature T; pl[err]
is the total density of the water-cut oil s neaxyred by the
fl owmmeter 68 at tenperature T, p[g | r of thgywat er conponent
A ‘ Er""u‘ ter ase at

I “’ conpwhent expressed
as the volunetric frad :egregated oi | conponent
eX|t|ng t est separ at ol ¥ ler-cut monitor 66. It
is noted that the waten-cut rmmtr?a:anbe reli ed upon to obtain

accurate water-cut readqi ngs becaue? Waer-cut In the segregated oil
p—rot—exceed 1p%gP=ghe vipl ue plerr] ]

n1Eq|at|on (8)

used in 15
i 4 used_in conbi nati on

phase will typica
Equation (8), x

o
\ 53°
na—
gae §§
= 22
o3
=
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It is desirable to maintain a constant pressure inside test separator 24
duri mg step P208 because excessively high or |ow pressures can result in
volunetric test and density neasurenment errors as gas is |liberated or
absorbed by 20 the separator |iquids responsive to abnormal changes in
pressure. Comoen24es 86 nonitors signals from pressure tranpdtvisssgred, and
uses these signals to maintain a substan )zal | y constant pressure inside
test separator 24. Controller 86 adjusts valve 80 to supply additional gas
as needed to conpensate for the pressure reduction that acconpani es an
expandi ng gas vol ume which conpensates for . l'iquids from
wthin test separator ﬁﬁhﬂ pressure ingide test separatof 24 is
preferably nmaintained at a val ue eq Y j ghtly abovefthat for the

mai n_ producti on separator. 42. AE? ht I L
will facilitate the flow of liq t _ r

production separator 42 wi thout intr
The pressure inside test 30 separator 24| onm\00 psi to
1500 psi, plus or m nus about 20 psi, but pressure
t hat circunstances demand. In step P210Q._¥anputer 84 det whet her the
quantity of oil neasured by |iquid fil GEBIBENSAYS] was a suf f\g¥ent quantity
fromwhich to obtain an accur at 82017 DETGRMNATON 4615
PCT/ US96/ 20890 reading. It is prefe d Ecl ode val ve 32 fpr very bri ef
periods of time, so as to not interrupt the steady-state flpw
characteristics of the producing wel l_wit¥ significant peripds of pressure
drawdown and bui | dup. Theref or epagpbe dumbees® f test -

A

SEPARATOR 24
P212 r
P204-} c1L0SE & RLLTEST
SEPARATOR24
REPEAT
AS NEEDED i
. L )
OPEN
P208“] DUMPVALVE

.

DRAIN SEPARATOR

P208 LioUIns &
coNDucT

MEASUREMENTS

' SUBSTITUTE SHEET (RULE 26)



separator 24 t hat
small 5 vol unes

ep._P2 is preferably limted to relatively
' F 855Barfiel s of total production. Controller 86
preferably requiregs gtqt_izrasﬂbﬂdg%l ugre to be produced, e.g., 100 barrels,
before the test i Bb_ﬁp'r'et'ed'."."\-/ol-urre ri ¢ measSubstituts sheet t Al Juny 4998e
time that the well 1s actualTy TTowing. If the cunulative quantity of well
test fluid ielestronically actuated threenwayvalvesisucheas valvesiz; wated-eut mionithrs syt s

obtai ned for ShuBoHiEnER: and uif SveLidiHEE stigh A IRIAHPY 461 Thie Gl &t
i ndi cat or 46agpRcdrits Raveedehfifidd Speciicprdfdiftid Eorterdialgoures s | MBHTIMIEHRS

that does not dunp oil fromwthin test separator 24 until steps P202 and
P208 have bepfadtigecef the inveotion 4o dtemsobtained from these souisesi #loaenbagalse| e

quantity of Qjl. s of e pf 1h C i 0j fneed fi

operator to se %@r’%ﬁaﬁﬁ% %@é’éi%@%'Qsﬁge%ﬂ%o#‘g%@&'@% s‘f'tgéeta%{g&fyose :
of obt ai ni ngequigaleht matarialsifreri akernativeisoufcds. Raditioralty) testIeparator 24 can
transfers control to step P214 once a sufficient quantity of oil has been

obt ai ned f orbéndacanertianal tireg-phase separatardavinga piyrglity ofisternal fleatsand

node by retugml. S « Th €l SRl r

until densi t?/‘[ar'rﬁ%sur e{rrraé-n rghﬁgstéﬁgdgggéﬁwgbﬁgi&gn%d 1!'1} ghn%gaﬁsgo%b %%%éﬁ%&hﬁg’
wel |'s connecﬁz?wnMen?lMlbbd réémiralikr forrezehi dfﬁirylinéSt bptrf&éépthmﬁdretthe tergo’]pﬂ'r ol
to Step P200, for, conducting .a we test. The test info ion derive om
he above. delBEiI58 FoRBEER for cascusii /3 Goknerassany biab iR Mell Riadure ol
rates, ol UngiferCad bad 5t difl that Y98 HiBRLFg 6f WRlikSad pRiCHoR materiafiPtide
wat er density, separator tenperature, and separator pressure. 25 Conputer
84 stores thapluralityefthese differaptiplbasesn to the operator. Alternatively, the
data can be transmtted to the operator through a radio that is coupled
with controller 86. The system advantageously permts nore frequent and

accurate well testing than can be obtai ned manual |y by punpers who visit
t he production facility.
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The use of a Coriolis flc ' iding a mass flowrret u ﬁu lu"ﬂ'l””“l
densitoneter) as 30 fl W&c;ﬁ&_,mg,@,ﬂcul arly preferr

i nherent accuracy and Il be understood that nunerou’s

commerci al sources exiis 1 ilve nBiBstiwns sheet ed haNe 1998
exanpl e, se®dAIMSiot entiz existllf or 18 el ectronical ly actuated

e, vay e Ve Uch sl ég".vf% frftin () tor cRAGHRRE B RGN e b7

have i dent i fespectiveccdmpomerits 4860 6214y ithat are! separaﬂe@sfrcnnta lcnm;iortelme
practice of the ipvention to itens obtained fromthese sources al one,
because t hoSWdLike q’fémns@W@eadtpraﬂecv%ma@nalbperrmsmgad and substltute

substanti al Y COGE Y REbh i, AR B B ulfedf S Tocidf Lo

test separator 24 can r ee- ase separ a

plurality omuxturefaraéeﬁdraﬁrigssaddnnttmennm&peéﬁve dorponegtst therasfs pect ive
phases. In this case, a@separate liquid fl owmeter 68 wll be required for

each drain |ine. MeAN%i{¢6hpfen flling2id senarating omeans withq 831t Rredustion
from gas Wehbﬁxfdntedt ke T@%?ﬁlslg(ré}e {h?ﬁggghpr Id sé’dé?gﬂﬁg bdns Y@E&Parg‘f’é‘d

gas, but only that the mxture o uctiron errals1n
plural ity osaidiwaltheadfpreductionntarspsnerit mixture into respective components (48, 50,
52, 54) thereof, and for draining liquid components (48, 50, 52) of said production

component mixture from said separating means to a drain level, said liquid

components including an oil component (52) and a water component (48);

said automatic well test system characterized by

means (68) for measuring a fluid density value and a mass flow rate value
of each of said oil component and said water component as said draining means
drains said liquid components from said separating means to arrive at said drain
level;

means (84, 104, 106) for cormrecting said measured fluid density value of said
oil component by adjusting the same for water-cut within said oil component to
provide a corrected oil component fluid density value, wherein said correcting
means uses said fluid density value of said water component to correct said
measured fluid density value of said oil component; and

means (84, 104, 106) for calculating a volumetric flow rate with respect to
said oil component using said corrected oil component fluid density value.

2. The system as set forth in Claim 1 wherein said measuring means
includes a mass flowmeter and densitometer (68) for providing said mass flow rate
values and said fluid density values.

3. The system as set forth in Claim 1 wherein said draining means
includes an electronically actuatable dump valve (72) connected to said separator
and said controlling means.

4 The system as set forth in Claim 3 wherein said filling means includes
a fluid level indicator (46) connected to said separator and said controlling means
for indicating said fluid level within said separator to said controlling means.
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1 ’?;Ep\képﬁn-eéu.
(c)::‘rAlrg/SpegtiveAgoﬁggge i’ 2\&5{9 : wt mtguzi'?) a];grsgggsgm,mml“ﬂlmmmm
conponent mi xture forni g He.a ...pr..o uct |don material, conprisiny: ;'reans
24 f
SN A %}Oxiﬁﬁgég&g&&é@dmmﬁ%& P oREh el %"%53§7Qﬁe§¥or
LTS er Encstnially BoRRG vaife ((32)°Cabiea] Wit TR0 88 lHceTof Wbfinddl 2

fill level separa I ng ans to separate said we
producti on pmqnmhentﬂund&andsaldﬁeparaﬁmgmeam conponents (48, 50, 52, 54)

t hereof, and for .drai UId c ent 4 0, .52 f said roduction
conponent ni xtur & fro r}géﬂ éﬁg&pg \ggaq,eénﬁépgmas 5'3 dNeRR d
conponent s jraflided @gcaﬂoﬁ& h\a“&mmﬁeter((%%b andersitorieter m@mﬂé wét-cugai d
automatic wel|l test system characterized by means (68) for measuring a

fluid densi mpnitar (B6)and a mass flow rate val ue of each of said oil

[ qui 0 component £ 1y o @ AVREBLASPet oy heimitt lyPefih FERHRI- Mads 3 Saiq o

means (84, é%mé%éarfs%clgeé hfé%hbrfatt SER)JorRapeataly filling @aﬁfﬁépéfat’hg':ﬂea@é

said oil conponent by '&Oustl ng the sane for water-cut within said oil
conponent tBY pesiding saisorwelthesd qrpductiponeampenentl fbgdie ytoy negeh w&id ei n

Fal d cor ey ) 9yl 458 iy S50 i Bbiohs il 4Bl techidfs "

means (84, mehansl06) for calculating a volunmetric flowrate with respect to
said oil conponent using said corrected oil conponent fluid density value

2. The system 8s sef method of gperatinghan autoreatic well testsystam o maasyce th
volume and density of respective components that are separated from a component

mixture forming a wellhead production material, said method comprising the steps
of:

filling (P204) a test separator (20) with a production component mixture (48,
50, 52, 54) to a fill level for separation of said wellhead production component
mixture by said separator, said production component mixture including a water
component {(48) and an oil component (52);

draining (P206) liquid components (48, 50, 52) of said productton
component mixture from said separator to a drain level;
said method characterized by the steps of

measuring (P208) a fluid density value, a mass flow rate, and a water-cut
value respectively of said liquid components after said draining means drains said
liquid components from said separating means to arrive at said drain level;

correcting (P210) said fluid density value measured on said oil component
by adjusting the same for water-cut within said oil component fo provide a corrected
oil component fluid density value; and

using (P200) said corrected oil component fluid density value and .said mass
flow rate to caiculate a volumetric flow rate with respect to said oil component.

9. The method of operating an automatic well test system as set forth
in claim 8 wherein said step of comrecting said fluid density value measured on said
oil component by using a formula
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ﬁ'*aens.t Values, 3. "The S;Jﬂ!ﬂﬂﬂﬂ"!ﬁl i

forth in Caim1l wh ghg means i ncl udes an el ectronicall

act uat abl e dunp val \ sai d spBsfiffte’shaet -SiM d ﬁ@rqtgggl I ng
means. 4. The pysFe(m AP, SHCYH(d-tWGC)n C ai m 3 wher ei r;s said fil TII ng neans

i ncludes a fluid,Lev I ndi_c S ng, sai d
controlling maang'r\%sni ﬁdl'éagé%cé éteﬁp&ﬂ %@gghgﬂfm ﬁgﬁ %‘é“? ggraat o]
sai d contr ofdmperat@eny; p® a tobal denbity Sfythecsegregatsd bilrddmpandritansiulling

wherein said filling nmeans includes an electronically actuatable valve (32)

coupl ed w tF?%d'éGhW@éeroﬁs measyeed by said densitometerat atyresEpawants the

el o OSOARE S s A S et

wat er - cut nwatdrghdse; and WC isithe watet-eat efsthecsedrogated oil €dmponéntiiheluding
said fillin s and sai d draining neans include neans, (84, 72) for
repeat abl y Qﬁ"l’lﬁr}g}”@f&r@x?éﬁ)ﬁegtﬁﬁg %&ﬁgtrba/fraaéﬂmgf water | Pkﬁ@&!e%ml i on
conponent EP #, reach said predetermned fill level and draining said
l'iquid conponefts from said separating neans. 8. A nmet hod of operating an
automatic well teet s%bemeuwodmacmmmgeamaumtmmmﬂswem asaeptarth ve

ts that d f
conponents 1In él‘aimaé %vhse%l?zrsaagdestep ro? g]rée}mggngcharactenzed by providing a pressurized

gas blanket (28) over the materials within said separator to prevent flashing said

i ncl udes a mass flo
flow rate val ues an sal
@r

materials when said liquid components are being drained from said separator.
11. The method as set forth in Claim 10 including a step {P212) of refilling
said separating means with said wellhead production component mixture to said
fill level after said draining means has drained said separating means to said drain
level, and repeating said draining step until a sufficient quantity of said oil
component has been obtained to permit said measuring step to occur.
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m xture forn1ng a mel Z Ap% f o material, said method conprising the
steps of: filling (PZ@ ?’ SF“ St dir (20) with a production conponent
m xture (48, 50, 52, 5 d el for separation of said well head

pr oducti on conponent MLxru?ﬁ“hv Sard“se arator, said production conmponent
m xture including a water conponent (48) and subgﬁidutgeﬁgeﬂemg J0Re 1998
draining (P206) |iquid cdfponents (48, 50, 52) of said production conponent
m xture from said separg to a drain level; said nmethod characterized by

a fluid density value,” a mass flow rate, and

arrive at saMd drain |l ;. ¢or Fecti-hg—PRP2103- said fluid density val ue

measured on sajid oil cd A UsTinglhe sane for vater-coutr wthin
said oil conmponent to p -"oe allcdrrected oi conponent fluid denpity
val ue; and using (P200) shid co}jr¢cted gl -cppponent fluid densitly val ue
and sai d nasg—ftowrate—t | ate a welunpiric flowrate with fespect to
said oil conﬂonent. 9. he net h¢d of obe@?@]ng an autonmatic wel| test
system as sefj forth in clgi m8 whe¢rein sai ep of correctihg'sad fluid
density val ug neasured onjjsai d oilf conponent using a fornpla 2fL
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wherein p[err] iS said corrected oil

8G QEOBH-SE 1

conponent fluid density valug

tenperature T: plerr] i-s a total density of the segregated oil co on t

i ncl udifngoERECTED jat er as neasured by said densitoneter at -ng

p[err] }i SVERSIONAsi tly of the water conponent as neasured by sZRBE)

densi t gr egat ed watﬁ EQ%E e wat er @Mgdyof t he
nent i ncloa? g rm&ﬁ%&%’a& il

segregated oil
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(54) Title: AUTOMATIC WELL TEST SYSTEM AND METHOD OF OPERATING THE SAME
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{57) Abstract

An automatic well test system (20) utilizes a Coriolis flowmeter (68) that functions as a mass fowmeter and densitometer in
combination with a water-cut monitor (66) to calculate volumetric flow rates and densitics of materials draining from = test separator (24)
in a combined or two-phase production stream. An oil-phase density value is corrected to eliminate the effect of its water content, and
divided into the mass flow mate reading to obtain a net oil flow rate. System operations are govemned by an automated controller (86) that
utilizes a gas blanket system (28) to prevent low pressures from liberating gas from the liquids within the test separator.

* (Referred to in PCT Gazotte No. 43/1997, Section [F)



