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(57) Abstract: An oil well production analyzing system receives production fluid samples from the oil well according to an automated
sampling schedule. The fluid samples are taken from a pipeline through a sampling apparatus to obtain a representative sample. The
representative sample flows into a circulation loop having a circulating pump, a water cut analyzer, and a cylindrical vessel, with
interconnecting piping and actuated valves there between, with the actuated valves and the circulating pump controlled by a digital
processor. Once a determination of the percentage of water and oil in the sample has been determined, the processor stops the circulating
pump and activates a piston in the cylindrical vessel which sweeps the cylindrical vessel of any fluid contained in the vessel in preparation

of receiving a subsequent fluid sample from the oil well.
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WELL FLUID ANALYSIS SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

Thus application claims priority to and claims the benefit of U.S.SNL 15/166910

filed May 27, 2016, which is incorporated herein by reference in 1ts entirety.

BACKGROUND

The present technology relates to a hydrocarbon well production analysis system.
The present technology generally relates to the on-sight analysis of fluids produced from
hydrocarbon producing wells and the measwement of flow rates of those fhads. In
particelar, the present technology relates to devices which provide real-time determunation
of the relative components of the fluads produced from hydvocarbon prodecing wells and
the flow rates of each of the relative components, both instantaneous and over a particular

pertod of tine,

A determination of the percentage of water with respect to the vohune of total
frquids produced by the well - the “water cot”™ ~ ts tmportant for determination of the
gconomic viability of a well because excessive water production mncreases hifting and
separation expense, plus the produced water must be property disposed.  In addition, an
acourate real-time determunation of weater cut, when used s conjunction with other
parameters such as ot gravity and gas hiquid ratio, may be otilized to determme the real-
time density of the produced fluid. Knowing the real-tnme density of the produced fluid
may be utilized in conjunction with various devices, such as rod string load cells, to
deternune downthole pressures and real-time production rates. Knowing the water cut of
ndividual wells on a real time basis also factlizates Held wide reservolr analvsis and
management. For example, i a water flood operation, the detection of a sudden increase
m a well's water cut provides useful information regarding the effectiveness of the flood.

The present well test systeras typieally requare a relatively large test vessel into
which the flow from a particular well may be directed by diverting the flow from the field
production system into the test system, The test system will allow produced gas to

separate from the other produced fluids, and then tvpically allow oif and water to separate
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by gravity separation over time, However, parponlarly with heavy erudes which may
have gravities approaching that of water, gravity alone is not always sufficient.

Frnalsrons also present difficulizes m determuning the relative percentages of water and ot
m a well’s production stream. Heat may be applied to the test vessel to assist in separating
the o1l and water or in breaking up oil and water emulsions. Floatation devices may be
utilized which inject large quantities of sinall-digmeter gas bubbles into streams of
primarily water such that the gas bubbles attach to oil droplets stspendedin

the water stream. These separation devices ave expensive and typically require a given
volame of produced Huid to remain in the test vessel for sufficient time to allow ol and
water separation.  Before g successive well can be tested, the test system must be purged
of produced Ruids from the prior test.

It iz knowa that separation of the free gas phase from the hquid phase in a sample
1s destred prior to making a water cut deternination 1s made. The American Society for
Testing and Matertals ("ASTM” and the American Petroleam Institute (AP} have
provided a Standard Test Method for Water and Sediment in Crude Oil by the Centrifuge
Method (2 4007) which provides a laboratory procedure for making water ot
determinations. This method is generally accurate because, among other reasons, free
gas has already separated from the el However, this operation 1s time consunung and
reqowres manyal processing of the sample. It 18 not a method which may be replicated in
the Held for real time determination of water cut. Instead, the field determination of water
cut will typicallv employ a number of varicus water cut meters.  These meters utilize
various operating principles and hardware to make the water cut determination, such ag
dielectric measurements using radio or sucrowave frequencies, optical detectors for

detecting near mfrared wavelengths, and gamna ray based instruments.

SUMMARY
The presently disclosed apparatus ascertans a relative percentage of water
contamed in a Hguid phase of a fluid sample recerved from an oil well under real-time
preducing conditions.  Embodiments of the disclosed apparatus mclude a sampling probe
which acquires a representative sample of the fhud Sowmg through 8 well’s production
Ime.

The thud sample may comprise a hiquid phase and 2 gas phase, while the liguid
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30 phase comprises an off component and a water component. Gas separation may ocout
prior to taking the sample from the well s prodoction ine. Alternatively, emnbodunents of

the present invention provide for pas separation 1o be achieved through the system itselfl
In one embodiment of the disclosed systems, a pipe receives fhuid received from

the ol well. A representative sample of the produced fluid is acguired from a sampling

>d

apparatus which has one or more probes mstalled through a wall of the pipe. The sample
of the produced fluid flows into the sampling probe when a valve hvdraubically connected
to the outlet of the sampling probe opens. A circulating pump has an inlet hydraulically
connected to the sampling probe. The circulating pump receives the sample of the
produced fluid and discharges the sample to a cut analyzer connected to the pump
10 discharge. The cut analyze ascertamns the relative percentages of water and ol 1 the first
portion of fhud as it is circulated through the analyzer.

The sampling apparatus will typically be downstream of an mline mixer. The
sampling probefs) of the sampling apparatus is stalled through a wall of the pipe

through which the fluid to be sampled 15 Howing. In one embodument of the sampling

ey
E¥cd

apparatus, a first probe 15 mserted through a wall of the pipe downstream of an iline
mixer. The fivst probe comprises a first shaft having a first terminal end and a first outlet
end. A portion of the first shaft spans sebstantially across the ntemal diameter of the
pipe. The first shaft further bas an mternal axal passage which extends from adjacent the
first terminal end through to the first outlet end. The first shafi also has a first upstream
20 face facing towards the inline mixer and a first downstream face facing away from the
direction of the downstream muxer. The first upstream face of the samplmg probe has a
solid wall and the first downstream face has plurality of spaced-apart radial slots
extending through from the first downstream face to the first axial passage.

The samplhing apparatus may also have a second probe mstalled through a wall of

fRN
L

the pipe downstream of the outlet of the inlime mixer. The second probe will
substantially have the same structural elements as described above for the first probe.

The first probe and the second probe may be mstalled such that the first probe and second
probe are perpendicular to one another. With this configuration, a sample taken by the
sarpling apparatas will be representative of the fhad Sowing through the pipe at the time

3 of the smopling.

it
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As the sample of produced fluad s cwrenlated through the system, # flows thyough
a cut analyzer, through a vessel indet and into a cylindrical vessel which is hyvdraulically
connected to the cut analyzer. The higuid phase of the sample, and any remammg
entramed or dissolved gas, flows out through an outlet of the cvlmdnical vessel, such that
a circulation loop is defined as the fluid sample 15 ctreulated by the circulating pump
through the cut avalyzer and the oyvlindrical vessel.

As the sample is cireulated, gas phase components which come out of solution are
vented out of the cvlindrical vessel through a gas outlet.  The sample is circulated
through the circulation loop unii such time as the water cut analyvzer reports consistent
relative percentages of water and oil, as deternuned by specified tolerance values mputted
inte a processor which comrols the system. Once the water cut analyzer reports
consistent relative percentages of water and ol according to the pre-determined values, the
processor stops the circulating pump and a piston within the evlindrical vessel displaces
all fluids contamed withmn the cylindrical vessel i preparation for receipt of the
next sample,

The piston is moveable fron a first position to a second position, wherein
substantially all fluids contained withm the cvhindrical vessel are displaced from the
cvlindrical vessel as the piston moves from the first position to the second position. A
first sensor is connected to the cvlindrical vessel, where the first sensor ascertains when
the piston is in the firs{ position. A second sensor ascertains when the piston 1510 the
second position.

n this embodiment, the fluid 13 swept from the sampling cylmder as the piston
moves from a “rased” position to a “lowered” position. Flnd 1s discharged from the
evlindrical vessel as the piston moves from the raised to the lowered position. Histo be

e i&]

noted that, as otthzed witlun this disclosure, the terms “raised,” “lowered,” “top,”
“bottom,” ete., are made with respect to the ortentations of the piston and eylinder as
depicted 1o the figures herein. However, the operation of the system is not dependent
upon the components of the system being onented as depicted in the drawmgs.

3% 4 W A8

Therefore, the use of the terms “raised,” “lowerad,” “top,” “bottom,” etc. should be

understood to be consistent with the a “ratsed”™ piston being n the tmitial postion before it
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sweeps a oyhnder and a “lowered” piston bewng i its tinal posibion after it has swept the
cviinder and cleared all fluid from the ¢vlinder,

It is to be noted that the presently disclosed invention can utilize almost any of the
tvpes of devices for the eventual water cut determination. The presently disclosed
mvention mproves the accuracy of these devices by providing a samiple, on the fly at real-
time conditions, whers the sample 15 sssentiallv gas free and, optionally, heated to AP
standard temperature for water cut determination. The mventor hergin has found that
PHASE DYNAMIC water cut analyzers, which utilize the difference between the
electrical characteristics of the water and o1l to determine water content, are acceptable
for use for water cut determination, but other water cut analvzers may be utilized as well.

A vacoum pranp may be connected to the oylmdrical vessel to facilttate gas
separation as the sample flows through the crrculation loop. Alternatively, the vacuam
may be applied from an external sowee, such as a fleld gas collection system.

Gras which has been evacuated from eyvhindnical vessel may be directed to a
gathering line and measured through a gas flow meter, and if desired, a gas
chromatograph {o ascertam the gas stream constituents as discussed below. The gas Hlow
meter may provide output 1o the processor as welll

The piston utthzed i the evhindrical vessel may be configured with a piston head
and seals which efficiently sweep the evlinder clear of all fluids contamed within the
cylinder, such that there is ittle or ne mingling of samples ax sach sample 18 processed
through the system. The ovlinder wall maay be lned wath a naatersal which 1s nowsstick
and capable of recerving high temperature fluids.

The sample may be heated within the cyvlindrical vessel to further effect
separation of the gas phase and hqued phase and separation of the hiqud phase
components. The heating means will typically be of the electrical resistance type, such as
heat blanketing wrapped about the cylindrical vessel. However, process heat nught also
be utilized with ovlindrical vessel with a heat exchanger receiving process fluids such as
stearn or heated liquids. For such embodiments, the cylindrical vessel may be connected
to one or more heat sensors which detect, or provide output to the processor which may
be utilized to regulate the temperature of the fluid contamed within system according to

pre-set values,

SUBSTITUTE SHEET (RULE 26)
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It should be understood that all sensors vtilized with embodiments of the device
may be located outside of the ovlindrival vessel, which greatly facilizates maintenance
and repair. In addition, the sensors may be of the type which provide output signals
compatible for receipt as mput to a digital processor for either data collection or control
PUIPOSES.

The piston o the ovlindrical vessel may be actuated by a vanety of actuation
devices, including a low voltage servo motor.  This motor may be actuated by the digatal
processor described above, such that a piston operating within the evlindrical vesset
operates according 1o conditions which may be detected by, among other things, the
postiion sensors and temperature sensors described above, ag well as flow sensors which
may be ptihzed inthe system. Among other possible input received by the processor and
m addition to the other devices listed herein, the processor may also receive load
mformation from a polish rod load cell, pressure transducers detecting the pressure of the
cvlindrical vessel or downhole devices, water salimty from the water cot apalyzer, gas
flow rates from the gas How meter, and other devices utthzed in the industry.

The processor may therefore be utilized to manage the flow of a sample through
the system, deternuning the time required to contain a satisfactory hquid sample for water
cut determination, as well as controlhing piston position, heat, ete. of the system. In these
embodiments, the processor controls a plorality of solenoid operated valves to manage
the flow of flunds through the system.  In addition, the processor may, based wpon the
data received through the gas meter, pas analyzer, water out analyzer, ete., caloulate a real
time fhuid density. Once known, the real time fluid density may be ptilized o
conjunction with a rod string load analyzer to ascertain How rates and downhole flowing
pressare,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a general schematic of an embodiment of the analyvzing apparatus.

Figure 2 shows an embodiment of a analvzing cylinder, piston and related
components which may be used with the apparatus.

Figure 3 shows a process flow diagram for an embodiment of the present

mvention.
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Figure 4 shows a perspective view of an embodiment of a cyhnder which may be
utilized in embodunents of the present mvention.
Figure 5 shows a perspective view of an embodiment of g piston which may be

utilized in embodiments of the present mvention.

k¥4

Figure 6 shows a sude view of the pistons of Figure 5.

Figure 7 shows a sectional view taken along line 7-7 of Figure 6,

Figure & shows a portion of an embodiment of the analyzing apparatus showing
the location where a sample may be extracted.

Figure 9 shows a close-up view of a static mixer and a sampling apparatus.

10 Figure 10 shows an end view of the static mixer and sampling sppavatus of Figure

Figure 11 shows a perspective view of a sampling probe or quill which may be
utilized in embodiments of the presently disclosed analyzing apparatus.

Firgure 12 shows a side view of the sampling probe of Figure 11, showinga

b
75

detatled view of the slots.
Figure 13 shows a front view of the samphing probe of Figwre 11
Figure 14 shows as section view taken along lne 14-14 of Figure 13,
Fipure 15 shows a top view of the sampling probe of Figure 11,
Figare 16 exemplities an operator screen of a digital processor which provides

0 data display andfor comtrol of embodiments of the disclosed apparatus.

DETAILED DESCRIPTION OF THE EMBODIMENTS
Figure 1 schemancally depicts an embodiment of the presently disclosed hydrocarbon

well production analysis system 100 according to the present invention, A

e}
¥

fluid samphing system 200 for obtaming a representative fluid sample from pipeline 10 is
deseribed mn forther detail below. With respect to the hvdrocarbon analvsis system
depicted in Figure 1, the major components of this embodiment include cylindnical vessel
300, water cuot analyzer 400, gas flow meter 330, circulating pump 600, gas compressor
700, and flow control valve 800. A digital processor 1000, not shown  Figure 1,

30 provides, among other things, control of the process flow of the analysis system and

reporting of the analysis results. It i3 to be appreciated that the components of the
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production analysis system 100 may be relatively small, fitting within an instroment
cabinet or mounted on 2 transportable skid for easy movement between logations, Flow
volumes may be relatively small and interconnecting piping may be 32 inch stamnless steel
tubing.

Figure 2 schematically depicts an embodiment of a evhindrical vessel 300 which
yay be utibzed with the present system, The cylindrical vessel may be fabricated from
316 stainless steel. The size of the vessel may change depending upon a vagisty of
factors, such as the pas-oil ratio and viscosity of the test fluid or whether the test fluid s
an emulsion. For test fluids requining litle residence time m the system, such as fhads
which have already been degasified andéor comtaining non-emulsified hight gravivy crude,
the ovlindneal vessel may be relatively small, perhaps having an owside diameter of 3
inches with an overall height (or length) of 36 inches, resulting in an approximate volume
of 1.5 gallons of fluid. However, for low gravity crude (having a gravity approaching the
gravity of the produced water), a larger ovlindrical vessel will normally be desired. A
cvimdrical vessal for these applications may have a diameter and height wluch provides a
volhume of 10 gallons of fluid or greater.

The mtemnal sarface of oylindrical vessel 300 may be coated with a non-stick hiner
suitable for high temperature surface, which facilitates the removal of sample fluid from
the cyvlmdnical vessel 300, The cvimdrical vessel 300 shouold be rated for a minimum of
300 psig. assuming a vacuum of 2.0 inches of water is applied to the vessel. The
cvlindrical vessel 300 may be equupped with a vupture dise (not shown). Cylindrical
vessel 300 receives a flaid sample through nlet 302, Vent 304 provides for the outflow of
gas phase components into a gas collection bine 310 which may be transmitted 1o a gag
flow meter 500,

Cyhindrical vessel 300 has a piston 31 which may have o-ring seals 312, The o-
ring seals 312 may be configured as double seals having an adrustable wear backimg ring.
Piston 310 may have a head portion 314 which bas a profile which mates with the profile
of the bottom 306 of evhindrical vessel 300, thereby providmyg for greater sweep efficiency
of the cvlindrical vessel 300 by piston 310. Piston 310 mav be actuated by a

fow voltage servo motor 330,

[raal

SUBSTITUTE SHEET (RULE 26)



3

]
k¥4

75

$

¥

WO 2017/205077 PCT/US2017/032271

The cvlindrical vessel 300 may be heated to promote sepasation of any tree gas,
and alse o allow the hiquid phase components to reach American Petroleum Institute
{"APL") standard temperatures for testing water cut through water cut analvzer 400, The
means for heating the sampling cylinder 300 may comprise an electrical resistance
heating element, such as 1 g heat blanket 326 or it unilize process heat 1n conjunction with
a heat exchanger recerving process Huids such as steam or heated bqueds. The oviimdrical
vessel 300 may be comected {0 one or more heat sensors 328 which detect the internal
temperature of the cylindrical vessel 300.

Cyhndrical vessel 300 has an outlet 324 which s hydraulically connected to the
mtake of cooudating pump 600, which flow from the outlet controlted by solenod
operated valve 410, A sampling probe 332 may detect Howmg hquid temperature at
outlet 324 and provide this information to processor 1000,

The fluid sample 13 circulated through water cut analyvzer 400 which determines
the relative percentages of water and oil in the circulating liguad phase.  Water cut
analvzer 400 may provide data output to processor 1000, Once stable and consistent
water cut information i3 detected by the water cut analyzer 400, the circulation of the
hquid phase through the circont may be ceased by the tssuance of instructions to a motor
controller for circulating pump 600, Once circulation has stopped, automated valve 410
15 closed by instructions from processor 1000 and automated valve 610 is opened by
mstructions from processor 1000 for return of the higuid phase components to a group hne.
Upon the completion of the water cut analysis, piston 310 may be actuated by servo motor
330 to clear any remaining fluid inside cvlindrical vessel 300 for discharge from the
disclosed otl well production analvzing system 100 and discharge from the system as
desived, such as by return to the group lne and pathered with production from other
wells.

Appropriate interconnect pipmg for the oil well production analvzing system 100 15
one half-inch stainless steel tubing with fitings, utihizing stainless steel ASCO solenoid
and check valves. The oil well production analveing system 100 mav be configured as a
compact skid package to facilitate transportation and mstallation of the unit. For
example, the entire system may be configured into a unit 40 inches long by 40 inches tall

by 30 inches wide.
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Figuves 8 through 15 depicts an embodiment of a flnd samphing system 200
which may be utilized in corabination with the presenily disclosed well production
analysis system 100, The fluid sampling system 200 provides representative fluid
samples to the system 100, Figure 8 depicts a pipmg configuration 202 which may be
utilized in conjunction with embodiments of the well production analysis system 100,
This pipmyg configuration may mclude a mass flow meter 204 set within a bypass loop
206 mto which the fhud sampling system 200 may be installed, where the sample s taken
of fnid Howing through pipe 214

Representative fhad samples are received throngh sampling line 210 by the
operation of actuated valve 212 which allows flow of the sample nto the well production
analysis system 100, Pipe 214 has a flaid Howing through 1t as depicted by the arrows.
Pipe 214 has an mternal diameter Dy The sampling system 200 may be fabricated into the
pipe 214 as a segment of the pipmg. Sampling system 200 has an inline mixer 216, Inline
mixer 216 i a static mixer which allows for continuous blending of luids within
pipe 214 utilizing the energy of the tlow stream to generate the mixing. Inline mixer 216
has annlet 218 and an outlet 220

The floid samphing system 200 has a probe 222 whuch is mnstalled into a tee fitting
or alternatively mto a welded or threaded remforced branch fitting, such as a
WELDOLET or THREADOLET (not shown) which provides access through a wall 224
of the piping segment. The probe 222 is installed inmediately adjacent to the outlet 220
of the mline nuxer 216, The reinforced branch fitting or tee fitting may have threads
which receive threads 226 of the head 228 of the probe 222, Head 228 may have
attached a fitting 230 having ¥ mch MNPT (male national pipe thread) with a flared
bevel on the opposite end of the threads 232 which make up into mternal threads 234 at
the top of head 228, External threads 226 of head 228 may hikewise be 12 inch

Probe 222 hag a shatt 236 which depends from head 228, The shaft 236 has a
termunal end 238 and an outlet end 240, Terminal end 238 may be plogged as shown in
Figure 14, but an axial passage 242 extends from a point immediately adjacent to the
plugged end of terminal end 238 through to the outlet end 240 and out of head 228, As
shown in Figure 10, the portion of the shaft 236 extending from terminal end 238 to

outlet end 240 spans substantially across the internal diameter T, of the pipe 214,

Y
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Shaft 236 has an vpstream face 242 which faces toward the outlet 220 of tnbine
mixer 216, As shown in Figure 12, the upstream face 242 of shafi 236 15 solid, .., the
upstream face 242 has no openings penetrating into axial passage 242, Opposite
upstream face 242 is downstream face 244, Downstream face 244 has a phurahity of
spaced-gpart radial slots 246, Slots 246 may extend approximately through half of shatt
236, Fach slot may be spaced 0.2 inches from an adsacent slot. Radial slots 246
penetrate through the wall of shaft 236 1o provide a flow path to axial passage 242, such
that a portion of & representative fhaid sample enters mto shaft 236 only by passing
throogh slots 246 m the downstream face 244

As shown o Figure 10, the thad sampling system 200 may have g second probe
222 which is identical to the first probe described above. As further shown in Figure 10,
the first probe 222 and the second probe 222 may be configured to be perpendicular to
one another,

With the probe{s) 222 configured and installed as described above, a fluid sample
taken from pipe 214 will flow ato the axial passage 242 of shatt 236 through spaced-
apart vadial slots 246 on the downstream face 244 of the shaft, with the fluid sample
taken along the entire diameter of pipe 214, I two probes 222 are configured as shown
i Figure 10, the sample 1s being drawn from across a vertical and honizomal axis, each
extending across nearly the entive internal diameter of the pipe 214 theveby collecting a
samaple along the entire flow profile, which is particularly useful for two phase fluid flow,
such as a gas phase and a higuid phase, or in fhud flows where gravitational separation of
mdividual components may occur, such as with some hydrocarbon fuids produced from
different wells, or from different producing zones of a single well, where the hydrocarbons
are combined mio a smgle pipelme.

Because the radial slots 246 are on the downstream face 244 of the shaft 236, the
saraple will be acquired from flmd which has already flowed past the shaft and the radial
slots will not be subject to plugging from any solids which may be entratned n the
flowing fluid. This configuration further factlitates backwashing of the radial slots 246
when cleamng of the probe 222 1s required.

The dunensions of sampling probe 222 may vary according the size of pipe 214,

By way of example only, the total length of probe 222, weithout fitting 230, mayvbe 4 44
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mches, with shatt 226 having a length of 2 1% inches extending below threads 226 of head
228, Shaft 336 may have an outside diameter of 44 tnch. Radial slots 246 may extend
1o shaft 226 by ¥ inch, or half-way through the diameter.  Radial slots 246 may be
spaced by 0.190 inches from center to center — Le., each slot spaced less than 0.2 inches
from an adjacent slot.

Figure 16 schematically shows g display from a digital processor 1000 which may
be utihized with embodiments of the well production anslyzing system 100, As
exemphified by the schematic of Figure 16, the processor display may show a calculated
gross daily production rate, daily oil rate, and water rate, wlach would be calenlated by
the processor hased upon input received from a load cell or other device. The processor
1000 may also display the water cut for a given sample, the temperatures of the fuid
sample at the indet of the device and the temperature of the Hquid sample as 1t flows to the
water cut analyzer 400, The processor may also display the current pressure and/or
vacuam within the ovhindrical vessel 300, Control of the well production analyzing
system 100 may also be performed at controls on the digital processor 1000, where the
controls provide for manual or automated operation of the system, or allowing the system
to be placed offhine. The digital processor 1000 may provide a display whach shows the
status of the various components, such as the position of the piston 310 mside the
cyhndrical vessel 300,

It is to be appreciated that the cveling of the o1l well production analyzing system
100 15 controlled by the processor 1000 based upon real time conditions observed through
the various sensors and controlled through the actuation of various end devices as
determined approprigte by the processor. Thus, operation of the cylindrical vessel 3000
and the various other control devices may be varted accordmg to the observed conditions
and as desired for the particular field. For example, the immg of the sampling and
vohime of produced fluid tested for a particular well may be adjusted as necessary to
obtain consistent and representative mformation.

While the gbove is a description of various embodiments of the present invention,
further modifications may be employed withouot departing from the spiit and scope of the
present invention. Thus the scope of the invention should not be himsted according to

these factors, but according to the following appended claims.
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Al clements, parts and steps described herein are proferably included, 1t is to be understood that
any of these eloments, parts and steps may be replaced by other clemunts, parts and steps or deloted

attogether ax will be obvious to those skilled tuthe mrt.

Broadly, this writing discloses at least the following: An oil well production smalyzing system
receives production fluid samples from the otl well aceording to an sutomated sampling schedule. The
fluid samapdes are faken from a pipeline throvgh a sompling apparatus {0 obiain a reprosentative sempie.
The representative sample flows into a cirenlation loop having a civeulating pump, a water cut amabyzer,
and a cylindrival vessel, with interconnecting pipisg and actuated valves there between, with the actuated
valves and the cireulating pump condrolled by a digHal processor. Once a deternnnation of the percentage
of water and oil i the sample has been determined, the processor stops the civculating pump and activates
a piston in the evlindrical vessel which sweeps the ovlindrical vessel of any fluid contained i the vessel in

preparation of receiving a subseguent fuid sample from the o well
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This writing presents at least the following Concepts:

I, A system for ascartaining a relative percentage of water and a relative
percertage of eil contamed m a hquid phase of a flutd recerved from a well, the system
CONYWISING:

§ a pipe which receives the fluid recetved from the well;

a smmpling apparatus comprising a first sampling probe extending through a wall
of the pipe, the first sampling probe hydraulically connected to a first valve, where upon
the opening of the first valve a first portion of the fluid enters the first sampling probe;

a ciroulating pemp having a pump inlet and a pump discharge, wherem the nlet 1s

1 hydraubically connected to the first sampling probe and receives the first portion of the
fluid upon the opening of the first valve;

a cut analyveer connected to the pump discharge, the cut analyzer capable of
ascertaining the relative percentages of water and ol in the first portion of fluid;

a cvhindrical vessel having a vessel mlet hydrachically connected to the cut

15 analyzer, and a vessel outlet, wherein a circulation {oop 15 defined by the mtercomiected
circulating pamp, the cut analyzer and the cylindnical vessel;

a piston disposed within the cvhindrical vessel, wherem, upon completion of
ascertaining the relative percentages of water and oil in the first portion of fluid, the
piston 1s moveable from a Hrst position to a second position, wheremn substantially all of

0 any thod contmmed within the oyvlindrical vessel 1s displaced frony the oylindrical vesset
as the piston moves from the fivst position to the second position; and

g first sensor connected to the cylindrical vessel which ascertains when the piston
is m the first position and a second sensor which ascertains when the piston 1s in the
secoud posiion.

28 2, The systern of concept 1 wherein the fivst sampling probe compnises a first
shaft, wherein the first shaft comprises a first terminal end and a first outlet end, wherein
a portion of the first shaft spans substantially across the internal diameter of the pipe, the
first shaft further comprising a fivst axial passage extending from adjacent the first
terranal end through to the frst outlet end, the first shaft further comprising a first

W upsiream face facing an mconung flow of the fluid and g first downstream face

opposite relation to the first upstrean face, wherem the first downstream face comyprises a
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tirst plorabity of spacedrapart radial slots extending through from the first downstream
face to the first axial passage, wherein the first portion of the fluid enters the first
plurality of spaced-apart radial slots, enters the first axial passage and exits the first outlet

end.

k¥4

3. The system of concept 1 wherein the cvlindrical vessel comprises a
heater for heating the flud,
4. The system of concept 1 wherewn the piston 18 actuated by a low
voltage servo motor.
3. The system of concept 1 further comprising a proceéssor whuch receives input

from the first sensor and the second sensor.

6. The systerm of concept S wheretn the processor provides ontput signals

which cause the piston to move back and forth berween the first position and the second

position.
7. The system of concept & wherein the piston moves back and forth between

15 the first position and the second position by a low voltage servo motor which receives the
output signals from the processor.

8. The system of concept 1 wherein the fivst valve s a solenord operated
valve which 1s instructed to open by a processor after any fluid contained in the
cyhindrical vessel is displaced from the cylindrical vessel.

20 9. The system of concept 1 wherein the eylindrical vessel comprises a
gas outlet for discharging any gas phase present in the first portion of the fluid.

10, The system of concept 9 whergin a vacuum pump 1s hydrantically
connected to the gas outlet.

L A system for ascertaning a relative percentage of water and arelative

]
k¥4

percentage of ol contamed 1 a hiquad phase of a fluid recerved from a well, the system
COMPTIsnNg:

a pipe which receives the fluid recetved from the well;

a first sampling probe extending through a wall of the pipe, the first sampling
probe hyvdraulically connected to a first solenoid operated valve, where upon the opening
30 of the first solenoid operated valve a first portion of the flaid enters the first sampling

probe;

h
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a circulation loop comprismg a circulating punp, a cutanalyzer, and a
cviindrical vessel wherein g second solenoid operated valve controls flow from the
circulating puwmp into the cot analyzer, and a third solenoid operated valve controls flow
form the cylmdrical vessel into the circulating pump, wherem the circolation loop is
hydraulically connected to the first sampling probe and receives the first portion of the
fhad upon the opening of the first valve;

wherein the cut analveer is capable of ascertaining the relative percentages of
water and oil in the first portion of fluid as the first portion of fluid is cireulated through
the circulation loop:

a piston disposed within the cylindrical vessel, wherein, upon completion of
ascertaining the relative percentages of water and ol i the first portion of Huid, the
piston is moveable from a first position o a second position, wherein substantially all of
any floid contamed within the ovhindrical vessel 1s displaced from the cylindrical vessel
as the piston moves from the first position to the second position; and

a first sensor connected to the cylindrical vessel which asceniains when the piston
is 1 the first position and a second sensor which ascertains when the pistorr is mn the
second position,

12, The system of concept 1 furthey comprising a processor which
recerves mpat from the first sensor and the second sensor.

13, The system of concept 12 wheremn the processor provides output signals
which cause the piston to move back and forth between the first positton and the second
posiiion.

14, The system of concept 12 wherein the processor provides imstructions fo the
first solenoid operated valve, the second solenoid operated valve, and the third solenoid
operated valve when to open and close.

is. A system for ascertaining a relative percentage of water and a relative
percentage of o1l contamed 1 a bquad phase of a thad received from a well, the svstem
COMPrIsSImgE

a pipe which recetves the fluid recetved from the well;
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a first solenond operated valve hydravhically connected to the pipe where apon the
apening of the first solenoid operated valve g first portion of the fluid is drawn mto a
cyhindrical vessel by a circulating pump;

a cut analvzer hydrashically connected to the ovlindrical vessel, the cut analbveer
capable of ascertaining the relative percentages of water and oil in the first portion of
fhad;

a cirenlation loop wheretn the first portion of the fluid is circulated by the
circulating pump through the cut analvzer and the cvlindrical vessel, the cirenlation loop
comprisimg a second solenoid operated valve which, upon opening, the first portion of the
fhad s ovenlated through the ciraudation loop,

a piston disposed within the cylindrical vessel, wherein, upon conapletion of
ascertaining the relative percentages of water and oil in the first portion of fluid, the
piston is moveable from a first position to a second position, wherein substantialiy all of
any thod contained with the cvlindrical vessel is displaced from the cyhindrical vessel as
the piston moves from the fiest posttion to the second posiion;

a first sensor connected to the oylindrical vessel which ascertams when the piston
1s m the first position and a second sensor which ascertams when the piston 1s in the
second position; and

a processor which recetves input from the first sensor and the second sensor and
which provides instructions 1o the first solenoid operated valve and the second solenoid
operated valve to open and close.

16, The system of concept 15 wherein the pipe which recetves the fhud
received from the well comprises 8 mass flow meter which transmits a mass flow rate to
the processor.

17, The system of concept 15 wherein the piston moves back and foth
between the first position and the second position by 3 low voltage servo motor which
receives the output signals from the processor.

iB. The system of concept 15 wherem the ovlindrical vessel comprises a
pas outlet for discharging any gas phase present in the first portion of the flud.

19, The system of concept 18 wherem a vacoum pump is

hydraulically connected to the gas outlet,
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20, The system of coneept 15 wherein the oylindrical vessel comprnises o heafer

for heating the fhud.
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What s clated 1

I, A system for ascartaining a relative percentage of water and a relative
percertage of eil contamed m a hquid phase of a flutd recerved from a well, the system
CONYWISING:

§ a pipe which receives the fluid recetved from the well;

a smmpling apparatus comprising a first sampling probe extending through a wall
of the pipe, the first sampling probe hydraulically connected to a first valve, where upon
the opening of the first valve a first portion of the fluid enters the first sampling probe;

a ciroulating pemp having a pump inlet and a pump discharge, wherem the nlet 1s

1 hydraubically connected to the first sampling probe and receives the first portion of the
fluid upon the opening of the first valve;

a cut analyveer connected to the pump discharge, the cut analyzer capable of
ascertaining the relative percentages of water and ol in the first portion of fluid;

a cvhindrical vessel having a vessel mlet hydrachically connected to the cut

15 analyzer, and a vessel outlet, wherein a circulation {oop 15 defined by the mtercomiected
circulatimg pamp, the cut analyzer and the oylindrical vessel;

a piston disposed within the cvhindrical vessel, wherem, upon completion of
ascertaining the relative percentages of water and oil in the first portion of fluid, the
piston 1s moveable from a Hrst position to a second position, wheremn substantially all of

0 any thod contmmed within the oyvlindrical vessel 1s displaced frony the oylindrical vesset
as the piston moves from the fivst position to the second position; and

g first sensor connected to the cylindrical vessel which ascertains when the piston
is m the first position and a second sensor which ascertains when the piston 1s in the
secoud posiion.

28 2, The systern of claim 1 wheremn the first sampling probe comprises a first
shaft, wherein the first shaft comprises a first terminal end and a first outlet end, wherein
a portion of the first shaft spans substantially across the internal diameter of the pipe, the
first shaft further comprising a fivst axial passage extending from adjacent the first
terranal end through to the frst outlet end, the first shaft further comprising a first

W upsiream face facing an mconung flow of the fluid and g first downstream face

opposite relation to the first upstrean face, wherem the first downstream face comyprises a
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tirst plorabity of spacedrapart radial slots extending through from the first downstream
face to the first axial passage, wherein the first portion of the fluid enters the first
plurality of spaced-apart radial slots, enters the first axial passage and exits the first outlet

end.

k¥4

3. The system of clamm 1 wherein the cylindrical vessel comprises a heater
for heating the fluid.

4. The system of claim T wherem the pision is actoated by a low voltage
SEVO MIOLOL.

5. The system of clasm 1 further comprising a processor which recetves input
10 fromm the first sensor and the second sensor.

o. The system of clamm § wheretn the processor provides output signals
which cause the piston to move back and forth between the first position and the second
position.

7. The system of claim 6 wherein the piston moves back and forth between

15 the firet position and the second position by a low voltage servo motor which recerves the
output signals From the processor,

R The system of claim 1 wherein the first valve is a solenoid operated valve
which is mstructed to open by a processor after any thad contamed in the oylindrical
vessel 15 displaced from the evlmdrical vessel

20 9. The systemn of claim 1 wherein the ovlindrical vessel comprises a gas
outlet for discharping any pas phase present in the first portion of the flud,

10.  The system of claim 9 wherein a vacuum pump 1s hydeaulically connected
to the gas outlet.

11 A system for ascertaining a relative pevcentage of water and a relative
25 percentage of oil contained in a liquid phase of a fluid received from a well, the system
conprising:
a pipe which recaives the flud received from the well;
a first sampling probe extending through a wall of the pipe, the first sampling
probe hydrauhically connected to a first solenoid operated valve, where upon the opening
30 of the first splenoid operated valve a first portion of the fhad enters the first sampling

probe;

0
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a circulation loop comprismg a circulating punp, a cutanalyzer, and a
cviindrical vessel wherein g second solenoid operated valve controls flow from the
circulating puwmp into the cot analyzer, and a third solenoid operated valve controls flow
form the cylmdrical vessel into the circulating pump, wherem the circolation loop is

§  hydraulically connected to the first sampling probe and recerves the first portion of the
fhad upon the opening of the first valve;

wherein the cut analveer is capable of ascertaining the relative percentages of
water and oil in the first portion of fluid as the first portion of fluid is cireulated through
the circulation loop:

10 a piston disposed within the cylindrical vessel, wherein, upon completion of
ascertaining the relative percentages of water and ol i the first portion of Huid, the
piston is moveable from a first position o a second position, wherein substantially all of
any floid contamed within the ovhindrical vessel 1s displaced from the cylindrical vessel

as the piston moves from the first position to the second position; and

vy
YA

a first sensor connected to the cylindrical vessel which asceniains when the piston
is 1 the first position and a second sensor which ascertains when the pistorr is mn the
second position,

12, The system of claam 11 further comprising 8 processor which recatves
mmst from the first sensor and the second sensor,

R 13, The system of claim 12 wherein the processor provides output signals
which cause the piston to move back and forth between the first positton and the second
posiiion.

14, The system of clanm 12 wherein the processor provides instroctions to the

first solenoid operated valve, the second solenoid operated valve, and the third solenoid

I
LA

operated valve when to open and close.

is. A system for ascertaining a relative percentage of water and a relative
percentage of o1l contamed 1 a bquad phase of a thad received from a well, the svstem
COMPrIsSImgE

a pipe which recetves the fluid recetved from the well;
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a first solenond operated valve hydravhically connected to the pipe where apon the
apening of the first solenoid operated valve g first portion of the fluid is drawn mto a
cyhindrical vessel by a circulating pump;

a cut analvzer hydrashically connected to the ovlindrical vessel, the cut analbveer
capable of ascertaining the relative percentages of water and oil in the first portion of
fhad;

a cirenlation loop wheretn the first portion of the fluid is circulated by the
circulating pump through the cut analvzer and the cvlindrical vessel, the cirenlation loop
comprisimg a second solenoid operated valve which, upon opening, the first portion of the
fhad s ovenlated through the ciraudation loop,

a piston disposed within the cylindrical vessel, wherein, upon conapletion of
ascertaining the relative percentages of water and oil in the first portion of fluid, the
piston is moveable from a first position to a second position, wherein substantialiy all of
any thod contained with the cvlindrical vessel is displaced from the cyhindrical vessel as
the piston moves from the fiest posttion to the second posiion;

a first sensor connected to the oylindrical vessel which ascertams when the piston
1s m the first position and a second sensor which ascertams when the piston 1s in the
second position; and

a processor which recetves input from the first sensor and the second sensor and
which provides instructions 1o the first solenoid operated valve and the second solenoid
operated valve to open and close.

16, The system of clanm 15 wherein the pipe which receives the floid recetved
from the well comprises a mass flow meter which transmits a mass flow rate to the
PrOCessor,

17, The system of clamn 13 wherem the piston moves back and forth betwesn
the first position and the second position by a low voltage servo motor which recetves the
output signhals from the processor.

iB. The system of claim 15 wheren the cylindrical vessel comprises a gas
outlet for discharging any gas phase present in the first portion of the fluid.

19, The system of claim 18 wherein a vacuwm pump 1s hvdraalically

comnected to the gas outlet.

]
2]
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24, The system of cham 15 whersin the ovlindrical vossel comprises o heatet

firr heating the flwd.
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