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Wet Gas Measurement Using an eTube® Flow Meter

Brian Zerb, Zedi Inc.
Edmonton, AB

Introduction

Wet metering of natural gas has been
increasing in demand. As well productions
decline and flow rates of new wells start out
lower, there has been a push for lower cost
alternatives to separation at individual
wells. This paper will describe wegas
metering discusshow differential meters
respond (by overeading) under wet gas
conditions;and will show how the eTube
differential flow meter responds.

The eTube response will be shown by
presenting the reswdt of controlled
condition tests, whiclwill confirm that the
eTube response is consistent with other
differential pressure meters. A case study
simulation of an effluent proration metering
process, using field trial data, will also be
presented.

Testsat acontrolled facility were performed
in January, 2007. The fig trial installation
was conducted in the fall of 2007.

eTube

Overview

The eTubeflow meter is a differential
pressurdype  flow meter initially
developedor measuring fluids under harsh
conditions. With its smooth shaped throat,
it is designed to effigntly produce
differential pressure, while creating a
minimum permanent pressure loss. The
throat is shaped like an ellipse, which is
how its origind name
derived

The SDR80A serieseTube is designed
especially for measuring flow ratof natural
gas.The eTube device has beéab-tested
and field-tested,and has been found to be

nelliptical

within acceptable guidmes for metering
applicationg1).

Figure 117 eTube flow meter, threaded (left) and
flanged (right)

The eTube contains no moving parts that
are prone to wear and tear, failure, or
reversed installation. Its streamlined
internal profile reduces susceptibility to
damage caused by abrasiva@$ie shape of
the throatalso helps to maintain a well
developed flow pattern and produces a
stable differential pressure over a wide
range of flow rates. It keeps fluids moving
because of no stagnation areas, reducing

build-up or freezing and therefore
improving longterm measurement
reliability.

How the eTube works

Differential flow metersutilize the pressure
drop createdacross a restrictiobo infer the
flow rate. Examples of differential 8w
meters are: eTube, orifice gvituri,and cone
meters

Figure 27 eTube cutaway

When a fluid enters the restriction its
velocity increases, creating a drop in
pressureThe eTubé seducedthroat area
createghatdifference in pressure.



AP=PI-P2 parameter is less than or equal to 0.3, and in

AP' \-/ some cases is the only accepted definitidn
' p. 90) An X, > 0.3 is considered the a

prassura

pi P2 more general twghase flow, and is not

' applicable to using single phase meters.

Q Q’) Q’> API categorizes wet gas into three typg@p
A | Types | and Il correspond to a Lockhart

Martinelli parameter of less than 0.3. API

Figure 31 Differential pressure created by the Typel wet gas is listed as X ©0.02. In this
eTube range the main intent is typically to
Flow rate is proportional to #nsquare root measure the gas. Depending on the
of this differential pressure. Thus, situation, such as for operational use,
adjustments might not be made in this
Q A E region (4). However, for more financiabr

regulatory reasons, corrections will likely be
needed?2 p. 25)(5).

where,

Q= Flow rate On the other hand, what is dry gas? Strictly

A,= Area of the restriction speaking, and to be consistent with

= Differential pressure standards such as AG2(6), dry gas flow
= Fluid Density is singlephased and homogeneous.
Wet Metering In practice though, liquids still get into flow
streams. For example, due to condensation

Wet Gas from temperature changes, a separator that
Wet gas flow is basically when small doesnot match the current
amouns of liquids are present at flowing etc.

conditions|in a gas dominant stream. )
Wet Gas Metering

Various methodshave been used toefing In the push from industry to reduce the
and even toclassify, wet flows (2). In a instances where separators are required in
typical operational settingyet gasis listed natural gas production, various methods
as a ratio of liquid to gas volumesThat have been attempted to measure wet gas
measurecan indicate expectedproducton flows. Although multiphase meters are
ratios at standard conditionend can be appearing in the market, they have been
used for ~ operational  guidelines subjet to debate and are still relatively
Unfortunately it does td indicate what expensive (7). A more economical and
might be lappening at flowing conditions. widely used method is to use singl@ase
meters to infer gas flow rate in wet gas
To define wet flow in a more situations. The tradeoff is between reduced
comprehensivevay the LockhartMartinelli capital costs (i.e., a ¥ expensive meter and
parametet is typically used. Commonly no separator) and increased uncertainties in

listed as X,, it is a dimensionless number the measurement results.
that represents the relative liquid fraction in
a flowing gas stream. It relates the For wet gas flows the most commonly used

superficiaf liquid inertia to the sperficial singlephase meters are differential pressure
gas inertia. Wet gas is most commonly meters, as opposed to n@P meters such
defined as when the LockhaMartinelli as turbinesThat is partlydue b the orifice
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meter (a DP meter) being one tfe most
commonly used meter for upstream
industry gas flow measureme(®p. 19)

Wet Gas Metering with Differential
Meters

Though orifice meters are the most
common, in advese conditions (such as

pulses or slugging), they are susceptible to
damage such as buckling of platé3 p.
139) However, hn gener al,
meters are seen as the most robust and
repeatable type of singiegha® gas
flowmeter for wet gas

As mentioned, flow rate is proportional to
the differential pressure, and to the fluid
density and the crossectional areas of the

meter. In most cases the gas density and
crosssectional area are set as dik
reference parameters in the flow rate

calculation.

However, the presence of liquids in the flow
stream can have an effect on both the cross
sectional areavailable to the gaand the
overall density, depending on the flow
regime present. In either catee liquid will
tend to cause an increase in the differential
pressure, and in turn the flow rate that is
calculated. The meter is then said to be
overreading.

The majority of resemh (i.e., for orifice
meters, \énturi meters, and cone meters)
indicatest her e i s
meters have a similar responsewet gas
flowo (3 p. 20) They increasingly overead
with an increaskin the LockhartMartinelli
parameter. The apparent gas flow reading
will be greater tlan if the gas was flowing
alone. Due to physical differences, each
meter will have slightly different over
reading properties, under similar conditions
(3 p. 20) but the trends are the same.

As well as the basic LockharMartinelli
parameter correlation, there are other
properties that tend to have an effect on the
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overreading response of differential
meters. Those effects include the gas to
liquid density ratid (indicated here as DR),
the gas densiometric Froude nurmi)(eFrg),
andthemet er 6s bet a.

For a constant Lockhaartinelli
parameter, the overeading tends to
increase with a decrease in flowing
pressure. Although this oveeading

through a density
ratio effect had previously only den
reported through published evituri and
£oNg fietep (E)ab'i,l ASME guirenlysassymes
it hat al folb\w these gemerd
trend® (3 p. 20) It will be seen that the
eTube also follows that trend.

Similarly the other onditions affect the
slope of the overeading response curve. In
general, the slope increases with an
increased gas densiometric Froude number
(3 p.22) and a decrease in bdfapp. 24, 25)

(3 p. 24

Other possible effects have been indicated
in recent literature, such as a diameter
effect, but have not yet been fully confirmed
(3 p. 24) So even though &ir amount of
research has occurred, there is still a lot
more to learn, for all DP meters.

If looked at from the standpoint of liquid
loading such as for a constant Liquid to Gas
Ratio, rather than the Lockhart Martinelli

agr ee me fofrelatipn, hthey ovepeading teds to

increase with an increase in pressure. (See
Appendix B).

eTube Wet Metering

Steven (7) has indicated that for wet
metering
preference is to ignore orifice plates on the
almost universal assumipt that they will

act as dams to the liquid and instead use
either a Venturi meter or occasionally a
cone type primary element DP meter as

they are thought to be less likely to cause

using an

applications,
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significant blockage to the liquid phase bet ween the two eTube fl o

fl ow. o configuration, dry gas flowed through all of
the flow meters and only the last eTube
Using that same line dhinking, due to the (Wet eTube) measured the wet gas stream.

smooth throat of the eTube and lack of  This setup madetipossible to compare the
components that could be damaged, it was wet gas eTube measurements to reference
assumed to also be a good singlease flow rates of the gas stream obtained with
candidate for wet metering. As suctests the othe@) meters.o

were conducted under controlled

conditions to evalseat eliguld owegdias Werddrmeasued psimgione

of two Coriolis flow meters, depending on
Wet Metering tests were performed on the the liquidflow rate.
eTube in January2007 at the Southwest

Research | (BveRl) i Meterireggb s  Test instrumentation was connected to the
Research Facility in San Antonio, Texas, in SwRI data acquisition system, where data
their Multiphase Flow Facility. was logged and redime display of

measured and calculated values were
SwRI Test Setup presented.

The test set up consisted of a multiphase

flow stream whichwas pumped into a SwRI Test Program

separator where the flowas divided into Tests were performed on three beta ratios,
gas and liquid streams that were separately 0.3, 0.5, and 0,7to cover the range of
metered and routed to the test section. A available 20 eTube beta si
simplified look at the test section is as
follows: A variety of tests were performed using
combinations of the following conditions.
Conventional eTube eTube
Orifice Meter (dry) l (wet) Test pressures were:
(M) (M2) (M3) .
N 0 1 50 psi (345 kPa)
Hauid Injection { 400 psi (2760 kPa)
1 900 psi (6205 kPa)
— Liquid to Gas Ratios were:

—

—| separatr 1 5bbl/ MMcf  (0.028 n# 103n¥)

Liquid 1 20bbl/ MMcf  (0.11 n# 103n¥)
Re-cycle

Figure 4 - Simplified Test Section lllustration T 50 bbl/ MMcf (028 m#/ 103n¥)
9 100 bbl/ MMcf (0.56 n#/ 103md)

The main part of thetest section consisted

of a Coriolis flow meter(not illustrated Flow rates were adjusted so that
here) "an orifice flow meter, and two differential pressures at the eTube were:
identical eTubdlow meters. All of the flow q 10inH20 (2.49 kPa)

meters were installed in sgries _and q 40inH20 (9.96 kPa)
connected using-ihch Sch. 80 pipe, with 1 60inH20 (14.9 kPa)
appropriate upstream and downstream 90 inH20 (22.4 kPa)

l engths provide@).Flbwr eac meter o

was in the horizontal plane. The gas was approximately 98.7% methane,

with traces of other gases. The liquid for the
Liquid taken from the gas/ liquid separator majority of the tests was fresh tap water.
was injected into the dry gas stream However, a set of tests was also performed
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using a hydrereated light distillate as a
substitute for condensate.

Overall a otal of 195 wet flow tests were
performed.

SwRI Test Results

Overall Results

From the test data, the Lockhart Martinelli
parameter and the gas densiometric Froude
number were calculated for each test case.
The overr eadi ngs of t he
compared to the reference eTube meter
were graphed against the Lockhart
Martinelli parameter (¥). Trend lined
were added to illustrate the correlations.

Lockhart Martinelli parameters (X
ranged up to 1.9.

Gas densiometric Froude numbers JFr
rangedfrom 0.3 to 6.4.

Density Ratios (DR) ranged from 0.003
to 0.058.

The overall overreading responsef all
data pointsunderall the various conditions
can be seen ifigureb.

Note that as seen for othedifferential
meters, there is an effect related the
density ratio, as indicated by thmressure
ranges

Steven(9)i ndi cat ed t hat
one DP metegeometry should not be used
with another design of DP meter
g e 0 me tHoweved, he also points out
t hat ADP meter
gener al wet gas meter
indicated that the overeading slope is
slightly different beiwveen orifce, cone
meters, and ¥nturi meters. The eTube is
physically more similar to the venturi meter
than the other two, and so a first pass
assumption could be that its wet metering
response would also more clogematch
that of a \énturi meter.

May 2009 Wet Gas
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Figure 6 reproduces redts presented by
Kegel (10)f or a 40
meter Though various parameters such as
diameter are differentand not intending to
directly match correlations, it can still be
noticed thata similar response pattern
existsfor the eTube and Venturi meteln
particular,the effect ofthe density ratioas
represented by thgressurs isconsistent

Another brief look at the eTube and the
Venturi meter is given in Appendix A.

ifwet 0O eTube

Afcorrelations for

have t he same
trends. o Steven al so

using an
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eTube Wet Meter Testing January 2007 - SwRI
Over-reading ratio vs Lockhart-Martinelli Parameter
(Beta 0.3, 0.5, & 0.7)
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Figure 6 - Venturi Test Results per Kegel (10)
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As noted in published research, other
conditions have an fect on the over
reading responségain, those include beta
size, gas densiometric Froude number, and
Density Ratio.

Therefore, taking moreefined views of the
overreading response whereby certain
conditions are heldanstant should provide
a better indication of the eTubes wet
metering response characteristics

Density Ratio Effects

For each beta ratio testedthe gas
densiometric Froude numberill be shown
asconstant(or at leastrelatively close)and
thegas to liquid densityatio will be varied.
As can be seen ifrigure 7, Figure 8, and
Figure9the response curvdsllow definite
patterns TheDensity Ratio (DR) response is
similar to other differential meterswith
constant X, and Fr, as DR increases, the
overreadingdecreasg

eTube Wet Meter Testing January 2007 - SwRI
Over-reading ratio vs Lockhart-Martinelli Parameter
(Beta 0.3; Fry =0.3)

mPf= 50 psi, DR = 0.003

Over Reading (Wet eTube/Dry eTube)

A Pf=400 psi, DR = 0.020

+ Pf =300 psi, DR = 0.045

0.10

0.15

Lockhart-Martinelli Parameter X,

Figure 7 - eTube Over-reading response i
Beta 0.3, Fry = 0.3
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1.40

eTube Wet Meter Testing January 2007 - SwRI
Over-reading ratio vs Lockhart-Martinelli Parameter
(Beta 0.5; Fry = 2.1)
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Figure 8 - eTube Over-reading response i
Beta 0.5, Frg = 2.6

eTube Wet Meter Testing January 2007 - SwRI
Over-reading ratio vs Lockhart-Martinelli Parameter
(Beta 0.7; Fr, =5.5t0 6.4)
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Figure 9 - eTube Over-reading response i
Beta 0.7, Frg =5.51t0 6.4
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Gas Densiometric Froude Number
Effects

Figure 10, Figure 11, and Figure 12
illustrate the eTube response when the
Density Ratio and Betare consant. As
seen in the initial view of all test points, the
slope of the overeading line increases
with an increase in the Density Ratio, or
inversely with the flowing pressur&Vith
other conditions constant theresponse
patterns are fairly well defined.

eTube Wet Meter Testing January 2007 - SwRI
Over-reading ratio vs Lockhart-Martinelli Parameter

(Beta 0.3; DR = 0.003)
1.40 -

1.35

1.30

1.25

1.20

.

. / +Frg=0.3
1.05 : AFrg=0.57

Over Reading (Wet eTube/Dry eTube)

’ AFrg=0.7
1.00 5
BFrg=0.84
0.95 . . . . . .
0.00 0.01 0.02 0.03 0.04 0.05 0.06

Lockhart-Martinelli Parameter X,
Figure 10 - Over-Reading vs Lockhart Martinelli
Parameter - Beta 0.3, DR = 0.003
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eTube Wet Meter Testing January 2007 - SWRI
Over-reading ratio vs Liquid to Gas Ratio
(Beta 0.5; DR = 0.020)
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Figure 11 - Over-Reading vs Lockhart Martinelli
Parameter - Beta 0.5, DR = 0.020

eTube Wet Meter Testing January 2007 - SwRI
Over-reading ratio vs Lockhart-Martinelli Parameter

140 (Beta 0.7; DR = 0.046, Natural Gas/Water, Fr, = 1.8 to 5.5)
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Over Reading (Wet eTube/Dry eTube)

0.95 T T T

0.00 0.05 0.10 0.15 0.20
Lockhart-Martinelli Parameter X,

Figure 12 - Over-Reading vs Lockhart Martinelli
Parameter - Beta 0.7, DR = 0.046
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Beta Ratio Effect

The last effect to look at is the beta ratio
effect. Figure 10 provides a first pasoko

In this case a beta effect isoticeable at a
low Density Ratio, where thewo betas are
graphedseparatelyandis lessnoticeableat
the two higherDensity Ratios (where both
betas are trendetbgether.The fact that the
higher beta has a lower oveeading is
consistent wit h7mpt2dyvenos
25). No further analysis hasyet been
performed at other gas densiometric Froude
number levels.

findings

eTube Wet Meter Testing January 2007 - SwRI
Over-reading ratio vs Lockhart-Martinelli Parameter

(Beta 0.5 & 0.7; Fr, = 1.8)
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Figure 13 - Over-Reading vs Lockhart Martinelli
Parameter - Beta Effect
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Field Trial 7 Effluent Proration
Metering Simulation

To get an idea of how the eTuhmight
function under actual field conditions a
field trail was performed laten the summer
of 2007 The trial site had athreephase
separator, an orifice meter for gas flow, and
turbine meters for condensate armdater
measurement.

Orifice Meter Tube Size: 30 nomi
Orifice Plate Size: 1.250

eTube Beta Size: 0.5

Gas Gravity: 0.76

Nominal Gas Flow Rate: 25 10°m°3/d
Flowing Pressure: 1440 kPa(qg)
Nominal Condensate Rate: 2m3/d
Nominal Water Rate: 0.3m °/d

Table 17 Field Trial Well & Metering Information

The eTube was first installed downstream
of the existing orifice meter to set the
baseline conditions and to ensure the dry
gas measurements matched the orifice
meter.Refer toFigure 14. Prior to Aug. 30,
the eTube was downstream of the separator
on the dry sideThe eTubewvas then moved
upstream of the separatoabout 5 meters
from the wellhead and 25 meters from the
metering shack. The measured flew
through both the dry (orifice) meter and the
wet (eTube) metewere monitored for the
next month.

May 2009 Wet Gas
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Using the flow rates from the orifice meter,
condensate meter, water meter, and the
eTube meterthedatawas analyzed by way
of a process simulatiomo see how well a
simple Effluent Correction Factor
multiplication would work in estimating
the actual drygas amount.

The simulation assumed thatwell testwas
performedon the first day the eTube was
moved tothe upstream side. The data from
that first day was usedo calculate an
Effluent Correction Facto(ECF), a Liquid
to Gas Ratio (LGR), and Water to
Condensate RatigWGR). The ECF was
calculated by taking the ratio of the dry
orifice met er 0O vol umduba o

0s
meter 6s vol ume.

The calculated ECF was then applied to the
daly gas flow volumesfrom the eTube for
the rest of the month. He results wee
graphed against the wuncorrected wet
metered volume and the dry gas orifice
volume Refer to Figure 14. Notice how
closely the corrected line follosvthe actual
dry gas volumes.

A similar calculationwas performed otthe
hourly data, gportion of which is graphed
in Figure 15. This higher resolutionview
further confirmsa good correlation between
estimated dry gas flow and actual dry gas
flow.

using an
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eTube Wet Metering Field Trial 2007
with simulated Effluent Correction Factor adjustment
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Figure 14 - Daily Gas Volumes - Uncorrected
and Corrected vs Actual (smoothed lines)

eTube Wet Metering Field Trial 2007
with simulated Effluent Correction Factor adjustment
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Figure 15 - Hourly Gas Volumes - Uncorrected &
Corrected versus Actual
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Besides the gas flow estimations, the
following graph indicates how an estimate
of the liquid production would have
responad. Although it is not as close af
correlation, the basic trend does follow the
actual production.

eTube Wet Metering Field Trial 2007

with simulated Liquid Estimation from Effluent Correction Factor Gas Velume

o« Time period for
simulated

» affluentrate test

25 4 S -

Daily Liquid Volume (m?)

eTube
moved to -~
Wet side

0.5

wx-yy-052-14 W5M

E Aetual Liquid Velume
====Est, Liquid Volume

Aug 20
Aug22
Aug 24
Aug 26
Aug 28
Aug20
Sep01
Sep03
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Sep07
Sep0g
Sep15 |
Sepl?
Sepl19
Sep21

o Seplt |
zSap]!}

Figure 16 - Estimated Liquid Volume versus
Actual Liquid Volume

To further validate the estimation process,
the simulation was run again, but this time
assumedhesimulated well test was run on
the Sept. 1 tacreatethe correction ratios.

The following charts indicate the calculated
total for the month based on therpection
factors being created from the data from
two separate days.
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Aug 31to Oct5 Actual eTube Est. % Difference
Gas (10°m?) 818.46 817.96 -0.06%
Total Liquid (m?) 79.82 80.59 1.0%
Condensate (m?) 69.80 70.02 0.3%

Table 2 - Monthly Totals - Correction Factors
based on Aug. 30 Data
Aug to Oct 5 Actual eTube Est. % Difference
Gas (10°m?) 818.46 817.62 -0.10%
Total Liquid (m*) 79.82 78.59 -1.5%
Condensate (m?) 69.80 66.55 -4.7%

Table 317 Monthly Totals - Correction Factors
based on Sept.1 Data

The liquid resultsraried a bitsince they are
more sensitive to small changestime LGR
and WCRratios. However, the gas results
werereasonablhaccurate.

Conclusions

The eTuberesponddn a similar mannerto
other differential pressure meters under wet
gas conditions Its overreading response
increass with increased.ockhart Martinelli
parameter, increasl gas densiometric
Froude number, and decreased gas to liquid
density ratio. The effect due to betm also
consistent with other metersResponse
curvesfor a singlechangingparameterare
well defined.
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It has also been shown that the eTube can
produce good results whenused in an
effluent proration measurement process.
The process itself assumes that
measurement uncertainties at the individual
wells are an acceptable trade off for the
benefits the process brings to tlvarious
stakeholders.

Overall, the data indicates the eTube
response to wet metering conditions
repeatable and correctable.

Finally, with its smooth internal profilethe
eTube provides addidnal benefits in wet
conditions such asreducel hold-up of
liguids and other particulates/er an orifice
meter, stable flow p#éern with no
stagnations areas;and the ability to
withstand advese conditions such as

slugging.
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Appendix A - eTube & Venturi Meter

As a preliminary look to see where the eTulegponse curves might fit in relation to the other

meter s,

(7 p. 28)(3 p. 26) shown inFigure 18. Since the Venturi beta was 0.6, a comparison to eTube

a quick Il ook through

t he

terature

betas 0.5 and 0.7 would be preferred. The 0.5 beta test only coveredummtbr2.6.

eTube Wet Meter Testing January 2007 - SwRI
Over-reading ratio vs Lockhart-Martinelli Parameter
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Figure 17 - 2" eTube, Betas 0.5 & 0.7, DR = 0.046
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Figure 18 - 2" Venturi Meter, Beta 0.6, DR = 0.044

The response is siair, but the eTube might have ddightly lower response slope than the
Venturimeter. Howeverfurther research is need¢dreacha definite conclusion.
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Appendix B T Liquid to Gas Ratio Graphs

As an alternate view to the Lockhart Martinelli correlation graphs in Figures 4 to @6e th
graph were relotted usinghe Liquid to Gas Rtios from the equivalent test cases.

In the section on Differential Meters it was noted that for a constant Liquid to Gas Ratio, the
overreading increases with flowing pressure. That is confirnneleigure19to Figure2l.
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Over-reading ratio vs Liquid Gas Ratio
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Figure 19 - LGR version of Figure 7
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Over Reading (Wet eTube/Dry eTube)
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Over-reading ratio vs Liquid to Gas Ratio
(Beta 0.5; Fr, = 2.51 to 2.68)
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Figure 20 - LGR version of Figure 8
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Figure 21 - LGR version of Figure 9 (Corrected November 26, 2009)
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