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Visualizing Well Performance

In this chapter:

* Principles of well production 6
* Relation between flow rate and pressure drawdown @'
* Characteristic performance of flowing wells and pumping wells +

* Calculation of pressure distribution in the wellbore from fluid level surveys an %)ressure measurements

* Determining present operating conditions in relation to well potential 5\

\%mle of thumb is that the producing

ressure (PBHP) should be less than 10%
tic bottomhole pressure (SBHP) to ensure
and in the most cost-effective manner. The analysisisto  * the maximum production is being obtained from
be made based on data obtained at the surface with%&

This introductory chapter addresses the widespread need
for oil and gas field operators to continually verify that botto

wells are being produced close to their optimum capacity of,

well. This requires measurement or calculation of
entering the wellbore and must yield an accurate r

resentation of conditions that exist within the wellbore,
at the bottom of the well, at the sand face, éﬂ
the reservoir. As such, it is not an easy ta@airly must be obtained when the well has been shut-in long
complicated processes are involved in th of gas, enough that the surface and bottomhole pressures in the

both the producing and the static bottomhole pressures.
The PBHP must be obtained while the well is being
in produced under normal conditions, and the SBHP

oil, and water mixtures in wellbores. ?tors are often wellbore have stabilized and inflow from the reservoir

confused by the apparently contra evidence that has practically ceased.
Well performance is defined as the relationship between

the fluid flow rate and the pressure drawdown between

may be obtained.

The objective of this c@s to present in simpli-
fied terms some ofthe cepts of well performance
analysis and to recﬁ~ d a procedure to be followed

i

in obtaining,
with acoustic

the wellbore and the formation pressure. This relation
may take several forms, all of which are approximations
of the actual behavior. The most common forms are:

The productivity index (PI), defined as flow

izing, and analyzing data acquired
level instruments to visualize the .

perform oil and gas wells. rate/drawdown, expressed in barrels per day
(bbl/day) per psi'?

INING OPTIMUM AND CURRENT * The inflow performance relationship (IPR),
L PERFORMANCE defined as a functional relationship between
o ) i flow rate, flowing BHP, and static BHP, the most

\ The principal question that must be answered is: “Is the P ) 3

. . o ) common of which is Vogel’s relation

well producing all the fluid that it is capable of producing

Q without problems and within the guidelines for optimum In order to answer the principal question stated

reservoir management?” If the answer is negative, then
additional questions must be answered to pinpoint the
reason(s) why the well is operating below its potential.

earlier, it is thus necessary to be able to determine the
current well performance and to compare it to what is
considered optimum for the particular well.

For distribution by Petroleum Extension-The University of Texas at Austin



Examples of Fluid Level Surveys in
Producing and Static Wells

In this chapter:

* Acoustic data analysis and quality control

* Recommendations for optimizing acoustic signal records

» Examples of different well types, acoustic fluid level records, and analys &
* Summary reports and comparisons of multiple records ef\

» Testing for safety valve position and casing integrity, and determinin,

This chapter presents a series of examples of acoustic
records that illustrate some of the most likely cases
encountered in practice. The objective is to provide
guidance to the reader for interpretation of the acoustic
records acquired in wells with similar characteristics:
The assumption is that the reader has access to c@iic
analysis software that is similar to that ujﬁ@cess
these records?, provides graphical representation of the
acoustic signal, and includes tools to d@(ine thetravel
time to specific echoes. * O

)
GUIDELINES FOR AC C RECORD
ANALYSIS

The acoustic re€or alyst should have a clear un-
derstanding of the sellbore configuration with all its
geometric details. This will allow the analyst to visual-
ize all fi &hat may generate echoes of the acoustic

pul mitted from the surface. In wells that have a

cated wellbore (multiple casing or tubing sizes,
@:r, multiple perforations, and so on), itis advantageous

\\'to overlay the wellbore diagram onto the acoustic record

QQ)

using a distance scale based on the average acoustic
velocity in the wellbore.

The conversion of round trip travel time (RTTT) to
adistance implies thatan accurate reference distance can
be used as the basis of the conversion. Generally, this

Q,}\?*
S

(%
or

a@‘nposition using acoustic records
*
reie@x distance is the average length of pipe joints

ect per joint) or the distance to a known wellbore

o\bss—sectional area anomaly that creates a detectable
e

cho in the acoustic record. It is important that these
reference lengths be as accurate as possible, or else the
distances computed from acoustic signal travel times
can have very significant errors.

The distances to specific points in the wellbore may
have been measured either relative to the wellhead or
relative to the rotary table of the completion or workover
rig. The difference in distance between these values cor-
responds to what is defined as the KB correction (kelly
bushing correction) and can be a significant quantity,
especially when dealing with wells on offshore platforms.
It is important to verify which reference point is used
when depth information is provided for input into the
acoustic analysis software.

GUIDELINES FOR QUALITY CONTROL
OF ACOUSTIC DATA

To determine the position ofthe liquid level, it is important
to obtain a clear indication of the corresponding echo and
an accurate measurement of the round trip travel time
(RTTT) of the acoustic pulse. This also assumes that the
moment of generation of the transmitted pulse isidentified
correctly and is used as time zero for the record.

O

*
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Fundamentals of Acoustic Fluid Level Surveys

In this chapter:

* Information required for understanding acoustic fluid level records and analyzing sw.\&

;\\Q

\}"9

Q,}\?*
S

* Propagation of sound and sound pressure waves in pipes and annuli

» Effect of composition, pressure, and temperature on acoustic velocity in ;f{égd other fluids

¢ Reflection, attenuation, resonance, and interference

» Correlations for acoustic velocity calculations

The bottomhole pressure (BHP) corresponding to vari-
ous rates of production allows for the determination of a
well’s productivity potential (as discussed in chapter 1),
Thus, it is one of the most important measurementsyin
oil and gas well production studies. For pumping wells;
especially rod-pumping wells, direct measure @s-
ing downhole pressure sensors is imprac‘@osﬂy
ns

because the rods must be pulled prior to installation of
the sensor, which disrupts production /lters the pres-
sure response. Permanently insta ggssure sensors
with surface readouts are not omically justifiable
inrod-pumped wells,

uce at low oil rates.

for routine monitoring of p
since most of these Wel@

Forthesereason %ustic fluid level measurements
were introduced' | ?z?go with two objectives:

* Determinigg the distribution of fluids present
i ellbore! (particularly the amount of

above the pump intake, defined as pump

Estimating the dynamic and static pressures at
the depth of the producing zone without the need
to introduce any tools into the well?

Over the years, this technology has been refined so
that regulatory agencies in many states and countries
accept the results of acoustic surveys for calculating
well potentials and BHPs>*.

&

o
PULSE GENERATION
AVE PROPAGATION

wave is a disturbance or change from a preexisting

condition that moves in space from one point to another,
carrying the deviation information at a certain finite
speed depending on the medium’s properties.

Acoustic or sonic waves are generally caused by
pressure changes in a gas or liquid and propagate through
the fluid at a speed defined as acoustic velocity, also
known as sonic velocity. Propagation of a sonic wave
requires the presence of a material medium: solid, lig-
uid, or gas. Sound cannot propagate in a vacuum and is
greatly attenuated when the pressure in the gas is lower
than atmospheric pressure. The shape or character of the
wave is arbitrary; it does not have to be oscillatory or
sinusoidal. It can be triangular, rectangular, bell-shaped,
or spike-shaped, depending on how it is generated.

For many types of waves, their motion is described
mathematically by the wave equation, which can be
written as:
’u
S
where U is the physical property (for example, pressure in
a gas or strain in a solid) of the disturbance, the operator

V2 — 0 Eq.3.1

is defined as the partial second derivatives with respect
to rectangular Xyz coordinates, t is time (in seconds),

For distribution by Petroleum Extension-The University of Texasat Austin
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Acoustic Fluid Level Equipment and Procedures

In this chapter:

;\\Q

\}"9

N

* Requirements for state-of-the-art equipment used to acquire and analyze acoustic reg\@'

* Background history of equipment and patents
* State-of-the-art equipment used in the field

* Recommended practices for using acoustic fluid level equipment

This chapter presents the specialized equipment and
procedures necessary for acquiring acoustic records. The
objective of this chapter is to outline the history, practi-
cal application, and complexities of generating a viable
acoustic pulse, as well as building microphones that detect
the pressure pulse and signal processing equipment tha
records and displays acoustic signals. Also pres @re
best practices and recommended operati;&f)%iures
for installing the sound source, preparing th

acquiringand recording an optimum, h@ality acoustic

signal with minimal interference.

well, and

ACOUSTIC PULSE GE«Q%HON AND
SIGNAL ACQUIS]

The characterisi S'U\-Qhe acoustic pulse used in echo-
metric surveys“@f @il and gas wells are described in
chapter 3. stic pulses need sufficient amplitude and

appropri quency content in order to generate clear
and, t echoes from the fluid level and all other
C ctional area discontinuities in the wellbore over

ances from a few hundred to several thousand feet.
Designing a pulse generation and recording system that
satisfies these requirements has to take into account the
following two opposing characteristics of sound propa-
gation and reflection that were discussed in chapter 3:
* Acoustic pulse attenuation increases as the
square of the frequency content of the pulse.

*

\

2
s\&

23

%frequency waves propagate with less at-
@ uation than high-frequency waves. Thus,
the pulse should have a slow rise time and long
wavelength to obtain distinct echoes from deep
wells. The pulse should have a spectrum shifted
toward low frequencies (1 to 10 Hz).

* Clearly defined echoes from discontinuities of
cross-sectional area require a pulse of minimum
duration in time with a short wavelength and fast
rise time. Thus, the pulse should have a spectrum
with high-frequency content (20 to 80 Hz).

Thus, the designer is faced with the problem of
creating a pulse generation system that satisfies both
objectives, which is very difficult in practice. As a
consequence, some systems emphasize low frequencies
to provide high-amplitude echoes from deep reflectors,
while other systems stress high frequencies to achieve
better definition of echoes from shallow- and medium-
depth wellbore discontinuities.

This problem is also addressed through signal
processing techniques (filtering and variable gain) ap-
plied to the received signal, either in real time or by
post-processing, to enhance the quality of the displayed
record and thus facilitate the analysis.

The pressure of the gas in the well has a major impact
onreceived signal quality since it affects the attenuation
of the pulse, causing less attenuation in high-pressure

For distribution by Petroleum Extension-The University of Texas4t Austin



In this chapter:

* Best methods to obtain accurate results of fluid level depth for various well configu

» Converting time record to distance

* Identifying collar echoes and echoes from wellbore discontinuities
* Determining acoustic velocity from gas properties

* Correlations and equations of state

;\\Q

\}"o

Methods for Determining Distance to the Liquid Levek?“

”
A
S

* Calculating velocity from acoustic records in similar wells or p’agﬁeys

This chapter presents some recommendations for obtain-
ing the most accurate estimates of the distance to the

liquid level from acoustic surveys. Anumber of differ%tb
i

methods to obtain the distance using acoustic veloc
are explained, fromusing collar echoes, tubing or
collar count to past acoustic surveys in th %gion.

/
CONVERTING ACOUSTIC Plb@’q'RAVEL
TIME TO DISTANCE ’\

Echo signals are registered S%time required for the

sound to travel from the generator (gas gun) to the
wellbore cross-sectio,

to the microphorie ed in the gas gun. This time is
knownasthero ptravel time (RTTT)and, generally

sured with anaccuracy of£1 millisecond.

change (anomaly) and back

ion 5.1, if the average acoustic velocity for the gas
sent in the wellbore between the gun and the anomaly

\%can be determined:
<

Eq. 5.1

where:

D = distance between the sound source and the
reflector (feet)

©

’\A V = average acoustic velocity of gas between

the source and the reflector (ft/s)
At = round trip travel time (seconds)

As discussed in chapter 3, the acoustic velocity is a
function of pressure, temperature, and composition of the
gas. Consequently, it differs from well to well and also at
various points in a given well because of the increase of
pressure and temperature as a function of depth and the
possible stratification of the gas column due to the differ-
ence in density of the various hydrocarbon components,
especially when gas is not being produced from the cas-
ing annulus.

For fluid level surveys in real wells, the following
four methods are used to determine the average acoustic
velocity:

* Determination using identification and counting

of echoes from tubing or casing collars

* Determination using the distance to a known

anomaly in the wellbore

* Calculation from gas gravity or composition

» Estimation based on experience or previous

measurements

All of these four methods involve varying degrees
of uncertainty, but generally, it is considered that the
first two (the collar count and anomaly methods) yield
the best estimates of the distance to the liquid level.

For distribution by Petroleum Extension-The University of Texas @t Austin



Calculating Wellbore Pressure Distribution
from Acoustic Fluid Level Surveys

In this chapter:

* Pressure distribution in pumping wells

* Classification of wells by wellbore and producing conditions

* Gaseous liquid column gradient

* Liquid level depression test

* Gas-free liquid pump submergence

* Correlations and mechanistic models
* PBHP and SBHP calculations

Acoustic determination of the depth to the liquid in th :

e
wellbore was introduced in the 1930s by C. P. Walke

who also outlined graphical methods for obtaini e
pressure distribution in the well. At that ti @mam
objective was determining the depth of*th&gas/liquid
interface in relation to the depth of t mp intake in
order to estimate the pump sz ce. Downhole
pump submergence is defined amount (height)
p intake. Since the

plications in the oilfield,

of liquid that exists above
early days of rod pumpj

the submergence of p has been the parameter
mostcommonlyds monitoring and troubleshooting
well operation. @fteh abbreviated FAP for “fluid above
and still is today) periodically monitored
* Based on its value, the operation of the

stem can be adjusted to maintain an adequate

s)% gence, which has been defined as about 100 feet of
@ , to provide sufficient pump intake pressure to force

\ the fluid into the pump at the operating pumping rate.

The importance of knowing the pressure distribution
inthe wellbore for detailed analysis of well performance
was recognized early in the 1930s%. However, for many
years it remained a research tool because of the dif-
ficulties involved in obtaining accurate values of fluid

6&?*
S

/\@J&

2
S

Qroperties as a function of pressure and temperature and

the lengthy iterative computations.

The advent of portable digital data acquisition and
processing provided the tools needed to routinely convert
fluid level measurements into estimates of downhole
pressure distribution in the wellbore at the well site®.
Today, surface pressure and pump submergence are eas-
ily converted to pressure at both the depth of the pump
intake and the depth of the producing formation and then
reported with an analysis of acoustic fluid level records.

WELL PERFORMANCE AND
POTENTIAL ANALYSIS

As discussed in chapter 1, the producing efficiency of a
well can be determined at a given time using an inflow
performance relation (IPR) that expresses the effect on
pressure drawdown of the rate of production from the
formation. Theserelations require knowing the producing
bottomhole pressure (PBHP) and the static bottomhole
pressure (SBHP) corresponding to a steady production
flow rate. The simplest relation, applicable to wells
producing primarily liquids, is given by the productivity
index (PI), defined as “barrels per day of gross liquid

;\\Q

\}"9
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In this chapter:

* Automatic acoustic determination of formation pressure

* Factors that influence pressure transient testing
* Programmed fluid level surveys

» Data acquisition and processing background

* Recommended procedures for optimum quality of recorded data

» Examples of well surveys from the field

;\\Q
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Applied Well Testing for Pressure Transient Data Acquisitiov

N
(g)’b’
~\.

&Q)
>
Q)

&

Proper reservoir management and production optimi-  , ar duced through artificial lift pumping systems.

zation require up-to-date information about forma- &erefore, it is necessary to monitor and analyze the

Pressure transient tests using wireline-conveyed

tion pressure, permeability, and wellbore skin factor.:
es

permanently installed surface readout pressure @
%, the
presence of artificial lift equipment co&:a es and
often precludes the use of wireline-conyv€yed devices.
Thus, conventional pressure trgns&ts are seldom
performed in these wells. Th@\ is

and production manageme
Since the 1980s*$,t ﬁd gasindustry hasrelied

are commonly run into flowing wells.

iS poor reservoir

nt to calculate bottomhole
face pressure and acoustically
ey€l data in pumping wells. Over the

on programmable e
pressure (BHP)fro
measured liqui

in electronics, computer software, and
technology have vastly improved the data
usability of this equipment. In fact, because

t ipment provides real-time data with the quality
@t is necessary for pressure transient analysis, this

\&'method is considered to be areliable! and cost-effective

QQ)

way to determine BHP.

From a management perspective, the industry’s
primary objective is to achieve maximum production
efficiency with minimum engineering and technical
labor. The majority of onshore oilwells in the U.S.

performance of these systems. The principal tools that
are used in the field to determine indicators that influence
production rates—such as reservoir pressure, formation
permeability, productivity index, pump efficiency, and
skin factor—include:

* Flowing BHP surveys
* Pressure buildup tests
* Pressure drawdown tests

* Inflow performance analyses

These techniques are widely used in flowing wells and
some gas lift wells, where the pressure information is
easily obtained from wireline-conveyed BHP recorders.

In rod-pumped wells, the presence of sucker rods
essentially precludes the practical, routine, and direct
measurement of BHP, thus eliminating the single most
important parameter for well analysis. Permanent in-
stallation of surface-indicating BHP gauges is not yet
cost-effective for wells with low production rates. As
discussed in chapter 6, one solution to this problem
is to calculate the BHP from the casinghead pressure
measurement and then determine the annular fluid head
from echometric surveys that yield the depth of the gas/
liquid interface and the gradient of the annular fluids'>.
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Applications of Fluid Level Measurements to Pumping Wells

In this chapter:

» Total monitoring of pumping system operation and wellbore fluid and pressure distribution ®~

* Rod-pumped wells
* Well pressure survey

* Correlation of fluid level with dynamometer measurements

e ESP and PCP wells

* Recommended procedures and special considerations for quality control

Throughout the world, the most commonly used method
to artificially produce oilwells is by sucker rod lift and
has been since the early times of the industry. Efficient

6’\\0
?\\}
N\

(%
or

d analysis

Xnnot displace liquid into the bottom of

&e tubing at the rate that the formation could
deliver it to the wellbore.

application of all types of well pumping systems re- Q\  The pumping system’s theoretical displacement

quires knowledge of the position of the liquid in relat%
to the intake of the pump. This quantity is defined

the pump submergence, and its determination e
primary reason for the early development} O@usﬁc
fluid level instruments, as discussed in d@n hapter

4. The refinement of this technology
portable computers have expagd

application of

fluid level measurements for ation of the total

pumping system through d
sure and fluid distributig;’@e well.

ed analysis of the pres-

Most operators ells to produce at or near

their capacity. ell is producing at a maximum
rate (defined as tential), the producing bottomhole
pressure ( ) will be very low compared to the static

bottom essure (SBHP), which is equivalent to
the &servoir pressure. Ifthe PBHP is larger than
l@ the static reservoir pressure, then the current
uction may be significantly lower than what the
formation is able to provide, indicating the reservoir is
not being produced efficiently.
Inefficient reservoir production by pumping may
be caused by one of two reasons:
* The pumping system is operating efficiently at
its maximum capacity, but is under-designed

capacity equals or exceeds the formation produc-
tivity, but the pump is operating inefficiently at
a lower effective displacement rate, which in
turn limits the liquid inflow from the reservoir.

Experience has shown that the majority of pump-
ing wells experience the second situation listed above,
where the low pump volumetric efficiency is the con-
trolling factor.

The “First Law of Pumping” may be stated as: In a
well that is artificially lifted by pumping, the reservoir
cannot produce more liquid into the wellbore than the
pump can displace from the wellbore into the tubing.

Fluid production (oil, water, and gas) from the forma-
tionis controlled by the pump displacement, which means
thatat stabilized conditions, the formation produces fluid
at the rate that fluid is removed from the wellbore by the
pumping system. Depending on formation productivity,
the PBHP will stabilize at a specific level and remain
constant as long as the pump liquid displacement rate
remains constant. In the annulus of the wellbore, the
vertical distribution of produced fluids is controlled by
gravity, with gas overlaying a column of fluid generally
consisting of a mixture of gas and liquid. For a given

For distribution by Petroleum Extension-The University of Texas &t Austin
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Fluid Level Measurement Applications for Gas Wells

In this chapter:

* Monitoring gas well performance with fluid level measurements in tubing and casing

* Determination and analysis of liquid loading
* QGas well troubleshooting
» Tubing and casing integrity testing

The principal objective when performing acoustic
measurements in a flowing gas well is to determine the
quantity of liquid inside the tubing (or the annulus, when
the tubing is used for removing liquid from the wellbore
by means of a pump) and whether the produced liquid
(1) is uniformly distributed over the length of the well

accumulating near the bottom of the well.

as a mist or annular flow pattern or (2) has fallen ba@
e

In the first case, the gas flow rate is above
defined as the critical rate, and the liquid { ifermly

distributed. The gas velocity is sufficient t0 continuously

othe surface,
niform flowing
g.

e,pas flow rate is below

carry liquid as a fine mist or small drop
establishing a relatively low angl fai
pressure gradient throughout t
In the second case, wh

the critical rate, the gas velogity is not sufficient to carry
all the produced liq & e surface, and most of the
liquid accumulate stays in the lower part of the
well. A ﬁowin%&mre traverse in the wellbore will
show two different gradients: a light gas gradient above
the gas 18 interface and a heavier gradient in the
on of the well below the gas/liquid interface.
dient of the fluid below the gas/liquid interface

low;

ects the liquid concentration, which is controlled
by the gas flow rate. The liquid in this section of the
wellbore recirculates in place, with zero net liquid flow,
as the gas bubbles or slugs of gas percolate through the
liquid, and only the gas flows to the surface.

Knowledge of the flowing gradient and fluid dis-
tribution in the well is important in determining the

*

Q,}?*
S

additional ba%essure acting on the formation when

there is lid
dropsb,

ing in the tubing. When gas velocity
ecritical rate, productionrates are reduced
by @ accumulation in the tubing. Removing this
% equires applying a deliquifying technique, such
N

stalling plungers or pumps, adding surfactants, or

Qedesigning the flow string to increase gas velocity®.

The acoustic test in flowing gas wells is designed
to determine which flowing gradient conditions exist
in a well. The test involves performing a series of fluid
level and surface pressure measurements while the flow
at the surface is stopped for a length of time sufficient
to identify the behavior and distribution of the fluids in
the tubing or tubing/casing annulus. The advantages of
the acoustic test over wireline flowing pressure surveys
include lower costs, because equipment is very portable,
and lower risks, because measurement tools are not
introduced into a flowing well. An important byproduct
of acoustic testing is determining the condition of the
downhole hardware and integrity of the tubulars.

DETERMINING LIQUID LOADING
OF A GAS WELL

Theacoustic fluid level testis used to determine the tubing
(or annular) pressure distribution in a flowing gas well
by momentarily shutting in the flow for the duration of
the test. An analysis of the acoustic fluid levels acquired
on gas wells can be used to determine the:

* Amount of liquid loading on the formation

*

N\
5N
RS
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Fluid Level Measurement Applications for Gas Lift Wells bg
\
In this chapter: 6'\'

* Unloading status and operating valve identification

* Determining static and producing BHP ‘ ‘b’

* Pressure distribution at steady flowing conditions

¢ Pressure distribution at shut-in conditions &
* Recommended equipment and procedures $\
» Example acoustic records O

Optimizing the design and operation of wells produced by the & valves (known as the unloading valves) are
continuous or intermittent gas lift, requires determining  , ¢l @D

the SBHP, the PBHP, the well inflow performance, and &scussed briefly at the end of this chapter.
quantifying the overall gas lift system efficiency. %Q

normal gas lift well is assumed to be a continuous flo

well in which a packer is placed immediately abc@he
formation at the bottom of the tubing. The j S%h the '

tubing is open from the bottom to the t6p of the well, GAS COMPRESSOR gg_o%%%gés
but in some cases, it may have a ste@'g valve. This

prevents backflow from the tub‘inQ e lower part of

the wellbore when gas injecti pped.

The packer is used to s the fluid level in the
casing annulus and prev, jection gas from blowing
around the lower en tubing in wells with a low
flowing BHP. THe er is particularly important for
gas lift when th&dnjeCtion gas line pressure varies or the
injection pply is interrupted periodically. When
the installation does not include a packer, the liquid that
acc es in the annulus must be displaced after each

Qvn. Any changes in the injection gas line pres-

etails about gas lift systems and operations are

)

e causes the working fluid level to oscillate unless

\ga packer is set. This causes additional flow of liquid

through the lower valves and possibly more wear of the
valve seat and stem.

Figure 10.1 illustrates atypical continuous injection

gas lift well showing that gas is being injected from the

bottommost valve (known as the operating valve) while Figure 10.1  Typical continuous injection gas lift well
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Fluid Level Measurement Applications for Plunger Lift Wellw

\
In this chapter: @'

* Detailed analysis of plunger cycle performance 6
* Basics of plunger lift to produce liquid and gas ‘ @'

* Acoustic survey and monitoring

* Plunger fall characteristics &

* Problem detection and analysis s\
* Benefits of plunger tracking O
S

Plunger lift is a low-cost method for lifting liquids is r@% throughout the day to produce liquids and
the well.

In general, the objective is to remove as much of the \ nplunger lift wells, acoustic fluid level instruments

liquid accumulating in the well as possible and Qgre used to monitor and analyze the progress of the cy-

increase gas production by minimizing back-pressu clical plunger operation in real time and determine the:

(water, condensate, and/or oil) from gas and oil wells. , ga

on the formation. The plunger lift system redu@he * Position and depth of the plunger as a function
cost of operating a well compared to other ial lift of time
methods because the formation pressure’s&lies most « Fall velocity of the plunger
of the energy required to lift the liun/ * Rise velocity of the plunger
D.uring plunger lift Operatis)@. otor-controlled » Plunger travel time to the liquid and to the bot-
valveis 9pened and closedats intervalstocycle tom of the tubing
a gas-driven plunger from&tom to the top of the » Tubing and casing pressure as a function of time
tubing and remove any Jguid that accumulated at the - L
g{‘ * Volumes of gas and liquid flowing into and out
bottom of the well. e surface valve to the flow
o y of the well
line is closed, t ced gas and liquid accumulate
inside the well*{caSing and tubing. When the flow is The objectiveisto visualize in detail the performance
stopped a surface, the plunger falls down to the of the plunger lift system to determine the appropriate
bottom tubing. After a predetermined amount cycle time for optimum operation. Acquisition and
of tj %&e surface flow valve opens, and the tubing analysis of acoustic and pressure data is generally per-
h essure drops to the flow-line pressure. The dif- formed automatically, using a portable computer with
ntial force across the plunger—due to the drop in appropriate software. Thus, the operator can quickly
&pressure in the tubing above the liquid column and the and efficiently determine the adjustments necessary to
high well pressure below the plunger—Ilifts the plunger optimize the plunger lift operation'?,
and a portion of the liquid above the plunger to the The following sections present a brief overview of
surface. Gas and some liquid continue to flow out to plunger lift operation and describe in detail the equip-
the flow line until the motor valve is closed. The open ment and procedure used to acquire and interpret the
and shut-in operational cycle of the plunger lift system acoustic data for plunger lift analysis.
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Throughout this index, an f indicates a figure and a t indicates acquisition and recording of, 4-10 to 4-11 06
a table on that page. to consider real behavior of an acoustic wave, 3-2
converting time scale to depth, 3-14

absorption coefficient, 3-20 to 3-21, 3-22 correctly operating SCSSSV, 2-25 \
accelerometer, 4-4 examples of, 2-4t . (b'

acoustic echo. See echoes. graphical representation of, 3-13 to

acoustic fluid level measurements. See also gas /ift wells; gas guldehnes for, 2-1 o
importance of composition in, 3-

j j 3-1
wells; plunger lift wells; pumping wells. 1 r (@,
advantages of over wireline equipment, 9-28 ﬁﬁ%ﬁrizﬂe}éﬁggagﬁngC?’iSOS{‘V, ,2¥5
automatic, 1-9, 7-2 to 7-4, 7-23, 7-26 lp : 2_23} ) @
diversity in records of, 2-35 overlay of, Z-.
as an essential tool, 1-22 to 1-23, 3-1 pulse generation systerhs and accuracy of, 4-7 to 4-8, 4-7f
history of, 4-2 to 4-4, 6-3 ’ rod-pumped wells, £32f
importance of accurate results of, 5-15 tasks involved, 3-

misleading, 8-5 to 8-13 unexplained echo ,2-2

mixed flow calculations from. 6-24 in wells with multiple producing zones, 7-13, 7-14f
public domain software for, 1-10, 1-11f ina welt stjoints, zf‘ 15¢

quality control of data, 2-1 to 2-2 acoustic r%}hm e, 4-14,4-15

recommendations for acquisition of signal for, 2-3 acou'stlﬁz i

recommended operating procedures, 4-2, 4-13 to 4-19 (@y ation of, 4-11, 4-19

from SBHP, 6-23 . of developments of, 4-4

technological advances and, 4-10 erating procedures in acquiring, 4-15 to 4-16
testing in stabilized conditions, 1-1, 1-6 Q overview and hlS.tOI’y of, 4-1 to 4-4

typical analysis of, 1-5f processing techniques used with, 4-1

well performance and, 1-1, 1-4 to 1-5 random, 4-16 to 4-17, 4-17f

acoustic fluid level measurements, examples of

acoustic records and analysis, 2-4f

corrosion survey of intermediate casing, 2-4# 2@

deviated wellbore, 2-4f, 2-8 to 2-10, 2-8f, 2-19f, 2
¢

2-22,2-22f

recording and processing, 4-11
safety considerations while acquiring, 4-11 to 4-12
technological advances in, 4-10

acoustic velocity

@ recommendations for acquisition of, 2-3
2-30
0’

ESP well casing shots, 2-4t, 2-15 to 2 -17f, 2-19f average, 8-14
ESP well with hole in tubing, 2-4t, 2-24 calculating from gas composition, 3-17
simple wellbore with uniform casi d tubing calculating round trip travel time and, 3-23
diameters, 2-4t, 2-5 to 2-8, -6f, 2-7f calculation of using known distance, 2-23f
stratified annular gas colun‘Q, #2-30 to 2-35,2-32f, 2-37f collar count method and, 2-19f, 2-30f
surface controlled subs safety valves (SCSSSV), comparing for reasonability, 5-13 to 5-15, 5-14f, 5-16
2-4t, 2-25 to 2-27 @ correlation function of RTTT versus, 2-35, 2-35f, 10-12,
tapered tubing and dasing liner, 2-4t, 2-10 to 2-11, 2-11f, 10-13f, 10-14, 10-27
2-12f, 2-1340 2-14, 2-13f defined, 3-1
well with blast§oin¢ opposite upper perforations, 2-4t, from depth of tubing, 2-36f
2-14 to2:16, 2-14f, 2-16f in an ESP well, 2-18
acoustic p, ¢ also amplitude attenuation; round trip estimating, 5-13 to 5-15, 5-14t
travel ™). gas and, 3-2, 3-15 to 3-16, 3-20, 3-23
itulle versus time, 3-3 to 3-5, 3-3f, 3-4f gas composition and, 2-34 to 2-35, 3-16 to 3-20
rting travel time to distance, 2-1, 5-1 gas lift wells and, 10-6 to 10-7, 10-12, 10-12f, 11-16
\enerated by plunger, 11-7, 11-9, 11-11, 11-11f history of computation of, 4-2
generation of, 4-5 to 4-10 pressure and temperature and, 3-18f
\$ observed at different depths, 3-4f pressure buildup test and, 7-4, 7-4f
@ observed at different locations, 3-4 in a simple wellbore, 2-5, 2-7
overview and history of, 4-1 to 4-4 in tubing, 8-14
recommendations on generation of, 4-14, 4-14f, 4-19 variation of, 5-14 to 5-15, 5-14f, 7-4f
recording, 4-10 to 4-11 verifying range of, 2-2
acoustic record analysis. See also digital filters. adiabatic gas law, 3-15
acquiring multiple records for, 2-2, 2-3, 2-9 to 2-10, after-flow
2-10f, 4-17, 10-35 ERCB standards and, 6-3
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I-2 ACOUSTIC FLUID LEVEL MEASUREMENTS IN OIL AND GAS WELLS HANDBOOK

gas, 1-9
in a plunger lift well, 11-5 to 11-6
shut in wells and, 1-9, 6-23, 7-5
water/oil ratio (WOR) behavior, 7-6
Alberta Canada blowout, 4-10
American Petroleum Institute (API), 4-12
amplitude. See also acoustic pulse.
different pulses and, 2-3
estimating, 3-23
example of, 3-8
history of reading, 4-2
inspection of, 5-15
low, 2-2, 2-25,2-27
negative, 3-12
overview of, 3-23
peak-to-peak, 3-2, 3-11, 3-22, 4-16, 5-4
of pressure pulse, 4-5
subsurface safety valves and, 9-15
versus time, 3-3 to 3-5, 3-3f, 3-4f
amplitude attenuation
coiled tubing and, 3-22f
developments in reducing, 4-2
in low pressure wells, 5-2, 5-2f
mist and, 9-5
overview of, 2-10, 3-9 to 3-11, 3-20 to 3-22, 3-21f, 4-1
stepwise collar echo count, 5-4
wellhead pressure and, 4-15
analyzing well performance 2000, 1-10, 1-11f, 1-23
annular fluid gradient
discontinuity in, 8-23 to 8-26
inversion of, 8-2, 8-6 to 8-10, 8-7f, 8-8f, 8-9f
overview of, 8-1 to 8-2
annular gaseous liquid column, 6-4 to 6-5, 6-7, 6- Q
annular gas flow rate, 6-10, 6-18 to 6-20, 6-20f
annulus, sound pressure wave propagation ir& 3-13 to
3-15

paraffin, 8-20

in plunger lift wells, 11-13, 1
API gas light design techni 11Ve6, 10-24

API gravity of oil, 6-20, 6

arrival sensor, 11-3

artificial lift system@
costs of, 1-2, 1-2f

-conveyed equipment in, 7-1
au coustic fluid level survey, 1-9, 7-2 to 7-4, 7-23,

anomalies . O
downhole, identifying, 2-25, 5-4 C\

&omatic acoustic pressure buildup test, 6-24

QQ)

xﬁtomatic pulse generation, 4-8 to 4-9

AWP 2000, 1-10, 1-24

background noise, 5-6, 5-15, 8-26, 10-2 to 10-3. See also noise.
back-pressure regulating valve, 1-8, 6-9f, 6-10, 7-6, 8-17
beam-pumped wells, 7-8 to 7-13, 7-15f to 7-17f, 7-17
Benedict-Webb-Rubin (BWR) equation of state, 3-17

blank cartridge pulse, 4-9 to 4-10

blast joints, 2-4f, 2-14, 2-15f

blowout, 4-10

bottomhole pressure (BHP)
annular gas production and, 7-6
calculating, 7-5, 7-6
estimating, 9-11, 9-14
example results, 7-16f
importance of measurement of, 3-1
multiple producing zones and, 7-13
pressure transient analysis for, 7-1
programmed fluid level surveys and, 7
when calculating fluid level depth, 6 %’

&-5

6‘\\0
?\\}
>

bottomhole pressure sensor, 1-8f, 1-9
bubble point, 1-12 to 1-17, 1-14#,
bubble point line, 3-16, 3-16

bumper spring, 11-3

7-6

b}

cable banding, causing 1@, 8-21, 8-21f
calibration and maintenance of instrumentation, 4-18 to 4-19

chang eter and echo reflection, 5-8, 5-8f
integrify test, 2-27 to 2-30, 2-28f, 2-29f, 2-31f

casing . \f
acoustic s%%s o‘troubleshoot, 11-17 to 11-18, 11-18f

S jameter, 8-21
¢ ing, 8-2
00 etermine well classification, 6-5

estimating acoustic velocity and, 5-14 to 5-15
example results, 7-15f, 7-16f
fluid levels and, 6-12t, 6-13, 6-13f, 6-22, 8-10
gradient inversion and, 8-10, 8-11f
monitoring, 6-3
PBHP and, 1-7
shut-in wells and, 6-5
stable, 1-7, 1-8, 6-4
casing pressure
automatic recording of, 7-2
buildup of with tapered tubing, 2-11f
in corrosion survey, 2-27
example results, 7-15f
fluid level depression and, 8-9
fluid levels and, 6-8, 6-11f
in a multi-rate flow test, 1-21f
in plunger lift wells, 11-13
policies in measuring, 1-23
relation to tubing pressure, 10-10f, 10-16, 10-17, 10-18
in a simple wellbore, 2-7f
temperature and, 7-4
variations of during pressure transient test, 7-5f
casing-pressure-actuated gas lift system
gas lift valves in, 10-21, 10-22
monitoring unloading, 10-31 to 10-34, 10-32f
unloading sequence, 10-26 to 10-34, 10-26f, 10-27f
unloading valves, 10-28f, 10-29f, 10-30f
casing valve, 1-7, 1-10
catcher, plunger lift well, 11-2
chamber pressure, 4-16f
check valve, 11-3
chemical pot, 2-3, 8-30
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choked pump, 8-5, 8-6f productivity of, 2-10, 2-11f
chromatographic analysis, 2-18f, 5-10 SBHP and, 9-15 . Q
churn type of liquid flow, 8-26 typical acoustic record of, 2-4f \
“C” marker, 3-15, 5-2 dew point, 3-16, 3-16f \
coal bed methane, 3-17, 5-10, 6-7 differential pressure, 4-6, 4-15 to 4-16, 4-16f, 4-19, 5-15 6
coiled tubing, 4-4, 5-10 digital filters. See also acoustic record analysis; nois 0
collar count method. See also tubing joints. automatic for determining liquid level, 5-6 to 5-7, ;
for acquisition of fluid level records in tubing, 8-14 5-9t
automatic digital filtering for, 5-3, 5-3f, 5-6 to 5-7, 5-7f, in the collar count method, 5-3, 5-3f, 5-6 to &,ﬁ, 5-9t
5-9t comparison of raw and filtered, 2-9f
compared to downhole marker method, 5-9, 5-9t in a gas lift well, 10-2 to 10-3
example results, 2-33 to 2-34, 2-34f gas noise and, 4-18, 4-18f 6
gas composition and, 2-34 to 2-35 high-pass, 4-2 @'
history of, 4-2 history of, 4-3 +
indistinguishable echoes in, 5-10 low-pass, 2-8 to 2-9, 2-9f @
overview of, 3-10, 5-2 to 5-4 objective of, 3-15 &
in plunger lift wells, 11-9, 11-13f, 11-14f, 11-16 to 11-17, overview of, 4-11
11-17f to reduce backgrou\&)ise, 5-15
stepwise collar echo count, 5-4, 5-5f, 5-6f, 5-9t technology and,
collar echoes, 3-14, 5-10 digital processingjof afBustic trace, 5-3, 5-3f
controllers for plunger lift wells, 11-2, 11-3, 11-5 digital Specg‘trx4 sis, 7-3
correlations. See also Vogel’s Equation. distance s
acoustic velocity and RTTT, 2-35, 2-35f, 10-12, 10-13f, downh ges, 9-15
10-14, 10-17 dow marker analysis
fluid level and dynamometer, 8-31 ared to other methods, 5-9t
for gas properties, 3-19 to 3-20 . ample of, 2-12f
linear, 6-13 \ gas lift mandrels, 10-8 to 10-14

6-16 to 6-18, 6-22 overview of, 5-8 to 5-9, 5-8f

percentage of liquid in annular gaseous column, 6-14, 0 history of, 4-2
pressure and temperature, 3-17 plot of, 5-4f, 5-6f

“S” curve, 6-18, 6-19f, 6-20, 9-11, 9-14, 9-14f @ for shut-in wells, 9-15
well fluid composition and distribution, 7-5 t downhole pressure, 1-23, 2-2
corrosion in the tubing, 2-4f, 9-23f, 9-25 & downbhole pressure sensors, 3-1, 8-23 to 8-26
critical point, 3-16, 3-16f downhole pump submergence, 6-1
critical rate / down-kick echo, 2-11 to 2-12, 3-3, 3-12, 3-13, 8-17. See also
fluid levels for gas flow above, 9-5 Q echoes.
fluid levels for gas flow below, 9 7@ to 9-11, 9-9f drainage radius, 1-12
overview of, 9-1 to 9-3, 9-2f 6 drawdown, 1-11f, 1-12, 1-14, 1-15, 1-23
tubing, 11-18, 11-18f
Darcy’s Law, 1-12. Q g;}r]lamorfeter
database information, 4& compared to the PIP value, 8-4
deep wells, 9-15, 10-9, , 10-12, 10-35 in conjunction with fluid level survey, 2-15, 2-16f, 8-2 to
delta pressure, 7-40f, 7- 8-3, 8-9, 8-10, 8-17, 8-18, 8-30 to 8-31
depleted reservoits] 2,8, 6-2 example results, 2-32, 2-33f
depth high, choked pump and, 8-5
acoust@d generating profile of, 10-13f, 10-14 readings for a well exhibiting fluid gradient inversion, 8-8
acousticwelocity and, 3-20, 5-1, 10-12f to 8-9, 8-8f, 8-9f
osition and, 2-34 to 2-35 showing pump displacement, 7-8, 7-9f
1quid level, field data and, 7-15f
\SS of tubing joint echoes and, 5-2, 5-4, 5-6f echoes. See also down-kick echo; up-kick echo.
lunger lift wells and, 11-8 analysis of multiple, 2-24, 2-24f
\$ pressure-depth traverse, 9-10f from the casing collars, 2-30f
@ pressure distribution and, 8-25, 8-25f, 9-10 clearly defined, 4-1
detailed pipe tally, 5-7 complex, caused by gas lift mandrels, 10-10 to 10-11,
deviated wellbore. See also wellbore. 10-10f, 10-11f
calculating fluid level depth and, 6-22 foam layer and, 6-7
example results of, 2-4t, 2-8 to 2-10, 2-8f, 2-10f, 2-20, graphical representation of, 3-14, 3-14f
2-22,2-22f inverted polarity, 10-10
locating valve in a, 10-23 liquid levels and, 2-3, 2-18
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mismatch in with gas lift mandrels, 10-8f, 10-9
multiple, 2-12f, 3-10f
polarity of, 3-23, 4-8, 8-17, 9-22f
pressure buildup test and, 7-11f
primary requirements for clear, 4-19
rod couplings and, 8-14, 8-14f
tubing collars, 2-5, 2-6f, 2-7f
from tubing joints, 5-2
unexplainable, 2-2, 2-2f
visualizing features creating, 2-1
wells with blast joints, 2-15
in a well with blast joints, 2-15 to 2-16, 2-16f
Echometer, 1-10
effective oil fraction, 6-17f, 6-18, 6-19f
electrical submersible pump (ESP)
acoustic fluid level acquisition, 8-21f
calculating producing bottomhole pressure in, 1-7
comparing downhole pressure sensor measurement to
acoustic fluid level survey, 8-23 to 8-26
example records from, 2-15 to 2-16
fluid level surveys acquisition, 8-21 to 8-22
gaseous column in, 8-22
with hole in tubing, 2-20 to 2-24
multi-rate flow test with, 1-21 to 1-22, 1-21f
noise production from, 2-18
pressure transient analysis in, 7-13
productivity analysis for, 8-22f
summary of, 2-21f
typical annular pressure distribution, multiple producing
zones, 8-24f
typical fluid level record, multiple producing zones, 8
to 8-26, 8-23f
Walker test and, 1-8f &
Energy Resources Conservation Board (ERCB), 6;3
. 4
environmental concerns, 4-4, 4-7

equation of state, 3-2, 3-15, 3-17, 3-1% 6@
equipment. See instruments. \
equivalent gas-free liquid height, 6-%

SP).

ESP. See electrical submersible @g
explosion pulse

compared to implosion -7 to 4-8, 4-7f
in a gas well, 9-3

generation of, 4

history of, 4-2

history of d ment of, 4-4
overview , 4-5f,4-19
external L@ d (EUE) connections, 3-14

Fac@tual Research Corporation (FM, FMRC), 4-13
1 h’s approximation, 1-20, 1-20f, 1-21
S

break, 3-3

&)wing gas wells, 2-26f, 4-9

flowing pressure traverse, 9-1, 9-9, 9-9f
flowing wells

categories of, 9-2

fluid surveys in, 9-1

performance of, 1-4, 2-25

permanent pressure readout gauges in, 7-1

00
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flow meters, 6-18
flow rate
drawdown and, 1-14
gas lift wells, 10-19
overview of, 1-7
pattern of, 6-5
pressure below bubble point and, 1-15, 1-15f
stabilized, 1-12, 1-15, 6-3
well performance and, 1-1 X'
flow stabilization, importance to accurate readin@- 1
fluid above pump (FAP), 6-1
fluid column

calculating PBHP and, 1-7 to 1-8 ‘ @'

choked pump and, 8-6f
normal, 8-6 Q
in a stabilized pumping v«&?— =6-4f
fluid distribution in a statie well, 6-23f
fluid gradient inversion. nnular fluid gradient;
gaseous liquid colum lent.

fluid level interface,§-31
fluid levels «
annular, i ce of periodic monitoring of, 10-14

essure and, 6-12t, 6-13, 6-13f, 6-22, 8-10
ssure and, 6-8, 6-11f

ressing for acoustic pressure buildup test, 1-10
igh, 8-5, 8-8, 8-17
importance of accuracy in, §-2
measuring, 6-4
policies in measuring, 1-23
producing, 2-18, 2-19f, 2-21
in pumping wells, 6-2 to 6-3
records for gas flow above critical rate, 9-5, 9-7
in a shut-in gas well, 9-19f
static, 2-20, 2-20f, 2-21f
surveying ESP wells, 8-21 to 8-22
typical, 8-23f
fluid level survey. See acoustic fluid level measurements.
fluids
composition and distribution in wellbore, 7-5 to 7-6
documenting movement of, 8-18 to 8-19
history of developments in determining properties of,
4-4
particle velocity of, 3-2
produced, to generate an acoustic signal, 4-4
properties of and reflection, 3-7 to 3-11, 3-7f
reflection at the discontinuity of, 3-7 to 3-11, 3-7f
wellbore pressure distribution and, 6-2
flumping well, 1-7, 8-31
foam, 3-8, 6-7
formation pressure, 1-1, 1-15, 1-15f
Fourier Analysis (FFT), 4-4
free gas, 1-23, 6-7, 6-18, 8-10 to 8-11
free gas flow, 1-12, 6-23, 7-6, 8-4
free-gas phase, 1-14 to 1-15, 1-16
free wave, 3-3
frequency content of a pulse, 5-3 to 5-4
fuel consumption, 1-4
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gas composition
depth and, 2-34 to 2-35
effect on acoustic velocity, 2-34 to 2-35, 3-16 to 3-20
portable instruments for analyzing, 5-12f
gas compression chamber, 4-4
gas emission port, 4-4
gaseous liquid column
determining fraction of liquid in, 6-7
flow pattern of, 6-5
fraction of gas in, 6-17f, 6-18
height of, 6-11f, 6-13, 6-13f, 6-22, 8-2, 9-8f
overview of, 1-7
presence of in an ESP well, 8-22
properties of, 6-4
SBHP calculations and, 1-9 to 1-10
during shut in, 7-6
Walker test and, 6-7 to 6-11
gaseous liquid column gradient
acoustic velocity and, 2-34 to 2-35
calculating, 6-6, 6-8f, 7-5, 9-27
changes in, 9-10, 9-11f, 9-14
correlations for determining, 6-16 to 6-18
increase in for shut in well, 9-10
Walker test and, 6-14f
gases
acoustic velocity in, 3-15 to 3-16, 3-23
after-flow, 1-9
calculating speed of sound in, 3-15 to 3-16

composition of and acoustic velocity, 2-34 to 2-35, 3-20

considering phase behavior of, 3-2
excessive amounts of in a well, 8-17
obtaining sample of, 5-10

pressure of and signal quality, 4-1 to 4-2
properties of, 3-2, 11-16 to 11-17

real behavior of, 3-2, 3-17

/
solubility of, 5-10 to 5-13, 6-5 Q
sonic velocity and, 3-1 .
specific gravity of, 3-17, 3-1 8]‘6 9-4

stratification, 3-20, 5-1, 5-9
gas flow, 4-18, 4-18f, 6-10

gas flow rate
acoustic velocity a

calculating, 6- , 6-20f, 7-5
calculating , 1-7to 1-8
critical rate an

estimati 7
, 6-3
pattern depending on, 6-5

overv'$$
in si
,@1 .59, 5-10 to 5-13, 5-12f, 6-7

or flowing gas well, 9-3, 9-4f
in a gas lift well, 10-4f
history of developments of, 4-3 to 4-4
manually operated, 4-5, 4-6, 4-6f, 4-9
overview of, 2-3
for plunger lift wells, 11-7, 11-7f
with pressure sensor attached, 7-11f
recommendations in pumping wells, 8-29 to 8-30, 8-29f
wireless remote control, 4-8, 4-8f, 4-9f

I-5

gas interference, 8-3, 8-4 to 8-5, 8-4f

gas lift injection manifold, 10-33f

gas lift mandrels
on the acoustic record, 10-6
causing complex acoustic record, 10-10f
overview of, 10-22 to 10-23, 10-24f
using as markers, 10-8 to 10-14, 10-9f ?\
using for liquid level calculations, 10-8

gas lift wells \
acquiring multiple records, 10-4, 10-6
analyzing fluid level records, 10-6 to %
background information about, 10-}9toJ0-21
benefits of fluid level measurem
casing pressure operated systemis,
design of, 10-24
equipment installation&a acquisition, 10-2 to 10-6
examples of fluid leggl and pressure surveys, 10-17 to

10-19

instrument conne to, 10-3f

overview of flliid level measurement applications for, 10-1

pressure test and, 7-13
trouble%bs

; 10-2
-26 to 10-34

10-14
typi f
ration, 10-22

iquid interface
changes in, 9-11, 9-11f, 9-14
depth and, 9-7, 9-8f
example results, 3-8 to 3-9, 3-9f
finding distance to, 6-22
flow rate and, 1-7
formation of, 9-3
gradients and, 9-1
liquid level depression test and, 6-12f, 6-15f
for wells flowing below critical rate, 9-9, 9-10
well types and, 6-5
gas/liquid phase, 3-16 to 3-20
gas/liquid ratio, gas lift wells, 10-19
gas/mist interface, 9-3, 9-5
gas/oil ratio (GOR), 1-6, 1-9
gas properties, 3-15
Gas Research Institute, 3-19 to 3-20
gas saturation, 1-14 to 1-15, 1-14f
gas separator
centrifugal, 8-22
effectiveness of, 8-13
gas interference and, 8-4, 8-5
gassy wells and, 8-18
tubing anchor installation and, 8-13
gassy wells, 8-17, 8-18
gas velocity, 8-9, 8-11, 11-5
gas wells
acoustic fluid level measurement survey overview, 9-1
acoustic measurement test summary table, 9-12t
acoustic survey to identify downhole features, 9-22f
acoustic tests for, 9-8f
analyzing typical performance, 9-5 to 9-19
categories of, 9-2

A%
and mandrels, 10-22 to 10-23
. *e%unloading, 10-24, 1026 to 10-34
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description of acoustic tests for, 9-7 determining acoustic velocity in wells using, 10-6 to 10-
determination of liquid loading in, 9-1 to 9-4 7, 10-7f .
determining static bottomhole pressure in, 9-15, 9-18 overview of, 10-5f, 10-21 \Q
flowing above critical rate, 9-5, 9-7 packers and, 10-1 \
flowing below critical rate, 9-9 to 9-11 injection line, background noise and, 10-2 6
holes in tubing, 9-25 injectivity tests, 1-9 0
overview of, 9-1 instruments v
packer-less,. 7-13,9-26 to 9-28 calibration and maintenance of, 4-18 to 4-19
pressure buildup test and, 7-13 for controlling plunger lift system, 11-2, 11-3, x
principal objective of, 9-1 to detect waves, 3-3 }b'
sequence of acoustic records for, 9-13f digital, 1-7
troubleshooting overview, 9-20, 9-22 to 9-25 for a gas lift well, 10-3f, 10-4f 6
typical acoustic record during shut in, 9-6f hazardous areas and, 4-12 to 4-13 @,

geometric discontinuity, 3-11 to 3-13, 3-11f, 3-13f, 5-15 intrinsically safe, 4-13, 4-13f +

Gilbert, W. E., 6-16 maintenance of, 7-26 @

GOR. See gas/oil ratio (GOR). plunger lift acoustic record&

gradient correction, 6-16 portable for analysis, 5712f

gradient inversion portable pressure recor%monitor, 10-31f
annular fluid, 8-2, 8-6 to 8-13, 8-7f, 8-8f, 8-0f for pressure transien is, 7-2 to 7-3, 7-7f
gravity and, 8-11 proper calibrationyof,

protecting,] %

hazardous locations classifications, 4-12, 4-13f storing aco ,5-3

head of the wave, 3-3 strip-cha y4-11, 4-11f

Heriot-Watt University, 3-20 intake Val& sure at, 6-3

high-frequency waves, 4-1, 4-16, 5-3, 8-21 interf 1@ ce gas interference.

high-pass filters, 4-2 int% ections, 2-24, 9-24, 10-10, 10-11f

horizontal wellbores, 1-21, 2-32f, 2-33, 6-20, 6-22 i &a velocity, 10-12

Horner plot, 7-17, 7-17f, 7-19f intrinsically safe certification, 4-13, 4-13f

hot work permit, 4-12, 4-13 Qin insic safety, 4-13

IPR. See inflow performance relation (IPR).
@ isentropic gas law, 3-15
ideal gas, 3-2, 3-15, 3-19 to 3-20 ,QQ isothermal gradient map, 5-13, 5-13f

hydrocarbon gases, 3-16, 3-18f, 3-19f

ideal gas law, 3-15

implosion pulse y: Jones equation, 1-19, 1-20f, 1-21
compared to explosion pulse, 4-7 to 4-8, 4~
for ﬂowmg gas well, 4-9 . kelly bushing correction (KB correction), 2-1, 5-9
na gas lift WCH, 10-2, 10-5f \ kick llqllld level. 2-3
in a gas well, 9-3 : ,

kicked well, 8-13
kick-over tool, 10-23
kill fluid, 1-9, 10-2, 10-16 to 10-17, 10-26f, 10-34

history of development of, 4-
overview of, 4-5, 4-5f

o
A

inclined wellbore, 1-21
inflow performance relati XR). See also Vogel’s Equation.
to determine pro c'uﬁﬂ'\ciency, 6-1 landed rod pump, 2'8. o
determining fro _rate flow test, 1-17 to 1-18, 1-17f, laptops for data acquisition, 4-10, 4-10f, 4-11, 7-3, 7-7f
1-23f lateral wellbores, 6-20, 6-22
determini@ one-rate well test, 1-18 to 1-20 linear motion pumping units, 1-17
free gas ction and, 1-16 liquid column gradient, 7-6, 10-14, 10-21
othe %mance models, 1-20 to 1-21, 1-20f liquid column pressure, 7-5
e below bubble point, 1-14 to 1-17 liquid holdup, 6-9, 6-11
Ctivity and, 1-24 liquid level
grammed fluid level surveys and, 7-2 converting travel time to distance to, 5-1
\&'sample plot, 1-13, 1-13f determination of depth to, 2-35, 9-4
@ in single and two-phase flow, 1-16f effect of chamber pressure on, 4-16f
well performance and, 1-1, 1-10 to 1-14 gas lift wells, 10-16
inflow water cut, 7-5 kick from, 2-3
injection gas not at tubing intake depth, 9-28
changing requirements for, 10-34 plunger lift wells and, 11-16
depth profile, 10-12, 10-12f recommendations for determining, 8-30
determination of depth for, 10-25f unclear echo and, 2-3
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liquid level depression test. See also Walker test.
beam-pumped wells, 7-8f
to confirm annular gradient inversion, 8-10 to 8-13
correlations for finding gradient and, 6-16 to 6-18
data points for, 6-10, 6-11f
to determine effective oil fraction, 6-17f, 6-19f
estimating gaseous column gradient and, 6-14f
for a gas well, 9-14
history of, 6-16
during pressure buildup test, 7-6
pumping wells, 8-12f
liquid level echo, 2-3, 2-18, 2-27
liquid level marker (LL), 2-28, 8-15
liquid level survey
automatic digital filtering for collar count and, 5-6 to 5-7,
5-7f, 5-9t
calculating acoustic velocity from gas, 5-10 to 5-13
collar count method, 5-2 to 5-4, 5-9t
stepwise collar echo count, 5-4
liquid loaded gas wells, 9-3, 9-25, 9-26f
liquid pump fillage, 8-5
liquid slugging, 2-33, 11-5
low-frequency waves, 4-1
low-pass filter, 2-8 to 2-9, 2-18f, 2-29f, 5-3
low-pressure wells, 5-2, 5-10
lubricator, plunger lift well, 11-2

mandrels. See gas lift mandrels.
manual pulse generation, 4-5 to 4-6

microphones @
history of, 4-2 to 4-3

output of, 4-8 &Q

overview of, 4-10 to 4-11, 4-19

sensitivity of, 4-18 to 4-19 p
in the typically operated gas gun, 4-6,9-
mixture density, 6-18 .

multi-phase flow, 6-9, 6-11 \
multi-rate flow test
inflow performance relation,( and, 1-17 to 1-18, 1-17f,

1-23f

monitored with aco '(@Ad level records, 1-21 to 1-22,
1-21f, 1-22f
National Electﬁ&e (NEC), 4-12

vention Association, 4-12

t@ nstitute of Standards and Technology (NIST), 3-20
gas separator, 8-5

dle-type valves, 2-3, 8-30, 9-4, 10-2, 10-4f
mtrogen gas, injecting to pressurize wellbore, 2-27, 4-15
noise. See also digital filters.

background, 5-6, 5-15, 8-26, 10-2 to 10-3

gas flow, 4-18

high-frequency, 2-18, 2-25

obtaining second record because of, 2-2

pumping-related, 4-17, 4-17f

random, 4-16 to 4-17, 10-4, 10-6, 10-6f

I-7

reading acoustic record and, 3-6
recommendations for reducing, 2-3
non-upset tubing joints, 5-10
“N” type wave, 3-3

obstructions, echoes generated by, 3-8
offshore platforms

deviation in, 10-21 to 10-22

KB correction and, 2-1

random noises during acoustic tests, 10-4

schematic and acoustic trace of, 9-15, 9-16f, 9217f, 9-18f
subsurface safety valves in, 2-25 %

oil, gravity of, 6-20

oilfield facilities, hazards of, 4- 12+

oil/water ratio, 6-24f

oil/water separation, 6-4 «

one-dimensional wave €quatioft, 3-15

one-rate well test, 1- & 20, 1-20f

operating condltlons ging for liquid level, 2-3

operating costs
acoustlo ¢l measurements and, 3-1

art1ﬁ01 ency and, 1-23
1ed and, 1-2, 1-4
wells, 11-1
rall efficiency and, 1-2
’\ ting procedures, acoustic fluid level survey, 4-13 to
19

oscillographic recordings, 4-2

QQperating valve, 10-1

packer in the gas lift well, 10-1

PAP plunger, 8-19, 8-20f

paraffin, 3-8, 8-13, 8-19 to 8-20, 8-21 to 8-22

particle velocity, 3-8, 3-12

patents, oilfield applications, 4-2

PBHP. See producing bottomhole pressure (PBHP).

PC pump. See progressing cavity (PC) pump.

PDP. See pump discharge pressure (PDP).

peak of the wave, 3-3

peak-to-peak amplitude, 3-2, 3-11, 3-22, 4-16, 5-4

perforated zones, 8-7

perforations, 2-15, 2-15f, 2-16f, 6-2, 11-17

Phillips Natural Gas and Gasoline Department, 3-17

PIP. See pump intake pressure (PIP).

pipe joint length, 5-15

plane wave, 3-3, 3-7 to 3-11, 3-7f, 3-23

plunger lift wells
acoustic monitoring of, 11-6 to 11-7
anomalies in data, 11-13
data acquisition, 11-11 to 11-16, 11-12f
determining appropriate cycle time, 11-1
determining plunger position and velocity, 11-6 to 11-8
field example, 11-20 to 11-21, 11-21f, 11-22f
gas properties, 11-16 to 11-17

monitoring of plunger position, 11-7f, 11-8 to 11-9, 11-8f,

11-10f, 11-11, 11-11f
operation cycle, 11-5 to 11-6, 11-6f
overview of, 11-1, 11-2f

N
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plunger fall velocity, 11-6, 11-13 to 11-16, 11-13f, 11-14f,
11-15f

systems for, 11-2 to 11-3, 11-3f

troubleshooting, 11-17 to 11-20

types of plungers, 11-3, 11-4f

unloading sequence, 11-5
POC. See pump off controller (POC).
portable pressure recording monitor, 10-31f
pressure

acoustic velocity and, 3-16 to 3-20, 5-1

gas gun and, 4-6

significant at the wellhead, 4-7

sonic velocity and, 3-2

at wellhead, below atmospheric pressure, 4-15
pressure, volume, and temperature (PVT) tests, 1-10, 3-16,

3-16f, 3-19, 3-20, 3-23

pressure-balancing ports, 4-3
pressure buildup test

acoustic velocity and, 7-4, 7-4f

beam-pumped wells, 7-8 to 7-13, 7-11f

on ESP and PCP wells, 7-13

example field data, 7-14 to 7-23

gas lift wells, 7-13

gas wells, 7-13

recommended practices for, 7-6

in wells with multiple producing zones, 7-13 to 7-14
pressure differential for plunger lift wells, 11-5
pressure distribution

annular gas flow rate, 6-18 to 6-20, 6-20f

calculating, 6-4 to 6-7, 7-6

caused by presence of the tubing anchor, 8-12f @

depth and, 8-25, 8-25f, 9-10
of a ESP well, 2-19F, 2-21f ,QQ
gaseous liquid column and, 6-7 to 6-18

in a gas lift well, 10-14 to 10-17, 10-20, 1 of

in gas well without packer, 9-27f 6

history of calculating, 6-1 .

liquid level depression test and, 6%\ -16

obtaining data for, 1-10 Q

overview of, 6-3

in a plunger lift well, 11-
pressure traverse and, Z10f
pumping wells a -3, 6-2f, 8-7f

quality control
in a shut-in gas we
in a static well,6-23f

iated well, 2-11f
imple well, 2-7f
ing, 2-13f

78-24f
1S with multiple producing zones and, 8-23 to 8-26
&ssure drawdown, well performance and, 1-1
\lessure pulse, 4-5

Q @ pressure sensors, 4-9, 7-10f

pressure set point for plunger lift wells, 11-5
pressure transducer, 4-11, 9-3, 11-7, 11-7f
pressure transient analysis

beam-pumped wells, 7-8 to 7-13

on ESP and PCP wells, 7-13

example field data, 7-14 to 7-23
gas lift wells, 7-13

gas wells, 7-13

instruments for, 7-7f

lack of, 6-24

. Q
QD
overview of, 7-1

programmed survey and, 7-2 to 7-3 0
recommended procedures and implications, 7-6 \

special requirements for, 7-3 to 7-4
technological advances and, 7-2 to 7-3 ‘;r
in wells with multiple producing zones, 7-%‘[0 -14, 7-14f

pressure transient analysis, field test data
Well A, 7-14, 7-15f to 7-17f, 7-17 ?b»
Well B, 7-17, 7-18f to 7-19f, 7-20 +
Well C, 7-20, 7-20f to 7-21f g
Well D, 7-20, 7-22f to 7-2&
Well E, 7-23, 7-24f to 7-25f

pressure traverse, 10-18f K

pressure wave receivin, 4-4

producing bottomholg pressure (PBHP)
bubble poigt ﬁ%l 5, 1-15f, 7-6
calculatin 9, 6-4 to 6-7
compari HP, 8-22
dete ing"optimum well performance and, 1-1, 1-4
gasépdsliquid column and, §-22

. &%as lift well, 10-16 to 10-17
igh, in wells that kick, 8-17

Qanortance of obtaining, 8-3

multi-rate flow test for, 1-21 to 1-22, 1-22f
overview of, 1-6 to 1-7, 6-3
plot of, 1-16, 1-16f
programmed fluid level surveys and, 7-2
pump inefficiency and, 8-2
for reaching well potential, §-1
recommended practices, 6-24
schematic of, 1-11f
using to determine well performance, 1-23
in a Walker test, 6-10 to 6-11, 6-14f
producing wells, 2-15 to 2-16
producing zones, wells with multiple, 7-13 to 7-14, 7-14f,
8-23 to 8-26, 8-24f
production. See well productivity.
production flow rate, 1-4
productivity index (PI)
calculating, 1-13
changing pump displacement rate and, 1-14
data for, 1-14
overview of, 6-1 to 6-2
well performance and, 1-1
programmable logic controllers for plunger lift wells, 11-5
programmed fluid level surveys, 7-2 to 7-4
progressing cavity (PC) pump
calculating producing bottomhole pressure in, 1-7
field data, pressure buildup tests, 7-17, 7-18f to 7-19f, 7-20
fluid level surveys in, 8-26, 8-28f
pressure transient analysis in, 7-13
pulse generation system
collar count method and, 5-3, 5-7
designing, 4-1
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history of, 4-2 to 4-4
overview of, 4-5f
pump, varying speed of, 2-2
pump capacity, excessive, 8-3 to 8-4
pump discharge pressure (PDP), 1-3 to 1-4
pump displacement capacity, 8-1, 8-4, 8-13, 8-19f
pump-down, 2-8, 2-10f
pumped off well, 1-20, 8-10
pump effective displacement, 8-2
pump fillage, 8-5
pumping rate, 7-2
pumping wells. See also sucker rod lift.
background noise and, 5-15
calculating producing bottomhole pressure in, 1-7
choked pump, 8-5, 8-6f
classification of, 6-5 to 6-6, 6-5f
comparing to downhole pressure sensor measurement,
8-23 to 8-26
field data, pressure buildup tests, 7-20, 7-20f to 7-21f
fluid and pressure distribution in, 6-2 to 6-3, 6-2f
fluid level surveys in ESP wells, 8-21 to 8-22, 8-21f
fluid level surveys in PC wells, 8-26, 8-28f
gradient inversion in, 8-6 to 8-13
inefficient pump displacement, 8-18 to 8-19
misleading acoustic level surveys in, 8-5 to 8-13
noise generated by, 4-17 ¢
overall efficiency of, 1-2
overview of, 8-1 to 8-2
PC pumps and, 8-26
production efficiency in, 8-2 to 8-5
recommended procedures and implications in, 8-2@
8-30
tubing diagnostic acoustic surveys in, 8-13
pump intake, 6-5, 8-4
pump intake pressure (PIP) /
calculating, 1-4, 1-8, 6-3, 7-6

compared to the dynamometer ﬁ@ -4

8-

discrepancies in, 8-25, 8-25f
in ESP well, comparing to
8-26 @

percent of error in, 6z %
recommended practi 224

unstabilized fl =60-21, 6-21t

level survey, 8-23 to

in a Walker to 6-11
pump liquid fillagehN8-3, 8-26
pump-off, -4, 8-3f

troller (POC), 6-4

pump o
pumps
ating usefulness of, 1-3 to 1-4, 1-3f

ed, 8-5, 8-6f
ciency of, 1-3, 1-3f

excessive capacity in, 8-3 to 8-4

inefficient displacement and, 8-18 to 8-19

leaking, 8-13

linear motion, 1-17

variable speed drives in, 1-13, 1-17, 1-23
pump submergence, 3-1, 6-1, 6-3, 8-1, 8-2
PVT (pressure, volume, and temperature) tests. See pressure,

volume, and temperature (PVT) tests

I-9

random noise, 10-4, 10-6, 10-6f
random signals, 5-15 to 5-16
real gas law, 6-18 to 6-19
recording instrumentation, protecting, 7-5 \\
reflection 6
at the discontinuity of fluid properties, 3-7 to 3-11 -0
from downhole anomaly, 9-15
gas lift valves and, 10-10
at a geometric discontinuity, 3-11 to 3-13, 3&131‘
overview of, 3-7
polarity of, 10-8
reflection coefficients, 3-8, 3-11, 3-12 -1373-23
regulatory agencies, acceptance of a survey results,
3-1,6-23
reservoir pressure, 1-13, 1-19, 1@
reservoirs, depleted, 2-5, &
resonance, 4-14, 4-15f &
resonant tube, 4-2
resonating cavity, ca@ a noisy record, 2-18f
rod couplings, 8-14, 8-14f
rod-pumpe Is. See also pumping wells.
accurat€ interpretation of fluid level data, 8-30
backgrownd noise and, 5-15
10g acoustic noise, 4-17, 4-17f
ole marker analysis, 5-8 to 5-9
adient inversion and, 8-7
PBHP in, 1-7

round trip travel time (RTTT). See also acoustic pulse.

accuracy of, 5-15

acoustic fluid level measurements analysis and, 2-1

acoustic velocity and, 3-23

correlation function of acoustic velocity versus, 2-35,
2-35f,10-12, 10-13f, 10-14, 10-27

function of in gas lift wells, 10-7 to 10-8

gas wells and, 9-4

knowledge of the acoustic velocity of gas for calculating,
3-20

overview of, 5-1

pulse generation system and, 4-8

in a simple wellbore, 2-5

software calculation mismatch, 10-7 to 10-8, 10-8f

software for, 1-10

in a typical pumping well, 6-3

QQ production efficiency in, 8-2 to 8-3

safety considerations
acoustic fluid level measurements in gas wells, 9-3
in acquisition and recording of acoustic records, 4-11 to
4-13, 4-15,4-19
hazardous locations classifications, 4-13f
history of, 4-2, 4-3
in pumping wells, 8-29
remotely fired gas gun, 4-9
safety valve
acoustic records and operation of, 2-25
correctly operating SCSSSV, 2-26f
incorrectly operating SCSSSV, 2-27f
subsurface downhole, 2-25, 2-26f
“S” curve, 6-18, 6-19f, 6-20, 9-11, 9-14, 9-14f

For distribution by Petroleum Extension-The University of Texas at Austin



QQ)

I-10 ACOUSTIC FLUID LEVEL MEASUREMENTS IN OIL AND GAS WELLS HANDBOOK

sensors, technology and, 4-10
sharp pulse, 4-2
Shell Oil Company, 6-16
shot
ESP well casing, 2-15 to 2-16
tubing, 8-14, 8-15, 8-15f
undetected, 2-3
shut-in wells
acoustic fluid level record in, 2-20, 2-20f
casinghead pressure and, 6-5
foam layer, 6-7
formation fluids and, 1-9
gaseous liquid column and, 7-6
gas lift wells, 10-19f
gas wells, 9-3, 9-6f, 9-20f
plunger lift wells during, 11-5
producing bottomhole pressure (PBHP) and, 1-16
SBHP estimation during, 1-9
static fluid level tests during, 7-2
side-pocket mandrel, 10-23, 10-23f
signal acquisition. See acoustic signal.
signal-to-noise ratio, 2-3, 5-7, 5-15
single-phase liquid flow, 1-12, 1-16f, 6-6
single-rate well test. See one-rate well test.
software
for acoustic fluid level measurements, 1-10, 1-11f, 4-10
mismatch in RTTT and distance, 10-7 to 10-8, 10-8f
for plunger lift wells, 11-11
sound speed and PVT properties, 3-20
solid obstructions, echoes generated by, 3-8
sonic echoes, 4-3
sonic velocity
computation of, 5-10, 5-12
defined, 3-1
in a hydrocarbon gas, 3-19f

propagation of, 3-2 QQ
sound pressure wave propagation, 3-
sound pulse, generation of, 3-1 to 3-2% also acoustic pulse.
sound source, installation of, 4-1 See also gas gun.

Southwest Petroleum Short C SWPSC), 6-16
specific acoustic impedan

specific gravity of gas? 3= 5 -
spectrum analysis,
speed drives, variable,%-13, 1-17

3-15to 3-16, 3-20, 5-4

stabiliz

lve, 6-3, 10-1
St& omhole pressure (SBHP)

ustic fluid level measurements and, 6-23
calculatmg, 1-9 to 1-10, 6-22 to 6-24, 6-23f
comparing to PBHP, §-22
determining for gas wells, 9-15, 9-19f
example on obtaining, 2-20
gas lift wells configurations and, 10-14 to 10-16, 10-16f
importance of obtaining, 8-3
operators hesitation in surveying, 8-3
overview of, 1-6, 6-3

for reaching well potential, 8-1

recommended practices, 6-25

schematic of, 1-11f

using to determine well performance, 1-1, 1-4, 1-23
static fluid level, 1-6, 2-20
static reservoir pressure, 8-1
static wells, 6-22, 6-23f, 6-24
steady state of well performance, 1-6, 1-7
stepwise collar echo count, 5-4, 5-5f, 5-6f, 5-9t
stratified annular gas column, 2-4f, 2-37f
strip-chart instruments, 1-7, 4-11, 4-11f %
sucker rod lift, 8-1, 8-13. See also pumpi%

superficial gas velocity, 6-18

superficial velocity, 6-9 +

surface casing pressure, 7-6

surface controlled subsurface safety valves (SCSSSV), 2-4f,

2-25,9-15,9-18 to 9-19,%”
surface pressure, 2-2, 6—@

“T” (tube) wave
tail of the pulse§,
TAM. Se et Monitor (TAM) sofiware.

4f210

tapere
techn l@
stic fluid level measurements and, 4-10, 8-1

tomatlc fluid level surveys, 7-2 to 7-3
P calculations and, 7-1

6\\0
?“\}
X\

0 digital filters, 5-3
for oilfield applications, developments in, 4-2 to 4-4

pressure distribution and, 6-1
temperature
acoustic velocity and, 2-34 to 2-35
bottomhole, 5-13
calculating acoustic velocity and, 5-10, 5-11f, 5-12, 5-12f
casing pressure and, 7-4
causing variations in acoustic velocity, 5-1, 10-12, 10-12f
effect on acoustic velocity, 3-16 to 3-20
output signal of pressure transducers and, 7-4
PC pumps and, 8-26
sonic velocity and, 3-2
using regional temperature gradients, 5-13f
variations of during pressure transient test, 7-5f
test point, 1-21
thermal insulator, 7-11f
thermistor, 7-4
thermodynamic properties of variables, 3-2, 3-8, 3-15, 5-10
three-phase flow. See multi-rate flow test.
timers, for plunger lift wells, 11-3, 11-5
Total Asset Monitor (TAM) software, 1-10
transmission at a geometric discontinuity, 3-11 to 3-13, 3-11f,
3-13f
transmission coefficients, 3-8, 3-11, 3-23
true vertical depth (TVD), 2-20, 6-6, 6-22
tubing. See also tubing holes.
acoustic surveys to troubleshoot, 11-17 to 11-18, 11-18f
acquisition of fluid records in, 8-14
changes in diameter of, 3-10
diagnostic acoustic surveys overview, 8-13 to 8-18
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different diameters and pressures, 6-6
gas flow and wells that kick, 8-17 to 8-18
gassy wells and, 8-18
internal reflections down, 10-10 to 10-11, 10-10f, 10-11f
pressure, relation to casing pressure, 10-10f, 10-16, 10-.17
to 10-18
sound pressure wave propagation in, 3-2, 3-13 to 3-15
tally of, 6-3
unloading, 8-17 to 8-18
tubing anchor, as downhole marker, 5-8
tubing anchor-catcher (TAC), 8-7, 8-9, 8-11, 8-12f, 8-13
tubing collars, 2-5, 2-6f, 2-7f, 2-19f
tubing-fluid-pressure-operated, 10-21
tubing holes
acoustic records to detect, 8-13, 10-15f
corrosion, 9-23f
detecting, 9-25, 9-28
determining depth to the hole, 8-15 to 8-17, 8-15f, 8-16f
determining in ESP well, 2-20 to 2-24
gas lift wells, 10-2, 10-14
masked by liquids, 8-14
misdiagnosed as liquid loading, 9-25
plunger lift wells, 11-19, 11-19f, 11-20, 11-20f
pressure integrity test to verify, 9-23
typical acoustic record of, 2-4f, 9-29f
wave path diagram, 9-24f
tubing intake, liquid level not at depth of, 9-28
tubing joints. See also collar count method.
average joint length, 5-2, 5-7

calculating distance from surface to liquid level with, 59

5-6 to 5-7 @
example of, 2-14, 2-34, 2-34f

signals from, 3-10 Q
tubing pressure, 11-13
tubing-pressure-actuated system, 10-22 Y4
tubing shot, 8-14, 8-15 Q
tubing stop, 11-3 . O
tubing taper, 2-12f, 2-23f N
TVD. See true vertical depth
two-pen pressure-recorder,
two-phase liquid ﬂow

0-32f
f 1-18, 2-33, 8-26

Underwriters L L) 4-13
United States G al Survey, 5-13
United State ten and Trademark Office (USPTO), 4-2

ahoma, 3-19 to 3-20

unloadin, ing, 8-17 to 8-18. See also well unloading
unl alves, 10-1
u echo, 2-11, 3-3, 3-12, 3-13, 8-15, 8-17. See also

es.

\$ “tubing, 10-8, 10-34

QQ)

vacuum, annulus at, 2-27
vacuum, sonic waves and, 3-1
valley of the wave, 3-3
valves
background noise and, 5-15
configurations of, for gas lift, 10-16 to 10-17, 10-16f
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damaged, 7-10f
exposed, 10-22
gas lift wells and, 10-14, 10-21f, 10-22, 10-24, 11-2
history of developments of, 4-4
needle-type, 2-3, 8-30, 9-4, 10-2, 10-4f
pressure discharge, 4-8
quick-opening, 4-5, 4-5f
spacing of, 10-9

valve spread, 10-22

vapor phase, 3-20

variable speed pumps, 1-22

venting gas, 7-6 6

Vogel’s Equation. See also correlati :r@ w performance

relation (IPR).
compared to multi-rate t
ERCB standards and, @g
21, +18f, 1-24

overview of, 1-18 t
wellbore pressure butlon and, 6-2
well performanc

Walker tests Sﬁ liquid level depression test.
acousti ple from, 6-15f

culating gaseous column gradient with, 6-8f

*
\ casing pressure and, 6-12t

difficulties in performing, 6-14
height of gaseous column and, 6-13
overview of, 1-8 to 1-9, 1-8f, 6-7 to 6-9
during pressure distribution calculations, 7-6
procedure for, 6-10 to 6-16
wellhead arrangement for, 6-9f, 6-10
water cut, 1-2, 1-2f, 6-23 to 6-24
water holdup, 1-7
water/oil interface, 6-20, 6-21, 7-14
water/oil ratio (WOR)
behavior of during after-flow, 1-9, 7-6
gas lift wells, 10-14, 10-19
in a stabilized pumping well, 1-6, 6-4
in a static well, 6-24
wave, 3-1, 3-2, 3-3
wave equation, 3-1, 3-2 to 3-6, 3-3f, 3-15
waveform, 3-1, 3-3, 3-5 to 3-6, 3-5f
wave propagation, 3-1 to 3-2, 3-5 to 3-6, 3-5f, 3-10 to 3-11,
3-23
wellbore. See also deviated wellbore; wellbore geometry.
calculating pressure of, 4-3
distance to known anomaly, 5-8 to 5-9
flow into, 1-15f
fluid composition and distribution in, 7-5 to 7-6
general configuration of, 6-5 to 6-6, 6-6f
horizontal, 1-21, 2-32f, 6-20, 6-22
inclination of, 6-22
integrity problems in, 10-2
mechanism of flow into, 1-11f, 1-12
pressure calculation of, 6-6 to 6-7
typical pressure and flow distribution, 8-26, 8-27f
wellbore completion data
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acoustic velocity and, 9-4
determining distance to liquid level and, 5-15
downhole marker analysis and, 5-8 to 5-9
of an ESP well, 2-21f
gas wells, 9-17f
general configuration of, 6-5 to 6-6
importance of, 2-2, 4-19, 6-3, 8-2
offshore gas wells, 9-15, 9-16f
overview of, 4-15
schematic of, 2-17f
stratified annular gas column, 2-32f
wellbore diagram
casing integrity test, 2-28f, 2-31f
flowing gas well, 2-26f
multiple producing zones, 7-13
overlaying on acoustic record, 2-1
overview of, 1-4 to 1-5
wellbore geometry. See also wellbore.
complex, 7-26, 8-31
critical rate as function of, 9-2
determining distance to liquid level and, 5-15
fluid distribution and, 7-5
importance of knowledge of, 1-4, 2-1, 6-20, 8-2
wellbore radius, 1-12
wellbore schematic. See wellbore completion data.
wellbore storage effect, 1-9
wellbore summary report
annular pressure distribution, 8-24f
casing integrity test, 2-31f
general example of, 2-7f, 2-10, 2-10f, 2-13, 2-13f
pressure distribution, 2-19f
producing and static fluid levels, 2-21f
stratified annular gas column, 2-37f
well configuration data. See wellbore completion datg.
well drawdown, 1-6
well efficiency, 1-2, 1-2f, 1-3, 1-3f
wellhead .

conditions at, 2-27 ;:\

<

connecting a gas gun to, 8-27f

distance to gas gun, 2-3 Q

gas samples taken from, 3
background noise nﬂa@'
high, 4-9, 4-19 @

wellhead pressure
low, 4-15
obtaining a s1gnal and, 3-22
variatio
well perft
na om acoustic fluid level measurements, 1-4 to
\ed 1-1
ermmlng optimum and current, 1-1 to 1-4
\, effect of tubing anchors on, 8-13

efficiency and, 1-2 to 1-3, 1-3f
importance of SBHP and PBHP in, 1-4
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inflow performance relation (IPR) and, 1-10 to 1-22
necessary information for analysis of, 1-4 to 1-5
requirements for visualization of, 1-23
stabilized conditions for determining, 1-23
well tests, 1-5 to 1-10
well potential
analysis of, 6-1 to 6-2
designing the artificial lift and, 1-2
ESP well, 2-20
overestimating, 1-17
producing near, 8-1
pump displacement capacity and, 8- 4

SBHP and, 1-6 ‘

well productivity
analysis of ESP wells and, 8
deviated wellbore and, 2- &
efficiency in a rod-p

hole in tubing and, 9-
identifying what is i g production in, 8-2

knowledge of lacking iff oilfields, 8-3
lack of press sient tests and, 7-1
liquid loadi ,9-1

loss of BHP test, 1-9, 7-2
variable rate flow test, 1-17

loss i
oV imating, 1-17, 1-24
. q&: S 1-12

sons for inefficiencies in pumping wells, 8-1

8-210 8-3

imple well, 2-7, 2-7f

0 tapered tubing well, 2-13 to 2-14, 2-13f
wells

accepted concepts in production, 1-7
classification of, 6-5 to 6-6, 6-5f
gassy, 8-18
keeping pumped off, 1-20
with multiple producing zones, 8-7, 8-23 to 8-26
operated intermittently, 8-30
over-pumped, 8-3, 8-3f
potential of, 1-13 to 1-14, 1-23, 8-3
preparation of, 4-14 to 4-15, 4-14f
that kick, 8-17 to 8-18
well spacing, 1-12
well stimulation, 1-24
well unloading, 10-2, 10-24, 10-26 to 10-34, 11-5. See also
unloading, tubing.
wireless communications, advances in and acoustic signal
acquisition, 4-10
wireline-conveyed equipment, 1-9, 7-1
wireline flowing pressure survey, 9-1, 9-10
wireline log, 5-12, 6-3
wireline retrievable valve mandrel, 10-23
WOR. See water/oil ratio (\WOR).

zero net liquid flow, 6-5, 6-6, 6-18, 8-26, 9-1, 9-9
zones, multiple producing, 8-27f

For distribution by Petroleum Extension-The University of Texas at Austin



To obtain additional training materials, contact: . Q

PETEX® X
PETROLEUM EXTENSION 6
The University of Texas at Austin 0
J.J. Pickle Research Campus ?\
10100 Burnet Road, Bldg. 2 \

Austin, TX 78758 (b,

Telephone: 512-471-5940 %
or 800-687-4132

FAX: 512-471-9410 ~\ib’
or 800-687-7839 @
Visit our website: petex.utexas.edu &

To obtain information about training courses &mt:
*

PETEX® %:
HOUSTON TRAINING R
The University of Texa ustin
4702 N. Sam Houston Par est, Suite 800

Housto 86
Telephov% 97-2440
0£800-687-7052
Visit our web% ex.utexas.edufour_courses

—

For distribution by Petroleum Extension-The University of Texas at Austin



ISBN 9780886982799

Cat. No. 3.14010
808861982799 ISBN: 978-0-88698-279-9




	Title Page
	Table of Contents
	Figure List
	Tables
	Forward
	Preface
	Acknowledgements
	About the Authors
	CHAPTER 1. Visualizing Well Performance
	Determining Optimum and Current Well Performance
	Well Performance Analysis from Acoustic Fluid Level Measurements
	Well Tests
	Inflow Performance Relations
	CHAPTER 2. Examples of Fluid Level Surveys in Producing and Static Wells
	Guidelines for Acoustic Record Analysis
	Guidelines for Quality Control of Acoustic Data
	Example Acoustic Records and Analysis
	Producing Fluid Level Record
	Static Fluid Level Record
	CHAPTER 3. Fundamentals of Acoustic Fluid Level Surveys
	Sound Pulse Generation and Wave Propagation
	General Solution of the Wave Equation
	Reflection and Transmission of a Plane Wave
	Sound Pressure Wave Propagation in Pipes and Annuli
	Acoustic Velocity in Gases
	Acoustic Signal Amplitude Reduction
	CHAPTER 4. Acoustic Fluid Level Equipment and Procedures
	Acoustic Pulse Generation and Signal Acquisition
	Pulse Generation
	Acoustic Record Acquisition and Recording
	Safety Considerations
	Recommended Operating Procedures
	CHAPTER 5. Methods of Determining Distance to the Liquid Level
	Converting Acoustic Pulse Travel Time to Distance
	Recommendations for Background Noise
	CHAPTER 6. Calculating Wellbore Pressure Distribution from Acoustic Fluid Level Surveys
	Well Performance and Potential Analysis
	Calculating Producing Pressure Distribution
	Fraction of Liquid in a Gaseous Column
	Quality Control of Pressure Calculations
	CHAPTER 7. Applied Well Testing for Pressure Transient Data Acquisition
	Programmed Fluid Level Surveys
	Special Requirements of Programmed Acoustic Data Acquisition and Processing
	Recommended Test Procedures and Practical Implications
	Example Field Tests
	CHAPTER 8. Applications of Fluid Level Measurements to Pumping Wells
	Production Efficiency in Rod-Pumped Wells
	Potentially Misleading Acoustic Fluid Level Surveys
	Tubing Diagnostic Acoustic Suruveys
	Tubing Gas Flow and Wells That Kick
	Inefficient Pump Displacement
	Fluid Level Surveys in ESP Wells
	Comparing ESP Downhole Pressure Sensor Measurement and PIP from Acoustic Fluid Level
	Fluid Level Surveys in PC Wells
	Recommended Procedures in Pumping Wells
	CHAPTER 9. Fluid Level Measurement Applications for Gas Wells
	Determining Liquid Loading of a Gas Well
	Analyzing Typical Gas Well Performance
	Applications to Troubleshooting Gas Wells
	Holes in Gas Well Tubing
	Acoustic Survey in Packer-Less Gas Well
	CHAPTER 10. Fluid Level Measurement Applications for Gas Lift Wells
	Benefits of Acoustic Measurements in Gas Lift Wells
	Equipment Installation and Data Acquisition
	Analyzing Gas Lift Well Fluid Level Records
	Troubleshooting Gas Lift Systems
	Operating Pressure Distribution for Various Gas Lift Configurations
	Example Fluid Level and Pressure Survey
	Background Information About Gas Lift Installations
	CHAPTER 11. Fluid Level Measurement Applications for Plunger Lift Wells
	Plunger Lift System
	Acoustic Fluid Level Monitoring of Plunger Well Operation
	Detecting and Troubleshooting Operation Problems
	Appendix: Figure Credits
	Glossary
	Index



