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SAFETY

Please observe all safety rules in operating this equipment. The pressure ratings of the Echometer gas gun and all
fittings, hoses, etc. should always exceed actual well pressure. Because the casing pressure normally increases during a
build-up test, caution should be exercised that the well pressure does not exceed equipment pressure ratings.

Do not use worn or corroded parts. A used or corroded fitting may not withstand original pressure rating.

Not all safety precautions can be given herein. Please refer to all applicable safety manuals, bulletins, etc. Relating
to pressure, metal characteristics, temperature effects, corrosion, wear, electrical properties, gas properties, etc. before
operating this equipment.

The tests should not be undertaken if the operator, the test equipment and the well are not in conditions to operate
safely. This equipment should not be used if the operator is tired, ill or under the influence of alcohol, drugs or
medication.

LICENSE AND USE AGREEMENT FOR ECHOMETER TWM SOFTWARE AND EQUIPMENT

1. This Agreement, including the terms on the opening screen, is a legal contract between you and Echometer Company. This
Agreement applies to the TWM software, including media, printed material and on-line documentation and to the Well Analyzer
equipment.

2. The operator agrees to the terms on the opening screen and the terms in this Agreement by clicking on the Accept icon on the
opening screen.

3. Following acceptance of this Agreement, the operator is entitled to use the software program designated as TWM.EXE to
acquire and analyze data. However, this program and any related programs can be used only to acquire data by use of Echometer
data acquisition systems. The analysis portion of these programs can be used on any computer to analyze data, but only data,
which have been obtained using Echometer data acquisition systems.

4. THIS SOFTWARE AND DOCUMENTATION IS PROVIDED AS IS, AND ECHOMETER MAKES NO
REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO,
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
THE SOFTWARE, DOCUMENTATION OR EQUIPMENT WILL NOT INFRINGE ANY THIRD PARTY PATENTS,
COPYRIGHTS, TRADEMARKS OR OTHER RIGHTS.

5. Operator agrees that it is the responsibility of the operator to insure that the operator is working at a well pressure that is less
than the rated operating pressure of the equipment involved. This includes the fittings on the well as well as valves and all
Echometer equipment. The operator acknowledges that the safe operating pressure for equipment is less when the equipment is
used, corroded or shows signs of abuse and wear, than when the equipment is new.

6. Operator agrees, on behalf of the operator, his/her heirs and related parties, to release and hold Echometer Company, including
its employees, officers, agents and related parties, harmless from any and all liability to the operator and all related parties, for
any and all loss or damage to property and injury or death to any person which results from or in any way relates to the use of
Echometer software or Well Analyzer equipment.

7. The operator agrees that the terms on the opening screen and in this Agreement which are applicable to the operator are
binding on the operator's company, employer, company employees and agents, provided, and to the extent, that the operator has
authority to commit any one or more of these entities to these obligations.
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HOW TO USE THIS MANUAL.

This is a COMPREHENSIVE MANUAL covering all the capabilities of the Well Analyzer and the TWM (Total Well
Management) software. Since some users may be interested in only one aspect of the system the manual is divided into eight
main sections which can be read independently.

1-Overview of the Well Analyzer System (Chapters 1, 2 and 3)

2-Acoustic Well Surveys (Chapters 4 and 5)

3-Pressure Transient Testing (Chapter 6)

4-Liquid Level Tracking (Chapter 7)

5-Dynamometer Surveys (Chapter 8)

6-Measurement of Motor Current and Power (Chapters 9 and 10)

7-Troubleshooting Well Analyzer and Utilities (Chapter 11)

8- General Data Acquisition (Chapter 12)

9-Related Technical Topics (Appendices)

10-Addendum Volume — Details of application of Well Analyzer system to Gas Wells and Plunger Lift Wells

If you are already familiar with the Well Analyzer system you may skip section 1 and proceed to the specific section of
your interest.

If you are not familiar with the Well Analyzer System, please read Section 1 before proceeding. The publication "Total
Well Management" that can be downloaded from the Echometer web page gives an overview of the system's capabilities as
applied to optimizing pumping well performance.

ORGANIZATION OF TOPICS
Within each section the information is generally organized as follows:

The Analyzer's hardware and software required for the specific application are described first.
Detailed instructions for use of the software are given next.

Field examples are given to illustrate typical applications.

Troubleshooting guidelines are included when appropriate.

Hardware operation and maintenance procedures are discussed.
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1.0 - OBJECTIVES OF THE WELL ANALYZER SYSTEM

The principal objective of the Well Analyzer is to provide to the operator all the necessary data to analyze the

performance of an oil or gas well. This objective is accomplished by using combinations of hardware and computer software
which are specific to the particular measurement to be undertaken. The most general configuration of the Well Analyzer System
is represented in the schematic block diagram shown in Figure 1.

Application and interpretation of the measurements that are made with the Well Analyzer can provide answers to

numerous questions related to the production of pumping oil wells. The following are partial lists of typical questions that can be
answered by proper use and interpretation of Analyzer measurements:

From Acoustic Surveys:

Is there liquid above the pump? At what depth is the top of the liquid column?
Is gas flowing up the annulus? If yes, at what rate?

What is the casing-head pressure? Is it changing with time?

What is the percent liquid in the annular fluid column?

What is the pressure at the perforations?

What is the percent of the maximum oil rate that is currently being produced?
What is the maximum rate that could be produced from the well?

What is the sound speed in the annular gas?

What is the average gravity of the gas in the annulus?

Avre there any restrictions or anomalies in the annulus above the liquid level?

From Dynamometer measurements:

Is the well pumped off?

What is the percent pump fillage?

Are the traveling and/or standing valves leaking?

What is the pump displacement in barrels per day?

What is the effective pump plunger travel?

What is the current pumping speed?

What is the fluid load on the pump?

Are the maximum and minimum polished rod loads within the capacity of the pumping unit and the rods?
What is the polished rod horsepower?

Is the maximum torque less than the gearbox specification?

Is the unit properly balanced?

What movement of the counterweights is required in order to balance the unit?
What is the weight of the rods in the fluid?

Does the pumping system require a detailed analysis and/or redesign?

From Motor Current Survey:

What is the motor current throughout the pumping cycle?

Is the motor over/under sized for the unit and the load?

Is the unit properly balanced?

Does the motor performance require more detailed analysis ?

From Liquid Level Tracking Survey:

What is the depth to the liquid level?
Is the liquid level rising or falling?
Is the liquid level within a pre-set depth interval?

ECHOMETER Co. 14
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From Motor Power/Current Surveys

What is the power use during a pump stroke?

What is the apparent motor current?

Is the motor generating electricity at some time during the stroke?

What is the exact power consumption, KWH/day, $/month, $/BBL?

Is the motor over/under sized for the unit and the load?

What is the torque loading?

Is the unit properly balanced?

What movement of the counterweights is required in order to balance the unit?
What is the recommended minimum sized motor?

From Transient Pressure Surveys:

What is a good estimate of reservoir pressure?

What is the flowing bottom-hole pressure?

What is the pressure buildup rate?

Is there annular afterflow of liquid/gas when the well is shut in?
Is there any wellbore damage?

Is the well fractured?

Does the well require a detailed pressure transient analysis ?
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From Plunger Lift Surveys

o  Where is the plunger? Above the liquid?

e What are the velocities of the plunger?

e What is the depth to the top of the liquid?

e What is the producing BHP?

¢ Isliquid in the casing annulus above the tubing intake?

e What is the gas gravity?

e Avre there any restrictions to plunger fall in the tubing?
From Custom Surveys:

In gas lift wells, where is the fluid level in the annulus?

How many gas lift valves are uncovered?

In a shut-in gas well, where is the fluid level inside the tubing?

In a shut-in well, what is the bottom-hole (reservoir) pressure?

Status of a Subsurface Safety valve (open/closed)?

In Plunger lift wells, what is the plunger fall speed and time to bottom?
Position of liquid slugs in batch treatments ?

Pressure buildup in flowing wells.?

Calibration of downhole ESP pressure transducer.

The following sections of this manual explain in detail how the Well Analyzer may be used to solve the majority of
problems faced when trying to optimize well performance and to minimize operating costs. It is strongly recommended that the
operator become familiar with the material in the manual before attempting to operate the equipment.

2.0 - OVERVIEW OF WELL ANALYZER APPLICATIONS

The following is a discussion of the background technology that has resulted in the development of the Well Analyzer
and a brief description of the measurements that can be undertaken.

2.1 - Acoustic Well Surveys

Acoustic echo-ranging techniques to generate well soundings have been in effect for over sixty years to aid in the
analysis of pumping wells. Early application was limited to determining the presence of liquid in the annulus above the pump. If
liquid was found over the pump then the operator knew that additional production was available if a larger pump was installed;
or, if the pump was not operating properly, that the pump should be pulled and repaired.

Soon after the development of these instruments, some operators realized that proper interpretation of the records could
yield additional information. In particular bottom-hole pressure was calculated from the summation of the surface casing pressure
plus the gas column hydrostatic and the liquid column hydrostatic pressures. This presumed some knowledge of the density and
distribution of the oil and water in the liquid column especially in the case of shut-in wells where relatively high liquid columns
were observed. Operators also observed that in those instances where gas was vented from the annulus, the calculated bottom-
hole pressure was excessively high. This was attributed to the lowering of the effective liquid gradient by the presence of gas
bubbles in the liquid column above the perforations. C. P. Walker? patented a method for determining the density of annular
liquid columns which are aerated by gas bubbling upward through the liquid. Walker presented a technique whereby a back-
pressure valve is used to control and increase the casing-head pressure causing the annular liquid level to fall a distance
corresponding to the pressure increase. The gradient of the gaseous liquid is calculated by dividing the change in pressure at the
top of the gaseous liquid column by the corresponding drop in liquid level. This gradient is then used to calculate the bottom-hole
pressure. If the back-pressure valve setting is further increased until the top of the gaseous liquid column is stabilized in the
vicinity of the pump intake, which generally is near the perforations, then the producing bottom-hole pressure can be estimated
quite accurately since the contribution of the hydrostatic pressure from a short gaseous-liquid column is small in relation to the

Iwalker, C. P., "Determination of Fluid Level in Oil Wells by the Pressure-wave Echo Method," AIME Transactions, 1937, pp.
32-43.

2Walker, C. P., "Method of Determining Fluid Density, Fluid Pressure, and the Production Capacity of Oil Wells, US. Patent No.
2,161,733 filed October 26, 1937.
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casing-head pressure, and errors in the gradient estimate will not significantly affect the resulting total pressure. In the majority of
producing wells in the United States, the liquid level is near the pump inlet and the casing-head pressure plus the gas hydrostatic
will yield a very close estimate of the producing bottom-hole pressure. This method which was presented over 50 years ago is
still one of the most useful methods for obtaining accurate producing bottom-hole pressure.

Recent studies by McCoy, et al.3 have presented a technique of obtaining the casing annulus gas flow rate by
measurement of the casing annulus gas pressure buildup rate. Utilizing the casing annulus gas pressure buildup rate and the void
volume in the casing annulus, a reasonably accurate casing annulus gas flow rate can be obtained. If the casing annulus gas flow
rate is known, an estimate of the liquid column gradient is made using a correlation developed from field data . This calculates a
reasonably accurate producing bottom-hole pressure even when gaseous liquid columns exist above the pump. In addition to the
casing annulus gas flow rate, the operator can determine the specific gravity of the gas if an acoustic well sounding is made since
the acoustic velocity and the pressure are known and the temperature can be estimated. Determination of the annular gas specific
gravity permits a more accurate calculation of the gas column pressure.

Use of digital lap-top computers permits an operator to automatically obtain acoustic liquid level data and surface
pressure measurements from which bottom-hole pressures can be calculated. A long term pressure buildup and/or draw down test
in pumping wells can thus be done inexpensively. Pressure buildup data, permits the operator to obtain reservoir properties such
as permeability, skin damage, reservoir pressures and numerous other parameters at a relatively low cost.

Four important achievements are possible by utilization of a microcomputer. First, the computer can utilize digital
processing of the acoustic data to obtain more accurate liquid level depths, automatically. Second, the determination of bottom-
hole pressures from the acoustic liquid level measurement, the surface pressure, and properties of the produced fluids is
automatically available. Third, the computer offers automatic operation of the equipment in that the computer can be
programmed to perform well soundings and obtain casing pressure measurements on command, without operator attention.
Fourth, well data can be stored and managed efficiently and accurately. This allows analysis of well performance, transient
pressure and pumping performance in a timely way.

2.2 - Dynamometer Surveys

Rod pumping continues to be the most widely used method of artificial lift. Economic conditions dictate that maximum
efficiency be maintained in these installations at all times. Methods for analysis of beam pump performance are principally based
on Gilbert's* and Fagg's® development of the beam pump dynamometer where the load at the polished rod was recorded
graphically as a function of its travel to generate a chart which represented the work undertaken at the surface unit for every
pump stroke.

Modern developments have concentrated in refining the techniques for interpretation of the characteristics of this load-
displacement curve so that a detailed analysis of the system can be undertaken which yields among others:

Load distribution in the rod string

Load and displacement at the pump

Pump valve operation and leakage

Surface torque and counterbalance efficiency
Fatigue loading and rod buckling

Motor performance

With the advent of high performance digital data acquisition systems, attention has been given to a more complete
analysis of pumping unit performance. Simultaneous measurement of numerous dynamic parameters (Kilowatts input, power
factor, motor torque, gear torque, polished rod position, velocity, acceleration and load, motor speed and unit's strokes per
minute) are possible and cost effective.

3McCoy, J. N., Podio, A. L. and K. L. Huddleston: "Acoustic Determination of Producing Bottomhole Pressure," SPE Formation
Evaluation, September 1988, pp. 617-621.

4Gilbert, W.E., "An Oil Well Pumping Dynagraph," API Drilling and Production Practice, 1936, pp. 94-115

SFagg, |. W., "Dynamometer Charts and Well Weighing," Petroleum Transactions, AIME, Vol. 189, 1950, pp. 165-174.
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The Well Analyzer provides means to acquire data from load and acceleration transducers in order to undertake either
simple or advanced dynamometer analysis. The operator can select this mode from the Analyzer's main menu by entering the
appropriate choice and following up with the necessary information regarding the characteristics of the transducers that will be
used.

The Analyzer provides means for acquiring and displaying the dynamometer data and to store the same information on
diskette for further processing and analysis.

2.3 - Beam Pump Balancing and Torque Analysis

The importance of proper counterbalancing in beam pumping stems from its effect on operating and maintenance costs.
Proper counterbalancing means a smoother operation of the pumping unit, reduction of variation in speed and load, reduction in
variation of gearbox torque, reduction of stresses on the sucker rods and an increase in SPM.

Torque analysis is the primary means of counterbalance calculation. Calculation from dynamometer measurements
requires measurement of the effect of the counterweight as transmitted to the polished rod. This is a function of the position of the
counterweights on the cranks and the geometry of the beam pump. The counterbalance effect can be measured directly using the
dynamometer. The unit geometry can be determined from physical measurement of dimensions of key elements, or in general is
obtained from a data base of standard beam pumps. Balancing is then undertaken by measurement of the position of the
counterweights on the cranks, identification of the cranks and calculation of the change in counterbalance moment corresponding
to a change in the position of the counterweights.

The dynamometer data which consists of polished rod load as a function of position, is converted to net torque as a
function of crank angle. The resulting torque function is then examined in terms of the torque exhibited during the upstroke and
during the down stroke. Proper balancing is generally considered to be that which evens out the torque so that the peak torque on
the upstroke is approximately equal to the peak torque on the down stroke. Once the actual torque curve has been calculated it is
possible to calculate the effect of changing the position of the counterweights on the torque. Thus, the software provides a
recommendation regarding how the unit would perform if it were properly balanced.

Since the majority of beam pumps are driven by electric motors, counterbalancing is often attempted by means of
measurements of motor current. The basis for this is that there is a direct relation between electric motor current and motor torque
but the relationship is not linear..

However, it must be pointed out that the commonly used electrical current probes do not differentiate between direction
of current flow. In most beam pump installations, the cyclical loading imposed by the pump (rod load increases to rod-weight-in-
fluid plus fluid load then decreases to rod-weight-in-fluid) is such that during certain portions of the stroke the motor is actually
driven by the pumping unit. At these points the motor is acting as a generator and current is flowing back to the line. The current
probe will indicate this generated current without regard to direction of flow. This can often mask the current peaks that
correspond to the torque peaks and makes very difficult balancing of the unit using the standard current measurement.

The Echometer Motor Current Survey program, discussed in section 9.0 of this manual, provides a means of determining
accurately the magnitude and direction of current flow in each of the lines of the 3-phase electrical supply.

The Echometer Power Survey program, discussed in Section 10 of this manual, provides a means of determining
accurately the power use and current flow in the motor during a pump stroke. The power data is also interpreted in terms of gear
reducer torque and the program gives information on how to adjust the counterweights in order to obtain a balanced condition.
This does not require knowing the geometry of the unit nor identification of the cranks. The user only needs to input the weight
of the counterweights that he wishes to move. The program calculates the distance that they need to be moved from their present
location.

2.4 - Pressure Transient Testing

Flowing bottom-hole pressure surveys, pressure buildup tests and pressure draw down tests are the principal tools to
determine reservoir pressure, formation permeability and skin factor. These techniques are widely used in flowing wells and in
some gas lift wells, where the pressure information is easily obtained from wireline-conveyed bottom-hole pressure recorders.
The presence of the sucker rods in beam pumped wells essentially precludes practical, routine, direct measurement of bottom-
hole pressure, thus eliminating the single most important parameter for well performance analysis. Permanent installation of
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surface indicating bottom-hole pressure gauges have not become cost effective, nor have wireline measurements through the
annular space.

The Automatic Acoustic Pressure Transient system is based on the Digital Well Analyzer configured for long term
unattended operation. This is implemented by providing a long term source of power and gas, and switching to software specially
developed for pressure transient data recording and analysis. The TWM program special module for Pressure Transient Data
Acquisition and Analysis has the multiple functions of controlling the well testing sequence, acquiring, storing and analyzing
the data and generating tabular and graphical outputs.

The bottom-hole pressure calculation is based on wellhead pressure measurement, determination of the depth of the
gas/liquid interface and calculation of the annular fluid gradients. In order to achieve the maximum accuracy in calculating the
BHP, the Well Analyzer software accounts for temperature variations, and acoustic velocity variations due to changes in
composition of the annular fluid caused by the pressure variations during the transient test.

During the several days of the typical well test duration, the transducer sensing element may undergo temperature
changes of over 60 degrees F. Even though the transducer is self temperature compensated such a temperature change can cause
small errors in the measurement of casing head pressure which would be unacceptable for pressure transient analysis. Additional
corrections are introduced by measuring the temperature with a thermistor and computing the corresponding pressure deviation
from calibration curves obtained for each individual transducer and entered in the program.

During the well test ( buildup or draw down) the pressure, temperature and composition of the gas in the annulus will
undergo significant changes. These in turn will cause variations in the acoustic velocity of the gas. At any given time the average
acoustic velocity is calculated from an automatic count of filtered collar reflections and the average joint length. A table of
acoustic velocity as a function of time is generated for each testing sequence and is stored with the pressure data. The data
reduction program interpolates between these points to calculate the depth to the gas/liquid interface from the measurement of
the travel time of the liquid echo. If this variation was not taken into account and a single value for acoustic velocity was used in
interpreting the travel time data, a significant error in calculated BHP would be made.

Several papers have been presented on the correct methods for calculation of bottom-hole pressure from acoustic
determination of annular liquid levels®. The BHP is the sum of the casing head pressure and the hydrostatic column pressures
due to the annular gas and liquid. The gas column gradient is calculated as a function of pressure, temperature and gas gravity.
The gradient of the annular fluid column is a function of the composition of the liquids, and the in-situ water/oil ratio and
gas/liquid ratio. Pumping conditions and well geometry determine the fluid distributions. For example, at steady state pumping
rate the liquid above the pump intake is oil due to gravity segregation occurring in the annulus. When the well is shut-in for a
buildup, the water cut remains essentially constant during the afterflow period. These factors are taken into consideration by the
program in calculation of the bottom-hole pressure. In-situ oil and water densities are calculated as a function of pressure and
temperature using conventional correlations.

When the producing bottom-hole pressure is below the bubble point, free gas is produced from the reservoir and is
generally produced from the annulus. This annular gas production reduces the liquid column gradient and thus has to be taken
into consideration in the BHP calculation. Experience indicates that a gaseous liquid column can extend for a significant period
of time after the well is shut-in. A correlation derived from a multitude of field measurements of gaseous liquid column
gradients’ is used to account for this effect. However when a long gaseous liquid column is present, in order to obtain the most
accurate results, it is recommended that before the initiation of the buildup test the liquid level be depressed to a few joints above
the pump by increasing the casing head back pressure while maintaining a steady pumping rate. This is easily achieved by means
of an adjustable back pressure regulator installed on the casing head valve. It is very important that the well has been stabilized
before starting the pressure transient test.

6See reference papers in Appendix
"McCoy et al. 1988.
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2.5 - Liquid Level Tracking

The position of the liquid level in the annulus is an important indicator of the well's pressure balance condition. This is
especially important during workover operations when the Christmas tree is not in place and during well killing procedures when
the well pressure status must be inferred. The Well Analyzer can be used in the continuous survey mode to automatically measure
and track the position of the annular fluid level.

2.51 - Well Killing and Workover Operations

Whenever it is necessary to kill a well prior to undertaking certain workover operations, it is necessary to determine the
minimum amount of kill fluid to be introduced into the well. Excessive overbalance will result in greater formation damage and
excessive costs. Inadequate overbalance will result in a kicking well. By continuously monitoring the kill fluid level in the
annulus it is possible to maintain close control of the back pressure on the formation. The module Liquid Tracking (LT)
automatically fires acoustic pulses at preset intervals as frequent as 2 minutes, calculates the depth and displays the position of the
liquid level as a function of time. An alarm is given if the fluid level rises above or falls below a predetermined depth interval.
The program also can close a relay switch that may be connected to the rig's audible alarm system.

2.52 - Batch Treatment Monitoring

Periodic injection of chemicals into wellbores are commonly used as remedy to paraffin deposition, corrosion inhibition
and perforation cleaning. The LT module provides a simple means for monitoring the position of the batch treatment once it has
been injected into the well. The descent of the treatment fluid can be observed by monitoring the position of the gas/liquid
interface as a function of time.

2.6 - Special Purpose Testing
Echometeric surveys have been developed primarily for application to beam pumping analysis and optimization. The

recent advances in portable computing has made it possible to effectively use echometeric surveys for numerous other
applications that involve determining the distribution of fluids and pressures in a wellbore.

2.6.1 - Gas Lift

The most common application involves the determination of the fluid level in the annulus in relation to the
depth to the unloading valves. This allows monitoring the progress of the unloading operation and to determine if and
when the operating valve has been uncovered and is injecting gas into the tubing. The casing fluid level measurements
can also be interpreted in terms of flowing bottom hole pressure by the procedure presented by McCoy.8 Fluid level
measurements through tubing are similar to those undertaken in gas wells. See addendum for further information.

2.6.2 - Subsurface Safety Valve Testing

In offshore installations it is necessary to periodically test the operation of Surface Controlled Subsurface
Safety Valves (SCSSV). This is generally undertaken by shutting-in the well at the Christmas tree, letting the pressure
build up and stabilize, then shutting the SCSSV and then bleeding the pressure in the tubing above the valve. Often the
valve will not fully close due to sand, debris or corrosion preventing its full motion. In general the gas-liquid interface in
the tubing will stabilize below the SCSSV. Therefore an echometric survey will give a positive indication that the valve
has operated properly and is closed prior to beginning the bleeding of the tubing pressure. This can save significant time
since it is possible to actuate the valve several times until it operates properly. If this is not achieved then the decision to
pull the valve can be made with minimum delay.

8McCoy: "Acoustic Determination of Bottomhole Pressure in Gas Lift Wells", Petroleum Engineer International, August 1976.
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2.6.3 - Through Tubing BHP Surveys

Echometric surveys can be undertaken through tubing as well as through the annulus. The depth to the
gas/liquid interface can be obtained by means of the various processing options provided by the Well Analyzer. When
the tubing exhibits even minor internal cross sectional changes such as collar recesses, the automatic collar counting
processing is easily undertaken. In those instances where the tubing is internally flush the other processing options:
using depth to known landing nipples or cross-overs, using acoustic velocity, etc. provide the necessary information to
make BHP calculations. A broad range of experience has been accumulated by Echometer Engineers in this type of
unconventional testing in flowing and high pressure wells. Gas guns are available which have operating pressures up to
15000 psi. These guns use the gas in the well to generate an acoustic pulse.

2.6.4 - Liguid Displacement in Tubing

Echometeric surveys have been used successfully to determine the position of liquid slugs that have been
introduced in a well as part of routine treatment with corrosion inhibitors, paraffin solvents or other batch treatments.

2.6.5 - Plunger Lift Applications

The Well Analyzer’s Acoustic Fluid Level and Plunger Lift modules are used to determine the position of the
plunger, the plunger fall speed and to analyze the performance of the well. These very powerful tools can be used to
trouble shoot and optimized the operation of wells producing by plunger lift. See the manual addendum for further
details.

Several articles have been published on the subject and reprints may be downloaded form
www.echometer.com .

2.6.6 - Gas Well Applications

The Well Analyzer’s Acoustic Fluid Level and Pressure Transient modules can be used to determine the fluid
distribution in the tubing of flowing gas wells to evaluate liquid loading conditions. See the TWM manual addendum
for further details.
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3.0 - GENERAL CONSIDERATIONS ABOUT WELL ANALYZER SOFTWARE

The Well Analyzer is controlled by the laptop computer. The computer operates from a program, stored on the hard disk.
Turn the computer on. A memory test will automatically start as displayed on the top line of the screen. Wait for the memory
check to be completed. Then the Well Analyzer software program TWM will automatically load into memory. The following
discussion assumes that you have a computer with a 486, or better, microprocessor, a hard drive and a CD or floppy drive as
configured by Echometer Co. and running Windows 95, Windows 98, Windows 2000, ME, XP or NT.

3.1 - Programs

The Well Analyzer is used in conjunction with the TWM ( Total Well Management) software although earlier models
used DOS-based software programs DE, DYN, EBUP, POWER, LQTR. The DOS operation of the Well Analyzer is described in
a separate operating manual. Please contact Echometer Company for more information.

Data Acquisition and Analysis Programs:

The Program TWM includes the following modules for data acquisition and analysis:

Acoustic

Dynamometer
Power/Current

Pressure Transient
Liquid Tracking

General Data Acquisition
Plunger Lift

Beam Pump Design Program

The Well Analyzer is supplied with Program QRod 2.4 (Wave Equation Program for Beam Pump Design for Windows
) to provide the user with the capability of designing and analyzing beam pump installations. The QRod program is a free
program that can be downloaded from www.echometer.com and installed on numerous computers as needed.

3.1.1 - Use of Keybhoard Keys and Mouse.

The TWM software has been designed to be as simple as possible to use. The graphical user interface follows all the Windows
conventions. The majority of the modules are executed by following prompts which are presented on the screen and that either
require entry of data or striking a function key or an Alt-key combination. Whenever possible function keys have been designated
to produce similar results in the various applications. The user will often have to choose actions from a screen menu. The tab,
shift tab, enter, PageDown, PageUp, Arrow, function and escape keys are commonly used to move within a screen or menu
and to execute instructions. It is also possible to use an external mouse or built-in tracking pointer and click buttons to move
within a screen and select actions to be completed. Additional menus and functions are accessed by right-click or left-click
buttons on the mouse. Details are given in the corresponding sections of this manual.

NOTE
It is recommended that the user follow the instructions and menu choices that are displayed
on a given screen. The programs were written for a fully Windows-compatible system, and the
computer in use may not be fully compatible. The programs have been designed to be insensitive
to accidental inputs from random keystroke, invalid data, etc. However there may be unusual
combinations of keystrokes that will result in the programs not operating as expected. In these
instances it is recommended that the computer be turned OFF and the program be re-initialized.
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The operator determines the flow of the program by selecting and acting on the

corresponding control button, function key or key combination. The standard Windows

conventions are used for navigation within the form displayed on the screen:

Function Keys: Pressing a function key is equivalent to clicking on the button labeled with
the same F-number. For example pressing the F3 key is equivalent to clicking the Select

Test button and initiates the same sequence of events.

F3 - Select Test

F4 - Analpze
Data }

Tab Key: Pressing the Tab key will traverse through the display and activate the various controls buttons or fields

highlighting the one that is currently active:

Once a button is highlighted it is activated by pressing the Enter key or the Space Bar.

b ove [ndicator

Right — > |

An active field is highlighted with a dark background as shown below:

|ndicator (@ |

B0

Alt-Key: Pressing a key wich is displayed on a button with an Underscore while pressing the Alt key is equivalent to
activating the corresponding control button or field. For example depressing Alt-S is equivalent to clicking on the Save

button as shown below:

Allowes the user to recall
Open... | Well In addition to test
containg a zhap zhot of
acquisition.
Er— | Saves any changes the

the analyzis.

Pressing the Alt-1 combination will activate the tab area for entry of tubular sizes as shown below:

Once the area has been made active the tab key allows to select the fields for entering data.

— [Alk-1] Tubulars

k.elly Buzhing

Tubing OO {2375 in

Casing OD [2.5 in

Ave Joint Length |31.7 s

Anchar Depth |5035 ft

i

Generally fields with a white background are used for typing-in data or text, fields with a grey background are used

to display stored data or calculated values
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3.2 - Environment
The TWM Environment is divided into three regions:

1-The Menu Bar
2-The Dialog Bar
3-The Tab Area

As shown in the following figure

—
A TWM - Examples1 - 1ol x|
File Maode * Option  Tod
" Acquire Made File Mgt K General | Data Euldel 4 Surface Equip, | a \N’eHborel 4 Conditions
= Becall Mode
el Name:  [,11FER24
el [
Company MName |5-day Seminar well
Operatar ICAPPS A
Lease Name  [CAD00 ' 3 ’
Elgvation 0.0 It
Production tethod IF\ud Fump j
Dataset Description |Examp\a in Thhd Manual
Comments:
FOUR 3CAO WEIGHTS = 1327# EACH  TOTALWEIGHT = 53088 =
CASING PERFS 5221-26 EFF FEB9S
Save j <PglUp | PaDuwn>

3.2.1 - The Menu Bar
The menu bar at the top of the window allows you to select various commands in TWM.

{7] Untitled - TWM

File Mode Option Toolz Help

While TWM'’s submenus may change based on your location in the program, the six main menus will not change.

3.2.2 - The File Menu:
Print

Outputs a report to the printer. The type of report printed is determined by the current location
within the environment.

Print Preview File Mode Option Tools |
Creates a window displaying the report to be printed. Print... Ckrl+P
Print Setup ) ) ) _ Print Preview. ..
Allows you to choose a default printer, paper size, and orientation. Print Setup. ..

Data Export

Creates a spreadsheet that contains selected values from tests Data Expart. ..

Word Report Word Repart, ..
Creates a standard report through an MS Word macro. Eatch Brint. ..

Batch Print

Allows printing test reports for multiple wells Exxit

Exit

Quits TWM.
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3.2.3 - The Mode Menu:
The Mode Menu has the same function as the upper portion of the Dialog Bar. It allows you to
switch between the two modes of the program.
Acquire Mode
Configures TWM to capture new test data.
Recall Mode
Configures TWM to display and analyze tests previously captured.

3.2.4 - The Options Menu:

The Options Menu has the same function as the lower portion of the Dialog Bar. It allows you
select which option is available in the Tab Area.

Note: This menu changes depending on which mode is selected.

3.2.5 - The Tools Menu

Reportz  Help
M
3
Settings (s
Library...
i Data Unitz...
3.2.5.1 - Import
Convert DOS Format: Allows data and well files from the DOS version of Well Analyzer to be
used with TWM.

Batch Well File Conversion: Allows conversion of several DOS version Well Files to the TWM
formatted well files.

| Tools Help
Convert D05 Farmat,, .
Expork r Batch \Well File Conversion. ..

Settings » TE I"v"'l 15EP12

Library. .. 1D I

Data Units. .. me |

3.2.5.2 - Export
DOS Format (.wf) Well File: Creates a Well File (*.wf) that can be used with the DOS version
of Well Analyzer.

DOS Format (Old Style): Creates DOS formatted data files from TWM data
DYN Format: Creates a surface dynamometer text file in the standard DYN format.
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Tools  Help

Irnpork

Export

[ Farmat .. il

Settings D05 Format £k
; D25 Formak (0ld Skyvle) 3
Library. ..
] Wl File. ..
[Daka Uniks. . . e

The program then asks for the location where to export the file:

Export Base Well File

Ewport current well data to;
IE:'\D ocuments and SettingshTomhD (.. I

E wpart | Cancel |

Old format DOS data files may be exported from TWM data:

Tools  Help

Irnport 3 L — . —

DV Farmat. . Ialll:u:ure I Conditions I Fresz. Tr3
Settings 3 D05 Farmat {wE) Well File, .. I
; ] Dymamometer {DOL)
Librar. ..

el Fi Walve O =T

el File...

Data Units... e I Power i PR, POLY

TWM formatted Base Well Files may be exported or stored in different groups:

Tools  Help

Irnpork k L ol '
Exporkt Lyl Farmat, .

D5 Farmat ©wk) well File,
D05 Format (0ld Skvle) 3

Setkings g

Library. ..

'|,|'l."EE” FllE‘- o

[Daka Units. ..

Destination of the copied base file is selected by the user in the next screen:
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E:-:purl: BYWF From Data Set

Enter Mame Far Mew wel File:

Add Mew Well File To Group:
Ewamples j

Create

Cancel

f el

Mew Group...

3.2.5.3 - Settings

Allows modifying the user’s preferences regarding files, graphs and reports.

Tool: Help

Irmport b

Export b

crrra Tramediimar

Dynamometer Sensor I

Wwhark. Airea Paths. ..
Graph Parameters. ..
Report Preferences. ..

Libram...

Diata Urits. | -

Work Area Paths: Sets the default paths used by TWM.

a1

Current Fath ta \wfarkzpace:

[Locate the primary T directamm]

Current Path to Library Files:
[T b
[Locate Cusztom Lzer Pump Unit Libran Directon]

Current Path to Old DOS [mport Files:
[
[Locate one of the DOS = wi filez]

Current Path to Expaorted Files:
IE:'&DDcuments and Settingzh T onyhDeskioph

k. I Cancel

AREN AN

The path could be directed to TWM files on a remote server if the computer has access to a network.
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Graph Parameters: Sets the parameters used by TWM to draw graphs.

J Text Attributes E3 |

| Fort I,.’.'.,rial j
[ Size IE "l Cancel | |

Lolor {pjack |

t ™ Eold ™ ltslic Default | Lt
=]

Text Settings for Printer

Size |20 -

Report Preferences: Reports are printed from the File Menu. The following screen is used to define report format and
to include specific titles to be printed as headings in the report:

Report Preferences El
— Default B eport Header

Line 1 I Cancel

Lire 2 |

¥ Frint thiz text in the report header

— Footer Ophions

¥ Print Currert Date and Time ¥ Frint Page numbers

3.2.5.4 - Library

Allows the user to view and maintain the Pump Unit Library information.

T IS T T T T T T

—
8 Select a library Ed |~

B Purnp Unit Library T

[
Edit Library | ||

Current ibran file:
CAT M AU nitLib.upl
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The Edit Library option allows modifying the parameters of a unit which is already part of the library. It can also be
used to enter parameters for a new unit.

O Fil= Mot I
Cemaime  BLIA carminar
Pumping Unit Library Editor ed
[ e it | [elete it | Duplicate Unit |
b anufacturer Status:

System Unit. Record Locked

™| fdove e Spstem Libran

|.I . H tl
Class I Corrventional j
=~

APl |C-114-143-64

Geabox [114000 b S™etsl [ia0 _ 5“”‘*Ei’nLE”9‘“

A 7R - C IP.I'IP. : oa IJEE I

When an existing unit does not match a unit already included in the library the Create Unit option will present the
following input form:
Adding a new unit for an existing manufacturer:

Comelmt |

bl anufacturer I Emzco

Clazs I Corrventional

AP I

The combination of manufacturer, clazs wpe, and AFI
muist be unigue.

Create Cancel

Adding a new pumping unit Manufacturer to the library so as to add the corresponding beam pumps:

Cometmt |
I-— I bl

M e
Add Hew Manufacturer

b anufacturer

ILl:unghDrn

Add Cancel |

Create | Cancel |
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3.2.5.5 - Data Units
Sets the default system of units of measurement to be used throughout TWM.

M Data Units Confiquration E3

Change Data Units for inputs and results to:

i & 15 D ata Units |
® " 5l DataUnits

" Uszer Defined Units

Er
Fress to save current unit setiings as User Defined urits: 3

Save | -

3.2.6 - Help Menu

0y e |

| Contents

Ilzer Help Lewvel...

G Ahout Twi..

3.2.6.1 - Contents

Displays the Help file Index. The user selects the specific topic and clicks on Display to view a brief description of the
topic.

Help Topics: Total Well Management 7| x|

LT

Index |Find |

L, 1 Tvpe the first few letters of the word pou're looking for.

2 Click the index entry you want, and then click Display.

N Acougtic doguigition -
Acoustic Analysiz - Acoustic Welocity
Acougtic dnalysiz - BHP

Acaustic Analyziz - Cazing Pressure
Acougtic dnalyziz - Collarz

¢ Acoustic Analysiz - Select Fluid Level
- Base Wellfile - Conditions

Baze wellfle - EBUP Parameters
Baze WellFile - File Management
Baze wWellfle - General

Baze wellfle - Surface Equipment
Base Wellile - Welbore

Baze wWellfile Owverviaw

Digclaimer
4 Diyn Acquizition - Acceleration
L Do Aucguizition - Load
Diyn Acquigition - Power LI

Display Eirit... | Cancel |
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3.2.6.2 - User Help Level

Allows you to set the level of user feedback desired, select the TWM modules to be active, set-up diagnostic log capture,
set the acoustic signal threshold level for detecting the shot and select the method for processing acceleration data by the
dynamometer analysis module.

TWM: User Help Level x|

¥ Show additional wWARMIMNGS when performing critical functions. Example, seeks addtional
confirmation when deleting 'well Files.

¥ Show hints when cursor is placed over data input prompts. Hints are brief descriptions of the
required data for the given entny.

[~ Shaow hints when cursor is placed over Application Controls, For example, push buttons that
activate specifiic functions.

¥ allow torgue analysis when taking measurements with a PRT sensor.

¥ Show adwanced analysis sections throughout application. Advanced sections are intended for
the experienced user.

¥ Show dislog when screen size or color is not optimal for Thwi,
¥ Show Data Guide Tab
— Tt Modules

v &coustic [Single Shat) Advanced... I
Dynamometer [Surface Card, Travieing Walve, Counter Balance)

™

¥ Power/Curent Measurement
¥ Liguid Lewvel Tracking
I
v

<

Prezsure Trangient Test
General Data Acquizition

¥ Plunger Lift

— Program Diagnostic [Debug Log]
¥ Enable Debug Logging to Trace File

Log Level[eg. 0-5]: |5
g (2.3 ] | e

Cancel
Clicking on the top Advanced button displays the following input menu:
Threshold Yoltage Used to Detect Shot In Trace )
Thiz parameter iz used to determine the beginning of a Shot.
Threshald Yaltage | [
{* Locate zhot at Threshold Yoltage [default method]
" Locate shot at or after Threshold Yoltage acounting for possible gun noise
RESET to Default ] Cancel
——

ECHOMETER Co. 31 10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

The voltage level should be set at the Threshold Voltage unless the software has problems detecting the start of the shot.
Clicking on the bottom Advanced button displays the following input menu to select dynamometer stroke processing method:

Advanced Dynamometer Analysis Parameters '

These parameters determing how the strokes are procezzed within the Dynamometer Analyziz.

Stroke Proceszing Method IHisthram with fined interval. [Default] j

Filter Pararmeters
i~ Low Pass Filter

% hoving fverage Filker

Filter “idth az Fraction of Sample Rate I'I

[ Example, Given 30 Hz, 1.0 zets width to 30 paintz. |

RESET to Default QK. Cancel

The figure above shows the Default selection. This is the preferred mode for the processing of the acceleration data to determine
the top and bottom of the polished rod stroke. When the acceleration signal is very noisy or the pumping speed is below 1-2
strokes per minute, the software may have difficulty in processing the acceleration data to yield a reliable and consistent polished
rod stroke. In these cases the user may want to try to change the filter width to a value between 0.5 and 5.0 to observe if the
program is able to process the dynamometer data more accurately.
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3.2.6.3 - About TWM

Displays copyright information for TWM. The date of the current version of the program is also shown. Program
updates can be downloaded, free of charge, from the Echometer WWW page as they become available.

5001 Ditta Lane

(((ECHOMETIER )))

T/ [Build : Dec 27 2005 - 10:26:20 )

YWichita Fallz, Teraz FE302 1.5 A,
Phone: [940] 767-4334 Faw: [340] 723-7507  E-Mail: infol@echometer. com

Copyright & 1938 - 2005

ECHOMETER Company. &ll Rights B ezerved.

v, echometer. com |

3.2.7 - The Dialog Bar

The Dialog Bar is located along the left side of the TWM window. It is divided into two sections, the mode selector and the

options buttons. These perform the same function as the Mode Menu and Options Menu.

= Acquire Mode
(NG Becall Mode

—~——_ Mode

Selector

F2 -'well& Data
File

F3 - Select Test

F4 - Analyze Data

Options

|_— Buttons

3.2.7.1 - Mode Selector

TWM operates under two different modes. Acquire Mode is designed to capture well
information from your Well Analyzer. Recall Mode is used to analyze tests previously
captured. You can switch between these two modes by using the mode selector. You can

determine which mode is active by looking at the circular buttons *
i

name. The active mode’s circle will be filled.

F;} Untitled - twm

Filz Mode Ophion

next to each mode

* Acquire Maode
™ Recall Mode
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3.2.7.2 - Options Buttons

The options buttons represent the steps in which TWM operates. The buttons are arranged so
that you can start with the top button (the first step) and work your way down. You will not be o
able to move on to the next step until you have completed the current step. To show that the m
next step is not yet available the lower buttons will be deactivated (the button’s text will be

transparent and the buttons can not be clicked).

|

Ease
‘well File

As you click on each button, the tabs in the Tab Area change accordingly. You can also use your
keyboards function keys to select an option. The appropriate function key is listed in front of the
button’s title (i.e. F2 — Setup).

3.2.8 - The Tab Area

The tab area is where you can view your data and enter information. Because of the large amounts of data TWM must
display, tab pages are used. These are like dividers in a notebook. Each divider has a small piece that sticks up above
the rest of this page. This piece allows you to jump directly to that page. To select one of the tab pages, you can click
the tab’s title. The tab titles are located at the top of the tab area. You can also step through the tabs in order by clicking
the page up/page down buttons at the bottom of the tab area or by using your keyboard’s page up/page down keys. You
may also jump to a specific page by holding the Ctrl key plus the page number (page 1 is on the far left). The active
page will always have a square B in front of the page title.

File b gmt O General I Data Guide I Surface Equip. I Wellbore Conditions Frezz. Tranzient Data

Wil MName: Im 1FEE24

It may be helpful to think of the TWM environment as a set of two filing cabinets. You choose between the two filing
cabinets by selecting the appropriate mode. Choosing a specific drawer of the filing cabinet is like selecting one of the
options available. And finally, you can choose which file to view by selecting one of the available tabs.
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3.3 - The File System

All information obtained with the Well Analyzer is organized as files within directories on the internal hard disk. On the hard
drive, a directory named TWM is created at install where all the Echometer Well Analyzer software is loaded. All programs and
associated files are stored in this directory.

BACKUPS
As a precaution against loss of important data, all well files and data
files should be copied frequently to back-up disks.

The WELL NAME is used in the creation of file names by the program. Data may consist of well information, acquired
data or results from calculations or graphic data corresponding to information presented on the computer screen.

3.3.1- The Workspace

All files associated with TWM are stored in the TWM workspace (by default created at install as C\TWM\ or redefined by the
user with the Tools/Settings/Work Area Path menu). This includes groups, well information, library files, device drivers and
help files.

3.3.2 - TWM Groups

TWM allows you to organize well and test information into categories or groupings that make sense to you. To be able to access
the TWM data each well file and data must be stored within a group, and each well name must be unique within that group. You
can use groups to separate wells by location, owner, or any other criteria.

3.3.3 - Base Wellfiles and Datasets

TWM stores completion, production and equipment information about each well in a base wellfile (extension .bwf) To acquire
new data (dynamometer, acoustic, etc.) you must first choose a well (and thereby a wellfile) to be associated with this data. Once
the measurement data is acquired, it is saved in a dataset file. The dataset file holds all the information about the tests performed
as well as a copy of the base well file’s information. By storing a snapshot of the current wellfile configuration in the dataset,
the base wellfile can be updated , as well equipment or completion change in time, without changing past datasets associated with
the wellfile specific to that dataset.
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TWM Workspace
= @ Jones Lease Jones South
T e Lease Field Groups

< |= L < N
— 6// ‘ JLaee

B B B B Datasets

The TWM program uses the following file extensions to differentiate between the various files that it manipulates:

.bwf — Base well file

.001 — Sequential number TWM data acquisition file

.hlp — Help file

.cfg — Well Analyzer configuration file with transducer coefficients
Jdog — TWM log file

.exe - Executable files that are used in the Well Analyzer
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3.3.4 - Data Files and Base Well File Transfer to Other Computers

The Data Set file transfer option can be used for transferring specific data set files especially when the laptop is
connected to a network. The Data Set files to be transferred are selected by Right Clicking on the file name (use Ctrl-

Right Click for multiple selections) to mark the files for transfer:

Open I

Cancel |

File Transfer... |

— [Alt 2] Data Sets for Given B ase Well File
D atesTime | B | Test Data | Deszcription | -
AT D
—
—
—
—
2RE F—
o= 12/04/2003 13:00:40 Beeenens
= 12/04/2003 13:032:00 Beeenens
e 1204 00T 130890 KA

Then clicking the File Transfer button opens the following menu:

— Selection
% 5 ave Filels)
£ Zip & Save File(s)
" Email File[z]
£ Zip & Email File[s)

Open | Cancel |
il — [l 2] Data Setz for Given Base ‘el File

Dated Time | i | Test Data | Dezcription
F 0 12/04/2003 121757 AT-DV-

F & 12/04/2003 12:49:20 F—

F ® 12/04/2003 125121 F—

F & 12/04/2003 12:53:40 F—

F & 12/04/2003 12:56:00 Jop—

x|

Cancel

o]

| || o R BERRE PN 1E R b era o

This allows saving the data sets files to another disk (for example a USB memory stick) or another computer when connected to a

network, or e-mail them using the default e-mail application.

ECHOMETER Co. 38

10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

If the base well files or multiple data sets are to be included in the transfer to other computers then Right Clicking on the well
file name, as shown below, displays a menu of choices for the transfer:

—[Alt 7] Eaze el File

-- Amerada FotaFles
-- Armvestrnm

i B Erazi

EI @ Examples

Pbe R GearbosB alance

Save Files
Save Zip

Ernail Files
Email Zip

l ! Phillips-FotaFlex

After selecting the transfer option a listing of the available files is displayed. The user then checks the boxes of the data sets to be
transferred and include the base well file:

(BB A et 1 —

- +- B2 EBrazil File Transfer Selection

BB Examples W Include Base Wwell File
I GearborBalance

X
= E RodPart5365 D ata Files I ok I
: ..... h W11 |

B8 12192000 09:58:21

A e E169 12/19/20M 10:14:05 Cance)
8 ! Jim O 6 07419/2002 09:03:57
B LLT O & 10/20/2003 14:07:35
B Myw/ells 1 (5 09/09/2001 15:07:47

I 1B Phillips-FotaFlex
l +1- B8 Pluspetrol_data
l ! Pratt_buildup
I +-E= Rowlan

B UTWELL
#-EF Wi1_Hz_test

Select Al |
_ Cearat |

Clear &l —

N L L8 T, B 71 =0 SRLA.0 1 'a] =TI B B

3.3.5 Keyboard Navigation of Well Files
Selecting groups of wells, well files and data sets can be accomplished using the keyboard instead of the pointer by using the
following keys: Page Up, Page Down, Home, End, Left/Right arrows, Up/Down Arrows and single characters, as is illustrated in
following figures:
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yping the Page Down and/or End , keys will select the bottom of the displayed list:

| Open Data Set File
[&lt 1] Baze ‘wel File-

+ Exarmples
¥ B Mywlels

. Open | Cancel ‘

[&lk 2] Data Setz for Given Basze \Well File

File Transfer...

Date/Time ] * | TestData

Description

Page Up and Home select the top item on the list

| Open Data Set File
— [l 1] Baze ‘well File

1

d | # Examples

£ [ [T

+ Zeta

Open | Cancel |

[l 2] Drata Sets for Given B azse Wel File-

Typing the first character of an item will select that item from the list: example after typing “M” the group MyWells is selected

File Tranzfer...

DatedTirme ] : ] Test Data

Description ]

Typing the right arrow will open the sub-menu. The left arrow will close the sub-menu:

Open Data Set File

[Alt1] Baze ‘well File

+ Examples
B Mywels
AR FHMU
S P0G TAR
Rk

+ Zeta

.. Open | Cancel |

[&lk 2] Data Sets for Given Baze ‘Well File

File Transfer...

15 07/19/2002 08:59:29 AT

D ate/Time I * | TestData D ezcription I
lj 07416/2002 10:05:55 B
(0 07 A 6/2002 1003221 —D--plG
™M 0716/2002 11:38:52 —[-p--

The Up and Down arrows will scroll selection one item at a time.

These keystrokes are most useful when the user has to manage large numbers of groups, well files and data sets.
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3.4 - Types of Computers

The Well Analyzer is designed to operate with the PC laptop that is provided by Echometer Co. It has been found from
experience that not all similar "PC-compatible” computers function properly with the Well Analyzer software. The user is
advised that he may experience problems when using computers purchased from other suppliers. Some vendors' software
programs interfere with the computer operation and can cause bad data and analysis. Contact Echometer Company before using a
non-standard computer or replacing a laptop supplied by Echometer Co. with another laptop.

3.5 - Overview of Computer Systems

This is a section on basics of Windows. The user should refer to the Windows Manual provided with the Well Analyzer
for detailed information.

3.5.1 - Formatting disks

The FORMAT command is used to prepare disks to record data and other files. If information is already present on the
disk it WILL BE ERASED when the disk is formatted. Most disks and diskettes are already formatted, but if you need to format
a diskette and you have access to a diskette drive (_internal/external diskette drives are optional for the Well Analyzer, the
standard system is currently being shipped with a USB memory stick) you can format the disk by opening a Command Prompt
window (Programs/accessories/command prompt) and selecting C: as the current drive by typing:  CD\ (followed by Enter.)

When the current drive is C:, then to format a disk in drive A: the following command should be typed:
format a: (followed by Enter)
the system will tell you to insert the diskette to be formatted into the drive. After completion it will ask if you want to format

additional diskettes. It is convenient to format a batch of disks at a time. The recommended procedure is to use disks already
formatted.

WARNING

DO NOT
DO NOT
DO NOT
format C:

since this will erase all the programs and data on the hard drive.
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3.5.2 - File Names

A Windows or DOS file name looks like this:

filename.EXT
The file name has two parts, the filename and an extension (EXT). The period separates the filename from the extension. A
filename can be from 1 to 24 characters long. The optional extension is 1 to 3 characters long and usually indicates the type of
file.
(Do not use extensions when entering the name of a well. The appropriate extension will be added by the software)
You can enter filename in either upper or lower case letters. DOS translates file names into uppercase.

RESERVED CHARACTERS: The following characters are reserved and cannot be used in naming files:

Usually you will use letters and numbers for your file names and extensions.
You cannot use any of the following symbols in your file names:

[\,.<>?2/:;"[]1*+=

3.5.3 - File Types
File types are designated by the file extension, a code following the file name and preceded by a period:

.bwf — Base well file

.001 — Sequential number TWM data acquisition file

.hlp — Help file

.cfg — Well Analyzer configuration file with transducer coefficients

Jdog — TWM log file

.exe - Executable files which can be any size. Executable file which are used in the Well Analyzer

TWM.EXE Main program for using the Well Analyzer

3.5.4 - File Management

Normal use of the software will require managing a large set of data files. The user should refer to the corresponding
section in the Windows manual for detailed suggestions and instructions dealing with operations involving files.

3.5.5 - Directories

Directories are to a hard disk what rooms, shelves and bins are to a warehouse. When you organize your files and data
into directories you are grouping the information into common categories or types. The ROOT DIRECTORY corresponds to the
warehouse. It holds DIRECTORIES which correspond to the rooms. The shelves are other DIRECTORIES of lower level than
the "room" directories. The bins are generally files that contain data or programs. This structure can become quite complicated so
it is convenient to organize the information in a logical manner. The recommended procedure is to store all Well Analyzer
software in a directory called TWM along with the Group files, Base Well files and Data Sets. This is the default directory used
by the Setup.exe procedure for installing and updating the software.
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3.6 - Care of A/D and Computer

The Well Analyzer is a precision electronic instrument. Although it is rugged and has been tested in various harsh
environments (from the Kuwaiti desert to northern Alberta, Canada) there is no reason for the user to be careless and not use the
equipment with common sense. Whenever possible the equipment should be kept in its case and protected from wet or dusty
conditions. The keyboard cover should be kept in place. Diskettes and CDs should be kept clean and free of dust. A plastic case is
recommended for storage of disks. Do not write data to the disks during dusty or dirty conditions. Wait until you are inside a car
or in the office.

All connectors and cables must be cleaned after every use and kept in a dry clean place. Connector covers should be re-attached
after every use.

Turn off the master power switch on the electronics at the end of the day.

The computer and A/D batteries should be kept at
full charge and in good conditions.

3.7 - Computer Troubleshooting

Computer will not power up

Make sure that the battery is charged. When using the AC charger make sure that the power cord is
fully plugged into the charger. In some models it is possible that a poor contact prevents the charger
from operating properly. Refer to computer manual for troubleshooting suggestions.

Well analyzer programs have been deleted from the TWM directory.

Use the install disk provided by Echometer Company to load or update all programs onto the hard
drive.

Alternately you may download the latest TWM software from Echometer’s web page:
www.echometer.com following the link to: Software

Follow the instructions that appear on the screen when the install program is executed.

Analyzer programs do not run or hang up

Check that the computer is operating correctly. Turn ON the Well Analyzer Power switch and wait
for a GREEN LED on the well analyzer panel BEFORE loading the TWM acquisition program.
Follow the troubleshooting procedures as detailed in Chapter 11 of this manual.

Installing other applications on the well analyzer computer can cause serious problems when acquiring data. Often this results in
erroneous data and/or erratic operation of the Well Analyzer. These problems are caused by modification of some system files by
the installation of the extraneous programs. If these problems are noted it is recommended that you contact Echometer Company.

3.8 - Charging Batteries

Use the correct AC charger for the Well Analyzer and the computer. The well analyzer charger connects to the top
connector on the aluminum cover of the instrumentation box. The computer charger connects to the back of the computer.
Connecting the external charger to the Well Analyzer will not charge the computer battery The system is provided with a
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cable for connecting to a 12 volt automobile battery via the cigarette lighter. This cable can be used for recharging both the
computer and the Well Analyzer battery for powering the system in the field during long term testing. In this case the internal
charger for the computer battery must be connected to the computer using the corresponding cable and connector found at the
back of the computer.

NOTE: if the laptop provided with the Well Analyzer is substituted with a different laptop the DC to DC charger internal to
the Well Analyzer may not be compatible with the new laptop and will have to be replaced.

When not in use, the computer and Well Analyzer batteries should be recharged fully using the corresponding AC

chargers at least once a weak.

3.8.1 - Fuses

The internal electronics are protected with internal Automatic Reset Fuses from power surges and the accidental use of
battery chargers which are not properly rated for the Well Analyzer. The automobile power cord has an integral 7 amp
fuse that may have to be replaced occasionally.

3.8.2 - Important Instructions for Rechargeable Lead-Acid Batteries

=

Nooaprwn

Charge before using. Read your equipment manual for charging instructions. Use only the

charger that comes with your equipment.

Do not short circuit battery terminals, this may cause severe damage to the battery.

Keep batteries away from fire and do not incinerate... they may explode.

Under no circumstance should you attempt to open the battery case.

Do not expose the battery to moisture or rain.

Do not drop, hit or abuse battery. it may break and release electrolyte, which is corrosive.

The AC charger supplied by Echometer can be connected indefinitely to the lead-acid battery

because the charge mode changes to a trickle-charge state as the battery becomes fully
charged.

If the Well Analyzer is not being used for an extended period of time the AC charger
should be left connected to achieve maximum battery life.

3.8.3 - Notes on Battery Use

The battery will become warm during charging and discharging.

The life of the battery under normal conditions may be as long as 1,000 charge-discharge
cycles.

New batteries may require four or five charge-discharge cycles before they achieve their
design capacity.

It is normal for a battery to "self-discharge' during storage. Always fully charge the
battery before you use it after it has been stored for over one week.

For the battery used in the computer, follow the procedure recommended by the computer
manufacturer.
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4.0 - ACOUSTIC WELL SURVEY PROCEDURE AND EQUIPMENT

The principal objectives for making acoustic well surveys are: measurement of the depth to the liquid level,
determination of bottom hole pressure, annular pressure distribution and estimation of the inflow performance of the well. The
Well Analyzer gives detailed results about these four elements.

4.1 - Summary of Operating Instructions
The following summary may be downloaded as a 2 page guide from www.echometer.com/support/quickrefs/idex.html
THIS SUMMARY IS TO BE USED FOR QUICK REFERENCE AND AS A CHECK LIST ONCE YOU HAVE
READ THE MANUAL AND UNDERSTOOD THE SYSTEM AND FOLLOWED THE SETUP INSTRUCTIONS
GIVEN IN THE NEXT SECTION

1. Attach the Echometer gas gun to the well. Check the threads on the wellhead valve for corrosion and obtain at
least 4 1/2 turns when attaching the Echometer gun. Leave the valve to the wellhead closed.

2. Connect the pressure transducer, if present, to the gas gun.

3. Connect the cables to the gas gun and to the WeII Analyzer as shown below

1-Start TWM. Select Acquire Mode. Blaroup: » —well: »

. File Mode Option Tools Help

2-Select the serial number of the pressure T P

transducer. Use Create New... if your serial 8 & sewmP.essurer.muce.:? 2 h
- . . Serial No. |[EEEEEEUEGGEGGEEE elete.

number is not found in the list. Make sure all A Yoo ot

coefficients are entered as typed on transducer Gl €2 [+5 B35
label. Also enter Gun Parameters at bottom. o l1 &l EEI

Series: Pressure Rating: 1UU

i~ Transducer Zero Offset

Last Zero Offset, [303 0710736 15:10:32
[41t:3] Obtain Zera Ofset
PresentZem Offset: NOTE: Zo) abitained with lransducer at
atmaspheric aitached to cable. Obtain Zera

Dffset several times until stabilized

3-Start process of zeroing transducer by
selecting Obtain Zero Offset button (Alt-3).
Once the reading displayed in Present Zero
Offset has stabilized press Update Zero Offset
with Present Reading button to record this
value.

Pulse Type: e Exp\uslun " |mplosion Gun Serial No, ‘

"[All 4] Gun P

[=][FeFote | [Foo
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4. Open Base Well File for the well where data is to be acquired. Use

[ Groug: * - well: *
Elle Mode Ogion Tools Help

o s o New... to create a Base Well File if one does not exist. Be sure to
m— e enter at least pump and formation depths.

i o | et cptons b conaing e el Fle. (e cptn A

o mhluwmhwanmmh::

=] Aot sl o covate el Fis. 'l et e
- i Pl i ook (o el data i oaced the uses i o 12 -

5. From the “F4” Select Test screen pick the e Hiooeion o e
© e Mo | Q) pcintc | Dyrmmen | FomenCusert |

Acoustic Tab to indicate that acoustic test data is to ranin S,
be acquired. e @
&

F3
T Al
e

el Fle
Fa
]
Seect }'
Tt
F5 hoaan

ﬂ | | 2] | o)

6. Prepare to acquire shot “F5” by following steps detailed on
INSTRUCTIONS panel.

At this point the graph is displaying background noise.

A
. m 7. Acquire shot by pressing FIRE SHOT button (Alt-S).  If using a
6 - Compact Gas Gun, prepare to pull pin when TWM displays the
A message “Automatic Gun has Been Fired, If present.” along with a
B e e BEEP sound.

Fouseh - Clocs the cacng wabvs ko s B,

Elapend Tene: [15° we
JALT-£] ARE SHOT) I
WOTE LW BATTERY VOLTAGER

BaneyVehoge TG vt O e | [ﬁ_|_|

Peady s
8. The message “Shot PULSE was Detected from Gun” is
displayed once the gun is fired. Then shot data is acquired for ::;‘;f: ﬂwfl
a predetermined numbers of seconds based on the given _—
formation depth. r'(u
NOTE: If shot pulse was not detected after the gun was fired press n.&::‘; ) f—
Abort (Stop acquisition of shot data) button, recharge at a = o] f
higher pressure, go to step 6. | e e
MR e [EFeA FLILSE oo Ctectnd bt
Bk e
F§ Anrae :
e ShekedTi [7 | [T S o]
—— | v wasisefra 3] 2] o | oo |
= —
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[Atiroup: Jomes = Well: Jones_1

Eile Mode Ogrion Todl: Help

@ domiebiode | ) acousse 5AVE RECORDED TEST DATA?
" Bocal Nade ; ey sl s e ol e i
[Firsttest af the day
Fesetn
-~ s - i e e B v o s e e Bt el
i = stored in the following DOS file:
1 § BW13.002, 09/29/98 - 14:23
= §
Fa aor . . . . . . . )
» J‘N_ 00 o008 o030
! Fre St Meannements WSTRUCTIONS Wl Gy Eglesion Pulse
Shet PULSE vase Destectad hors Gun
15 L
a5 N :\"‘Mﬂm e vt whi the signal is sccuaed
& mitine Toanuduce -
) 3 1 F r i Acquiing Acoustic deta For 37.36 seconds.
Fi fesbn
Elspoed Tieret [5 -
Bl [ 1aLT. 514B0RT - 5t0p mcqintion o shot )|
s NOTE: LW BATTERY VOLTAGEN
—_— Ry Voagn [THT ot et State [Froducna | |
Ready [ e

9. Once the shot has been acquired a Dialog appears. At this
point the data can be saved or discarded so another shot can
be taken. A brief comment can be entered into the
description field. Otherwise, just Enter (press OK) to save
the data set.

Note once the shot is saved TWM continues to acquire casing
pressure every 15 seconds for a maximum of 15 minutes or
until manually stopped.

10. When the data is saved TWM automatically goes to the

has calculated and selected a candidate for the best kick. Use
the € Left and Right - buttons to fine tune the selected
kick. The graph in the lower right shows a close-up of the
kick.

Select Liquid Level Tab in the Analyze Section. Note, TWM

A tiroup: Jones : Jores
Lile unﬂr ommn Tools bielp

& heamibods | [ Seectloslend | pestDeieminion | ComgPressee]  BHF| ot |
© Beedede | [, @ 1 ] ] . ] ] r 5 ] n 2
F2Sang
- Pl ],
o g . R e
L]
L1
[
Twune
“HT-n_ e @[5 sec wmu i ey | = f—
?&“’ i {eds Automaticaly Selocted ik L
<5 e Kick B ik 7 ;
= [E=ts] [ T .
I /
5 S Shed Tioce I /
Sewlp | Sedsfom R /
TG Ansires | ll‘ /.'
A | A
2] _ceaus | [Fo0m]
Fandy MM [

A croup: Jones - well: Jones_3
Flle Mode Oprion Tools Help

11. Now go to the Depth Determination Tab. Her.e TWM

@ ommomote [ o E oombomeain | comgpeae] 7] o] displays the calculated depth to the previously selected kick.
[~ e The depth is calculated using an acoustic velocity determined
Fosonp by the automatic spreader analysis, shown in the graph on
m mIE lower left.
| W
|
|
rw* lo | 000 z200 2000
Hnw Fae Typn [lighPai: 7] Aok Autcenatic Coler Court s n
Selnct, J Accoustic Velncly [T06AD0E /s Ashee 7367
bl = = [1.0 15 20 5ec]] Ja [ |see [iame [ [rEse|n
: ‘.'. }' i | I'| j I | |I h n \ | | 1 .. T _F-i‘\ J./
L._E 'IJI fl JI . f|II|||||" 4 I f
FE Anshvae |+| " l H /
; HH |11
Al A
T | Ao Mothod [IOEIPT |—_| Scalell | Scale Down | i T |
Ready NUM =
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12. The Casing Pressure Tab displays pressure data TWM

has been acquiring every 15 seconds. Press End

A Group: Jones - well: Jones_3
Flle Mode Ogprion Tools Help

F quid Level | O CommgFresuae | piiP | Cobss |
€ Brcal Mods Casang Frecsue Bubda
200
F2Setp
- s o) w
o =
3 2400
. am ) o
- C° k-
bese | e 3
el Fie %501 g
T H
43 a0
F4 Hbmj 0.40 e £
L g
S*.l'ﬂ = 4280
FG Ao a4
D&!.__ £.40 o
! Dalta Time [min)
§ Anshyze Change In Prnszure [1.90048 pai 17 Abeesss Fit Theuh Lat Poiet ErdBuddUp
AN } Change In Tume [3 i st Erd Print ]
—_— [=id] [ee] _'l <PyUp | [Pyt
Feady | HUM | v

Eﬁ‘ruup: Jones - Well: Jones_3
Eile Mode Oprion Tools Help

S demrmli Select Liquid Level |

Depth Determination |~ Casing Pressure O BHP |

" Recal Mode - Production

ment

Cu
Dizn

F2 Setup

wiater [13 14.0873 5TB/D

Collars |

Potertial Casing Pressure
iz STBD fzemr g

Casing Pressure Buildup

Gas [71

[76.5381 Msch/D [iraees =

FEBHP/SEHP

PFroducting Efficiency

FFiMethod  [vogel S B min

Gas/Liquid Interface Pres.

0.203614
657998 psi

922819 %

~Fluid Densiti

0il [z8 deg Pl
water [T05 spGrHa0
Gas[115 SpGrAIR

Liquid Level

MD |352334 f

Fomation Depth

F5 Acqure
Data

D r

|

Acoustic Velocity [107255 ftés
Reservoir Pressuie (SEHF) [1400 psi

. Method |Estimate -
Pump Intake Depth [MD]) 4624 ft
Total Gaseous Liquid Column HT (TYD) [1100.66 ft

MD |4625 ft

PFroducing

173933  Mscl]

% Liquid

528151

Pump Intake Pressu
293378 psi
FEHP

25374 psi

Equivalent Gas Free Liguid HT [TVD) [581.317 ft
Comment
| 2| |
Ready NUM ||

13. Finally, go to the BHP Tab. Here TWM displays results
based on the determined liquid level, acquired casing
pressure, and well file data. Please, refer to the TWM
Manual for a more detailed discussion of the analysis and
calculated results.
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4.2 - Measurement System Configuration
Acoustic measurements can be undertaken either with a remotely fired gas gun or with a manually fired gas gun. The

recommended practice is to use a remotely fired gas gun since this provides the maximum flexibility and safety since the operator
can locate at some distance from the well when the gas pulse is discharged.

4.2.1 - Electronics

The following section describes the components used when making acoustic measurements with the Well Analyzer.

4.2.1.1 - Computer

The Well Analyzer is controlled by the notebook computer. The computer's internal battery should be charged with the
appropriate charger.

4.2.1.2 - Well Analyzer

The Well Analyzer is a compact electronic unit. This unit acquires and digitizes the signals from the microphone and
pressure transducer. These data are then sent to the computer for processing. The Well Analyzer contains an internal 12-volt
battery pack. The battery is a 2.5 Amp-Hour battery. Current drain is less than 1 amp when the amplifier is on. When not in use,
the Well Analyzer can be left plugged into the appropriate charger if desired. The battery cannot be overcharged when using the
AC charger supplied with the system. The battery Voltage and Remaining On Time is checked with the TWM program in
Acquire Mode using the Equipment Check tab.

For the E1 and E2 models: when the MASTER POWER SWITCH is turned ON a YELLOW indicator will light indicating
that the A/D circuit has been powered. The indicator will change to GREEN when the A/D processor has booted and is ready to
communicate with the laptop computer. This indicator light will change to RED whenever data is being acquired. The red light
indicates when the amplifier is ON.

For the E3 model: when the Power Switch is momentarily turned to ON, the electronics are powered and the internal computer
performs a system and a battery check and the Batt. OK indicator is lighted.

The computer turns the amplifiers ON and OFF as needed to acquire data as shown by the corresponding indicator lights.
Always make sure that the amplifier is OFF before closing the case and storing the unit. Turn OFF the MASTER POWER
SWITCH at the end of each day.

4.2.1.3 - Cables

The well analyzer is connected to the sensors and acoustic guns using appropriate cables. The user has the choice of specifying
weather proof connectors as well as requesting custom length cables.

4.2.2 - Description and Use of the Remotely Fired Gas Gun (WG)

The remotely fired gas gun (WG) generates an acoustic pulse and detects the downhole reflections. The gas gun includes
a volume chamber which is filled with compressed gas to deliver the acoustic pulse to the well. A microphone housed in the gas
gun detects the shot, collar and other wellbore reflections, and liquid level. The serial number of this type of gun consists of the
letters WG (on newer units) followed by three digits. For example: WG123.
The standard unit is manufactured entirely with 316 stainless steel and has a working pressure of 1500 PSI, but the design can be
modified to operate up to 3000 PSI. A remote fired gun assembly (brand new and never used in the field) has been successfully
pressure tested with water to a maximum pressure of 7500 psi. Contact Echometer Co. for further details.

4.2.2.1 - Gas Valve and Solenoid

The solenoid serves as a trigger mechanism to initiate the acoustic pulse. When energized, the solenoid lifts a small
plunger and allows gas pressure to bleed off the top of the gas valve. Gas pressure below the valve, then forces the gas valve back
and open, causing an acoustic pulse to be delivered to the well as the gas flows from the volume chamber into the well, (see the
remotely fired gun assembly diagram in the appendix)..
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The gas valve, by itself, does not hold pressure from the well. Therefore, the gas gun volume chamber should be pressurized
above well pressure before opening the casing valve otherwise well fluids will flow backwards through the gun and the gas valve
into the volume chamber. The flow of fluids from the well may carry solid particles (sand, scale, corrosion) that will eventually
cause the gun to malfunction and require more frequent maintenance To minimize this potential problem it is advisable to charge
the volume chamber with clean gas as soon as the data from the previous shot has been displayed on the screen. This will prevent
the well fluids from entering the valve mechanism.

Pressure
Solenoid Valve Transducer

Microphone
2, Connector

2 inch NPT
to wellhead

4.2.2.2 - WG Pressure Gage

The pressure gauge measures the pressure in the gas gun volume chamber. It should be used to determine if the chamber
pressure is sufficiently larger than well pressure (explosion mode) to generate a good quality acoustic pulse.

4.2.2.3 - Pressure Transducer

Casing pressure measurements are made with a strain-gauge type transducer. The standard pressure transducer has a
working pressure range of 0 to 1500 PSI. The burst pressure is 3000 PSI. Engraved on the pressure transducer's label are a
serial number and 6 coefficients. These coefficients are used to calculate pressure from the transducer's output signal. These
numbers must be entered correctly into the software setup screen before starting a test. (See ACOUSTIC SOFTWARE
SECTION). Transducers pressure readings are compensated for the effects of temperature change over the range from 0 to 140
degrees F.. A corroded transducer will have a lower burst resistance

4.2.2.4 - 2 inch Male to Female Adaptor

The 2 " male to female collar attached to the bottom of the body of the remotely fired gas gun (and the Compact Gas Gun
discussed in the next section) is manufactured with 4140 carbon steel that is Cadmium plated. It is not heat treated. It is not
suitable for H2S service. The purpose of this adaptor is to protect the threads on the gun from excessive wear. By special order,
an adaptor attachment made from 316 SS is available for H2S service and other corrosive applications, but the user should be
aware that it has a tendency to gall.

ECHOMETER Co. 50 10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

The following schematic shows the hardware connections when using the REMOTELY FIRED GAS GUN:

WELL ANALYZER AND COMPUTER

Pressyre Microphone
Solenoid Transducer
Vol. Remotely Fired
Mike
Chmbr. Gas Gun

Pressure
Gage

4.2.2.5 - Charging the Gas Volume Chamber

To charge the volume chamber, first connect the filler adapter to a CO2 bottle. Then, press the adapter against the filler
fitting on the gun. When these two fittings are pressed together, a valve core in the bottle is depressed and gas will flow from the
bottle into the volume chamber. Charge the chamber to at least 100 PSI above casing pressure. The volume chamber pressure
can be read on the gun-mounted gauge. A 5 LB, CO2 bottle and hose with connector is the standard gas container supplied with
the Well Analyzer.
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4.2.2.6 - Attaching the Remote Fired Gas Gun to the Well

The following figure shows the recommended installation of the gun onto the wellhead, assuming the acoustic
measurement will be undertaken through the casing valve.

The optimum results will be obtained when the gas gun is connected to a 2-inch, fully opening, valve with the shortest
possible distance ( less that 5 feet) between the gun and the casing. Adaptors and pipe size reducers may be used if
necessary but they will result in reduced signal amplitude.
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4.2.3 - Description and Use of the Compact Gas Gun (CGG)

The Compact Gas Gun (see section 4-32) consists of a microphone and a ten cubic inch volume chamber with a 1/4"
outlet valve. The gun should be attached to the casing in a similar manner as the remote fired gas gun (as described in section
4.225) and connected to the Well Analyzer using only the microphone cable unless the optional pressure transducer was
purchased with the system. In this case the transducer should be attached to the gun and then to the well analyzer using the cable
provided. The gun’s outlet valve will open rapidly when the trigger is pulled. This generates a pressure pulse. A differential
pressure must exist between the volume chamber and the casing annulus for a pressure pulse to be generated. The operator has
the choice of using an explosion or implosion pulse. If the pressure is greater in the volume chamber than in the casing annulus, a
compression pulse is generated. If the pressure is greater in the casing annulus than the volume chamber, a rarefaction pulse is
created.

4.2.3.1 - Explosion Pulse
Explosion utilizes an external gas supply to generate an acoustic pulse in the well. In the explosion mode, the volume
chamber is charged from an external gas supply to a pressure in excess of the well pressure.

4.2.3.2 - Implosion Pulse
If the well's casing pressure is greater than 100 PSI, implosion can be used. This method uses the well's pressure to
generate a pulse. Use the manual gas gun filler/bleed valve to release gas from the volume chamber. An external gas
supply is not necessary to operate in the implosion mode.

NOTE: The WG model of remotely fired gun can be provided with an optional attachment chamber that allows manual
generation of implosion pulses. Contact Echometer Co. for details.

The compact gas gun consists of a microphone and a ten cubic inch volume chamber with a 1/4" outlet valve. The outlet
valve will open rapidly when the trigger is pulled. This generates a pressure pulse. If the pressure is greater in the volume
chamber than in the casing annulus a compression pulse (explosion) is generated. If the pressure is greater in the casing annulus
than in the volume chamber, a rarefaction pulse (implosion) is created. A differential pressure must exist between the volume
chamber and the casing annulus for a pressure pulse to be generated. The type of pulse must be specified in the set-up screen for
proper liquid level selection.

General view of the Compact Gas Gun:
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Detail view showing microphone connection and filler/bleed valves

The following schematic shows the system configuration when using the compact gas gun.

WELL ANALYZER AND COMPUTER

Optional Microphone
Pressure
Transducer
Compact Gas
Mike

Gun

d) Trigger
4.2.3.3 - Pressure Gauge

The pressure gauge indicates the pressure in the gas gun volume chamber. If the gas gun valve is open - and the casing
annulus valve is open - the gauge will register casing pressure.

4.2.3.4 - Casing Pressure Quick Connector
A casing pressure quick connector is located on the side of the gun. A separate pressure gauge with a mating adapter can
be used to read the casing pressure through this fitting or, an optional pressure transducer can be located in this outlet to obtain
pressure automatically.

4.2.3.5 - 2 inch Male to Female Adaptor
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The 2 " male to female collar attached to the bottom of the body of the remotely fired gas gun (and the Compact Gas Gun
discussed in the next section) is manufactured with 4140 carbon steel that is Cadmium plated. It is not heat treated. It is not
suitable for H2S service. The purpose of this adaptor is to protect the threads on the gun from excessive wear. By special order,
an adaptor attachment made from 316 SS is available for H2S service and other corrosive applications, but the user should be
aware that it has a tendency to gall.

4.2.3.6 - Cocking Arm
The cocking arm is lifted to depress and close the gas valve. When frequently used at pressures above 500 psi, the
recommended practice to cock the compact gas gun is to aid or supplement the standard Cocking Arm with an optional Cocking
Device that applies leverage to the standard cocking arm. For occasional use at pressures above 500 psi a screwdriver can be
inserted through the hole in the cocking arm to provide a mechanical aid to grip the cocking arm. A crescent wrench can also be
used to add more leverage to the end of the cocking arm, but the cocking arm can be bent or damaged if the crescent wrench slips
or too much force is applied to the end of the cocking arm.

Using The Compact Gas Gun at Pressures from 500 to 1500 psi
The Compact Gas Gun (CGG) is being used more frequently on higher pressure wells in the 500 to 1500 psi range especially in
gas and gas lift wells .The CGG is difficult to cock when the well pressure exceeds 500 psi and is extremely difficult to cock at
1500 psi.

Optional Cocking Device (Part Number GG2085)
A simple and practical cocking device is available to help the operator cock the gun at higher pressures. The following figure
shows the device as it is used with the CGG.

.The round rod of the CGG Cocking Device is inserted into the hole in the
cocking arm on the CGG. The handle on the Cocking Device is raised only
until the CGG trigger pawl drops into the gas valve closed position. Do not
raise the Cocking Device further as the cocking arm on the CGG can be
damaged. The operator should watch the trigger pawl when raising the
Cocking Device and stop raising the Cocking Device as soon as the trigger
pawl drops into position that keeps the gas valve depressed.

Trigger Pawl
At high pressures, the pull ring attached to the trigger pawl on the CGG

should be rotated as it is pulled to reduce the force necessary to retract the
trigger pawl. Use the Cocking Device to pull on the trigger pawl pull ring.
The Cocking Device has a slot to slip the trigger pawl ring into.

Socket Screws Tightening

When re-assembling the CCG after maintenance operations, the four cap-
retaining socket head screws (5/16 x 18) should be tightened to a torque of
50 in-lbs. Additional tightening of the four socket head cap screws will
cause excessive tension in the screws before well pressure is applied, and
could result in failure of the four screws when the well pressure and the
jarring of the gas valve against the cap causes an excessive shock load on
the screws that exceed the screws strength.

4.2.3.7 - Casing Pressure Bleed Valve
The casing pressure bleed valve is a needle valve used to bleed the
casing pressure off the gas gun. To open the valve, turn the knob
counterclockwise.
4.2.3.8 - Filler-Bleed Chamber Valve
The filler-bleed chamber valve is used to pressurize the gas gun
volume chamber or to remove gas from the chamber. Gas is added to the -
volume chamber through the filler-bleed valve by insertion of a mating connector which is attached to a pressurized gas source.
Gas is bled from the chamber by rotating the knob clockwise. This depresses a valve core which permits gas to escape from the
volume chamber. The gas valve must be closed by lifting the cocking arm before filling or bleeding gas from the volume
chamber.
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4.2.3.9 - Trigger Pawl
The trigger pawl is pulled to release the gas valve. If sufficient pressure exists in the volume chamber or on the end of

the gas valve, the gas valve will open. At high pressures, the pull ring attached to the trigger pawl on the CGG should be rotated
as it is pulled to reduce the force necessary to retract the trigger pawl.

4.2.3.10 - Microphone
The microphone is a twin-disc pressure sensitive device that is vibration canceling. Do not remove the microphone

unless the gun is being repaired. Periodically clean the cavity where the microphone is located using kerosene or other solvents
that will not harm Mylar.

High Temperature Service

The Mylar microphone covering melts at 302 degrees F. To protect the Mylar from higher temperatures it is covered
with a thin stainless steel sheet. In laboratory tests the stainless steel protected the microphones for 1 hour at 400 degrees
F. If the gun/microphone is operated for an extended time above 400 degrees then “0” rings and Mylar will melt. One
technique used successfully in California steam wells is to cool the gun in a bucket of ice water prior to installing it on
the well and cooling it down as soon as it is removed from the well.
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4.2.4 - Description and Use of the High Pressure Gas Guns

For high pressure applications, up to 15000 psi, the high pressure gas guns can be used in conjunction with the Well
Analyzer to measure wellhead pressure and fluid level and to calculate the bottom hole pressure. Typical applications involve
measurements inside the tubing in gas wells, injection wells, flowing high pressure oil and condensate wells.

The acoustic pulse is generated manually by implosion using the well pressure as the source of energy. Two designs are
currently being manufactured: one for operation up to 5000 PSIG and one rated at 15,000 PSIG.

4.2.4.1 - High Pressure 5000 psi Gas Gun
The 5000 psi gun consists of a microphone assembly and a volume chamber separated by a ball valve. When the valve
is open the well pressure is transmitted to the volume chamber. This gun is generally used in the implosion mode but can also be
used in the explosion mode by charging the chamber with CO2 or nitrogen gas. In the implosion mode, closing the isolation valve
allows decreasing the pressure in the chamber through the bleed valve, to a pressure lower than the well pressure. Rapid actuation
of the isolation valve (a full 180 degree rotation of the valve) discharges the well pressure into the volume chamber creating a
rarefaction wave which propagates down the well. Additional details are given in the Appendix II.

Picture of Standard 5000 psi Gas Gun
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4.2.4.2 - High Pressure 15000 psi Gas Gun
The mechanism of the 15,000 psi model is similar to the Compact Gas gun. A poppet valve is displaced downwards by rotating
the wing handle clockwise to the closed position. This closes the passage between the volume chamber and the connection to the
well which is sealed by the "O" ring at the tip of the poppet valve. Continued rotation of the wing handle to the FREE position,
lets the poppet valve move upwards under the action of a pressure differential from the well to the volume chamber.

WARNING

The MAXIMUM DIFFERENTIAL THAT CAN BE SUSTAINED BY THE POPPET
VALVE IS 1000 PSID. HIGHER DIFFERENTIALS WILL FAIL THE "O" RING, THUS
THE VALVE MUST BE IN THE FREE POSITION BEFORE EXPOSING THE GAS GUN
TO WELL PRESSURE

Wing Handle

Bleed Valve

The correct sequence of steps for arming and firing the high pressure gas gun are as follows:

1. Connect the High Pressure gun to the well. Typically connection is made at the tree's pressure
gage shut-off valve (1/2 inch NPT connection).

2. Turn the wing handle to the FREE position.

3. Open the valve on the tree to admit well pressure into the high pressure gas gun. The well
pressure is indicated on the gun's pressure gage since the poppet valve is open.

4. Rotate the wing handle to the SHUT position

5. Slowly open the bleed valve and allow the volume chamber pressure to decrease by the
amount desired (MAXIMUM 1000 PSI less than the well pressure). The gage now reads the
volume chamber pressure since the poppet valve is closed.

6. Assoon as the Well Analyzer program displays the message " Gun Has Been Fired" rotate
the wing handle to the FREE position. This releases the poppet valve and allows the well's
gas to implode into the volume chamber.

An optional high pressure transducer allows recording of the well pressure by the Well Analyzer. This permits recording
wellhead pressure changes during transient pressure tests.
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If the differential pressure limit is exceeded and the poppet valve leaks, the "O" ring can easily be replaced by removing
the four Allen-head bolts in the cover and lifting the poppet valve out of the volume chamber. Always lubricate the "O" ring prior
to installing it. When reassembling the cover make sure that the cover "O" ring is in place and is not pinched when tightening the
bolts. DO NOT OVER TORQUE the bolts.

4.3 - Standard Gas Guns Operation and Maintenance

4.3.1 - Mechanical And Electrical Connections

All connections and connectors should be clean, dry and in good condition. Most electronic problems occur in the
cables and connections.

Generally the gas gun should be attached to the casing annulus valve (except for tests through tubing as discussed in the
Gas Well and Plunger Lift Applications manual). Preferably, the distance between the gas valve-microphone assembly and
the casing annulus should be 3 feet or less. Also, all the piping connections should be 2 inch. diameter and without elbows,
tees, reducers, etc. One inch connections interfere with collar reflections and often result in low quality acoustic traces from collar
reflections.

4.3.2 - Refilling The 7.5 Oz. CO2 Container

NOTE: Since 2004 Echometer Co. does not supply the 7.5 Oz CO2
containers. The 5.0 Lb CO2 gas bottle will be supplied unless a different
size is ordered.

1. Do not attempt to refill the container if it is damaged, the threads are defective, or any signs of
container deterioration is evident. Container should be discarded after two years. Use only CO2
gas.

2. Remove Filler Connector part # GG042 and empty container.

3. Weigh the empty container.

4. Lubricate the o-ring on Filler Connector part #GG044 and attach it to the 7.5 oz. container on one end
and a large siphon type CO2 bottle on the other end.

5. Open the valve on the large CO2 bottle for 30 seconds. Close the valve.

6. Disconnect the 7.5 oz. container.

7. Weigh the filled container. If the filled weight is more than 7.5 oz. greater than the empty weight,
discharge some gas with discharge tool #GG045 until 7.5 oz. of CO2 are in the container.

NOTE: It may be necessary to cool the container to obtain a complete 7.5 oz. fill up. This can be accomplished by rapidly
discharging pressure from the container. The chilled container can then be filled with a larger amount of CO2 gas.
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4.3.3 - Refilling The 2.5 Lb or 5.0 Lb CO2 Bottle

Either a 2.5 Ib. (GG0470) or a 5 Ib. (GG0430) cylinder is supplied with Echometer gas guns for use in the explosion mode. For
either cylinder the service pressure = 1800psi, the test pressure = 3000psi, and the safety disc ruptures at 3000psi. Safety
precautions are in red letters on the side of the cylinder.

A refill adaptor (GG3050) is required for transferring the liquid CO2 from a large supply cylinder to the smaller containers. The
supply cylinder must either have a siphon or must be inverted to get the liquid CO2 to transfer to the small bottle. The
Echometer cylinder must be cooler than the supply cylinder to be able to transfer a good amount of CO2.

CO2 CYLINDER wy/ HOSE

GG9432 (VALVE+HANDLE FOR €02 BOTTLE)

a

—————— GGJ4i0 BRASS HOSE END)

GGI485 (44124)

51B. €02 CYLINDER
GG-0430

GGI465 (d412-2)

2.5LB. CO2 CYLINDER
GG-0470

S/16° O-RING, G6-2220 ——
~
-
174" WASHER, G6-2020 — " &
3/16* O-RING, 66-2010 ————

O

CAP FOR QUICK CONNECTOR, &6G-2000 —_

VALVE CORE, GG-2040
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Following is the recommended procedure for filling the CO2 bottles:

1. Make sure cylinder is empty, if not, open to atmosphere and discharge all the remaining CO2. (this will also cool the
cylinder)

Measure and record the weight of the empty cylinder.

Connect the cylinder to the supply cylinder using the refill adaptor.

Fill with 2.5 Ibs of liquid CO2 for the GG0470 or 5 Ibs for the GG0430.

Weigh the cylinder afterwards and check the new weight with the recorded empty weight to assure it has not been
overfilled.

6. If it was overfilled, vent a sufficient amount of CO2 to obtain the correct fillage.

arown

4.3.4 - Gas Gun Maintenance Videos

Detailed instructions on proper maintenance of the gas guns and other components are presented as video files that may
be downloaded from the www.echometer.com page or obtained in CD format by contacting Echometer Company. The
videos are also loaded on the laptop computer and are accessed via the Help Center under the heading: Support.
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5.0 - TWM SOFTWARE SET UP AND WELL DATA INPUT

The Well Analyzer's TWM software consists of a series of routines for acquisition, analysis and presentation of the data.
Whenever appropriate, the user is prompted by the program to undertake a specific action or to select one of several options
which are presented in menus on the screen. Choices are usually made by means of the keyboard keys or using the built-in
tracking device.

5.1 - TWM Program Operation
Numerous combinations are available for operating the computer, the software, the hard disk directories and the floppy
disks. The recommended procedure described herein assumes that a master TWM directory is installed on the hard drive. This

directory contains all necessary Well Analyzer software and all well and measured data.

5.1.1 - Start-up and Disclaimer

The first time the Echometer well analyzer software is executed (by double-clicking the TWM icon on the desktop) in a
given day, the following disclaimer text will be displayed on the screen. If the user does not agree with the statement and
indicates so by entering any character other than Alt-A (Accept) or clicking the Accept button, then the program will
stop executing and return to the Windows operating system.

(((ECHOMETER )))

T/t [Build : Dec 27 2005 - 10:26:20 ]

5007 Ditta Lane Wwichita Fallz, Teras 76302 U.S.A
Phone: [940) 767-4334 Fax: [940) 723-7507  E-Mail: info@echometer. com

Copyright & 1338 - 2005
ECHOMETER Company. &1 Rights Reserved.

COMDITIONS FOR OPERATING THE WELL AMNALTZER

The operatar should read the Echometer operating manual, attend the free
Echometer seminars, study all relevant technical and safety lierature relating to the
operation of thiz equipment and should operate in a zafe manner. Your safety and the
safety of thoze around pou are of primary concern,

All well condition and operation interpretations are opinions based on inferences
from electrical or other measurements [data) and Echometer cannot guarantee the
accuracy of corectness of any interpretations.  The operator agrees that Echometer shall
nat, except in the case of willful negligence by Echometer, be liable or responsible for any
lozzes, damages or expenzes resulting from any interpretation made fram this data,
including interpretations by Echometer employees and representatives.

The operator hereby releazes Echometer Company and its employees, officers,
agents, reprezentatives and related parties from all liability to the operatar, and all related
partiez, for all lozz or damage to property and injury or death to any person which results
from or in any way relates to the uze of Echometer software or equipment.

The operataor further agrees ta all of the terms of the LICERNSE AMD USE
AGREEMENT FOR ECHOMETER Tt SOFT*ARE AMD EQUIPMEMT
[AGREEMEMT]. the full text of which iz available by clicking on "Full Text™ below,

If the operator agrees to be bound by all of the terms on this screen and the
AGREEMEMT, click on “Accept." If the operator does not =0 agree, click on "Do Mot
Accept.”

Accept | Do Mot Accept | Full Test... I

Once the user has accepted the disclaimer, the program will display one of the Start Up screens depending on what
operation was being undertaken the last time the program was used.

The Well Analyzer master power switch should be ON and the POWER-ON indicator light should be green before loading
the TWM software. A memory test will automatically start when the computer is turned on, then the Windows operating system
will be loaded and the desktop will be displayed. The TWM software is executed by double-clicking the TWM icon in the
START menu or the TWM shortcut on the desk top. The software may be used either to Acquire new data or to Recall and
process data that had been acquired previously.
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5.1.2 - The Start Up Screens

After accepting the disclaimer the following Set Up screen is displayed when the Acquire mode is active:

[ Group: * - Well: =
File Mode Option Toolz Help

% Acquire Mode O Acoustic Sensor | Drymamameter Sensor | GO | Eq
" Becall Mode [8l1] Select Pressure Transducer
( Serial Na. [PT4485 | Cres

[&l-2] Transducer Coefficients

C1 |-?2.a £2 |??2.51 C3

C4 [1.49 C5 0082 L&
Seres: |3 Pressure Rating:

T 4 o

If the Recall mode is active the following File Management screen will be displayed:

A Group: = - Well: =

File Mode Option lools_ﬂelp.

i~ Acquire Mode O File Mamt |
&+ Becal Mode

Group: [Examples

wiell [ NOWELL SELECTED *

Created On: |

Al the user to recall a Data Set previo
Wel. Inaddition ta test data [e.q.. Dynam
containg & shap shot of well data from the

The first time the system is used on a given day, or whenever changes of transducers or other hardware are made, it is necessary
to undertake system set-up procedure by selecting the Acquire mode and the corresponding equipment set-up tabs.

5.1.3 - Equipment Check Tab

The Equipment Check Tab has the following functions:

Check proper communication between the computer and the A/D.

The user is shown the A/D battery voltage and remaining battery life.

Access is provided to a Wizard to troubleshoot communication problems (E1 or E2)
Access is provided to a Wizard to test the cables and A/D electronics.

Access is provided to Advanced Settings

Configuration and capability of the WA are displayed

oakwdE
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Acoustic Senzar Dvnamometer Sensor I Plunger Lift Senzar I GD4& O Equipment Check

— Internal 'wel Analyzer B attery —wiell Analyzer Configuration & Capability
Remaining : i
Yolkage O T Driver Dezcription:

— 1 — Model E3 - LISEDrr

_ 13 Firrmware Yersion Mumber ;
fTu

12 Status:
Freszure Buildup: YES

_ 1 Plunger Lift: YES

Ligiud Level Tracking YES

Firrnware D ate; Boot-02052001, Faf-01072002
_ 10 oo Hardware Rew: B3

it SH: 4385

I'I 1.54 vilts |3,4 Haours Comment;
Autalff [mins): 120
Battery Temperature I.'-"E.? deg F

Maote: Display of internal battery valtage and
battery temperature, indicates that the
computer iz communicating with the well
analyzer's intermal electronic: and

zEnz0r measurements may be acquired.

Procedure to test Cables and Senzors

[&l-2] Trouble Shoot *Wizard... |

Advanced Settings... ? | < PglUp | Fag D

The battery voltage and life that are displayed are those of the battery of the A/D converter and not the computer
battery.

5.1.4 - Acoustic Sensor Tab (Acoustic BHP Measurements)

The Acoustic Sensor Tab has the following functions:

1. If a pressure transducer is present, its coefficients and serial number must be entered or
selected from the pull-down menu. The coefficients are used to calculate pressures from the
transducer's voltage output.

2. Obtain Zero Offset of the pressure transducer. The pressure transducer should be zeroed at
the first well each day. (It may be desirable to re-zero the pressure transducer if there are
large temperature fluctuations throughout the day.) Close the casing valve to the gun and
open the "T" handle valve to expose the transducer to atmospheric pressure. Press Alt-3.
Continue to press the Alt-3 key monitoring the "zero" readings until they stabilize. This
procedure usually requires two or three readings.

3. Select the shot type, explosion or implosion. This allows the software to correctly process
the returning signals. Enter the gun Serial Number such as WG134 (remote fired), CG134
(compact), 1G134 (5000psi), HG134 (15000psi)
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IMPORTANT NOTE - PRESSURE TRANSDUCER

and testing.

When the gas gun is installed on the wellhead be sure the casing valve is closed and the bleed
valve is open to the atmosphere while zeroing the transducer. If the zero reading is large, over
+/- 100 PSI, the transducer may be defective. Check the transducer against a conventional gauge.
The transducer's maximum operating pressure in PSI units, is approximately 2 times the
coefficient C2. Over-pressuring the transducer will result in transducer damage. If the transducer
is not accurate it may be corroded and dangerous to use. Send to Echometer Co. for recalibration

The following Figure shows the SET-UP Screen:

Fiie' Mode Option  Tools  Help

f+ Acquire Mode
" Recal Mode

O Acoustic Senzor Dyramammeter Sersar I GD.-’-\-.I E quiprnent Eheckl
—[Al-1] Select Pressure Transducer
Serial Mo, |{=aEei] Create Mew... | Delete...
—[Al-2] Transducer Coefficients
C1 [12 C2 [415.85 C3[1.79
C4 |-1 74 L5 |n.ma? B |-n.n11

Prezzure Fating: |E||:||:| psi [g]

— Tranzducer £ero Offzet

Lazt Zero Offzet; |-3.9 pEi

Set On: I'I 0/20/03 13:52:56

Temp I deg F

B3] Obtain Zero Offset |

Prezent Zero Offset;

| pzi [g]

MOTE: Zero Offeet must be obtained with transducer at
atmospheric prezsure and attached to cable.

Pulze Type:

— [&l-4] Gun Parameters

% Explozion 1 Implosion Gun Serial Mo, |wgB07

IMPORTANT NOTE - SERIAL NUMBER

transducer used since the

It is also very important that the correct serial numbers and coefficients be entered for each

calibration and data acquisition.

program uses this information to decide on the correct sequence for
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5.1.5 - Dynamometer Sensor Tab (Dynamometer Measurements)

The Dynamometer Sensor Tab has the following functions:

1.  The dynamometer load cell coefficients and serial number must be entered or selected from
the pull-down menu. The coefficients are used to calculate load from the transducer's voltage
output.

2. Obtain Zero Offset for the Horse-Shoe type transducer. The transducer should be zeroed at

the first well each day. (It may be desirable to re-zero the transducer if there are large

temperature fluctuations throughout the day). Make sure that the load cell is not loaded
when checking the zero offset.

Entering the serial number and coefficients for additional transducers.

4. Checking the value of the accelerometer output.

w

For dynamometer data acquisition the load transducer information and coefficients must be entered. Coefficients land 2
are used to calculate the load from the transducer voltage output. Coefficient 6 is used to calculate position from the
accelerometer output. C6 is the sensitivity coefficient having units of mV/v/g. Coefficient C6 is used in calculating the stroke
length.

Fhe Mode Cption Toals  Help
* Acouire Mode

Acoustic Sensor 1 Dynamometer Sensor I GD,&,' Equipment Eheckl
" Becal Made ~[&l-1] Select Load Transducer

TN L EH T 154 hd Create Mew. . | Delete. .

— [Al-2] Transducer Coefficients

' c1 [o08 £2 [12.963 c3[o
C4 IEI C5 IEI CE |2.34

— Tranzsducer Zero Offzet
Last Zero Offzet;  |0.00 kb Set On; |I:IE£I:IE£I]3 14:26:13

[&0-3] Obtain Zera Offset |

Frezent £ero Offzet;

I kb HIOTE: Zero Offset should be obtained with transducer under no load
and attached to cable.

Accelerameter Output;

I it MOTE: Accelerometer output should be bebween +8 and -8 mt/ Y
and output will sary when rotated.
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5.1.6 - Plunger Lift Tab (Plunger Well Monitoring)

Acoustic measurements in plunger lift wells are generally made using two pressure sensors. The following set up screen is used

for this application:

Acoustic Sensar I

=l

Cable Type |Y-Eal:-le

— Tubing Preszure Transducer

Dyramometer Sensor 1 Plunger Lift Sensar |

GDaA I E quipment Check. I

Serial Mo, |[{=hN=sET

I-El.?1
|-1 A198

Last Zero Offset: |_|:|.3 psi
Frezent Zero Offset: I

C1
C4

Delete... |

C3 |2_45|:|-| Preszure B ating: |9|:||:|_|:| pzi [g]
C& [00173 Seies: [5

Set On: |11HI:I1.-’EIE15:13:1EI

Create Mew... |

— Cazing Prezsure Transducer

Serial No. |PTE429

C1 [21.43 C2 [24421
C4 |-1.9? L5 |2.a?4a

Lazt Zero Offset: ||:|_|:| psi
Prezent £ero Offzet; I pzi [ad]

j EreateNew...l Delete... |

L3 |1.E35 Pressure Fating: |3?5_|:| pi [g]
CE |-n.n131 Series: |_5

Set On: |11HI:I1.-’EIE15:13:1EI

[&l-3] Obtain Lero Offset

Gun Senial Mo, IngEI?

HOTE: Zera Offzet must be obtained with transducer at
atmosphenc prezsure and attached to cable.

ﬂ <PoglUp | F'ngn>|

Details regarding plunger lift applications of the Well Analyzer are discussed in the separate manual addendum.
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5.1.7 - General Data Acquisition (GDA) Tab

The GDA tab is used to select the channels to be sampled and the sampling rate when using the Well Analyzer as a
general data acquisition instrument to log the signals from various transducers.

Acouztic Sensu:url Dynamaornmeter Sensnrl Plunger Lift Sengzor O Goa |

Equipment Check I

Save fz.

Resetal |

Marmalize Feading
with Excitation Channel

Acquizition R ate |3|:| j [Hz] - Samples/sec

Dielta Time Axis |5 seconds

SR B Name
v |[15].-'1'-.n::n:|ustin:: j I [ Mam
M [0 Fresoad x| | ¥ Harm
™ |- NONE - [ | | I~ Marm
[~ |-NONE - | | [~ Marm
™ |- NONE - [ | | I~ Morm
[ I--NDNE - =l | [~ Mam
r I"NDNE - j I [~ Morm
Specidl Channel: & han/fit | Mverzampled [&veraged)
™ |- NONE - =l | I~ Hom

[+]
[ A]

]

]

v
]

[v]

(]

%] Excitation Channel I[‘I1]E:-:|:itatil:nn j |E><|:|T

Diiver: [Model E3 - ISEDrvr

Show Engineering U nitz

v walts
v psi
-

LI I

=

[T Auto Save every I 10 riFE

Parameters. . |
Parameters:. .. |
Parameters. . |
Parameters. .. |
Farameters. .. |
Parameters. .. |
Farameters. .. |

Farameters... |

?l < PoglUp | Pog D =

The rate of data acquisition, the graphics settings and the data streams to be monitored are selected by the user. Details are

described in Chapter 12 of this manual.
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5.2 - Base Well File Information

In order to use the TWM program it is necessary to enter or recall information about the well that is stored in the Base Well
File. Regardless of what type of measurements are to be undertaken it is recommended that the data in the base well file be as
complete and as accurate as possible. Data may be entered directly in the TWM program by filling the corresponding forms or it
may be imported if the user has already created well files using the DOS version of the Well Analyzer programs. The Base Well
File is accessed by selecting F3 when in the Acquire mode. This will display the following screen:

4 Group: = - well: =
File Mode Option Tool: Help

* Acquire Mode O File Mamt I
" Recall Mode

Current whell File: Current Group:
|" MO WELL SELECTED * |E:-:amples
F2 Setup
W Gives bwo options for creating a new Well File. One option iz the create a new

“w'ell File with no infarmation. The other is to create a new Well File uzing an
exizting. The last option copies the contents of the existing inta the newly
create Well File.

Allows the user to select from previouzly create Well Files. Well data for the

| ﬂ_ ; A zelected Well File iz loaded. Once well data is loaded the user is free to edit
and zave any changes.
Base |
wiell File Gave | Saves all the curent well data to disk. Use this to make sure any changes

that were made are saved.

Tl | Cloze current 'ell File.

Delete | Lze thiz option to delete existing ‘w'ell File(z). This allows the user to delete
e one or mare *Well Files and, if desired, assocaited Data Sets.

Select the New (Alt-N) option when entering data for a new well. Select Open (Alt-O) when data for an existing well has been
previously entered in the program. The Delete (Alt-D) option allows deleting a well and its associated data sets from the
computer.

Well data is divided into four separate groups under the following tabs:
e General: identifies the well the operator and the type of well
o Surface Equipment: describes the surface equipment in use with the well
o  Wellbore: describes the equipment installed in the wellbore
e Conditions: describes the performance parameters of the well and the reservoir
If “Display the Data Guide Tab” is selected in the User Help Menu, the Data Guide Tab will be displayed.

If Pressure Transient is selected as an active module in the User Help Level screen, then a fifth Tab for Press. Transient
Data will be displayed.
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5.2.1 - Data Guide Tab

The purpose of this tab is to assist the new user in determining the minimum number of well data items that are
required to be able to analyze correctly the acquired data, depending on the specific purpose of the measurements.

File b4 gmt I General [ Data Guide | Surface Equip. I & welbore I 4
Highlight the data on input formz that | will need for zelected:

Conditiohs I Prezz. Tranzient Data I

Pressure
‘Fransient
Test

Eifting
CoS1

Save |

7| <Poup | |

This_optional tab may be used to highlight the input data fields that\are requi
analysis ( for example calculate BHP and IPR) by selecting the appropriate bu

red by the software to perform a specific

ttons.

In response to the user’s selection, the pertinent data input tabs are flagged with a downward red arrow:

| & welboe | & Condtions |

and in each data input tab the required data fields are outlined in red and the data label is bolded :

Tubing 0D:[2375  |in
Cazing OD: |4.5|I| in

The user is required to enter the correct data in these fields in order to insure that the analysis is performed correctly

using the data that corresponds to the specific well.
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Calculating the BHP from the acoustic measurements requires knowledge of the casing and tubing diameters and the
depth to the pump intake in the wellbore tab:

File Mgmtl Generall [rata Guidel Surface Equip. 0 ‘wellbare | + Eu:unditiu:unsl Freszsz. Tranzient Datal
— [Alk-1] Tubulars — [&lt-3] Pump

Tubing 0D[2 375 in  EnterD. | Planger Dia. [1250 =] i

Pump Intake ||5115.00 ft
Casing 0D ||5.500 i EnterID...| |

Awe. Joint Length |3'| an ft — [Al-4] Palizhed Rod
Diarneter |1_25|:| vI it
Anchor Depth IEDSE.EIEI ft

Calculation of the IPR of the well, in addition requires the Static BHP, the well test oil and water rates and the
formation depth:

File Mgmtl Eenerall Data Guidel Surface Equip. I &+ welbore O Conditions | Fresz. Tranzient Dats
— Pressure [Al-1] — Production [Alt-3]
Static BHP (1435 3 psi[g] 0ij27 BEL/D

Static BHP Method |E5T|MMED

Water |EEI BEL/D

Static BHP D ate ||:|2.24.95 | Gas I‘“:":'— Mect/D
Producing BHP |4?2.1 psi [g] D ate |12'1 3-2003 |

Producing BHF kethad I.-'-‘-.I:Dustic

— Temperatures [Alt-4]

Surface I?EI deg F
Bottom Hole IHD— deg F

[ 1«

Froducing EHP Date IEIE.-"I 4,/2000

Formation Depth ||5221.00 ft

Producing Interval — Edit Interval... |

Once the user has become familiar with the TWM data requirements, the Data Guide Tab may be hidden by deselecting
the corresponding check box in the User Help Level menu.

T¥M™: User Help Level

¥ Show additional WaRMINGS when perfarming critical fu
confirmation when deleting Well Files.

tiohiz. Example, seeks addtional

¥ Show hintz when curison is placed over data inpyYBrompts. Hints are brief descriptions of the
required data for the given ettn.

[ Show hintz when cursor is placed over
activate specific functions.

plication Contralz. For example, puzh buttons that

v Allow torgue analysiz when takingmeasurements with a PRT zensor.

¥ Show advanced analysis =
the experienced uzer.

jons throughout application. Advanced sections are intended for

¥ Show dislog when scfeen size or color is not optimal for T4 .

¥ Show Data Guide T ab
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5.2.2 - Rod Pump Well - Definition of Data Fields in Tabs

Data for the sample well VV11Feb24 will be used to illustrate the various tabs corresponding to the well data. The following figure
shows the General data:

5.2.2.1 - General Tab Rod Pump Well

File Marnt O General | Drata Guidel Surface Equip. Wellbare Conditiohz Prezz. Tranzient Datal

Wwiell Marne: Iw 1FEE24

Wwhell 0 |

Company M ame IE-u:Ia_I,I Semirar Ywel

O peratar IE.L".F'F'S

Leaze Hame ID—‘-.D ]

Elewation  {0.00 ft
Praduction Method |F|.;..;| Pump j
Comments:
FOUR 3CROWEIGHTS = 1327 EACH  TOTAL'WEIGHT = 53088 :I

CASING PERFS 5221-26 EFF FEBS5

. WELL NAME Enter the well name here. Do not use more than 24 letters in the well name and do not use an
extension, the software will add an appropriate extension. The name entered will be shown on data files and

analysis screens.

DO NOT USE THE FOLLOWING CHARACTERS:

[\,. 2?2/ []*+=

e WELL ID Enter other well identification.

e COMPANY Enter the company name.

e OPERATOR Enter the name of the person conducting the test.

o LEASE NAME Enter the lease name.

e ELEVATION Enter the elevation of casing head relative to Mean Sea Level.

e ARTIFICIAL LIFT TYPE Select the type from the pull-down menu (controls type of data to be entered)

e COMMENTS This field is used to enter important information regarding the equipment or the well completion.
e DATASET DESCRIPTION (In Recall Mode ) Enter a description of the series of tests to be performed.
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5.222 - Surface Equipment Tab — Rod Pump Well

The following figure shows the Surface Equipment tab:

File Mgmtl General O Surface Equip. | Wellbu:urel Ennditiunsl Prezz. Trangient Datal
[ IAkL] Surface Unit J — For Met Torque Calculations Use:
bl anwfact Lufkin C tional -
chdes Ll I .. ¥ Counter Balance Effect [weights level]
Unit Class IEDnventiDnaI j |E|3E|— Klb
AFl II:'EEI:I'EEE'-IDEI j " Counter Balance Moment [Existing]

Stroke Length I‘I 005

|1 88,434 Firrelty
Wwheight OF Counter *eights IESEIE! o]

jin

Fiotation & Cw  COWwW

| Eaunter Weights. . I

— [Ak-2] Prime kover

fotor Type: % Electic " Gasz

b atar B ating |3EI HF

MFG/Comment |TOSHIBA NEMA D

Fun Time |24 hirdday

— [&lt-3] Electnic Mator Parameters

Synchronous B PR |12|:||:|

[&lt-4] Power Cozt

Corsurnption |5 AW H

Demand |5 FoEN

Fhaze m

Full Load IHE Ampz
Fated RPM |11|;||:|

Yaolkage |4B|:|

Hz IED j

Surface Unit Data:

MANUFACTURER MODEL Select the pumping unit manufacturer model from the pull-down menu The model
number is written on a metal plate on the Samson post generally.

UNIT CLASS The class corresponds to the APl geometry designation.

API Select the unit’s size from the pull-down menu.

STROKE LENGTH Select the polished rod stroke length in inches. The acceleration data is matched to the
entered stroke length at the option of the operator. The operator should measure this length with the accuracy
desired.

ROTATION Select CW for clockwise rotation of gear box cranks. Enter CCW for counterclockwise rotation of
cranks. The polished rod is to the operator's right when viewing the gear box.

COUNTER BALANCE EFFECT (Weights Level) This load is exerted by the weights, cranks, etc. on the
polished rod when the cranks are level and the polished rod is stopped on the upstroke and the brake is released.
This number is determined by field measurement. The operator can enter this number or the operator can position
an indicator on the counterbalance plot and hit enter to place this value in the well file. The counter balance effect
(CBE) is used in torque analysis.

WEIGHT OF COUNTERWEIGHTS Enter the total weight of the counterweights installed on the unit or use the

COUNTERBALANCE MOMENT calculator to select crank and counterweights from library by clicking on the
Counter Weights button and entering the position of the counterweights on the crank.
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Counterbalance Moment (CBM) Calculation
Select the counterbalance moment radio button:

— For Met Taorque Calculations Use:

i~ Counter Balance Effect [weights level]

IEl.SEl i8]

' Counter Ealance Moment [E xisting)

|1 28434 Kin-b

| Counter YWeightz. .. I

Click on the Counter Weights button to bring up the counter weight selection screen and select the corresponding
cranks and counterweights fro the pull down menus:

i

— Currently Selected Lnit

Manufactuer

&P Description IE-SED-EEE-'I ao

[Init Clazz IEDnventiDnaI

it Dezcription I

— CRAMNE. #1
Crank Mo, | 54358 [~

— Maszter Weight #1

— M azter Weight #2

b azter Wit Na, |3|:H|:|

Aux 1t No. [NONE

A 2wt Mo |NEINE

Digtance From !
End of Crank I‘”:I [

b aster "'t Ma. I ACRO

Aug W No. [NONE

Aux 2wt Mo, [NONE

Distance From
End of Crank |4IZI i

=
=
[

—CRANE #2

Crank Mo, |94358
— Maszter Weight #1

b aster Wt Mo, I ACRO

Aux 1t No. [NONE

Aux 2wt No. [NONE

Lef Lef Le

Distance From )
End of Crank I‘”:I I

[

— M azter Weight #2

bl aster Wt Mo, ISEHEI

Au 1 Wt No. [NONE

Au.2'wt No. [NONE

Led Lef Lo

Digtance From )
End of Crank |4E| il

Counter B alance Moment E xizting IEEIEI.EIEI'I Kin-lb

Wieight of Counter Wieghts IESEIB [u]

[Dane
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The software calculates the existing counterbalance moment based on the selected weights and the measured Distance
from End of the Crank to the outer edge of the counterweight.

Distance for entry
into CBM
calculator

The weights of the counterweights can be obtained from the TWM Counterweight List that is installed with the TWM
program.
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Prime Mover Data

e MOTOR TYPE Select Electric or Gas engine

e MOTOR RATING For electric motors enter the value for rated Horsepower listed on the motor's nameplate that
corresponds to the wiring that is being used.. For gas engines enter the rated Horsepower at the average RPM.
See APPENDIX IV for typical gas engine performance curves.

e RUN TIME For units operating on timers, enter the hours per day that the unit operates.

MFG/Comment Enter a description of the motor/engine type and model.

FULL LOAD AMPS Enter the value corresponding to the wiring that is being used, as read from the motor's

nameplate.

RATED RPM Enter the motor speed at rated power and torque

VOLTAGE Enter the line voltage at the switch box

Hz Select the frequency of the line voltage

PHASE Select the number of phases for the line voltage.

Power Cost Data
e CONSUMPTION Enter the cost of electricity such as 8 for 8 cents/KWH.
e DEMAND Enter the demand charge such as 12 for 12 $/kW

5.2.2.3 - Wellbore Tab — Rod Pumped Well

The following figure shows the Wellbore tab

File Mgmtl Eenerall Surface Equip. 0O welbore I I:Dnl:liti-:unsl Fresz. Tranzient Datal
— [Al-1] Tubulars — [Alt-3] Pump

Tubing 0D [2.375 n  Table. | Plunges Dia. [1.500 =] in
Pump Intake IEEEE.EIEI ft
Table.. |

Cazing 0D |5.500 i

Bye Joint Length [31.70 ft —[Al-4] Palizhed Rod
Diameter I'I_EEEI 'I i
. — [Al-5] Rod Totals
KB Correction |0.00 ft Tatal Rad Length: [520] it
Total Fod ' eight: |9221.5 b

Anchor Depth |5100.00 ft

11T

— [&l-2] Rod String
Top Taper T aper 2 Taper 3 Taper 4 Taper & Taper B
Rad Type |D =l o =l |o =l |wone 7] [wone &) Jnone 7
Length |1100.00 | 3875.00 | 225.00 | | | i
Diameter 0675 | [0750 | [085 <] | L= [ ]
wieight 2433 1 62908 |4597.6 | | | Ib

Camp Up ||:|_ 05 Drarmp Down ||:|_ 05

Deviated 'Welbare ... | ?l <F'gL||:u| F'ngn>|

Save
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Tubulars Data:

e TUBINGOD

. CASING OD (IN) These two entries are selected from the pull-down menus and are used to calculate annular area
and afterflow rates of the liquid and gas. For example, entering 5.5 inch casing and 2.375 inch tubing as shown
below, the software automatically assigns values to the internal diameter based on the most commonly used tubular

[Al-1] Tubulars

Tubing OD [2.375 in
Casing 0D IE.EEIEI i Enter D |

The user may override these default values by clicking on the Enter ID button. This opens the following ID selection

menu:
select 10 x|

oD in D in weight I/t
ﬁ [1.998 |

* Default [Cals best 1D for QD)
i~ Uszer Extered
" Pick From T able

0D fin] | 1D 1) | weight (ki) | =
1.315 1.049 1.72
1.315 1.049 1.80
1315 0.957 225 —
166 1.41 210
il 5 1.38 230
16 138 233

The user may then Pick from Table a specific tubular size and weight from the table, or type a custom User Entered
ID for the specific tubular.

. AVERAGE JOINT LENGTH (FT) is needed to determine the depth to the liquid level. Obtain from a current
tubing tally. Do not count subs in the determination of average joint length. This number should be calculated to
the hundredth of a foot for maximum accuracy. Example: 31.27 ft.

. ANCHOR DEPTH (FT) The entry of the tubing anchor can be used to aid the operator in selecting the liquid
level kick and also can be used as a distance reference when processing the acoustic data using one of the special
processing techniques discussed later. Enter as Measured Depth.

. KB CORRECTION Enter the distance between wellhead and kelly bushing, ft.

. PLUNGER DIAMETER Enter the diameter of the pump plunger in inches; for example 1.25 inches.

. PUMP INTAKE (FT) This entry (measured depth) corresponds to the depth of the Standing Valve in a rod pump
or the depth to the pump intake for ESPs. If water is produced with the oil, the software assumes all liquid below
the pump to be water and all liquid above the pump is oil. For efficient pump operation a long tail pipe should not
be used.

. TAPER Enter the type, length and diameter of each section of rods. For example: footage, 1200 feet; diameter,
0.875 inches. Also, select rod type such as C, D, K, H for steel, SB for sinker bars or FG for fiberglass.

. DAMP UP/DOWN The damping factor used by the wave equation model of the rod string. Use the default value
unless the shape of the pump card indicates that it should be modified. Adjust number to correct the shape of the
downhole card to known pump conditions. A smaller number tends to fatten the card and increase the difference
between maximum and minimum loads at mid-stroke.

. ROD TOTALS The total rod string length and weight based on the values entered in tapers.
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. DEVIATED WELLBORE Select this option to enter the wellbore directional survey for deviated wells. The
following form is displayed for entry of the corresponding pairs of Measured and True Vertical Depths.

Deviated Wellbore Profile E
Wwellbore Depths: 1] Clase |

Meazured  True Yertical

1 2000 2000
2 |20a0 | 2050
3 |2300 {2150
4 {2500 2250 Pump Depth

5 |3000 2500 MD [5115
B |4000 2380 D [3621.43

7 5000 | 3456

& [5000 4025

g I I . Draturm Depth
0] | MD [5221
1| | VD [3581.75
12] |

13 | |

v I 4025

15 | |

<--  Entry lgnared [possibly incomplete] E?sgzl.g;taﬂent 3442

The software uses these data to compute the pump intake and the datum pressures based on their actual True Vertical Depths. The
form displays the computed values.
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5.2.2.4 - Conditions Tab — Pumping Wells

This form includes the data that describes the characteristics of the well, the well completion, the formation and the
produced fluids:

File Mgmtl Generall Surface Equip. I O wellbore Conditions | Frezz. Transient Datal
— Pressure [Al-1] — Production [&lt-3]
Static BHP |EEIE] psi [a) il [14 BBL/D
Static BHP Method |GAUGE | Water [(0 BBL/D
Static BHP Date |07-12-90 Gas [ap  MschD

Date |03/21/1995

Producing BHP |2.EI p=i [g]

Producing EHF Method I.i'-.-:cnustic j
Froducing EHP Date IEIEI.-'EE.-'EEIEI‘I

Formation Depth IEEEE.DD ft

Producing Interval

— Temperatures [Alt-4]

Surface I?EI deg F
Buottom Hale |1 36 deg F

Edit [nterval...

— Surface Producing Pressures [Al-2]

— Fluid Properties [&lt-5]

il |42 deq.AFI
" ater |1.EIE SpGERHZ0

Gaz Analvziz .. |

Tubing IEB.EI psi [g]
LCazing |-|:|.1 pi [g]

Cazing Pressure Bulldup: [dP /A dT ]

Change In Pressure I-EI.EI pzi
Ower - Change In Time |'|_|:||:| mir

Tubing Fluid Gradient... |

STATIC SBHP Enter the static reservoir pressure (SBHP). This value is compared to the producing bottomhole
pressure to determine the producing rate efficiency and maximum available flow rates.

STATIC BHP METHOD Denotes the method used to obtain the static reservoir pressure such as gauge,
estimated, etc. selected from the pulldown menu:

Static BHP b ethiod

[ =

auge
E ztimate

Static BHP D ate

Froducing EHP DsST

. STATIC BHP DATE The date when SBHP was obtained.

. PRODUCING BHP This is the pressure computed at the datum depth (generally the formation depth).

. PRODUCING BHP METHOD Denotes the method used to obtain the pressure at the datum depth.

) PRODUCING BHP DATE The date when the PBHP was obtained.

. FORMATION DEPTH (DATUM) (FT) is the depth in feet to the pressure datum. The BOTTOM of the
producing interval should be entered unless the operator desires otherwise. The PBHP is calculated at this depth
and the location of the pump can be compared to the lowermost producing zone as a way of detecting potential gas
interference problems.
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PRODUCING INTERVAL Enter top and bottom depth of producing zone(s) in the following form that is
displayed after clicking on “Edit Interval..” button:

i Producing Interval Al

Top: IEEEIE.EIEI It
Bk ban: IESEEI.EIEI fk

Production Data:

OIL BOPD OQil production from the most recent well test in stock tank barrels/day. This number is used for
calculating the maximum available oil production.

WATER BWPD Water production from the well test in barrels/day. It is used to calculate liquid gradients and
maximum water production rates.

GAS MCEFD Enter the total gas flow rate from the well test.

DATE Enter the date of the well test information

Temperature Data:

SURFACE TEMPERATURE (F) The surface temperature of the wellhead gas is used to calculate gas gradients.
Typically this value is between 60-70 OF. NOTE: this is not the thermistor or air temperature; it is the ground
temperature a few feet below the surface.

BOTTOMHOLE TEMPERATURE (F) Used in conjunction with the surface temperature to correct fluid
gradients for downhole conditions. Obtained from well logs or calculated from local geothermal gradient ( average
15 OF/1000 feet).

Fluid Properties:

OIL GRAVITY (API) The API gravity of the produced oil is needed for liquid gradient calculations.

WATER GRAVITY (SG) The water gravity should be entered as a specific gravity. Enter 1.05 if unknown.

GAS GRAVITY (SG) The gas gravity relative to air

GAS ANALYSIS This button opens a form for input of the gas gravity or the composition of the gas in the
wellbore. Generally this composition is different from the composition of the gas sampled at the sale line or at the
separator.
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The user may enter a valuye of the gas gravity if it is known or the composition of the gas using the following form.

— Method To Determing Gaz Gravity
% Enter Gas Gravity

" Gaz Composition values used to calculate Gas Gravity

— Input

[3.as gravity I Air=1
AN IEI

ZNZ2 |0
ZH25 |0

|

NOTE: If the gas gravity input is left BLANK then the program will compute the gas gravity from the gas acoustic
velocity determined from the last acoustic fluid level measurement

If the Gas Composition option is selected then the follwing form is displayed:

—kethod Tao Determine Gaz Gravity
" Enter Gas Gravity

{* Gaz Composition values used to calculate Gas Graviy

— Input

#C02 |0
ZM2 |0
ZH25 |0

11
AL

[3az Gravity calculated from Compozition alues

#C3 |0
#IC4 |0
ZMNC4 |0
ZC1 100 #ICH |0
ZMCE |0
%CE+ |0

0.5531

!

Air=1

The form includes a default value of 100% C1 that results in a gas gravity of 0.5531
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e TUBING FLUID GRADIENT This input screen allows defining the gradient of the fluid in the tubing based
on either the oil and water production test data and fluid densities or entering a user-defined value:

B [Al-1] — Produchaon [&l-3]
Stafic BHP [14853 | psifa) 0il [27 BBL/D
tatic BHP Method [ESTIMATED =l Water (0 BBL/D
Static BHP Date |02-24-35 Gas [an Msefd
B0 o oo e o Nata 11721272007

Tubing Fluid Gradient Method

Tubing Fluid Gradient Options:

c

d
f* |Jze Walue Calculated From Production Infarmation II:I_43‘I pzidft . sk
£ |ze Entered Yalue I paifft | 4
&g
Fl

_F Ok I

Surface Producing Pressures:
. TUBING PRESSURE (PSIG) The average tubing pressure while pumping.
. CASINGHEAD PRESSURE (PSIG) If a pressure transducer is not available, the casing pressure may be read
manually and entered here.

Casing Pressure Buildup:
. CHANGE IN CASING PRESSURE (PSI/MIN) If a pressure transducer is not used, the operator must enter the
change in casing pressure and the time over which the change took place.
o NOTE: IF dp AND dt ARE MEASURED MANUALLY WITH A PRESSURE GAUGE RATHER THAN A
PRESSURE TRANSDUCER, RECORD PRESSURE DATA FOR EITHER TEN MINUTES OR UNTIL A TEN
PSI CHANGE HAS OCCURRED.
. OVER CHANGE IN TIME Enter the time interval over which the casing pressure change was observed.
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5.2.3 - Electrical Submersible Pump Well - Definition of Data Fields in Tabs

The following screens shows the tabs for a well where the Artificial Lift Type has been set to Electrical Submersible pump.

5.2.3.1 - General Tab — ESP Well

File karmnt O General I Sul:-surfan::el Electric Equipment | Conditions | Press. Transient D ata

wiell M arme: IESP‘WEII

‘whell 10 IE:-:ampIe

Company Mame IEchnmeter

Operator I.-‘-‘-.LF'

Lease Mame IWF

Elevation |1 100.00 ft

@thud IEIectricaI Submersible Pump j>

Coarmrnehts:
Sample data file ;I
Save ? | < Pglp | Pq Dwn>|
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5.2.3.2 - Subsurface Equipment Tab — ESP Well

The subsurface equipment data is entered in the following screen

File Mgmtl General O Subsurface |

Electric Equipment I Conditions I Frezz. Tranzient Data

— [&k-1] Tubulars

Awe Joint Length Ign_}'E ft
Sliding Sleewve (@ I ft

Caszing 0D IW ik
Lirmer AL I—
Topofliner @[~
FETD IW ft

K.B Caorrection |-| A7 ft

lul

Tubing QD |2_3?5 Tyl Table.. |

FlF

Table..
Table..

— [Al-3] Pump Aszzembly

[nztallation O ate I

FPump Intake Depth I ft
FIF Gage (= I ft

—[&l-4] Gaz Separator
Gas Separator Used [

Type I

Length I ft
Drepth I ft

Tubing Dizcharge Temperature I deg F

— [Al-2] Purnp Canfiguration
Top Pump

Pump 2

Purnp 3 Purmp 4

Purmp &

Fump Manufacturer IHED,{-..

[RED:

Purnp Description/Series IGN1 500

ENER

Serial Murnber |21 E9Fa2a44

|21BFE2843

Stage Count I?E

|75

]

Pump Housing |5|:|

|50

Total Length of Pump &zzembly I ft

Shroud Used [

Save | Deviated 'welbare ... |

ﬂ < PglUp | F'ngn>|
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5.2.3.3 - Electrical Equipment Tab — ESP Well

The description of the electrical system is entered in the following screen

File Mgmtl Eenerall Subsurface D Electic Equipment I I:-:unl:litil:unsl Fresz. Tranzient Datal

Contral Panel |[E= [ “ariable Freguency

Owerload Set Paint |54 amnps Underload Set Paint |33 arnps Frequency IED Hz
Overvaltage Set Point |252|:| volts  Undervaltage Set Point |2|:|5|:| volts Purnp Up Time |?5 minutes

— Motor Azzembly Dezcription
Top Makar b akar 2 kdatar 3 Mator 4

bl anufacturer IFEED.ﬂ-.
Seres |54E|

Type IStandard

|
|
|
|
|
Total Length of Motar Azzembly I— ft Installation Date |1 14172003

HP |150
Yoltz/Amps IEEI?E}
— Electrical Parameters
AP YOLTS Date and Time of Measurement I

A Irput |39 BA Input |2225 f—‘vgnd| Filowatt |135
B Input ISE CBE Input |2258 B-gndl Poweer Factar IElIII
C Input |42 AL Input |2235 l:-gndl

— Cable Data Electrical Cost
Round Cable Type IND”E Lenath I ft 01 L ALEE )

Flat Cable Type | #4 5005000 sol REDAF | Length [726000 sk
i | ?l {F'Elupl F'ngn>|
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5.2.4 - Flowing Gas Well - Definition of Data Fields in Tabs

Detailed description of the fields in the following gas well tabs is found in the separate TWM manual addendum “Gas well and

Plunger Lift Applications”.

5.2.4.1 - General Tab — Flowing Gas Well

The following figure shows the General tab when the Flowing Well (Gas) option has been selected:

File kgmt O General | Surface Equip. I Wellborel Eonditionsl

Well Name: |34

wellD [BOR

Company Mame IB E Qil Campany

Operatar IB E Oil Campany

Leaze Mame IWB

Elevation IBEDD.DD it

Production kethod I Flawing el (Gas]

Datazet Description IShot Down Tubing

Save |

Cammemnts:
Shut in well and did tubing fluid lewvel survey fram 15:30 ta 16:30. ;I
Mo packer in well.

=

kS | < Pglp | F'ngn>|

5.2.4.2 - Surface Equipment Tab — Flowing Gas Well

File: b gmt I General O Surface Equip. | wellbore I Conditions I

Press. Transient D.ata I

— Caompressar
Power Rating: I‘I 28 HF Capacity: |1 ooo I zcf/D
Dizcharge Prezsune: IBDD.D psi[g] Suction Prezsure: IZDD.D pzi[g)

MFG/Comment: IArieI

Sales Line Pressure: IBDD.D psi [g)

— Flow Line
00 |3_5EIEI in Table... |

Length: |1200_[|[| ft Material ISteel

Elevation Change: |23.DD ft Inlet Pressure: |225_D pai [g)

? | <PglUp | Pngn>|
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5.2.4.3 - Wellbore Tab — Flowing Gas Well

File: Mgmtl Generall Surface Equip.  E ‘Wellbors | Conditions Press. Transient Datal
= Tubular:
Tubing OC: |2.375 in | EnteriD.. |
Casing 00 |5.500 in  EnterlD... |
Awe. Joint Length: |32.DDD ft Calc... | KB Correction: ID_ o0 ft
Anchar Depth: [oo0 &t
Packer Depth: ft Tubing Intake Depth: [11261.00 ft
Tubing Roughness: ID.DDD‘I2 Rough Fipe 'l ft
Save Deviated wWellbare ..

ﬂ <F'gU|J| F'ngn>|

5.2.4.4 - Conditions Tab — Flowing Gas Well

File omt |

— Pressure [Al-1]

Stafic BHP Mathod [Estimate

Static BHF Date I‘I‘I.JD2.-’2DDD
Producing BHP I‘IBSE.? psi[g)

Producing BHP Method IACoustic

Froducing EHF Date I‘I 2/06/2000
Farmation Depth I‘I 1334.00 ft
Producing Interval — Edit [nterval... |

Generall Surface Equip. I swelbore

Static BHP [2000.0 psi (g]

Bl 1]

|1

— Surface Producing Pressures [Alt-2]

Prezsure Buildup: [dP #dT )

Change In Pressure IB.? psi
Ovwer - Change In Time IU. 75 miiF

Tubing |33?.3 pei [9)
Casing |??5.8 psi [g)

Save |

Conditions

— Production [Alt-3]

Oi/Condensate: [Tz BBL/D
Water 08 BBL/D

Gas IW M zefdD

Date: W _I

— Temperatures [4lt-4]

Surface: IE8 degF
Bottorn Hole: IEUU deg F

Temperature: IBD deg F

Pressure: [14.7 psi [g]

— Standard Conditions [Ak5]—————————

Qil/Condenzate: |52 deqg AP
Wi ater: |1.D1 Sp.GrHzZ0
Gas Analysis .. |

— Fluid Properties [AlE]————————

'?| <F'gU|:| F'ngn)l
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5.2.5 - Plunger Lift Well - Definition of Data Fie

Ids in Tabs

Detailed description of the fields in this and the following plunger lift well tabs is found in the separate TWM manual addendum

“Gas well and Plunger Lift Applications”.

5.2.5.1 - General Tab — Plunger Lift Well

File Morrt B General I Diata Guidel Surface Equip.l £ Wellborel 4 Eonditionsl

el hame: IPIunger Marnual

wellD  [Echometsr 1

Company Mame IE chaometer

Operator IALF‘

Leaze Mame IWF

Elesation ISED. i} ft

Production Method IPlunge[ Lift

Datazet Dezcription I

Comments:

Pozzible hole in tbg

Save |

e

?l <PgUp| F'ngn>|

5.2.5.2 - Surface Equipment Tab — Plunger Lift Well

File: b4 gmt I General I Data Guide [ SufaceEq

Lip. |‘ Wellborel + Conditionsl

— Compressor

Pawer Fiating: I HF
Dizcharge Pressure: ISBD.D pei[g)

Capacity: I‘I oog =zct/D
Suction Pressure: ISD.D psilg)

MFG/Comment: IArieI

Sales Line Pressure: I?ED.D psi [g]

r~ Flows Line

o

oD: |2_3?5 in

Length: I‘I225.DD ft Material
Elevation Change: ID_DD fi

; W in Table... |

: ISteeI

Inlet Pressure: IW psi [g]

— Plunger Controller Settings
Mig: | abc

Type: |1 234

Surface Producing Pressy

Plunger Cycle Time:

Unloading: |25 min
Afterflow: IZD Thir
Shut-ln: |120 mir

Tubing: Min |25.D b ax |45.D psi[g)

Cazing:  Min |35D_D (LED |35EI.U pzi [g]

Flunger % elocity
’7 Unloading:

ISSS ftémin

Save |

'?l <F'gUp| F'ngn>|
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5.2.5.3 - Wellbore Tab — Plunger Lift Well

MFR: IFerguson

File Mgmtl Generall Data Guidel Surface Equip. 0O ‘welbore | & Conditions
= Tubular:
Tubing OD: |2.3?5 in ‘wieight: |4.B Ib/ft Table..
Casing OD: |4.EDD i weight: |1D.5 It Table..
Ave. Joint Length: ISD.S‘I ft Calc... I KB Correction: ID_DD ft
Anchar Depth: ft SH Depth: I ft
Packer Depth: i Tubing Intake Depth: ||5800.00 ft
Tubing Roughness: ID_ 00005 Mew Fipe 'I ft
Flunger

Installation Date: |D1 £30/2005 |

Tope: IF'ad

Flunger 0D |1 300 in
wheight: IB.3 ]

¥  Standing Valve
EEE

Save | Deviated Wellbare ... |

ﬂ <PglUp | Pngn>|

5.2.5.4 - Conditions Tab — Plunger Lift Well

File kgmt I General I Data Guide I
—Pressure [Al-1]
Static BHP psi[g)
Stafic BHP Method [Estimate =]

Static BHP Date |D1328£2DDE |
Froducing BHP IBDD.D pzi[g)

Surface Equip.l & welbore O Conditions I

— Production [&lt-3]

0il/Condensate:

Water: |1 1] BEL/D

Gas: [10n MzcfD

Date: |01 /28/2005 _I

Praducing BHP b ethod IEstimate j

Praducing BHP D ate |D1x’28£2005 |

Formation Depth IBBDD.DD ft
Producing Intereal  Edit Interval... |

—Surface Producing Pressures [4lt-2]

Tubing I— psi[g]
Cadng|5921 psi(g]

Caging Pressure Buildup: [dP /dT )

Change In Pressure ID.D psi
Ower - Change In Time |3_25 mir

Save |

— Temperatures [Alt-4]

Surface: I?D degF

Bottom Hale: [170 degF

— Standard Conditions [&lt-5]

Temperature: IBD degF

Preszure: |14.7 pzi[g)

— Fluid Properties [4lt-E]

Qil/Condenzate: IBD deqg. AP
Water: |1.05 Sp.GrHZ0
Gas Analyzis ... |

ﬂ <F'gUp| F'ngn>|
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6.0 - ACOUSTIC FLUID LEVEL TEST SOFTWARE
This allows firing an acoustic pulse, digitizing the echoes from the well and storing the data in the computer's memory for further
processing. In addition the casinghead pressure (if a pressure transducer is connected to the Well Analyzer) is recorded at 15

seconds intervals in order to determine the rate at which free gas is flowing with the liquid into the well and the gradient of the
annular fluid.

6.1 - Acquisition of Acoustic Data and Quality Control

The following discussion assumes that the master cable has been connected from the Well Analyzer to the Remote Fire gas gun
with a casing pressure transducer and that the gun is installed on the casinghead.

The TWM program is executed and the Setup, sensor selection and zeroing sequence is completed:

B : MP'de Option Tools Help

" foquire Mode O Acoustic Sensor | Diynamometer Sensor Equ
" Recall Mode —[&l-1] Select Prezsure Transducer
Serial Mo !PT4488 =

—[al-2] Tranzducer Coefficients

I 728

c1 [ i??2.51
C4 |-1 49

ID.DBE

C2
C5

To acquire an acoustic record and obtain a bottom-hole pressure, a base well data file must first be created or recalled from the
disk.

File * Modd - feafih  Tools Hblp
£ Acquire Mode 0 File Mamt |
" Becal Mode

Current 'well File: Current Group:

|" NOWELL SELECTED * |Examples

F2 Setup

Allowiz the user to select from previously create Well Files. ‘Well data for the

F3 3
selected Well File is loaded. Once well data iz loaded the uzer is free to edit
and zave any changes.
Base I|I
el F“B'.' | Saves all the cunrent well data to disk. Usze thiz to make sure any changes

Save
that were made are zaved.

Gives bwo options for creating a new *Well File. One aoption iz the create a new
el File with no infarmation. The other iz to create a new Well File using an
exizting. The lazt option copiez the contentz of the exizting inta the newly
create Well File.

Hew...

A minimum amount of data must be entered before the operator can proceed. Refer to description of well file entry
described in the previous sections.

e The following data MUST be entered to ACQUIRE DATA from acoustic tests:

Well Name

Pressure Datum

Pump Depth

Average Joint Length (Program will default to 31.7 ft.)

It is recommended that the well data be entered in the file as completely as possible BEFORE going to the well site to undertake
the tests. This will allow the operator to analyze the data at the well site and to insure that the results are of good quality.
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Hew...

Open...

Have

Groups And Azzociated Well Files:

Open Well File Ed

Cancel

e The following data MUST be entered in the well data file to runa COMPLETE BHP ANALYSIS:

Well Name

Pressure Datum

Pump Depth

Casing OD

Tubing OD

BOPD

BWPD

Surface Temperature

Downhole Temperature

Oil Gravity

Water Specific Gravity

Casing Pressure (Entered or Acquired)
Casing Pressure Buildup Rate (Entered or Acquired)
SBHP

When recalling an existing well data file it is recommended that the operator check it to make certain that it represents
accurately the present conditions in the well. In particular the well test information should be updated to the values of the most

recent well test.

3 Group: WF - Well: V11feb24
File Mode - Option Tacks Help

i Acquire Mods

File Mgmt B General | Surface Equip.
¢ Hecall Mods well Name: V11FEB24
Compary Name ICDEH.&
F2 Setup
Operatar ICAF'F'S

Lease Mame |CADDOD

I3 - Elevation [1120 f
_-_mL[
Ei
e Autficial Lift Tope [Fiod Pump

Cammetts:

FOUR 3CROWEIGHTS =1331HEACH 7]
GAS SEPARATOR SM+2FT PERF SUE+30 A
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After the well data has been entered or recalled from an existing file the user may proceed to acquire a new data set by
selecting the F4 Select Test function to specify the type of test to be undertaken:

YRR - thbde Cption Toaols  Help

' Acquire Mode O 2coustic |
{" Recal Mode

Dyrarnometer PawerCurrent Prezzure Trangient I

F2 Setup

EQUIPMENT TIP:

Maintenance will be reduced if the Remote Fire Gas Gun Yolume
Chamber is charged to a pressure in excess of well pressure before
he casing valve is opened. Sand, debris and water vapor will be
orced into the gas qun if the volume chamber is not pressurized

F4 hen the casing valve is opened. This will cause gas leakage,

...ﬁ. intermittent operation, corrosion and poor performance. The gas
Salect qun should not require maintenance more than once a year if foreign
Test material is prevented from entering the gas qun.

The default Acoustic Tab with an Equipment Tip is displayed as shown above. As data is acquired the software will
enter, in place of the tip, the corresponding test information in each tab to keep a record of tests completed during the current
session, as shown below:

' Acquire Mode O Acoustic | D_I,Inamomelerl F'u:nwer.-‘Eurrenll Preszure Transientl

" Becall Mode Drate/Time | Test Type | Status | Serial Mo, | D ezcription
01./03406 14:34:00 SIMGLESHOT PTERIY Acoustic Test

F2 Setup
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Acquisition of the data is initiated by selecting the F5 — Acquire Data function. If the computer cannot communicate with the
A/D electronics (the Master Switch was turned OFF or the well analyzer battery voltage is low) the following message is

displayed:

O Acoustic I

Pre-Shot Meazurements
B ackground Moize 'Within 1 Second Interval:

Peak-Feak I i

Prezsure Transducer: PT 4350

Prezsure I pzi [g]
T emperature I deg F

== ERROR: PLEASE READ MESSAGE POSTED BELOW, ===

INSTRUCTIONS whell Gur: wabl? Explozion Pulze

ERROR:
WELL AMALYZER NOT RESPONDING!

If the problem persists go to the F2 Setup option, Equipment Check tab and follow the instructions in the trouble shooting

section of this manual.

Otherwise the following Data Acquisition form is displayed which shows the background well noise and the values of pressure,

transducer temperature and battery voltage:
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O Acoustic |

0.003 5
=
B
k=]
=
S
z

0.001 T 1

00:00 o015 00:20
Pre-Shat Measurements——————— INSTRUCTIOMS Well Gun: Wi5450 Explosion Pulse
Firzt - Charge the gas gun.
Battery Voltage [13 258 wolt Second - Close the gas gun bleed valve.
- Third - Dpen the cazing valve between the gas gun and the well.
Pressure Transducer: PT4487 Fourth - Close the casing valve to the flowline.
Pressure |1 93787 psi Preszure transducer and electronics require B0 seconds to stabilize.
Far best pressure data, wait B0 second: before proceeding.
Temperature I.'-"S_EF"24 deg F
Back Ground Moize Within 2 Second Interval:
PeakPeck [028  mv FIRE SHOT |

Elapsed Time |1 3 sec ‘el State IPraducing =] < Bl | Fi > |

This display can be used to verify that the system is indeed recording data. If any large individual spikes are present
consistently, they may indicate problems with the electronics. Verify that cable connections are clean and secure. Generally, a
peak to peak noise amplitude above 5 mV indicates considerable downhole noise possibly caused by the presence of a gaseous
liquid column. The operator is alerted when well noise exceeds 5 mV and the recommendation is made to use a greater pressure
in the volume chamber. Normally the pumping unit should be running during acoustic and pressure data acquisition. If excessive
noise exists, close the casing valve between the well and the gas gun to determine if the noise is coming from downhole or from
the surface. If the noise is coming from surface vibrations, stop the pumping unit. If the noise is coming from downhole, the
signal to noise ratio can be improved by allowing the casing pressure to increase. Valves connecting the casing to downstream
flow lines should always be closed if possible. Wait at least 20 seconds for the amplifier and pressure transducer to stabilize.

Before opening the casing valve, the gas gun volume chamber should be charged with gas pressure in excess of well
pressure so that the internal gas valve and the volume chamber will not be exposed to debris, which might be present in the
casing valve. This will reduce gas gun maintenance.

NOTE: The default mode for Well State is “Producing” since the majority of the acoustic tests will be taken in producing wells.
If the well is shut-in and the purpose of the test is to determine the Static BHP the well state should be changed to “:_Static” as
discussed in section 5.361 of this manual
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One of the following procedures is used to acquire acoustic data:

e Using REMOTELY FIRED GAS GUN:

Select the Fire Shot option to fire the remote gun.

e Using COMPACT GAS GUN or HIGH PRESSURE GAS GUN:

1. Select the Fire Shot option and wait for the message that the remotely fired gun has been
fired if present, then,
2. Manually fire the gas gun.

The well analyzer will acquire data for the time period calculated from the previously entered pressure datum or pump
depth. NOTE: IF neither value has been entered acquisition time defaults to 30 seconds. If an incorrect pressure datum
depth is entered, acquisition of the acoustic data may terminate prematurely. This may not allow sufficient time to receive the
liquid level echo. After the data has been acquired you will be presented with a choice of options described later. The acoustic
signal will be displayed as it is received.

O Acoustic I
00041
)
(]
=
o
=
O
(]
E
-0.004 . . . . : . . : . .
ag:a0 o015 [ulujecin]
Pre-Shot bMeasurements———— INSTRUCTIONS Wwell Gur: WiG450 Explosion Pulze

Automatic Gun has Been Fired, |f prezent.

B attery Yoltage |1 31771 wvolt

Fressure Transducer. PTA4487

Preszure |1 0.4694 pzi
Temperature |?5_‘| 241 degF

Back Ground Moize Within 2 Second Interval:
Peak-Peak ID EY] .y ‘ ABORT - [Stop acquisition of shaot data) I
zEC

Elapsed Time [14.2 Well State: | Producing e | <Falp | it DW”>|

Press [ABORT] button, or enter Alt-1, to stop data acquizition.

Wwaiting 120.00 seconds for the detection of PLILSE.
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As soon as the shot is detected, the software begins to acquire and display the acoustic data for the length of time corresponding
to the well’s depth. The software will try to adjust the scale of the plot so that the signal can be observed clearly. It is possible,
however that the amplitude be such that the signal may go off-scale, as shown below. The data is being recorded correctly and the

user will be able to adjust the scale once acquisition is complete.

O Aot |
0001
2
o
= 4
L]
-
D
[} 'J
q f
0004 J T 1
D000 LRy b 0030
[ Pie-5hol Messurements — IMSTRUCTIONS Wwel Guri Ewplagion Pulse

At the bottom of the screen are displayed messages that describe the steps that are being followed and the options available to the

operator.

Pre-Shot Meazurements
Background Moize 'within 1 Second Interval:

Peak-Feak IEI.EI '

Prezzure Transducer: PTER3Y

Pressure IIZI_1 pzi [g]
T emperature |82.1 deq F

Elapzed Time Ia_z IEC
B attery Vaoltage |1 g vl

[MSTRUCTIOMS Well Gur: wabl? Explozion Pulze

Shot PULSE was Detected from Gun

Pleaze wait while the zignal 1z acquired.

Acquining Acoustic data For 15.68 seconds.

well State [ Praducing [

[ALT- S1ABORT - [Stop acquisition of shot data]

ﬂ < PglUp | F'ngn>|

Reflected acoustic signals are digitized and stored in the computer.
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When acquisition is complete the following form is displayed for optional entry of test description and acceptance of the data:

O icoustic |

0L0000E 5

000003 4

0.00000

ACOUSTIC (W)

-0.00002

-0.0000:5 4

-0.00008 . . . ,
00:00 00:18

SAYE RECORDED TEST DATA? i

Fre-Shot Measurements
B ackground Moize Within 1 Second Interval:

Peak-Peak IEI i

Prezzure Transducer: FTE433

I— . The recorded Test Data will be zaved to the curent Data Set which
Plesstie [ psi (] iz stored in the following DOS file:
Temperature I-_“'D-3 degF C:ATwWh_betahExamplez'11.007 [12419/03 - 15:51]
Elapzed Time [155 zEC
D escription;

EBattery Yoltage |1 18 wilt
Save I

Cancel

After the raw data has been acquired, and saved, the operator is presented with a display of the data and the liquid level selection
made by the computer.

While acoustic data is being acquired and saved, the program continually monitors and records the casing pressure at 15 seconds
intervals as indicated by the following legend:

H IMSTRUCTIOMS Whell Gun: \WEAE0 Explogion Pulze

Acquinng Prezsure Buildup in back ground.

System will beep each time a prezsure point iz acquired.

ABORT - [Stop Background Acgistion of Pressure D ata)

wiell State | Producing =l j <Ealiy | i >|
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Generally this process is allowed to continue for at least 2 minutes to obtain a representative value of the casing pressure
buildup rate. The casing pressure may be viewed with the Casing pressure Tab in the Analysis form:

Select Liquid Level I Depth Determination O Casing Pressure | EHF I Collars I
Sensor SN Well Gun Cazing Pressure Buildup ‘wiorking pressure 0 psi[g]

2.00+ r 130.00

1.60 - F 129.60
0
= 4 3
2 1.204 o Tr12920 =
i i =
£ B o
o) @
g 0.80- B o [128.80 §
2 A :
5 0.0 — T r126.40 ﬁ‘
=1 —_ Z,
—_ =

-
[ e e e F128.00
0.40 127.60
0 2.00
Delta Time {min})
Change In Pressure |1.2? psi V' &lways Fit Through Last Point
Change In Time |2_DD mir AdiiretEnd ot

< |Left Erighte=2

'?| <F'gUp|

After the acoustic data has been saved the acoustic signal is analyzed to determine the depth to the liquid level by selecting the

Analyze Data option.
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A dashed vertical line marks the most probable liquid level signal (down kick) and its corresponding position in time is displayed
in the Indicator @ box. An amplified image of the signal in the vicinity of the liquid level is displayed in the box at the lower
right of the following figure. the Indicator @ 5.328 seconds is the round trip travel time, RTTT, to the liquid level.

O Select Liquid Level Depth Determination I Cazing Pressure I BHF I Collars I

Sec u] 1 2 2 4 il G

100.0 mw¥
E—

Indicatar (= IE.SEE FEC [ Apply Lows Paszs Filker b owve Indicator < - Left | Right - » | —]

G0 to Automatically Selected Kicks

44 Prev Kickl Mest Kick > | Reszet |

Scale Shaot Trace

[Al-1] Gun Parameters
Pulse Type: &+ Egplozion ¢ |mplosion

|
|
Scale Up | Scale Down | Reset | I
|
|
|

Advanced Options. . ? | < PgUp | Pg Dwir

Occasionally, the techniques used to automatically select the liquid level will fail due to unusual well conditions such as the
presence of signals from tubing anchors, liners, restrictions, etc. so that the program will flag a signal which is not the fluid level.
If this occurs, the operator can adjust the liquid level indicator in two fashions:

e One method is to use the Prev Kick/ Next Kick controls to toggle the indicator between any other
"automatically flagged" points that might indicate a liquid level.

e The second method is to use the Left and Right buttons. These controls move the liquid level indicator
forward and backward in increments from 0.1 to 0.001seconds, as controlled by the slider at the right of the
buttons.

The operator should use one of the above mentioned techniques to relocate the indicator in the vicinity of the most appropriate
liquid level signal and then when the liquid level selection appears valid, the Depth Determination Tab is selected to proceed with
further data processing.
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It is also important to check that the start of the shot is detected correctly by the software. This may be verified and adjusted if
necessary by opening the shot detection screen using the Advanced Options button and making the necessary adjustments in the
following Worksheet.

6.1.1 - Shot Detection Worksheet

Worksheet: Shot Detection x|

— Methodz to Select BEeginning of Shat
Threshold Yolkage (I | [m]

{* Locate shot at Threshold Yoltage [default method]
™ Locate shot at or after Threshold Yaoltage acounting for possible gun noize
" Locate shot manually by positioning marker to shot beginning in graph below

¢ Left | [Right—>| —

3623 mv

=

aF. I Cancel

The marker should be aligned with the start of the shot. Use the arrow buttons to locate it manually if the Threshold Voltage
options are not effective due to excessive noise.

NOTE: See Section 7.44 for further discussion of the shot detection and fluid level quality control

6.1.2 Liguid Level NOT detected

Occasionally the software is not able to identify any signals that have the characteristics of an echo from any obstructions in the
wellbore nor from the liquid level. In such instances the program will display the following message:
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Twvid s ofmaare cold not aulcmaticaly seisct the [ auld lavel
Flease take the fallowing actions ko defanming the liguid level

13 Scan the trace from 0 o 1 secand using the move indicator buttons
1o detarming if the liguld lsxel is near the suface.
23 Apply the Low Pacs Filter to iy to accant the Bguid kavel.

1F (1) and (2] didn'twark:

24 Chiarge thea gas gun to a highar initis prassure and ne-shoot the wel
with a liarger initig! puse.

4 Toimprove the acaushc signal, indrease the casing prassurs and
re-zhood the well,

Generally the problem is caused by forgetting to open the casing valve between the gun and the well which results in high
frequency echoes, or by a very high fluid level less than 30 feet from surface. It could also be caused by a defective microphone

or cable connection.
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6.2 - Analysis of Acoustic Fluid Level Records
After acquisition and quality control has been completed the data is analyzed by sequentially proceeding through the
Depth Determination, Casing Pressure buildup, BHP and Collars tabs as described below. Analysis of the data is
generally done automatically by the software but occasionally the user may have to make manual corrections as
explained in the following sections.

6.2.1 - DEPTH DETERMINATION TAB
The Depth Determination tab is selected after a liquid level has been correctly identified. Three windows are displayed
on this screen; their functions are described below.

Select Liquid Level Ll Depth Determination I Cazing Pressurel BEHF I I:::ullarsl
Sec u] 1 2 3 L 5 G
coLL
I |
|
: ||
=
[}
=
|
|
Explosion |
(|0 |5|:u:| |1|:u:u:| |15|:u:| |2|:u:u:| |25|:u:| 2000 |35|:u:|
TS/ec 182882 Acousticvel [T15693 s RTTT |5.329 s |35.7865 Jts {33090
e [05 ta 15[Sec]] way |F Coarse ¥ &pply fotamatic Collan Caunt
" Fine |
[4-- -2
.}l |<. | |
|
B |
| |
Filter Type : IHigh Pazz j [ Show Depth Reference Line
I B2 my Scale:  Up | Quwnlﬂl
Analyziz Method: I,&.utnmatic j j < Pglp | Pq Dwn = |

The upper window displays a record of the raw, unfiltered acoustic signal. The duration of the record corresponds to the
time between the shot and slightly past the position of the liquid level as selected in the previous tab.

A detail of the liquid level selection is displayed at the lower right corner of the screen. A dashed vertical line is drawn
through the liquid level signal. The liquid level selection may be fine-tuned by returning to the Select Liquid Level Tab. The
thick colored band segment (one second in width) on the top trace marks the portion of the signal that is analyzed to calculate the
collar frequency. This portion of the signal is displayed in High Pass filtered form, in the window at the lower left of the screen.
The vertical scale of this window can be adjusted using the Scale Up/Dwn/Rst buttons. The maximum peak to peak amplitude it
this segment is also displayed in mV.
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The depth scale and the calculated liquid level depth shown on this screen are very close estimates obtained with
Automatic Collar Count of the data which is the default option as indicated by the check box in the following figure:

RTTT [5329  sec [38.7665 Jis (313090  ft

JTS5/zec I'I 5.2482

Acouztic Vel |'| 15E.93 ftis

£44

[05 to 1.5(Sec)]

FER |F Coarse

¥ | fpplydutomatic Callar Count

The collar frequency (+2Hz/-2Hz) determined from the one second data segment is used to design the band pass filter applied to
the signal to identify and count the collar reflections from the shot to the liquid level echo. The collar count terminates when the
signal to noise ratio becomes unfavorable. At this point a dashed vertical marker (labeled C for end of Collar count) is plotted on
the acoustic trace. ldeally this point should be as close to the liquid level as possible or at least past 80% of the distance to the
liquid level. If this were not the case the shot should be repeated with an increased chamber pressure in order to improve the
signal to noise ratio.

6.2.1.1 - Depth Reference Line
Checking this box displays a movable reference line that can be used to identify the depth of known features in the wellbore such
as a liner top, as shown below, or other changes in cross sectional area that may be used as markers for verification that the depth
scale has been computed correctly. The marked signal and its corresponding depth are displayed in the lower right.

Select Liquid Level T Depth Determination Caszing Pressure I EHP I Collars I
Sec u} 2 < 5] a2 10 12
C.d e
| |
| |
2 | |
iy s
b
| |
| |
Explosiaf | |
(it |o | 100 |2000 |3000 |aca |sn0o | |00 |z00n
JT5/sec [191208 Acoustic Vel [1239.01 fss RTTT [11.664 = [23213 Jis [7521.03
P (05 to 15(Sec] ] - |F e ¥ 2pply Autornatic Collar Count

" Fine |

|l

L EL

Filter Type : IHigh Paz=s j W Show Depth Reference Line S

I 225 my Scale: Up I annlﬂl IEI:I-IE"EEI f <_I_>| _J_

The example above corresponds to the signal (shooting down the tubing) created by a % inch diameter hole in the tubing in a
plunger lift well operating with a tubing pressure of 490 psi .
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In some wells, the collar frequency will change throughout the wellbore due to variations in acoustic velocity with
depth; this is why it is necessary to process the data more rigorously and actually count each individual reflection to obtain an
exact collar count. This count, which is one of the many patented features of the Well Analyzer, is done automatically and may
be displayed by selecting the Collars Tab as shown below:

6.2.2 - COLLARS TAB

This allows the user to inspect the entire acoustic trace after it has been processed to accent collar response. The
software displays the filtered signal and counts the joints to the liquid level. Vertical tick marks are drawn to each individual
collar reflection as they are counted. The collar display on this chart is obtained by digitally filtering the acoustic data at the
precise collar frequency previously determined and shown on the depth determination tab in the lower left hand corner. The
collar count is continued until the signal to noise ratio decreases below a preset limit. The average collar frequency (jts/sec) is
multiplied by twice the average joint length (ft/joint), entered in wellbore tab of the well file, to calculate the acoustic velocity
in feet/sec.

Select Liguid Lewvel I Depth Determination I Cazing Pressure I eHr O Collars

18.43

18.57

18.55

Acoustic Yelocity |'| 174.07 ftizec Joints Counted IE"J ¥ Apply Automatic Collan Count
&coustic Yelocity I'I 25185 jtafsec Joints to liquid lewvel IE'B-EE=52

Bt |—31 ~a30 i Filter ‘width |16.622 |2n.622

Tirne ba 1 & last Callar ||:|_252 |5,112

?l < Poglp | Pa D >

The operator should strive to obtain the best possible collar count to insure an accurate fluid level and bottom hole
pressure calculation. If possible the collar count should include 80-90% of the total number of collars in the well. A low
percentage of collars counted is an indication that the signal level may be too low and close to the noise level or an inaccurate
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collar frequency is used. The operator should repeat the shot with greater pressure in the chamber in order to improve the signal
to noise ratio. (NOTE: the above figure corresponds to the “advanced analysis” presentation.)
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6.2.3 - FILTERING OPTIONS

Estimation of the correct collar frequency may be enhanced by applying a band pass filter to the raw data (shown
below). This may be done in Manual Analysis mode. Examples of raw data, high pass and band pass filtered data are

shown below:

Filter Type [Faw Data =]

Accoustic Y elocity |1 18063 fris

¥ | Snply dutomatic ol ot

JT5 a0 IW
Ll % Goarse _[

[1.0 to 20[5ec]]

I

I 1.2 iy

48 |
4]

{7 Fine

[= - = |

.>| |<.

IEE

Scale:  Up | Quwnl HStl Analysis Method: I.i‘-.utumatic

Selecting the High Pass filter eliminates the low frequency components:

Lo

Filter Type [High Pass =l

Accoustic Yelocity |1 180,63 ftis

I | s bamatic: e lar Eatnt

JT5/ sec IW
LI % Coarse I

[1.0 to 2.0 [Sec) ]

I 434 my

£ Fine
[
Scale: Up | Down | Ast| anabsis Methad: [Auomatic

The data may also be filtered with a Band Pass filter that is centered at the collar frequency and has a width of +/- 1 Hz.
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The following figure shows the result of applying the band pass filter

Filter Type IBand Pazz ﬂ ¥ | ppli Aotematic Eallar Eotr

Accoustic Velocity |11ED.53 ftfz TS /zec I'IE.EEE
L [1.0 ta 20([Sec]] e | % Coarse _[
CF
|2-

e

< |
<..
-

Sl |

T
=
I 17.9 mv Scale:  Up | Quwnlﬂl Analyziz Method: I.ﬁ.utumatic

6.2.4 - CASING PRESSURE TAB

This form displays a plot of the casing pressure, and the change in casing pressure versus time during the period the
casing valves are closed. This data is used to calculate the annular gas flow rate and estimate the amount of gas present in the
annular fluid column.

An audible tone will sound every 15 seconds as the casing pressure is measured. The casing pressure data will be
collected for a maximum of 15 minutes and then acquisition will be automatically terminated. The operator has the option to end
the data collection at any point that is deemed suitable. Generally, two minutes are sufficient time for measuring an accurate
casing pressure buildup rate. The casing pressure buildup should be terminated by pressing the Abort button in the acquisition
screen, which also turns off the amplifier and conserves the Well Analyzer's battery energy.

As the casing pressure data is being collected a line will be displayed to allow the operator to verify the consistency of
the data.

Select Liquid Lewvel I Depth Determination O Casing Pressure I EHF | Collars |

4,00 q

3.20 =
O/D
0"

2404 o

o =

o 7
[olea
150 & o
-
loPiead
050 O/O/
ol
Q/

og”
HE0g 300

Change In Pressure |3.21707 psi I Allways Fit Through Last Paint

Adjust End Point

Change In Time |4 miry
< - Left Right - > 5 =
e | it | crov | o]
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The line is drawn from the first point to the last and all the other points should lie on or next to that line. This plot will
normally indicate a consistent buildup rate. A consistent buildup rate is an indication that the well is performing in a predictable
steady state manner and that the data is satisfactory for analysis. If serious deviations from the straight line exist, the well may not
be completely stabilized.

At the bottom of the form are buttons to adjust the fitting of the line to the data. Adjust end point: Left-Right are used to
override the automatic fitting (Fit Through Last Point) in case extraneous data points are recorded.

6.2.5 - MANUAL ANALYSIS

Manual Analysis is used for detailed examination of the acoustic data and for those cases when the software is not able
to complete the Automatic Analysis such as in the presence of a very high liquid level. The display of the raw or filtered data is
used to view the signal one second at a time using the scanning buttons:

L4k [05 to 1.5[5ec] ] (s
to move through the signal and select any one-second interval.

Filter Type IFlaw Diata j ¥ Apply Automatic Collar Count

Arccouzhc Welocity |-|1g|:|_53 ftez TS /ze0 |1g_522
€44 [1.0 to 20(5ec] ] 2y | % Coarse f

" Fine

-+l -

DLtk

I 512 m Scale: Up | annl Hstl Analysiz Method: | Manual

Using these controls it is possible to inspect the signal in great detail to identify the collar reflections as well as signals generated
by changes in cross sectional area such as liners, mandrels, seating nipples, anchors, perforations, etc. At each position it is
possible to apply the filtering options to enhance the appearance of the signal.
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The vertical scale can be expanded by selecting Scale Up:

I|| " Fine
l<- - -]
i
o
-
w i Scale: El Analyziz Method: W

The vertical scale can be compressed by selecting Scale Down

™ Fine
- - -3

| f¢-

{.-
-3

151 8 my Scale; Rst] Analysis Method: IManuaI

Selecting Reset returns the vertical scale to the original default value:

" Fine
l¢-- -3
2| l<-
e
-
m i Scale: Up Analyziz Method: Im
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The following figures show various portions of the example well acoustic signal viewed in the Raw Data presentation.

0 [20 to 3.0(5ec]] Vol 444 [45 to 55 (5ec)] LI & Coarse
_ " Fine £ Fins
les5 25 - - 5]
] k- | -] I |
i | < |
- | = |
m i Scale:  Up | Qownlﬂl Analysis Method: W lw v Scale:  Up EI Analysis Method: W

Signal from 2 to 3 seconds Signal near Fluid Level

The Manual function can be used in two ways:
1- to examine in detail the acoustic signal after collar processing has been completed,
2- to process the collars using the frequency contained in a selected portion of the trace.

In each window are displayed vertical markers (11 point dividers) which can be positioned in alignment with the first identifiable
collar signal using the arrow control buttons:

L

These controls move the dividers left or right.

The spacing between vertical markers is adjustable by using the spacing controls:

St

-] [¢-

Y

These controls adjust the spacing of the dividers

The operator has the option of processing any 1-second interval of raw data shown in the upper trace to determine the
liquid level depth. Occasionally, due to a poor gas-gun connection to the well, excessive noise, a liner, paraffin or other anomaly
a signal of poor quality may be present in the portion of the acoustic trace that the computer selected to determine the collar
frequency. An incorrect collar rate could thus be determined resulting in an incorrect liquid level depth. If this is the case, an
alternate signal segment may be selected by the operator where the collar raw signal is more clearly present with less noise or
interference. The following section describes the procedure for manual analysis of the collar count.

In the Manual Analysis mode and with Apply Automatic Collar Count unchecked, toggle through the acoustic data
and select an interval, between the shot and liquid level, which contains distinct collars and no anomalies, as shown in the

following sequence of figures:
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Filter Type IFlaw Data 'I [ &pply Automatic Collar Count

Accoushic Welocity |-| 187.27 Itz JTS4%ec [18.7265
“el [25 to 35([Sec] ]
[<- - - |
_>| |<_ |
<.. |
-3 |
Analpziz Method | Manual j

1-Select the signal interval to be used.

Filter Tupe gl

[ &pply Automatic Collar Count

Accoustic Velocity |-| 187 27 ftis JTS/sec |-| o 726G

<4e [25 to 35 (Sec)] p5%3

[

Accoustic Velocity |-| 209,92 ftis TS/ zec |-| 9.[54

<<< [25 to 35(5ec]] >

<- -

2| ¢

kL

Analysis Mathad |Manual _
nalsis Mathod [Manua 2-Filter signal as needed

I<- - o]

-l le- |

3-Align first marker with collar signal

Accoustic Yelocity |1 165.44 fts JTS/zec |1 7 3a24

<<< [25 ta 35(Sec)] (i

>I |-

4-Adjust marker spacing to match collar
frequency
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From step 3 to step 4 notice the change in collar frequency (and acoustic velocity) from 19.08 jts/sec to the more
representative 18.38 jts/sec in the final frame. If desired, all of the complete trace can be filtered with a narrow band-pass filter
centered at the frequency of this collar rate and a new collar count undertaken by reselecting Apply Automatic Collar Count as

shown below:
Select Liquid Level [ Depth Determination Casing Pressure I EHP I Collars I
Sec u] 1 2 2 4 ] G
cooL
I ]
|
z ||
o
E
|
|
Explosion |
(1 |o |50 | 1000 1800 |2000 |2500 3000 |00
JTS/sec [18.5185 scoustic Vel 117407 fs J3.6852 Jis {32832

£4d [25 to 35 ([Sec]]

2y | % Coarse

Filter Type : I High Paz= j

I 100 mi Scaler Up | QDWHIEI

Analyziz Method: IManuaI

[

Iv Apply Automatic Collar Count

[™ Show Depth Reference Line

ﬂ <F'gL||:|| F'ngn>|

When you align the vertical black lines (11 point dividers) you are determining the Acoustic velocity. The closer the
spacing of the vertical lines then the faster acoustic velocity is determined by TWM. If you check the “Apply Automatic Collar
Count” box, then TWM automatically counts collars over the acoustic trace and displays the collar count on the Collars tab. The
acoustic velocity determined on the Depth Determination tab is used to help in filtering the signal to process the automatic collar
count on the Collars tab. The acoustic velocity from the Collars tab is displayed in the BHP tab, if you check the “Apply
Automatic Collar Count” box. If you uncheck the Apply Automatic Collar Count” box, then TWM uses the Acoustic Velocity
determined for the 1 second interval selected on the Depth Determination and displays this acoustic velocity on the BHP tab.
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6.2.6 - BHP TAB

This Tab computes the BHP based on the measured acoustic fluid level and casing pressure data in conjunction with the well and
fluid data in the well file. The objective of this display is to provide a complete analysis of the well conditions at the time of the
measurement. The display is divided in two sections:

e On the right is a schematic diagram of the wellbore indicating whether the well is Producing or Static and whether the
well is Vertical or Deviated and the results of flow and pressure calculations.

e On the left are several blocks containing data about the well's performance, fluid data and reservoir parameters.
Once the producing bottom-hole pressure is calculated, the value is compared to the static bottom-hole pressure and
Vogel's IPR relationship is used to determine the well's inflow performance efficiency and the maximum obtainable flow rates.

The user may select Productivity Index as an alternate relation to determine the well potential.

In the BHP screen, the wellbore schematic (on the right half of the display) shows the position of the annular liquid level as well
as the position of the pump intake in relation to the formation depth.

Select Liquid Le'-.fell Depth D eterminatiorn Casing Pressure 1 BHP | Collars

— Production : Wwiall State:
. Current Potential Lasing Pressure .
ail IEEI IEd.d EEL/D |12?-9 pi [g] IF'ru:u:qu:ing j
WA ater |EI:| I,‘."?_g BEL/D Cazing Pressure Buildup — Annular

|-|_3— b Gas Flow
Gas [40.0 |51.5 bsch/D IT " |_2?- b sch /D

= o L]
I etied IngEl J G as/Liquid Interface Pres, Lz

PEHP/SBHP [042 [408  psig 8
Elrcf:u[f ti”g.t.Efﬁ':iemy 77 % | LaidLeveiDept Linuid Below Purp
Lid Densi IESD“ |3|:|— deg APl kD Iw ft - ID— y
Water I'IEIE— SpGErHZ0 Pump Intake Depth Wi ater IW 4
Gas Gravity II:I?'.EI— Air=1 MO Iw it % Liguid Below Pump
Aoouztic Velocity W fis = -

Liquid Below Pump... |

i

Formation Depth

MD |5221.DEI ft

Pump Intake Preszure

[4113 pi [

FEHF

|431 B pzi [g]

Pump Submergence
Tatal Gazeous Liquid Caluren HT [TYD] 1984 ft

Equivalent Gas Free Liguid HT [TYD]|749 fk
Comrent Feservoir Pressure [SEHP]
W11FERZ4.401 |'||:|53.E pzi [g]

ﬂ <F'gL||:|| Pog D >
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The following parameters are displayed on the BHP diagram and are labeled as follows:

Casing Pressure: This is the casing head pressure, either measured automatically by the Well Analyzer or entered
manually in the well data screen.

Casing Pressure Buildup: This is the rate of change in casing head pressure as a function of time when the casing head
valve is closed, expressed in PSI per minute. It is either calculated from the slope of the line of the casing pressure vs.
time screen or entered manually.

Annular Gas Flow It is the flow rate of gas bubbling through the annular liquid and normally being vented through the
casing head valve, Mscf/D. It is calculated from the casing pressure buildup rate and the annular volume.

% Liquid This is the calculated percentage of liquid present in the annular gaseous liquid column. It is calculated from
the annular gas flow using a correlation based upon field data.(see Acoustic Determination of Producing BHP paper)

Gas/Liquid Interface Pressure (PSIG): This is the calculated pressure at the depth of the gas/liquid interface. It is
calculated from the casing head pressure by adding the weight of the gas column.

Liquid Level: This is the depth (in feet) to the gas/liquid interface as determined from the Echometer survey. It
corresponds to the depth calculated and displayed in the BHP Tab. The distance to the liquid level is equal to the
acoustic velocity x the RTTT/2.

Formation Depth: This is the datum depth (in feet), as entered in the well data screen, at which the program will
calculate the pressure.

Pump Intake Pressure this is the pressure in the annulus calculated at the depth of the pump intake (depth to SV)
PBHP: This is the calculated producing bottom-hole pressure at the datum depth.

Reservoir Pressure (SBHP): This is the shut-in BHP as entered in the well data file.

The information on this schematic diagram is a complete representation of the well's operating conditions at the time of the
survey. The left-hand side of the display shows the following information:

Production
-The current oil, water and gas flow rate data from the most recent production test as entered in the well data file. This

information is used in subsequent calculations of well performance and should be as recent and as accurate as possible.

-The potential maximum production rate if the producing pressure (PBHP) were reduced to zero, based on the selected IPR

Method.

IPR Method - The selected method for representing the well’s performance: (Productivity Index or VVogel IPR)
PBHP/SBHP-This is the ratio of the current producing bottom-hole pressure to the shut-in bottom-hole pressure. A
value of 1.0 corresponds to a shut-in well. A value of zero corresponds to a well producing at open flow or maximum

production rate.

Production Rate Efficiency %: Expresses the current well test flow rate as a percentage of the calculated maximum
flow rate.
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Fluid Densities:
e API Oil - The stock tank oil gravity.

e Water SG - The specific gravity of the produced brine (water = 1.00).
e Gas SG - The specific gravity of the gas in the annulus (air = 1.0). The specific gravity is calculated from the

measured acoustic velocity. The gravity of the gas in the annulus is probably different than the specific gravity of the
separator gas since these have different compositions.

Liquid Below Pump

By default the program computes the % liquid and considers that the liquid below the pump is primarily produced water,
regardless of the produced WOR. The user has the option of changing these values by clicking on the Liquid Below Pump
button and entering his choices in the following worksheet:

|l wORKSHEET: Liquid Below Pump x|

MOTE: Uze the following inputs bo dezcrbe the fluid located between
the bubular intake and the formation.

— Fluid Compozition Below Tubular [ntake

¥ [Default] Azsume 1005 Wwater below tubular

" User Ertered
t
i il I':' 4
W aker I'IEIEI %

— % Liquid Below Tubular Intake

i ¥ [Default] Use Calculated the liguid &

" User Ertered

% Liquid I &

h
k. I Cancel

Additional Parameters
e Acoustic Velocity: This is the speed of sound (ft/sec) of the annular gas calculated as follows:

Method Option Tab where displayed Velocity Value
Automatic Collar Average velocity
Downhole Marker Feet or joints to marker Depth Determination Average velocity
Manual Collar Count Collar Average velocity

No collar count Depth Determination Constant velocity
Acoustic Velocity Entered Depth Determination Constant velocity

Gas Gravity

Gas Composition

e Reservoir Pressure (SBHP) - This is a best estimate of the stabilized shut-in formation pressure.
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e Method - Annotation giving information as to how the reservoir pressure was determined. The best method is to let the
reservoir pressure increase by shutting-in the well while automatically recording an extended pressure transient build-up
test (See section 6.0). Alternately the shut-in bottom-hole pressure is determined from an echometric survey after a few
days of well shut-in status, when the fluid level and casing pressure have approximately stabilized.

e Pump Intake Depth is the depth of the pump’s Standing Valve (SV).

e Total Gaseous Column HT is the vertical height of the fluid column above the pump intake including the total volume of
the mixture of free gas bubbles and liquid.

e Equivalent Gas-Free Liquid HT expresses the height above the pump to which the liquid present in the annulus would
exist if all the free gas were removed. This quantity is calculated from the annular geometry and the % Liquid value
calculated from the casing pressure buildup rate.

It is very important that the well data be accurate. All these values are used by the program in the calculations of bottom
hole pressure and the performance analysis.

ECHOMETER Co. 116 10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

6.2.6.1 - Static Bottom Hole Pressure

When an acoustic test is taken in a well that has been shut-in for a period of time (intentionally or because of mechanical
problems) and the objective is the determination of the Static Bottom Hole Pressure (SBHP) this should be indicated to
the software at the time of acquisition of the data by selecting the Well State pull-down menu as shown in the following

figure:
O &coustic |
0.a01 4
z
i
=
4
&
-0.0i1 . . . . ,
00:00 00:30
Pre-Shot Meazurements——— 1 INSTRUCTIOMS Well Gur: wabl? Explozion Pulze
Background Moize Within 1 Second Interval: Fiist - Charge the gas gun.
Peak-Peak ||:| i Second - Close the gas gun bleed valve.
Third - Open the caszing valve between the ga: gun and the well.
Preszure Tranzducer PTE489 Fourth - Cloze the casing valve to the Howline.
Preszure IIZI_1 pzi [a] Prezzure transducer and electronics require
T ‘ I?E'EI— — 20 seconds to stabilize.
sl =t For best prezszure data, wait 20 zeconds before proceeding.

[5LT- 5] FIRE SHOT!

Elapzed Time |1 594 FEC |

B attery “Yaoltage |-| 49 wlk whell State I Producing

ﬂ <F'gL||:|| F'ngn>|

and selecting “Static”
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Pre-Shot Measurements————— INSTRUCTIONS Well Gur: wgBl? Explosion Pulze

B ackground Moize Within 1 Second Intereal: et - e T s e

Pealk-Peak ||:| s Second - Cloze the gas gun bleed valve.

Third - Open the cazing valve between the gaz gun and the well.
Prezsure Transducer: PTE489 Fourth - Cloze the cazing valve to the flowlne.
Preszune IEI_'I psi[g] Pressure trangducer and electronics require
T ‘ I?EEI— - 20 zeconds to stabilize.
Sl o8 ) =a For best pressure data, wait 20 secondz before proceeding.

[&LT- 5] FIRE SHOT!

Elapzed Time |3|:|_2 TEC |

Battery Yoltage |-| 49 wilk Well State IM TI

ﬂ <F'g|L||:|| F'ngn>|

The data acquisition procedure remains unchanged from the usual steps but it is recommended that a comment be
included once the data is acquired that also notes the length of time that the well was shut-in:

O 4coustic |

0.0040 4

0.0024 4

0.0002 4

ACOUSTIC (W

-0.0002 4

-0.0024 4

-0.0040 : . . . .
00:00 00:19

SAYE RECORDED TEST DATA?

Enter a zhort description far the recorded Test Data

Pre-5Shot Meazurements
B ackground Moize “Within 1 Second Interval:

Peak-Feak IEI i

Freszure Transducer: PTE489

I— ] The recarded Test Data will be zaved to the curent Data Set which
PEsisE L psi lg] ig gtored in the following DOS file;

T emperature I?E.EI deg F Test.009, 0342604 - 1356
Elapzed Time |15_4 TEC

|5tatic BHP - well shut in 2 davd

Drescription:

E attery Yoltage |-| 49 wiolt
Save I

Catricel | |
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The comment will appear in the description of the test:

O 4coustic | Dynamumeterl F'u:uwera’EurrentI Lig. Lewvel Trau:kingl Prezsure Transientl GD.-i'-.I
Drate/Time | Test Tvpe | Status | Serial Mo | D escription
03/26/04 14:0710F  SINGLESHOT PTE423 Static BHP - well shut in 2 days

In a static well that has reached a good level of stabilization, the casing pressure generally will remain constant or slightly

decrease during the 2 minute test as shown below:

Select Liguid Level I Depth Determination [ Casing Pressure I EHF I Eu:ullarsl
Senzor SHPTA40E7 Cazing Prezsure Buildup Wiorking pressune pzi [a]
1.00 -
- 116.00
0.80
-115.80 g
£ 0.60 Z
o - 115.60 T
g 0401 g
o 11540 2
m p—
£ 0.20- Ed
= 115,20 =
0§ —=rair-z----- ek el 0 S a e (et Rttt St Bt ol Rttt Pt ol Bt sl ottt Sttt R
T T T o — % -115.00
0.20
0 2.00
Delta Time {min)
Casing Pressure |1 151 pzi [g] ¥ Always Fit Line Through Last Paint
Edjust Straght-Line End Faimt
Change In Preszure I-EI.EIEE pzi
|7 e e
Change In Time |1.?5 it
¥ Caszing Pressure Parameters Determined From Data Displayed Above [Measured with "ell Analyzer] ) | < Pglp |

This is an indication that the annular fluid consists of a column of 100% liquid (oil and water). In order to obtain an accurate
calculation of SBHP it is necessary to account for the liquid that was present in the wellbore BEFORE the well was shut-in and
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calculate the % of oil and water in the annulus taking into account an afterflow Water/Qil ratio equal to the producing Water/Oil
ratio

Select Liguid Level I Drepth D etermination I Casing Prezsure 1 BHP | Collars I

— Production ) el Shabe:
Cument Patential Casing Pressure
Oil {27 | BEL/D [1151 psi (a] Static R
Wl ater |‘| 97 I BEL/D Cazing Prezsure Buildup
I-EI.EIEB pzi
Gas [4.0 | Msct/D D Column Height
|1 .ih i MD

IPR Method IU':'QEI Gas/Liquid Interface Pres. I1384 ft

|
FEHP/SEHP | [181  psilg
TR

Producting Efficiency 0.0 b4 Liquid Lewvel Depth
Fluid Denzities
0i |33— deq Pl kD |3595.E|4 ft

Wi aker I‘I s Sp.GrHEO whater Column Height

Gas Gravity IIZI.EIEI Air=1 IMD—
J365 ft

fts'z
Farmation Depth

kD |?‘?‘1E.EIEI ft

SBHP Workshest.. |

Pump Submergence

Comment

Rezervoir Preszure [SEHP)

SEHP well shut in 2 days |2'I I2E pai [g]
ﬂ <F'g|_||:|| Fg D =

At this point the indicated SBHP (2132.6) is not correct since the annular gradient calculation does not include the fluid that was
present in the well prior to shut-in. The correct calculation is done by clicking SBHP Worksheet button.

This displays the following data input form:
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Analyziz.

Liquid Lewvel

— Praducing Caze

Percent Liguid

I'IEIEI

X

L]

Reservoir Pressure (Shut-In Case)

STATICBOTTOMHOLE CALCULATION

T hiz option ig wzed when computing the battombole prezsure in a purmping well which iz shut-in. The static
measurement iz then used as an estimate for the reservaoir prezsureand iz required for the [nflow Performance

HOTE: The well should have been shut-in for several daps to weeksl
All depthz should be entered az meazured depths.

Cloze

Calculate

il

x|

— Static Caze

Cazing Preszure

Liguid &=

ISESE. 04 ft

Pump Diepth

[7704.00 it

Formation Depth

I??1 8.00 ft

[115.1 psi [g)

il

|1 386 ft

W aker

IES?E ft

SEHF

|2'I 388 psi [g]

[+ &pply Producting Case to Static Bottor Haole Pressure Calculations

The Producing Liquid Level and % of Liguid that were recorded for the last acoustic fluid level measurement that was recorded

prior to shut-in are reviewed in the following figure:
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Select Ligquid Levell Drepth Determinatinnl Cazing Pressure O exr I Collarz I

— Production : wiall State:
_ Current Patential Casing Pressure _
ail ISE ISE_‘I EEL/D |54-2 pzi [g] IF'rn:ndun::ing j
W ater |2'| 0 |222_5 BEL/D Cazing Pressure Buildup Sy
i [az Flow
Gas [5.0 [5.4 Mscf/D st s o
[2:00 il [

— 5 Lioui
125 ethad Iﬁ"f':'g"E’I J Gas/Ligquid Interface Pres. B;_lquu:l

PEHF/SEHF IEI.'I? IEEI_E psi [g]

Producting Efficiency I'EI4.4 i Liquid Level Depth
Liquid Below Pump

Fluid D enszities
. D IET-".'-"E.?'I ft
il |33 deq.AF il ||:| a
W ater I'I_EIE SpGrH20 W at I'IEIEI b4
P Pump Intake Depth i
Gaz Gravity II:I_EIE Air=1 WD I.'-"?EI4.EIEI it % Liguid Below Pump
|E|4 4
Acoustic Velocity |1EIE=3.4? ftfs

Liquid Below Pump... |

Formation Depth

=] |?‘?‘1E.EIIZI fi

FPump Intake Preszure

|34E|. ¥ psi [g]

FEHP

|354. 2 pzi [g]

Pump Submergence

Total Gaseous Liquid Column HT [T |E|25 ft
Equivalent Gaz Free Liguid HT [TD] IEH:IEI ft

Comment Reservoir Prezsure [SBHP]
ACU Test |21 a5.3 psi [g]

The values of liquid level depth (6779) and % Liquid (87%) that were present in the wellbore, before the well was shut in, are
entered in the corresponding fields at the left of the form as seen in the following figure:
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Reservoir Pressure (Shut-In Case) E[

STATIC BOTTOMHOLE CALCULATION

Thiz option ig uzed when computing the battomhbole prezsure in a pumping well which iz shut-in, The static
measurement iz then uzed as an estimate for the reservaoir pressureand iz required for the [nflow Performance
Analyziz.

HOTE: The well should have been shut-in for several davs to weeks!
All depthz should be entered az meazured depthz.

— Praducing Caze — Static Caze

Cazing Pressure

|1 151 p=i (0]
Liquid @ o
icqui
|1 364 ft
|3595.U4 ft

Liguid Level
IE??EI ft

W aher

Pump Depth o1h "
Perzent Liquid I??D#UD ft

. Formation Depth
I_B? 5 F SEHF
|??1 2.00 ft I2I]58.1 psi[g]

¥ Apply Producting Case to Static Baottom Hole Pressure Calculations

Clicking the Calculate button performs the correction and records the correct SBHP (2058.1 psig) in the well file and in the BHP
tab:
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Select Liguid Lewel I Depth Determination I Cazing Pressure O exF | Collars

~ Production : Wwiell Skate:
Current Patential Casing Pressure
Qil [27 | BEL/D [1151 psi (g] Static =]
Wt aber |1 q7 I BEL/D Cazing Prezzure Buildup
I-EI.EIEE pzi
Gas |4'|:I I M zch/D 0l Coluran Height
I'I s riin WD

IPR hethod IVDQEI Gas/Liquid Interface Pres, |13‘34 ft

El
PEHP/SEHP [ [i281 psita)
T

Producting Eficiemncy 0.0 4 Liquid Lewvel Depth

Fluid Denzitiesz
Dillz-,g—degﬁF'l (] |3595.I34 ft

Wiater |1.06 Sp.GrH20 Wwiater Column Height

[3as Grawvity IIJ_EEI Air=1 kD
|321 8 ft
Acoustic Welocity I'I 113.36 ftiz
Formation Depth

SEHP 'wWarksheet... MO I??‘IE_DD ft

Purnp Submergence

Comrment Rezervoir Prezsure [SBHP]

|2|:|5E=.1 psi [g]
ﬂ <F'gL||:-| F'ngn>|

SBHP well zhut in 2 days

The newly determined SBHP of 2058.1 psi is also updated in the well file in the Conditions tab.

— Pressure [Al-1]

Static BHP IEEIEB.1 psi [g]

Static BHP Methad [4coustic |
Static BHP Diate |m /0842001 |

Producing BHF I'I 436.9 pzi [0]

Praducing BHF Methad I.-'-‘-.I:Dustic

[ 1

Producing BHF Date II:IE.-'EIF".-"EEIEI'I

6.2.6.2 Static BHP upon Recalling Data

If the BHP correction is not done at the time of acquiring the test data, it can be done later upon recalling the test data, going to
the BHP tab, selecting “static” as the well state and entering the producing data using the SBHP worksheet as shown above.
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6.3 - Special Processing of Acoustic Data

The Well Analyzer is intended to be used successfully in all possible applications throughout the world. As such it is
designed to provide the capability to process data from wells where unusual conditions exist such as very shallow liquid levels,
annular partial obstructions, flush pipe without collars, short tubing joints, etc. The following section describes the special data
processing procedures.

Some of the wells will have liners, upper perforations, paraffin, odd length of joints, poor surface connections and other
conditions which result in an acoustic chart that may be very difficult to interpret. Normally, the computer and software locate
the liquid level and then process collar reflections in order to obtain a collar frequency (jts/sec). The acoustic data is filtered by a
narrow band-pass filter centered at this frequency and the program will automatically attempt to count all of the collars from the
initial blast to the liquid level. The automatic analysis will correctly determine the liquid level depth for 95% of the wells.
However, some wells will have conditions or anomalies such that these procedures will not function as desired.

If the time to the liquid level echo is less than 1.0 seconds, the operator should consider using one of the special
processing options. However the special processing techniques are available whenever the automatic collar count is not
satisfactory.

Special processing assumes that the position in time of the liquid level has already been determined by the operator by
positioning the movable indicator line on the liquid level signal.

6.3.1 - Shallow Liquid Level

If the round-trip travel time between the surface and the liquid is less than 1.0 seconds, it is difficult to pick the liquid
level automatically in shallow wells and the operator may be required to move the liquid level indicator manually. A sample
shallow well data file is shown below.

O Select Liquid Level | Diepth Determination Casing Pressure I EHP I Callars |
Sec 1) 1 2 3
|
2 |
o
2 ¥
Indicatar @ |2 364 sec [ Apply Low Pass Filter Maove Indicator < - Left | Right - > | .—J

Go to Automatically Selected Kicks

<< Prew Kickl Mext Kick >> | Feset |

Scale Shot Trace

Scale Up | Scalegownl Feset |

|
|
[8l-1] Gun Parameters——— |
|
|

Pulse Type: & Egplosion  [mplosion

The indicator may be moved left to right by using the Left and Right controls. These keys move the indicator in
increments and will allow the operator to position the indicator close to the liquid level.
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Depending on the length and quality of the signal the Automatic Analysis may determine the depth to the fluid level correctly as

shown in the next figure

Select Liquid Level [ Depth Determination Cazing Pressure I EHF I Collars I
Sec u] 1 2 2
[t LLL
|
|
E |
o — .
E T
|
|
Explosion | |
(fty [0 |1EII:II:I |15EII:I
JTS/sec [16.5563 Acoustic Vel [T04367 fiss RTTT [2364 39 [38.4895 Jis 122012 f
cix [05 to 1.5(5e]] . |F Fass ¥ Apply Automatic Collan Caunt
£ Fine |
[ - =]
-l I | |
|
e |
= |
Filter Type : ™ Show Depth B eference Line
I 176 mi Scale: Up | annlﬂl
Analyzsis Method: I,-i'-.ut.:.mati.: j ﬂ <PglUp | Fq Dwn>|

. This may not be the case especially when the fluid level is very close to the surface as is discussed in the next section on Very

High Fluid Level.
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6.3.2 - Very High Fluid Level — Manual Processing

When the fluid level is very close to the surface, such as in shut-in wells with high BHP, the acoustic signal will include
a large number of multiple fluid level echoes (repeats) and the signal amplitude may be driven off scale as shown in the

following figure:

O Select Liquid Level Depth Detemination Casing Pressure I BHF'I Callars

)

Indicator @ IW 251 TEC [~ Apply Low Paes Filter Move Indicator £ - Left FRight - > J—

Go to Automatically Selected Kicks
<< Prev Kickl Hest Kick »» | Feset I

Scale Shot Trace

Sec o

316 my

Scale Up | Scaleguwnl Fieset |

Pulse Type: % Eyplosion ¢ Implosion

\
[&lt1] Gun Parameters————— ‘
\
\

Notice also that the software has not identified the correct fluid level signal but a repeat of the liquid level. The user
should first adjust the scale amplitude and then move the marker to the first liquid level reflection:

O Select Liquid Level I Depth Detemination | Casing Presswe|  BHP|  Collars|

Sec o 1 2
|

3162 my

Indicatar & [0.623 $80 [~ Apply Low Pass Filter Mowve Indicatar

Go to Automatically Selected Kicks

<& Prev chkl et Kick »> | Reset |

Soale Shot Trac
Scale Up | Scale Down | Reset |

Fulse Type: &% Eyplngion ¢ Implosion

!
[&lt-1] Gun Parameters—————— |
|
|

Next, select the Depth Determination tab to obtain an estimate of the fluid level depth:
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Select Liquid Level I Depth Determination |

Casing F‘ressurel BHF‘l Collars |

Sec x)

216.2 mv

Explosion

(it |o

L

|250

<< | {00 to 1.0(5ec)]

JTS/sec [12.21 Anoustic Vel |?58.974 ftds

32 IG' Coarse

© Fine

1

E 750

RTTT [0.623

ser |?.BDBS4 Jts |238 42 ft

Filter Type : H|gh Pass

[ 4868 nv  Seale Up |gawn ﬁl

mE

Analysis Method:

Autamnatic

[~ Show Depth Reference Line

ﬂ <F‘gUp| F‘ngn>|

This is a wrong estimate of the liquid level depth because the accuracy of the automatic collar frequency determination
is affected by the presence in the time window of the high amplitude and low frequency signal from the liquid level.

Manual interpretation and filtering will yield a more precise fluid level by adjusting the dividers to match with the collar
signals identified in the detailed window as shown in the following figure:

Select Liquid Level LI Depth Determination I Casing Pressulel BHF‘I Co\larsl

Sec

o
b

1 4

|son [ 000

[00 to 1.0(Sec)]

Z
o
©
5
Explosion
(1o
JTSf’sec |2D 4433 Acoustic Vel |12?1 17 ftis

B |(3' Coarse

Filter Type : ngh Pazz

<

" Fine

RTTT[0B22  sec [127a03 ot [3587

[~ Show Depth Reference Line

[T 47 v Scae U |Down st
Analpsis Method: | M anual 'I

j <F’gUp| F‘ngn>|

This yields the correct acoustic velocity and fluid level depth.
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6.3.3 - SPECIAL PROCESSING - VELOCITY INPUT -

The simplest optional technique available for determining the distance to the liquid level depth is for the operator to
enter the acoustic velocity. The velocity can be obtained from prior data measured in the field, from plots of acoustic velocity
from computer programs, or calculated. The acoustic velocity of air at 820 F is 1140 ft./sec. The velocity of 0.8 SG hydrocarbon
gas at 50 PSI and 90° F is 1175 ft./sec. The velocity of hydrocarbon gas varies from a practical minimum of 600 ft. /sec. to 2000

ft / sec. (at 5000 PSI) to 3500 ft/sec (at 15000 PSI).

Information about acoustic velocity of hydrocarbon gases at various

pressures and temperatures can be obtained from Echometer’s web page www.echometer.com or by contacting the company.

Select Liquid Level O Denth Detemination |

Casing Pressure I

BHP|  Colars |

162 mv

Sec ) 1 b4

Explosion

3

4 Ll L]

Liquid Level caleulated using user supplied Acaustic
Yelacity.

Acoustic Yelociy I ftis

‘ Enter or Compute Yelocity... I

Analysis Method: IAcuuslic Welocity 'I

RTTT [5.329  sec dts | ft

™ Show Depth Reference Line

ﬂ <F‘gUp| F‘ngn>|

After selecting the Enter or Compute Velocity button the following input form is displayed.

Acoustic Yelocity Determination x|

= [4dt-1] Method
™ Calculate From Gas Specific Graviy

€ Calculate From Gas Compositional Analysis
% Enter Knawn Walue of &coustic Velocity

[ Update 'wellfile G az Graviy

Done |

Calculate

— [&lk-2] Input

Acoustic I—
Welocity s

Gaz Gravi I Ain=1

r Use Gaz Graviy Entered |n ‘well Data, Othenwize Use Gagz Gravity Calculated From
Entered Acoustic Yelocity [shown in R esults belaw)

Fesult

Liguid Level Depth I ft
Time to
Ll L] [6:325 seC

Gas Gravity I Sp.GralR
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This form provides three options:

1. Directly input a velocity value if known.

N

Have the program calculate the velocity based on gas gravity, pressure and temperature.

3. Have the program calculate the velocity given a gas analysis, pressure and temperature. These choices are made

using the radio buttons.

The range of acoustic velocity of hydrocarbon gases as a function of pressure and gas gravity is presented as a charts that can be
downloaded from Echometer’s web page. Appendix 111 shows typical values of acoustic velocity in hydrocarbon gases as a

function of pressure and temperature.

After inputting the velocity and selecting the Calculate button, the fluid level depth is displayed at the bottom of the form:

Acoustic Yelocity Determination '

— [&lt-1] Method
" Calculate From Gaz Specific Gravity

" Calculate From Gas Compositional Analysis

' Enter Known Yalue of coustic Yelocity

[ Update ‘wellile Gas Gravity

Done |

Calculate

x|

— [&lE-2] [nput

Aooustic
Velocity |1 176 ftds

r Entered Acoustic Yelocity [shown in Besults below)

Use Gas Gravity Entered |n 'well Data, Otherwize Usze Gas Gravity Calculated From

(52 Erawity I Air=1

Results

Liquid Level Depth |3'| 33.45 ft
Tirne to
Liquid Level [6.323 sec

Gaz Grawiy IEI.EEI'I 4 Sp.GralR

If the gas gravity box is not checked, the program will compute a gravity from the acoustic velocity that is input in this form and
use this gravity for subsequent calculation of pressure in the gas column. If the box is checked the program will use the gravity

entered in the well data file.
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Returning to the Depth Determination Tab, the fluid level depth is displayed with the annotation that it was determined from the

User Supplied Acoustic Velocity:

Select Liquid Level kI Depth Detemination Casing Fressure I BHF Collars I
Sec o 1 2 3 4 5 &
e
z \
™
©
’ |
Explosion |
ity o 500 1000 1500 ‘2000 |2500 |3000 |3500

Liquid Lewvel calculated using uger supplied Acoustic
Velocity.

Acoustic Velacity |1 176 ftis

Enter or Compute Yelacity... |

ATTT[5.328  sec [S88471 Jio [3M3345 R

I~ Show Depth Refersnce Line

Analysiz Method: IAcoustic Welocity i l

ﬂ <PgUp| Pngn>|

The options to have the program calculate the velocity from gas properties generate the following input and calculation forms:

Acoustic Yelocity Determination x|

~[Alt1] Methad

% Calculate From Gas Specific Gravibg

¢ Caleulate Fram Gas Compositional Analysis
€ Enter Enown Walue of Acoustic Yelocity

[~ Update wellfile G as Gravity

Done |

Calculate

— [Ak-2] Input

Surface Temp I?EI degF

%C02 ID
Bottomhole |1 40 degF

Temp %Hzs [0
Pressure I'I 279 psi [a]

Gag Gravity ID.SD1 4 Air=1

Mate: Acoustic Velocity iz calculated at entered
pressure and average temperature,

Results

Liquid Level Depth |3'| B0.27 ft
Time to
Liuid Level 15323 sec

Acoustic Velocity |1 186.06 ftds

And a known gas gravity is entered from which the acoustic velocity is computed.
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Optionally, the gas composition can be entered in the following form in terms of molar % and the Calculate button will display

the computed acoustic velocity and gas gravity:

Acoustic Yelocity Determination ﬂ

— [Alt-1] Methad
™ Calculate From Gas Specific Gravity

¥ iCalculate From Gas Compositional fnalysis

™ Enter Enown Value of Acoustic Velozity

[T Update wellfle Gaz: Gravity

— [Al-2] Input

Surface Temp I?EI deq F E
Baottornhiole |14|:| deg F

Temp

Pressure |1 279 psi [g]

Maote: Acoustic Velocity is caloculated at entere
pressure and average temperature.

20 mm o
o oo
ZNC4 [0
%05 [0
%NC5 [0

0

d ZCE+

Fesults

Liquid Lewel Depth ISEIEB.EH fE
Time ta
Liquid Level |5-323 s8C

[3az Gravity IEI.5531 Sp.Gralf
Acouzhic Velociby |1 48955  fils

In all cases the gas gravity that exists in the well file is not updated unless the box “Update WellfileGas Gravity” is checked by

the user.
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6.3.4 - Specify Downhole Marker - Indicator in full trace

Another optional technique is to locate a second movable indicator on a marker echo such as the top of a liner when the
liquid level is below the top of the liner. The operator moves the second indicator to the top of the liner and specifies the number
of joints (or the distance) from the surface to the liner. The program will automatically calculate the distance to the first movable
indicator, which was located at the liquid level or other anomaly of interest. This technique can be used either with the one
second data screen or the full trace. The following shows an example of this mode of processing using a well with a casing liner.

The top of the liner is known to be at 5240 feet.

s : PFL_Liner <Shot Trace> acq-[08/04/94 18:35:50] EXAM_LMN.AD3 - |EI|5
Tools  Help
O Select Liquid Level Depth Determination I Casing Pressure I BHF I Caollars
Eec 2 4 5} g 10 12 14 16 18
I
T .]]I\..,_..n
|ndicatar @ IS.ESB FEC [ &pply Low Pass Filker tove Indicator < - Left | Right --- > | .—J—

Go to Automatically Selected Kicks

<< Prey Kiu:kl Hext Kick »> | Fezet |
Scale Shot Trace
Scale Up | Scale Down | Rezet |

[&lt-1] Gun Parameters
Pulse Type: & Egplosion © Implasion

Note that the software flags the liner signal at 9.8 seconds, as being the most likely fluid level signal due to is high amplitude.
This is one instance where it is important to know the exact wellbore description in order not to make an error in fluid level
determination. Using the Prev Kick and Next Kick controls to identify other possible fluid level signals the software correctly
identifies the signal at 17.5 seconds as being a likely fluid level echo, as shown in the next figure. (This signal at 17.5 seconds
cannot be a repeat of the liner echo. The repeat echo would be at 9.8 X 2 = 19.6 seconds and that is past the end of the time

scale.)
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O Select Liquid Level Depth Determination | Casing Pressure | BHP | Collars |

Feo 2 4 =] a 10 12 14 16 13

i

|
e N

|

|

|

Indicataor (2 |1?.4EIE ZEC [~ Apply Low Pass Filter Mave Indicator < - Left | Right - » | .—J—

Go to Automatically Selected Kicks

<5 Preyv Kickl Rezet |

|
Scale Up | Scaleguwnl Fiezet | :
|
|
|

Scale Shot Trace

[&l-1] Gun Parameters
Fulze Type: & Egplozion © |mplosion

Continuing with the analysis and selecting the Depth Determination tab, the following figure is displayed:

Select Liquid Level 1 Depth Determination I Casing Pressure I EHP | Callars I

Beo 2 4 -1 2 10 12 14 16 12

:
- N

losion

|
|
I |
0

(ft) [0 |1000 |2|:|00 |3000 |40|:|0 |5000 |5000 |mno |8000 |QDD
TS /e |—1?_3913 ] |—1u?0.51 fts RTTT [17.406  sec [303.808 Jis [9351.22  *t
- .
cet [1.0 to 20 Sec]| wsy |(;. Coarse I | fipplindtomatic Eaflan Court
" Fine

Filter Type : IHigh Pass vl [~ Show Depth Reference Line
I 232 my Scale:  Up | Down I Flstl
Analysis Method: IAutomatic j ? | <Pglp | Pg Dwn >|

The default Automatic Analysis indicates that the collar count gives a fluid level depth of 9351 feet.
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However, inspection of the above figure shows that the last counted collar occurs at 9.5 seconds, which corresponds to less than
60% of the length of the record. Applying the band pass filter improves the collar signal but does not affect the collar count as

seen below:

Select Liquid Level O Depth Determination Casing Pressure I EHP I Collars I

Fec 2 L 1 2 10 12 14 16 12
C.d lLL
| |
| |
z | |
o it = T 'J
™
|
|
lozian | |
Cf7 |0 |1|:n:n:| |2|:u:n:| |3|:n:n:| |4GE|E| |5|:u:n:| |En:n:n:| |?|:u:u:| |E=EIEIEI |Q|:n:u:|
JT5/sec [17.3913 Acoustic Vel [T07061 fiss RTTT [17.406  sec [303808 Jis [9351.22  f
P (10 to 20(Sec] ] . |F Eoay ¥ fpplydutomnatic Collan Count
£ Fine

=] ¢

LB

Filter Type : IEand Pasz j [~ Show Depth Feference Line

I 1.4 mv Scale: Up I annlﬂl

Analyziz Method: I,-'l'-.ut.:.mati.: j ﬂ < PglUp | Fg D >|

One way to improve the depth calculation is to use the known depth to the liner to estimate a more representative acoustic
velocity. This is done by selecting the Downhole Marker as the Analysis Method:
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o] 2 4

316 my

Indicatar @ [11.13 380

£ Enter Joints to Downhale Marker

I‘I 7024
&' Enter Depth to Downhole Marker

i

Drezcription of Downhole Marker:

g

e

2

Determine Liquid Level From Marker Depth

12 14 16 12

-l

Ave. Joint Length ISD.?B ft

-

[

!
|
|
|

— Downhale Marker Indicatar
1 ' ' [ 1

<-Left | Right-> | —V}‘

' Show Full Shat Trace

" Show One Second interval of Shat Trace

Scale Up | Scale Down |

r~ Calculated Results

Liguid Lessel Depth I ft
Acougtic Yelociy I ftiz

Calculate Dohe |

The marker line is adjusted until it matches the signal and the known depth to the marker is input. This yields the acoustic
velocity which is then used to compute the fluid level depth from its time.
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1]

10

Determine Liquid Level From Marker Depth

12

14

16

12

31.6 mv

2 4 =] =
M»&

Indicator @ |9.698

FEC

= Erter Jaints to Downhale Marker

|1?EI.24 Ave, Joint Length IED.?S ft

% Enter Depth to Downhole Marker

|524EI ft

Drezcription of Downhole Marker:

Lirer Top

=

[

— Downhole Marker Indicator
1 1 1 1 1

<Left | Right~> | +—
% Show Full Shot Trace

" Show One Second interval of Shot Trace

Scale Up | Scale Down |

r— Calculated Results

Liquid Level Depth |S4D4.??‘ ft
Acoustic Yelocity I'I (8064 ftfz

Calzulate Dane |

Select Liquid Level O Depth Determination Casing Pressure I BHP I Collars I
T 10 12 14 16 18
Lo I

[ z 4 G ]
‘oson

(fta|o 1000 2000 2000

<000

|5Dun

¥ e
|
| |

|BDDD |mnu |SDDD |90|:|0

Liquid Lewvel Extrapolated from Marker Selection of a
Diavurnhole Marker.

Lirer Top

Aooustic Welocity |1 130,64 ftiz

Dretermine Liguid Lewel ... |

RTTT [17.406  sec [J05548 Jis [M40477

[ Show Depth Reference Line

Analysiz Method: | Down Hole Marker

ﬂ <F'gLI|3| F'ngn>|
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Caszing Pressure |41.1 psi[g)
Change In Prezsure ID.'I 12 psi

Change In Time |2.25 min
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< Left |
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And the wellbore pressures and producing efficiency are displayed:
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6.3.5 - Deviated Wellbores

In certain instances the well may not have been drilled vertically. In the case of a deviated well it is necessary to describe
the wellbore geometry by entering a number of points at which both the measured depth and the true vertical depth are
known. This is generally available as part of most directional surveys. A table of values can be generated as shown in
section 5.24 of this manual.

This relationship is used in the calculation of the wellbore pressures in the well when converting the acoustic data to
pressure values. After entering the deviation data, the Bottom Hole pressure screen will indicate the deviated nature of
the well. Also note that the depth to the gas/liquid interface and of the pressure datum are expressed both in terms of
measured depth and true vertical depth (TVD) as shown in the following diagram:

Select Liquid Lewvel I Diepth D etermination | Cazing Prezzure O EHF I Collarz |

Production . Deviated Wellbore el State:
; Current Patential (Ceslig (Fressui= ;
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W ater |9 |1 1.0 BELAD Casing Pressure Buildup Annular
I i Gasz Fl
Gas | oo e ° ™ 2?; — Mch/D
|2.UEI mir
- % Ligu
IR D=t IVogeI J Gag/Liguid Interface Fres. Ligpé
PEHF/SBHP [oar [470 psill [27
Praducting E fficiency |81 B % Liquid Level Depth -
Fluid Densities Mp 15055 Ll o e
0i fia deg AP ; oi o %
™D I1‘IE!D.53
"w'at I SpGrHZzO I k4
ater |1.05 p.Gr Pump Intaks Depth Whater |100
Gas Gravity ID.55 Ajr=1 A % Ligquid Below Pump
|43 4
Acoustic Velocity [186078 /s TVD |2435.62 -
Farmation Depth Liguid Below Pump... |
MD [479800
0 B Pump Intake Pressure
. B psi [a]
Pump Submergence
PEHP
Total Gazeous Liguid Column HT [TYD) I‘I 305 ft I— )
4211 pzi [g]
Equivalent Gas Free Liguid HT T\-"DI ft
Comment v es e At (TVDIfzss Reservoir Pressure [SEHF)
Acoustic Test |1 160.0 psi[al

2| _<rau | [Faou ]

6.4 - Printing Well Data and Test Results

After data has been acquired and saved in the field, it can be recalled and reprocessed at any time. This is especially
useful when changes or corrections have to be made to the well data file or when the values of some parameters were initially
rough estimates and have later been defined with more accuracy.

6.4.1 - Printing Standard Acoustic Test Report

The Program remembers the last data processing undertaken by the operator and saves the results in a disk file. This file
is printed by selecting the Print command from the File menu. For a single well and data set, the results obtained for the last
processing will be printed. The Batch Print option is used to print results from several wells or data sets. The report can be
previewed using the Print Preview option.

In order to obtain hard copies of the well data and the calculated results you must attach the computer to an appropriate
printer connected to the port as specified in the Windows printer set up. You should refer to your printer's manual for instructions
on printer set-up. The following pages show examples of printed reports.
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This figure shows the printed report for an acoustic test:
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A printout of the specific well data file can be obtained by selecting the Print option while viewing the F2 -Data Files screen.

The following figure shows the well data printed format.
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6.4.2 - Printing Word Report Summary of TWM Tests

The following one-page standard report summary that includes all measurements taken with the Well Analzer, can be
generated via a macro for MS Word, as shown below and as discussed in section 11 of this manual.

(((ECHOMETER)))

Total Well Management System

Well: V11FEB24

Operator: CAPPS

Well Flow Test: Production Date: - * -

Potential: IPR Method: Vogel

Qil Production (BBL/D): 27

Production Efficiency (%): 85.1

Water Production (BBL/D): 60

Qil Production Potential (BBL/D): 31.7

Gas Production (Mscf/D): 40

Water Production Potential (BBL/D): 70.5

Gas Flow (Mscf/D): 34

Gas Production Potential (Mscf/D): 47

Wellbore:

Fluid Level Survey: Date 07/29/98 - 12:07

Tubing OD (in): 2.375

Tubing Pressure (psi (9)): - * -

Casing OD (in): 5.5

Casing Pressure (psi (g)): 127.9

Anchor Depth (ft): 5035

Gas Gravity (Sp.Gr.AIR): 0.79

Pump Intake Depth (MD) (ft): 5115

Main Depth to Liquid Level (ft): 3127.73

Producing Interval Top (ft): - * -

Equivalent Gas Free Liquid HT (TVD) (ft): 843

Producing Interval Bottom (ft): - * -

Total Gaseous Liquid Column HT (TVD) (ft): 1987

Formation Depth (ft): 5221

Pump Intake Pressure (psi (g)): 445.7

Static BHP (psi (g)): 1485.3

Producing BHP (psi (g)): 472.2

Pumping Unit Data:

Pumping Unit Performance:

Unit API Number: C-320-256-100

SPM: 8.7

Cranks: NONE

Existing Gearbox Load (%): 51.9

Manufacturer: Lufkin Conventional

In-Balance Gearbox Load (%): 47.0

Measured Stroke Length (in): 100.5

Beam Loading (%): 46.8

Rotation: CCW

Surface Dynamometer: Date: 02/24/95 - 22:31

Pump Dynamometer: Stroke 1

PPRL (Ib): 11994

Plunger Stroke (in): 94.2

MPRL (Ib): 6594

Plunger Diameter (in): 1.25

Min PRL / Max PRL (%): 55.0

Pump Displacement (BBL/D): 96.6

Motor Input Power (HP): 8.2

Pump Volumetric Efficiency (%): 65.00

Polished Rod Power (HP): 4.3

Standing Valve: 9733 BAD

Polished Rod / Motor Eff. (%): 52.5

Leakage (BBL/D): 0.1

Rod Loading:
% Goodman
Diameter  Length

Type (in) (ft) 1.0 0.85
D 0.875 1200 57.1 65.2
D 0.75 3875 60 68.5

0.6
85.2
89.6

Motor Type: Electric

Monthly Operation Costs (30 Days/Month)

Motor Description: 30 hp/ TOSHIBA NEMA D

HP Required/Recommended (HP): 15.1

Rated Full Load AMPS: 38

Thermal Amps Used: 23.2

Run Time (hr/day): 100.0%

Cost w/No Gen. Credit ($): 295.3

Power Consumption: 5

Cost w/Gen. Credit ($): 220.3

Power Demand ($/KW): 8

Demand Cost ($): 82.3

Oil Prod. Cost (¢/bbl): 46.6

Average Power
With Generation Credit (KW): 6.1
No Generation Credit (KW): 8.2
Average Power Factor (%): 25.1
System Efficiency (%): 31.8

Recommendation/Follow-up:
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6.5 - Acoustic Record Quality

The quality of the acoustic recording is determined by well conditions and the energy contained in the acoustic pulse. To
get an adequate acoustic record, the signal to noise ratio should always be maximized. If needed, in order to get a larger acoustic
pulse and a better signal-to-noise ratio, use a higher pressure in the volume chamber. When the well noise data is displayed
before the acoustic pulse is fired, the operator is alerted if the well noise exceeds 5 mV. The operator is prompted to use a higher
pressure in the volume chamber.

The background noise is generally a result of well conditions such as pumping unit vibrations, gas bubbling through the
annular liquid column, etc. Some noise may be eliminated by shutting down the pumping unit. The gas gun should be connected
within 3 feet of the casing annulus using 2" connections. Smaller diameter connections result in poor signals from collar
reflections.

An ideal acoustic record would contain clearly identifiable collar reflections all the way to the liquid level, which itself
would be a distinct reflection. Such a record can generally be achieved in the following manner:

e Determine the current casing pressure and charge the gun's volume chamber pressure to 100 PSI above the
casing pressure.

e Acquire an acoustic record and examine the screen. A distinct, easily discernible liquid level signal should be
observed.

e If a distinct liquid level is not detected, raise the volume chamber pressure an additional 200-PSI and try
again. If necessary, repeat this step until the equipment's pressure rating is reached. The pumping unit should
be running during the test.

e If the pressure in the volume chamber has been raised to the maximum pressure rating and an adequate record
has still not been obtained, turn off the pumping unit and acquire another record.

e If necessary, pump the well with the casing valves closed for a sufficient time to observe an increase in the
casing pressure. Often, a small increase in casing pressure will improve the acoustic trace while not
significantly affecting the well's performance or the analysis.

Guidelines for ranges of collar frequencies as a function of casing pressure are given in Table 1.

HELP

If following the above steps still do not provide an adequate record, you should E-Mail or FAX a
copy of the data files to Echometer Co.
(Fax No 940-723-7507)

BEFORE calling for further assistance, 940-767-4334.

If possible, the Acoustic Data Files should be transmitted to info@echometer.com

Echometer Company regularly holds schools on operating this equipment and using the TWM software. A list of these
free schools is available upon request and on the Echometer web page: www.echometer.com .

ECHOMETER Co. 143 10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

6.5.1 - Liquid Level Detection

The program may select a number of signals that meet the specific characteristics of a liquid level reflection. The largest
and widest pulse of those that have the standard characteristics is flagged with the vertical indicator. The user should always
verify that this is the correct liquid level reflection and not a signal caused by wellbore anomalies such as casing splits, cross-
overs, liners, paraffin rings, etc.

Whenever there is a question whether the correct liquid level has been identified, it is recommended that the position of

the liquid level be moved by depressing it through casing pressure increase or by shutting-in the well and letting the liquid
buildup in the annulus.

6.5.2 - Collar Rate Selection

One of the methods for checking that the computer's interpretation of the acoustic record is correct is to check the
calculated value of the collar rate (joints/sec or Hertz) that is displayed, and to make sure that it is within reasonable values. This
rate is a function of the distance between tubing couplings (average joint length) and the velocity of sound in the casing gas.
Sound speed is a function of gas gravity, pressure and temperature as can be seen in figure 12 in the “Acoustic Static Bottom
Hole Pressure” paper (SPE 13810). Using values corresponding to gases with gravity between 0.6 and 1.5, the following table
was calculated.

TABLE 1
Expected range in collar frequency as a function of casing head pressure for hydrocarbon gas with
specific gravity ranging from 0.6 to 1.5, for an average joint length of 31.7 feet:

Casing pressure, PSIG

Range of Collar Rates, Hertz

Acoustic Velocity Range, ft/sec

0-1000 11-25 697 - 1585
2000 17 - 23 1077 - 1458
3000 21-27 1331 - 1712

For higher gravity gases and when CO?2 is present, the collar frequency can be lower than indicated in the table.

6.6 - Bottom Hole Pressure Calculation

The bottom-hole pressure is calculated by summing the casing pressure, gas column pressure, and liquid column
pressure. Given the gas and liquid gravities and the producing water/oil ratio, this calculation is straightforward except when
casing head gas flow aerates the liquid column above the pump. The problems associated with gaseous liquid columns and
bottom-hole pressure calculation is discussed in detail in the SPE papers "Producing Bottom-hole Pressures” and "Static Bottom-
hole Pressures”. A brief discussion of how the software computes the gradient of gaseous/liquid columns is presented below.
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6.6.1 - Gaseous Liquid Columns

Most pumping wells produce gas up the casing annulus into the flow line. When a liquid column exists in the annulus,
this gas will cause that column to become aerated and rise in height. The acoustic pulse will be reflected by the top of the aerated
liquid column. The bottom-hole pressure calculated using this height and assuming a 100% liquid column would be too high. In
order to correctly calculate the BHP, the percentage of liquid present in the aerated liquid column must first be determined.

One common misconception is that a gaseous liquid column looks somewhat like a glass of beer with a layer of foam on
top of 100% liquid. In actuality, the gaseous liquid column is a continuous mixture of gas and oil. The gas enters the wellbore as
bubbles that flow vertically through the liquid. The liquid level recorded by the Echometer is indeed the top of the gaseous liquid
column; however, this column is not 100% liquid but a mixture of moving gas bubbles and oil.

An easy way to understand the concept of gaseous liquid columns is to think in terms of the height of an equivalent
column of liquid if it were possible to remove all of the gas from the column. Ex.: a 1000 ft. gaseous liquid column composed of
50% free gas and 50% oil weighs the same as a 500 ft. column of pure oil.

Echometer Co. has developed a correlation for this purpose. The correlation requires a measurement of the depth to the
top of the gaseous liquid column and the casing pressure buildup rate. The correlation predicts the percent liquid present in the
gaseous/liquid column. The depth is obtained acoustically and the casing pressure buildup rate is obtained automatically by
reading the pressure transducer output at short time intervals. Details of the correlation and calculation procedure are published
in “Acoustic Determination of Producing Bottomhole Pressure,” SPE Formation Evaluation, September 1988, pp. 617-621.
Copies may be obtained from Echometer Co. or SPE or the Echometer web page.

The Well Analyzer obtains this data automatically when used in conjunction with the pressure transducer. The resolution
of the transducer is much better than that of hand-held gauges and allows a much shorter time to be used when monitoring the
buildup rate. The initial casing pressure measurement is taken immediately after the acoustic data is acquired. Additional points
are recorded every 15 seconds to determine the buildup rate. The pressure buildup data and the liquid level are then used in
conjunction with the gaseous liquid column correlation to estimate the percentages of oil and gas present in the column. Two
minutes of casing pressure buildup rate are generally sufficient to determine an accurate gas flow rate when using the pressure
transducer.

After the acoustic record has been obtained, the operator should inspect the plot of casing pressure buildup vs. time. It
should be very close to linear. The operator should terminate pressure data acquisition when satisfied with the pressure data. If
the data points show pronounced scattering, or if the values seem abnormal, the stabilized condition of the well should be
verified. Two minutes is a normal data acquisition time for casing pressure.

Pressure transducers are available with full scale ranges of 375, 900, 1500, 3000 and 6000 psi. If a pressure transducer is
not available, the casing head pressure buildup rate may be determined by closing the casing valves, leaving the unit pumping,
and waiting either 10 minutes or until a 10 PSI increase has been recorded. This data is then entered in the Conditions Tab of the
well data screen.

6.6.2 - Bottom Hole Pressure Program AWP2000

This program, which is included with the Well Analyzer utilities, provides the user with the capability to calculate static and
producing bottom whole pressure from data obtained with other fluid level instruments such as the Echometer Model -M or the
SONOLOG instruments. This user-friendly program is easy to use. The required data is input through interactive screens.

The program may be downloaded from the Software Downloads section of the Echometer web page:
(http://lwww.echometer.com/software/index.html).
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6.7 - Example Wells
The following figures illustrate the type of acoustic traces that have been recorded for some typical wells. They are
presented here with the objective to give some idea to inexperienced operators of the variation of acoustic traces.

6.7.1 - Average well
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6.7.2 - High liquid level, little or no annular gas
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Comment Reservoir Pressure [SBHP)
Extb-HLL AD1 |1 485.3 pai (gl

?l <F'gL|p|
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6.7.3 - High liquid level, gaseous column, noisy well.

Gelect Liquid Level L Depth Determination | Caszing Pressure I BHP I Caollars I
Sec a 1 3 4 k] 1
c. I
| |
| |
2 | |
o
) |
| |
Explosion | | |
ot o |500 |1000 |1500 |2000 |2500 |3000 |3500
JTS/sec [18.4502 pcoustic Vel [114358 /s ATTT[E823  sec [107.219 Jis 2272

[3.0 to 40(Sec] ]

£S5 44
—

¥ | &pply dutomatic. Gollan oot

ks |(3' Coarse

Filter Type : IHigh Pass a l

= Fine

2l k=

T

I 36 my Scale: Up I Qownlﬂl

Analyziz Method: tic:

[ Show Depth Reference Line

ﬂ <F'gU|:| F'ngn>|

Select Liquid Level I Depth Determination I

Production
_ Cument Potential
DI||23 |24.2 BEL/D
Water [101 J108.1 BEL/D
Gas 35.0 |368 Wsch/D

IPF Method  [vogel |
FEHF/SEHP [075
52 %

Praducting Efficiency

Casing Pressure O BHP |

Casing Pressure

Caollars I

Wwiell State:

|4B. 2 pai [a)

Casing Pressure Builldup

|3. 2 pai
|4. oo min

Gas/Liquid Interface Pres.

I 521 psi[g)

Liquid Level Depth

Fluid D ensitie:

ail |35 deg AP
Wwater |1_05 Sp.GrH20
Gas Gravity ID_ T8 Air=1

Acouztic Velocity |1 180.57 ftiz

MD [332272

Pump Intake Depth

MD IBBBE.DD ft

Formation Depth

MO |8385.DD ft

Pump Submergence

Total Gaseous Liquid Column HT [TYD] |3l342 ft
Equivalent Gas Free Liquid HT [T%D) |92B ft

Comment

ExXaMP-GL.ADT

I Praducing j

Annular
Gas Flow

|3? MscfD
% Liquid
30

Pump Intake Pressure

|383. a psi [g]

PEHP

|383. g psi[g)

Reservoir Pressure [SEHF)

|2838.3 psi [g)

ECHOMETER Co.

148

10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

6.7.4 - Deep well

Select Liquid Level C1 Depth Determination Casing Pressure I BHF I Caollarg
Sec 0O 2 4 =3 g 10 12 14 16
z
o
o
Explozifn |
ity o 1000 | 2000 |3000 | 2000 5000 | 5000 7000 |s00o |e00o
JT5/zec |1 7.8891 Acoustic Vel I'I 134.17 ftis RTTT I-I 5.091  sec IZ?S'B‘I g s |8853'88 ft
- .
cec (50 to 60(Gec]] Sy | & Coarse v Apply Automatic Collan Cournt

Filter Type : IHigh Pass 'I

Scale:

£ Fine

x| e

LB

I 28 m Up I Qownlﬂl

Analysiz Method:

[~ Show Depth Feference Line

ﬂ <F'gU|:| F'ngn>|

Select Liquid Levell Drepth Determinationl

Praduction
; Current Paotential
Dil {45 |486 BEL/D
Water [52 |54.9 BEL/D
Gas [430.0 [4543 bact/D

IPR Method |Voge| -]
PEHP/SEHF [038
347 %

Praducting Efficiency

Casing Presswe O BHP |

Liquid Level Depth

Fluid Densitie:

ail |4g— deg.AF
|—

whater [1.05 Sp.Gr.H20

Gas Gravity ID.82 Air=1

MD [8GE388

Pump Intake Depth

WD ISEBD. mw

Acoustic Velocity I‘I 174.72 ftds

Farmation Depth

MO |S?55. o g

Purnp Submergence

Comment

Taotal Gazeous Liquid Colurnn HT [TWD) I?SE ft
Equivalent Gaz Free Liquid HT (TWD) I‘I 99 ft

ACU Test

Collars

Casing Pressure ‘wiell State:

IED'5 psi () I Producing j
Cazing Pressure Buildup ks

|2.8— pi Gas Flow

|2.?5 mir |1 7B Mzcf/D
GasALiquid Interface Pres. /;;"qu'd

IBE.B psi [a]

Liquid Below Pump

il IEI %
e ater |1DD £

% Liquid B elow Pump
|35 %

Liguid Below Pump... |

Pump Intake Pressure

|1 362 psi[g)

PEHP

|1 47 4 pi[g)

Reservar Pressure [SEHP)

|E|85.3 psi (9
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6.7.5 - Tubing anchor

Select Liguid Level L Depth Determination I Cazing F'ressurel BHP I Collars
Sec a 4 g [} T g a
I || ool
|
|
. |
[=1
=
|l
|
Explosion | |
(fty |0 1000 |2000 |3000 |4000 |5000
JTSHSECIW Acoustic Vel IW ft's RTTT IB'958 se.c: |153'28? dts IE-I?EEI f
poy: [15 to 25 [Secl] s |(;. oo ¥ | Spply &utormatic Callar Count

Filter Type : IHigh Pazz 'l

Scale:

= Fine

= -

"

I 93 my Up | Qownlﬂl

Analyziz Method:  [FENENT

[™ Show Depth Feference Line

ﬂ <F'gU|:| F'ngn>|

Select Liguid Levell Depth Determinationl

Production
] Curent Potential
i |54 |5?.9 BEL/D
Water [76 |51.5 BEL/D
Gias [136.0 |145.8 MechD

IPR hethod I\.l'oge| vI
FEHP/SEHP ID.‘IS

Producting Efficiency |93.3 4
Fluid Densitie:

Cazing Pressure O exr |

Cazing Pressure

|58. 1 pai [g)

Cazing Pressure Bulldup

I‘I.D psi
|2.DD it

Gaz/Liquid Interface Pres.

IBS. 7 psi [g)

Liquid Lewvel Depth

oil |42 deq AP
W ater |1_05 Sp.GrH20
Gas Gravity ID.B2 Air=1

MD 517651  f

Fump Intake Depth

MD |5221.DD ft

Acoustic Velocity |1 155.73 ftiz

Farmation Diepth

MO |5221.DD ft

Pump Submergence

Total Gazeous Liquid Colurmn HT [TVD]|44 ft
Equivalent Gas Free Liquid HT [TVD]|1 9 ft

Commet

Exampla_TA

Collars I

‘wiell State:

I Praducing j

|24 t=zct/D

* Liquid

Pump Intake Pressune
[762 psi(g]
FEHP

I?B. 2 psi[g)

Fiezervoir Prezzure [SEHP)

|4B‘I 3 psi[g)
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6.7.6 - Liner at 5240 feet

Data was processed using the option of locating a marker in one-second interval. The echo signal at 9.7 seconds is
caused by the change in cross section between the 7-1/2 inch casing and the 5-1/2 inch liner. Note that its amplitude is much

larger than the amplitude of the liquid level reflection at 17.392 seconds.

Select Liquid Level O Depth Determlnatlon Casing Pressure I EHP I Eollarsl
10 12 14 16 18
Lo e
| |
| |
W- |
|
|
lozion | |
oty [0 1000 2000 2000 4000 |5000 |5000 |?000 |SDDD |9000

RTTT [17.406  sec [305548 Jis [3404.77  ft

Liquid Level Estrapolated from Marker Selection of a
Downhole Marker.

Liner Top

Acoustic Welocity |1 030.64 ftfz

Determine Liquid Lewvel ... I

Analysis Method:

I Show Depth Feference Line

?l <F'gUp| Pngn>|

IBE.B 4

Producting E fficiency
Fluid Densitie:

Liguid Level Depth
MD [94047F it

il |4 deqg.AF

i ater I‘I 05 Sp.GrH20
Gaz Gravity ID 89 Air=1
Acoustic Welocity |1 03064 ftiz

Pumnp Intake Depth

MD |12219.DD ft

Faormation Depth

MO |1244D.DD it

Pump Submergence

Total Gaseous Liquid Colurmn HT [TWD] |28‘I 4 ft
Equivalent Gas Free Liquid HT [TVD) |2323 ft
Comment

ExaM_LN.ADS

Select Liquid Level I Drepth Determination I Casing Fressure I BHP | Collars
Production . \wiell Skate:
: Current Potertial Csiig iz ]
ol 14 [+ BEL/D [411 psilg) [Producing =
Water [1 [iz BEL/D Casing Pressure Buildup Annular
i GazFl
Gas [83.0 [ia0 Mact/D [0 B D
[z25 it [+ 22

ilkead IVogeI jv Gaz/Liquid Interface Pres. é;qu'd

PBHP/SEHP [o3z Erl |

Ligquid Below Pump

gil ID %
W ater |1DD %

% Liquid Below Purmp
ISS %
Ligquid Below Pump... |

FPump Intake Pressure

|81 96 psi [g]

FEHP

IBBD.‘I pzi [g]

Reservair Pressure [SEHP)

IZSDD.D psi [g)
ﬂ <PglUp |
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6.7.7 Liquid Level Below Liner Top

The following data was acquired in a well with a liner set at 9250 feet with the liner top at a depth of 4543 feet. Note that there
are numerous echoes present in the record. A second liner is set at 13,229 feet with the top of the liner at 7469 feet.

Sed 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

mV

The record is quite noisy and in the figure below the echoes have been highlighted by checking the “Apply Low Pass filter”
option box at the:

Sed 2 4 6 8 0 122 14 16 18 20 2 24 26 28 330 R 3# 36 3B

10.0 mv

The program has automatically flagged the second echo as the most likely liquid level. If this interpretation is correct, then all
subsequent echoes have to be repeats of the previous echoes. One question is whether the second echo could be the top of the
second liner with the liquid level below that depth. Following is a listing of the times and polarities of the first 10 echoes:

Echo Number Round Trip Travel Time, seconds Polarity
1 7.524 Down kick
2 10.34 Down kick
3 13.156 Up kick
4 15.048 Down kick repeat of No. 1
5 15.972 Down kick
6 17.864 Down kick
7 20.68 Down kick, repeat of No. 2
8 23.496 Up kick
9 25.387 Down kick
10 28.236 Down kick
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The following wellbore and wave path diagram is used in understanding the time relationships of the various echoes. The round
trip travel times in seconds, for sound to travel in the corresponding wellbore section are shown at the right side of the diagram.
Sound pulse is generated at (0) and travels from the surface to the top of the liner where a portion is reflected (1) by the diameter
reduction and a portion is transmitted (2) to the liquid level where it is totally reflected. Wave (1) reaches the surface after 7.524

seconds and is a down kick. When wave (2) propagates upwards and reaches the liner top it is partially reflected by the diameter
increase creating wave (3) of inverted polarity (dashed line).
T 7y
: Ap ]
1 2 3N |4 5
AN 6
7.524 sec
,1’ \\\ 7 ’/'
B ) : . A 4
Liner 1 \ /'\ T
2 3!
— 5 2.816 sec
A
Liquid
Liner 2

Wave (2) reaches the surface after 7.524+2.816 = 10.34 seconds and is a down-kick.
Wave (3) propagates downwards and is totally reflected at the liquid level and reaches the surface as an up-kick after
7.524 +2.816+2.816= 13.156 seconds
Wave (4) is a repeat of wave (1) reflected at the liner top and reaches the surface at 7.524+7.524= 15.048 seconds
When wave (3) reaches the liner top a portion is reflected back down, creating wave (5) that is of reversed polarity by the

diameter enlargement.
Wave (5) reaches the surface after 7.524 + 3x (2.816) = 15.972 seconds
Wave (2) is reflected at the top of the well then is partially reflected at the liner creating wave (6) that reaches the surface after

2X7.524 + 2.816 = 17.864 seconds.
Wave (7) is a repeat of wave (2) from total reflection at the liquid level.
Wave (3) is reflected back down at the top of the well and the portion that travels to the liquid level is reflected as wave (8) that
reaches the surface after 2x7.524 + 3x2.816 = 23.496 seconds
As an exercise, the reader should complete the calculations for waves (9) and (10).
Apparently, the second signal was correctly identified by the program as the liquid level echo since all subsequent echoes are
caused by multiple reflections between the liner, the liquid level and the surface.

10/9/2008

Proceeding to the determination of the liquid level depth the following figure shows the Automatic interpretation:
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Select Liquid Level D1 Depth Detemination | Casing Pressure] BHP ] Collars ]

TH mv Scale:  Up Diowen M

Sec Q 2 4 =} 2 10 1
i
z
5 e
=
Explosion
cfty[o |1000 |2000 |3000 |4000 |5000 6000 7
TG /sec [18.5185 Aoousticvel [1T4074 fys RTTT[10.34  sec [193008 Jis [£12945
[5.0 to E0(Sec]] = I
~
|
Filter Type : | High Pass - [ Show Depth Reference Line

Analyziz Method: | ETETSE i <FglUp | PgDwn>

Note that although the collar count is near the liquid level, the high level of noise yields a questionable collar frequency. This
casts doubts about the accuracy of the computed liquid level depth of 6129.45 feet. Since the depth of the top of the upper liner is
known, we should use this point as a downhole marker to get a more precise depth to the liquid level. Choosing the marker option

and adjusting the dashed line to the first echo and entering the depth to the liner top, the following figure is displayed:

Determine Liquid Level From Marker Depth

=1
B
“y
o

oo 725 75

316 m

Downhole M arker Indicator
Indicator @ |7.526 e
<—Left | Right—> j_

Calculate

" Enter Jaints ta Downhale Marker S hou ElS el Trace

Ave. Jaoint Length ft + Show One Second interval of Shot Trace
* Enter Depth to Downhole Marker Scale Up | Scale Down |

4533 ft
Calculated Results
Description of Downhole Marker: Liquid Level Depth  [6227.91 ft
Top of 7 inch caging Liner
Acoustic Velocity  [1204.62 ftis

Daone

This yields a more accurate liquid level depth of 6227.91 feet which is well above the top of the second liner so that there are no

doubts that the liquid level has been correctly identified.
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7.0 - ACOUSTIC PRESSURE TRANSIENT TESTING IN PUMPING WELLS

Safety

Please observe all safety rules when operating this equipment. The pressure ratings of the Echometer gas gun and all
fittings, hoses, etc. should always exceed actual well pressure. Because the casing pressure normally increases during a build-up
test, caution should be exercised that the well pressure does not exceed equipment pressure ratings. Do not use worn or corroded
parts which will not withstand well pressure.

All safety precautions cannot be given herein. Please refer to all applicable safety manuals, bulletins, etc. , relating to
pressure, metal characteristics, temperature effects, corrosion, wear, electrical properties, gas properties, etc. before operating this
equipment.

Echometer Standard Pressure Transducers for Pressure
Transient Data Acquisition
375 and 1500 PSI
Echometer Remote-fire Gas Gun Operating Pressure
1500 PSI

Gas Gun and pressure transducer ratings to 3000 PSI and higher, are available upon request. Please contact Echometer Company
engineers.

Disclaimer

The calculations are based upon information obtained from the tests and are furnished for your information. In
furnishing such calculations and evaluations based thereon, Echometer Company is merely expressing its opinion. You
agree that Echometer Company makes no warranty expressed or implied as to the accuracy of such calculations or opinions,
and that Echometer Company shall not be liable for any loss or damage, whether due to negligence or otherwise, in connection
with such opinions.

NOTE:

Normally the pumping unit can be running during the set-up phase of the test. However, if the pumping unit vibrates excessively
and causes signals which are larger than the background noise, the pumping unit may need to be shut down briefly during the

portion of the pretest when the setup trace is being acquired.
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SUMMARY OF OPERATING INSTRUCTIONS

Pressure Transient Test

1. Attach the Echometer gas gun to the well. Use an upright 90 degree elbow to place the Echometer gas
gun in a vertical position. This prevents moisture from accumulating in the gas valve of the Echometer gas
gun during a test.

2. Connect the power cable, pressure transducer cable and microphone cable.

3. Connect the regulator to the nitrogen bottle. Connect the hose from the gas gun to the regulator. The
connection on the gas gun has a 1/4 inch NPT threaded nipple which contains a 0.006 inch orifice to
control gas flow to the volume chamber. Set the regulator to a pressure 150 PSI greater than the maximum
surface pressure anticipated during the build-up test. Check for gas leaks at all connections.

4.  Verify that the casing valve between the Echometer gas gun and the casing is closed. Open the casing
pressure bleed valve on the gas gun.

5. Turn on the Well Analyzer computer. Verify that the TIME and DATE are set correctly. Start the TWM
program. Select Acquire Mode, select the correct pressure transducer coefficients and obtain the zero
offset. Open the Base Well File and verify that the data is up to date. The parameters in the Pressure
Transient Tab are used for transient pressure analysis. These parameters may be entered at a later time

6. Choose the Select Test option and the Pressure Transient Tab. The screen provides an input to specify
the type of test (Buildup, Fall Off) and whether this is a new test or continuation of a test in progress via the
append option.

7. Choose the Acquire Data option with the Schedule Tab to select the shot frequency and the frequency of
recording of the shot traces.

8.  Select the Acquire Shot Tab, check the casing pressure and adjust the nitrogen regulator to 150 psi in
excess of the maximum casing pressure expected during the buildup. Follow instructions displayed, then
Fire Shot.

9. Select Liquid Level Tab, identify the liquid level and adjust marker and window as needed.

10. Select the Depth Determination Tab. Verify that the Automatic depth calculation is correct or select an
optional manual analysis.

11. Select the Progress Tab and accept the Settings. If the set up shot is to be repeated then do not accept the
settings and return to step 7.

12.  The progress of the test is monitored from the Progress Tab. Test setting, data analysis and recording may
be modified during the test by selecting the appropriate tabs. Start acquiring data clicking on START:
Transient Test.
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THE FOLLOWING FLOW DIAGRAM SUMMARIZES THE PROCEDURE FOR INITIATING
AN ACOUSTIC PRESSURE TRANSIENT TEST.

| Acquire Mode

Select Group and Well File, verify data:

WELL NAME

PRESSURE DATUM

PUMP DEPTH

AVERAGE JOINT LENGTH

<>

Obtain Zero Offset Pressure Transducer

No

Zero OK?

Yes

Pressure Transient Tab

Set Shot Frequency

SHOTS/ LOG CYCLE (30)
SHOTS/HR

Save Acoustic Trace Frequency (1)

Acquire Set Up Trace
1- Open Nitrogen Bottle
2- Close Bleed Valve
3- Open Casinghead Valve
4- Fire Shot
5- Check Liquid Level
6- Set Window
I

STOP PUMPING UNIT

Progress Tab

START TRANSIENT PRESSURE TEST
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7.1 - Hardware Configuration
There are a number of possible configurations depending on the pressure level of the well being tested. The following

discussion pertains to the situations where the standard Remote Fire Gas Gun is used in conjunction with a permanently
connected external gas supply source.

7.1.1 - Gas Gun

The Remote Fire Gas Gun should be attached to the casing annulus valve. Preferably, the distance between the Remote
Fire Gas Gun and the casing annulus should be 3 feet or less. Also, all the connections should be 2 inch. Do not permit an
U-tube to exist in these connections or a liquid trap may occur. A short nipple and a 90 degree elbow (ell) should be attached to
the casing valve. The opening of the elbow should be up. The gas gun assembly should be attached to this ell with the
microphone end facing down. This helps to prevent water accumulation in the volume chamber, in the gas valve and in
the solenoid valve. This water can freeze when the temperature is below 0 9C and prevent gas gun operation.

Nitrogen gas is commonly used. Carbon dioxide has a low vapor pressure at cold temperatures and the pressure may be

less than the well pressure and thus prevent gun operation. The volume chamber pressure should be set approximately 150 PSI
in excess of the maximum casing pressure expected during the pressure buildup test.

7.1.2 - Pressure Transducer and Thermistor

The standard pressure transducer has a working pressure range of 0 to 1500 PSI. A thermistor is located inside the
housing to measure temperature. The pressure transducer output is corrected for temperature effects and the calculated pressure
is displayed on the computer screen. (Pressure transducers with ranges of 375 and 900 psi can be ordered and are recommended
for lower pressure wells)

It is recommended that a section of tubular foam insulation (commonly used for insulating air conditioning tubes) be

used to shield the pressure transducer from direct sunlight since alternating cloudy and sunny conditions may generate large
variations in temperature which may not be fully corrected by the software.

7.1.3 - Gas Valve and Solenoid

Refer to Section 4.21.

7.2 - Electrical and Mechanical Connections

All connections and connectors should be clean and in good condition. The electrical connection to the microphone
must be dry and not have salt water on it. The connections to the solenoid and transducer must remain clean. Cover or protect
from the environment if necessary. Be sure that the fittings are tight on the external gas supply so that a leak does not deplete it
prematurely. Use a soap-water solution to detect very small leaks.

7.2.1 - Battery

An external, 12 volt deep-discharge, car size battery is necessary. The current drain of the Well Analyzer including the
computer averages approximately 1 amp. The external battery should have a capacity of 80 to 120 AMP-HOURS. This permits
3 to 4 days of operation before recharging is necessary. For extended periods, use several batteries in parallel simultaneously if
desired. When the battery voltage drops, the computer and A/D converter will cease to operate properly and the solenoid will not
discharge the gas gun. A sealed battery is probably safer.

Properly attach the cable from the well analyzer to the battery making certain that the polarity is correct.
Use one battery for operating the Well Analyzer. Charge a second battery to be used for replacement of the first battery.

Use a good quality, 10 AMP, deep-cycle battery charger for charging the battery. A fuller charge and also longer battery life will
result from using a good battery charger.
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The laptop computer power settings should be set so that the computer will NOT HIBERNATE and that it will
NOT turn off or go on standby when the lid is closed.

The following figures show the recommended settings for a laptop operating under Windows 2000, the power setting screens are
reached through the Control Panel folder and may be different for other windows operating systems.

Power Options Properties llil

Power Schemes |.&Iarms| Power Meter | Advanced Hibernatel

thiz computer. Hote that changing the settingsz below will modify

@a Select the power zcheme with the most appropriate settings for
the zelected scheme.

— Power schemes
I Portable/Laptop j

Save hz | Delete |

—

— Settin ortable/Laptop power scheme
en computer is: :Q% Plugged in ? Eut?ni'm
: Stteries

Turn off monitor: INever j INever j \\

Tun off hard disks: — [after Thow =] [after 1 howr 7]

Supetem standby: INever j INever j //

\@hibemates: INEVEI j INever /

Cancel | Apply |

Power Options Properties 1[5

FPawer Schemesl Alarmsl Power Meter  Advanced | Hibernatel

@a Select the behaviors you want.

— Optionz

v Alwayz show icon on the taskbar.

[ Prompt for password when computer goes off standby.

:w:mun;—-f
</ hen | cloze the lid of my portable cm

INDne b/
YWhen | pres .
IF'nwer Qtf j
YWhen | prezs the zleep button on my computer:
IStandb}l j

A good 100 amp-hour, 12 volt, deep-cycle battery should be used. A battery that is fully charged will last four days at
normal temperatures. The Well Analyzer will drain the battery approximately 0.007 volts per hour or 0.17 volts/day. The initial
AJD battery voltage when beginning pressure transient testing is approximately 11.6 volts. This battery voltage is indicated on the
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main analysis screen that is displayed during the test. A record of A/D battery voltage vs. time is available in the plotting
routines. The battery voltage vs. time display screen can be used to estimate the remaining battery life. The voltage drops linearly
to 10.2 volts and then drops rapidly. The estimated remaining battery life is calculated by utilizing the battery drain rate, the last
voltage reading and then predicting when the voltage will drop to 10.2 volts. Data acquisition ceases when the voltage drops to
10.0 volts. Please use this analysis procedure to verify that the computer, A/D battery and external 12 volt deep-cycle battery are
all operating normally and in good condition. The amplifier and A/D converter are not allowed to acquire data when the battery
voltage is less than 10 volts.

A protection diode is used between the external 12-volt deep-cycle battery and the A/D converter battery. Thus the A/D
converter battery is approximately 0.6 volts less than the external 12 volt battery. The deep-cycle battery will continue to charge
the computer battery until the external battery is drained to less than 9 volts. The computer battery is charged using an internal
DC-DC converter.

7.2.2 - Pressure Transducer Performance

The pressure transducer used with the buildup system is a precision instrument. Accordingly it should be used carefully
and maintained in good condition. The following are suggested practices to be followed to insure the maximum accuracy of the
measured pressure data:

1. Shield pressure transducer from direct sunlight and rain. (Use insulating foam tube
over transducer)

2. Protect transducer and cables from vibration or movement.

3. Do not permit cable connectors to become wet.

4. Use good quality batteries and maintain a good charge in the batteries

In very harsh environments (Canada, Siberia or tropics) it is advisable to put the well analyzer and the external battery
within an insulating enclosure so as to protect them from extreme temperature or humidity.

For maximum accuracy use a pressure transducer with a full scale range as close as possible to the maximum casing
pressure expected at the end of the buildup test.
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7.3 - PROGRAM TWM- Pressure Transient Test Acquisition

The program is designed for unattended operation of the Well Analyzer while acquiring data for an extended buildup or
draw down test. Various flags that can be reset during the test control the type of test and the type of data that is acquired.
Frequency of data acquisition is also controlled by the operator and can be modified during the test. Provision has been made to
allow editing of the data as well as appending data in the event that the normal sequence of events has to be interrupted (loss of
power, loss of gas pressure or mechanical malfunction) so that the overall result of the test is safeguarded. Although the program
is primarily designed for use in conjunction with pumping wells it is applicable to flowing wells where there is not a packer in the
annulus. Measurements can also be undertaken inside the tubing in flowing wells as discussed in the special testing section.

The operation of the software is divided into a set-up phase, an acquisition phase and a data quality control phase.
Various options are chosen from buttons and check boxes which are activated via the corresponding tabs. The TWM program is
started in the Acquire mode. Upon selection of the Base Well File for the well to be tested the Pressure Transient data is entered
or checked for accuracy in the corresponding Tab.

7.3.1 - Pressure Transient Data Tab

Selecting the Base Well File option (F3) and the Pressure Transient Data tab displays the following form which
contains the data required for interpretation of the pressure transient test:

File Mgmtl Generall Surface Equip. I 'W'ellbu:urel Condtions [ Press. Transient Data |

— Formation Wolume Factors [&lt-1] —Zone [&lt-3]

0il [Ba) |1_2nn RE/STE Met Pap |15_nn fr
"wiater [Bw) |1.IZIEIEI ~ RE/STE Wwiellbare B adiuz ||j_5|:| ft
Gas [Bgl |2.33n RE /Mscf Drainage Area |2D.DD acre

—Yizcozities [Al-2] — Rezervoir Properties [&lt-4]
Qi |2_EIEIEI =R Porosity ID_28 fraction

"W ater |D.?|:||:| cp
Tatal Cornpreszibility |3?5 1/psi E6
Gas ||1|:|11 cp

MHOTE:
Parameters on this form are required only for Pressure Tranzient calculations!
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While the data in the previous form are required only for analysis the following parameters MUST be entered in order to be able
to ACQUIRE PRESSURE TRANSIENT DATA:

e Well Name: The name of the well which will be used to identify the data files.
e Formation Depth: Is used to calculate the BHP.

e Pump Intake Depth: Is used, in conjunction with formation depth, to determine the length of time during
which acoustic data is acquired, and in the BHP calculation.

e Average Joint Length: Is used to calculate the depth to the gas/liquid interface from the acoustic
reflection time and collar frequency

These data are entered in the corresponding General, Wellbore and Conditions Tabs.

Although the rest of the Pressure Transient Data parameters are not required for data acquisition, it is recommended that
whenever possible they should all be determined and entered in the data table. This will insure that all the available features of
the program can be used during the test to verify the validity of the data and to monitor the progress of the test.

The following three parameters should be obtained from the most recent well test data:

e BOPD: Oil production, in stock tank barrels per day.
e BWHPD: Water production, in stock tank barrels per day.
e MCF/D: Gas production in Standard MCF per day.

The values of the six parameters below should correspond to the current average reservoir pressure and temperature.
e Oil Formation volume factor for the reservoir oil. (Bo)
e Water Formation volume factor for the produced water. (Bw)
e  Gas Formation volume factor for the produced gas. (Bg)

Oil Viscosity of the reservoir oil. (uo)
Water Viscosity of the reservoir water. (uw)
Gas Viscosity of the produced gas. (ug)

Net Pay: The formation thickness to be used in calculation of permeability from kH.
Porosity: Average value of formation porosity (fraction).

Total Compressibility The combined compressibility of rock and formation fluids (1/psi)

Drainage Area: Estimated drainage area for the well being tested (Ac).

Wellbore Radius: Generally assumed to correspond to bit size unless a caliper log indicates a different value
or the wellbore has been under-reamed (rw).

The following are entered in the Wellbore Tab:
e Casing ID: Average inside diameter of production casing string.
e Tubing OD Average outside diameter of tubing string.

The following temperatures, from the Conditions Tab, are used by the program to calculate the temperature gradient in the

well:

e Surface Temperature: The average temperature in the wellbore at the surface. In pumping wells this is
generally assumed to be about 75 degrees F. In wells flowing at high rates or producing
by steam injection it may be higher than this value.

e Bottomhole Temperature: This is generally obtained from wireline logs. It is combined with the surface
temperature to calculate an average temperature gradient for the wellbore. The
temperature at various depths is calculated from this gradient. Temperature at a given
depth is used in the calculation of the density of the fluids present in the wellbore at that
point and consequently it will affect the calculated pressure distribution.
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7.3.2 - Transducer Selection and Zero Offset

The set-up phase is continued by entering or selecting the calibration coefficients for the pressure transducer, as shown in the
next figure. Be sure to enter the correct serial number:

" Acquire Mode O Acoustic Sensor I Diyriamarieber Sens.:.rl GDﬁ'-.l Equiprnent Ehe-:kl

" RecallMode —[4l-1] Select Pressure Transducer
Serial Mo, IF'T448E: j Create Mew... | Delete...

—[Al-2] Transducer Coeffizients

L1 I-?E.E L2 |??2.51 L3 |2.53
|
C4 |-1.49 L5 |n.naz CE |u.nna
Seres: |3 Preszure R ating: |1 B00 pzi [g]
— Transducer Zera Offzet
Last Zero Offzet:  |0.79 psi Set On: I‘I 0/29/92 10:02: 22
[Alk-3] Obtain Lera Offzet | Temp I deg F
Prezent Zem Offzet; MOTE: Zero Offzet must be obtained with fransducer at
_ atmozphenc prezsure and attached to cable. Obtain Zero
I p=i [g] Offzet several times until stabilized,
— [Alt-d] Gun Parameters
Pulze Type: & Explosion ¢ |mplosion Gun Serial Ma. IEG'IE'I 4

The coefficients should be entered EXACTLY as written on the nameplate of the transducer that is to be used during
the test.

After connecting the transducer to the Well Analyzer cable and insuring that the valve between the well and the
Remotely Fired Gun is closed, open the gun's bleed valve to insure that the transducer is sensing atmospheric pressure.

Pressing Alt 3 will activate the Well Analyzer and acquire the pressure and temperature at the pressure transducer as
shown in the next figure:

— Tranzsducer Zera Offzet
Last Zero Offzet;  [0.79 psi Set On: |1 0/29/98 10:02: 22
[al-2] Obtain Lero Offzet | Temp I deg F
Prezent Zera Offzet; MOTE: Zem Offzet must be obtained with transducer at
. atmozphernic: pregzure and attached to cable. Obtain Zem
I psi [g] Offset several times untl stabilized,

The zero offset should be less than 10% of coefficient C2 and should remain relatively stable when Alt 3 is pressed
several times to repeat the measurement. The indicated temperature is the temperature of the pressure transducer. It generally is
NOT the temperature of the wellbore.
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7.3.3 - Test Programming

After choosing the Select Test (F4) option and the Pressure Transient Tab, the following screen is presented to the user:

.-“-‘-.u:u::ustiu:l Dynamumeterl Power/Curent L1 Pressure Transient

Select Test Type for Hew Acguisition

= [4lt 1] Buid Up/Draw Down v &pply Gazeous Liquid Column Comection Fachar
[~ Dy wellbore (Mo Fluid Measurementz]

" [alt 2] Fall Off ™| Automatically Start Becording Fluid b easurements at ar Below Bressure Sef Paoint
I psil[g]
Drated Time | Test Type | Status | Senal Mo. I Dezcrption

1| | Il |

“Mate: Tk allows only one Pressure Tranzient Test per Data Set.

Append Trangient Test to an Existing Data Set

[&lt 3] Select Drata Set...

The user has the following choices:

e Alt1 - Initialization of a Buildup/Drawdown test which involves entering the necessary data about
the well and fluid and setting the flags that will control the test options: Apply gaseous column
correction factor in a well with gas flowing up the annulus. Dry Wellbore when testing a dry gas
well which does not produce any liquids (only wellhead pressure readings are required).

e Alt 2 - Undertake a pressure fall-off test in a water or gas injection well.

e Alt 3 - Append test data to old data. Select Data Set. This option allows the continuation of data
acquisition whenever the normal progress of a test has been interrupted. The data is saved in
continuation of the previous data with the correct time stamping so that it is not necessary to
perform complicated editing or time shifting.
The check boxes are used to define the type of bottom hole pressure calculation and the type of transient test that is going to be
undertaken:

Gaseous liquid correction: The default value is checked, which implies that the gradient of the annular liquid column is
calculated taking into account the gas bubbling through the liquid as determined from the casing head pressure buildup rate and

ECHOMETER Co. 164 10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

the Echometer Gaseous Column correlation®. When this flag is unchecked, the annulus gradient is computed considering only
the liquid phases (oil and water).

The Falloff Test flag is checked to indicate that a pressure fall off test is to be undertaken for an injection well. This disables the
gaseous liquid correction and uses water gravity for the liquid column. The default value is unchecked, which implies that a
pressure buildup test is to be recorded. Acoustic fluid level data acquisition can be automatically started when the measured

pressure falls below a threshold pressure, input by the user.

Pressing F5 and selecting the Schedule Tab continues to the definition of the Test Parameters, as shown in the next
figure:

@ Acquirs Mode 0O Schedule | Setup Shot I Select Liguid Lewvel I Depth Determination Frogress I
" Fecal Mode

— Shot Schedule

F2 Setun 7 [Ak 1] Linear IED-E":I measuremnents £ b
Minwrurn Time Between Measurements ta I A
Allovw System to Recowver | IR

£ [Ak 2] Logarithmic |3|:|.|:":| measurements ¢ cycle

tin and max time between shatz

fin I2 it
e I'I2 b

1
L
¥
ICE%
— -

Select
Test

— Ophions

Save acoushic trace to file every |1 zhots

Example: Enter '3 to zave a full shot on ever thind zcheduled acquisition.
IJze zero to never save shat traces.

This data form is used to define the frequency with which measurements will be made and how often the data for a
digitized acoustic trace is recorded on disk.

7.3.2 - Data Acquisition Frequency

Two options are available for Shot Schedule: Linear and Logarithmic.

Linear:

The user specifies the number of measurements to be made during an hour. The maximum number is 30,
corresponding to the minimum time interval between shots of 2 minutes. This quantity can be changed
during the test. This is done by selecting the Schedule Tab and changing the parameters.

Logarithmic:

9 McCoy et al.: Producing Bottomhole pressure paper.
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The user specifies the number of measurements to be made per cycle of the logarithmic time base in hours.
This will result in the same number of data points to be taken during the first hour, from one hour to ten
hours, from ten hours to one hundred hours, and so on. Since the majority of pressure transient analysis
techniques involve logarithmic plots, this option will result in a uniform density of data for the whole test.
The default value is 30 measurements per cycle. The user can also set Minimum and Maximum time
between shots, to override the logarithmic schedule.
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7.3.3 - Frequency of Acoustic Trace Storage

It determines how often the digitized acoustic trace is saved to disk during the test. The default value is set at once every
measurement. The purpose of recording the raw acoustic data is to manually overcome difficulties that the software may
encounter in automatically determining the depth to the gas/liquid interface. The raw data can be analyzed, off line, using the
various filtering and special processing features of the TWM program. Shots are saved in sequence as wellname.001e001 in the

same directory as the main data file.

7.3.4 - Pre-Shot Measurement

The next part of the test set-up involves acquiring an acoustic trace in order to determine the appropriate parameters for
automatic determination of the liquid level. Select the Acquire Shot Tab:

lode

Schedule O Acquire Shot Select Liguid Level I Depth Determination I Progresz I

1de

0.003

0.001

X
Backgraund Moize (W)

-0.0032 4

— -0.005 1

Pre-Shot Meazurements

B ackground Moize 'Within 1 Second Interval:

Peak-Feak IS.? i

’, Prezsure Transducer: PT 4586

Pressune ISEH pzi [g)
T emnperatune IE?.EI deq F

Elapzed Time |'| 7 FEC

—_1

Battery Voltage |-| a5 it

oo 41 L l cod [ l ) Iljnhul.u | |hl|.i

ali e

INSTRUCTIONS Whell Gurn: WEEDY Explogion Pulze

Firgt - Charge the gas gun.

Second - Close the gas gun bleed walve.

Third - Open the casing walve between the gas gun and the well.
Fourth - Cloze the casing valve ta the flowline.

Prezzure tranzducer and electronics require 20 zeconds to ztabilize.
For best prezsure data, wait 20 zeconds before procesding.

[ALT- 5] FIRE SHOT!

ﬂ ceaup | [Fad

=

| NOTE I

The chamber pressure is controlled by the pressure regulator on the Nitrogen bottle. Generally it
should be set to a minimum of 150 PSIG above casing pressure that is anticipated that will be
reached during the following un-attended period of the test.
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After checking all cables and connections and that the chamber has been charged to the correct pressure, a test shot is
fired by striking Alt-S.

The length of the data acquisition time is initially determined by the value of the depth to the pump intake that was entered in the
well data file. Subsequently it is adjusted depending on the position of the previously recorded liquid level reflection.

Shot Not Detected: Occasionally the amplitude of the acoustic pulse is not sufficient for the software to automatically detect that
the shot has been fired. Generally this can be remedied by increasing the volume chamber pressure. If this does not solve the
problem, the operator should follow the troubleshooting procedure to check the cables and electronics.

After the acoustic trace is acquired, the software makes a best estimate of the most probable signal that corresponds to the liquid
level reflection. This signal is flagged by the gray band (liquid level signal window) as shown in the following figure:

Shat Entries I Tirne Plats I Velociy Analysi: B Select Liquid Level Depth Determination I Lag-Log Plat I 1]

Sec u] 1 2 2 4 al =] 7 o] a 10 11

100.0 m

Indicatar |3.534 e [ fpply Low Pazs Filter Move Indicator < - Left | Right - » | ._J

o to Autamatically Selected Ficks

<< Prev Kiu:kl Mest Kick = | Fezet | I

Scale Shat Trace

Scale Up I Scalegnwnl Reszet |

[A-1] Gun Parameters |
Pulze Tope: & Explosion ¢ Implogion |

b ute Wwindow Width +4- ||:|,2 TEC

[ Lock Mute window In Place

Advanced Options... | ? | <PgUp | Fig Dwn >|

In the window on the lower right of the screen the signal that has been flagged is displayed using an expanded time scale. At this
point the operator should:

Check that the liquid level is picked correctly by the software.

Check that the selection is contained within the window.

Exclude other possibly confusing signals from the gray window by adjusting its width so as to
exclude the other signals if possible.
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e Mute Window Width: the width is set as a fixed number of seconds (0.5 seconds default) on either side of the fluid level
marker. It should be as narrow as necessary (0.2 seconds shown above) to exclude other signals (such as from liners) from
possible selection as the liquid level.

e Pulse Type: the correct type of pulse (implosion/explosion) should be selected.

e Lock Mute Window In Place: when this box is checked the mute window is fixed in time and does not follow the
movement of the liquid level echo.

| NOTE I

Before shutting-in the well, it is recommended to use the Acoustic tab of the TWM program to
take a few preliminary acoustic traces so as to identify as easily as possible the correct signal
corresponding to the liquid level as well as the exact time. The Well Analyzer's signal processing
capabilities should be used as needed to identify the correct signal. Also the correct collar
frequency should be identified so as to be able to check the collar frequency determined by the
Pressure Transient tab of the TWM program.

As a general rule the software should have no problems in correctly identifying the liquid level. The most troublesome
wells are those where gas is vented from the casing at very low pressures. Signal to noise ratio will improve significantly as the
casing head pressure increases during the test.

After adjusting the signal window and checking the liquid level reflection time, the set-up procedure is continued by
selecting the Depth Determination Tab. The software then analyzes the collar reflections to establish the corresponding collar
frequency (sound velocity in the casing gas) and presents to the operator the result of filtering the raw signal and automatic
selection of collars, as shown in the next figure:
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Shat E ntries Time Plats I Welocity Analysis I Select Liquid Level B Depth Determination Log-Lag Plot I 1 I k I

Sec u] 1 2 3 4 bl
oL
z |
C!-—..._--——-h--.._._li
=
Explosion | |
() |0 500 |1|:u:u:| |15|:u:| |2|:u:u:| |25|:u:| |3|:u:u:| 350C
JTS.-"SE::IEE.EEH# Acouztic Wel. |143D.59 ftis RTTT ]3.534 2EC |83.E|2EIB Jis |255'I.'IE| ft
Filter Type IHigh Pazz j
LA [1.0 ko 20(Sec) ] 23> | % Coarze |
€ Fine |
[ - -] |
| - | |
< |
=2 | [™ Show Depth B eference Line
¥ | &pply &utomatic Collan Caunt
I 107.2 m Scale:  Up | Qﬂwnlﬂl Analyziz Method: | Z5Ens j < Pg L||:|| Pa Dwn>|

Generally the Automatic calculation of frequency is sufficiently accurate. However in very noisy wells it may be more
accurate to determine the collar frequency using the multiple processing features of the TWM program. After the well is shut-in
the increase in casing pressure will cause significant quieting of the wellbore and the automatic processing will be more effective.

Occasionally it may be necessary to use the Manual mode of processing the acoustic data to select a different time interval for
determination of collar frequency. In this case the subsequent shots will be analyzed by the software using the selected time
interval to determine the collar frequency and constructing the filter for the automatic collar count. The operator also has the
option of using a fixed acoustic velocity for liquid level depth calculation but this is not recommended since the velocity will
change as the casing pressure generally increases during the buildup test.

After the set-up phase has been completed selecting the Progress Tab presents the following message:
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Scheduls I Acquire Shat I Select Liquid Level B Depth Determination Progress I

Sec u] 1 2 3 g o G 7 =] g

M

10.0 mW

TWM =
Explosian
& I1ze these Analpziz zettings for all subzequent Shat Acquizitions? |4EIDD &000
Filter Tupe IHaw th Reference Line
Accoustic Velocit : Ho |
44 [15 to 25(Sec) ] B33 |F Coarse [8.765  [sec |152.2EI|Jts |4524.95 |

At this point it is possible to repeat the complete set up procedure by pressing NO, and repeating the selection of the signal
window and depth determination, or pressing YES and continuing with the start of the pressure transient test. The liquid level
signal selection and depth calculation options can be reset at any time during the test by following the same set up sequence of
tab selections.
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7.3.5 - Start of Pressure Transient Test

Before continuing, check that all connections are still secure, the cables are protected from accidental damage, the
external power source is connected to the Well Analyzer and the gas supply is connected (and checked for leaks) and the
chamber pressure is regulated to the value used during the set-up of the acoustic trace.

After selecting the Progress Tab, the following screen is displayed, indicating that the set up shot, assigned the Number 0000-P,
has been completed and the software is ready to begin acquiring the data for the Transient test:

Schedule I Acquire Shot I Select Liquid Lewvel I Depth Determination O PFrogress |

Current date./time IF".-"'I £/99 9:29.58 AM START: Tranzient Test Erd Test |

Time until next data acquizsition I H:k:5
Elapzed time zince ztart of test IEI (00: 00:00 H:M:5 Az ilanuzl She

Battery voltage  [12.6 wilts Mumber of measurements I'I

No. | Delta Time | Status | Batpv) | Coglpsil | TIF) | Walid | Timefs) | weliit’s) | Depthiy |
B 0000F 0000000 Completed 125 5765 11010 48249

Automatic acquisition of the data is initiated by clicking on the START TRANSIENT TEST button. The first shot is fired when
the unit is operating since it corresponds to the flowing (or static) bottom hole pressure condition. After the data processing is
completed the well flow is stopped when running a buildup test, or is started when running a draw-down test. The test's
elapsed time clock is started as well as the timer that indicates the delay to the next data acquisition.

While this screen is active it is possible to manually initiate acquisition of a data point using the ACQUIRE MANUAL SHOT
button. This will not alter the automatic shot firing sequence. Note that the START button has been renamed PAUSE
TRANSIENT TEST. This allows stopping the automatic acquisition schedule during the test in order to undertake modifications
or repairs to the system set up, such as changing the nitrogen bottle, replacing a faulty cable, etc. without disturbing the progress
of the transient test. Also the transient test may be terminated using the END TEST option.

Shots are identified by a combination of numbers, letters and icons and comments indicating their status:

The four digit number (0001) represents the shot number in sequence.
The letter represents the type of shot:
P- Pre-start set up shot
S - Soft shot, the acoustic trace is not saved or liquid level was not identified.
Only time and casing pressure are recorded.
H- Hard shot, the acoustic trace is saved with all the other data.
M-Manual shot fired by user at any time during test, data and trace are saved.

The icons relate to the status of the process:

A . . . 0072H
The triangle indicates that the particular shot has been selected for analysis or review: > S
The microphone indicates that the shot is being acquired and processing is not completed: @) 0004+
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Shown below are examples of these designators including the shot's Status:

M. | Dela Time | Statuz
Qaon-F 0030000  Completed
00o1-H 0000000 Completed
oooz-H 000200 Completed

= 0003-H  000:04:00 Completed

: o DO365 0010232 Mo Shat Found
@)0004H  0000GO0  Shot detected 00365 QOT0232 Mo Shot Found

o33-H 001:0524 Completed

005S-H 0013500 Completed 00A1-H - 001:5%:23  Completed
O060-M 001:4213  Completed e 0072H 0020047 Completed
O0E1-H  001:4337  Completed 0073 00201:54  Completed
O0g2-H  001:4%01  Completed ' 0074H 0020318  AcgAbarted

7.3.6 - Test Progress and Control

The PROGRESS tab shows the screen which is displayed during the normal progress of the transient test. This
screen is used by the operator to monitor the progress of the test, to modify the test parameters and to evaluate the data that has
been acquired.

After the acquisition and processing of several shots has been completed the following figure shows the Test Progress and
Control Screen at the precise moment when the system is acquiring data from a shot:

Schedulel Select Liguid Levell Depth Determination E Frogress |

Current date/time I?ﬂ B33 3:33:45 AM PaLSE: Tranzient Test End Test |

Time untl next data acquizsitian IEI 00:07:50 H:M:S
Elapzed time since start of test IEI 00:06:10 H:b:5 Sl M) St

Battery voltage  |12.6 wlts Mumber of measurements |5
Mo. | Deta Time | Status | Batpv] | Csalpsi) | T(F) | walid | Timefs) | veliitss] | Depthiiy |
0000F 0000000 Completed 125 5765 11010 48243
0001H  000:00:00 Completed 126 339 90 5743 10768 47071
0002H  000:0200 Completed 126 336 914 8741 10768 47060
p-0003H  000:0400 Completed 126 402 921 8719 10768 46942
@))0004H  000:0600 Shot detected 125 No

The following data are recorded in the table:
Delta Time: elapsed time since start of test.
Status: information related to the specific shot status.
Bat(V): measured voltage of well analyzer’s and external battery.
Csg(psi): pressure reading in casinghead annulus.
T(F): temperature inside pressure transducer housing.
Valid: comment regarding the validity of the shot data.
Time(s): time to liquid level echo signal.
Vel(ft/sec): acoustic velocity of annulus gas.
Depth(ft): computed depth to liquid level.
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Following is the same screen after acquisition of one pre-shot, seventeen automatic shots and one manual shot:

Mo. Delka Time | Status Batlv] | Csalpsi] | TIF] Walid Time(z] Yellft s Depthift]
0000-P# 0000000 Completed 126 BR3 8.7E5 1101.0 48249
oo01-H - 0000000 Completed 126 333 06 8.743 1076.8 47071
0002-H - 0000200  Completed 126 296 .4 8,741 1076.8 4706.0
0003-H - 000:04:00  Completed 126 402 921 8.719 1076.8 46942
0004-H - 0000E:00  Completed 126 408 926 8.719 10797 4707.0
0005-H - 0000800 Completed 126 4.3 933 8.639 10797 46962
000e-H 0000531 Completed 126 418 937 8.681 10827 4(99 2
0007-H 0001056  Completed 126 422 938 8.EE3 10787 46723
oo0g-H o 0001220 Completed 126 425 94.0 8.EE1 1081.2 46820
0003-H o 0001245 Completed 126 429 942 8.648 10827 4681 .4
0M0-H 0001503 Completed 126 432 941 8632 10802 46621
0011-H 0001634 Completed 126 435 942 8.E1E 1084.1 4670 4
0M2H 0001934  Completed 126 441 94.4 8.547 10787 46097
0M3-H 0002234  Completed 126 447 933 8481 1024.1 4597 3
014-H 0002534  Completed 126 454 930 8421 1024.1 4564.7
0M5-H 0002834 Completed 126 461 93.0 8.363 1100.2 4E00.E
0MEe-H  000:31:34  Complated 126 467 939 8.314 1085.6 45129
0OM7H  00034:38  Completed 126 474 949 8268 1101.0 4551 B

0015 0003625  Completed 126 478 5.0 8.240 10201 44501

If during the test the program cannot communicate with the data acquisition hardware the following error message is generated:

Schedule K Progress |

Current datetirme l1 2/19/2003 3:01:08 P START: Transient]

Time Unkil Mext Measurement lDD-DD: 0:50 Ci-H:M:5

Elapsed Time Since Start of Test [00-00:02:19 O-H:M 5 2h B )
Battery voltage I wolts [T Take Fluid Lewelin

Mo, | ETimin)| SEQ_| Status | Batp] | Cslpsi |
0000005 007 1 e 125 00
000001 -m 043 1 ( ER: Statwa

- 0000025 212 1 \_ER: Startw,

Generally this is an indication that there may be a problem with the USB or serial cable or the well analyzer battery has run down
below the minimum voltage to operate the electronics.

When the battery voltage drops below 10 volts the solenoid valve is not operable and the following status message is recorded:

Qoo 4e-H 7245498 7 Completed 10.0 0o a7 4225 1140.0 240,32
0001 47-5 T24a.02 7 Low Battery Can't Fire So... 9.9
= 00071455 T28E65 8 Low Battery Can't Fire 5o, 9.8

1| | »

=== Battery Yoltage Level too low to Fire Solenoid. Check Battery.
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END Test:
This button is used to stop the acquisition sequence but it does not stop the test clock:

L O Progress |

SPEEMND: Transient Test

EMD: Tranzient Test

After clicking the END button the APPEND button becomes active. While the acquisition sequence is stopped the user can
replace any faulty hardware (pressure transducer, external battery, etc.) or make repairs to the connections to the well as needed.
When everything is ready, the test can continue and the user clicks the APPEND button initiating the acquisition of a set-up shot
to validate the liquid level selection end depth calculation. The test then continues as scheduled.

At the bottom of the screen the check box forces the program to select the last measurement in the progress table for possible
review by the user. The number of shots taken is also displayed:

v futo-Select Most Fecent Measurement Mumber of Meazurements IEI ? | < Pglp | Pg Cwn >

7.3.6.1 - Backup of Acquired Data

The program automatically makes a copy of the acquired data in case the main file gets corrupted. The backup file
(wellname.001_BU) is stored in the same directory as the main file (wellname.001).

If for some reason the original file gets corrupted (laptop shuts down unexpectedly) then the back-up file can be used to analyze
the data or to append a continuation of the test. Windows Explorer is the tool to use as follows:

1. Find the data file wellname.001

2. Rename it to wellname.xxx

3. Find data file wellname.001_BU

4. Copy file wellname.001_BU

5. Paste file wellname.001_BU creating a file named “Copy of wellname.001_BU”

6. Right click on the file wellname.001_BU

7. Rename this file wellname.001

8. Exit Windows Explorer

9. RunTWM

10. Open file wellname.001

The file should be readable and you should be able to analyze the data or continue test by appending new data to the data already
acquired.
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7.4 - Append Test Data to Existing Data Set

Sometimes it is necessary to interrupt the normal sequence of data acquisition during the test. For example some
malfunction, such as a loss of external power source, has caused the program to halt and quit in the middle of a test. In these
instances it is necessary to resume the test and append the additional data with the correct elapsed time. This task is performed by
using the Alt3 Select Data Set option, in the Acquire mode, Pressure Transient Test Tab:

Append Tranzient Test to an Existing Data Set

[ 3] Select Data Set.. |

Edityliesh Wescnptian,.. | Welete Tiest

This displays the following directory of existing tests for the given well. The user then selects the test data file that contains the
previous measurements:

[ Append to Given Data Set r

Axaillable Drata Sets for Greenstreet

Drate/Time | * | Test Data | Description |

.’Ij 10/12/1933 10:21:30 I

I
F CATWMMGreenstreethGreenstreet. 007

Append Data Set Cancel |

Clicking on the Append Data Set, will set up the data file to accept additional data points. If the elapsed time since the last data
point was taken and the current time exceeds two days the following alert message is displayed to minimize the chances of
appending the data to the wrong test set.
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P 101 & MOTE: The Prezsure Trangient Test vou have zelected to append to h
waz anginally ztarted 144 4 days ago on 10412439

Thiz warning mezsage iz a precautionary check shown for tests more than 2 daps old.

4 It iz to help avoid appending to the wrong Pressure Tranzient Test,

= hote:;

Append Trangient Test to an Exizting Data Set

[&lt 3] Select Data Set...

Clicking OK will enter the data file name in the list box as shown in the following figure:

Acnustic] Dynamometer] Power/Cunent K Pressure Transient l

Select Test Type for Mew Acquisition

&[4l 1] Buid Up/Draw Dovn IV Apply Gazeous Liquid Column Corection Factar
[ Diywelbore (Mo Fluid Measurements)

" [Alt 2] Fall Off B
Date/Time | Test Type | Status | Serial No. Description
P 10412299 10:21:45 EBLUP Undefined Pressure Transient Session
4| i

* Maote: T'Wh allows only ohe Pressure Transient Test per Data Set.

Append Tranzient Test to an Existing Data Set

[ [ak3) SelectDataSer.. |

Edit Test Description. .. | Delete Test | ? <PglUp | PgDwn:

The operator then proceeds with the set up procedure as when initiating a new test.

NOTE: Do not obtain a new zero offset when the same pressure transducer is used during the continuation
of the test data acquisition since all the pressure data will be merged and must be referenced to the original
zero offset. If a different pressure transducer is used to append to the previous test, then the zero offset of
the new transducer must be recorded before continuing with the test.
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7.4.1 - Merging Data Sets

If after interruption of a test, the user has restarted a test and created a new data set instead of appending to the previous data
set then it is possible to merge the two sets of data when recalling the data as shown in the following figure from the Pressure
Transient test tab:

kerge curent Preszure Transient best data with a test
it another Data Set

Select Data Set... I

Clicking on this button opens a sequence of windows similar to those shown in the previous section.
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7.5 - Recommended Procedure for Acquiring Acoustic Pressure Transient Data in Pumping Wells

Running a pressure buildup test involves a major commitment of time and manpower as well as temporary loss of income while
the well is shut-in. Therefore every effort should be made to guarantee that the final data is of sufficient good quality to yield an
accurate representation of the formation permeability, skin and static reservoir pressure. The following recommended procedure
is designed to provide some guidelines to help reach that objective when testing wells that are produced using beam pumping.

1-

6-
7-

10-

11-

12-

13-

Obtain all necessary data for acquisition and pressure transient analysis. Review and update base well file. Obtain or
draw a wellbore diagram to identify all changes in annular cross section that could be used as downhole markers or that
could interfere with automatic liquid level selection (liners, tubing cross-overs, etc.)

Prior to date of well test, perform acoustic measurements to determine normal producing conditions, acoustic velocity,
casing pressure and existence of a gaseous liquid column. Perform dynamometer test to determine pump fillage and
effective pump displacement.

If height of gaseous liquid column is significant perform a short duration (1hour) liquid level depression test (by closing
the casing to flowline valve) to estimate the time required to depress the liquid level to the pump intake.

Inspect all well connections to flowlines, casinghead, tubing head, stuffing box, condition of valves, leaks etc. and report
any problems to the operator so that they may be fixed before date of well test. It is important that the SV is holding
otherwise there will be excessive back flow during the early stages of the buildup and this will show up as additional
after-flow.

Shortly before (24-48 hours) date of test put the well on a production test in order to determine the average 24 hour
production rate, water cut and GOR.

Review and update all data and prepare test procedure and check list.

If gaseous liquid column depression is to be performed, install back pressure regulator on casing to flowline outlet (if
possible) and start increasing casinghead pressure while monitoring liquid level. Use the pressure transient module to
monitor depression test). This may take several hours or days as estimated in step 3. This should continue until the fluid
level is indicated to be about 60 feet above the pump intake. When this is reached the casing pressure should be
stabilized to a constant value ( +/- 5% of the measured value)

Make sure all batteries are charged before starting the test. On the day of the test after setting up the equipment take a
fluid level to verify that all is normal. Take a dynamometer and verify that the pump fillage and operation is the same as
was established in step 2 and agrees with the well test information. If the difference is more than 10% continue
monitoring the dynamometer during 30 minutes to detect any abnormalities. If the pump operation is erratic, then
postpone the test until the problem is fixed since it would be impossible to determine an accurate flow rate for buildup
interpretation.

Verify that all connections between the gas bottle and the remote fire gun do not have any leaks. Check all electrical
connectors for tightness and protect them from rain. Place thermal insulating tube on the pressure transducer. Check
connection to external battery and verify that the Well Analyzer (EXT BAT) light is on and the charger cable is
connected to the laptop.

Start the TWM program and go through the Set Up procedure to get the zero offset of the pressure transducer. Select the
Transient Test module and complete the test set up procedure. Use Logarithmic schedule unless there is a reason for
selecting otherwise. Take a Pre-Shot and verify that the program is picking the fluid level correctly (adjust the signal
window if necessary) and that the acoustic velocity and fluid level depth are computed correctly as established earlier
(steps 7 and 8)

Start the buildup acquisition (START acoustic transient test) while the well is still pumping (first pressure value
corresponds to PBHP). As soon as the program completes the processing of the first shot STOP the pump. Set brake and
lock out the motor switch. Close tubing flow valve to prevent the well to flow as the pressure builds up during the test.
Monitor the progress of the test at least for 30 minutes and check that the fluid level is picked correctly and al the data is
consistent (fluid level may rise or fall depending on well conditions) especially the casing pressure should show a
consistent trend. Make any adjustments to obtain accurate time to liquid level as described in the TWM manual.
Determine the rate of casing pressure increase (psi/hour) to estimate the likely casing pressure for the time when you
will return to the well to check the test progress. Set the regulator pressure to 200 psi above the estimated future casing
pressure to insure that shots will be taken at that time.

Check that the EXT. POWER indicator is lit; check all connections before leaving the well. Check that the laptop power
management has been set to NEVER turn off the laptop and that the laptop will stay ON even when closing the lid.
Close well analyzer case and protect from the environment. Wait until a shot is taken automatically before leaving the
site.
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15-

16-
17-

18-

19-

20-

21-

22-

23-
24-

25-

26-
27-

When returning to the well, open the Well Analyzer and the laptop. Check the Progress screen and verify when the last
shot was taken, when the next shot is due, the presence of soft shots (S), the casing pressure, time to liquid, etc. Take a
MANUAL shot and observe the liquid level pick and depth calculation. Check a time plot of Casing Pressure vs. time
and observe if there are any anomalies (step changes of pressure or abrupt changes of slope) that may indicate the
presence of leaks at the wellhead or transducer problems.

Make necessary adjustments to obtain accurate fluid level and depth values in subsequent shots.

Determine casing pressure increase rate and adjust regulator pressure. Check the pressure in Nitrogen bottle and battery
voltage and replace them as necessary.

Copy all the data recorded to this point to a diskette, CD or USB removable memory as appropriate to the laptop in use.
The objective is to transfer the data to an office computer for further analysis to determine if the test has run sufficiently
for meaningful buildup interpretation or if the test should be continued.

If the test continues go back to step 14.

If the test is terminated, take a MANUAL shot and when the computer finishes processing the data select END Transient
Test and exit the Pressure Transient Module.

Select the Acoustic Test module; select “shut-in” to indicate the well status ad take an acoustic record to establish the
present value of Static Bottom Hole Pressure in the well base file.

Select Dynamometer Test. Connect the PRT to the polished rod. Open the tubing valve to the flowline, release the brake
and start pumping unit.

Make dynamometer measurements to determine that the pump is operating normally.

Open slowly the casing valve to the flowline to SLOWLY reduce the casing pressure to its normal operating value. See
NOTE below for ESP wells.

After the casing pressure has stabilized, repeat dynamometer measurements to verify that the pump is operating
normally. If not then notify the operator of the problems that may be indicated.

If all is normal, stop the unit, disconnect dynamometer and remote fire gun. Transfer all data to external storage.

Start unit and verify that all is normal before leaving well site.

For wells produced with ESPs or PCPs the steps related to dynamometer measurements are not relevant.

NOTE: For ESP wells it is very important to reduce the casing pressure very slowly since gas will dissolve in the downhole
cable’s insulation as the pressure in the annulus increases during the buildup test. A rapid reduction of casing pressure will cause
the insulation to swell and possibly damage the cable. A slow decrease in casing pressure allows the dissolved gas to evolve
gradually without causing swelling of the insulation.
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7.6 - Analysis of Acoustic Pressure Transient Data

The first step for analysis of the acoustic data that has been acquired using the Well Analyzer in the programmed automatic
acquisition is to verify the quality of the data by looking at the variations of key parameters during the test. In particular the
acoustic velocity used to calculate the fluid level depth should be inspected for abnormal variations that do not follow the
variation of pressure in the wellbore gas. This is undertaken using the Acoustic Velocity Analysis tab.

7.6.1 -Acoustic Velocity Analysis

The purpose of this tab is to give to the operator the ability to fit a smooth curve through the velocity data points in order
to account for variations in acoustic velocity that have taken place during the test. These variations are due to changes in
temperature, pressure and composition of the annular gas. The magnitude of the change will depend primarily on the magnitude
of pressure changes. Variations in the noise level in the well may cause random variations in the determination of the collar
frequency which show as discontinuities on the velocity vs. time graph as shown in the following figure obtained from the Time
Plots Tab (which is described in detail in the next section):

Shot Ertries L Time Plats Yelocity Analpsis I Select Liquid Level I Cepth Dretermination Laog-Lag Plat I 1 I r
Select Left Axis: |:|filir'|-E|| Acouztic Yelociy Select Fiight Bz I HOME j
[Sumbal: Cirzle] [Symbal: Trianagle]

1300.00 4

1250.00 4

1200.00 4

1150.00 4

Acoustic Wel. (ftisec)

1100.00 1

T T T T T T T T 1
1000.0 2000.0 2000.0 4000.0 A000.0

Time (min)

These discontinuities in acoustic velocity result in discontinuities in the calculated BHP that do not correspond to the actual
variation in bottom hole pressure and need to be excluded from the calculated BHP.
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It is necessary, therefore, to eliminate the velocity "bumps" by smoothing the velocity data using the Velocity Analysis Tab:

Shat Entries I Time Plats O Welocity Analysis Select Liquid Level I Depth Determination I Log-Laog Plat I 1 | r |
20,00 A " + 4 - — & % Collars _
20
el B0
K
fr)
£
2 aol
201
16.50 1 T T T T T T T T T T T
a 1000.0 2000.0 2000.0 4a00.0 s000.0 ga0o.a
Cel Time (min)
. Select Data Point—— Data W alue Select Fit Type:
Elapzed Time IEI min i =
-
Joints/Sec I‘IE,EE|4? itz <4 | £ Prev | Ne:-ctzl >>| Increaze |
. ¥ Show 3 Collars Counted
velociy [105345 fis [AkX]ADD Paint ToFitline ||| pecrasse Il
Collar Count [33 6785 % : | <Pglp | Pg Dwn > |

This figure shows all the velocity data points (small crosses) that have been computed from the acoustic traces recorded
during the test. Note that although there seems to be a lot of scatter, the vertical scale (jts/sec) is amplified which exaggerates the
differences between readings. The small circles indicate the data points that the user has selected to be included in the smoothed
velocity variation plot.

The objective is to choose (using the Select Data Point buttons) an adequate number of points that will describe smoothly the
variation in velocity. In general 5 to 7 points will be more than sufficient. This smoothing operation can be repeated as many
times as desired in a trial and error mode, since the original data is not affected.

The bar-graph (vertical thin lines) shows the percentage of collars that were counted for each shot. The user should preferably
select only points where this percentage is a maximum so as to insure that the most accurate values of velocity are used in the
calculations. The numerical information for the point that is selected is displayed at the bottom left corner of the screen.

The smoothing technique is selected using the Select Fit Type pull-down menu at the bottom right. The choices are No Fit
Applied and Linear Fit.
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After having selected the points and the fit method, returning to the Time Plots window and selecting “Smoothed Acoustic
Velocity” shows the result of the smoothing operation, as shown in the following figure in terms of ft/second instead of
joint/second:

Shot Erties O Time Plats Welocity Analysiz I Select Liquid Level I Depth Deterrmination I Log-Log Plat I 1 I r
Select Left Axis: Smoothed Acoustic Welocity Select R |ght Buis: I HOME j
[Syrbal: Circle] [Symbal: Triangle]

1200.004

1250.004

1200.004

1150.004

FAocoustic Wel. (fitse )

100,001

T T T T T T T T 1
1000.0 2000.0 3000.0 4000.0 S000.0

Time {min)

ECHOMETER Co. 183 10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

7.6.1.1 - Procedure for Velocity Smoothing

The selection of points to be included in the velocity function is undertaken using the Next and Prev buttons in the Select Data
Point controls at the bottom of the screen. The data point currently selected is indicated by the dark triangle and the
corresponding numeric values of the Elapsed Time, Joints/sec. Velocity and % Collar count are displayed in the boxes to the left
of the controls.

(Since the data is compressed at the beginning of the test, it may be necessary to repeatedly use the Next button until the select
triangle moves away from the origin and is clearly seen)

18.50+

18.00 4

Wealocity (jtsfzec)

17.50 1

17.00 4

16.50 T T T T T
1000.0 2000.0 3000.0

el Time (min)

. — Select Data Point——
Elapzed Time IE'I 44 g}
Joints/Sec I1 77262 tefsen [ £ | £ Prey | >>|

elocity [1123.84 i [4kX] ADD Foint To FitLine |
Callar Count |4?.44?E &

The following figure shows a portion of the data with a new point selected to be included in the fit:

200004

19.501

19,001

After selecting the point and clicking the ADD Point to Fit Line note that the line now passes through the point that was
selected:
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The symbol for the now-included point changes from a cross to a circle, as seen below.

20000

19.50 1

19.00 4

These steps are repeated until the user is satisfied that the line represents the variation of acoustic velocity during the transient
test. Note that the original data is NOT MODIFIED but a new relation is generated in terms of Smoothed Acoustic Velocity or
Smoothed Joints per Second.

The original and the smoothed data may be plotted on the same graph using the Time Plots Tab, as shown below:

Shot Entries K Time Plots Yelozity Analyziz I Select Liquid Level I Diepth Dretermination I Lag-Log Plat I LI
Select Left Axis: I Original Acoustic Yelocity j Select Right Axis: ISmu:u:uthe-:I Acouzhic Yelocity j
[Symbal: Cirzle] [Symbal: Triangle]
130000 5 r 1300.00
1250.00 1 F1250.00
- I
L) o
Ao 200,004 F1Zo0.oo =2
£ 5
3 o
= =
=2 -
z 2
2 1150004 L 145000
<L 2
1100.00 1 F14100.00
1050.00 4 T T T T T T T T 1050.00
1000.0 2000.0 3000.0 4000.0 £000.0
Time {min)
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7.6.2 - Plotting of Data and Results vs. Time

The Time Plots Tab accesses all the graphic routines that are used to monitor the progress of the test and the quality of
the data that has been acquired. The following pull down menu shows the variables that can be selected for graphing:

Shat Erties O Time Plats Welocity Analysis I Log-Log Plot I FDH Plot I Horner Plot I

Select Left Axis: | Casing Pressure j Select Right Az INDNE j
[Symbcl: Circle]l [MONE [Sumbal: Triangle]

azing F
150.0BHF
Depth To Liguid

Preszure Tranzducer Temperature
B attery Woltage

1250 lechronics Temperature

Time To Liquid

Jointz Per Second

Smoathed Jaintz Per Second
Original Acoustic Welocity
Smoothed Acoustic Welocity
Liquid Carrection Factar

- Liquid Afterflow

3 as Afterflow

Fercent Collars Counted

Yelocity Liguid Level

50.004

100.

-
h

Casing Pressure (psig)

The selection results in the following graph of Casing Pressure vs. Time:
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Shot Ertries [ Shot Entries Select Liguid Level I Depth Determination I tDH Flat Harner P'Iu:utl

Select Left Axix: IEsg Fressune j Select Right Axis: INEINE j

150.00 5

125.00 1

100.00 4

75004

Casing Pressure (psi-q)

0,00 4

2500 W

T T T T T T T T T 1
u] 2000.0 4000.0 GO00.0 s000.0 10000.0

Time (min)

Plotting Two Variables allows correlating the changes of two variables in order to verify that the variations correlate with the
expected behavior of the fluids in the wellbore. Each variable is selected with the corresponding pull down menu and is plotted
with its corresponding symbol and axis:

Shot Ertries [ Time Plats Welocity Analysiz I Select Liquid Level I Depth Determination I Log-Log Plat I 1 I

Select Left Axis: IEasing Pressure =] Select Right Axis: | Depth To Liquid =l
[Symbal: Circle] [Syrbal: Triangle] |MOME
|EHP
Depth Ta Liguid
450,00 L Temperature

Battery Woltage

Time To Liguid

Jointz Per Second

Smoothed Jaintz Per Second
Original Acouzstic Welocity
Smoothed Acoustic Yelocity
Liquid Carrection Factar

125.004

& 100.004 Liquid Afterflaw
W 3 as Afterflow

o Percent Collarz Counted

7 =
@ F5.00 - r4000.00
g =
£ =
& 2
[ LAOE S S

F et

The following plot shows the relationship between the casing pressure and the time to the liquid level reflection:
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Shot Erties [ Time Plats I Velocity .t'-‘-.naI_I,Jsisl Loglog F'Intl MOH Flot I Hormer F'IDtI
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Time Tao Liquid I 814 SEC

[ Omit Selected Shot Entry From Analpsis Calculations

Indicator Movement Control

<—Left | Right—3 |
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7.6.3 - Editing of Test Points

Note that the previous figure shows a vertical indicator line that can be moved from point to point using the Indicator
Movement Control buttons. As the indicator is placed on a data point the corresponding shot number (Shot # 000077S)
elapsed time (@3911.00 min.) casing pressure (98.92 psig) and time to liquid (8.14) are displayed at the lower left. If
such point should be ignored in the BHP calculations then the Omit Selected Shot box should be checked. This feature
allows editing the data without having to return to the progress screen.

The section of the data that is viewed on the screen can be controlled by selecting the number of points to be displayed
in the vicinity of the vertical indicator by clicking on the Set Shot Range button:

150,00 -5 .80
125.00 3
i 2.3
= 100,00 4
& E)
p= Lazs &
@ =
o (=1
ﬁ 75.00 1 =
v =
(=] o
E L=13 E,
O 50.00
- 2.00
25.00 4
o . r ' . 7838
0 20000 4000.0 BO00.0 2000.0 10000.0
Time (min)
Shot # 0000485 @ 574.00 min gk toyHgvement Contiol s
Caszing Pressure |4B.4E| p3i-g £ Left | Right --- > | 4
A A= ZBC
Time Te Liquid I Bi Set Shot Fiange...l
L P R R S e

and entering the number of points to be viewed:

£ ! I

Shot Range x|

Enter a value for the number of shat entries
that wou would like to wiew in the graph.

[25
§ (] I Cancel |
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This results in the following display:

Shot Erties K Time Plats Welocity Analyziz I Log-Log Flot I FOH Flat I Harner Plot

Select Left Axiz: II:aging Prezzure j Select Right Auis: ITiITIE To Liguid ||
[Sumbal: Circle] [Sembal: Triangle]
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125.00 1

. 238
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- i L 200
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] , — , ; . 788
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Shat # 0000455 @ 574,00 min ekt e

Cazing Pressure |4E_4EI psi-g £ - Left | Right - > | .-J_
1 1aui s2C
Time To Liauid [ 834 SetShot Range.|  Show Al Shots |

[ mit Selected Shot Fatre From Analesis Calenlation 1 i

This is especially useful at the beginning of a test where the shots are very frequent. The original display is obtained by
clicking on the Show All Shots button.
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7.6.4 - Samples of Available Time Plots

Csg Pressure vs. Time: displays the measured casinghead pressure:

Shot Enties D1 Shat Ertries |

Select Liquid Level |

Select Left dxis: Ing Pressure

=

[epth D etermination | MDH Flot Homer F'Iotl

Select Right duxis: INDNE j

Casing Pressure (psi-q)

150,00+

T
2000.0

T
4000.0

T T 1
G000.0 S000.0 A0000.0

Time {min)

BHP vs. Time: Displays the last set of computed bottom hole pressures.

Shot Entries 1 Time Plots |

Welocity Analysis I

Select Left Axis: I EHP
[Symbaol: Circle]

|

Select Liquid Level I Depth Deterrmination Log-Log Plat I

D]

Select Right Axis: I MOME
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Depth to Liquid: Displays the latest set of computed depths to the gas/liquid interface vs. time:

Shat Entries I Time Plats | Welocity Analyzis I Select Liquid Lewvel I Liepth Determination | Log-Log Flot | hl I 4
Gelect Left duis: [[ e e Select Right &uis: |NDNE j
[Syrabal: Circle) [Sumbal: Trianglz)
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Temperature: Displays the daily temperature variation of the pressure transducer:

Shat Ertries L Time Plats | Welocity Analysis I Select Liquid Level | Depth Determination Log-Log F'Ic-tl bl I Ld
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Battery Voltage: Displays the voltage as a function of time, showing the discharge rate:

Shat Entriez K Time Plots |
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Time to Liquid: Displays the time to the liquid level echo.
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Joints Per Second: Displays the acoustic velocity as determined from the collar count.

Shot Entries T Time Plats | Select Liguid Levell Depth D etermination |
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Acoustic Vel (jisfsed)

17 .50 4

1700

Time (min)

T T T T 1
0000 20000 30000 4000.0 S000.0

Smoothed Joints Per Second: Displays the collar frequency corresponding to the curve fit selected by the user.

Shot Ertries K Time Plats | Welocity Analysis I Select Liquid Level I Depth Determination |

Log-Log Plot I

b= T T ot cints Per Second
[Symbal: Circle]

Gelect Right Axis: | NOME
[Symbol: Triangle]

20001

19.50 4

19.00

18504

18.00 4

Auoustic Vel (jisfzed)

A7 .50

1700

Time (min)

T T T T 1
0000 20000 2000.0 4000.0 S000.0
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Original Acoustic Velocity: Displays the acoustic velocity as computed from the collar count.

Shot Entiies LI
Select Laft duiz:
[Symbal: Circle]

KD

Time Plots | Welocity Analysis I Select Liquid Level I Depth Dretermination I Log-Log Flot I
¥} Select Right &siz: |NUNE
[Symbol: Triangle)

4200004

1250004

1200004

1150004

Acoustic Vel (ftfsec)

1100004

T T T T 1
0000 2000.0 3000.0 4000.0 S000.0

Time (min)

Smoothed Acoustic Velocity: Displays the last computed set of acoustic velocities vs. time fitted to the user's selection.

Shat Entiies ©

Time Plats | Velooity Analysis | Select Liquid Level | Depth Determination | LogrLog Plat |

<]

Select Left Axis: |[E]aETST AR it Select Right &wxis: INUNE j
[Symbal: Circle] [Symbol: Triangle)
1300004
1250.00 4
o
é‘f’\ 120000
3
L=
£
2 1150004
4
1100.00 4
1050.00 + T T T T 1
1000.0 2000.0 30000 4000.0 5000.0
Time (min)
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Liquid Correction Factor: displays the % Liquid in the annular fluid column as a function of time:

Shat Entries O Time Plats | Welocity .&nal_l,lsisl Log-Log Plat I MOH Plot I Haormer Flat |

Select Left dxiz | IR e Select Right Axis: INDNE j
[Symbal: Circle] [Symbal: Triangle]
400.00 4

a7 .80+

95.00+

92,504

Liquid Cor. Factor (%)

85.00 T T T T 1
o 20000 4000.0 BO00.0 S000.0 100000

Time (min)

Liquid Afterflow: Displays the rate of liquid entry/exit in the well after shut-in.

Shot Entries L Time Plats I Welacity Analysi&l Gelect Liquid Level | Drepth Determination Lag-Lag Plat | Al

Select Left Axiz | {IEENTERSt Select Right Asis: INDNE j
[Symbol: Circle) [Symbol: Triangle]
G000 4
'.)
40,00

Liquid Afterflow (BBLID)
(8]
[}
=
o

-2000 T T T T 1
u] 1000.0 2000.0 3000.0 40000 S000.0

Time (min)
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Gas Afterflow: Displays the rate of gas accumulation in the well after shut-in:

Shot Entiies K Time Plats | Welocity Analysis I Log-Log Plat I tDH Plat I Horner Plot
Select Left duiz: [{Em Select Right Axis: INUNE j
[Symbal: Circle) [Symbal: Triangle]

5.00

5.00 4
5 ano
[
[}
=1
Z
= 300+
£
I
"
0
& 200

1.004

a T T T T 1
) 2000.0 4000.0 G§000.0 2000.0 10000.0
Time {min)

Percent Collars Counted vs. Time: displays the number of counted joints as a percentage of the total number of joints:

Shot Ertries K Time Plats | Yelocity &nalysis I Select Liquid Level I Depth Determination I Log-Log Plat I 4 I 4
Select Laft Axis |{oIe ey i e Select Right &wis: INDNE j
[Symbal: Circle] [Symbol: Triangle)

100,00+
a0 .00 -§
0,00

F0.00

Collars Counted (%)

&0.00 {4

50,00

T T T T 1
a] 1000.0 2000.0 F000.0 4000.0 S000.0
Time (min)
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7.7 - Diagnostic Graphical Output

Although these plots provide some analysis of the transient pressure test data, they are intended to be primarily for
DATA QUALITY CONTROL at the well site. Further detailed analysis of the transient test may be undertaken off-line using
specialized transient pressure analysis packages to which are fed the results of the TWM pressure transient program through the
EXPORT file command described in section 6.7 of this manual.

The diagnostic plots are displayed by using the tabs located at the far right of the screen. The arrows allow displaying the
additional tabs:

k I Log-Log Plat I MOH Plat I Harter Plat I 1 | r |
Time(z] | Welift’s) | Depthit) | CorFact | BHP[psi) | ]
7E14 10584 40295 080 50,7
7E02 10586 40237 080 524
7532 10590 40147 080 5.7
7533 10593 40062 080 55.4
7575 10594 40128 081 56.4
7571 10595 40108 081 57.1
T REFR 1Nk 7 Anns 4 neq FEO0

Note

Many PC-based transient pressure analysis software packages are available. In particular the
PT3.0 software package offered by the ComPort Computing Co.,
(http://mars.comportco.com/pt_1.html) and also available through SPE, provides a very cost
effective way of analyzing the TWM Buildup data in great detail.10

The Pansystem by Edinburgh Petroleum Development Services LTD is commonly used for well
test design and analysis

10 ComPort Computing Company, 12230 Palmfree St., Houston, TX 77034. Telephone (voice or Fax) 713-947-3363. Data can
also be submitted for analysis by computer modem and results transmitted for fast turn around. Contact Walter Fair for more
information ( wfair@comportco.com)

Edinburgh Petroleum Development Services LTD, Research Park, Riccarton, Edinburgh, EH14, 4AS, UK. Telephone (031) 449-
4536.( http://www.e-petroleumservices.com/PanSystem/PanSystem_home.htm )
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7.7.1 - Log-Log Plot

A unit slope trend is indicative of wellbore storage.

Shat Entries I Time Plats I Welocity Analysis U LogLogPlat MDH Plat Hormer Plot
1000.00 - .
L
L7
.
100,00 -
=
2
i
5
]
o
2
10.00 4
1.00 T T T 1
0 1.0 0.0 100.0 1000.0
Del Time
Cz ID.148818 Dierivative Smoothing up | LList Errars. . |
Csd |332.308 Show Derivati
B Sesletice LEFT_| [[RIGHT | Stope Line [UritSicpe |
Min F————— Max
DDWN' j <F'gU|3| Pngn)l

A half slope trend indicates an infinite conductivity fracture:

Shot Entriesl Time Plotsl Welocity Analysis O Log-LogPlat I MDH Plat Homer Plat
1000.00+ e
100,004
i
H
g
I
a
10,00 4
1.00 T T T 1
oA 10 100 100.0 1000.0
Del Time
Cs ID.D?35833 Dierivative Smoothing LList Errars... |
Csd |1BB.549 Show Derivati
WGl LEFT | | RIGHT | SlopeLine [Hal e -]
HMin —— Max
DDWN' j <F'gUp| Pngn>|
ECHOMETER Co. 199 10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

7.7.2 - Unsmoothed Pressure Derivative:
The derivative function is displayed by checking the Show Derivative box, at the lower left. This function is indicative
of the rate of change of the pressure transient and is used as a diagnostic for the interpretation of the test and in using the Type
Curve Analysis.

Shot Entries I Time Flats Welocity Analysiz 0O Loglog Plat I MOH Plat Harner Plot I

000,00

100,004

Cel Pressure (psia)

10.00 4

T T 1
0.1 1.0 0.0 100.0 1000.0

Del Time
Cs ID.D?35833 st Errars.. |
Csd I‘IBB.EdS v Show Derivati
- Sine Dziaive LEFT | HIGHTl Slope Ling INoLine YI
Min f— Max
DDWN' j <F‘gUp| F'ngn>|

Derivative Smoothing

7.7.2.1 - Pressure Derivative with Smoothing

The pressure derivative function is very sensitive to small changes in pressure from reading to reading. Since the derivative trend
is the important diagnostic, it is best viewed with some degree of smoothing of the derivative plot. This is controlled by the user
with the slider control and adjusting it between Min and Max:

Shot E ntries I Time Flatg | Velocity Analvsic O Log-Log Plat | MDH Flat I Horner Plat I

1000.00 4

100.00

Crel Pressure (psia)

10,00 4

oA 1o 0o 100.0 1000.0

Cel Time
Cs ID.D?35833 Derivative Smoathing LCiet Errars. . |
Cad |1BB.549 ¥ Show Derivative LEFT | RIGHT | Sapellite lm
Min —————————— Max

DDWNl ﬂ <pgup| Pngn>|
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7.7.3 - MDH Plot

This is a plot of the pressure as a function of the logarithm of time elapsed since the beginning of the pressure transient
test.

Shat Eritries Time Plats elocity Analysis LogLogPlat 1 MDH Plot | Harrer Plat

225004

200,00+

175.00 -

150.00 -

BHF (p=ia)

125.00

100.00

75004

T T 7 T ,
] 0.1 10 180 100.0 1000.0
Del Time this)"

K¢ u |1 50578 md / cp & UpperLeft W Shaw Fit Rect List Errars... |

Pies TH [785  psifal ko 28 md ® Lo i
skin [298558 Kw [008 md !
Slope IW psidcycle Ka |0.00 md <Left

Bl
il
gl

Right:

2] _cooun | ]

Interpretation involves analyzing the trend by fitting a straight line to the data. The region and points to be fitted are selected by
checking the Show Fit Rectangle box, and adjusting the position of the corners of the box using the appropriate buttons
(Up,Down,Left,Right) until the data is enclosed by the rectangle. You can also select a rectangle by using the mouse and
drag/drop a rectangle over the relavent points in the MDH plots and the Horner plots.
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7.7.4 - Horner Plot

It is a plot of Pressure vs. the logarithm of (t+dt)/dt where t is the production time (or Horner time) and dt is the time since shut-
in. The Horner time may be estimated by dividing the cumulative production by the average production rate since the last time
that the well was shut-in.

Shot Entries Tirne Plots Yelocity Analysis Log-Log Plat MDH Flat O Homer Plat |

226004

200,00

175,004

150,00 4

BHF (p=ia)

125.004

100.00

75.00

S0.00 T T T
10000.0 1000.0 100.0 i 0.0 1.0

(Tp+delt) /delt

P-[2865  psila) K/u[103367  md/cp  © Upperlet [V ShowFitRect  ListErors. |
Pres. 1 Hr [1723 psi (2] ko l4T md " Lawer Right o
Skin [2.9%687 Kw [004 Do P
Slope IW psidoycle ka IDDD— md ﬂl MI

ﬂ <PgUp| F'ngn>|

Interpretation involves fitting a linear trend to the portion of the data that corresponds to radial flow in an infinite reservoir. The
corresponding data points are selected by means of the Fit Rectangle box.
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7.8 - Recall Old Data

This option permits recalling and analyzing a transient test's data files after the test has been completed or while the test
is in progress and the data has been transferred to an office computer. Selecting the Recall mode and opening the corresponding
group and selecting the particular well displays the following screen:

penDatasetle
—[Alt 1] Base el File
| Open I Cancel | File Transfer... |
..... E Eig; il —[&lt 2] Diata Sets for Given Baze 'Well File
..... E E152-01 Diate/Time | * | Test Data | Description |A
..... E E152-02 08M 72005 12:50:13 AT-0 e
----- e 689409 3 09/17/2005 13:32:45 F—
----- e G006 = 05/17/2005 13:33:19 F—
----- b BHPE152 3 05/17/2005 13:35:32 F— -
----- & Up-E152 = 08/17/2005 133745 F—
- AR UpeRaz B 18/17/2005 134457 F—
I ! Arerada FotaFles (. T
B3 Amvestmm &= 0341 ?£2IZII]5 13:45:15 Bymeeeeees
B8 Anadarko € 08/17/2005 13:47:29 et
HE Jrrapiind S s 1915 A
#-EZ Analystz_data A1EY A
- B Avrieta = 09/17/2005 13:54:10 feitedt
B ATS & 05/17/2005 135624 A
B BP & 05/17/2005 135838 A
B Brai & 05/7/2005 140052 Ao
o S 17 1481 A
i+-Eg Buildup 0519 e
- +-E5 Build-up MFEEE0 & 08/17/2005 14:07:33 F—
B3 Build-up MFB-£20 & 0817/2005 14:03:47 Byoeenes
- #-B3 Cardona o 08/17/2005 14:12:01 F— T
! +-E5 cerified tests | ——————————————s '
B3 Calman _
__ Carversion C:ATWwh_betahdlexiz\BHF B152.002
-- Cournts
B3 Daparo_argentina
-E= Miater ;I ¥ Show Individual Transient Acoustic Hard Shot Files

Note that the well data set description contains a “T” since it includes Transient data. Also checking the box “Show Transient
Type Data Sets” displays a listing of all the individual shot acoustic records that were saved during the test. These can be
analyzed individually in case there is some question about the validity of the liquid level depth or the BHP calculation.
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Opening the data set and selecting the test type Pressure Transient Tab displays the following screen:

" Acquire Mode

Paower/Current T Pressure Tramsient l

Shot Interval:

M Save Interval:

Data Set Status:

Acoustic ] Dynamarmeter ]
+ Becall Mode
DatedTirne | Test Type | Shatuzs | Serial Mo | Description
P 10412499 10:21:45 EBUP ndefined Fressure Tranzient Session
F2 =
El s
Data
Files
q 0
F3 " _ .
=T Mote: T allowes only one Prezzure Tranzsient Test per Data Set.
?'3'?'5 : } Preszure Transient Test [nformation
= Test Type: Build Up Test
F4 Analyze Shot Schedule: Logorithmic

30.0 ghotz / log cycle
Saved Shot Trace for every Shot Entry

81 shots taken, Data Set was never appended.

Edit Test Descrption. . Delete Test

Merge current Pressure Transient test data with a test
it another Data Set

Select Data Set. . |

ﬂ <Pglp | F'ngn>|

The test date and type, the schedule of shots and saved data files and the total number of data points are displayed on the
screen. If the test was interrupted accidentally or due to loss of power or gas, then restarted and saved as a separate data set, the
screen allows merging the two data sets in a continuous file by clicking on the Select data set button. It is also possible to Edit the

Test description and/or delete the test.

Il Edit Test Description

todify description for currently zelected test,

Cancel

Normally the user will want to review and analyze the pressure transient data set. This is done by selecting the Analyze (F4)
button and results in the display of all the data as shown in the next figure:
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O Shot Entries | Time Plats I Yelocity Analysiz I Select Liquid Level I Diepth Determination I Log-Lag Plot I 1 I s I
Shot # | ETimin)| SEQ | Bat(v) | Csalpsi) | TiF1 | Timefs) | vellft/s] | Depthift) | CorFact | BHP{psia) | =
Q00o00-F noo 1 120 132 e 7609 1058.4 40269
P 000001 -H noo 1 121 132 e 7614 1157.0 4557 10 1.00 .z
Q00o0z-H 238 1 121 134 7T R 7.R0Z 1157.0 4543 7 0.90 .4
Q00o03-H 897 1 121 139 762 7.hEz 1156.9 4537 4 0.90 320
Q00004-k 1278 1 121 140 761 7583 11596.8 4537 8 0.90 320 |
Q00o0s-H 1430 1 121 141 a4 7h7E 11596.8 45336 0.90 321
Q0000&-H 1670 1 121 141 A6 7571 11596.8 45305 0.90 32z
Q00o07-H 1807 1 121 142 a5 7.hE5 11596.8 4526 8 0.90 323
Q00o0s-H 2143 1 121 14.4 a5 7509 11596.7 45231 0.90 325
Q0oo0s-H 2380 1 121 145 a5 7.hAE 11596.7 45211 0.90 2B
Qo001 0-H 2617 1 121 146 a5 7.501 11596.7 45180 0.90 327
Qoooi1-H 28583 1 121 147 a5 7547 11596.6 45155 0.91 3219
Q000 2-H 30490 1 121 148 A6 7543 11596.6 45130 0.91 330
Q0001 3-H 333 1 121 150 7ha 7539 11596.6 45105 0.91 331
Qo001 4-H 300 1 121 150 a4 7032 11596.5 4R06.2 0.91 33z
Q0001 &5-H 3|E7 1 121 152 761 7026 11596.5 45025 0.91 334
Q0001 6-H 197 1 121 154 764 7519 11596.5 44581 0.91 336
Q000 7-H 4530 1 121 155 765 7h12 11596.4 4453 8 0.91 338
Q0001 8-H 4890 1 121 187 7ra 7 A6 11596.4 44500 0.91 34.0
Q0001 9-H 280 1 121 16.0 T3 7497 11596.3 4484 5 0.91 343 lI
nonnn W E7 nn 1 171 AC 7 7L T 400 144ac 2 Ad7a R nai 24 R
™ Omit Selected Entry From Analysis Calculations  Options. .. | — Laleulations Advanced Options
] ; Fecalculate BHP Edit Selected Entry...
Calculation Options
IV Apply Gaseous Liquid Calumn Correction Factor Feprocess Shot Traces Export BHF Data...
v Usze Incremental Fesults &z Initial Conditions Far Mext Shat
[ Dmwell Bare Interpolate Soft Shaots Fressure Worksheet...
ﬂ <F'gU|:|| Fag D

This is the first of several Tabs which are used for analysis and interpretation of the data. Note that if the shot traces were
recorded but are not present in_the directory where the data set is saved then the shot number will displat a lower case ( h) as
shown below:

000032-k 205 1 1.5 9 E2.3 9.482 10881 51587 0.97 2545
000033-h 3388 1 1.4 2.0 555 9.483 10361 43127 0.97 257
[ 2000034k k280 1 1.4 8.2 51.4 9.482 1011.7 47965 0.97 2519
000035-h 33087 1 1.4 8.k 431 9.483 10641 G045.E 0.97 263

This generally occurs when the data is transferred from the laptop where it was acquired to another computer without transferring
also the individual shot records.

To display and transfer the individual acoustic records first the box “Show Individual Transient Acoustic Hard Shot Files” should
be checked. Then when the File Transfer Selection window is displayed, the individual files are displayed. All the files with the
boxes checked will then be transferred. See following figures.
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W 02/17/2005 14:09:47 FLp—
& 02/17/2005 14120 Beenenn LI

I
C:ATWM_betahAlexiz\BHP 6152.001=002

W Show Individual Transient Acoustic Hard Shat Files

The check box activates listing all the indivitual acoustic records saved during the transient test. If the acoustic data is to be
transferred to another computer then the File Transfer mode is selected:

File Transfer Selection

[ Include Base 'well File

x|
D ata Files |« 0K |

O 0241742005 125019
O oar7/2005 133248
O 05417/2005 133319
O oar7/2005 133532
O 05417/2005 133745
~ BN 0241742005 134457
B 041742005 134457
B 00/17/2005 134515
B 0417/2005 134729
B 0o 7/2005 134343
B 0541742005 135157
= 05417/2005 135410
B 05417/2005 13:56:24
B 05417/2005 135838

[ 0211 7/2005 14:00:52 Select Al |
[l 0211 7/2005 140305
747 411 | Clear 2 |

The data files that are checked will be included in the transfer: 8 .7 ) =1 LT =1 = il 7 Rl B A =1

Cancel

Se section 3.3.4 for more details on file transfer options.
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The following are the functions of the various buttons and check boxes in the Shot Entries Tab:

Omit from Analysis: allows exluding any data point from the subsequent analysis. The specific data point is selected first, then
the box is checked.

0011-H 2853 1 121

= 0012-H# 3090 1 121
0013H 3335 1 121
00714-H 3600 1 121
0015H 3|87 1 121
001EH 41197 1 121
0017-H 4530 1 121
4390 1 121

The corresponding data point is flagged on the Shot Entries tab by appending a # sign to the sequence number as shown in the
figure above.

The Omit function has several options that are displayed by clicking on the Options button:

[ Omit Selected E nty From dnalysis Calculations Optians...

Caleylatices Cobine

This opens the following dialog:

i shot Entry Omit Options x|

!

f* REMOVE OMIT from &l Shots regardless of shot type.
[Thiz enzures all shot entriez will be conzidered in the analyziz]

Optiane Belating ta Saft Shatz Only

Mate: The term Soft Shat iz uzed for entries where the shot trace wasz dizcarded after
the data waz analyzed faor iqguid depth and acoustic velocity, For the Hard Shat, the
zhot trace was saved to a file for subsequent analyzis.

{© OMIT SOFT SHOTS. Thiz option marks all Soft Shots as omitted.
Theze will not be included in calculations ar analyzis.

£ |MCLUDE SOFT SHOTS. This option removes the OMIT option from all
Soft Shotz. These will be included in the calculations and analyzis.

Ok, I Cancel

The user selects the appropriate option by selecting the corresponding radio button.

Apply gaseous liguid column correction factor: the BHP is computed using the gaseous column correction factor. (default).
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Use Incremental Results as initial Condition For Next Shot: the change in pressure per unit time is determined by comparing
adjacent shots. If unchecked, the data for the first shot is used as the reference value.

Recalculate BHP

After editing the data set such as marking some points not to be included, or after reprocessing the fluid level traces, the user
should Recalculate the bottom hole pressure using the corresponding button:

Feclaculate BHP |

Feprocess Shot Traces |

Reprocess Shot Traces:

This option is required when the method for determination of the depth to the liquid level is changed from the default
Automatic mode. The settings selected by the user, such as method of depth determination, mute window width and position,
collar frequency, collar count, etc. are applied to all the subsequent shots and the fluid level depths are recalculated accordingly.
The reprocessing will start at the shot being viewed and leaves the precending shots unchanged. This allows to process differently
various sections of the data depending on conditions that may require alternate procedures (for example change in noise level,

presence of interfering liners, etc.)
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7.8.1 - Pressure Worksheet:

Occasionally it may be necessary to apply corrections to the measured casing pressure due to discontinuities caused by changes in
the hardware or interruption of the transient test. For example, it may be necessary to substitute the pressure sensor or cable due
to malfunction. The change may introduce a shift in the pressure level due to a zero shift that was not compensated correctly.

The following figure shows such an instance:

Shot Entries [T Time Plats ‘Welocity Analysiz Select Liquid Level I Drepth Determination Log-Lag Plot
. Select Right Auis: |NDNE

Select Left Axis: ({RERRYEENE
[Symbal: Circle] [Symbol: Triangle]

150.00 -

125.00

100.00

75.004

Cazing Pressure (psi-g)

50,00

25.00

0 1000.0 2000.0 3000.0 4000.0 50000

Time (min)

Note the shift at the beginning of the test, caused by changing the pressure transducer. The data needs to be adjusted so that a
continuous trend can be established for interpretation. The Pressure Worksheet button (in the Shot Entries tab) provides the
tools to undertake this shift in an efficient manner by opening the following display. The vertical markers, labeled Y1 and Y2
should be positioned to indicate the section of the data series where the shift is to be applied.

Casing Pressure Dffset Correction Worksheet I

150,00 5

125.00 4

C=g Pres. (psi)

T T T T T T T T 1
o G25.0 12500 1875.0 2500.0 3125.0 37500 4375.0 S000.0 SE25.0

Time (min)
AL | AR | Fuiscae |
& 1 Marker Delta Time [¥2 - 1) [21.0667 min
2 Marker 4”- 4|“2
" Both Markers Delta Pressure [v2 - 71) I‘I.D1 psi oK |
Marker Time [264.167 min Pressure Carrection: Apply Correstion | Cancel |
Marker Pressure |34,38 psi [g] 0.07 psi [g] - =
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7.8.1.1 - Time Scale Expansion

The time scale is easily expanded using the right ( R) and left ( L) slider controls until the section of the data where the

pressure shift has to be made, is clearly shown on the screen. This procedure is shown in the following figures:

Casing Pressure Dffset Correction Worksheet

15000

125.00+

10000+

Czq Pres. (psi)

2 Marker ;l —zl

 Both Markers

Marker Time |2B4.1B? it
Marker Pressure |34,38 pi [g]

Delta Time [72 - %1) |2‘I.DBB? mir
Delta Pressure [v'2 - 1) I'I.D‘I psi

75.00+
a0.00+
25.00 4
u] T T T T | | T T T T 1
[u] G2.5 126.0 1875 250.0 31z5 37T5.0 4375 S00.0 5625
Time (min)
| 1
AL - AR — Eull Scale
S i B | =
& 1 Marker

Ok

di

Pressure Comection: Apply Comection | Cancel

0.07 psi[g)

Feset Data |

| o

|u:|

In the figure above the right range of the time axis has been decreased to 562 minutes.
Then the first marker (Y1) is placed on the last data point before the pressure shift:

Casing Pressure Offset Comection Worksheet

150.00 4 1 | Lyo

A125.00 - | |

100.00 4 | |
E; 75.00+
: | |
&4

50.00 - | |
25.004
0 - : — L : :
0 62.5 1250 187.5 250.0 3125 3750 437 5
Time (min)
AL J' LR —J'
i 1 Marker Dielta Time [¥2 -*1) [201.633 ]
2 Marker
i Eoth Markers Delta Pressure [v'2 - ¥1) |1 i psi
Marker Time |33_5 min Pressure Correction: Apply Carrection
tarker Prezsure [17.63 pzi[g] 562 psi(g] Reset Data
T
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The second marker (Y2) is placed on the data point after the pressure shift:

Caszing Prezsure Offset Comrection Work sheet

150.007 vi vz
125.004 | |
100.00 | |
E; F5.00 4
: |
i
50.00+
25.00
o T T T T T T T
o 62.5 125.0 187 .5 2500 HM2.5 3750 4375
Time {min)
AL JI AR '_JI
1 Marker Delta Time [v2 -%1) IB_BBSB? min
&2 Marker
' Bath Markers Delta Pressure [v2 - 1] IB.85 psi
Marker Time IQD_ 2667 mirn Prezzure Comection: Apply Carrection |
b arker Pressure |1 7.B3 psi[g] 5.45 psi (g) Reset Data |

1
At the bottom right the readout indicates that a pressure correction of 6.45 psi needs to be applied to the data series following the
shift. This is done by clicking on the Apply Correction button.

The pressure data, corrected for the shift is then displayed using the triangle symbols as shown in the following figure:

Casing Pressure Offset Comrection Worksheet

150.00 7 w1 Ly
125.00 4 | |
100.00 4 | |
g |
E; 75.004
o
@
4
50.00+
25.00 4
u] T T T T T T T
a G2.5 1250 187.5 250.0 3125 3750 437.5
Time (min)
1 |
Al-L 1] AR —_
1 Marker Delta Time (V2 -*1) [E.EEEE7 iy
& v2 Marker ;l ;l
" Both Markers Delta Prezzure [v2 -71) IB.SE pai
Marker Time ISU,2BB? mmiry Pressure Cormection:
Marker Preszure I‘I 763 pi[g) E.45 pi[g) Reset Data |
|
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The Reset button returns the pressure data to the original values.

7.8.2 Corrected Pressure Data

The corrected Casing Pressure series is now displayed whenever the Time Plots tab is selected and this data is used in all
subsequent calculations:

Shot Entries [ Time Plats Yelocity Analysis I Select Liquid Lewvel I Depth Determination I Log-Log Flot

Select Left Awis: Cazing Pressure Select Right duis: INDNE
[Spmbal: Circle) [Sumbal: Trianalg)

125.00 4

Casing Pressure (psi-g)

T T T T 1
ul 1000.0 2000.0 2000.0 4000.0 S000.0

Time (min)

NOTE: After performing this correction the user should Recalculate BHP by selecting the Shot Entries tab, viewing the first
shot and clicking the corresponding button
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7.9 - Export a BHP File

This control generates a TEXT file containing the calculated BHP values separated with a delimiting character.
This file can be read into most word processors and spreadsheet programs so as to manipulate its format or use the
data directly. The file corresponds to the most recently calculated values of the parameters.

Export BHP Data... )

——

Prezsure Waorksheet. . |

ﬂ < PglUp | F'ngn>|

After selecting this option the following menu is displayed

BHP Data Export |

¥ Standard EHP Format

Time [dec minutez), Cazing Pres. [psigl. Lig. Level [ft md], BHF [psia),
Lig. After Flow [bbl/d). Gas After Flow [mcfdd)

£~ Delta Time [decimal hours] and BHP [psia

" Delta Time [decimal minutez] and BHP [psial
" Shat Enty Table

E =port I Cancel

The standard BHP format is as follows:

Elapsed Time, Casing Pressure, Liquid Depth, Bottom Hole Pressure, Liquid Afterflow, Gas
Afterflow

Thecomplete Shot Entry Table is exported as a space-delimited text file that can be easily imported into a spreadsheet or other

programs.

NOTE: all pressures are reported as psia (psi absolute)
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7.10 Office Processing of Pressure Transient Data

The acoustic signals acquired by the TWM Pressure Transient program are saved periodically onto the disk (at the rate
specified in the set-up procedure, default being once every shot). They are labeled with the name "Wellname" followed by the
extension .NNNeMMM, where NNN is the pressure transient test number for the particular well and MMM is the sequence shot
in the series of shots. The file Wellname.NNN contains the setup information.

I arme | Size | Type | b odified
] Breensireet. 001 | 28KB 001 File 03/04/2
Greenstreet. 0012000 113KE  001E000 File 1042441
Greenstreet. 0012001 111KE  001EO0O1 File o1A1s2
Greenstreet. 001 002 111KE  001ED0D2 File 104291
Greenstreet, 0012003 112KE  0O01EDOQ3 File 104294

Copying these files and the base wellfile

Greenstreet 0012078 112KB  O01ED73 File 10430199

Greenstreet 0012079 112kB  O01EO0?9 File 01/09/200

Greenstreat, 0012020 111KE  0O01EDQ20 File 11/011499
Greenstreet. b 2KB  BWF File 10416199

allows transferring the data to an office computer for processing and detailed analysis.
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7.10.1 - File Transfer Options
The user has two options: 1-select some files only or 2-Transfer all the data files for that well

7.10.1.1 - Selected File Transfer
The file transfer option can also be used for transferring files especially when the laptop is connected to a network. The files to be
transferred are selected by RIGHT Clicking on the file name (use Ctrl-Right Click for multiple selections) marks the files for
transfer:

Open I Cancel | File Tranzfer... |
—[&lk 2] Data Sets for Given Baze well File

D ate/Time | * | Test Data | Dezcription |*
7 AT-DN---

= 12/04/2003 12:00:40 Byomeeees
5 12/04/2003 12:03:00 Byomeeees

e 1204 00D 420010 Fi

Then clicking the File Transfer button opens the following menu:

— Selection
* Save Filelz)
™ Zip & Save File(z]
" Email File[s)
" Zip % Email File[z]

Open | Caticel |
ﬂ —[Alk 2] Data Sets for Given Baze well File

D atedTime | i | Tezt Data | Dezcription
T'.‘IE#EIMEEIEIS 121757 AT

¥ 12/04/2003 12:4%:20 Fa—

¥ 12/04/2003 12:51:21 Fa—

¥ 12/04/2003 12:53:40 Fa—

F & 12/04/2003 125600 foy—

[

k. I Cancel

| || o QIR IF Pyl NG IR

This allows saving the files to a disk or e-mail them using the default e-mail application.
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7.10.1.2 - Global File Transfer

When several or ALL files associated with a well are to be transferred the user has the option of selecting them by RIGHT
clicking on the Wellname as shown below:

=B vsD

__ y,  oave Files
__ y,  Save Zip
w-E= v Email Files ;I

L EmaiJip
T

The user then selects the option and files desired to be transferred:

[T i
File Transfer Selection

v Include Base well File

X
D ata Files | oK. |

A 0170522004 154511

Cancel
B 01 /0622004 154633

Select All
Clear Al | —
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8.0 - ACOUSTIC LIQUID LEVEL TRACKING MODULE

This program is used in conjunction with the Well Analyzer and the Remote Fire gas gun (although manual fire guns
may be used) with the objective to continually monitor the position of the liquid level in a well at intervals as short as once a
minute. The program acquires the fluid level data, processes it and displays the position of the liquid level vs. time. Then it
checks whether the liquid level is within given high and low depth limits and generates an alarm when either limit is exceeded.

8.1 - Applications

The program has numerous applications in drilling, workover, completion and production operations. Some of these
include:

Monitor fluid level in offshore risers.

Monitor fluid level while drilling with no returns.

Keep fluid level within limits to minimize formation damage.

Monitor position of batch treatments.

Follow progress of continuous gas lift unloading.

Generate a permanent record of fluid level during delicate workover or completion operations.

8.2 - Hardware Installation

Since in the majority of these applications the system will operate in a noisy environment, the remote fire gun should be
installed as directly as possible to the wellbore with the shortest section of full bore pipe available. Installation should consider
the pressure rating of the remote fire gas gun, which is typically 1500 psi (manual fire guns with pressure ratings of 3000, 5000
and 15000 psi are also available) in relation to the pressure rating of the rest of the installation. Connection to the wellbore should
be through a full opening shut-off valve so that the gun can be removed from the well at any time if it becomes necessary to
service it during the test and pressure is present in the wellbore. When using the remote fire gun, the Well Analyzer electronics
and computer can be located several hundred feet from the wellhead. (Measurements have been made over several decks in
offshore platforms). The preferred gas source is a Nitrogen bottle with sufficient volume and pressure to last for the estimated
duration of the tests.

8.3 - System Set Up

Since the liquid tracking program is designed to be used for liquid level monitoring in open hole as well as in closed
wellbores with variable wellbore configurations it calculates the depth to the fluid level from the pulse travel time and the
acoustic velocity of the wellbore gas. The Liquid Level Tracking program is used in the Shot-Set_Up data acquisition mode to
determine the correct acoustic velocity prior to the initiation of the liquid tracking tests. The automatic mode or the special
processing features of this program are used in conjunction with known depth markers (changes in pipe cross section, tool joints,
spools, cross-overs, etc.) to calibrate the acoustic velocity for the particular installation. This acoustic velocity can then be used
as the default method for depth calculation during the test.

8.4 - Operation

After the connections to the remote fire gun and the external gas supply are made the TWM program is started in the
Acquire mode and the correct operation of the system is checked using the System Set UP option of the TWM program as is
discussed in the Acoustic Data acquisition section of this manual. Although the Liquid Tracking Program does not use the casing
pressure reading since most of the applications are in wellbores where the casing is open to atmosphere, if it is used to monitor
liquid level in a closed annulus (gas lift well unloading or monitoring batch treatments) a knowledge of the casing pressure is
needed to properly set the gun’s chamber pressure. In these instances the Acoustic liquid level mode of the TWM program is
used to acquire pressure and liquid level data before initiating the liquid level monitoring.
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System operation and communication are checked using the Equipment Check Tab:

Acouzhc Senzor I

— Internal WWel Analyzer Battery

Yalkage

i

|1 224 wiltz

Remaining
On Tirne

E.5

8.3

0.0

Hawrs

B attery Temperature IEEI.E deq F

Dynamometer Sengor O Equipment Check |
—well Analyzer Configuration & Capability———

Diriver Dezcrption:

{Model E3 - USBDrwr

Firmware Yerzion Mumber ;

jo7
Stakus:

» zure Buildup:
q Ligiud Lewvel Tracking: YES
y : 01, Faf-03022001

Hardware Hewv: B3
Wit SH: 4247
Comment:

Autalff [rins): 120

The battery voltage should allow for several hours of operation. Note also that the hardware status should indicate that Liquid
Level Tracking hardware has been installed in the Well Analyzer (Liquid Level Tracking: YES). If necessary the Well Analyzer
should be connected to an external 12 Volt supply, such as a car battery or other constant voltage source.

The next step is to select the appropriate Base Well File and check that the well data is correctly entered in the Wellbore and
Conditions tabs. The program uses the Formation Depth to calculate the maximum time for acoustic data acquisition.

File bt |

— Prezzure [él-1]

Static BHP |1485.3 psi [a]

Static BHP Method |&coustic

General I

Surface Equip. |

Static BHF D ate |EI'.E|-'I 295

Froducing BHFP I'I 19.2 pzi [g]

Producing BHP kethad I.-'-‘-.I:Dustic

Producing BHF [ ate |EI'.E|£1 241933

Gmatmn Depth |5221 >

Froducing Interval  Edit Inkereal. . |

wilbore [ Conditions
— Produg
j — Tempe
B of

The operator can set a value of the acquisition time, during the test set-up procedure, when it is known that the liquid level will
generally be in the upper part of the wellbore and the time to the liquid level reflection is short.
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The next step is to click on the Select Test button:

fATwWM - WF: Yogtll &1 x|

File 'Moae-i Optic*‘u Tools Help

& Acquire Mode O Acoustic | Dynamometerl Power/Current Liq. Level Tracking

" Becal Mode

F2 Setup

EQUIPMENT TIP:

F3
.l Maintenance will be reduced if the Remote Fire Gas Gun Yolume
Base Chamber is charged to a pressure in excess of well pressure before
Well File the casing valve is opened. Sand, debris and water vapor will be

forced into the gas gun if the volume chamber is not pressurized
when the casing valve is opened. This will cause gas leakage,
intermittent operation, corrosion and poor perfformance. The gas
gun should not require maintenance more than once a year if foreign
material is prevented from entering the gas gun.

Edit Tiest Deseription... | Delete Tiest | Lequizition lnfa.. | 7 | <PglUp |

Choosing the Liqg. Level Tracking tab will bring up the following display, which gives the user the option of starting a new test
or appending data to a test in progress:
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A TWM - Examples : ¥11 == x|
File . Mode ©ption Tools Help
& Acquire Mode .-’-'u:u:uusticl Dynamumeterl Power/Current O Lig. Level Tracking
" Becal Mode
DatesTime | Test Type | Status | Sernal Mo, | Dezcription
J | [ ]
= Mote: T allows only one Liquid Level Test per Data Set.
e Acquire
Fs [ata
=
HEESEas

Append Tranzient Test to an Exizgting Data Set

[Ak3] Select DataSet.. |

Edit Test Mescrption. . | [elete Test Acquizition Info... ? | < PglUp | Pg D >|

Selecting the option to Acquire Data a new test the user is presented the following screen for data input, setting up the test and
monitoring the test progress. The five tabs can be accessed in any sequence although the normal operation is to move from left to
right:

Schedule Tab: used to set the time interval between shots

Setup Shot Tab: used to acquire an acoustic shot to set up the liquid level detection parameters.
Select Liquid Level Tab: used to verify correct identification of the liquid level

Depth Determination Tab: used to set the mode of liquid depth calculation.

Progress Tab: Used to monitor the progress of the test as a function of time.

During the test, the Progress Tab is the active screen and is continually displayed unless the operator wants to modify the
parameters of the test.
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8.4.1 - The Schedule Tab:

The main function is to set the Shot Frequency, the minimum time between shots and the Acquisition Time. The default value for
shot frequency is 20 measurements per hour or a time interval of three minutes between measurements. This value should be
adjusted to a larger number in those instances where the fluid level is expected to vary rapidly.

ETWM - Examples:¥11 <> acqg-[07/19/02 09:13:49] _|ﬁ
File Mode Option Tools Help

* Acquire Mode 0O Scheduls |

Setup Shot I Select Liquid Lewvel I Depth Determination Progress
” Recal Mode

— Shot Schedule

F2 Setup Shot Frequency |3':'-D':| measuremnetts £ hr

Minurnum Time Between kMeasurements to I-I |
Allow System to Recover il

— Acquigition Parameters

Liquid Level Tracking will use the Formation Depth [from Y% ellbore Data) to calculate the acquisition time for a shot if the
following field iz left blank.

Acquigition Time I1 2 TEC

— Shat Entry Graph Parameters

[ Limit Murber of Shaot Entries Shown On Depth ve. Time Graph

Acquire Murnber of Shots ta Dizplay |25

11
EES

Acquisition Time: This is the length of time during which acoustic data will be acquired. It is a
function of the depth to the fluid level and the acoustic velocity. It is best determined from a fluid
level measurement taken with the Acoustic Test tab during the set up phase. Since the acoustic
velocity in air is approximately 1000 ft/sec, three seconds of data are acquired for each 1000 feet
of well depth or estimated liquid level depth.

Leaving the acquisition time blank will result in acoustic data acquisition for a length of time proportional to the depth of the

formation based on an average acoustic velocity of 1000 ft/sec. If it is known that the fluid level is high the operator can enter a
smaller value. This will speed up the acquisition and processing of the data and allow taking more measurements per hour.

Shot Frequency: The frequency of liquid level data acquisition in shots/hour.

Shot Entry Graph Parameters — If checked it limits the number of shots displayed on graph

ECHOMETER Co. 221 10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

8.4.2 - Setup Shot
The next step is required to set up the initial shot to verify that the correct signal is identified as the liquid level and that
extraneous signals do not interfere with the desired liquid level reflection. Selecting the Setup Shot tab the following screen is
displayed, showing the well’s background noise:

=7 | WM - EHAMPIES : ¥11 <> acg-LUd; 19/ UL USILSiay] — T =]
File ~Mode omtion . Inbls  Help

@ Lequire Mode Schedule O Setup Shot Select Liquid Level Depth Determination Progress
" Becal Mode
0.007
F2 Setup
=
@ 0003
z
5 .0.001
=
® noos
-0.0084
00:00 00:30
Pre-Shat Measurements——— 1 INSTRUCTIONS Well Gurn: waBly Explozion Pulze
Backaground Moize Within 1 Second Ihtereal: e e
e Peak-Peak |3.8 v Second - Close the 083 qun bleed valve.
Data Third - Open the cazing valve between the gas gun and the well.
Faourth - Cloze the casing walve to the flowline.
Prezz [FIRE SHOT] buttan, or enter &1-5, to Fire Acoustic Pulze.
Elapzed Time |25 TEC
: [ALT-5] FIRE SHOT!
Batterp Voltage |12_5 wolt <Pgllp | Pa D >|

Upon striking the ENTER key (or Alt-S or clicking the “FIRE SHOT” button), the Well Analyzer initiates the firing sequence
and records the fluid level signal that is used to set up the rest of the test.
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8.4.3 - Select Liquid Level

The following screen shows the display after the set up shot is taken.

O Select Liquid Level | Depth Determination I Cazing Pressure I BHF I Collars

Seg u} 1 2 2

216.2 mh

|ndicator @ ID.382 FEC [~ &pply Low Pass Filter t ove Indicator £ - Left | Right --- > | .—J—

Go to Automatically Selected Kicks

£ Prew Kiu:kl Mext Kick > | Fezet |

Scale Shot Trace

Scale Up | Scalegownl Feset |

Pulse Type: (¢ Explozion © |mplosion

|
|
|
|
[&lt-1] Gun Parameters————— |
|
|

Adwvanced Options. .. ? | <PglUp | Pg Dwn >I

This screen is designed to verify that the correct signal is identified by the software as the echo from the liquid level. It also
allows the operator to over-ride the software and force the selection of a particular liquid level echo.

The gray band indicates the portion of the signal where the software has detected the liquid level. This band is centered at the
liquid level marker and has a default width of +/- 0.5 seconds, which is adequate for most tests. Occasionally it may be necessary
to modify the width of the window if the liquid level is changing position rapidly and the shot frequency is low so that it may be
possible for the liquid level to move out of the signal window from shot to shot.

Identification of the liquid level may be masked by well noise. In these instances it may be advantageous to filter the signal to
improve the liquid level detection.
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216 mv

Indic:ator (2 |8 772 FEC ™ &pply Low Pass Filter tove Indicator & - Left | Right - » .—j

Go to Automatically Selected Kicks

<4 Prey Kickl Mest Kick »» | Reset | I

Scale Shot Trace

Scale Up | Scalegnwnl Feszet |

[&lt-1] Gun Parameters |
Pulse Type: % Explosion € Implosion |

@w idth +4- ID.E)

[ Lock Mute Window In Place

8.4.4 - Quality Control of Liquid Level Measurement

The accuracy of the liquid level measurement may deteriorate in certain well conditions such as very high liquid levels, noisy
environments or extraneous signals caused by non-optimum piping. The operator should verify that the correct liquid level is
detected and also that the ZERO time coincides with the onset of the pulse.

In the following example, both the liquid level and the zero time are selected incorrectly and need to be adjusted before
proceeding with the test.

Generally the software should select the first echo. If this is not the case the user has the option of moving the marker to the first
echo or alternately to indicate to the program that the marker is located on a multiple of the liquid level echo and to enter the
number of the echo (6 in the example below) so that the software can calculate the correct distance to the liquid level.
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O Select Liquid Level | Diepth Cyhermination |  CasingPressue| BHP|  Collais]
Sec u} 1 2 3
z
!
(/=]
Wrong zero Wrong echo
|ndicator (@ |2.235 TEC [~ Apply Low Pass Filker Maove Indicator & - Left | Right --- > | .—J—
G0 to Automatically Selected Kicks
<< Prey Kickl Mest Kick > | Rezet | I
Scale Shot Trace |
Scale Up | Scale Down | Feset | |
[&lt-1] Gun Parameters |
Pulse Type: (¥ Explozion ¢ Implozion |
| Advanced Optiohs. .. I ? | <PglUp | Pg Dwin >|

Clicking the Advanced Options button at the bottom of the window allows adjusting the ZERO to match the firing of the shot.
(The Show advanced analysis should have been selected in the User Help Level window of the Help menu)

TWM: User Help Level x|

V¥ Show additional WARNINGS when performing criticaWlnctions. Example, seeks addtional
canfirmation when deleting Well Files.

V¥ Show hints when cursor is placed over datainput prompts. Hints are brigf descriptions of the
required data for the given entry.

[ Show hints when cursor iz placed over Application Controls. For example, push buttons that
activate specific functions.

V¥ Allow torque analysis when taking measurements with a PRT sensar.

V¥ Show advanced analysis sections throughout application. &dvanced sections are intended for
the experienced uzer,

The Advanced Options button opens the Shot Detection Worksheet that allows resetting the method by which the software
detects the shot. The default method is shown in the figure below which also shows that the zero marker is not located correctly.
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Worksheet: Shot Detection |

Threshold Valtage | [m]

" Locate shat at Threshaold Yaltage
% Locate shat at or after Threshold Yaoltage acounting for pozsible gun noize [default method)

" Locate shat manually by positioning marker ta zhat beginning in graph below

Marker

3162 m

L Shot Start

Scale Trace Graph
Scale Up Scale Down Reset € - Left | Right --- = | .—J—

Ok I Cancel |

In this case the default method misses selecting the start of the shot and places the zero marker a fraction of a second after the
start of the shot. In this case choosing the first option: “Locate shot at threshold voltage” solves the problem and the software
marks the zero point correctly as shown in the next figure. Sometimes it may be necessary to change the value of the threshold
voltage in order to automatically select the correct start. The user can also locate the marker manually at the start using the arrow

buttons.
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Worksheet: Shot Detection & |

Threshold ¥ oltage Im vl [ i )

(% | ocate shat at Thieshold Voltage

" Locate shat at or after Threshaold Yoltage acounting for possible gun noise [default methad)

" Locate shot manually by positioning marker ta shot beginning in graph below

216.2 my

Scale Trace Graph

Scale Up Scale Down Reset < - Left | Right - > | p—

Ok I Cancel |

The figure below shows the corrected ZERO and Liquid Level Selection:

O Select Liquid Level Depth Determination | Casing Pressue | BHP|  Collars

Sec u] 1 2 a3

216.2 mvf

|ndicator @& |0.382 ZBC [ Apply Low Pass Filter b ove Indicatar £ - Left | Right --- > | .—J—

Go to Automatically Selected Kicks

£ Prew Kickl Mest Kick > | Reset |

Scale Shat Trace

Scale Up | Scalegawnl Reset |

[&lt-1] Gun Parameters
Pulse Type: & Ewplosion & Implosian

Advanced Options... ? | <PglUp | Fg Dwn >I
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8.4.5 - Test Progress

The progress screen is used to monitor the liquid level position. Initially it will be blank and display only the result of the Set Up
Shot (Labeled 0000-P). As soon as the START transient test button is clicked, the program will initiate the test and fire the first
shot (labeled 0001-H) indicating the software is actively acquiring and processing the data:

i Test <z acqg-[02,/09/02 09:47:29] - |E‘

© 1 Eels Help
Scheduls I Setup Shu:utl Select Liguid LE'-.-'E|I Depth Determination O Frogress |
Current datetime |2""E""'2|:":|2 3:97:30 &b STABRT: Transient Test [&lt 1] Acquire Manual Measz.
Tirne Ukl Mext Measurement IEIEI-EIEI:EIEI:EIEI O-H:M:5
Elapzed Time Since Start of Test IUU-UU:UU:UE D-H:M:5 END: Transient Test ALAFM Settings...
Mo | ET (min] | Depthitt) |
= CO00-F oo 21560
@11 00071-H 0.02

After the first shot is processed the liquid level position is graphed as a function of time as shown in the following picture. The
scale is set automatically and although it appears that the liquid level has changed drastically, one should note that the scale is set
between 4400 and 4600 feet.

The record of the shots gives the shot sequence followed by an extension, which indicates the type and quality of the shots
according to the following convention:

P — Pre-test or set-up shot

H — Hard shot, or a shot where the liquid level was detected.

M — Manual shot, or a shot that was made out of the programmed sequence, manually by the operator.
S — Soft shot, or a shot where either the shot or the liquid level were not detected.

The screen also shows the time elapsed since the start of the liquid tracking test and the time to the next programmed shot.

Clicking on the Suspend Liquid Tracking button can interrupt the test and then it can be resumed by clicking the Continue
Liquid Tracking button.
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ETWM - Examples:¥11 <=
File Mode Optidn Tools Help

acq-[07,/19/02 09:13:49]

=12 |

f* Acquire Maode

Schedule I

Setup Shot I

Select Liquid Level I

Depth Determination [ Frogress I

" Becall Mode Current datetirme IF"H 942002 2:32:05 AM START | [ 1] Acquire Manual Meas. |
Time ntil Mext beazurement IDEI-EIEI:EI'I:DT [-H:b:5 Alarm Settings
F2 Setup Elapsed Time Since Start of Test [00-00:10:53 D-H:M:S SQ”{NDl ( ﬁm“”~| WQJ
No. |__ET (min) | Depthitt] | 420000 —_ __Shallow Liquid Depth Alarm Bound
ooao-F 000 44731
00a1-H 000 44747
oooz-H 200 44721 4450001
ooa3-H 4.00 4457 R 3
ooo4-H E.00 44817 =
0o05-H 8.00 444819 2 4500004
[ g DO0E-H 10,00 44339 =
g
A550.00 4
450000 Deep Liquid Depth Alarm Bound
— o 2 a0 B0 2D 10.0
Dgl?;llre Time (min)
I
Battery voltage |12.E wilks Murnber of Measurements I.'-" ? | < PgUp | Pg Dwn>|
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8.4.6 - Liquid Level Control

In order to verify that the liquid level is picked correctly from shot to shot, the most recently acquired acoustic signal is plotted at
the bottom of the screen:

Schedulel Setup Shot I Select Liguid Level I Depth Determination O Frogess |
Curent date/time |2/15/2002 5:47:33 &M START: Liguid Tracking [k 1] Acquire Manual Meas.
Time Until Mext Measurement IEIEI-EIEI:EIE:EIE D-H:M:5
Bl o) Tl Sliee B sl I—EIEI-EIEI:EIE:Ed OHMS SUSPEMD: Liguid Tracking ALARM Settings...
No. | ET imin] | Depthife | 1000.00
Qooo-F 000 26835
nom-H 000 54812
0002-H 200 17160 2000007
Q003-k 465 11314 = I
= 0004-H B00 32832 % 200000 -
|
E’ 000,00
S000.00
G000.00 : T . r . : . . . . . .
u] 1.0 2.0 3.0 4.0 5.0 5.0
Time (min)
‘ " | H l |

The vertical markers show the location in time of the liquid level for the previous shot (red) and the current shot (blue). The
figure above shows that the software is erroneously flagging a signal which is not the liquid level, and also that the liquid level
has changed position from the previous shot. In this case the user should suspend the test and reset the acquisition parameters to
insure that the liquid level is detected correctly on the next shot.

8.5 - Setting of Alarm Limits

In the previous figure only the computed values of the liquid level were displayed. It is also possible to set alarm limits
so that if the fluid level is not within the specified depth interval an alarm will be displayed on the screen with an audible signal.
In addition a solid-state relay will be closed to provide an external control to additional alarm annunciators. The relay is accessed
through the appropriate connector on the right side of the Well Analyzer. Clicking on the Alarm Settings button will bring up
the following screen, to enter the alarm limits;
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Alarm Settings x|
Alarm - Test... Relay Test...l

I (ff j I |grore j

Liquid Depth |

Shallowe Lirnit; I2EIEIE1 ft

I ff j I |grore j

Shallor

DEEP‘“I“' Dieep Limit; I ft
= =

I ff I |grore

) k. I Cancel |

Shallow Lim-it: is the depth to the highest allowat;le position of the liquid level in the wellbore. If the liquid rises above this
point the alarm will be triggered.

Deep Limit: is the depth to the lowest allowable position of the liquid level in the wellbore. If the liquid falls below this point the
alarm will be triggered.

The default condition is for the alarms to be Off as indicated in the figure above. The pull down menu offers the following
choices:

Off: no alarm limit

Beep: the computer will beep

Visual: an alarm message will flash on the screen

Beep and Visual: beeping and alarm message simultaneously

Alarm Settings : x|
Alarmn_ - Test.. Relay Test.|

I"v"isual j I Ignore j

Liquid Depth |

Shallow Lirnik; |2EIEIEI ft

I (ff j I Ignore j

Shalloar
DEEP-—I-—- Deep Limit  |3000 i

[viu R |
| k. I Cancel |
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These options can be selected for either limit as shown below.

Alam  Test. Fielay Test...l

Off

j I |ghare

Off

Bee
Beep and Yizual
LT ;I

I Ignore

Off

j I Ignore

Pt e W T

The figure below shows that the limits have been set to 2000 and 3000 feet and the alarm modes have been set to visual.

H
Alarm Settings x|
Alam - Test... Relay Test...l
Liquid Depth |
I"v"isual j I Ignore j
Shallow Lirnik; |2EIEIEI ft
A
[t - [gnare -
hal ! = e -
DEEP-—I-—- Deep Limit  [3000 f
[vieue A |
| k. I Cancel |
232 10/9/2008
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8.5.1 - Shot Not Found Alarm

An alarm is also generated if the software fails to detect a shot, either due to insufficient gas pressure in the chamber or any other
reason. The following figure shows such an instance:

[ATWM - Examples: ¥11 <> acq-[07,/19/02 09:13:49] = =] x|
File Mode ©Option Tools Help
ALARMI

ation O Progress |

| [Al 1] Acquire Manual Meas. I

Alarm: Shat Entry

= L

Alarm Settings
Conditior: { ALARM... | Log.. |
SYSTEM ALARM: -]
quid Depth Alam Bound
A arning! !
Mo Shot Found
K1l

Daone |
h  slo 550 EO0O0  BRO 70O

0033-H 61.13 42633 Time (min]
0040-44 B1.77 427019
004144 6285 42730
oo42-H 6318 42714
0043-H 6518 42720
oo44-H 6718 42757
0045-H 6318 42735
O046-+4 78.28

P 00475 78.68

BrOareE
F5 ata

L]

Battery voltage |12.E wilks Murnber of M easurements |48 7 | < PgUp | Pg Dwn>|
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8.5.2 - Switched 12 Volt Output Relay Actuation:

A solid-state relay will be closed to provide an external control voltage to additional alarm annunciations. As shown below the
relay corresponding to each alarm can be closed (ON) opened (OFF) or alternate between open and closed (PULSE)

The default condition is IGNORE where the relay will not be actuated.

||| TR o -EI
] Alarm Test...l Relay Test...l

I"v’isual j

Pulze

I [t j I|:|5|frf T B |

I"Jisual j I [grore j

I 2300 00 |

8.5.2.1 - Relay Output Characteristics

The relay output should be considered as a switched 12 Volt power supply with a maximum output of 2 amps continuous service.
Depending on the well analyzer model it is connected to an individual connector labeled Relay Output ( models E1 and E2) and
is part of the Auxiliary connector in model E3 where the 12 Volt output is applied between Pin G of the 7-pin connector and the
ground pin (center pin). In the model E3, the output current is instantaneously limited to a maximum of 5 amps.
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NOTE: The following screens are provided for illustration purpose only and do not necessarily

represent actual fluid level variation.

The following figure shows that two shots have recorded a liquid level above the Shallow Liquid Alarm

ETWM - Eramples : ¥11 <> acq—[i]

File " Mode Option Tools Help

ALARMIN

=18 x]

bation O Progress I

T | [l 1] Acguire Manual Meas. |

Alarm:  Liquid Depth Dhizarm
Alarm Settings
Condition: ND | { ALARM... | Lag.. | Disarml
USER ALARM: -]
ALARM:
Liquid Depth iz too Shallow:
-Liquid Depth: 438272 allowe Liquid Depth Alarm Bound
-Shallow Limit; 4400 -17.28
RELAY:
Liquid Depth is too Shallow:
-Liguid Depth: 438272
-Shallow Lirit; 4400 -17.28
Kl _>I_I
Done | ep Liquid Depth Alarm Bound
100 180 20.0
= Bgl?;llre ’ Time (min]
Battery voltage |12.E wilts Mumber of Measurements I‘I2 ? | < PglUp | Pg Dwn >|
Correspondingly the Alarm flashes on the screen.
ECHOMETER Co. 235 10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

The position of the liquid level can be verified after the alarm has been tripped by firing a MANUAL shot, as shown in the
following figure:

ATWM - Examples:¥11 <> acq-[07/19/02 09:13:49] =7 x|
File [Mode Cption  Tools  Help

{+ Acquire Mode

Schedule | Setup Shot I Select Liquid Lewvel | [repth Determination O Frogress I

" BecallMode Current datetime IT;"'IEI;"2EIDE 94637 A SEET | | [&1t 1] Acquire Manual Meas. I
Time Until Mext Measurement IEIEI-EIEI:DEI:35 D-H:k:5 Alarm Settings
F2 Setup Elapsed Time Since Start of Test |00-00:25:25 O-H:b:5 sl | ’7 AL | Loois |
Mo. |_ET (min | Depthit) | P
Qnoo-p noo o 44734
00o1-H 000 44747
0002-H 200 44721 400,001
Q0o3-H 400 44576 B
Q0o4-H B.O0 44817 £ 445000
Q0o0s-H 200 44489 =
00o0&-H 10,00 443219 =
F4 0oo7-H 1200 442973 et e
v Q0os-H 1400 44228
| AU E Q0os-H 16.00 44334 9550004
B — OMOH 1800 4400.4
gst (= -
— 0o11-H .00 472027 4600 .00 . IDeep Lllqun:l Ilihepth f«larm I?nundl : . ,
. ] 5.0 10.0 15.0 00 25.0
II:EI e omz-H 2200 43683 . .
Daka 0013-m 2283 43638 Time {min}
23 0o 4-H 24.00 43544
FEESSE = 00115 2483 43501

Battery voltage |12.E wvolts Murnber af M easurements |1E ? | <PglUp | Pg Dwn>|

And again the alarm is tripped and the warning displayed:

Alarm:  Liquid Depth Digarm
Condition:
USER ALARM: =]
ALARM:
Liquid Depth iz too Shallow:
-Liquid Depth: 4382 72
-Shallaw Lirnit: 4400 17.28
RELAT:
Liquid Depth iz too Shallow:
-Liquid Depth: 4382 72
-Shallow Limit: 4400 -17.28
Kl ;I_I

Done |
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The following example shows a case where the liquid level has fallen BELOW the Deep Liquid alarm depth:

A TWM - Examples:¥11 <> acq-[07/19/02 09:13: =S|
Filz  Mode Option  Tools  Help
ALARMI hation [ Progress |
S Ll Ui Diisarm T | [&lt 1] Acguire Manual Meas. |
Alarm Settings
Conditior M | { ALARM | Log.. Disarml
USER ALARM: N
nuid Depth Alarm Bound
LA RM: -/
Liquid Depth iz too Deep:
-Liguid Depth: 4262 35
-Deep Limit: 4260 +2.345
Kl
Done |
380 400 450 500 S50 600
HodUire . .
2= Data D00H 4718 42763 Time (min)
’ a031-H 4318 42709
: an3z-H 1.1 42450
i § 003344 B2EB3 42688 ]
on34-H 5318 42720
an3s-H BR12 42720
an3e-H 718 42629
Q03744 RBO7 42725
= 0035H 5918 42623 =
Battery valtags |12.E volts Mumber of Meazurements |39 ? | <Pglp | Fg Dwn>|

And the warning message flashes on the screen.
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The following figure shows that the liquid level has returned within the alarm boundaries and the software continues to track the
liquid level.

A T1wM - Examples:¥11 <> acq-[07/1 13 =T ES|
File Mode Option Tools Help

f* Acquire Mode

Schedule I Setup Shot I Select Liquid Level I Depth Determination O Frogress |

@ |7t i Current dats/tine [7713/2002 10:42.36 AM st | [ k1) Acquie ManvalMeas. |
Time Until Mext Meazurement IEIEI-EID:D'I:'I? [-H:M:5 Alarm Settings
F2 Setup Elapzed Time Since Start of Test IUU-U1:21:24 D-H:M:5 sllsrEAD | ’7 ALl | Lug...l
No. | ET min) [ Depthi) [« ][ a20000. __ Shallow Liquid Depth Alarm Bound __
n0z7-H 4318 42581
0026M 4397 42709 422000
0023-H 4818 42773
0030H 4718 42763 —
no3-H 4318 42709 g
0032H 5118 42490 = R—
00334 R2B3 42688 El
0IdH 5318 42720 = ——
a03s-H BR18 42720
03EH 5718 42629 4300001
0037-k R8.07 42725
0033H 5918 42623 a320.00 , . . . . . .
e 0033-H E1.18 42692 a5.0 40.0 45.0 0.0 55.0 G0.0 G5.0 70.0
[ata 00404 E1.77 42703 Time (min)

004144 G285 42730
0042-H 6318 4271.4
0043-H 6518 42720
n044-H 6718 42757
0045-H 6318 42735
0046-4 7828
0047-5 7868

= 00485 o065 =

Battery voltage |12.E valts Murnber of Measurements |4E| 7 | < Pglp | Fg Dwn>|
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Resetting of the alarm limits

At any time during the test it is possible to change the alarm limits by clicking on the ALARM Settings button. The appropriate
form for input of the new limits is displayed, and the limits are updated upon exiting the form as shown in the following figure
where the Deep limit has been changed to 2500 feet from its original position of 3000 feet:

.:Test <> acg-[02/09,/02 09:47:29] =] ES
"Todls  Help
Schedulel Setup Shot I Select Liguid Level I Depth Determination O Progress |
Curment datetime |2.-"E|.-"2EIEIE'IEI:'IB:44 A SPREMD: Tranzient Test A1) Acquire Marual Meas,
Time Until Hext Measurement IEIEI-EIEI:EIEI:EI? D-H:M:5
Elapzed Time Since Start of Test IUU-UUZE?ZEE D-H:M:5 WD Vet e LA Blilige
Na. | ET (min)| Depthirt) |
0000-P 000 2156.0 120080
Qao1-H 0oz 21386
Qnoz-H 202 21946 = low Ligui
0003-5 402 "

00a4-t4 468 22677

005-H B2 18721 N Deep Liquid Dppt
0006-5 a0z (25°”'”” >_
OO07H 1002 15845 -

el

=
DODEM 1132 16877 a
DO0SH 1202 41036 S
DOH 1402 20469 5
Oi1-H 1588 18860 500,004
ONZM 1747 37293
0N3E 17.95
DIi4s 1995 S
ONEH 2195 22689
OEH 2548 25582
B ODI7M ZEED 22657 Jern o -
o 5.0 10.0 15.0 20.0 250 20.0
Time (min)
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- T Help

:Test <> acq-[02/09/02 09:47:29]

Schedule I

Setup Shot I

Select Liguid Lewvel I

Current date/time |2.-’Eh’2EIEI2 10:15:30 Ak

Time Until Mest Measurement IEIEI-EIEI:EI1 21 D-H:M:5
Elapzed Time Since Start of Test IDU-DDZEB:DE C-H:M:5

Crepth D etermination O Progress |

APPEMD: Transient Test

[& 1] Acquire Manual Measz.

EMD: Transient Test

ALARM Settings. ..

Mo. | ET fmim) | Depthit |
0o00-P 0.00 21560
0001-H 002 21386
000z2-H 202 21946
00035 4.02
0004-M 458 20677
0005-H EO2 18721
00065 2.02
0007-H 10.02 16845
0005-M 11.22 16877
0009-H 1202 41036
0010-H 1402 20469
0011-H 1588 19960
00712-M 1717 37293
00135 17.95
0014-5 19.95
0015-H 21.95 22689
0016H 2545 25582
00717-M 2602 20857

- 0015 27.48 30373

Liquid Lewel

1500.00 4

200000

2500.00 4

2000.00

2500.00 4

00000 4

4500.00
u]

. T 4 T
a0 100 15.0

Time {min}

T
200

250

300
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The following sequence shows the liquid level decreasing continuously from a point above the High liquid level alarm to a point
below the Low liquid level alarm:

Schedule I Setup Shot I Select Liquid Level I Depth Determination O Progress |

Current date/time | 2/15/2002 6:52:50 AM START: Liguid Tracking | [l 1] Acquire Manual Meas. |

Time Ltil Mest Meazurement IDD-DD:D1:24 O-H:M:5
Elapsed Time Since Start of Test |00-00:12:11 D-H:M:5 SILIH e g el Vs i | AL ek I

No. |_ET (mir) | Depthii) | .
0000-P 0.00 26895
0001-H 0.00 5481.2
on0z-H 300 17160 200000 7
0003 465 11315 _
0n04-H B.00 32832 % 3000,00
00054 7.22 16047 =
0006-H 9.00 13000 2 200000
= 0007-H 11.58 10392
SO00.0n0 4
gogo.ag T T T T T 1
a 20 4.0 6.0 |80 10.0 12.0
Time {min)

Schedule I Setup Shot I Select Liquid Lewvel I Depth Determination O Frogress |

Curtent date/time |2/15/2002 6:53:39 &M START: Liguid Tracking | | [Alt 1] Acquite Manual Meas. |
Time Until Hext Measurement IDD-DD:DEI:35 D-H:M:5
Elapzed Time Since Start of Test |00-00:13:00 D-H:M:S SRR Laws ) ek | LA Siellisg.. |
No. |_ET imin) | Depthift) | o
0000-F 000 26895
00071-H 000 5481.2 Shaffm Liquid
000z-H 200 17160 2000004 — —F — -
0003+ 455 11315 _ I e A
0004-H E.O0 3283.2 2 aonoon — — o S A e — — —
0005+ 7.22 18047 =
0006-H 900 1300.0 2 aoo000]

0007-H 11.58 1033.2

- 0003 1242 22182
S000.00 1

000,00 T T T T T 1
u] 20 4.0 6.0 20 0.0 120 14.0

Time (min)
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Schedulel Setup Shc-tl Select Liguid Levell Drepth Dietermination O Frogess |
Curent date/time|2/15/2002 £:54.44 AM START: Liguid Tracking | |§m[..f§_l_t_;.] Acquire Manual Meas. ||
Tirne Until Hext Measurement IDD-DD:D1:3EI O-H:k4:5 -
Elapzed Time Since Start of Test |00-00:14:05 D-H:h:S SIEIPED: el Vel g | LR Bt . |
Mo |_ET imin) | Depthify | ibo0:
Qooo-P 000 26895
0oo1-H 000 54812 Shs
a00z-H 200 17160 000,007 -
00034 465 11318 _ ] o
0004-H 600 32832 £ =00000 17— — = e
00054 722 18047 :E'
0006-H 9.00 19000 & agooood
0007-H 11.58 10392 -
00084+ 1242 22182
- 0003H 1358 28478 000801
GO00.00 T T T T T T 1
0 2.0 4.0 6.0 8.0 10.0 120 14.0
Time (min)
Schedule I Setup Shot | Select Liquid Levell Depth Determination O Fiogess |
Cunent date/fime [2/15/20012 856.43 AM STERT: Liguid Tracking | [k 1] Acquire Manual Meas, |
Tirne Until Mest beasuremant IEID-DEI:D1:25 D-H:M:5
Elapsed Time Since Start of Test |00-00:16:10 D-H::5 SUSFEND: Liquid Tracking | ALARM Settings... |
Mo. | ET [min] | Depthiry | .
0o0o-F 000 26835
0oo-H 000 54812
0002-H 200 17160 2000004
0003+ 465 11315 _
0o04-H E.00 32832 £ 200000+
0005+ 7.22 18047 :3'
000&-H 9.00 13000 Z ao0000d
0ooy-H 11.58 1039.2 -
0002+ 1242 2282
005-H 1358 28478 5000.007
= 0010-H 165,58 34353
go0o.ag T T T T T T T 1
0 2.0 4.0 6.0 g0 100 120 140 160
Time {min)
| r !
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8.6 - Long Term Usage of External Nitrogen Gas Supply

The following figure illustrates the number of shots that can be obtained using a standard nitrogen gas bottle (N122) for various

gas gun chamber sizes:

Number of Shots for 114 SCF, 2200 psi, Nitrogen Bottle

——12.5 Cu. inch —#—10 Cu. inch =#&=22 Cu. inch ‘

2000

1800 -

1600 -

1400 -

=

1200

1000 -

800 +

Gas Gun Chamber Pressure, psi

600 -

400 +

200 +

D

/e

Numbr of Shots

\
\\.\
I
—— k‘
0 100 200 300 400 500 600 700 800 900 1000

The same information is shown in the following table:

Chamber Pressure Number of Shots Number of Shots Number of shots
psi 10 cu inch 12.5 cu inch 22 cu. inch
1800 20 16 9
1700 27 22 12
1600 34 27 16
1500 43 34 19
1400 52 42 24
1300 63 51 29
1200 76 61 35
1100 92 73 42
1000 110 88 50
900 132 106 60
800 160 128 73
700 196 157 89
600 244 195 111
500 311 249 142
400 412 330 187
300 580 464 264
200 916 733 416
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The following table lists the capacities of standard Nitrogen cylinders and their corresponding Echometer part number:

Part No. Volume Length (in) 0O.D.(in) Service
(Standard ft®) Pressure (psi)
N22 20.8 16.8 5.25 2216
N24 22.3 25.6 4.38 2015
N33 31 15.6 6.89 2216
N60 57.2 235 7.25 2216
N88 83.3 32.9 7.25 2216
N122 1145 36.8 8 2216
N150 141.7 47.9 8 2015
N155 144.4 46.7 8.6 1800

The following shows the volume of the chambers for various Echometer gas guns:

8.7 - Volume Chamber Sizes in cubic inches:

e Compact Gas Gun 10
e Standard Remote Fire Gas Gun 125
e  Special order Remote Fire Gas Gun 20 and 35

Test Duration

Assuming that the Liquid Level Tracking program has been set up to record 20 shots per hour and that the chamber of the
standard remote fired gun is being charged to a pressure of 300 psi then it would be possible to record liquid level position for a
period of 464/20 = 23 hours, staring with an N122 Nitrogen Bottle filled at 2200 psi. (NOTE: this assumes that there are no
leaks in all the gas connections)
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9.0 - ECHOMETER DYNAMOMETER SYSTEM

The Echometer dynamometer consists of a laptop computer, an analog to digital converter (Well Analyzer Electronics),
a load cell with an accelerometer and a motor current and/or current/power sensors. The load cell uses a strain gauge sensor to
measure the load on the polished rod. The load cell can either be of the horseshoe type which is positioned on the polished rod
between the carrier bar and the polished rod clamp, or of a special design which easily clamps directly onto the polished rod. The
sensor’s output signals are sent to the converter for conditioning and digitizing. The digital data is then routed through a
computer interface card to the computer's memory where the signal can be processed and displayed by the software. Each
component of the dynamometer system is discussed below.

9.0.1 - Computer and Programs

The Well Analyzer is controlled by a notebook computer. The computer operates from a program on the hard drive.
Turn the computer on. The TWM icon will be displayed with the other icons on the desktop. Double click on the TWM icon. See
Section 3, "General Considerations About Computers" for additional information about computers, disks, programs and files.

9.0.2 - Analog to Digital Converter

The A/D converter conditions and digitizes the signals from the load cell, accelerometer and motor current sensors. The
digitized signals are transmitted to the computer for processing and recording. The A/D converter is connected to the computer
by a cable. The converter contains an internal 12-volt battery. The converter should be plugged into the appropriate charger to
maintain the battery in good condition. The converter has an indicator light to show when the electronics are ON and
communication is established with the computer. The electronics are turned ON and OFF by the computer as needed to acquire
data. The converter and the computer batteries are both charged ONLY when the well analyzer cigarette lighter adapter is
plugged into the car lighter connector. It is necessary to use both AC battery chargers: the one for the computer and the 110V
(220V) AC Echometer charger supplied with the Well Analyzer when charging batteries in the office. The 110V (220V) AC
charger used with the Echometer Models D and M amplifier/recorders can also be used to charge the A/D battery. The battery
cannot be overcharged using any of these charging techniques.

9.0.3 - Horseshoe Type Load Cell

The horseshoe type load cell is a highly accurate transducer designed to provide a precise load value when necessary.
This load cell is placed on the polished rod between the permanent polished rod clamp and the carrier bar. It also houses an
accelerometer which measures the acceleration of the polished rod. The software calculates the velocity and the position of the
polished rod by numerical integration of the acceleration signal vs. time.

The picture above shows how the Horse Shoe Transducer is installed on the carrier bar.
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9.0.4 - Polished Rod Load Cell

The polished rod transducer is a very convenient sensor for quick and easy dynamometer measurements. It consists of a
small "C"-clamp which is placed on the polished rod, about 6 inches below the carrier bar. It is instrumented with extremely
sensitive gages that measure the change in diameter of the polished rod due to the load variation during a pump stroke. This
transducer also houses the accelerometer sensor.

Schematic Diagram of Installed Typical Installation on Polished Rod
Polished Rod Transducer Below Carrier Bar

Cable
PUMPING

UNIT

™~

CARRIER
BAR

Adjusting
knob

Strain
Gage

POLISHED ROD
TRANSDUCER —

To
WELL ANALYZER
ROD LOAD

WARNING

Although the accelerometer which is housed in the load transducer is capable of sustaining an
impact of 40q, it is likely to suffer permanent damage if it is dropped onto a hard surface.
These precision instruments should be handled with care at all times.
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9.0.5 - Hydraulic Lift Load Cell

This system is designed to facilitate installation of the horseshoe load cell and to eliminate measurement errors caused
by changes in pump spacing resulting from installation of a horse-shoe transducer between the carrier bar and the polished rod
clamp.

The hydraulic lift horseshoe dynamometer requires the permanent installation of an inexpensive spacer spool onto the
carrier bar. The dynamometer and the hydraulic lift are easily inserted into the spool and then the load cell is activated using a
small portable hydraulic pump which transfers the polished rod load to the load cell of the dynamometer. Insertion of a thin
spacer plate and release of the hydraulic pressure allow removal of the hydraulic pump and acquisition of the data.

NOTE: This load cell does not fit the standard Leutert dynamometer spacer. The conventional Leutert dynamometer instrument,
with chart recorder, can be modified to operate with the Well Analyzer and the TWM software. Please contact Echometer Co. for
more details.
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9.0.6 - Motor Current Sensor

The current sensor is a device to measure the current used by the pumping unit's motor. A plot of Current vs. Time can be used
to determine if the unit is properly balanced. A proper torque analysis requires that the current data be acquired at the same time
as the load data, so both the current meter and load cell should be installed at the same time on units having an electric motor.

See the next two chapters in this manual for more details about current and power measurements.

9.0.6.1 - Current Sensor Installation

WARNING

USE CAUTION WHEN INSTALLING THE CURRENT SENSOR. IT IS USUALLY NECESSARY TO
OPEN THE UNIT'S POWER BOX TO GAIN ACCESS TO THE MOTOR CABLE. THE OPERATOR MAY
BE AT RISK OF ELECTRICAL SHOCK AND DEATH. CONNECT THE SENSOR CAREFULLY.

The current sensor is easy to connect. Open the sensor by pressing the handle and place the jaws around one of the
motor's power cables. Install the sensor with the sensor's jaws clean and completely closed. Connect the other end of the cable
to the Well Analyzer. To facilitate installation and reduce the risk of electrical shock, it is recommended that an electrician run
one of the power wires through a plastic flexible conduit outside the bottom of the power box. This will allow connecting the
current sensing probe without opening the power box.

9.0.7 - Motor Power Sensor

The use of power measurement sensors is described in detail in Chapter 10.
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9.1 - DYNAMOMETER SOFTWARE

The dynamometer modules of the TWM software are used to acquire digital data, calculate load values, analyze data,
plot graphs, and present test information and analysis. A complete description of the software's use and capabilities is given in
the following sections.

9.1.1 - System Setup
Using the TWM software in the Acquire Mode select the System Setup F2 option in order to select the dynamometer load cell
that will be used for the measurements:

Acoustic Sensor B Dynamameter Sensar | GD.-‘i‘-.I E quipment I:he-:kl
—[&l-1] Select Load Transducer
Serial Mo, IHT154 j Create Hew... | Delete...

— [&l-2] Tranzducer Coefficients

ot [aos C2 [14963
i s

—

C3
CE

— Transducer £ero Offeet
Last Zera Offzet: IEI.EI4 Klb Set Or; IEIEﬂ 202 14.29:22

B3] Obtain Zero Offset |

Prezent Zera Offzet:

I Kb MOTE: £ern Offzet ghould be obtained with transducer under no load
and attached to cable,

Accelerameter Dukput;

I it MOTE: Accelerometer output should be between +8 and -8 i 4
and output will vary when rotated.

Select the Dynamometer Sensors Tab and the Serial Number that corresponds to the sensor being used. If necessary the
coefficients and serial number for the specific instrument can be entered by selecting the Create New option.

The load coefficients C1 and C2 are used to calculate polished rod load using the equation:
Load = C1 + V*C2 - Cyof
where: Load = polished rod load, KLBS
V= transducer output, in mV/V
C,of = Coefficient from zero offset calibration.
It is important that the correct serial number, including all the characters, be entered in the correct field. The program
uses the serial number to determine the type of load cell that is being used. In particular the program must differentiate between a

polished rod transducer and a horseshoe type load cell in order to properly determine the zero offset and the self-calibration
procedure. For example enter HT123 (horseshoe transducer) or PRT123 (polished rod transducer).
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To Update the zero offset of the Horseshoe Load Cell select the button or key (Alt-3) while the transducer is lying on a flat
surface and without a load applied. The values shown on the screen indicate the present value of the zero reading in thousands
of pounds (Klbs) and the accelerometer output in mV/V. Repeat this procedure until these values stabilize. Variations in this
quantity should be expected when the temperature changes significantly from test to test. The zero offset readout should be less

than +/- 5 KLbs. A value significantly different from this may be an indication of a faulty transducer, cable or connectors. The
zero offset value is the term C¢ in the load equation above.

Coefficient C6 is accelerometer sensitivity and can be adjusted to correct calculated stroke length to actual stroke length.

NOTE

| Polished Rod Transducer I

The polished rod transducer is designed so that when it is not mounted on the polished rod (and
not loaded) its voltage output is at an elevated value. Therefore it does not require zeroing.

In general this transducer will be used in the automatic scaling and calibration mode, where the
program will calculate the absolute load level of the surface dynamometer card from the

calculated pump card. This will be discussed in detail later in the section describing the polished
rod transducer.

After updating the zero offset of the transducer the set-up procedure is complete.

Although the system parameters are saved on the system disk, the setup procedure should be repeated whenever the Well
Analyzer is used to insure that none of the parameters have been changed accidentally.

9.1.2 - Acquiring Dynamometer Data

The configuration data for the well to be tested is recalled from the data base or entered in the forms by selecting the
Base Well File.

ATWM - =:=
Elz Mods Option Tools Hep

* Acquire Mode 0 File Momt !

" :
Earel doe Current Well File: Current Group:
i"ND WELL SELECTED * IDefGroup

F2 Setup
U._,‘ﬂh e Gives bwo options for creating a new 'Well File. One option iz the create a new
5 — Well File with no information. The other is to create a new Well File using an

f{ exizting. The lazst option copies the contents of the existing into the newly
create 'Well File.

F3 7 | Alows the user to select from previously create 'well Files. well data for the
_-5'1 l i =1 zelectedWell File iz lnaded. Once well data iz lnaded the user is free to edit
naee. o and save any changes.
ase |
Wf Cave Saves all the current well data to disk. Usze this to make sure any changes

that were made are zaved.

It is recommended that the data be entered before going to the field to test the well. In this case the well data is recalled
by selecting the Open option which will display the catalog of well groups and files.
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The specific well is then selected as shown in the following figure. Selecting Open will present the well data tabs.

. Open Well File '
8 Groups And Azsociated el Files:

¢ ! Amerada = Open I
Barinas

BP_forties

@ DefGroup Lancel I

Ll AT 156

L. AT Ihscd
Il - $ER TAES
AR Test
‘A
- AER 51 2kt
LA Vgt
! Deviated

Devon
Ecopetral
Examples
ExS<ON
Forties-D

TJ F\\-] ITI-

E-E-E- - -

[ TwWM - DefGroup : ¥11ht
Eir Mnde Npfine * Innls . Heln

i+ Acquire Mode
" Recal Mode

F2 Setup

£

Ease f
Wil File |

File bgmt O Gereral l Surface Equip. l 'W'ellbu:nrei Eonditionsi Freszure Transient Params I
Well Mame:  «11HT

Compaty Mame |G

Operator il:.&F'F'S

Leaze Mame I'\-"EIGT

Elesation I1 050 ft

Artificial Lift Type IFh:ud FPump ;]

Comments:

FOR MORE DETAILS AND DEFINITIONS OF ALL TERMS, PLEASE REFER TO THE
WELL DATA FILE SECTION PRESENTED EARLIER IN THIS MANUAL BEGINNING

AT SECTION 5.22.

For Dynamometer measurement and analysis the following data have to be entered and checked for accuracy:

Manufacturer:
API:
Rotation:

Stroke Length:
Plunger Dia:

pumping unit manufacturer.

model number of the pumping unit.

CW for clockwise rotation of gear box cranks. CCW for counterclockwise rotation of
cranks. The polished rod is to the operator's right when viewing the gear box.

Polished rod stroke length in inches.

Pump plunger diameter in inches.
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Anchor Depth:
Pump Intake:
Motor Type:

Consumption:
Demand:
Counterbalance
Effect or Moment:

Oil Production:
Water Production:
Rod String:

Voltage, Hz, Phase:

Depth to the tubing anchor if present (Feet)

Depth to pump’s Standing Valve (SV) (Feet)

Description of the prime mover

Voltage and single or 3 phase designation; such as 440 VAC and 3 phase.
Cost of electricity such as 5 cents/KWH.

Power demand cost, $/Kw

This number is determined by field measurement or by calculation from the
counterweight’s description and actual position. The counter balance effect (CBE) is
used in torque analysis.
Result of latest well test
Result of latest well test
Enter the length and diameter of each section of rods. Also, enter rod type such as C,
D, K or F for fiberglass.

9.1.2.1 - Pumping Unit Library

The selection of the pumping unit type and size can be undertaken by referring to the built-in pumping unit library which
is part of the TWM software. The library is accessed by the pull down menu which lists the units by manufacturer designation.
This results in the following screen being displayed:

File Mgmtl General O Surface Equip. | Wellbarg
—[Alk-1] Surface Unit
b anutacturer ILufkin Corventional :J
Unit Class AN ;
A5 T ki Low Frafile

AF Lutkin b arks 11
Lufkin Reverse Mark

Stioke Length | M ational
roke Length |12

: Qilwell Conventional i
Rotation ™ W T LW

On the screen are listed all the manufacturer's for which pumping unit specifications have been entered in the library.
Care must be exercised that the correct unit is selected since the software will use the dimensions and characteristics of the
selected unit in order to compute the loads, displacements and stresses in the pumping system.

Adding Pumping Units to the Library

The library is a file which can be edited with the Library Tool. In order to add more units to the library the user may
also send the pertinent data to ECHOMETER Co. for inclusion in updated software.

File Mode Option | Tools Help
' Acquire Mode Import 4
E =port 3
" Recall Mode
Settings r
Slbay. |
F2 Setup
E _..m Drata Units...

Which brings up the following menu with the path to the unit library:
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Library Utility

Purnp Unit Library

]|

! Edit Library |

Current library file:

EAT WM Ui b, !

Lhde A% vl L

This menu allows display and editing an existing pumping unit data or modifying the library:

O File Mamt |

Coerent Wil File:

General | Surface Equip. I Ywellbore I Conditions | Prezsure Tranzient Params I

Cierant Greonime

Pump Umit Library Editor HE
Mew Lnit | [elete [ | Duplicate Uit |

[GEETE TS| flin Conventional - Statuz:
Class IEnnventiunaI j Syztemn Unit. Record Locked
APl |c-320-256-100 =
174000 e Structural 77300 Stroke Length
Gearbox I in-lb F I b = -
& |15 in E |48 in R ]13.:31 ]E4
P14 in [ |45.5 in Rz |11.25 |54.na4?
K. |123-119 in Tau |53 degree  R3 I I
Structural
Unbalance G It FMI I
RS | |
Comment | RE I I
['one I Have | [agram

The data follows the API nomenclature and conventions. A schematic dagram of the unit and a form that allows editing the
dimensions is displayed by slecting the Diagram button
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Pump Unit Library |

American Conventiohal

Cornventional
C-114-118100
a o i
HEER
c [BE N
NESEREN"
SEET
S
R2 [ i
R3 [ i
re [ i
I I
re [ i

The following diagrams illustrate the dimensions for the other API geometries:

Mark 11 Reverse Mark

For all geometries the dimension K is measured from the center of the crankshaft to the center of the fulcrum bearing on the
beam, as shown in the TWM screen for the conventional unit shown above.
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Air Balanced

Only the contents of the User’s Pumping Unit Library may be modified (UnitLib.upl).

I Library Utility
E

t — Pump Unit Library

I Current library file:
C:A T b WU mitLib. upl

Done

)

The default library is protected from accidental modification
FurtherdDetails related to library updating are also discussed in Chapter 3

It is important to acquire and analyze data using the correct unit description, so it is recommended that whenever the
data indicates discrepancies in the results the well data file be reviewed thoroughly.

The software does perform some data validity checks, as shown in the next figure:
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File k4 grnt I Generall Surface Equip. 0O wellbare | Conditiohs I
— [Alk-1] Tubularz — [&l-3] Pump
Tubing 0D [2375 in Flunger Dia. 1.5 | in
Casing 0D |5_5 - Fump Intake |5221 ft
duve, Joirt Length IS"I?— i Total Bod Length < Pump Depth
} Anchaor Depth |51 a0 ft ~ [&It-4] Polished Fod
K.elly Buzhing I ft Iﬁ .
twm E | "
: I ate:
— [Alk-2] Rod Sting
Tap Tap There iz a significant difference between Taper 3
|
Fod Type ID_ Total Bod Length and Pump Depthl a HNONE =
Length |1 750 — ||:| ft

but it is the operator’s responsibility to validate the well data before proceeding with acquisition or analysis.

9.1.2.2 - General Procedure for Acquisition of Dynamometer Data

The operator can proceed with acquiring data using the Select Test. Option

[ATWM - DefGroup : V11ht
File Mode Option Took Help

+ Acquire Mode

Acoustic T Dynamometer l Power.-"[lurrentl GDAI

" Recall Mode Select test ta be active for acquizsition: Optional Channels
% [Al-1] Dynamometer Tests "DYN" | IV Power ¥ Curent I
F2 Setup  [Al-2] Valve Test [Standing and Traveling] 'ALYE
m:m " [Al-3] Counter Balance Effect Tests "CBE" Sample Fiate I2U Hz
f( [rate/Time I Test Type I Statuz | Serial Mo. I Diescription

[Pl

Base .'I

_V\iell File |

acquire] §
Datay i

Within the Dynamometer Tab, the program guides or directs the operator in the acquisition and analysis of
dynamometer data by offering the three test choices: Dynamometer Test, Valve Test and Counter Balance Effect which are
normally run in that order.

First, the operator acquires at least one minute of polished rod load, acceleration, and motor current and/or power data (if
present). The pumping unit must be running throughout the one minute of data acquisition time. The acceleration data is
integrated twice to obtain position. This is processed to obtain a dynamometer card of all strokes contained during this minute.
The operator then has the choice of viewing any one stroke to analyze the downhole pump card. This single stroke data can be
exported as a text file in the DYN format, if desired, for processing in other programs.
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Second, the operator is directed to acquire traveling valve data, standing valve data, and

Finally, counterbalance effect data is acquired in order to analyze the torque loading based on the dynamometer data
obtained with a horseshoe transducer.

Although this is the recommended sequence, the tests may be run in the order that is most convenient for the operator.

9.2 - MEASUREMENTS WITH HORSESHOE TRANSDUCERS

The following procedure is to be used in conjunction with the Horseshoe type load cell. The first part allows checking
that the transducer is operating properly and that the correct scaling and coefficients are being used. This is followed with the
actual recording of the dynamometer data. The procedure is different when using the Polished Rod transducer. The polished rod
transducer procedure is explained later.

9.2.1 - Initial Acquisition Check

Data is displayed to the operator to insure that the system is functioning properly. The operator has the choice of
viewing load, acceleration or motor current if the motor current sensor is attached. Initially, data will not be displayed for 15
seconds. During the first few seconds, the plot is scaled to the data. During scaling the pumping unit must be running so that
typical load and acceleration data are generated and are used to determine the appropriate scales for plotting. Display of data
continues. The data is not stored. The operator should verify that proper data is being displayed for plotting and analysis. The
operator can rescale the load axis, if desired, by pressing the Rescale button

The screen indicates that the data is being displayed only but not recorded

O Load I Acceleration I Povuer I

19+

124

124

114

=
o
1

LOAD (KIbs)

T T 1
0000 o015 00:30 0045 04:00

DISPLAYIMG Data, Press START button to start recording.

[a-D] Record 1.0 Minute(z] of Data... | |

b anual Data Fecarding

[AlS] START [ e S | FiEse

ﬂ <F'gL|p| F'ngn>|
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9.2.2 - Data Acquisition

Selecting Alt-D (Record 1 minute of Data) will start the acquisition of dynamometer data for one minute of pumping.
Alternately the user can start acquisition (Alt-S) and quit (Alt-Q) acquisition after an arbitrary number of seconds or strokes. A
plot of either load, acceleration motor current or power (if connected) will be available for viewing by the operator while the
system captures one minute of data.

The following figure shows load data being acquired:

O Load | Arceleration I Power I

14+

124

12

114

104

LOAD (KIbs)

T T 1
Q000 ag:1s 0020 0045 01:00

RECORDIMG 1.0 Minute(z] of Data, Press STOP to record less. [ —

tanual Data Fecaording
[l ] T s | [.&It_DJS _____ - Ffesek
/ ﬂ <F'gL||:|| F'ngn>|

Acquisition of #he data will continue for one minute and then stop automatically. The default time of recording can be
set by clicking the control button to the right of the Alt-D control, to bring up the following form:

Set Data Capture Parameters |

E nter the amount af time for Test data to be acquired.

Total Time for Acquired Test IEEI IEC

== T T T T T T T T T T
Qo000 0015 ooz
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This is especially useful when making measurements with slow-pumping or long-stroke units to obtain data over several strokes.

When one minute of data has been acquired, the operator has the choice of saving the data and to continue with dynamometer
analysis or to repeat data acquisition. The operator should view the load, acceleration and motor current for quality of data.

SAYE RECORDED TEST DATA?

Enter a zhort description for the recorded Test Data

Diynamometer Test

The recorded Test Data will be zaved to the current Data Set which
iz gtored in the following DOS file:

C:ATWM_betahUTWELLATest. 016 [01/412406 - 11:07]

Dezcription:

Save I Cancel

Pressing Cancel will continue data acquisition and analysis after the user selects the Reset button.

Pressing Save will save the data and continue to the Analyze Data form which performs a position analysis of the
acceleration data by double integration of the acceleration data. This allows correlation of position with load. The operator is
alerted if position cannot be calculated from the acceleration signal. The acceleration data should vary from approximately +0.5
mV/V to -0.5 mV/V and exhibit both positive and negative values. If this is not the case the accelerometer may have been
damaged or the coiled cable and connectors are defective. The next screen shows the load data analyzed into individual complete
strokes (numbered from 1 to 7) as shown in the following figure:
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O Raw Data I Elverla_l,ll Dyna Eardsl Tn:nrquel Fod Ln:nadingl Load/Current FPower Tarque Pawer F A I *
Select Baw Data Dizplay: IL:::au:I j
] =] [ ] 2] =] 7]
1.3784
1.250+
1.1264
1.000 4
g
E
T 0875
y
fui
- o750
0.625
0.5004
0375 T T T T T 1
1] 10.00 2000 20.00 G000 S0.00 G000
Time (Seconds)

The vertical lines indicate the bottom of the polished rod stroke. The operator can similarly view acceleration, motor current,
velocity and position as a function of time by selecting the corresponding variable from the pull down menu:

O RawData Cverlay I Diyna Cards I Torque I Fiod Loading I

Select Raw Data Display: ILaad j

Acceleration
Current
Prowier &

o

To display the raw data in Engineering units, it is necessary to select the corresponding check box:

L

218754

LOAD (KIbs)

¥ Show data in Engineering Units [e.q.. Ibs. in, etc...]

this changes the vertical scale: 18.750 4 n

and gives the following figure
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O Raw Data Elverlayl Dyna Eardsl Tu:urquel Rod Lu:uadingl Lnada’EurrentI Paweer Tu:urquel Fower F4 I *I
Select Raw Data Digplay: ||_.;.a.;| j
£11 =y (32 (4] (51 =y 07
34375
31.250 4
28,1251
. 25.0004
(L)
=
Z
o 218754
T
]
-
18,7504
15625 4
125004
Q375 T T T T T 1
10000 20.00 30.00 40.00 S0.00 G0.00
Time (Seconds)

The other recorded variables: acceleration, current and power as well as the computed values of velocity and
displacement are viewed in the same manner by selecting the corresponding plot from the pull-down menu as seen in the
following figures:
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Select Raw Data Display: | Acceleration j
12 (2] 22 4] (5] (=0 (7
150 5
100
o
% A0
&
=
ot
]
(] 0
T
504
-100 T T T T T 1
u} 10.00 20.00 20.00 40.00 50.00 50.00
Time (Seconds)

Celect Baw Data Display: | Poweer j
12 (22 22 (4 52 (L= (7
100 S
T5
50
o254
2
=]
o
|:| -
PR f f J ! UI
-50 T T T T T 1
u} 10.a0 20.00 20.00 40.00 50.00 50.00
Time (Seconds)
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Select Raw Data Dizplay:

Velociy

£1) 2] =y [4) Ry (&) 7]
75 S

a0

251

=25

-A0

=75

0 250,00 500,00 75000 100000

1250.00

Select Raw Data Dizplaw: Pozition

13 23 (2] (g3 (53 L= (7l
150 4

125

100

754

&0

254

a 25000 £00.00 750.00 100000

126000

It is also possible to view a filtered version of the acceleration signal in order to check the accuracy of the integration routine in

selecting the bottom of the stroke.
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Select Baw Data Display:

Filtered Acceleration

£1) =y =y (4] [5) (6] (7]
0.21250 5

0.23438 1

0. 15625 1

0.07313 4

Filterad Acceleration

-0.07813

-0, 15625 T T T 1
u] 250.00 A00.00 Fa0.00 1000.00 1250.00

9.2.3 - Dynamometer Card Displays

The operator can view each dynamometer card for every recorded stroke, by selecting the Dyna Cards tab or the
Overlay tab. The first cycle, second cycle, etc. in sequence, will be displayed on the screen. The operator can view each of these
strokes as they are displayed on the screen. After viewing each stroke as the data is plotted the operator determines which stroke
should be selected for further detailed analysis.

The Overlay display allows superimposing all the recorded dynamometer cards, in the sequence they were recorded, with the
purpose of determining how repeatable the operation of the pump is, from stroke to stroke. This is illustrated in the following two
figures.
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FawData LI Overlay | Dyna Eardsl Tu:urquel Fod Luadingl Lu:uad.-"Eurrentl Power Tu:urquel Power F4 | *
OWERLAY of Load [K-Lbz] vz Pozition [in)

34375 5

31.250

28,125 1

25.000

21.875

18.750

15,625

12.500

0375 L 1

[¢ Beg Stioke <% Bresious Mest s Shiowe Al ] Stroke I'I of I?

The controls at the bottom of the figure allow displaying and superimposing the recorded strokes in sequence until all the strokes
are plotted as shown below for a well that is pumping consistently and uniformly:

FawData K Overlay | Dyna Eardsl Tnlquel Rod Laadingl LDad.-’EunentI Prowwer anquel Powwer F 4 | >|
OWERLAY of Load [K.-Lbz] vz Poszition [in)

34,375

31.250

25125

25.000

21.875

k Beg Stoke | [<¢ Previous|  Mest o | Chm >|| swoke [T of 7
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Note that the dynamometer cards will overlay each other only when the well's pumping conditions
are stabilized.

9.2.4 - Analysis of Individual Dynamometer Stroke

The Dyna Cards tab generates a display of the single stroke analysis presented as shown in the following figure:

Faw Data I Overlay O Dyna Cards I Torgue I Fod Loading I Load/Current I Fower Tarque I Pawer F A I r I

Load [K-Lbz] vs Polished Rod Pos. [in) HT2gz2
FFAL |1 3827 PPUMPL [3747
E
MPRL [5036 MPUMPL[ 413~
12

Calculated Fluid Load Max |4181 [a]

104 Folished Rod Power |84 HF
Palizhed Rod / Matar EFf. |E7.2 4

Strokes Per Minute |2.37

11T

6 Fump Card HP 6.7 HF
| Pump / Matar Eff. [53.3 %
40 ' 0.0 ]
Fump Dizplacement |'| 705 BELAD
Load [K-Lbz] vs Plunger Paz. [in] Pump Intake Pressure... | |-|5?.4 pi [g]

" ! DamplUp [oo5
T |.____ o <<F|eset|

A4 Fo Max Damp Down II:I.EIE
3 | Tubing Head Pressure IEE.EI psi (gl
Z | Effective Plunger Stroke

| ]| [ ]— Approx.
1 Ll | c il Best Pos.
s T ————— [gas2 = [913 in
5 . -

] on 5

Stroke |1 "I j < PglUp | Pog D =

kr |232 lbfn Kb |BOF lb#n  DynaCard Dptinns...l

The upper graph consists of a plot of polished rod load versus position for the selected stroke. The bottom of the stroke is at the
far left of the plot (at zero). The top of the stroke is at the far right (at 100 inch). The corresponding downhole pump card is
displayed below the surface card. The displacement shows downhole pump stroke (90.5 inch). A movable marker is drawn by
the software on the downhole card at a point where it is estimated that the traveling valve opens during the down stroke. This
defines the effective plunger stroke. The program then calculates the corresponding volume per day of fluid that should be
displaced by the pump and the hydraulic horsepower expended at the pump. The user can use the Left/Right arrow keys to
relocate the marker as necessary.
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The upper plot is a display of surface load versus position (dynamometer card). The stroke length is as given in the well
file. The polished rod horsepower (PRHP) corresponding to the work done at the polished rod is shown to the right of the graph.

The tubing head pressure should be entered in the appropriate field in order to calculate the pump intake pressure (PIP) estimated
from the minimum and maximum values of the pump dynamometer. This calculation requires knowledge of the back pressure on
the tubing and an estimate of the friction load on the sucker rods. These quantities are generally not well defined and thus the
calculated PIP is somewhat uncertain. The user has various options for the PIP calculation that may be displayed by clicking on
the Pump Intake Pressure button:

Worksheet to Calculate Pump Intake Pressure using Fluid Load from P x|

— Up Stroke Pump Load Dptions

&+ Average of Up Stoke Loads

b a=irum p Stroke Load
[ adj. by Unaccounted Friction ]

" Load at Pump Filage Line
" User Input

[ | Du:uwnl I}_I
Fu:uLlpIBESEI o]

1 - ] | | — Diown Stroke Punip Load Options
% Zemo Load Line

— Calculations Far Fao [ Fluid Load Plunger]

Mirimurm Down Stroke Load
[ Fo Calculated From PIP of Fluid Level snalysis IE?EE o] [ adj. by Unaccounted Friction ]
Fo = Plunger &rea * [ Tbhg Prez. - FIP + Pump Depth * Fluid Gradient | " Average of Down Stroke Loads
™ Fo Calculated from Yalve Check dnalysis IEEED Ib " User Input o
Fo = [TW-54] [ | Du:uwnl 1_

Fo = Fallp - FoDawn Fo Do IU I
Fluid Load [Fo] IEEEE Ik IInaccounted Friction |41 3 [

FIF = Tubing Prezsure + Pump Depth(TYD] # Fluid Gradient - Fa ¢ Plunger Area

Purnp |ntake Pressure |3|:|E. 8 psi

™ Include Worksheet In Fleports

Ok I Cancel |

The default calculation uses the average of the upstroke pump load and the zero load line to define the loads used to calculate the
fluid load Fo (3639 Lbs). These values yield an estimate of the friction load (413 Lbs) that is not accounted by the damping factor
used in the solution of the wave equation in the calculation of the pump dynamometer loads.

The fluid load used in the calculation of PIP is easily checked against the corresponding values based on the acoustic fluid level
or the valve check data. As seen above, all these values are in good agreement: 3763, 3560 and 3639, thus giving some
confidence to the computed PIP.

For the purposes of quality control of the data, the various estimates of the fluid load Fo can also be displayed on the graph by
checking the corresponding boxes:
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Display of Fo calculated from Acoustic Fluid Level

— Calculations Faor Fa [ Fluid Load Plunger]

¥ Fo Calculated From PIP of Fluid Level fnalysis IS?ES b
Fo = Plunger Area * [ Tbg Prez. - PIP + Pump Depth * Fluid Gradient |

™ Fo Calculated from Walve Check énalysis ISEEEI Ib
Fo = [TW-5%]

Fo =Follp - Falown

Fluid Load [Fa) IBEEEI b

Display of Fo calculated from Valve Check test:

— Calculationz For Fo [ Fluid Load Plunger]

[ Fo Calculated From FIF of Fluid Level &nalysis IE?ES |
Fa = Plunger Area ® [ Thg Pres. - PIF + Pump Depth # Fluid Gradient ]

¥ Fao Calculated fram Yalkve Check Analysis IEEED Ib
Fo = [T%-5%)

Fo = Folp - FoDown
Fluid Load [Fa) |3633 Ib
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9.2.4.1 - Dyna Card Options

Detailed analysis of dynamometer data is enhanced by displaying the surface and dynamometer cards on the same graph, with
common vertical and horizontal scales, and in conjunction with other parameters. Clicking on the Dyna Card Options button

opens the following menu:

Select Display Options for Dynamometer Car d 5[

— Dwnamometer Card Display Optionz

¥ Surface and Pump Cards on One Plot
¥ Rod/Tubing Stretch On Suface Card (kr& Ky 162 Ibfin
¥ Tubing Stretch on Pump Card [Kk] |07 ity

[~ Meazured Load (Tw] I‘I 1636 b
[~ Measured Load [5%] IBEI?E (o]

¥ Calculated Eouyant Fiod “Weight + Fluid Load W (3
v Calculated Bouyant Bod Weight [w/if] | 2041 [u]
¥ FoMax Line [#181 1
[ Fo Calculated From PIP of Fluid Level Analysiz IW [a]
™ Fo Calculated From Yalve Check &nalysis Iﬁ (o]

v Zero Load Line IIZI b
v Pump Fillage Line IE'I it

(] 4 I Cancel |

By checking the first box, the surface and pump card will be drawn using common vertical and horizontal axes and the values of
whatever items are checked will also be displayed as shown in the following figure.

Kr — rod spring constant is the pounds of load required to elastically stretch the well file rod string for 1 inch.

Kt — tubing spring constant is the pounds of load required to elastically stretch the well file tubing string for 1 inch.
Kr&Kt - composite spring constant is the pounds of load required during the upstroke when both tubing and rods stretch
1 inch, assumes unanchored tubing.

TV - measured polished rod load last selected while analyzing the upstroke valve check load test.

SV - measured polished rod load last selected while analyzing the down stroke valve check load test.

Fo — Pump Card Load calculated from the measured surface dynamometer loads and Fo represents the force the pump
plunger applies to the rod string.

Fo(Fluid Level) — calculated fluid load the pump applies to the rods, equal to the area of the pump plunger times the
difference between the pump discharge pressure minus the pump intake pressure determined from the last analyzed fluid
level shot

Fo(Valve Test) — load difference between the selected upstroke and down stroke valve check load test

Fo Max - calculated theoretical max fluid load, occurring when the pump intake pressure is set to zero

Wrf — calculated buoyant rod weight, where the well file rod string is buoyed in the tubing fluid

Wrf + FoMax - calculated buoyant rod weight plus FoMax
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The figure below shows the display that corresponds to the boxes checked in the previous figure:

Fiaw [1ata I Overlay B Dyna Cards | Tarque I Fiod Loading I Load/Cumrert I Power Tarque I
Load(F-Lbs] ws Position [in] HT 332 PFRL [{3377 PPUMPL [3741

B e T D Al [T D'amp Down IDDE—

3.134 |

1

14.06 - Kr & Kt MPRL [f036  MPUMPL[43

12 .50 - Calculated Fluid Load M ax |41 21 o]
Polizhed Rod Power IE.4 HF
10.94 - Folizhed Rod / Motor EFF. IE:?_E %
Shokes Per Minute IE_S?
9.38 -
Pump Card HP IE?'— HF
7.81 Fump / baotar EF. |53_3 4
Pump Dizplacement |1 TOR BEL/D
6.25 Purmp Intake Pressure. . | IEDE.E pi [g]

Damp Up |
4.63- Fo Max = << Fezet |

Tubing Head Pressure [5&8.0 psi [g]

Piower FLI_*I

1.56 - Effective Plunger Stroke

: < Left| Right 3| _J_ Aoprak.
0 . Best Pos. |

™ 90.5 [sa82 % [813 in
-1.56 . =
L 100.0 Stroke I‘I TI 7 <PagUp | PgDwn:
Kr&Kt [168  Ibsin Kb [BO7  Ibfin  |Dyna Card Options...
The user should select only those items that are most pertinent to the analysis of his interest.
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9.2.5 - Damping Factor Adjustment

The default damping factor of 0.05 is generally adequate to describe the friction losses in the sucker rods when
calculating the down-hole dynamometer. In certain cases however the appearance of the pump card indicates that a different
damping factor may be necessary. In particular whenever the top and bottom boundaries of the pump card are not straight and
horizontal the user may want to re-calculate the card using a different factor. This is achieved entering a new damping factor in
the Up and Down fields. In general acceptable values of the damping factor should range from 0.01 to 0.15. This is a trial and
error procedure which can only be refined with experience. In general the top of the pump card should be a straight line and is
more indicative of the correct damping than the bottom of the card.

9.2.6 - Saving Single Stroke Data

The single stroke data should be saved if the operator desires to process the dynamometer data in other programs. The
operator will normally save dynamometer data for a stroke that is representative of normal pump operation. The digital
dynamometer data for this single stroke will be saved to a file called wellname.DYN. The file contains load and position for the
selected stroke at time intervals corresponding to the sampling rate for the data set. The format of this file is compatible with that
of several commercially available dynamometer analysis and prediction programs such as EchoPUMP, RODDIAG,
RODMASTER, and others that conform to this format.

The file is written by selecting the Export option of the Tools menu and highlighting the DYN Format option while the
corresponding stroke analysis is being displayed:

| Tals Help

Irmpark 4 | - -
. |.IBI Fiod Loading Luada’EunentI Fowwer Turquel Power F 4 I "I

HTz82
Settings ¥ DOSFormat (wF) Well File,,,  f—— PRRL |13932 F'F'UMF'L|3555
Lbrary... D2S Format (0ld Skyle) r MERL I—ES?E MPLIMPL I—-E'I =
%

Expaort C%M Farmat...

Draka Units. ..

Wwell File...
Calculated Fluid Load bax |4|:|4?' I
Palizhed Fod Power I .

101

85 H

Polished Rod /# Motor EF. IES.? 4
Strokes Per Minute |8_41

Pump Card HP IE_.T" H

Purmp / Motar EFf. |5|j_2 %

Pump Dizplacement |131_9 BBL/D

Load [K-Lbz] vz Plunger Pos. (in] Purip Intake Pressure.. | |2EID_‘I pzi [g]

®] ! Damp Up [0.05 —
<4 |
i e 'I - Damp Down II:IDE— ==

= | Tubing Head Pressure IEBD— psl (a)

b
FI
FI

1
[} 100.0

27 | Effective Plunger Stroke

< - Left| Right -3 .;I N Appros,
g aotet| Fga| —f— e |
“ EEEN in

13 o0 6 Stroke m j < Pglp | Pa Dwn>|

A dialog box will be opened to select the folder where the file will be recorded.
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", i 1k

Export DYN File

Export DM file to:
I_I,I'\M_I,I DocumentshEchometer_gener . . | L

E xpart I Cancel |

| =

The user may also select the directory on an external storage device such as USB memory stick, or CDR.
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9.2.7 - Torque Analysis
The purposes of this calculation are:

1. To determine the loading of the torque reducer

2. To establish whether the unit is properly balanced

3. To determine the movement of the counterweights, necessary to
achieve a better balance.

The calculation requires knowledge of the pumping unit's geometry and direction of rotation. This information is
retrieved by the program from the values stored in the pumping unit library and the base well file. Therefore it is VERY
IMPORTANT that the correct unit ID be entered in the well file.

The counterbalance effect (CBE) also has to be measured as accurately as possible, as explained in Section 8.6. An
alternative is to calculate the counterbalance moment (CBM) from the weight of the counterweights and their measured position
on the cranks as described in section 5.222 of this manual. When these data are available the user selects the Torque Tab, as
shown in the next figure:

Fiaws Datal I:Iverla_l,ll Dyna Cards O Torque | Fod Lu:uadingl Lu:uau:l.-’Eurrentl Pawer Tu:urquel Panwer F A I ’I
Permizzible Load [K-Lbz] vs Position [in] HT 382 Met Torgue [F-inLbz] [B alanced]
209 . - 400.0
B, il | OB
I | 200.0
154 | 2000
| 100.0 4
104
| ]
. | 100.0 !
i L —
o — j‘:_,- ***** -u?\\ | Met Torque [k-in-Lbz) [Exizting]
/ \‘- | 3750
o B A
u} 100.0
250.0
F ating Peak Balanced Peak Existing
Gearbos |320000 f2275330  [2803555  indb 1250
Counter B alance Change:
DECREASE  ForBalance [541402 inb .
YWeight OF Counternweights To Be Moved IESDB b 250
| | ) ¥ Owerlay Power Data
tove Countenweights IM 10.2 I
I - I ?
From Their Present Location To Balance Unit Stroks |1 J S PRI | Ralliant; |

The left hand figure shows the surface dynamometer card, superposed on a diagram showing the permissible load
boundaries. The dashed lines correspond to the loading at the existing balance conditions. If the dynamometer card crosses these
lines it means that for that portion of the stroke the rated torque capacity of the gear reducer is being exceeded. The dotted lines
show the permissible load boundaries if the unit were properly counterbalanced (equal peak torque during upstroke and down
stroke).
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Similar information is presented on the panels on the right hand side of the figure, where the torque as a function of time
for the single stroke, is shown for both the existing and the "ideal" balance case. If power data was acquired, the power-derived
torque is displayed when the Overlay Power Data box is checked. GBX indicates the gearbox rating in thousand inch-Ibs.

9.2.7.1 - Counterweight Movement

The change in counterweight moment that is required to bring the unit into better balance is shown at the bottom of the
figure. This value is expressed as thousands of inch-pounds ( K-in-Ib). The user decides what number of counterweights can be
moved and after referring to a table of counterweight specifications, enters the TOTAL weight of the counterweights to be moved
in the appropriate field. The program then displays the direction (IN or OUT) and distance from THEIR PRESENT LOCATION,
that the counterweights should be moved in order to adjust the counterbalance by the desired amount. If the distance were larger
than the space available on the crank arm, then additional counterweights must be moved or removed or added. The new weight
is entered and the new displacement is calculated as before.

9.2.7.2 - Power Data Acquired with Dynamometer

When POWER PROBES are connected to the electrical switch box, the dynamometer program acquires motor power
data as well as current data. The data for a specific stroke can be viewed selecting the Power Analysis Tabs which can present the
data in terms of a torque analysis in the Power Torque tab or a power analysis in the Power Results tab:

Power Torgue Analysis

Faw Datal Dverla_l,li Duna Cards' Torquel Rod Loadingi Load/Cunert T Pawer Torque I Power F4 | ¥
Taorque = 845 = P [KWw] = EFF /[SPM = 5W]

— —— hdeazured Balanced Targ. Tarque Analysis Kirrlh
300.0 - — * Measured Upstroke Peak !.1 2.4
I Measured Downstroke Peak |25?_9
Marker |25?.9

EBalanced Upstroke Peak |202_4

Balanced Downstroke Peak |203,3
‘\ M.._ | Counter Balance Change For Balanced TorquelEB_S

Weight Of Counterweights To Be Moved:

IEDDD (s}

For Adjusted Torgue Move Countenveights:

I I‘I 1.4 i
Strokes Per Minute [SFM) ig_?
Increase | Decrease | Balance | Mator/Belts Efficiency [EFF) (0.8

Indicator Mavement Cantrol Speed Yariation (4] lIZI. 50 <Feset |
c-Left | Right-y| —}—

20,4

1
BOTTOM TOF BOTTOM

Stoke I vl j <F'gUp| F'ngn>|
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Power cost Analysis
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These graphs are discussed in detail in the Power Probe Measurements section of this manual.

ECHOMETER Co. 275 10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

9.2.8 - Rod Loading
A detailed analysis of the loading of the rod string is displayed by selecting the Rod Loading Tab:

Fiaw Datal EI'-.ferIa_I,II Dyra Eardsl Torque [ Rod Loading I Ln:nau:la"EurrentI Power Tarque Power F A I 4

— Top Fod Loading &z % of the APl Modified Goodman Allowable Stress B ange for Given Grades
C D K. H
10 715 |53.2 |75.9 |46.0 Beam Loading
e 085  [33 [675 [1o1.0 BX BN &
06l |189.1 [122.2 |212.4 |76.6
— Rod Loading At Top of Tapers &z % of the APl Modified Goodman Allowable Stress Fange
Top Taper Taper 2 Taper 3 Taper 4 Taper & Taper &
Fod Type | ] I 0] I ] I I I
Diameter in- |0.875 0750 0875 | | |
10 |532 f58.1 [24.5 | | |
Service 085 |675 741 |29.2 | | |
Factar
060 [122.2 f137.4 [41.4 | | |
Rod Shess Max |22994 | 24855 |7166 | | |
psi Min 10038 {10674 |27 | | |

Stroke I‘I ‘I j <F'gLI|:|| F'ngn>|

Top rod loading for different grades is shown in the upper section of the screen while the loading at each taper intersection for
the existing rod string is shown, for various service factors, in the lower section. At the bottom of the table are displayed the
Maximum and Minimum stress in psi that are experienced over one pump stroke at the top of the particular rod taper.

The following table shows the Tensile Strength used in the formulation of the Goodman diagram for the most common grades:

Rod Grade Peak Tensile Strength, psi
C 95,000
K 85,000
D 115,000
H 140,000

Loading of the beam is indicated as a % of the Beam Load capacity based on the API designation for the pumping unit as
entered in the base well file.

ECHOMETER Co. 276 10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

9.2.9 - Load-Current and Load-Power Analysis

This analysis gives information about motor loading and correlates the current and power usage during a stroke with the polished
rod load, as shown in the following figure:

Fiaw Datal Elverlayl Dyna I:arl:lsl Tl:urquel Fiod Loading LJ Load/Current Prower Tl:urquel Power F 4 | r
Load [K-Lbz] vz Time HT 3232

Fiated HP |30
Fated Full Load AMPS |38

Thermal AMPS |24.8

Heat Loading |E5.2 s

Mechanical Loading |36.0 4

Rated Full Load RPM {1100

T

E BOTTOM TI_;IF' EII:ITTI:IMI SPM 837
Current [Ampz] vz Time
0.0 - ] ]
438 4

1 Full Load Amps [araph D ata Options

3758
1 & [k -1] Show Cument D ata
3134
) £ [k - 2] Show Power Data

25104

1828+

L ]
BOTTOM TOF BOTTOM  gyoke I__|1 = ?l <F"ngp| PgD"""”l

Immediately below the load versus time plot is a plot of the apparent motor current versus time during the same period.
Two dark bars are displayed on the motor current screen. These bars show when the cranks are near the horizontal position. The
motor current on the left below the dark bar indicates the motor current flowing while lifting the rods and fluid load. The motor
current displayed on the right below the dark bar represents the motor current flowing while lifting the crank arms and weights.
Using the name-plate rated horsepower and the full load amps (from the well data file) the program computes the mechanical and
thermal loading of the motor. These are displayed as percentages. If the motor appears to be under or overloaded, a more detailed
electrical power measurement should be made using the power probes as discussed in section 10 of this manual.

It is important to be aware that the motor current measured in this fashion could either be flowing from the
power electrical box to the motor or from the motor to the power source depending on whether the motor is
driving or is generating. The current sensor as used cannot detect direction of current flow.

In general, if the motor current is higher when raising the cranks and weights than when raising the rods, the weights
should be moved inwards on the cranks to more evenly distribute the loads on the upstroke and the down stroke. The weights
should be moved outwards if the motor current is higher when lifting the rods than when lifting the cranks and weights.
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When the Power probes are connected to the electrical supply then the following display may be generated by selecting the Show
Power Data button. The graph shows the instantaneous motor power that corresponds to the polished rod load for that selected
stroke:

Fiaw Data I EI'-.ferIa_l,II Dyna Cards I Tarque I Rod Loading O Load/Current | Power Tarque I Pawer FLI_*
Load [k-Lbz] vs Time HT332

Fated HP |20
Fated Full Load AMPS |38

Thermal AMPS |24.8

Heat Loading |G5.2 i

kMechanical Loading |26.0 A

Fated Full Load RPM {1100

SPM 1837

T

L ]
BOTTOM TOF BOTTOM

Power [Kiw] we Time
A0 - ] ]

Graph Data Ophions
Al - 1] Show Current Data

Al - 2] Show Power Data

100 s !
BOTTOM TOF BOTTOM | goke I__|1 = ?l <F'ngp| Pngml

Power torque and power cost analysis is discussed in Section 10 of this manual.

ECHOMETER Co. 278 10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

9.3- HYDRAULIC LIFT HORSESHOE DYNAMOMETER

This dynamometer is designed to facilitate installation of the horseshoe load cell and to eliminate measurement errors
caused by changes in pump spacing resulting from installation of a horse-shoe transducer between the carrier bar and the polished
rod clamp.

——
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The hydraulic lift horseshoe dynamometer requires the permanent installation of an inexpensive spacer spool onto the
carrier bar. The dynamometer and the hydraulic lift are easily inserted into the spool and then the load cell is activated using a
small portable hydraulic pump which transfers the polished rod load to the load cell of the dynamometer. Insertion of a thin
spacer plate and release of the hydraulic pressure allow removal of the hydraulic pump and acquisition of the data.

NOTE: This load cell does not fit the standard Leutert dynamometer spacer. The conventional Leutert dynamometer instrument,
with chart recorder, can be modified to operate with the Well Analyzer and the TWM software. Please contact Echometer Co. for
more details.

9.3.1 - Purpose of the Hydraulic Lift System

The most accurate dynamometer measurements are obtained using a calibrated strain gage horseshoe load cell which
measures directly the load on the polished rod. However unless the load cell is permanently attached to the polished rod (such as
in most Pump Off Controller applications) the installation of the load cell requires separating the polished rod clamp from the
carrier bar for a distance that corresponds to the thickness of the load cell. This thickness is of the order of 3 to 6 inches
depending on the type and rating of the load cell. As a consequence the entire rod string is lifted by the same distance such that
the pump plunger is further removed from the standing valve and is operating in a section of the pump barrel different from the
section where it is normally operating. This will result in a pump performance is slightly different from normal, especially if the
pump stroke is relatively short. In particular the different pump spacing will cause a different compression ratio and the pump
may have a greater susceptibility to gas interference and gas locking. In order to avoid these effects it is necessary to insert the
load cell with a minimum change in position of the polished rod clamp relative to the carrier bar. This is accomplished by using
the permanent spacer spool and the hydraulic lift horseshoe dynamometer system.
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9.3.2 - Hydraulic Lift Load Cell System Description

The hydraulic lift load cell system consists of five elements: The load cell, the hydraulic lift, the spacer spool, the spacer
plate and the hydraulic pump.

9.3.2.1 - Load Cell
It is of the horse-shoe type, rated at 50,000 Lb., and is calibrated to yield an overall accuracy of 0.5% of range. It is

manufactured with instrumentation grade stainless steel and incorporates a high accuracy accelerometer from which signal the
TWM software computes the velocity and position of the polished rod.

9.3.2.2 - Spacer Spool
This is an inexpensive spacer consisting of two end plates and a central tube sized to fit the polished rod. The spool is

located between the polished rod clamp and the carrier bar. The end plates are resting onto the central tube. The distance between
the end plates allows inserting the load cell and the hydraulic lift so that the polished rod may be lifted a short distance of
approximately 1/4 inch by the hydraulic jack which places the entire polished rod load onto the load cell.

9.3.2.3 - Hydraulic Lift
It is a low profile hydraulic jack with multiple pistons designed to fit closely into the spacer spool together with the load

cell. When it is pressurized it lifts the load cell the distance sufficient to insert the spacer plate below the load cell. When the
pressure is released the polished rod load is applied onto the load cell and the hydraulic hose is disconnected from the hydraulic
jack. This allows full movement of the polished rod during normal pumping operations. The total displacement of the polished
rod from its normal operating condition is less than the thickness of the spacer plate.

9.3.2.4 - Spacer Plate
It is a steel plate designed to fit precisely between the bottom of the load cell and the body of the hydraulic lift. When

the lift's pistons are retracted the load cell is supported by the spacer plate thus rigidly transferring the polished rod load to the
load cell. The plate is 1/4 inch thick.

9.3.2.5 - Hydraulic Pump
It is connected with a hose and a quick-connect to the hydraulic lift. It is capable of pressurizing hydraulic fluid to a

pressure of 5000 psi thus lifting the load cell when the buoyant rod weight is less than 30,000 Lb. and thus placing the entire
polished rod load on the load cell.

B W wao. et
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Installation of Hydraulic Lift Load Cell

9.3.3-

The following figures show how the Hydraulic Lift Dynamometer is installed and how it operates:
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Assembly Drawing Showing Hydraulic Jack Lifting Load Cell, Upper Plate and Polished Rod Load

Assembly Drawing Showing Polished Rod Load on Load Cell
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9.4 - MEASUREMENTS WITH POLISHED ROD TRANSDUCER (PRT)

The purpose of this sensor is to provide the analyst with a transducer that can be quickly and safely installed by one
person, for the acquisition of dynamometer data. The device is a polished rod clamp-on unit that senses both load and
acceleration and transmits the data to the Well Analyzer.

9.4.1 - Objective of PRT Transducer
We have observed that dynamometer technicians often operate alone, especially when they observe that there appears to
be a problem with the down-hole pumping system. In addition, they usually want to spend a minimum of time to identify any
problem that might be present in the system so that the necessary adjustments or repairs can be done as quickly as possible.
The goals sought by the design of the polished rod transducer are:
Quick and easy attachment of the transducer to the well
Safe implementation. (No need to place the transducer between the polished rod clamp and the
carrier bar.)
Accuracy of data suitable for down-hole dynamometer analysis.
Minimum of calibration done by user.
Generally down-hole problems in pumping wells are in one of the following categories:
e Down-hole equipment failure, malfunction or gas interference.
e Mismatch between the productive capacity of the formation and that of the pumping system.

The analysis of the first is usually based on dynamometer information and a calculated bottom-hole dynamometer card.

The analysis of the second requires in addition the annular fluid level, casing pressure, flowing bottom hole pressure and
stabilized reservoir pressure.

The Well Analyzer, in conjunction with the polished rod transducer, the motor power probe and the acoustic
measurement hardware, provides the complete set of data and interpretative capabilities to study and optimize the performance of
most pumping wells.
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9.4.2 - Polished Rod Transducer Description

As shown earlier under section 8.0, the transducer is a C-clamp device which is lightly clamped to the polished rod,
about 6 inches below the carrier bar but high enough so as not to touch the stuffing box on the down stroke. The device is
instrumented with highly sensitive strain gages that measure the change in diameter of the polished rod due to the variation of
load during a pumping cycle. In addition the unit houses an accelerometer and suitable electrical connections.

The output of the transducer is linearly related to the change in diameter of the polished rod caused by a change in axial
load. The sensitivity is of the order of 1 mV per 3000 LB change in load. This voltage change is easily measured with the Well
Analyzer's data acquisition system which has a sensitivity of 2 micro volts.

The extraordinary sensitivity of the PRT makes it also sensitive to changes of its own dimensions due to temperature
variations. Therefore a temperature compensation circuit is employed in the transducer to eliminate the practical effects of
temperature change. Nevertheless if the device is subjected to rapid temperature changes (from air conditioned car to 120° F in
the West Texas Summer or 20° F in Montana winter) a certain time for temperature stabilization will have to be allowed before
undertaking measurements. This is taken into account by the installation and calibration procedure.

It is important that the installation instructions, which are clearly
displayed to the operator on the Well Analyzer's screen, be followed
carefully. Otherwise it is possible to overload the transducer and
cause permanent damage.

Generally the transducer is installed on the polished rod with the plunger near the bottom of the down stroke. The weight
of the rods in fluid is the reference to which the transducer is calibrated. Calibration is done automatically by the software.
Calibration is discussed later in more detail. Changes in loading during the pumping cycle are related to the load applied to the
polished rod when the sensor is installed. Consequently it is very important to have accurate information about the polished rod
diameter, rod string make-up, length of tapers, size of rods, type of material, pump depth and tubing anchoring. These
data must be input into the well data file in the appropriate fields.

‘ Transducer Serial Number |

The Well Analyzer's program recognizes the use of a Polished Rod transducer by the Serial
Number starting with PRT which is entered in the Set Up screen. It is very important that this
full designation be entered correctly. Also the transducer coefficients corresponding to the
transducer in use must be entered correctly. For example the polished rod transducer serial
number could be PRT123.
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9.4.3 - Data Acquisition with PRT

The TWM software is started following the normal procedure and the Set-Up screen is selected in the Acquire Mode.

& fequire Mode Acoustic Sensor Bl Dynamormeter Sensor | GDAI E quipment Eheckl
" Recall Made —[Al-1] Select Load Transducer
Senial No. [{aGikass Lreate New... | Delete...
—[Al-2] Transducer Coefficient:
1 |u cz |15_25 E3|
2 C5 | £6 [253

— Tranzducer Output

ALT-3 Attach Tranzducer and Yerify Transducer Output

Prezent Output:

I T MWOTE: Connect unloaded Polished Rod Transducer to cable and
Werify output. Unloaded output should be between 10 - 20 mi'/ .

Accelerometer Output:

e —— I v MOTE: Accelerometer output should be between +8 and -8 mv/ W
and output will vary when otated.
ii

e Select or enter (Create New) the Polished Rod Transducer serial number (PRT123) and
coefficients.

e The output values of the transducer when it is not installed on the polished rod should
be checked as indicated on the screen.

e  Exit the set-up screen.
o Select the Base well File option from the menu

This will bring up the Catalog of Well File Data as shown in the next figure:

i+ Acquire Mode O File Mgmt | Gereral I Surface Equip. I Wellbare I Conditions I Prezsure Tr
{~ Becal Mode . _ ~
Current *Wel F Open Well File =
IVDQH J Groups And Azzociated Well Files:
F2 Setup E| Arerada = G
Mew... El Barinas |_I
El BP_faorties
€2 DefGroup Cancel |
..... ﬂ 155
Open.. | B Ihscd-1
..... m TARS
..... m TESl
Save || & vkt
----- B 11512kt
& e D‘\E‘Nc= Close | & 1% ogt 1
AU L ~ = B3 Deviated

Select the correct well file by highlighting the well name in the corresponding group, and open it and check that the correct well
data is being used.
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Verify that the correct information is entered throughout the screens but in particular in the following fields:

e Stroke length . Pump Diameter

e  Tubing Anchor Depth . Pump Intake Depth

e Length of Each Taper . Diameter of Each Taper
e Rod type of Each Taper

Then select the Dynamometer tab in the Select Test screen:

& Acquire Mode Acoustic 1 Dynamometer I Power.-’CunentI GDAI

" Becall Mode Select test to be active for acquisition: Optional Chaninels
— @ [Alt-1] Dynamameter Tests "DYN'" ¥ Power  I¥ Curent

F& Bcauire
2:

F2Setp £~ [al-2] Valve Test [Standing and Traveling] 'l WE
m!ﬂ' ]3] Caumter Belance Effect Tests “EEEY Sample Rate [20 Hz
= r( Diate/Time | Test Type | Statug | Serial Mo, | Diezcription
F3
Base
‘el File

Select the Acquire Data option to begin the Polished Rod transducer installation sequence:

The multi-conductor cable should now be attached to the Well Analyzer and to the Polished Rod Transducer connector.

ROD AT THIS TIME

DO NOT INSTALL THE PRT ONTO THE POLISHED

F4 - Select
Test

F& - Acquire
Data ’

The following sequence of help screens will be displayed, key Enter or click Next after reading the instructions:
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Installation and Calibration |

| Polizhed Rod Transducer Installation and Callibration Guide.

FETERT
FihDhQ
FCHOHETER CO.
WIC B ITE FEL LS, T

ITI5 IMPORTANT THAT THE INSTALLATION INSTRUCTIONS, WHICH ARE CLOSELY
DISPLAYED TO THE OPERATIOR OM THE *WELL AMALYZER'S SCREEMS, BE
FOLLOWED CAREFULLY. OHTERWISE IT IS POSSIELE TO OWERLOAD THE

TRAMSDUCER AMD COUSE PERMAMENT DAMAGE.

Cancel |

Pressing Enter will continue with a display of the installation and calibration procedures, as discussed in the following section.

< Bach

9.4.4 - Installation and Calibration

It is important that the operator follow the instructions as given on the screen to avoid the
possibility of damaging the PRT and to insure that accurate data is obtained.

The first step is to insure that the transducer is operating properly and that the battery voltages are within specifications.
The following screen is displayed:

Installation and Calibration |

[ STEF1

Connect Polizhed Rod Transducer to well Analvzer. DO MOT attach ranzducer to polizhed rod.

| STER 2
Obzerve tranzducer ouput. The transducer output zhould be between 10 and 20 [mv ). The
readingz will drift if the transducer iz at a different temperature that ambient temperature. Thiz is

normal.  But, erratic readings indicate a defective transducer.

Tranzducer output; I 16.78 it 4

¢ Back I Mest » I Cancel

A certain amount of drift of the transducer output is normal. It is related to the change in temperature of the transducer.
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Drift of the load during data acquisition is minimized by waiting for the PRT temperature to equalize with that of the polished
rod, thus it is most efficient to attach the PRT onto the polished rod (with minimum tightening) at the earliest time after the
operator arrives at the well. Stop the unit just long enough to attach the PRT and the coiled cable then restart the motor so that
pumping continues with minimum interruption.

The next step involves completing the installation of the PRT onto the polished rod and zeroing of the transducer.

The pumping unit should be stopped near the bottom of the stroke and the brake set.

IMPORTANT NOTE

Insure that the point on the polished rod where the transducer is to be clamped is

clean and free of rust and corrosion pits

It is recommended that a small wire brush be used to clean the polished rod if needed.

The following instructions are displayed:

IMPORTANT NOTE: always verify that the polished rod diameter is correctly entered in the form.

Installation and Calibration |
| STEF 3

Froper installation requires that the operator place the body of the fransducer bebween himself and
the polished rod, graszping the adjusting screw with the night hand and the electncal connector
towards the left.

Accelerarneter Dutput;

I 0.0z i A

HOTE: Output should be
between -1 and -1 mAY.

| STEF 4
Itiz WERY IMPORTAMT to enter comect Polished Fod Diameter I YI if

< Back I Mest > I Cancel

The transducer is designed to produce an output between 10 and 20 mV/V when it is not installed on the polished rod.
The clamping action will cause this output to decrease. The proper clamping force is such so as to generate an output close to
zero. The scale that is displayed on the screen gives a visual indication of the transducer output. Initially the triangular indicator
will be at the extreme right, as shown in the following figure.

The program then checks the signal from the accelerometer which is housed within the PRT. This signal is used by the
program to calculate the velocity and the position of the polished rod. Normal output with the polished rod transducer facing up is
near 0 mV/V output. A value outside the normal limits generally indicates that the transducer has been installed upside down.
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(Proper installation requires that the operator place the PRT between himself and the polished rod, grasping the adjusting screw
with the right hand and the electrical connector towards the left). If the PRT is upside down the software calculates the position
so that the bottom and top of the stroke are switched. The PRT should be installed right side up and the installation procedure
should be repeated from step #1.

Installation and Calibration |

[ STEF &

Stop Polizhed Rod at the bottom of the stroke. Position the transducer on the polished rod az high as
cornfortable but at least B inches below the carmrier bar.

[ STEFE

Gently turn handle until dizplayed output iz between +1 and -1 [k "],

— LOOSEN — - — TIGHTEN —

-3 -2 -1 0 1 2 3 [m¥YfY]
Tranzducer output; I 16.78 I &« F'-:unl; " Box & Bar ) Split

< Back I Finizh I Cancel |

This corresponds to the region where the user is prompted to TIGHTEN the clamp so as to move the indicator towards the zero
mark.
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Installation and Calibration

STEP &

Stop Polished Fod at the bottom of the ztrake. Position the transducer on the polished rod as high as
comfortable but at leazt B inches belaw the carmer bar.

STEF G

enty turn handle untl dizplaved output iz bebween +1 and -1 [k ")

— LOOSEN — -

—TIGHTEN —

-3 -2 -1 3 [MV{V)

Tranzducer output: | 1.24 it O ?Pu:uinl:é " Box (+ Bar 1 Spli

< Back | Finizh | Cancel |

The indicator at this point is near zero but not close enough, additional tightening will generally cause the indicator to go
beyond zero, into the LOOSEN region, as follows:

Installation and Cahbration

STEP &

Stop Polished Rod at the bottom of the stroke, Position the transducer on the polished rod as high as
comfortable but at least B inches below the carrier bar.

STEPE

Gently turn handle untl dizplaved output iz between +1 and -1 [l ).

— LOOSEN — - — TIGHTEN —

-3 -2 -1 D 1 2 3 [mV{V)

Tranzducer output: | -2.71 M

¢ Bar 1 Split

< Back | Finizh | Cancel |

Excessive tightening will cause permanent damage to the transducer. Notice that the transducer output now exceeds the
-3 mV/V limit on the left. Continuing past this point will result in a warning being displayed on the screen.
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Installation and Calibration x|

I STERP 5

Stop Polizhed Rod at the bottom of the stroke.  Pozition the transducer on the polished rod az high as
cornfortable but at least B inches below the carier bar.

I STEF B

Gently turn handle until dizplayed output iz bebween +1 and -1 [ ).

100 TIGHT!

-3 -2 -1 0 1 2 3 [mV/V)

Tranzducer output; I 227 R £ Point  Box & Bar " Spli

< Back I Finizh I Cancel I
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Proper installation will result in a nearly centered indicator, as shown in the following figure:

Installation and Calibration

STEF 5

Stop Polizhed Rod at the bottom of the stroke. Position the transducer on the polished rod az high as
comfortable but at least B inches below the carier bar.

STEFE

Gently turn handle until displayed output iz between +1 and -1 [t A4,

— LOOSEN — - — TIGHTEM —

0 1 2 3 [mVV)

(« Bar 1 Splt

-3 -2

Tranzducer output: | 023 i M

¢ Back | Finizh | Canicel |

With a little practice the operator should be able to install the PRT and obtain the zero reading rapidly.

The visibility of the indicator under certain lighting conditions may be improved by selecting some of the other display options
from the menu at the lower right of the figure:

Installation and Calibration

STEF &

Stop Polished Rod at the bottom af the stroke. Position the transducer on the polished rod az high as
cormfortable but at least B inches below the carmier bar.

STEF &

Gently tum handle until dizplayed output iz between +1 and -1 [k ).

— LOOSEN — — TIGHTEN —

-3 -2 -1 0 1 i

Trangducer output; | -0.04 v v Point € Box
< Back | Finizh | Cancel |
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Selecting Finish will display the following figure after the unit is started and the user is ready to record dynamometer data.

9.4.4.1 - Automatic Processing

The program automatically scales and calibrates the load data. The pumping unit should be started before selecting
Start Test, and then the following screen is displayed.

Instruction K Laad | .-’-'«cceleratiunl F'awerl

LOAD (Klbs)
o

[ ——
__,__=—
;—
F—
;
=
H—— SN
——

-1 i AL 1 i —4 . I . . . .
a0 01:1 |||I 1 01:45

DISPLAYIMG Data, Press START button to start recording.

[Alt-D] Record 1.0 Minutelz] of Data... | |

t anual D ata Recaording

[A15] SGTART [EleE]| ETOE | Fieset

ﬂ <F'gU|:|| F'ngn}l

Data is only being displayed. The user has the option of rejecting these data if the transducer has not stabilized and the
drift is excessive. The tick marks on the left of the load scale correspond to 1000 LB. intervals and can easily be used to check the
level of drift. The user is given the opportunity to wait until the load has stabilized before recording the data either for one minute
(Alt-D) or an arbitrary length of time (Alt-S and Alt-Q)
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Instruction O Load | Accelerationl F'Dwerl

Ty

LOAL (Klb=)
P2
1

RECORDIMG 1.0 Minutelz] af Data, Prezs STOP to record less. Flesele Bk

[ElED Eeeard b Lk mutele] oflata.. I |

Manual Data Becording

[BI5] START §""{}i'|'ilﬁ'j""'é'f'ti'ﬁ""§| Reset

ﬂ < Palp | F'ngn>|

It should be noted that on this figure the vertical axis corresponds to the change in load from the reference load (weight
of rods in fluid) determined when the transducer was installed on the polished rod. The absolute value of the load will be
computed by the program when the Analysis Tab is selected

When acquisition has finished the data set is displayed so that the user can decide whether it is usable for analysis or a new set
needs to be acquired by selecting the Reset option. The following dialog is displayed. It allows to enter a description of the test
(if desired) and to save the data set
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Instruction 1 Load | .-’-‘-.ccelerationl PDWB[I
1 -
I
.1 [ — . L
] 01 l15 I 20 H 00:45 01:00

7 nﬂlﬂ ﬂdﬂ n."lﬂ ﬂr’l; Hd. ﬁll.

E al SAVE RECORDED TEST DATA?

=

o Enter a shart description for the recorded test data

g
5

The recorded Test Data will be zave to the cument Data Set which is
- ztared in the fallowing DOS file:
7 Yogt11.002, 07/31./98 - 03.56
8- Save I Cancel
RECORDIMG 1.0 Minute(s) of Data, Presz STOP to record less. Floseab BiEnh

[l Fecarnd 10k mutelE e Miata., I |

Marual Data Fecaording

[BIES] START [AbQ] STOP | Heset

ﬂ <F'gUp| F'ngn>|

If the Cancel option is selected the data is displayed. The user may then return to the acquisition screen and acquire more data.
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Instruction K Load | ."-‘«cceletatianl F'Dwerl
2 -
1 -
| ﬂ
4 nﬂ Mn ﬂn HM ﬂﬁ. nh. . Al H .
w | ﬂ;’J 15 “ \|' 020 i 01:00
4
o 21
a
Iu]
]
B
-]
5
e
Press RESET button to start DISFLAYIMG Data again. [ —
[l (B ecard L0 R inutel el af lista:. I |
tanual Data Recording
[EIRE]| ST [EIE]| SR | " Reset
7 | <Pglp | F'ngn>|
After the data is saved the user proceeds to the Analyze Data tab:
& Acquire Mode O Raw Data I Elverla_l,ll Dyna Cards | Torque | Fod Loading | Loada"l:urrentl Power Torquel Pawer FA I 4
-
Hecall Mode Select Faw Data Displag: -
F2 - Setup
(D] (22 (3] (E )] (57 (62 (7
0250
F3-Baze
Wielfile 0125
F4 - Select 0
Test
:
= 01254
: Ed
F5 - Acquire =]
Data -
-0.260
FE - Analyze 03754
[ata }
-0.500 . , . . :
i 10.00 20,00 30.00 40.00 £0.00 £0.00
Time (Secands)
[~ Show Feal Data j <Pglp | Fg Dwn>|
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When the Analyze Data is selected the program first calculates the position of the polished rod as a function of time (a 10%
variation between the calculated and well file stroke length prompts the operator to selects either the well file or the calculated
value). The surface data of load change (generally including positive and negative values) and position vs. time is then combined
with the rod data to calculate the down-hole pump card. This calculated card will be offset from the actual load by a large
quantity (approximately corresponding to the weight of the rods in fluid). Assuming that the resultant axial load on the pump
plunger is zero on the down stroke (when the traveling valve is open), the calculated load values are offset to obtain the zero
value on the bottom of the downhole card. Neglecting the effect of unaccounted friction, the same amount of offset is applied to
the load values of the surface dynamometer card thus yielding the absolute load variation at the polished rod.

R an Datal Overlay O DynaCards | Tu:urquel Fod Lu:uadingl Lnada’EurrentI Power Tu:urquel Fower F 4 I *I

Load [F-Lbz] we Polizhed Fod Poz. [in] PRTS&1

FPRL |125|:|5 FPLIMPL |355?
14

MPRL ||3|:|3? MPLRPL |.223

12 Calculated Fluid Load Max |41 a1 [u]
Puolizhed Flod Power |5.3 HF

104 Polizhed Rad ¢ Maotar EXF. IE?_E 4

Strokes Per Minute IE_41
8 -

Pump Card HP IS‘E— HF

6 . — Purmp # Matar EFF. |39_2 4

' Pump Dizplacement |'| 5 BEL/D
Load [K-Lbz] ¥s Plunger Fos. [in] Pump Intake Pressure. . | IEBEI.? pai [g]

77 ! DamplUp [005
] { S s e Hesetl

4o Fo bax  1TTTTTTTTTTTTTTTTRTTT Dramnp Dow IIII.IIIE
2 | Tubing Head Pressure IEE.EI pai [g]
24 | Effective Plunger Stroke
__ — : B 'I;l 1t 'ﬁ'pprDH_
1 _ | s LEHI e Z| J_ Best Pos. |
0 ! |5z06 % 460 in

|
-1 L 1
. e Stroke |4 'I j <F'g|_||:|| Pg Dwn >

kr |232 lbdin Kt |BO7 lbfin  Dyna Card Dptinns...l

The user should keep in mind the assumption of zero unaccounted friction made in this automatic calibration procedure.
Experience has shown that in the majority of the cases observed in the field where the PRT dynamometer loads, calibrated
automatically, were compared to those measured with the horseshoe load cell, the maximum deviation was of the order of 7% and
in many tests was less than 1% as described in the paper by McCoy11.

This accuracy is more than adequate to determine whether the pump is operating properly or not. The ease of use and the safety
features of the PRT clearly outweigh this small inaccuracy when attempting pump performance analysis.

11McCoy, J.N., Jennings, J.W. and A. Podio: "A Polished Rod Transducer for Quick and Easy Dynagraphs ", paper presented at
the Southwestern Petroleum Short Course, Texas Tech University, 1992.
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9.5 - TRAVELING AND STANDING VALVE TEST

Following the dynamometer analysis, the operator has the option to perform a traveling valve test.

' i 5
+ Acquire Mode teoustic 1 Dvnamameter | FPower/Curent| &

" Recall Mode Select kest ta be active for acquisition:
 [Al-1] Dymamometer Tests DN

o i B i i it
F2 Setup i+ JAl-2] Valve Test [Standing and Travelng] “VALVE®™
@iﬁﬁg [ satnter Balatiee Efeat Tests "EEED
= f( Date/Time I Test Type | Statuz

F3 S

E.IS

Base |

well File |

When the Acquire Data option is selected, the following instructions are displayed on the screen describing the procedure for the
acquisition of the traveling and standing valve data. Data for both tests is acquired in a single screen. Be sure that the test
procedure is fully understood before continuing.

O Instuction I Load I

INSTRUCTIONS FOR TRAYELING YALVE TEST

FPurmp unit. Stop unit smoothly and slowly when the polizhed rod iz on the upztrake and iz in the upper half of the
upstrake. The palished rod iz fting the boupant rad weight plus the Huid load. When fuid leaks pazt the traveling valve
of the plunger, a decrease in polished rod load ocouwrs, A rapid decrease in the poglished rod load indicates a leaky
traveling valve or plunger. Yiew the downhole card. IF a full pump card iz obtained, wery ittle leakage occurs before a
decrease in load iz obzerved. If the downhole pump card shows litle fluid entry, mare fuid can leak past the plunger and
traveling walve before a decrease in load is cbeerved.

IMSTRUCTIONS FOR STANDING YALYE TEST

Purmp unit. Stop unit smoothly and slowly when the polizhed rod iz on the downstroke and is in the lower half of the
downsztroke, |f the downhole card indicates low pump fillage, the polished rod must be stopped near the wer bottom on
the downstrake, The fuid load iz supported by the standing valve. |f the standing walve leaks and will not suppart the
fluid load, the fluid load iz transferred to the traveling walve [only if the traveling walve does not leak] and an increaze in the
polizhed rod load occurs.

Select the Load tab to continue. A display of load as a function of time will be presented to the operator; data is not
being recorded at this point.

Data acquisition can be started by selecting Record Data for 3 minutes, which starts data acquisition. The operator has 3
minutes (180 seconds) to perform two or more traveling valve and two or more standing valve tests. Acquisition of the data can
be interrupted at any time by pressing Stop. The typical display while performing a TV test is shown in the following figure:
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Instiucion [ Load l

LOAD (i

0000 o0:1s 0D:30 0045 04:00 0115 01:30 01:45 02:00 0215

RECORDIMNG 2.0 Mirwte(z] of Data, Prezs STOP ko record less,

[EILD]Hece & B0 Mine o] af D ata. |J

Manual 0 ata Recording
e eranr | [RRGTSTER 2|

— T ¥
02:30 0245 03:00

ﬂ <F9U9|M

An alternative procedure is to use the Start - Stop buttons to record the test for an undetermined length of time.

The following figure shows the screen after performing two TV and two SV tests:
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Inetruction O Lﬂﬂd]

| B
B b

LOAD (rmfng

| ————————————————————————————————————
0000 oo:15 0o:z0 00:45 01:00 0115 01:30 01:45 0z:00 0z2:15 02:30 02:45 03:00

RECORDIMG 3.0 Minute(z) of Data, Fress S5TOF to record less,

[ |l i J
Manual Data Recordng
poacent | e sTop | Al | J | |
? < Palp [ Pg D

In this example each test was repeated once. Each test yields a slightly different value of the valve loads. This variation
may be caused by a number of factors such as rod-tubing friction, pump friction, variation in stopping point, etc. In order to
establish accurate values of the valve loads, it is recommended that the test be repeated several times.

At the end of this period, the operator is given the choice of repeating the test or continuing data acquisition and
analysis. A display of the valve test is shown. The calculated buoyant rod weight plus liquid load is displayed as the horizontal
dashed line. The calculated buoyant rod weight is also displayed as the horizontal dotted line.

These two calculated weights are displayed on the screen in conjunction with the measured loads to aid the operator in
determining that the measured values are significant.

Normally the software will position the solid vertical indicator lines on one of the traveling valve loads and the dashed

line on one of the Standing Valve loads. The indicators can be moved using the arrow keys to a position which best represents the
valve test load. When several tests have been taken, the largest value is the most representative of the correct traveling valve load.

9.5.1 - Pump Leakage

The right line of the double vertical indicator (labeled TV) indicates the measured load five seconds later than the load
indicated by the left vertical line. A decrease in load is an indication that leakage is taking place. The rate of load change (Ibs/sec)
is converted to an equivalent pump leakage rate and is displayed at the bottom left of the screen in terms of Bbls of liquid per day.

If the leakage is significant it may be necessary to reduce the spacing of the lines from the standard 5 seconds to a smaller value,
using the arrow buttons on the screen, so as to calculate a more representative value of the leakage rate.

A difference between the measured and calculated buoyant wt +fluid load is an indication of high fluid level due to the leakage.
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O valve Analysis |
Traveling And Standing Valve Loads [K-Lbs] we Time [zec) FRTE1E

NT WEIGHT

T T T T T T 1
u] 21245 G52.50 o275 125.00 156245 187 .50 218745

Traveling valve Analyzis Standing Walkve Analyziz
Cale. Boupant Fodwat. + Fluid Load |1 2021 Isf Calc. Bouyant Rod /ot |481 5 Isf
Leakage Interval tdeasured Load I.T"EEM Ibf teasured Load |481 5 Ibf

[5 = Leakage [29 BEL/D
ol ke e ot| goLef | Righi-e | _J_ <-Let | Right-> | _]_

Adjust 5% To Boupant Rodwigt.

Calculated Fluid Load I?‘EDE Ik Auto Lgc_l ’7 Apply | Feset |

-

ﬂ <F'gUp| F'ngn>I

9.5.2 - Standing Valve Test

The vertical dashed indicator line is placed on the standing valve test data. The indicator can be moved by use of the arrow
buttons. The measured values are displayed at the bottom right of the figure. Each test yields a slightly different value of standing
valve load which are very close to the calculated buoyant weight of the rods. This is an indication that the test results are
probably accurate and agree with the rod taper description in the well file.

Using the Left/Right arrow keys the indicator should be placed on the section of the trace that more closely represents
the load for a properly taken standing valve test. When several tests are taken, this should correspond to the lowest load value (for
a stopped unit). The Auto Locate button positions the markers automatically to the program’s criteria for selecting the TV and
SV sections.
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9.5.2.1 - Polished Rod Transducer SV Check

Valve check data acquisition with the PRT is often affected by the transducer drift to the point that the SV weight is displayed
significantly above or below the computed buoyant rod weight as seen in the following figure:

O valve Analysis I

Traveling And Standing Yalve Loads (K-Lbz) v Time [sec) PRTSE1
14+ L S|“’
‘ | JE‘;}_—_/\Q I
’ . i . . . .
a 25.00 50.00 75.00 100.00 125.00 150.00
Traveling Yalve Analysi Standing 'alve Analysiz
Calc. Bouyant RodWat. +Fo Max |12‘| E5 Ibf Calc. Bouyant Rod Wat. |3[|41 I
Leakage Interval Measured Load |‘|‘|5IJ4 Ibf Measured Load |851 2 Ibf
|5 FEC Leakage ID_4 BBL/D
51 k| k- o] c-Left | Right—s | — < Lot | Er | —}—

Calculated Fluid Load |4‘| 24 Ibf Auto Lgc_l ’V

Adjust 5% To Boupant Rod 'wigt.

[ Show Acceleration Data

ﬂ <F'gU|:| F'ngn>|

Reset I

Apply |

The buttons in the box labeled Adjust SV to Buoyant Rod Wt is used to remove the drift effect by adjusting the measured load
to the calculated rod weight when the Apply button is clicked as seen below. The Reset button removes the adjustment.

O valve Analysis I

Traveling And Standing Yalve Loads [F-Lbz) v Time [zec)

PRT&E1

o 25.‘00 SD.IDD 75 .IDD ‘100‘.00 125‘.00 ‘150‘.00

Traveling Walve Analysiz

Cale. Boupant Rod 'wgt. + Fo Max |1 2165 Ibf
Measured Load |11032 b
Leakage ID_4 BEL/D

<Lt | Right->| —

Leakage Interval

|5 sEC

=] I<--| = -->I|

Standing Valve Analysiz

Calz. Bouyant Rod wat. IBD41 Ibf
Measured Load IBD41 IbF

Calculated Fluid Load |41 24 I At LDC.l ’7

Adjust 5% To Bouyant Rod wat.

[~ Show Accelsration Data

ﬂ <F'gUp| F'ngn>|

Reset |
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9.5.2.2 - Pump Intake Pressure from SV Check
When the data is acquired with a horseshoe transducer, the valve check also calculates an estimate of Pump Intake Pressure
(PIP) assuming that the unaccounted friction and pump leakage are negligible. On the bottom right side of the screen is displayed
the calculated pump intake pressure and the measured load corresponding to the position of the indicator. The measured value of
load should be close to the calculated value of the buoyant rod weight. These quantities are displayed in the following figure:
O valve Analysis

Traveling And Standing “Yalve Loads [K-Lbz] ve Time [zec] HT 304

T g
14+ =

|

|

==
|

NI N

T T T T T T 1
ul 25.00 50,00 F5.00 100,00 125.00 150.00 175.00

Traveling Y alve Analpsiz Standing Y alve Analyziz

Cale, Bouyant Fod 'wiat. + Fluid Load |1 0784 I Cale. Boupant Bod gt IEEI41 Isf
Leakage Interval teazured Load |1 0474 |Bf teasured Load IBEIEB [uj
IE FEC Leakage |.|:|_'| BEL/D @F‘ressure |295_4 @

-3 I<--| |<-- -->I| 4 - Left | Right gl — < - Left | Right zl —]

Calculated Flid Load [2743 Ibf ﬂ <Fellp | ol

If the tubing pressure has not been entered in the well file, the following message is displayed:

O EnorsAWamings | Walve ﬁnal_l,lsisl
ERRORS and WARMINGS

Mizzing: Tubing Prezzure d

==:|Jable to calculate PIF for Standing Walve Test!
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9.6 - COUNTERBALANCE EFFECT TEST

The net load effect of the counterbalance weights at the polished rod is required to correctly calculate the torque on the
gear reducer. This value is determined by running the following test. The result is automatically saved into the well data file.

D Acoustic T Dynamometer ] Powera’Current] G

" Becall Mode Select test to be active for acquisition:
= [Al-1] Dynarmaormeter Tests "DYN"

 [Al-2] Valve Test [Standing and Traveling] 'ALYVE"

F2 Setup
@m % Jal-3] Counter Balance Effect Tests "LCBE™

e 5{ Date/Time | TestTyps | Status
F3:.

Base |
el File |

After choosing the Select Test option (F4) the operator is presented with four methods for performing the counterbalance test.
The following screen is displayed.

DO CBE Methods | Counterbalance Effect Test |
Counter Balance Effect Load Acquisition
Select A Method:
 ethod 1 [ A1}
Dbtain counterbalance effect load by stopping the unit on the upstroke with the cranks level. Uszing
the brake, maintain level cranks and note elapsed time when unit reaches equilibriunm.

" Method 2 [ A162)

Obtain counterbalance effect load after clamping polished rod on upstroke at 90 degrees [level)
crank.s.

" Method 3 [ Alt-3)

Dbtain counterbalance effect load after chaining polished rod clamp to wellhead on down stroke at
90 degrees [level] cranks.

Obtain counterbalance effect load after stopping unit at 90 degrees [level] cranks, releazing the
brake and allowing unit to zettle at equilibrium [least accurate).

[MOTE: Fullinstuctions for each method dizplayed after choize]

Method 1 allows the operator to obtain the counterbalance effect by stopping the unit on the upstroke with the cranks
level. If the counterbalance effect load is between the buoyant rod weight plus fluid load and the buoyant rod weight, the
pumping unit will eventually balance momentarily as the counterbalance and polished rod loads equalize due to leakage. Press
Alt-1 for instruction for performing this counterbalance effect test.

Method 2 option allows the operator to place a polished rod clamp on the polished rod when the polished rod load
exceeds the counterbalance effect. Press Alt-2 to proceed to an instruction screen. The operator is instructed to stop the polished
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rod on the upstroke when the cranks are level. The polished rod clamp prevents downward movement of the polished rod since
the polished rod weight exceeds the counterbalance effect. Release the brake. The current load is displayed on the screen. Press
F6 to input the counterbalance effect load into the well file.

Method 3 option allows the operator to acquire counterbalance load when counterbalance load exceeds the polished rod
weight. The pumping unit is stopped on the down stroke with the cranks level. A polished rod clamp is placed on the polished
rod. A chain is placed around the polished rod clamp and the wellhead to prevent upward movement of the polished rod. The
brake is released. The transducer now has the load of the counterbalance effect. Press Alt-3 to obtain an instruction screen.
Follow the instructions previously discussed. After placing the counterbalance effect load on the transducer, press F6 to input the
current load into the well file.

Method 4 option allows the operator to stop the pumping unit with the cranks level. After a brief period of time, release
the brake and slowly allow the pumping unit to settle to equilibrium. The distance from the bottom of the stroke to the position
of equilibrium is measured. The distance from the bottom of the stroke to the point of equilibrium is utilized with the measured
polished rod load to calculate the counterbalance effect. This is not as accurate as the 1, 2 or 4 options. Press Alt-4 to proceed
with data acquisition. The operator is instructed to stop the unit on the upstroke with the cranks level. Release the brake slowly.
Obtain static load by pressing F6. Then the operator is asked for the distance from the bottom of the stroke. The position and
static load are utilized along with pumping unit geometry to calculate the counterbalance effect.
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The following instructions and screens correspond to the Method 1 Option

After pressing Alt-1, the operator is presented with a display of the load data in order to check that the unit is
functioning properly. The program is not recording data at this point.

[ATwM - TestTwM:v11 o =l

File Mode Option Tools  Help
* Acquire Mode

CBE Methods Bl [1] CBE Measured Over Time |

" Becalltode

19+

12 4

104

T T T 1
u] 25,00 5000 T5.00 100,00 125.00 150,00 175,00

RECORDIMG Data, Press STOP button to stop recording.

[0 Becord 20 Minutels] of [ata. . |

M anual Data Recording

[&le-5] START: [al-Q] STOF Heset |

ﬂ <F'gU|:|| F'ngn>|

Press Alt S to start data acquisition and note the precise time when the key was pressed. This test acquires up to three
minutes of data if desired. It is recommended that Alt S be pressed when 0 seconds are displayed on a stop-watch. Data
acquisition can be stopped at any time by pressing Alt-Q.

The object of this test is to determine the counterbalance effect load (the net load effect at the polished rod caused by the
counterbalance moment acting on the gearbox from the cranks and weights). Stop the pumping unit on the upstroke and set the
brake when the cranks are level. The polished rod load will approximate the buoyant rod load plus the fluid load the pump is
applying to the rod string. To be able to perform the CBE test, the CBE load must less than the buoyant rod weight plus fluid
load and greater than the buoyant rod weight. As the fluid leaks from the tubing through pump plunger/barrel clearances into the
pump, the polished rod load will decrease to the buoyant rod weight. As this drop in load occurs, the operator should release the
pumping unit brake periodically to determine whether the polished rod load is greater or less than the counterbalance effect load.
The crank arm should be horizontal when the counterbalance load is determined; so, minimum crank arm movement should occur
on each brake release. The brake drum gives a better indication of movement than the crank arm. As the polished rod load
drops, the operator can periodically and momentarily release the brake to determine when the counterbalance effect load is equal
to the polished rod load (indicated by the cranks having a tendency to remain still with the break released). The operator should
record the precise time when the brake can be completely released without any movement of the crank arm. Then lock the brake.
The drop in load will continue to be shown on the screen. Unless the counterbalance effect load is greater than the traveling
valve load or less than the standing valve load, the operator should be able to obtain the counterbalance effect load using this easy
technique.
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A vertical line indicator will be drawn on the display. The time from the start of the plot to the position of the line will
be displayed at the bottom left of the graph. Use the arrow keys to position the indicator to the exact time that was recorded
when the crank arm did not move with the brake released. The best practice is to enter the elapsed time value in the Comments
field when saving the CBE data file. Hit Enter to select this point as the point corresponding to the counterbalance effect load.

K [1] CBE teasured Owver Time
CBE Load [K-Lbz] vz Time [zec]

15.0 4

12.518g UY_E;’_ IZHT + FLUID L

10.0 4
DUYRNTRWVEIGHT
7.5
5.0 T T T T T T 1
u] 25.00 S0.00 75.00 100,00 1256.00 150.00 175.00

(g |13?.2 2EC Counter Balance Effect Load |11.I]24I3 kIbt

Indizatar Movement Control———— Calculated Bouyant Rod 'eight |B|:|4|:|_?|3 Ibf

< - Left | Right - > | J— Calculated Bouyant Rod *eight + Fluid Load I'I 21205 el

In the figure above the point of balance occurred at 137.2 seconds and the CBE load was recorded as 11.02 Klb.
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9.7 - RECALLING DYNAMOMETER DATA

Select the Recall Option and select the well file to be recalled using the File Management Tab

= Acquire Mode
' Recal Mode

Fz - well & Data
Fil=

)

F3-Select Test

O File Mot |

General

[aroLp: m
wel, lhst]

Created On: 7.2

Open... |

The Open command will present a listing of groups and wells. After selecting one of the wells the display to the right will show a
list of all the data sets that have been recorded for that specific well. The test set of interest is selected and is opened:

Open Data Set File

—[&lk 1] Baze el Fie

B

Open I

O

— [Blt 2] Data Setz for Given Base Well File-|

o rur RUAR[EerY

" E wmimz D ateTime

L Test el (0 7/31/1938 1515

N 5 7/31/1998 13.49
- B DefGioup 0 84141998 17:55
B Pemes (30 77211998 141

The well data file associated with this test set will be used in the calculations. It is recommended to verify that the well data is

accurate.

To recall the dynamometer data use the Select Test (F3) option and then select the Dynamometer Tab. This will result in the

following display:

" Acquire Mode

Acoustic O Dynamometer | F'n:nwera"EurrentI GD.-'l'-.I
&+ Fecal Mode
: L atedTime | Test Type | Serial Ho. | Dezcription
Fa- el Data 07/31/98 102730 DYYNE HT154 Dynamometer Test
07/31/98 103216 Wi WE HT154 Walve Test
2 07/31 /98 103653 CBE HT154 Counter Balance Effect Test
F3-Select Test }
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The specific test to be analyzed is then highlighted and the Analyze Data option will initiate the analysis that corrresponds to the
specific test ( Dynamometer, Valve Check, Counterbalance effect)

" Acquire Mode Acoustic| | 1 Dpnamamster | i
‘o
hiccslliioe Date Time | Test Type
073198 10:27.30 DY MA
| J307/31/98 10 : YALYVE

07#431./98 10:36:53 CBE

For example the following figure shows the Valve Check analysis:

Errarsfw arings O Valve Analysis |
Traveling Yalve Load [F-Lbz] vz Time [zec]

1375 AL =V

1250+

1125 B U BT WYELGH [+ FLUID LO L
10,00 + |

.75

OUfaNT WEISHT

TA0+ w

G.25 4

5.00

T T T T T 1
o 31.25 GZ2.50 9375 125.00 156.25 187.50

Traveling Y alve Analyziz Standing W alve Analyzis

Calz. Bouyant Bad ot + Fluid Load |1 07283 Ik Calz. Bouyant Hod ‘Wit |E1 2286 o]}
Meazured Load I‘I 08233 kIbf Measured Load I?_E|51 18 KIbf
Leakage ||]_|:|243244 STE/D Intake Pressure | psi

Sl k|l ol g-Lett | Right—» | — ¢—Left | Right—» | — |
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9.8 - DYNAMOMETER ANALYSIS PLOTS

Occasionally it is necessary to study in more detail the pump performance to identify problems which may not be apparent from
the usual analysis of the surface and pump dynamometer cards. The TWM program provides the user with the possibility to plot a
large number of diagnostic graphs that may be helpful in further analysis. This is the purpose of the Analysis Plots Tab

Ciyna Cardz I Torque I Fod Loading I Load/Current I Fower Torgque I Power Besults O Analysis Plat | 1 I r I

Select Left Axis | Polished Rod Position (1) | Select Right Axis: | Plunger Postion (1) [~
Select Horizontal Axis: |E|ap$ed tirme [Sec) j ¥ Base Right Axiz Data OFf Left Axis
100.00
20.00 4
=
= T
2 5
E 50.00 %
i i
:
= =
T 9000 2
= —
4 =
_D R
o
20.00+
0+ T T T T T T 1
u} 2.0 4.0 5.0 2.0
Elapsed Time (Sec)

— Indicator Movernent Contral ——————  Polished Rod Position IEI.EI3 Shoke I-I ,.I E =puort |
i Flunger Postion (In IU.3? it
<—Let [ Right->| J—— spiestli
Elapzed time [Sec) I 710
?l <F'g|_||:|| F'ngn>|

Two variables may be plotted as a function of a common variable on the horizontal axis.

The numeric values of the two variables are displayed in the boxes for the position corresponding to the vertical indicator which
is moved by the user with the Left and Right buttons. Plots can be viewed for all the recorded strokes using the scrolling button.
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The variables to be plotted on the two vertical axes are selected from the pull down menus:

Select Left Az

Polizhied Fod Position [In) j

Select Ha

Falihed Rod Position (In)

120.00 5

100.00 S

20,00+

G000

:Palizhed Hod Pozition [1]

40,00

NOME |

Polizhed Rod Load [FLbs]

Pump Load [ELbs) |

Current [&mp]
Poveer [EhS

Polizhed Rod Welocity [Indzec]

Palished Rod Acceleration [Indsec™2) e
Filtered Polizhed Rod Acceleration [[nsec-——

Plunger Yelocity [Indsec]

Mechanical Met Gearbox Torgue [Balancd
kechanical Met Gearbox Torgue [Exizting
FPower Met Gearbox Torgue [Balanced] - [
Poweer Met Gearbox Tarque [ERizting] - [Kif
Fod Taorque (ExRisting] - [Kin-Lb]
Counterbalance Torgque [Existing] - [Fin-Lb
Instantaneous SPM

Torque Factor [In]

Crank Angle [Deagres)
i

The variable for the common horizontal axis is selected from the pull down menu:

The Export Button allows saving a text file containing the data for further processing in a spreadsheet program.

100.00

Select Horizontal &xis: |Elapzed time [Sec) j
MORE
120000 B |apsed b [Sec]

| Crank. Angel [Dearees]

Export Analysis Plots x|

— Spacing Style far Expart File
¥ Tab Spacing for Export Flle

" Comma Spacing for Export File

— Expart current analyziz plots ka:

| C:AE chopurmp_dataty/11FE |

Export I Cancel |

s

The Print button sends the specific graph to the default printer.
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10.0 - MEASUREMENT OF MOTOR CURRENT

Motor current can be measured simultaneously with the conventional dynamometer test by connecting the single amp-meter
probe to any one of the wires providing power to the electric motor. The current data will be displayed in the Load/Current
screen of the dynamometer analysis tab:

Fia Datal I:I'-.ferla_l,ll Dyna Eardsl Tu:urquel Fod Loading O Load/Current | Power Tu:urquel Power F 4 I *I

Load [K-Lbz] vz Time HTB27
=083 | Fated HP |25
5.000 - Fated Full Load AMMPS |22
4375 4 Thermal AMFS IEI.F"
3.750 Heat Loading |44_3 4
3.125 4 techanical Loading IE,E o
2.500 + Fated Full Load RPM IElEIEI
15E8 BOTTOM TIjP EIIIITTIIII'-.ﬂI SPM ]384
Current [&mps] ve Time
195 - ] ]
11.8 4
el [araph Data Options
] & [l - 1] Show Curent Data
106 +
| £ [k - 2] Show Power Data
10.0 4
9.4

8.5 : !
BOTTOM TOF BOTTOM | ghoke I;.- -.-I ?l <;F'gL|p| F'ngn>|

This shows the electrical and mechanical loading of the motor as well as the current flow during the upstroke and downstroke.

Generally it is more precise to measure the Power supplied to the motor, as described in the following chapter. Due to the
mechanical nature of the pumping system and the use of counterbalancing to reduce the torque requirements, the great majority of
installations experience torque reversals during the pumping cycle. This means that during portions of the pump stroke the prime
mover drives the gearbox and that during other portions the gearbox drives the motor. In the first case the motor is consuming
electrical power, in the second case it is generating electricity.

The very commonly observed "Gearbox Backlash" is the most apparent indication that this reversal in current flow is
taking place in a pumping system. The "clanking sound" which may be noted in the gearbox at such times is due to the transfer of
load from the front side to the back side of the gear teeth.12 The conventional clamp-on current meter (transformer) is incapable
of differentiating between current flowing from the line to the motor or from the motor to the power line. In order to determine
the actual power utilization it is necessary to make additional measurements that can yield information regarding the

12), Eickmeier: "How to Optimize Pumping Wells", Oil and Gas Journal, August 6, 1973.
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instantaneous power factor and voltage. Such measurements have not been commonly made because of the complexity and cost
of the additional equipment
n CAUTION n

Motor current measurements generally require the operator to open the electrical switch box. The operator is thus
exposed to dangerous high voltage electricity. The current transducer must be installed around one of the wires of the electrical
power. This procedure is dangerous unless the operator exercises precaution and follows the recommended procedures in the
attachment of the current sensor.

These measurements should NOT BE PERFORMED if the operator is not in proper
condition to operate safely.

These measurements should NOT BE PERFORMED if wet or moist conditions prevail
around the well and/or electrical power enclosure.

These measurements should NOT BE PERFORMED if the operator has not been
properly trained by his/her company.

These measurements should NOT BE PERFORMED if the operator has not read and
understood the Electrical Measurements section of this operating manual.

10.1 - Electrical Safety

The current passing through the body is the key factor in any shock accident. Most of the over 1000 electric shock
fatalities which occur in the US every year are due to voltages less than 440 volts, the most common oil field voltage is 480 volts.
It is imperative that respect be given all electrical equipment and circuits and that adequate precautions be taken REGARDLESS
OF VOLTAGE.

The following table shows that a very small amount of electrical current passing through the body is hazardous:

CURRENT IN PHYSICAL EFFECT
MILLIAMPERES

2 ma AC or Threshold of a sensation:
10 ma DC a strong tingling.

10 ma AC or Let go current, above

60 ma DC which one freezes due to

muscular contraction.

100 ma AC or DEATH due to heart
500 ma DC fibrillation and
paralysis of breathing.

To increase safety of working conditions YOU should report ALL SHOCKS and defective equipment. A SHOCK means that
SOMETHING IS WRONG. The slightest shock when operating an electrical device might, in another situation, result in instant
death if part of the body made only slightly better contact with the ground or a grounded metallic object.

10.2 - Installation of Motor Current Meter

The motor current probe consists of a conventional split-jaw transformer which has been modified to operate with the
Well Analyzer. It is connected to the Auxiliary Input of the Analyzer. The probe is installed around one of the power wires
which are feeding electricity to the electric motor. If the motor is operating properly and is wired correctly and the power supply
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is balanced, any of the power wires will yield approximately the same value of current. The probe generates a millivolt signal
which is proportional to the instantaneous current flowing through the wire around which the probe is clamped.

10.2.1 - Switch Box Access

Although all switch boxes, enclosures for motor controllers and motor frames are normally grounded if properly wired,
they may become energized under abnormal conditions. This is even more probable in outdoor installations which are subject to
the weather and are unobserved for long periods of time. A failure could take place without anyone present to notice the
occurrence of the abnormal condition. As a consequence of component or other failure, the metal housing or frame can become
energized. Under these conditions there may be no external indication that the fault has taken place. If an operator were to touch
such device with a bare hand it is likely that severe injury would take place.

Prudent practice also recommends that whenever dealing with electrically powered equipment such as motors, switch
boxes, control boxes, etc. the integrity and grounding of which is unknown by the operator, if the operator has to touch these
devices without protective insulating gloves, the contact should always be made with the back of the hand. As mentioned above
in the section dealing with electrical safety, a small current of 10 ma AC, will cause a strong muscular contraction. Touching the
device with the back of the hand will result in a contraction AWAY from the electrified device rather than possibly "locking" the
hand to a main switch handle.

10.2.2 - Current Sensor Installation

Always make sure that the sensor probe is free of moisture before making any connections.

In order to obtain consistently accurate results it is recommended that whenever attaching the current probe the power
cable should be kept within the center line of the jaws and perpendicular to the probe as much as possible.

The following steps should be executed:
1. Turn off the pumping unit and wait for the motion to stop and for the cranks to come to rest.
2. Disconnect the main power switch and open the switch box carefully.

3. Visually inspect the wiring, fuses, cables, relays, switches etc. looking for indications of loose
connections, or overheating, or damaged insulation on cables and any other clue to possible electrical
faults. If you have any doubts about the safety of the wiring, do not proceed with the test and report
your findings to your supervisor or have a qualified electrician repair the problem.

4.  Attach the current probe with care by clamping it around the cable coming from the line and attached
to the LEFT switch breaker. For best results the probe should be attached to a section of wire which
is straight and fits in the center of the probe.

5. Insure that the jaws are completely closed and that the wire is centered within and perpendicular to
the jaws. A slight loss of signal can occur if not installed properly.

NOTE

It is very important that the jaws be closed completely and the probe should be perpendicular to
the power wire. This will insure that consistent current magnitudes will be measured.

The output signal from the probe is digitized by the Well Analyzer and recorded in memory with the dynamometer data.
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11.0 - MOTOR POWER MEASUREMENT

nn CAUTION mnm

Power measurements generally require the operator to open the electrical switch box. The operator is thus exposed to
DANGEROUS HIGH VOLTAGE electricity. The power transducer must be installed with voltage sensors attached to each of
the three phases of voltage sources and with two current probes clamped around two wires of the electrical power. This procedure
is dangerous unless the operator exercises precaution and follows the recommended procedures in the attachment of the voltage
and current sensors and uses the safety equipment which is provided with each set of sensors. The safety equipment includes
lineman's rubber gloves with leather protectors.

These measurements should NOT BE PERFORMED if the operator is not in proper
condition to operate safely.

These measurements should NOT BE PERFORMED if wet or moist conditions prevail
around the well and/or electrical power enclosure.

These measurements should NOT BE PERFORMED if the operator has not been
properly trained or educated.

These measurements should NOT BE PERFORMED if the operator has not read and
understood the Electrical Measurements section of this operating manual.

11.1 - Electrical Safety

The current passing through the body is the key factor in any shock accident. Most of the over 1000 electric shock
fatalities which occur in the US every year are due to voltages less than 440 volts, the most common oil field voltage is 480 volts.
It is imperative that respect be given all electrical equipment and circuits and those adequate precautions be taken
REGARDLESS OF VOLTAGE.

The following table shows that a very small amount of electrical current passing through the body is hazardous:

CURRENT IN PHYSICAL EFFECT
MILLIAMPERES

2 maAC or Threshold of a sensation:
10 ma DC a strong tingling.

10 ma AC or Let go current, above

60 ma DC which one freezes due to

muscular contraction.

100 ma AC or DEATH due to heart
500 ma DC fibrillation and
paralysis of breathing.

To increase safety of working conditions YOU should report ALL SHOCKS and defective equipment. A SHOCK means that
SOMETHING IS WRONG. The slightest shock when operating an electrical device might, in another situation, result in instant
death if part of the body made only slightly better contact with the ground or a grounded metallic object.
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11.2 - Power Probe Installation
Use of the power probe should be limited to installations where the:

MAXIMUM VOLTAGE does NOT EXCEED 600 Volts AC
MAXIMUM CURRENT does NOT EXCEED 300 Amps

It is possible to overload the transducer and cause permanent damage and possibly create a health hazard if it is used in
installations where these values are exceeded.

Model 200 Power Probes
Beginning October 2008, the Model 200 version of the power probes will be shipped to new customers. This model has more
accurate electronics yielding about 1% accuracy of the power and current readings. The probes are also easier and safer to install
in most switch boxes. The following figure shows the new power probes:

Before proceeding with installation of the power probe, the Well Analyzer should be set up for operation and the
TWM program should be started up and the Acquire Mode function selected:

i+ Acquire Mode
" Recall Mode

F3
.l

Base
Well File

This is required so that the operator will be able to follow the recommended sequence of steps as they are displayed on the
screen:

The power probes do not require a set up or calibration procedure so the next step is to select the well file:
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* Acquire Mode O File Mamt |
" Becall Mode Current Well F
Ix NOWELL 5 Groups And Aszociated 'Well Files:
F2 Setup E-Ep Amerada
T = el
- {&p 5505108
1B 5510126
-{fh 5520108
F3 Open... A% 5525108
’ []-- Barinas
Basl.lg -| []-- BP_forties
Well File Zave I:I" DefGroup
[]-- Deviated
-E” Giaie || 1B Devon

After reviewing the well data the Select Test (F4) control is selected and the Current/Power tab displays the following figure:

F5 Acquire
Ciaka

* Acquire Mode
" Becall Mode

F2 Setup

.f-‘«cousticl Diynarnormeter O Power/Cunent |

Date/Time

| Test Type

I Status

the following sequence of instruction and warning screens is displayed.

The user has to complete the sequence of screens (selecting Next) AND IN SO DOING HE/SHE AGREES TO THE

CONDITIONS STATED IN THE SCREENS:

ECHOMETER Co.

317

10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

Power Warming

Fower meazurements generally reguire the operator o open the electrical switch box. The
operator iz thiz expozed to DANGEROLUS HIGH YOLTAGE electicity. This procedure iz
dangerouz unless the operator exercizes caution and follows the recommended procedurs in
the operating manual.

Thesze meazurements SHOULD HOT BE FERFORMED “HEM:

The operator haz not been properly trained or educated.

The operator has not read and understood the Electical Measurements section of the
operating manual.

Cancel

After the operator presses Next, the following screen is displayed

Power Warning

uze of the power probe will expoze pou to DANGERDOUS HIGH YOLTAGE electncity. Do not
proceed unless wou can answer YES o each of the following:

| You have been properly trained and educated in the uze of power probe,

| Yaou have read and understand the Electrical Measurements zection of the aperating
rnanual.

| 'ou will follow proper safety procedures. Echometer Company recommends the use
aof lineman's gloves with leather protectors.

| 'ou have inspected the well-zite and electical power enclosure and wet or moist
conditionz are not prezent at this time.

| b axirmurn voltage does not excesd GO0 WAL,

| b asirnum current does not exceed 300 amps AC.,

| wau are in good physical and mental condition taday, and vau are nat under the

Cancel

This screen asks the operator to assert compliance with the statements by SELECTING NEXT which is equivalent to giving an
affirmative response to the set of statements:
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Execution of the program will continue only if the NEXT response is selected. Otherwise the program stops execution
and returns to the Select Test screen.

11.2.1 - Use of Protective Equipment

Echometer Company recommends that protective equipment consisting of a pair of approved linemen’s insulating gloves
and a pair of leather protectors be worn whenever operating the electrical box main power switch, opening and closing the
switch box, touching any part of the electrical system and during the installation of current probes and voltage leads.

The operator should always follow his/her Company's safety procedures and policies in addition to following the
recommended procedures described in this manual and displayed by the software when undertaking the measurements.

11.2.2 - Switch Box Access

Although all switch boxes, enclosures for motor controllers and motor frames are normally grounded if properly wired,
they may become energized under abnormal conditions. This is even more probable in outdoor installations which are subject to
the weather and are unobserved for long periods of time. A failure could take place without anyone present to notice the
occurrence of the abnormal condition. As a consequence of component or other failure, the metal housing or frame can become
energized. Under these conditions there may be no external indication that the fault has taken place. If an operator were to touch
such device with a bare hand it is likely that severe injury would take place.

Prudent practice therefore requires that protective insulating gloves be worn BEFORE touching the switch box or
grasping the switch box power disconnect lever and that they continue to be worn whenever work needs to be done within the
switch box.

Prudent practice also recommends that whenever dealing with electrically powered equipment such as motors, switch
boxes, control boxes, etc. the integrity and grounding of which is unknown by the operator, if the operator has to touch these
devices without protective insulating gloves, the first contact should always be made with the back of the hand. As mentioned
above in the section dealing with electrical safety, a small current of 10 ma AC, will cause a strong muscular contraction.
Touching the device with the back of the hand will result in a contraction AWAY from the electrified device rather than possibly
"locking™ the hand to a main switch handle.

11.2.3 - Current Sensor Installation

Always make sure that the sensor probes and test leads are free of moisture before making any connections.
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Power Warming |

Stop the pumping unit befare connecting the power zensor. Dizconnect the main pover
gwitch. Then, open the electical box carefully. Attach the left power current transducer
dawinztirearn of the main power switch around the left wire. The zide with the lavel should be
towward the power ling or zource. The black side of the power tranzuder zhould be taward the
motor. THe right power current transducer should be clamped around the night wire noting the
arientation as previouzgly described. The 3 voltage probes zhold be attached az designated to
the |eft, center, and right voltage wires downstream of the main power switch, Fefer ta the
operating marual for details.

< Back

Cancel |

In order to obtain consistently accurate results it is recommended that whenever attaching the two current probes the
power cable should be kept within the center line of the probe's jaws and perpendicular to the labeled surface.

After starting up the program the steps described below, should be followed:
1. Puton the protective insulating gloves
2. Turn off the pumping unit and wait for the motion to stop and for the cranks to come to rest.
3. Disconnect the main power switch and open the switch box carefully.

4. Visually inspect the wiring, fuses, cables, relays, switches etc. looking for indications of loose
connections, or overheating, or damaged insulation on cables and any other clue to possible electrical
faults. If you have any doubts about the safety of the wiring, do not proceed with the test and report your
findings to your supervisor or have a qualified electrician repair the problem.

5. Attach the LEFT power current transducer downstream of the main power switch around the left wire.
The unlabeled side of the power transducer should be towards the motor. It is very important to install the
probe in the correct orientation. Otherwise the measured values will be inverted. For best results the probe
should be attached to a section of wire which is straight and in the center of the probe. Note that care must
be exercised if a 360 degree loop exists in the wire, to insure that the side labeled "towards line" is actually
towards the power line.

6. The RIGHT power current transducer should be clamped around the right wire noting the orientation as
previously described. It is very important to install the probe in the correct orientation.

7. Insure that the jaws are completely closed and that the respective wires are centered within and
perpendicular to the jaws. A significant loss of signal can occur if not installed properly.

11.2.4 - Voltage Leads Installation
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The sensors include three voltage sensing leads that must be connected to the corresponding phase terminals. Each
voltage lead is labeled with the corresponding position: "LEFT", "CENTER" and "RIGHT". Connections should be made to
the appropriate terminal and on the side of the main power switch that is connected to the motor.

The above picture shows the Model 100 power probes correctly installed in the switch box.
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11.3 - Measurement Procedure

The measurement procedure must be followed closely in order to obtain data of good and repeatable quality. The power
measurement system is designed to give values of instantaneous power which are within 5% of the actual power used by the
motor. This accuracy is achievable provided that the user is careful and follows the recommended procedure. In general the user
is interested in establishing the power use of the pumping system when it is operating under steady state conditions. In case that
the well is pumping a full barrel and then begins to pump a partial barrel of liquid, the measured power will vary and will not be
representative of the normal operating conditions. Therefore it is advisable to insure that the well being tested is produced while
testing at the same conditions as normal operations. This can easily be undertaken by running a quick dynamometer measurement
with the Polished Rod Transducer prior to installing the power probes. If power measurements are to be made with the purpose of
comparing the efficiency of different motor wiring options (low, medium or high torque for example) it is important not to move
the current sensors after installation so as not to change the relative position of the wire within the current sensor. Such change
would cause small variations in the readings which might invalidate the conclusions of the test. The best practice is to acquire
power and current data simultaneously with dynamometer data but if this is not possible then the power/current data may be
acquired as a separate test.

11.3.1 - Start of Data Acquisition

Initialization of the POWER program occurs after the Finish button has been selected. This leads to the following
display:

O Instuction | Poveer |

INSTRUCTIOMS FOR POWER ACQUISITION

Stop the pumping unit before connecting the power senzor. Dizconnect the main power zwitch. Then,
open the electrical box carefully. Attach the left power current transducer downztiream of the main
pawer switch araund the left wire. The zide with the lavel should be taward the pawer line or zource.
The black zide of the power transuder should be toward the motor. THe night power current tranzducer
zhould be clamped around the night wire noting the anentation as previouzly described. The 3 voltage
probes zhold be attached az designated to the left, center, and right wolkage wires downstreamn of the

The following data must have been entered in order to be able to analyze motor power measurements:

Well Name

Power (voltage, Frequency and number of phases)
Power cost in cents per KWH

Motor Manufacturer and model number

Motor Horsepower

Well test data (oil and water production)

Motor Full Load Amp Rating

The user should verify that the data regarding the motor characteristics, power costs, etc. are correct as shown in the
following screen:
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—[Ak-2] Prime kowver
Mator Type: & Electric i~ Gas

b ator R ating IEEI HF Fun Time |24 hr/day

MFG AComment |I3E RP=1100

— [&lt-3] Electric Maotar Parameters

Full Load |4-|5— s [&lt-24) Pewser Cost
E ion [5 /KwH
Rated RPM {1100 anzUmpticn o

Demand |8 FE
Synchronous BPRM |'|2|:||:|
Yaltage |44|:| Hz ||3|:| j FPhase |3 vI

The user can edit the data and may correct the values to match those obtained at the well site. (Motor horsepower
rating/size and current are read from the motor's nameplate.)
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11.3.2 - Acquisition of Power Data

In order to perform a motor power analysis for a pumping unit, data for two full strokes are needed. This is accomplished by
starting acquisition when the polished rod is at the bottom of the stroke or, for a conventional pumping unit, when the
counterweights are at the exact top of the rotation. The program will immediately begin to acquire data and continue for 2 full
cycles. Stop acquisition again when the counterweights are at the top of the rotation as the second stroke is completed. This is
required in order to be able to analyze the data in terms of the pump stroke and pumping speed of the unit.

A TWM - Examples: ¥11 i =151 x]

File Mode ©Option Tools Help

 fequie Mode Instruction 1 Power |
" Recall Mode
0.4
F2 Setup
ﬁm N
0.2

F3 z

Base ]

wiell File & 0.1
F4

| o
Select
Test

: 0.1 |
Fh  Acquire 00:00 01:00
= Data
DISPLAYIMG Data, Press BEGIN when weights are at the exact top of the ratation.
Fescale Graph |
—Collect Two Strokes of Power Data—————
BEGIM: *weights Are At Top of Rataion Figset
ERD: After TWI Full B otations
? | < Pgllp | F'ngn>|

It is very important to consistently begin acquisition of the data when the counterweights are directly above the crank
shaft (at the 12 o'clock position) this insures that the counterbalance effect at the beginning and end of the data set is
approximately zero, regardless of the phasing of the counterbalance in relation to the crank and polished rod position.

The Alt-B (Begin) and Alt_E ( End) keys are used to begin and stop data acquisition.

At first the program is only displaying data and not recording in order to allow the user to synchronize with the pumping action.

It is important that the two complete pumping cycles of data acquired be very similar to each other. The similarity refers
to the amplitude and shape of the current and power vs. time recordings. The same features should appear in both cycles and
exhibit the same amplitude. If this is not the case, acquisition of the data should be repeated.
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A TWM - Examples : ¥11
File Mode Option Tools Help

* Acquire Mode

" BecalMaode

Imstruction T Power |

0284

0204

0124

POWER (V)

0044

-0.044

00:00

r— Collect Two Strokes of Power Data

RECORDIMG Data, Press EMD when weights are at the top of the stroke after two rotations.

BEGIM: “wemahts fire &t Top of Hotaion

Feset

EMD: After TW0 Full Rotations

Instruction CJ Pawer |

028+

0.20 4

012+

FOWER (v

0.0

0.0+

SAYE RECORDED TEST DATA? ] .:

Enter a zhort description for the recorded Test Data

|F'c-wer Analpsizs Test

%11.025, 0812402 - 16:04

Description: |Monday clazs demo

The recarded Test Data will be saved ta the curent Data Set which
iz gtored in the following DOS file:

LCancel

00:00

— Collect Two Strokes of Power Data

RECORDING Data, Prezs END when weights are at the top of the stroke after bwo rotations.

BEGIM: weights Are &t Top of Hiotaion

Heset

EMD:  After T'w'0 Full Botations

01:00

Reszcale Graph |

ﬂ <PgU|:-| F'ngn>|

After saving the data the program proceeds to the Analyze Data option.
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11.3.3 - Data Quality Control

After acquisition the following display is generated:

The user should verify that the data is correct by means of the vertical indicator which can be moved over the trace using
the arrow keys. The magnitude of the power and the current corresponding to the position of the indicator are displayed at the
bottom of the graph.

A TWM - Examples: ¥11 <Power> acq-[08,/12/02 17:13:45] i - =] x|
File Mode Option Tools Help

& bequire ods O Power/Curent F'DwerTquuel Power Results
" Becall Mode
Fawar Current
37 A0
F2 Setup
,m' 31.254
ﬁi w
K E 25.00 4
4, l
F3 E 18.76 4
F]
L]
Base bl
IWE" Filel-{ S s
F4 f‘. 5.25
|_2IT
AL
Select| = 04
Test |=—=
-5.25

Fh Acquire

Current |15_7513 Ampsz (= |3.EBEE? FEC
Powwer |.2_4215 Kl Tarque |.32,2305 Kin-lb

Indicator Movernent Cantral—————
<Left [ Right 3 | _J_
7 | <Pglp |

The user should determine that the following criteria are met:

e The minimum value of current should coincide with the zero value for power.
e Power and Current peaks should be synchronized
e  Minimum current should be greater than zero

When these conditions are met, the user should accept the data as valid. Otherwise the data should be rejected and a new
set of data should be acquired after checking that the current and voltage sensors are installed correctly.

After completing the data check, the program generates the Motor Power Results Screen as shown in the following
section.
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11.4 - Power and Torque Data Analysis

The main objective of acquiring power data is to determine the efficiency with which the pumping unit is being operated
from both standpoints of energy utilization and of mechanical loading. A complete analysis requires that fluid level
measurements be made during the session when power is acquired.

11.4.1 - Power Use and Efficiency

The following figure presents the information related to energy utilization. At the bottom left, power and current are
displayed as a function of time. Time increases from left to right. Thus the first half of the plot corresponds to the up-stroke and
the second half to the down-stroke. The horizontal dashed line corresponds to zero power and current. Values below this line
indicate electrical generation.

Power/Current I Fower Torgue O Power Results

— Manthly Operation Costz [30 Days per Month];

R ecommended Minimurm HERMA D botar |1 7h HF
Fun Time |24 hr/day
Fated HP |3EI HF

Cozt "With Gen. Credit |316.27 %
Cost Mo Gen. Credit |342.00 3 B ated Full Load AMPS |38—

Demand Cost [81.72 % Thermal AMPS Im—
Qil Prad. Cost I'IEIEI.EI /bbl
[arozs [nput |12_? HF

Liquid Prod. Cost |1 9.1 . bbl
et [nput |11.E HF

il Production I BELAD
_ L Demand I'”:'-2 K
W ater Production IED BELAD Seins I'IUF"— KA

Fower (KW) — —— —  Curmrent {Amp)

50.00 - Average Power

40,004 /"I'- With Generation Credit IE-E= K
IH. Mo Generation Credit IEI_E A

Arg, Power Factor |E4.E| X
Suztem Efficiancy |21_9 4

20.00
20.00 -

10.00

-10.00 1 j <F'g|_l|:||

On this screen are summarized the principal efficiency parameters.

The energy cost per month assuming continuous operation (24 hours per day and 30 days per month).

The operating cost is also calculated on the basis of a barrel of fluid pumped and a stock tank barrel of oil produced.
These values are calculated from the production rates which were entered in the well data file and based on the most recent well
test. It should be noted that often well test data is not as accurate as one may desire. It is recommended that a dynamometer
measurement be undertaken simultaneously with the power measurement using the Polished Rod Transducer to determine the
downhole pump displacement. This displacement should be reasonably close to the volume reported from the well test. If this is
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not true, then the well production may have changed significantly or the well test was not reported accurately. In general the
pump displacement from the downhole dynamometer when properly measured is likely to be more accurate than the well test.

11.4.1.1 - Definition of Motor Performance Parameters

The performance of an induction motor subjected to the cyclical loading of a beam pumping system is described by
values averaged over one pump stroke.

RMS current is defined as the square root of the average of the squared currents over a pumping cycle. This quantity is also
referred to as the thermal current since it determines the heating losses in the motor. A motor is a current-rated device and the
RMS current should not excessively exceed the nameplate full-load current rating. Motor loading is reflected by the ratio of the
RMS current to the nameplate current rating. A ratio of 60% or less is an indication that the motor might be oversized.

CLF: Cyclic Load Factor is an expression of the variation of the instantaneous power in relation to the average power. If a motor
were operating with a constant load, the RMS power would be equal to the average power. In a beam pumping system the
cyclical loading results in high peak currents which can momentarily exceed the motor's rated current by 100%. The severity of
this cyclical loading is expressed by the cyclic load factor which is the ratio of the RMS power to the average power. A motor
with a constant loading exhibits a CLF = 1.00. In a pumping system the CLF may range from 1.03 to 1.5 depending on the type
of unit, the motor's characteristics, the counterbalance and the pumping speed.

The RECOMMENDED MIN HP (NEMA D) is the power rating recommended for NEMA "D" motors used with conventional
geometry pumping units and assuming a CLF of 1.375. In general NEMA "C" motors and multi-cylinder engines will require
about 38% more horsepower rating. For Mark Il units the rating may be reduced by about 20%. The NAMEPLATE HP RATING
should be read from the actual motor nameplate or if it had already been entered in the data file it should be verified when the
data is recorded in the field. Please refer to Volume 2 of "Atrtificial Lift" by K. E. Brown, for further details.

The INPUT HP is calculated from the measured electrical power including credit for generation. It represents the power supplied
to the motor during one pumping cycle. The ratio of the polished rod horsepower to the input horsepower is a measure of the
overall efficiency of the pumping unit. This quantity can only be calculated if a dynamometer measurement has been performed.

The APPROXIMATE OUTPUT HP is computed from the input horsepower using an average motor efficiency of 85%. The
reason that it is labeled "approximate" is that the motor's efficiency varies in relation to the motor's speed and depends greatly on
the type of motor that is used. Type "D" motors exhibit greater and more uniform efficiency that Ultra High Slip motors.

The AVERAGE KVA is calculated by multiplying the voltage value entered in the well file by the average current for a
pumping cycle and dividing by 1000.

The AVERAGE KW is obtained by integrating the measured consumed power as a function of time over one pumping cycle and
dividing the area by the time elapsed for one stroke. When generation credit is considered, the measured generated power is
subtracted from the consumed power.

The AVERAGE POWER FACTOR represents the fraction of power that is doing useful work to the total power used by the
motor (the difference corresponds to the heating losses due to the magnetization current ) It is the ratio of the AVERAGE KW to
the AVERAGE KVA.

The pumping speed is expressed as STROKES PER MIN and is computed when the software identifies the time between the
maximum power peaks that occur in two adjacent strokes.

The most recent production well test data is obtained from the well file and is presented as BOPD and BWPD.
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11.4.1.2 - Motor Load

The load on a motor that drives a pumping unit depends upon the electrical characteristics of the motor as well as the load cycle
on the speed reducer of the pumping unit.

Electrical characteristics of available motors include:

Normal torque, normal slip, normal starting current

Normal torque, normal slip, low starting current

High torque, normal slip, low starting current

High torque, 5-8% slip, low starting current (NEMA D)

High torque, 8-13% slip, low starting current (NEMA D)

Ultra High Slip 30-40%, High, Medium, Low torque, low starting current

Motors for oil well pumping should have both high starting torque and low starting current to insure positive starting
and minimum cost for distribution lines.

The majority of applications use the NEMA-D design since they have the best starting characteristics and exhibit higher
efficiencies relative to the ultra high slip motors and are more cost effective.

High slip motors and ultra high slip motors vary more in speed with change in load than normal slip motors. The greater
speed change causes the inertia of the rotating parts of the system to store more energy during the minimum load periods and
release more energy during the peak load periods. The result is that input power peaks are always less than with normal slip
motors. There is some question whether ultra high slip motors are justified for normal applications in view of their high cost and
relatively low efficiency. Ultra high slip motors find applications in those installations where excessive mechanical loading
cannot be remedied through adjustments in pumping stroke, speed and/or counterbalance. An under-loaded ultra high slip motor
exhibits approximately the same speed variation as a fully loaded, normal slip NEMA-D motor.

11.4.2 - Torque Curve Analysis

Direct measurement of electrical power at the motor as a function of time during a pump stroke permits a very simple
calculation of the torque that the gear reducer sustains. Recalling that in a rotating system the instantaneous power is given as:

Power = Torque times RPM
It can be seen that the instantaneous torque can be calculated from direct measurement of the power and the speed of rotation.

In a beam pumping system we are interested in the torque delivered by the crank of the gear box. In order to calculate
this torque from the instantaneous electrical power input to the motor, it is necessary to consider the efficiency of power
conversion by the motor and power transmission through the belt drive and the gear reducer. This efficiency varies with each
installation and the loading of the system. In general it decreases as the loading decreases. For a normally loaded and properly
installed system the efficiency has been estimated at 80%. However because of the uncertainties in this quantity, the user is
allowed to enter a value that fits more closely the particular installation.

The calculation also requires knowledge of the instantaneous crank speed. In the calculation this quantity is assumed to
be constant and directly related to the pumping speed which is determined by the program from the power data. The operator can
estimate the instantaneous SPM at peak power by using current and power data with motor type curves showing the relationship
between current/power and RPM.

The instantaneous torque is thus calculated with the following relation:

Torque = (84484)(KW)(Eff)/(SPM*SV)

expressed in inch-lb. and is presented graphically in the next screen:
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Power/Curert 1 Power Torque | F'l:uwerFiesuItsl

Torque = 345 = P[Kw] * EFF /[SPM * 5V

Tarque Analysis Kin-lb

hleazured —— —— Balanced Torg.

202 4~ ' EGE—— * Measured Upstroke Peak. [160.5

teazured Downstroke Peak |26E.2

Marker |26E.2
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ﬂ <F'gL||:|| F'ngn>|

On the left half of the screen are plotted two torque curves as a function of time: the dashed line corresponds to the
calculated actual torque while the solid line corresponds to the torque that would be observed if the unit were counterbalanced in
such a way that the peak upstroke torque is equal to the peak down stroke torque. Note that the negative torque corresponds to the
portion of the stroke where the gear reducer is driving the motor into the generation region.

The tabulated torque analysis gives the UPSTROKE PEAK and the DOWNSTROKE PEAK torque values in
thousands of inch-Ib. that occur during the stroke. The difference between these values is a measure of the unbalance of the
system. If the upstroke peak is greater, the unit is under balanced or "rod heavy". If the down stroke peak is greater, the unit is
overbalanced or "crank heavy." The torque that would be experienced if the counterbalance were adjusted so that two peaks were
equal is displayed as the BALANCED PEAK value.

At the top of the graph the user is reminded that these values are calculated using the expression:
T=84.5*P*EFF/(SPM*SV)

The utilized value of EFF (the ratio of the power input at the motor to the power delivered at the crank which can be
changed by user input) and the calculated pumping speed SPM are also displayed. The quantity SV is a factor that takes into
account the motor's speed variation during the stroke. It is the ratio of the minimum speed to the average speed. It is calculated
based on the motor’s performance characteristics as entered in the well file. Depending on the specific motor's slip, the user may
want to input a different value after un-checking the box.
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11.5 - Pumping Unit Balancing

The objective of counterbalancing the pumping unit is to minimize the loading of the gear reducer and reduce energy use
by reducing the peak values of torque and equalizing the power requirements over the complete stroke. Perfect counterbalancing
of a beam pumping system is not feasible because the loading changes during a stroke by the amount that corresponds to the fluid
load on the pump. This load is supported by the rods (traveling valve) during the upstroke and then is transferred to the tubing
(standing valve) during the down stroke.

Assuming for a moment that the system is operating at a very slow speed so that the dynamic effect of the rod stresses,
the inertia of the unit and the unit's inherent unbalance may be neglected, it can be concluded that the best that one can achieve is
to balance the torque that corresponds to the buoyed weight of the sucker rods plus one half of the fluid load. Thus the net torque
per pumping stroke corresponds to that developed by applying 1/2 of the fluid load to the polished rod load. This yields an
approximate value of the counterbalance that would be required for a given unit.

However, when the system's dynamics are taken into consideration and especially including the effects of pumping
speed variation during a stroke, it becomes difficult to estimate the counterbalance requirements without complete knowledge of
the geometry of the unit and the motor's torque-speed characteristics.

As explained earlier, the direct measurement of the input power to the electric motor is converted to torque through a
simple calculation. Assuming a constant pumping speed it is possible to superimpose to the actual torque an arbitrary sinusoidal
torque of the same frequency as the pumping speed and in phase with the counterweights (180 degrees out of phase with the
measured torque). The resulting torque corresponds to the torque that would be observed if the counterweights were moved on
the crank a distance equal to the applied torque divided by the weight of the counterweight. The software undertakes this
calculation automatically adjusting the counterbalance in small increments until the upstroke and down stroke peaks of the torque
are equal.

The resulting Balanced Torque is plotted on the figure using the dashed lines. Note that at the bottom of the figure are
drawn two thick black line segments. These indicate the portions of the upstroke and the down stroke where the program is
looking for the torque peaks to balance. In general the portions of the stroke selected by the program correspond to the segments
where the maximum torque occurs in each half of the stroke. Occasionally it may happen that the peak torque that the user wishes
the program to consider is not enclosed within the automatically picked section. The user has the option to change the adjusted
torque by using the Increase/Decrease keys. As each key is pressed the amount of counterbalance is changed and the software
recalculates the counterbalance and displays the effect on the figure and the table on the right side. Pressing the Balanced key
returns the display to the automatically balanced condition.

The counterbalance change CB CHANGE FOR BALANCE is displayed in thousands of inch-LB indicating whether it
should be increased or decreased.

In conventional beam pumping units it has often been noticed that power usage decreases slightly if the unit is slightly
rod heavy instead of being balanced so as to make the torque peaks exactly equal. This is partly due to the increased velocity of
rotation during the down stroke that stores slightly more kinetic energy in the system that is recovered during the upstroke. The
net effect can be to reduce the overall electrical power consumption by about 5 to 7%. The exact behavior will also depend on the
type of motor used and the amount of slip. It is therefore recommended that this adjustment be checked with field measurement.

11.5.1 - Counterweight Identification

It is important to correctly identify the size of the counterweights that are installed on the unit. This permits the operator
to enter the correct value (in pounds) of the counterweight to be moved. This is accomplished by entering the total weight of the
counterweights to be moved. For example if a unit has four counterweights each of 1125 LB., the total counterweight load
available will be 4500 LB. The program would then indicate the movement for each of the four weights.

A text file data base of counterweights is stored in the TWM directory and is accessed through a shortcut on the desktop.
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11.5.2 - Counterweight Movement

The program will also indicate the distance and direction of the counterweight movement required to change the
counterbalance by the indicated amount of torque.

When multiple counterweights are used, each counterweight will have to be moved by the distance displayed by the
program. Having decided the total weight to be moved, the user enters it, as shown in the following figure:

Pawer/Currert 1 Power Torque | inerﬂesultsl

Torque = 84.5 = P[] ® EFF / [SPM * 5]

Meazured —  — Balanced Torg. Tarque Analysis Kin-lb

302.4- — * Measured Upstroke Peak [10.5

teasured Downstroke Peak |266.2

Marker |266.2
Balanced Upstroke Peak |226.9

Balanced Downstroke Peak |227.5

11T

Counter Balance Change For Balanced Torgue (468

Weight Of Countenveights To Be Moved:

|45EIEI b

For Adjugted Torgue Move Countenseights:

M I'II:I.4 i

Strokes Per Minute [SPM) IB.S
[— | Decrease | Balarce | tdatar/B etz Efficiency [EFF] IDB

Gearbox Bating |32EIEIEIEI if-lb
|ndizator Movement Contral

bo ':' 0000000 Speed Variation [SY] IEI.EIE v Calculate Speed Varistion

<Lt | Right-x| —
ﬂ <F'g|L||:|| F'ngn>|

In the example above the program was given a total counterweight of 4500 LB. and it recommends a movement of 10.4
inches IN, then each of the counterweights will have to be moved by 10.4 inches, inwards to the crank shaft..

]
1320 BOTTOM TOF BOTTOM

11.5.3 - Checking of Results

As indicated earlier, a number of assumptions have been made when generalizing the calculation of gear reducer torque
from measurement of electrical power used by the prime mover. The principal assumptions are that the speed of rotation is
represented by an average value during the pump stroke through the use of the calculated speed variation and the motor/belt
efficiency is representative of the installation In addition the effect of changes in rotating inertia of the counterweights is not
considered when computing the change in counterbalance torque. On the other hand it is believed that the relative magnitude of
the torque peaks derived from the power measurement is more accurate than that derived from dynamometer measurements due
to the difficulty in measuring an accurate counterbalance effect and the uncertainty that the correct unit dimensions are being
used in the torque calculations.
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For these reasons the suggested counterbalance change is to be interpreted as a first best estimate in a trial and error
procedure. The adjustment should be undertaken in stages and after each counterweight is moved a power measurement should
be taken in order to check that the desired effect is being achieved.

Changing the counterbalance of the unit will also result in small changes in pumping speed. In turn these changes will
affect the dynamics of the sucker rods and modify the net pump stroke. After the counterbalance adjustment is completed it is
recommended that a dynamometer test be undertaken in order to check that the desired pump displacement is obtained.

It is impossible to obtain consistent results if the well is not pumping at steady state conditions or if it is pumped off.

After each change in counterbalance a sufficient length of time should elapse before performing another balance test to insure
that the well's producing characteristics have returned to normal.

11.6 - Special Power Measurements

11.6.1 - Single Phase Motors

Installation of the probes and voltage clips is as follows when measuring power in systems using single phase electric motors:
Left Current Probe on Left Cable
Left Voltage Clip on Left Cable
Center Voltage Clip on Right Cable

Right current probe and Right voltage clip are not used.

11.6.2 - Constant Speed Motor

The Power measuring system can be used in calculating the torque loading of a constant (or nearly constant) speed
motor such as the drive motor of a Progressing Cavity pump or centrifugal pump. The software detects this case by
observing that the power signal does not vary during the acquisition time. Automatically then the following screen is
displayed:

Property Page I

Conztant Power Calculation

= I in-bs

24800 ¥ Power % Efficiency

RPH

MOTE: Modify values below to alter calculated result above.

Pawer I units <« Calc, From Power Data
Efficiency of Drive Sytem I units
Fotating Speed [FFk] I

ﬂ <Palp |
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12.0 - AUXILIARY FUNCTIONS
This chapter discusses utilities for generating reports, exporting data, and troubleshooting the equipment.

12.1 - Printing of Reports and Exporting Results

12.1.1 - Individual Test Reports
Reports of the processed data are printed using the Print option under the File Menu. As discussed in section 5.51 of
this manual resulting in printed summaries for an individual well set of test data. A one page report can be generated if
the user has access to MS Word and allows the execution of macros.

12.1.2 - Copying and Pasting Figures or Data
When compiling reports using MS Word or other applications it may be necessary to include graphical output generated
by the TWM program. Also it may be useful to transfer numerical data series to spreadsheets or other mathematical
applications for further processing. These tasks are facilitated by being able to copy ANY of the TWM figures or data
series to the clipboard simply by pointing to the figure and Right Clicking as shown below the dual button Copy
Graphical/Copy Data is displayed:

Raw Data I Overlay O Dyna Cards Tarque I Fod Loading I Loag

Load [K-Lbz] vz Polizhed Rod Pos. [in] FRT 2382 PPR
12.504
PR
11.254 .
Calculated Flui
10,00 4 Polizhed
Pualished Rod
S84 Strokes
7 .50 Fur
- . Copy Graphical
0 Copy Data i

Clicking Copy Graphical copies the graph so that it may be pasted into the other application. Clicking Copy Data
generates a numerical matrix in text format that can be pasted in a spreadsheet. The figure below shows the result of
pasting a figure and the corresponding data into a spreadsheet:

® coordinate Y coordinate
0.030225 9 403294 12.80
0281439 980263
0677996 9722763

1.203532 570673 11.25 7
1.86461 9.865524
2663601 8.770654 10,00

3601295 H.B50816
4655242 89770684

5812712 9.579002 8.75
7051205 0674843
§.391267  10.185954 7504

9799467 10.457543
11299174 10.601304
12.889361  10.840905 B25g TOn.0
14535008 10.994667
16236509 11.144402
16.006723  11.39798

e = =] I =T
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12.1.3 - Batch Report Printing
When more than one test or tests for several wells are to be printed then the Batch Print option is a more convenient
method of generating reports. This option is available from the File menu and allows selecting multiple data sets and
wells for printing the standard reports:

File Mode Option Tools H

Prirt... Chrl+P r
Primk Presiew. ..
Prinkt Setup...

Data Export. ..
Wiard Repart, ..
Batch Print. ..

Exit

Selecting Batch Print opens the following form:

Select Date Range ) x|

Eatch Report

E
l

| Fleaze enter the range o generate reportz:

&+ By'wesk ISun Jarwary 03 - Sat Januarn 14 j

" ByRange From: | 1132008 x| Too [ 14132008 x|

" AllVald Dates

< Back I Mext » I Cancel

. Data file selection is similar to that described in the following section on Data Export. Please refer to section 11.14 for
details on selecting the data sets.
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Once the data sets have been selected the next step is to generate the format of the report by selecting the analysis screens that are
to be included for the various tests as follows:

Chooze which reports ta include in output,

Dynamometer Analysis

v Dynamometer Analyziz

v Overlay

V¥ Pump Cards
V¥ Fod &nalysis
¥ Power Results
¥ Poweer/Curent
v Power/Torque
v Torque

¥ Walve &nalysis

[~ CBE Analysis

x|

< Back I Mest I

Cancel |

Only the screens with the check marks will be included in the printed reports.

There iz no analyziz available for the datasets selected,

= Fint 20

™| Fower/Curent
™| Power Tiargue
™| Fower Besults

Power/Current Analysis )

¢ Back I Mest » I

Carcel

When a test is not present in the data set, the boxes are grayed-out as shown above.
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Individual analyses may be selected and will be included in all reports:

Acoustic Analysis |

Choosze which reports to include in output,

[ Print &ll &coustic Singleshot

¥ Depth D etemination
¥ Casing Pressure

¥ EHF

™ Collar Count

< Back I Mext > I Cancel |

The user may include a heading for the specific report batch in Line 2

Report Complete ' x|

Chooze Header and B ase well File optionz

— Report Header
Line 1 IDefauIl window test
i Line2 |
¥ Fiint this test in the report header Optionz. .. |
—Base Wwell File
¥ Fiint Base well File for each Dataset

Batch Print I Canicel |

The Options button allows entering a report header that will be used in all reports as a default header:
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The user my type two lines of text that will be printed on each report set:

T T T =T

Report Preferences

— Default Repart Header

Lime 1 IDefauIt window text

T

Lire 2 |

¥ Frint thiz text in the report header

— Footer Options

¥ Print Current Date and Time v PFrirt Page numbers

\_Ilﬁ

Cancel

After clicking OK, the following screen is shown indicating the listing of the files for which reports will be printed:

Clicking OK will display the Printer where the reports
will be sent. Clicking Cancel will stop report generation
and the user may return to the beginning of the Batch
print procedure.

WM x|
th @ The Faollowing Files will be printed:
= i\ T _betalWa_seminarii'11.006
Print 21x|
r— Prirker

MHame: IHP Lazenlet BL

j Properties... |

Status: Fieady
Type: HF Lazerlet BL
Where:  LPTT:
Comment: [ Frint to file
— Prirt range Copies

Lo Mumber of copies: I'I 3:
" Pages from:|1 to:l

™ Callate
= Selection

Ok | Cancel |
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12.1.4 - Data Export
This utility allows the generation of a character delimited file (flat file) containing all or some of the results obtained
with the TWM software. The user selects the variables to be output, the sequence of columns and the well tests from
where the data is exported.
The following outlines the procedure to be used to generate the data export file.

The following are summarized instructions for the use of the Data Export of the TWM program.

Data export is accessed from the FILE menu as shown below:

File Mode Option Toaols Help

Primk. .. kel P
Primt Presiew. .

Print Setup... Group: |

Lossooot. /I
WABIRE PR Created Or; l

Batch Print. ..

 grnt I

Exit
| =7 |1 |

Foe

Selecting the Data Export Wizard opens the following window:

Date Range '

Step 1. Select a range of dates that vou would like to view reports for. This can be zet dizplay
data by a aiven week, by a given date range, or by all valid dates.

DATA EXPORT

Pleaze zelect the range ta retrieve:

= Byweek ISun December 21 - Sat December 27 j

" ByRange |12/27/2003 x| 1o [12/27/2003 ~|

f* AllYald Dates

This allows selecting the data to be exported. Choosing All Valid Dates and clicking Next, will retrieve all the TWM groups
where data is stored. Selecting By Week or By Range allows selecting only certain data sets. Following is the screen that shows
the available groups:
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Select Groups

Step 2 Select the desired groups to wview results for. Mulliple groupe may be zelected at once
by uzing the given controls.

Awvailable Groups Groups To Repart

|.&merada FotaFlex

Jim

LLT ’
Mywellz _—
Phillipz-F ataFlesx

Pratt_buildup £
Rowlan

UTwWELL

W11_Hz_test

e

S

Select the group of interest and click on the Right Arrow to move it to the window labeled Groups to Report as shown below:

Select Groups "

Step 2 Select the desired groups o view resulks for. Multiple groups may be selected at once
by uzing the given controlz,

Axeailable Groups Groupz To Report

Amerada FotaFles Ewamples
Amvestmm
Brazil

Jim

LLT
kyiaiells
Phillipz-F otaFles <
Fratt_buildup

Fowlan

ITWELL

W11_Hz_test

R

£go

Clicking NEXT will display all the Data Sets available for exporting within the selected group:
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Select Data Sets

Step 3: Select the desired datazets to wview results for. Multiple sets may be selected at once by
uzing the given contrals.

Group: IEHampIes
Avallable DataSets

I

DataSetz To Repart

GearboxBalance. 0171 ; 0641003 - 1357
GearboxBalance 012 ; 061703 - 1317
RodPart5385.012 ; 06/13/03 - 15:58
Y11.007 ; 09/09/01 - 16:07

YW11.002 ; 10/20/03 - 14:07

W11.003 ;121301 - 0358

W11.004 12301 -10:74

%11.005 ; 07/A19/02 - 0303

W11.006 ;121903 - 1514

W11.007 ;129/03 - 15351

s

<

Then select the data set from which the data is to be exported and use the right arrow to move it to the window on the right:

Select Data Sets

Step 3 Select the desired datasets to view results for. Multiple sets may be selected at once by
Lzing the given controls.

Group: I Enamples

Available DataSets

=

DataSets To Report

GearboxB alance. 011 ; 06A10/03 - 1257
GearbosBalance.012 ; 06703 - 1317
RodPart5365.012 ; 0613403 - 15:58
11.001 ; 09,/09/01 - 16:07

W171.002 ; 10,2003 -

%11.003 ;121 3,01 - 09:58
W11.004 ;121901 - 10:14
'11.005 : 0719402 - 03:03

W11.006 ; 1213403 -
V11,007 ;12413403 - 15:51

-y

Lo

The data sets are date and time-stamped so that the user can select the specific test that he wishes to export to the flat file using
the arrow button to move them to the Data Set to Report panel:
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Select Data Sets

Step 3 Select the desired datazets to view resultz for. Multiple etz may be selected at once by
uzing the given controls.

Group: IE:-:ampIes j

Available DataSets DataSetz To Report
GearboxBalance 017 ; 0610403 - 13:57 Y11.002 ;10420403 - 14:07
GearboxBalance 012 ; 0B 703 - 1317 W11.006 ;121903 - 15:14
RodPart5365.012 ; 06/13403 - 15:58

+11.001 ; 09409/01 - 16:07 i

%11.003 ;124307 - 09.58
W11.004 ;121300 - 10:14
W11.005 ; 0713402 - 09:03 &=
V11,007 ;12419403 - 1551

e

Lo

Clicking NEXT will open the windows used to select the specific data items to be exported to the spreadsheet.

Step 4 Select the desired results to calculate. Multiple results may be selected at once by
uzing the given controls,

Reset Modules |

Available Rezultz Resultz To Report

Wwhell ID - wiell
Company

Operator

Lease Name
Elervation
Production Method
Comrmemt

Tubing OD E—
Caging QD

Ayerage Joint Lenagth

kel Bughing

Anchar Depth TR
Plunger Diameter
Pump Intake Depth
Palizhed Rod Diameter
Top Taper Rod Length
Taper 2 Rod Length

Reset

=
Sawve Current Rezultz Configuration Save |

Recall Previous R esults Configuration FRecal

< Back I et » I Cahizel |

Select Results x|

Items should be selected and moved to the right panel to construct the configuration of the spreadsheet to be exported.
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The procedure is repeated for each set of data (Well data, Dynamometer, Valve, Counterbalance effect and Acoustic as selected
with the pull down menu as shown below:

Select Results

Step 4: Select the desired results o calculat
uzing the given controls.

Module: |Baze'wel Data j HesetMDdulesl

Anailabld Well [ata
Dynamometer
Well D |Valve

el Counter Balance Effect
Compan Acoustic Single Shat =3
Operator

Leasze Mame

Elewation ‘e
Artificial Lift Type

Comment
Tubing 0D

Once this procedure is completed the configuration may be saved for re-use in the future using the Save Configuration button at
the bottom of the screen.

.ﬂ.néhur Dept:h _I
Flunger Diameter
Pump Intake Depth [MD]
Palizhed Rod Diameter e
Top Taper Fod Length j
. A
Save Current Besultz Configuration Save
Recall Previous B esults Configuration Recal
4\

If an export spreadsheet Configuration had already been determined and saved, then at this point that configuration can be

recalled by selecting Recall, and this will open the following window from where the configuration file ( with extension .bcf)
can be retrieved. (These files are stored in the directory where the TWM program is located.
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Curent Path:

= < L1

— Current Batch 'Well Export Configuration Files —

TwhFReportSelections. bof
Fluspetrol beof

Open Export Configuration

Open:

EAIEL

Cancel |
63

Double click on the configuration file name (with extension bcf) and then click OK to select it.

Open Export Configuration

Current Path: ICZ\TWM_bEla'\

— Current Batch ‘Well Export Configuration Files —

| TWMHEEDrtSeIeclions.bcf

Open:

X

IF'Iuspetn:uI.I:ucf

Cancel |

This will bring into the TWM export window the variables that will be exported for this configuration for each module:
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Select Results

Step 4: Select the desired rezultz ko calculate. Multiple rezultz may be selected at once by

uzing the given controls.

Available Results

Module: |Baze well Data

j Reset Modules |

Wwell ID

well

Company

Operatar

Leaze Mame
Elevation

Adtificial Lift Type
Comment

Tubing OO

Cazing 0D

Average Joint Length
K.elly Buzhing

Anchor Depth
Polizhed Rod Diameter
Taper 2 Rod Length
Taper 3 Rod Length
Taper 4 Rod Length

33

Reset

Resultz Ta Report

Flunger Diameter

Pump Intake Depth [MD]
Top Taper Rod Length
Top Taper Rod Diameter
Taper 2 Rod Diameter
Taper 3 Rod Diameter
Taper 4 Rod Diameter
Taper 5 Rod Diameter
Taper 6 Rod Diameter
Taper 7 Rod Diameter
Taper 8 Rod Diameter
Producing BHP
Faormation Depth

Init APl Murnber

M eazured Stroke Length

Recall Previous Results Configuration Fiecall

Save Curment Results Configuration Save |

and the data for the other modules will also be selected based on the previously stored configuration.
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Select Results )

Step 4 Select the desired results to calculate. Multiple resultz may be selected at once by
uzing the given contraols.

Fezet Modules |

Axvailable Fesultz Fezultz To Report

Dyrnamometer Date - SPhd

PFPRL — Purmp Y aolumetric Efficiency

FPRL =k % % of Goodman Top Taper S.F. 0.8
PFPPL % % of Goodman Taper 25.F. 0.8

b PR PL % % of Goodman Taper 35.F. 0.8
Palizhed Rod Power - % % of Goodman Taper 4 5.F. 08
Polizbed Rod # katar EFF. % % of Goodman Taper 5 5.F. 0.8
Flunger Stroke b % % of Goodman TaperES.F. 0.8

Pump Dizplacement
IInaccounted Friction
Gearbox Peak Existing
Gearbiox Peak Balanced R
Beam Loading
% % of Goodman Top Taper S.F.
% of Goodman Top Taper 5.F.
% of Goodman Taper 25.F. 1.
% of Goodman Taper 2 5.F. 0.

.
5 Reszet

P

1
n
1
: ~|

Sawve Cument B esults Configuration Save

R ecall Previous Besults Configuration Recal

(Note that in this example, some of these modules do not output any data)
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Select Results '

Step & Select the desired results to calculate, Multiple results may be selected at once by
using the given contrals.

Reset Modules |

f odule:

Counter Bl

Aovailable Results

Resultz To Report

Meazured Load

-3y

Reset

Save Current Results Configuration Save |
Recall Previous Results Configuration Recall |

Select Results

Step & Select the desired results to calculate. Multiple results may be selected at once by
using the given contrals.

Reset Modules | [ Export &1 Test

Resultz Ta Report

Single Shat

Awailable Results

M anual Acoustic Yelocity
Manual JTS/zec

Indicator Time

Joint To Downbole M arker
Depth Ta Downhale Marker =
Method Acoustic Velocity Prezsure
Method Acoustic Velocity Gaz Gravity
Acoustic Welocity Calc Method

Wwiell State

0il Froduction Potential

Reset

Fluid Level Survery Date/Time - Tatal Gazeous Liquid Column HT [TWD]
M ain Joinks bo Liguid Lewvel Equivalent Gaz Free Liquid HT [TWD]
Main Tirne To Liguid Lewel = Purmnp Intake Pressure

Main Depth to Liquid Lewvel Diepth to liquid level

b ain Depth to Lig Level TVD

Depth b aker -

Analyziz Method

Sawe Curent Beszultz Configuration

Fecal

|
Save |
_Fecal |

Fiecall Frevious Fiesultz Configuration

Clicking NEXT will display the following figure to select the type and name of the exported spreadsheet:
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Output Specifications x|

Step 5 Specify the delimiter method and the file name to use for outputting desired calculated
results.

Output Delimiter Method:

& Comma
" Tah

" Semi-colon

F

Output File M ane:

I Browse... |

[~ Append to File

< Back \Nkl | Cancel |

NOTE: If data had previously been exported to a given file, then checkmark the box Append to File and select the existing file
where the new data is to be appended. Else, enter a file name where the data will be exported.
Dutput Specifications 5'

Step 5 Specify the delimiter method and the file name to use for outputting desired calculated

results.
21
Lok in: I [H] Desktop j - £ Ef-
E3My Documents ﬁCreate o]
Ll iy Computer 5_) Dell Solution Center
(=¥ My Metbwork Places L Mortan Antivirus 2003
L] adobe Acrobat 4.0 S PIPEFLO —
Al smerica Online Double-click to start E‘Total Wwhell Management
e il Performance E‘TWM beta
SE... |
i
File: name: IPIuspetrnI_er:pcD Open I
Files of type: | j Cancel |
&

< Back HERES: Cancel
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Click Open to append to an existing file or Browse if a new file is to be written:

Output Specifications il
Step B: Specify the delimiter methad and the file name to uze for outputting desired caloulated
resultz,
Output Delimiter Method:
& Comma
 Tab
" Semi-colon
Output File Mame:
|C:‘\Documents and Settingsh\Tomy\D ezktop\Pluzpetrol_export. cav Browse. .. |
[ &ppend to File
< Back I Mext > I Cancel
Click NEXT
Compiling x|
Step 6 erify pou are ready to proceed and quit. Results will be compiled once you indicate
woul are ready to finizh D ata Export ‘Wizard,
“r'ou have entered in enough information for Data Export Ywizard to compile your
desired rezultz. 1f pou are ready to continue, please click finish to begin procezsing.
Percent Complete
| | |
1] L21] 100
< Back I Finish I Cancel |

and click FINISH. This will generate the exported data file or will append the new data to the existing file.
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12.2 - Hardware Testing Model E3

This Well Analyzer model communicates with the Laptop using the USB port

Acoustic Sensu:url Dynamometer Sensor bl Equipment Check: I
— Internal \Well &nalyzer B atteny YWell Analyzer Configuration & Capability
Rermairin . o
Yoltage On Timeg Diriver Dezcriphion:
14

—" |Model E3 - USEDr

_ 13 - Firrare Wergion Mumnber :

Well Analyzer Configuration

— Wl Anal T I
el Analyzer Type or

— | wWell Analyzer Model ([TTR=e

Coanioe] | (01 . Fd-01072002

— Communization Farameters

I1 248 ' Serial Camnmmunicatiots Fart I 'I

— Special Data Made Settings

Mote: Display| [T Acguire Exzitation Yoltage as & vector

battery temper.
compuber is co ¥ | [ata Frame comection

analyzer's inter

mmuricatians problems

Eheck Wizard.. |

FENE0N MEAZUNETTETIE Tay e JC0UTeLT,
Procedure to test Cables and Sensors
[Al-2] Trouble Shoaot Ywizard... |
Advanced Settings. . I 2 | < PglUp | Pg Dwn >|

Testing the operation of the electronic hardware and cables is undertaken using the Trouble Shoot Wizard in the Equipment
Check Tab from the SYSTEM SETUP module. The purpose of the utility is to quickly determine whether a hardware fault is
present and in particular to test that the batteries are properly charged, the transducer circuits are not shorted, the cables and
connectors are not shorted or open, and that the Well Analyzer amplifiers are operating within specifications.
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12.2.1 - Hardware Testing from Equipment Check Screen

Before entering this screen the user should verify that all the transducer coefficients have been entered correctly as well
as all the transducer serial numbers. The user should verify that the voltage values are within the indicated limits. Discrepancies
could be caused either by faulty transducers or by faulty electronics or cables and connectors.

The following figure shows the screen when the laptop cannot connect to the Well Analyzer:

Acousgtic Sensu:url Dynamometer Sensor O Equipment Check |
— Internal \Well Analyzer Battery — el Analyzer Configuration & Capability
Femaining : s
Yoltage Tl T Drriver Description;
—M —— =83 {Model E3 - ISEDrr
13 Firrmware Yerzion Mumber :
12 Status:

” UMABLE TO COMMECT TO WELL AMALYZER!

10 0.0

I wiolts I Hours
Battery Temperature I deq F

STOP!L: UMABLE TO COMMECT TO 'WELL AMALYZER! : o
Make sure master switch i OM. ahd/or communication have Frocedure to determine Communications problems
not failed due to cable failure or electronic problem.

[T Communization Check Wwizard... |

Procedure to test Cables and Senzorz

[&lt-2] Trouble Shoot YWizard... |

Advanced Settings. .. I 7 | <PglUp |

e The purpose of the Trouble Shoot Wizard (Alt-2) is to help isolate the fault either to the transducers
or the electronics.

e The purpose of the Communication Wizard (Alt-1) is to identify problems related to data
transmission between the computer and the A/D electronics in the E1 and E2 models. IT IS NOT
ACTIVE IN THE E3 MODEL SINCE COMMUNICATION IS CHECKED AUTOMATICALLY BY
THE SOFTWARE

e If communication fails with the E3 model, the problem probably resides in a poor USB connection.
The user should exit the TWM program, turn OFF the Well Analyzer, unplug the USB cable from the
computer, reconnect the USB cable making sure it is not kinked or stressed, turn ON the Well
Analyzer and then restart the TWM program. If the problem persists contact Echometer Co.
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When communication is established correctly the following screen displays the battery voltage, remaining battery life, and a
listing of the software and hardware status and characteristics of the Well Analyzer as shown in the following figure:

Acouzhic Sensu:url Dyrnarmometer S enzor O Equipment Check |
— Interhal ‘el Analyzer Battemn — el Analyzer Configuration & Capability
R emaining : i
Yoltage T e Diriver Dezcription;
— M —83 |Model E3 - USEDrr
13 Firrware Wersion Mumber ;
o7
_ 12 Status:
Prezsure Buildup: YES
_n Ligiud Level Tracking: YES
Firrmware Date: Boot-02062001, FPw-01072002
Hardware Rev: B3
_ 1o __nao Wid SN: 4385
Comment;
|1 248 wilks I?_? Hours Autoff [mins): 120
Battery Temperature IEE.EI deg F
Mate: Display of internal batteny voltage and ; L
battery temperature, indicates that the Procedure to determine Comrmunications problemns
computer i communicating with the well - _
analyzer's interanal electronic: and [&lE-17 Communication Check Wizard...
ZENZON MEeazLurements may be acquired.
Frocedure to test Cables and Sensors
[&1-2] Trouble Shoot ‘fizand. .

Advanced Settings. . ? | < Pglp | Fa D >

The Advanced Settings button is used to indicate to the software the type of Well Analyzer that is in use (E1, E2 or E3) and
select the corresponding communication port. The model type is correlated to the Well Analyzer Serial Number as follows:

e E1 - Serial numbers up to 2999

e E2 - Serial numbers from 3000 to 3999

e  E3 - Serial numbers from 4000 and up
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12.3 - Trouble Shoot Wizard (E3)

When communication between the Well Analyzer and the computer is operating properly, the data acquisition functions
are tested using the Troubleshoot Wizard

Clicking of the Trouble Shoot Wizard initiates a sequence of steps designed to check the operation of the Well Analyzer as
follows.

Failure to turn master switch ON:

— Internal “Well &nalyzer B attery — | |—WEII BAnalyzer Configuration & Capability

Well Analyzer Troubleshooting ﬂ

‘Eh'an"é‘tll_:“;“‘ RESET THE WELL ANALYZER BY TURNING THE
7] MASTER S'wITCH OFF THEM OM AGAIM.
on The Mazter Fower Switch must be OMN, and the
FOWER ? AMP POYWER light must be GREEM in order to
OFF troubleshoot the electronic hardware and cables. e

EXT BAT AMP
BAT Ok ON

AC CHARGER

... |

¢ Back I Mexst > I Cancel |

This is the most frequent cause of problems. Make sure that the Power Switch is reset any time that the program is terminated
abnormally (blows-up!).
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The next step is to perform an automatic diagnostic check of the communication and the internal electronics of the Well
Analyzer:

Diagnostic Check x|

— Diagnostic Test

Perform Diagnostics

Status

="

-
=

< Back I Mest » I Cancel

After clicking on the Perform Diagnostics button the following screen indicates that all is well with the internal electronics as
shown below:

Diagnostic Check x|

— Diagnostic Test

Perform Diagnostics I

Status:

! E Diagnostic Test Pazsed|

< Back Mewt > Cancel
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12.3.1 - Voltage Check

The screen displays the existing Well Analyzer battery voltage if the values were not within the accepted limits, the

battery should be recharged and the test repeated later.

— Intemal el &nalyzer B attery

YOLTAGE CHECK X|

Well Analyzer B attery Woltage: |1 1.80 GOOD

MOTE: The Battery Yalkage should be between 10.5 and 14 volts.

| |—'W'e|| Analyzer Configuration & Capabiliy—]

WOLTAGE CHECK

< Back I et > I Cancel |

12.3.2 - Amplifier and Cable Checks

The Well Analyzer's amplifiers are checked using the built-in tester (plug-in testers were provided for earlier models)
accessible through the plug provided on the top panel. The appropriate cables are connected to the test plug and to the
corresponding inputs. Signals are generated manually using the push button. When the appropriate response is not obtained it is
important to check that the failure is not due to a faulty cable or connector. Either a spare cable should be used or continuity and
ground checks using an Ohm-meter should be made on the questionable cable before concluding that the amplifiers are not
operating properly. The instructions presented in the following screens should be followed in order to check both the cables and

the amplifiers.

The following instruction screens are presented and show how the cables should be connected to the test ports on the top panel of

the Well Analyzer:
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Well Analyzer Troubleshooting ﬂ
AMPLIFIER CHECK.
The 'Well Analyzer's amplifiers are checked using the built-in tester acceszable through the plug
provided on the top panel. [Plug-in kesters were provided for earlier models]
AL LHARGER
Test Qutput
{6 pin} The appropriate cables are connected to
the tezt plug and the corresponding inputs.
Signalz are generated manually wuzing the
push button,
Coax Test
Qutput
Test
2 Pushbutton {
=
[ TOF PAMEL WIEW ]
< Back I Mext > I Cancel |
Well Analyzer Troubleshooting ﬂ

AMPLIFIER CHECK.

Connect the CO&X Microphone cable to the &/0 input connector and the other end to the COA
Test Dutput on the top panel.

e L 1 e R R T

5 —Coax Test O tp_ut

Frare

The appropriate cables are
connected to the test plug
and the caomezponding
ifpLts.

< Back I Mewt = I Cancel
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Well Analyzer Troubleshooting x|

AMPLIFIER CHECK

Connect the Transducer Cable to the A/0 input connectar [8-pin] and the other end to the test
autput [ pin) an the top panel. The Transducer Cable must be connected to power best circuit,

The appropriate cables
are connected to the test
plug and the
corespohding inputs.

A/D Input (8 pin)

< Back I MHest » I Cancel |

12.3.3 - Acoustic channel Test Output

This tests both the coaxial cable and the Acoustic channel amplifier
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Well Analyzer Troubleshooting ) x|

SCOUSTIC TEST

0.3 H
[ miv ] !
-0.3

PRESS AMD HOLD Test Buttan on the top panel bo generate test signal.
Signal Reading &t |45 Hz

The zignal should be 243 zcale and show approsimately 20 cycles per zecond when the
button iz depressed.

< Back | M ent > | Cancel I

Depressing the test button should display a constant amplitude signal of about 20 Hz frequency, as shown in the following figure:

well Analyzer Troubleshooting ﬂ

ACOUSTIC TEST

PRESS AMD HOLD Test Button on the top panel to generate test signal.
Signal Reading At |23 Hz

The zignal should be 2/3 scale and show approximately 20 cycles per second when the
buttan iz depressed.

< Back | MHewt » | Cancel
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12.3.4 - Cables, amplifiers and A/D converter check.

This test verifies that the main transducer cable and the A/D converter are performing properly. The test should be
repeated using all the cables individually and connected in series so as to check the connectors as well as the cables.

NOTE: When testing the coiled cable it should also be stretched to its full operating length

Whenever the test button is depressed the signal should increase from zero to 1 mV/v as shown below.

Well Analyzer Troubleshooting x|

LOAD/PRESSURE TEST

ACCELEROMETERATEMPERATURE TEST

PRESS AMD HOLD Test Buttan on the top panel ko generate test zighal.

P |

< Back | Finizh | Cancel

This completes the testing sequence.
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12.4 - Hardware Testing for Well Analyzer Models E1 and E2

These Well Analyzer models communicate with the laptop via the SERIAL Port

Testing the operation of the electronic hardware and cables is undertaken using the Trouble Shoot Wizard in the Equipment
Check Tab from the SYSTEM SETUP module. The purpose of the utility is to quickly determine whether a hardware fault is
present and in particular test that the batteries are properly charged, the transducer circuits are not shorted, the cables and
connectors are not shorted or open, and that the Well Analyzer amplifiers are operating within specifications.

12.4.1 - Hardware Testing from Equipment Check Screen

Before entering this screen the user should verify that all the transducer coefficients have been entered correctly as well
as all the transducer serial numbers. The user should verify that the voltage values are within the indicated limits. Discrepancies
could be caused either by faulty transducers or by faulty electronics or cables and connectors.

t» Acquire Mode

" Recall Mode

Base
Well File

File Mode Option Tools Help

Acoustic Sensor] Dpnamanneter Sensol]

Internal 'well Analyzer B attery

o L
_ 12
_ 12
_n
_1o _ 0o
IW wiolts ,53— Hours

Battery Temperature |82.4 degF

Plunger Lift Senzar ]

Mote: Dizplay of internal battery voltage and
battery temperature, indicates that the
computer iz communicating with the well
analyzer's inkemal electronics and

SENSON Measuremehts may be acquirad.

Advanced Settings. .

G0A O Equipment Check l
‘el Analyzer Configuration & Capability
Driver Description:

|Madel E2 - CommDrvr 48

Firmware Yersion Number :

3

Status:
Pressure Buildup: NO
Plunger Lift: MO

Ligiud Level Tracking: MO

Procedure ta determine Cormmunications problems

[&4l-1] Communication Check \Wizard. .. ‘

Procedure to test Cables and Sensars

[&l-2] Trouble Shoot \Wizard... |

ﬂ <PglUp | PgDwn>

e The purpose of the Communication Wizard (Alt-1) is to identify problems related to data transmission
between the computer and the A/D electronics.

e The purpose of the Trouble Shoot Wizard (Alt-2) is to help isolate the fault either to the transducers or

the electronics.
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12.4.2 - Communication Wizard

Whenever the Equipment Check Tab is selected the software checks data transmission with the A/D Electronics. The following
message will be displayed whenever communication cannot be established:

I twm E
g MOTE: 0

— Well Analyzer Connection Atternpt Failed.

ad £l

Selecting OK results in the following display:

File Mode Option Tools Help

o Comipiie: Acoustic Sensor ] Dymarnammeter Sensor ] Plunger Litt 5 ensor ] G4 O Equipment Check l

" Recall Mode Internal Well Analyzer B attery ‘whell &nalyzer Configuration & Capability
Remaining . L
Woltage 7 Tz Diriver Dezcription:
— — |Model E2 - CommDrvr 48
F2 Setup
ﬁm 13 Firrmare “erzion Mumber :
12 Status:
F3 UMABLE TO CONMECT TO WELL ANALYZER!
sl =1
Base
well File _ 10 _nao
wvilts Haurg
Battery Temperature degF

STOP: UNABLE TO COMMECT TO WELL AMALYZER! . e
Make sure master switch is OM, and/or communication hawve Pracedure to determine Communications problems
ot failed due to cable failure or electionic problem.

[&l-1] Communication Check ‘Wizard. ..

Procedure to test Cables and Sensars

[&l-2] Trouble Shoot ‘Wizard... |

Advanced Settings... ? <Pglp

The next step is to use the Communication Check Wizard to isolate the problem. Select the wizard by entering Alt-1 or
clicking the corresponding button results in the following series of screens:
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Fa al

Well Analyzer Troubleshooting

X

RESET THE WELL AMALYZER BY TURNING THE
MASTER SwITCH OFF THEM OM AGAIN.

The Master Pawer Switch must be OM in arder ta
troubleshoot the electronic hardware and cables.

Cancel

This is the most frequent cause of problems. Make sure that the Master Switch is reset any time that the program is terminated
abnormally (blows-up!) and wait until the power light changes from yellow to green before starting the TWM software.
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12.4.3 - Serial Cable Check

After resetting the power switch, continue by selecting Next:

r

Communication Check

SERIAL CABLE CHECK

FalLEDN

Connection between Computer and 'WWell Analyzer
waz FAlLED.

Mate, the arrow in the diagram points to the location
where the camputer and 'Well Analyzer are
connected by a senal cable. Please check to make
zure the cable end connectors are secure.

Preszs "Mest' button to perform mare diagnostics.

¢ Back

r

Communication Check

ALL COMM CHECE

It appears that the "Well Analyzer iz not responding. [F the senal cable waz checked and iz properly
cohnected then the next option is oty ather pozzible serial ports assignments.

SUGGESTION: Try All Communications Parte On this COMPUTER ‘

Attemptz to connect on current port COMT hawe FAILED.

Should atternpt ather portz.

< Back Cancel
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=

Communication Check

SERIAL CABLE CHECK

PASSEDI

Connection between Computer and *Well Analyzer
was successiul
Presz "Mest' button to complete diagnostics.

Cancel

Detailed information about the communications port can be obtained selecting the Show Advanced Analysis mode in the User

| Advanced Settings... I

Help Level and selecting the and displaying the Communication Parameters.

b =
Well Analyzer Configuration

Well Analyzer Type

Well Analyzer Model (ST i=e

Cancel
Communication Parameters

Sernal Communications Port | COM1 -

Special D ata Mode Settings
v Acquire Excitation VYoltage as a vectar

[+ Data Frame comrection

These parameters need to be compatible with the communication parameters for the corresponding port as set in the Windows
Settings for the Control Panel’s System folder.

When communications have been re-established the following screen will be displayed.
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=

Communication Check

COWMECTION MADE

The Well Analyzer and Computer are connected and operating properly. ..

< Back

Cancel
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12.5 - Trouble Shoot Wizard (E1 and E2)

When communication between the Well Analyzer and the Computer is operating properly, the data acquisition functions
are tested using the Troubleshoot Wizard

12.5.1 - Voltage Check

The screen displays the existing Well Analyzer battery voltage and the voltage used to power the transducers. If the
values were not within the accepted limits, the battery should be recharged and the test repeated later.

Well Analyzer Troubleshooting ﬂ

A/0 B atter Yoltage: YOLTAGE CHECK Excitation Voltage:

||'I 25085 GOOD |4.EIEI4B? GOOD

10.5 3.0
115 33
15.5 12.5 5.0
4.0
145 135 I
MOTE: The Battery Woltage should be MOTE: The Excitation Woltage should be
between 10.5 and 14 waoltz. between 2.75 and 4.25 volts.
¢ Back I Mest » I Cancel
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12.5.2 - Transducer Check

If the battery voltage is within limits but the excitation voltage is not within limits or it drops significantly when the
respective transducer is connected to the Well Analyzer (using the master cable) there is a good probability that the transducer is
defective. In this case the user should proceed with the troubleshooting procedure described in the next section.

TRANSDIUCER CHECE.

Well Analyzer Troubleshooting

Connect the kaster Cable to the Well Analyzer. Connect the Preszure, Horze Shoe, and Polizhed
Fod Transducers to the Mazter Cable, Thizs test is to verify that the transducers are not shorted.

E xcitation Woltage:

||4.I:|I:|35 GOOD

x|

3.0
3.5
2] : 5.0
Obzerve the Excitation Yaolkage when the respective
trangducer iz connected to the Well Analyzer. There iz 4.0
a good probability that the transducer is defective if the
voltage iz not within limits or drops significantly, 4.5
¢ Back I Mewut » I Cancel

12.5.3 - Amplifier Checks

The Well Analyzer's amplifiers are checked using the built-in tester (plug-in testers were provided for earlier models)

accessible through the plug provided on the top panel. The appropriate cables are connected to the test plug and to the

corresponding inputs. Signals are generated manually using the red push button. When the appropriate response is not obtained it
is important to check that the failure is not due to a faulty cable or connector. Either a spare cable should be used or continuity
and ground checks using an Ohm-meter should be made on the questionable cable before concluding that the amplifiers are not
operating properly. The instructions presented in the following screens should be followed in order to check both the cables and

the amplifiers.
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Well Analyzer Troubleshooting ) x|

AMPLIFIER CHECE.

The "Well Analyzer's amplifiers are checked using the built-in tester acceszable through the plug
provided on the top panel. [Flug-in testers were provided for earlier models)

TEST OUTPUT = ; v :
|: 6 PIN ] e appropnate cables are connected to

the test plug and the comezponding inputs.

Sighals are generated manually uzing the
TEST OUTPUT red puzh buttan.

(3 PIN)

COAX TEST
OuTPUT

TEST
PUSHBUTTON
[ TOP PAMEL WIEW |

¢ Back

Cancel |
Well Analyzer Troubleshooting ) x|

AMPLIFIER CHECE.

Caonnect the COA% Microphone cable to the /D input connectar and the ather end to the COAX
Test Output on the top panel.

[——

The appropriate cables are
conhected to the test plug
and the comezponding
inpLts.

p ’:.:L_ :“:
COAXAID

s 'E"\h'-

Cancel |
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Well Analyzer Troubleshooting i x|

AMPLIFIER CHECE.

Cannect the Tranzducer Cable ta the 27D input connector [B-pin] and the ather end ta the test
output [B pin] on the top panel. The Transducer Cable must be connected to power test circuit,

The appropriate cables
are connected to the test
plug and the
comezponding inputs.

Cancel |

12.5.4 - Acoustic channel Test Output

This tests both the coaxial cable and the Acoustic channel amplifier. Depressing the test button should display a 20 Hz
frequency signal of constant amplitude, as shown in the following figure:

Well Analyzer Troubleshooting E[

ACOUSTIC TEST

0.3

[ ]

-0.3

PRESS AMD HOLD Test Buttan on the top panel bo generate test signal.

Signal Reading At |22 Hz

T he signal zhould be 2/3 scale and show approsimately 20 cycles per second when the
button iz deprezzed.

< Back I Mext » I Cancel
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12.5.5 - Cables, amplifiers and A/D converter check.

This test verifies that the main transducer cable and the A/D converter are performing properly. The test should be
repeated using all the cables individually and connected in series so as to check the connectors as well as the cable.
Whenever the test button is depressed the signal should increase from zero to 1 mV/v as shown below.

Well Analyzer Troublezhooting

LOAD/PRESSURE TEST
1.0

[ ")

ACCELEROMETERATEMPERATURE TEST

[ ")

PRESS AMD HOLD Red Test Button on the top panel to generate test signal.

Cancel

¢ Back

This completes the testing sequence.
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13.0 - GENERAL DATA ACQUISITION

The general data acquisition module of the TWM program is a very useful utility for detailed analysis of the data acquired by the
Analog to Digital converter. One or more channels may be sampled at rates ranging from 30 to 3840 samples per second. The
data is then saved as a file that may be recalled and analyzed in detail or exported to a spreadsheet.

13.1 - Set Up of the General Data Acquisition (GDA) Mode

To use the GDA module it must be selected as an active module in the User Help Level pull down menu as shown

below:

f

TWM™: User Help Level

v Show additional WaRMINGS when perfarming critical functions. Example, seeks addtional
confirmation whern deleting well Files.

¥ Show hints when cursor iz placed over data input prompts, Hints are brief descriptions of the
required data Far the given entm.

[ Show hints when cursor is placed over Application Controls. For example, push buttons that
activate specific functions.

v Allow torgue analysiz when taking measurements with a PRT senzor.

¥ Show advanced analysis sections throughout application. Advanced zections are intended for
the expenenced uzer.

¥ Show dislog when scieen size or color is not optimal for T .

¥ Show Data Guide Tab

=

— Tk Modules
¥ Acoustic [Single Shat) Advanced... |
W Dynamometer [Suface Card, Travleing Walve, Counter Balance) Advanced... |

v Power/Curent beasurement
™ Liguid Level Tracking
[ 1 ' ezt

¥ General D ata Acouisition

LInger L

— Program Diagnostic [Debug Log)
¥ Enable Debug Logging to Trace File

LogLevel (e.g.. 0--5]: |5
og Level [e.g ] | oK I Cancel

This choice will display the GDA tab when starting the TWM program and selecting the
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Acquire Mode as seen in the following figure:

File " Ciption - Tools Help

i+ Acquire Mode O Acoustic Sensor | Dynamometer Senz GDAI E quipment Eheckl
0 — [&l-1] Select Preszue Transducer
Serial Mo. IPT435|:| j LCreate Mew... | Delete. .

—[Al-2] Transducer Coefficients

C1 C2 [415.85 C3[1.73
Ca[17e C5 [0.067 C6 [0.01

Senes: |3 Prezsure Rating: |E||j|:| pzi [m]

Selecting the GDA tab opens the form to set up the GDA acquisition parameters. In this form the user selects the
channels to be monitored, the sampling rate, the graphics characteristics and other variables. The form also displays the Analyzer
model number and the driver (Model E3 — USBDrvr)

Ele  Mode Cption - TFools 5 Ij;'alp

o Acquire Mode Acouzstic Sensar I Dynamormeter Sensor n GD& | Equipment Check I

" Becall Mode
Save Az | Reszet Al |
Acquisition Rate |30 »| [Hz]-Samples/sec Diriver: IMDdeIEE-LISBDrw
Delta Time éxis |15— seconds
e ] Narme with Evtiom horml  Show Engineeiing Uris
v |[1D] Pres./Load j I W Mom  [mvAY) W opsi Parameters. .. |

v |[15].ﬁ.cou$tic jl W Hom  (mivity) A Parameters... |
[ |--NEINE-- j | [ Mom ¥ - Parameters... |

' I MOME - = ™ MNom ¥ - Farameters... |
I I MOME - j I [T Hom ) | = Parameters... |
F5 Acquire r I"NDNE - ﬂ I I Nom ) LR —IF'aramelers...
Data// r I--NEINE - ﬂ I W e H - Parameters... |
Special Channel = baxdin | Dwersampled [&veraged)
[N I HOME - j I I Mom ] | Parameters... |
[5] Excitation Chanmel |[11] Ewcitation j IEXEIT v Auto Save every I 2 mins

ﬂ <F'gLI|:|| F'ngn>|

The user has to select the Acquisition Rate, the span of the time axis (Delta Time Axis) and the channels to be
acquired.
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13.1.1 - Acquisition Rate

The rate at which channels will be sampled is selected from the pull down menu as shown in the following figure:

Acoustic Sensu:url Ciynamometer Sensor O Goa | E quipment Eheckl

Recall... | Save bz, |

Acquisition Fate |30 j [Hz] - Samples/zec Diriver: |Mody

Delta Time Auiz onds

[Ei
Data 120 Mormalize Reading
Stream A 40125 e with E xcitation Channe
¥ [[10]Fred 22l ¥ Nom  (mA)

250
4380
500
&0
- NOMNE|y0an - [T Hom [V]

v Mo [

v
F

HHH

The default value is 30 samples per second and the maximum rate is 3048 samples per second.

13.1.2 - Time Span of Graphic Display

During acquisition the values for each channel will be displayed on a graph as a function of time. The user should select
the time span for the graph where the current data is being displayed. The span should be a reasonable number of seconds
depending on the sampling rate which has been selected. The default value is 5 seconds as shown below:

Delta Time Axis |5 zeconds

[ata

Generally a span of 60 seconds is a convenient value when recording data from dynamometer transducers such as load
cells, accelerometer and power probes.

Acouztic Sensar I Dynamometer Sensar | K GOA |

Acquizition H ate |3|:| j [Hz] - Samplesz/sec

Delta Time Aeis IEEI zeconds

Data MHorm
Stream &/0 Channel Mame with Ex

During acquisition the display is divided into three windows. The lower two windows display the data for the current
time span and the immediately previous time span. The upper window displays all the data acquired since the beginning of the
test. The upper window scale will be reset to a larger value when the elapsed time exceeds the maximum scale value. This will
result in compression of the graph but all the data points will be preserved in the data file.
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A TWM - GDA:test &1 x|

File Mode Option Tools Help

& fiequire Mode CHOfm /v | o1t o) O CHI5(v) |
. Hecal Mode E
onoioo
nooo7s £ -
i All data Acquired since Beginning of the Test |
noonzs £ H
000000 _ih ||:!:£|”II|I :
.ooozs £
-noooso £
.0ooo7s £
-000100 E
] 0 100 150 200 250 300 350 4nn 450 son 550 s00
o £ Previous Time aoozs £
noooRs £ omz E |
— s £ Current Data |
omoio £
F5 Acquire ooz l E
Data 000000 t 0ooos -+
°// -ooozs 0oooo z -
-0.00050 f AL ;
-noonzs £ oinE
-oooioo :||||||||| |||||||||||||||| 11} -ooo1s :HII TN TN T T T T T AT TR
I 1 I I 1 1 I I I I 1 1 I I I
o 10 20 30 40 S0 &0 o 3 0 15 20 25 30 35 40 45 SO0 S5 60
RECORDIMG Data, Prezs STOP button ta stop recaording.
sy s7eRT | e sToP | Feset | Rescale Graph | 2 | <PgUp | PaDwn> |

There are two acquisition modes in GDA. The first mode is where the acquired data is scrolling by and is not saved to
a file. The second mode is where the user pressed START and the data is captured until the STOP button is pressed.

13.1.3 - Channel Selection

The name of the channel(s) to be acquired and recorded is selected from the drop down list. A total of 15 channels are
allowed by the software but in the current E3 version only channels 0,1,2,3,7,9,10,11,12, and 15 are active

&40 Channel

[0] Piamwer j
8] [0] Pawer =
[B] AL 317 0] Pawer “
ramtsn || e

ef [7 attery Temp
[9] Cument [il iﬂ@f'f (1)
[10] Pres. /Load ar e 2 (o
[11] Excitation [6] &L 3 [5]
[1 2] TEEI'I'ID.."I.":".CCE-". [7] Supply [-I o] oo
[13] Au. 7] [8] T Ref (7]
[14]Anclog Gnd (7] = |[9] Current
[15] Acoushic T | |[10] Pres./Load 7

Some channels have dual functions depending on the transducer that is being used. For example channel 10 corresponds
to either load or pressure depending on whether a load cell or a pressure transducer is connected to the master cable.

Acquisition is activated by checking the Data Stream box to the left of the channel. The data from a specific channel
can be recorded in terms of actual voltage or normalized with respect to the transducer excitation voltage (mV/V) by checking the
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Norm box at the left of the channel name. The data may be displayed in engineering units when the calibration coefficients of the
sensor are input.

13.1.4 - Show Engineering Units
For certain measurements such as pressure or load it is convenient to convert the acquired sensor output voltage to the
corresponding physical quantity. This requires knowing the calibration coefficients of the specific transducer.

To activate this option the show Engineering units box at the right of each channel should be checked as shown below
for the Press/Load channel:

Data Mormalize Reading
Strearm &40 Channel Marme with E xcitation Channel

v I[15].-’-‘-.u:-::ustiu: j I W Mam  [wvAn - Parameters. . |
M H0Pesioad 7] | M Nam [mvA) [

Then the Parameters button is clicked to display the form for entering the transducer coefficients. If no parameters have been
entered earlier, the form displays the default values as shown below:

GDA Parameters il

— Conversion Coefficients————————  — Acquire Channel Offset

Ci: ID Current Beading

W

Ca I'I || I
C3 IEI

Show Engineering Uitz

Channel Offzet; ||:|
U rits: I Obtain Zero Offset |

] 4 I Cancel |

The default values for C1, C2 and C3 need to be replaced by the corresponding coefficients for the transducer to be used. The
name of the corresponding engineering units should be typed in the Units field.
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The following figure shows this form after entering the pressure transducer coefficients and units:

— Conversion Coefficients

ci: (9.7

C2: IEED.ES
C3: |2_ 4601

nits; | psi

GDA Parameters

—Acquire Channel Offzet

Current Beading
it M

Channel Offzet: ||:|_|:|1 20994 pEi

Cbtain Zero Offset

o]

Cancel |

Accurate measurements require determining the transducer’s Zero Offset. In this case the transducer is first exposed to

atmospheric pressure, and then the Obtain Zero Offset button is clicked.

After clicking on Obtain Zero Offset the following is displayed:

— Corverzion Coefficients

C3: |2.4EEI'I

Urits: [Pl

GDA Parameters

—Acguire Channel Offzet

Current Feading
i

pzi

0.0185283

|-0.0590622

Channel Offzet; ||:|_|:|1 20994 pzi

OE.

Cancel

The measured zero offset is stored and becomes active only after by clicking on the Update Channel Offset with current reading
button. After updating the C1, C2
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GDA Paramekters il

— Converzion Coefficients———————— 1 Acqguire Channel Offset
C1: |31 Current Reading :
v A pai

cz [s083
00185283 |-0.0590622
C3: [24601

Channel Offzet; |.|:|_|:|59|:||322 p=i

Units: [Pt { Update Channel Otfzet waith curent reading

] | Cancel

The following figure shows the acquisition screen with the vertical axes calibrated in the corresponding pressure units:

O cH [10] Pres./Load CH [15] &caustic |

= 054 | I I ﬂ I|
P AT (-
[ - -
S0t N LIl

0.1+ T |

|:|_

0.1 T T T T T T T T T T T T T T T T T T T 1
0 20 154 23.9 310 30.0 ars 55 B3.8 717 707

= < 0594

) =)

- =]

m m

3 3 045+

5 m'

a a

o o

= = 0.214

| @ E

= S T e

m m

I =

[} [}
% 0.03 4
0 30 60 00 12015018021.024027.0 o 7 44 =21 2=

RECORDIMG Drata, Prezs STOF button to stop recording.
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13.2 - Example Acquisition Using the GDA Module

The following sequence of screens illustrates setting up the GDA program to monitor Dynamometer and Power data for
an extended period of time. Data from the load, acceleration, current and power transducers are monitored and recorded.

Step 1 — Select GDA Tab from the Set Up Screen. Select acquisition rate at 30 samples per second and set the Delta Time Axis to
60 seconds so as to monitor one minute of current data.

Acoustic Sensor Dyramomneter Sensor 1 GDA I E quiprnent Eheckl

Recall... I Save bs. .. | Rezet All
Acquizition F ate |3|:| j [Hz] - Samples/zec Diriver: IMI:u:IEI E3 - USEDrwr
Dielta Time Axis IEU seconds
Dat Mormalize Reading T .
Strzaam /0 Channel I ame with Excitation Channel Sl 2 nsleilig Ll
r I--NEINE - j [T Mom  [¥] o - Farameters. .. |
r [EI] Pawer — I ™ Hom  [V] - Parameters. .. |
[4] ALY
I~ |[E] %217 | [~ Nom  [V) | e Parameters. .. |
[E] ALK 37
r Eg} ?ulgpfly[gf | | [~ Mom  [V] - Farameters... |
ef [
j | ﬁ]ﬂ]%g:.r}tl_nad (== I [ Mom  [¥) | Farameters... |
11] Excitation
I E'IE}TEI'I'ID..-".{".CCEL ~| | [ Mom W) [ - Parameters... |
' I--NEINE . j I [~ Mom  [¥) [~ - Paranmeters... |
Specidl Channel: & [an/fit ) Overzampled [Lveraged]
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Step 2 — Select and enable acquisition for the channels to be monitored. The polished rod load is monitored on channel 10 and
the acceleration on channel 12 and both signals are hormalized with respect to the excitation voltage so they are recorded as
millivolt/volt.

The motor power is monitored on channel 0 and the current on channel 9 and both signals are recorded as volts since the
transducer output is a voltage proportional to the instantaneous power and current. NOTE: If a pressure transducer were
connected to the master cable then channels 10 and 12 would monitor the pressure and the transducer temperature.

Acoustic Sensor I Dynamometer Sensor O Goa | E quipment Check. I
Recall... | Save fz.. I Reset &l

Acquizition B ate |3|:| j [Hz] - Samples/sec Diriver; ||"-"|I:II:|E| E3 - USBDrr

Delta Time Sxis |5— geconds
v I['EI] Current j I [T Mom [V - Farameters... |
' 1] Power =] | I~ Hlom ) [
v I[‘IEI] Fres. /Load j I WV Mom  [mvAn T - Pararmeters. .. |
[v I[‘IE]Temp..n’.i‘-.l:l:eI. j I W Nom vty [~ Parameters. .. |
| I--NEINE - = [T Mo [¥) | = Parameters. . |
I I--NEINE - j | [ Nom v [ - Parameters... |
r I--NEINE - j | I Mom  [v) - Parameters. . |
T R = [Ty
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Step 3 — Select Test and click on the GDA Tab:

File Mode ~Option  Toaols Help

f+ Acquire Mode O &coustic I Diwnamometer Power/Curent Lig. Level Tracking Prezzure T[angi
" Becal Mode

F2 Setup

EQUIPMENT TIP:

Maintenance will be reduced if the Remote Fire Gas Gun Yolume
Chamber is charged to a pressure in excess of well pressure before
he casing valve is opened. Sand. debris and water vapor will be
orced into the gas qun if the volume chamber is not pressurized

hen the casing valve is opened. This will cause gas leakage,
intermittent operation, corrosion and poor perfformance. The gas
gun should not require maintenance more than once a year if foreign
material is prevented from entering the gas gun.

Step 4 — From the GDA Tab, click on the Acquire Data button or use the F5 key.

File Mode oOption Tools Help

& Aequire Mode Acnumicl Dynamnmeterl Power.‘CurrentI Lig. Lewvel Trackingl Fressure Transient D GDA |
-

el Date/Time | Test Type | Status | Serial Mo. | Deszcription
F2 Setup

F5 Acquire
Daka |
¥

The GDA monitoring screen is displayed with the four tabs corresponding to the channels previously selected. In the
screen below Channel 10, that corresponds to the polished rod load, is being displayed and the data is also being recorded since
the user pressed the START button. Recording will continue until the STOP button is depressed.
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At this point only 24 seconds have elapsed from the start of acquisition, thus data is displayed only in the lower right screen:

File © e .I’.‘lption _Toofs Help
* Azouire Mode

cHa(vi]  cHogy) D CHI0MmY 2 | cH1z |
 BecallMode Tall
170
160
150

110

70 I T T T T T T T T T T T T T T N T O I |
T T T T T T T T

T T T
50 i00 150 200 250 300 350 400 450 500 550 &00

T a0

047s

0as0

nazs BA 18
oo B L

TYATIATIA!

F5 Acquire
Drata

0375

0350

110

0325

000

0275

T e

NRLLN LRI RY IR LLN LR IR RY RN LR R LR IRRRE AR

I
§ 10 15 20 25 30 35 40 45 50 S5 &0 § 10 1§ 20 285 30 3§ 40 45 S0 55 €0

o
o

RECORDIMG Data. Press STOP button to stop recording.

wisl sTeRT | £iAiE] TaP Reset Rescale Graph | ﬂ <pgup| Fg Dwn>|
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After one minute and 14 seconds the display shows the current data in the lower right screen, the last 60 seconds of data in
the lower left screen and all the recorded data in the upper screen. This screen has a time span of 600 seconds and thus
the data appears compressed:

cHavy]  eHapy) OoHwmv ] cHizmy v

LEL T
nas 4
040
03s '
LEE
I L S S S S O P S S S S ST SO O S S O S SR
1 1 I 1 1 I I I I I
i 50 100 150 200 250 300 350 400 450 500 550 500
(8 =11
(52@4?5
045 0450 £
i I oy i
o.40 : T T T T T T g.400 ; '
V\U\VV‘VU“FU‘VV E'B?sflllf!”llh
L Fl
035 030 g
0325 f
o3 0300
0275
(|- VETTY FRUPT SUYUUL PUUTE] VUUYR. SUVUEL IVUVUL IUVUUN INUVHY fUPET) 0250 —LLLLILCULELUULULUULUUUULUULULUL UL LU LLLL
I I I I I I I I I I I | I I I I I I | I I
0 5 10 15 20 25 30 35 40 45 50 55 60 0 5 {0 15 20 25 30 35 40 45 50 55 60
RECORDIMG Data, Press STOP buttaon to stop recarding.
[&IES] STAFETI Figsst Rescals Graph | ?| <Fg Llpl Pg Dwn>|
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The acceleration signal is monitored by selecting the Channel 12 Tab:

cHavl|  cHorvl

cH 10 v /vy O CH A2 /) |

og

0s

04

0z

oz

o1 <

i LI
-01

-0z2
-0z

-04 S O S S S S S S S S S S S S S S S S S S S S S S A S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S 3

=]

1]

1
100

I
150

1
200

I
250

1
300

1
330

I 1 I 1
400 430 s00 550 600

0s F

oz

04

03

oz ]

o1

——

=

— |

F— ||

> %
-01

Ml

-oz2
-0z

-04 N
| |

o 5 10

[&l-5] START

15 20 25 30 35 40 45 50

[A-3] STOF

Fezet

S5 60

RECORDIMNG Data, Prezz STOP button to stop recording.

5375

04
o3
oz
o4
oo
-0

-0z

1]

5

I I I I I I I I I
i0 15 20 25 30 35 40 45 SO0 55 60

Rescale Graph | 7 | < PglUp
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The electrical current signal is monitored by selecting the Channel 9 Tab.

OcHsvl|  cHorv)|  cHAomv/v)]  CHI2(mv /v
o0 E
045 f
040 f
035
030
n2s
| U Y N e e e A o |
i 50 100 150 200 250 300 350 400 450 oo 550 00
oso 050+
045 0as E
040 040 f
03s 03s E
030 020 f 1
s " LES E f
E [ljl\dJl\‘hl | le Immﬂhﬁulmul \j.lluululIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
I I I | I | I I I I I | I I I I
0 5 10 15 20 25 30 35 40 45 S0 55 60 0 5 10 15 20 25 30 35 40 45 50 55 60
RECORDIMNG Data, Prezs STOP button to stop recording.
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The instantaneous power signal is monitored by selecting the Channel 0 Tab. Note that this signal shows both positive and
negative values which correspond to the motor switching from the motoring to the generating mode during the pump stroke.

EHS[V]DEHU[V]I CH1O[my 4] | CH12 (v /) |

020

023

020 |

0as

010 il

oos

noo
: LA
-oos ] |

040 |

o =0 100 150 200 250 300 350 <400 450 =00 =50 =00

030 + 020 £

035 + nas £

nzn £ f ' uzug | I
015 4 |:|.1s§ "
- | - e
| i

| | | | | | | | | | | 1 1 | |
o 5 0 15 @M X I F W0 & o 55 G o S 0 15 20 25 30 35 40 45 SO0 55 &0

—_1
F——

=

—

RECORDIMG Data, Press STOF button to stop recording.
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After nine minutes of recording the following screen shows the variation in motor power with a significant change occurring at
about 130 seconds. This change corresponds to conditions at the pump changing from a full pump to partial fillage and eventually
to pumped off:

CHA[W ] m] EHU[V]l EH‘ID[mV.fV]I EH‘I2[me'V]|
nsn £
12 LT T,
nzn
0.1s i
oo Bl
nos
Y LK A S R L ITFFTFFFITEY
-0os H B
-0.10
1 (L | 1 T 1 T U e e e e I v e e e e e e e e N ey e v |
i 50 1o 150 200 250 200 350 an0 450 sum 550 600
nan nao £ i
n2s L 028
nzo ‘I }l o2n
nis H n1s +
S | S
a (aatnsantan e N I SA SR
oo £ noo
EIlll III'LIIIIIII‘IIIIIIHIIIII LLLLLF IIIHIIIIII Iillll 1 III‘iI Ml“:l I!:IIUI ||||:||||:|||I:IIII:IIII:IIII:IIII
us|1::||sz::z|;3|:3|s-::alss::slsa: 0 5 10 15 20 25 30 35 40 45 SO0 S5 60
RECORDIMG Data, Presz STOP button o stop recording,
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A similar variation due to pumping off is observed in the data from the polished rod load as seen in the following figure:

tHa(v)|  cHorv) BCHIOMmY /| cHzm v |

. T

-t o £ W l

oo EL IR B

N I I B

M |

I mngHde

n2zn O O O O O O P O nzo ; 1 — ”””1'”””
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Automatic Rescaling of the time axis of the upper graph is done once the original time span is exceeded. Note the axis span
increased to 900 seconds and the graph is compressed further in the following figure:

cHa(v)|  cHorv) ENCHA0EY )| cHAz v v

VI T e

oso F [T I

R ITTITT

040

035 A

os0

025 +

o:zo E
: | i

1
o 100 200 300 400 s00 600 700 =) ao0

N WAL
D | <

S |
 uivuvavavavivovaY el v
Ay | o

I:I_'ZSE ’J'J 'Jd F”"I

- T ‘[{ 02s
020

ozo

I
O 5 10 15 20 25 30 3% 40 45 50 55 0

o

H 0 15 20 25 30 3% 40 45 50 55 6O
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13.3 - Recalling GDA Data

GDA data is saved in the active group under the well file name in the same manner as other well analyzer files. Opening the

TWM program in the Recall mode and selecting the corresponding group and well name gives a listing of the stored data
as shown below:

Open Data Set File

—[&lk 1] Baze wel File

Open I Cancel |
-- Examples

LT [alk 2] Data Sets for Given Baze Wel File
-
E@ Myarells DatedTime | = | TestData | Description
Ly RWOGTAS 076/2002 10 By
B UTWELL ~D-pl
Di-p-

Note that the data set that contains the GDA data is indicated by a G in the Test Data field.

Clicking on the Open button gives the following screen, after selecting the GDA Tab, which lists the date and time of
acquisition and the description of the data set as it was entered when it was saved:

ETWM - MyWells : RYOGTAS <General Data> acq-[07/16/02 10:47:04]

File  Mode Option - Tools -'Help
" Acquire Mode

.t’-‘-.cnusticl D_l,lnamometerl Power/Current O GDA |

Drate/Time | Test Tupe | Statuz
GDA

' Recall Mode

| Serial Mo, | Drescription
Undefined

G0 load. acceleration, power curent
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Clicking on the Analyze button, results in the display of the four tabs for the corresponding channels that were recorded, channel
10 is displayed below:

ETWM - MyWells : R¥DGTAB <General Data> acq-[07/16/02 10:47:04] GDA load,acceler _|EI|5|
File Mode Option Tools Help

= Acquine Maode

Chanreld|  Channel0 DI Channel10 | Channel12| Al Channels

+ Becal Mode

0.5625

0.5000

0.4375

0.2780

0.3125

0.2500

Channel [10]: Channel 10 {mti)

01275 1

0.1250 T T T T T T
ul 125.00 2580.00 27500 S00.00 625.00 FE0.00

Time (Seconds)

ﬂ ﬂ Hobwiz Hange: I 84827 secs Full Trace |
Coeffizients | ™ Show data in Enginesring Wnits (e.q., lbs, in, ete...] T | < Pglp | Pg Diwun >|
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13.3.1 - Expanding the time axis

When an extended data series has been recorded it is possible to display selected portions and scroll through the data
using the X-Axis Range to input a value that determines the range of the displayed time axis:

Channel3|  Channel0 O Channel 10| Channel12| Al Channets |

0.5525

0.5000

0.4375

03750

0.3125 4

Channel [10]: Channel 10 {mWng

0.2500 +

0.1875 1

0.1250

126 00 25000 27600 50000 B26.00 75000

Time (Seconds)

ﬂ ﬂ -tz Range: I B4BZY  zecs

Coefficients [T Show data in Enginesring Whits (g0, b in, et ? | < PglUp | Pg Dwn > |

The full trace value of 848.27 is replaced with the range width, in seconds, that the user wants to display, for example
125 seconds.
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After entering the new range value of 125 seconds, the following is displayed:

Channel 3|  Channel0 DI Channel10 | Channel12| &l Channels |

0549688 5

0. 46275 1

0.29063

0.31250 1

Channel [10]: Channel 10 {mn

0.23438 +

0.15625

25 00 50,00 7500

Time (Secands)

ﬂ Hehwiz B ange:

™| Show data in Enginesring Unitz [e.0.. [be, in, ete...]

125

ﬂ < Pglp | F'ngn>|

100.00

ERCE

126.00

Using the slider Sﬂtrol at the lower left, it is possible to scan through all the data at a window width corresponding to the new
range as shown in the next figure:
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Chanrel 9| Channel0 DI Channel 10| Charnel12| &l Channels |
0 5625
0.5000
g 0.4375
:E, )
S 1
T D370
S
= 03125
Sead DU DU N DU NNy
[
0.1275
0.1250 T T T T 1
27500 00,00 425.00 450.00 4r5.00 S00.00
Time (Seconds)
ﬂ | ﬂ sz Range: 125 SECE
Cosflicients ™| Shov data in Enginesring Wnits (2.9, s, in, et 7 | < PglUp | Pg Dwin = |

Clicking on the Full Trace button, returns the display to the original time scale.
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If the check box “Show data in Engineering Units” is selected:

ﬂ ﬂ H-byiz Range:

Coefficients v Show data in Engineering Unitz [e.g.. Ibs, in, ete...]

then the Coefficients button may be used to input the calibration coefficients of the respective transducer when they were not
input before data acquisition:

7
Acquisition Coefficients - Channel 10 x|

— Corverzion Coefficients——  — Channel Data

C1: = M arne:

oo |52|:|_53 Mormalized:  [ves
C |2,4|3|:|1 | ik 1

Channel Offzet: 0.07E7336

(]

r

L Aquition Sample Rate: |3|:| Hz

OF.

| 7]

B35 1250 1275 2500

=

The All Channels Tab is used to view one or more traces on the same graph and to scan through the values using a movable
cursor

Charnel3|  Chamel0|  Channel 10| Chamnel 12 DI Al Charnels | The cursor may be displaced with the Cursor
LeftAsies: | Channel [10]: Channel 10 [mAv] =l Right Aviss: | Charnel [9]: Channel 9 [V) =l Controls buttons, or it may be located on the
trace by pointing and clicking with the mouse
055000 = 050000
buttons.

. 050000

= D4s000 he channels to be displayed are selected f

€ L sios =z The channels to be ISplayed are se ected from

s E the pull down menus for each axis.

Z 540000 0.33000 =

g o 0.32000 %

E 020000 é

2 0.26000

' ozsoon U

0.20000 T T T T 0.20000
10.00 20,00 30.00 40.00
Elapsed Time in Seconds

‘I I j Hobwiz Range: I a0 FECE FuIITrace
Curgor Controls Walues At Cursor

. N Channel [10] : Ehannel'lﬂl [0.3559014 T
—II —I Channel (31 Channel 3] 0243323 v SaveAs Tedt |
J— Elapsed Timel 27.70 SBCE j <Pglp | Pq Dun > |
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13.3.1.1 - Alternate Method of Time Axis Control

When large data sets have been recorded the displayed data will be compressed to the point that features will not be recognizable.
The graphics software provides means to change the scale parameters t view the data in more detail. This is done by placing the
mouse or pad cursor on the horizontal axis and double clicking (left button) will present the following form to change the axis
characteristics:

u|||||||||||||”|||||||l||||||l||||||||||||||J|||l||||||l|||I||||||||||

Horizontal Axis

Frem g LINE ATTRIBUTES.. |
To 873 Intercept ||:|_‘|25

— Ticks Grid
ndz

Ste
P125 [ Majar Style... |
Minaor Ticks ID_ ™ Minar M

Posiion  © Abave
& Below | | Logarthmic Scale

€ Middie | K. I Ear‘u:ell
LU A O LR

12800 260,00 278.00 £00.00 E25.00 750.00

Time (Seconds)

The values From 125 to 250 and Step 10, will display the data from 120 to 250 seconds with tick marks every 10 seconds, as
entered in the screen below:

Horizontal AXis

From  [125 LINE ATTRIEUTES.. |
To 230 Intercept ||:|_125

—Ticks
Grids

St
=p [10 I Major  Ctle |
Minor Ticks ID_ ™ Hinar Style... |

Posiion  © &bove
o) E ]

[ Logarithmic Scale

| ]

Cancel |
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The following screen shows the new presentation of the data. This process may be repeated as many times as necessary to view
the data in greater detail.

0.5625 -
0.5000 -
0.4375 rk m &
g
E D.S?ﬁﬂ—l‘ iL P L L k k k
: i
E
S 0.31254
m
; bl l
0.2500 - ﬁ & \
0.1575 -
0.1250 : . : : : : . : . : : , .
13000 14000 15000 16000 47000 15000 19000 20000 21000 22000 23000 24000 25000
Time (Seconds)
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13.4 - Exporting Data as a Text File

The GDA data may be exported as a text file which then may be imported into a spreadsheet or word processing software.
This is done by clicking on the Save as Text button at the bottom of the All Channels Tab:

Channel EII Channel EII Channel 'IEII Charnel 12 K Al Channels |

Left Asies: | Channel [10]: Chanrel 10 (i) | Right &sies: | Channel [3]: Charrel 3 V) [~

055000 - ‘ r 050000
. 0.50000 4
:Eé 0.44000
= g.45000- =
(] =
T L 0.35000 el
E 040000 H : E
E O
(-_:: 025000 4 g
= L0.32000 2
= T
[k} [Lw]
% 020000 E
e L 0.26000
' g2zs000 J

020000 T T T . T T T T 0.20000

u] 10.00 20.00 20.00 40.00
Elapsed Time in Seconds

ﬂ_l ﬂ s Fange: IT o FullTraC ......

Curzar Cantrals Walues At Curzor
. , Channel [10] : Channel 10 I 0.359014 i
—l —I Channel (9]: Charrel 3| 02439323 v Save fs Text
J— Elapzed Timel 2770 B0
7 | < Pglp | F'ngn>|
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The following dialog box is displayed for the user to select the data channels to be exported to the text file:

File Transfer Selection i

X
Data Plots | akK, |
[ Chanrel [9] : Channel 9 V] R |
O Chanrel [0] : Channel O [V

O Charnel [10]: Channel 101...

O Charnel [12]: Channel 121...

G245

Channels are added or removed from the list to export using the check boxes as indicated below:

File Transfer Selection x|

Diata Plots | Ok, |

[ Charnel [3] : Channel 3 [V) Cancel |

O Channel [0] : Channel O[]
Channel [10] : Channel 10 [ "]
Channel [12] : Channel 12 [ "]

Select Al
Clear A i

i

When all the selections have been completed, the OK button is clicked

10/9/2008
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The following screen is presented for the user to select a folder and assign a file name for saving the selected data. In the
example below the data will be saved in the GDA_data folder (which was created previously) and will be given the name
GDA _load_accel.csv by default:

savens 21 %
Save i II:I GD2_data j ] |=_~>F -

File: marne: IGD.-’-‘-._Inad_a-:u:eI.u:sv Save I

Save as ype: | Text Files [*tat) =] Cancel |

Sawe in: Ia GDA_data j - £ ER-

File: name: IGD.-’-‘-._Inad_an:cel Save I
Save as bype: ITe:-ct Filez [*.txt] j Cancel |

T | e T TIrT P T TIT mrsamuiil
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13.5 - Importing Data Into Spreadsheet

After starting the spreadsheet program, select the File Open command and navigate to the corresponding folder and file
name, as shown below (note that the file type has been selected as “All Files™):

e [ & [ v [ 40 [ v [ v [ ™ [ W | o [ 7
21x]
|21 aDa_data ~| & |@ X O ER - Tooks -
GDA_load_accel.txt
Fie pame: | | & open |-
Files of Eype: SR O ~ | Cancel |

After clicking the Open button follow the instructions of the Text Import Wizard as
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shown in the following figures:

Choose Delimited:
Text Import Wizard - Step 1 of 3 2 x|

The Text Wizard has determined that vour data is Delimited.
If this is correct, choose Mext, or choose the data type that best describes wour data,

riginal data kype
Chonose the file bype that best describes your data:
(ol - Charackers such as commas or tabs separate each Field.
" Fixed width - Fields are aligned in colurins with spaces between each field,

Skark import ak Fow: |1 E‘ File: origin: I'-.-'-.-'inu:h:uws [ AMST) j

Prewview of file Z:\Documents and Settings) Ton.. a0 _load_accel, Ext,

Chatmnel 10,Channesl 12 ﬂ
0.32470593, 0_413176

0. 347745, 0_38319
o.35705, 0. 4E2235
0. 25805, 0. 3332368 .:J

" |m|ﬁ|m|N|H

Cancel < Back | Mexk = I Eimish |

Select Comma Delimited, since it was saved in this format:
Text Import Wizard - Step 2 of 3 2 x|

This screen lets wou set the delimiters wour data contains. You can see
howa your text is affected in the preview below,

elimiters : _
[~ Treat consecutive delimiters as one
T I Semicclon V¥ Comma
[~ gspace [ Other: I Text gualifier: i
~Daka preview
Channel 10 Channel 12 =
0. 247093 0.413176&

0. 247745 n.38813
o0._35705 D_az2239
o. 35805 0. 333369

ki =
Cancel « Back. | Mext = I Finish |
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Choose General data format:

Text Import Wizard - Step 3 of 3 3 ed B
This screen lets vou select each column and set alumn data Formnat
the Data Format, & Ganeral

‘General’ corverks numeric walues to numbers, date i Text
walues to dates, and all remaining values to kexk, ¢ Date: MDY -

Advanced... |

™ Da not impart colurn {skip)

~Daka presview

hannel 17 :fj
; L413178
] ek .3881%

.4z2239
.333269 -

Cancel < Back

Clicking Finish will import the data into the spreadsheet:

NEEE SRY & BR o
G9 ~| =|
A, | B o

1 |Channel 10 Channel 12

2 | 0347093 0.413176

3| 0347745 0.38819

4 0.35705 0.422239

5 | 0.365305 0.333369

6 | 0372157 0.318822

7| 0377275 0.331659

B | 0385575 0.367634

9 | 0395337 0.311807

10| 0.407528 0.247262

1 0.41867 0.20963

12| 0.433799 0.257354

13| 0.449274 0.262901

14 0.46172 0.233773

15|  0.470895 0.190467
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Once the data is in the spreadsheet it can be manipulated or plotted at will. The figure below shows a graph of the Channel
10 data (Polished Rod Load) plotted as a function of number of points from zero to 300.

Channel 10 Channel 12
0347093 04113176
0347745 038319
035708 0.422239
0.365805( 0.333369
0.372157| 0.318322 GDA Channel 10

0.377275( 0.331659

0385575 0 367634
0396337 0.311807
0407528 0247262
0.41867| 0.20963
0.433799| 0.257354
0449274 0.262901 -
0.46172| 0.233773
0470895 0190467
0.477348| 0171427
0.432071| 0182632 : , , : : ,
0.485942) 0.188505 50 100 150 2m 250 300 350
0430338 0143588

0495276 0111088 Numumher ufsamples

0.438921| 0110999 . n u
0500072 0171628

0496905 0184771

0492543 0.136338

Cooor

Amplitude, mi/V
e
(g [a] E- m [n3]

=
=

[}

[}
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APPENDICES

APPENDIX | - TYPICAL ACOUSTIC VELOCITY IN HYDROCARBON GAS AS A FUNCTION

OF PRESSURE AND TEMPERATURE

The acoustic velocity of air at 820 F is 1140 ft./sec. The velocity of 0.8 SG hydrocarbon gas at 50 PSI and 900 F is 1175 ft./sec.
The velocity of hydrocarbon gas varies from a practical minimum of 600 ft./sec. to 2000 ft / sec. (at 5000 PSI) to 3500 ft/sec (at
15000 PSI). More detailed information about acoustic velocity of hydrocarbon gases at various pressures and temperatures can
be obtained from Echometer’s web page www.echometer.com or by contacting the company. The following Table and figures
correspond to hydrocarbon gases of 0.6 and 0.8 specific gravity. They are reproduced here to serve as a quick reference.

Specific gravity 0.6

Specific Gravity 0.8

Temp, Pressure, | Velocity, Temp, Pressure | Velocity
degF psi ft/sec degF psi ft/sec
108 0] 1433.72 102 0| 1206.15
108 100 1423.75 102 100f 1188.92
108 300] 1405.37 102 300] 1154.73
108 600] 1382.77 102 600] 1105.94
108 1000| 1365.57 102 1000] 1055.77
108 1500 1373.49 102 1500 1059.01
108 2000] 1421.77 102 2000 1163.66
108 2500| 1507.29 102 2500 1328.60
108 3000 1618.15 102 3000] 1514.72
215 0] 1547.00 206 0| 1301.89
215 100 1541.40 206 100f 1291.22
215 300] 1531.91 206 300] 1271.31
215 600| 1522.44 206 600| 1246.15
215 1000| 1520.07 206 1000 1225.11
215 1500| 1535.68 206 1500] 1227.71
215 2000 1572.83 206 2000 1269.59
215 2500 1629.92 206 2500 1347.04
215 3000 1703.15 206 3000 1448.49
321 0] 1649.76 331 0| 1406.71
321 100f 1646.72 331 100{ 1400.49
321 300] 1642.21 331 300] 1389.62
321 600] 1639.57 331 600] 1377.75
321 1000] 1644.27 331 1000 1371.59
321 1500| 1663.81 331 1500 1381.63
321 2000 1698.10 331 2000| 1412.36
321 2500 1745.64 331 2500 1462.18
321 3000 1804.19 331 3000 1527.39

The general behavior of the acoustic velocity is illustrated in the following figures.
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Acoustic Velocity for 0.6 Gravity Hydrocarbon Gas
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APPENDIX 11 - 5000 PSI GAS GUN, IMPLOSION/EXPLOSION OPERATING MANUAL
SUPPLEMENT

NOTE - The following covers both the new and the old models of the 5000 psi gas gun.

A - SAFETY

Read the operating manual and all pertinent safety information before using this equipment. Always use good safety practices.
Contact Echometer Co. (info@echometer.com) if you have any questions about this equipment. Do not exceed 5000 PSI or safe
working pressure at any time.

B - GENERAL - GUN OPERATION IN IMPLOSION MODE

The 5000 PSI gas gun is a general purpose gas gun which can be used below the working pressure of 5000 PSI. The gas gun is
attached to a valve which opens into the casing annulus or tubing depending upon which is to be tested. The pressure pulse is
generated by releasing gas from the well through the (new 180 degree rotation) 1/2" ball valve into the volume chamber.

Figure 1 — New model of 5000 psi gas gun including 180 degree rotation valve, ¥ “ charge valve and optional pressure
transducer fitting

2" Ball Valve Volume Chamber
(180° Rotation) e 0~ Pressure Gauge
\ : e

=" NPT Threads

{Connect to well) Ya” Bleed Valve

Microphone
BNC Connector

Optional Pressure
Transducer Fitting

Quick Connect
(to Gas Supply)

Depending upon the well, from 100 to 500 PSI well pressure is required for satisfactory operation. The amplitude of the initial
pulse can be controlled by the differential pressure between the well and the volume chamber. Generally, a differential pressure
of 100 PSI should be sufficient. However, use enough differential pressure so that collars are counted all -the way-to the liquid
level and the liquid level signal is distinct if possible.

B1-OPERATING TECHNIQUE -IMPLOSION MODE

1. Verify that the well pressure is less than 5000 PSI. Open the valve to the well and bleed a small amount of gas from the
well if possible. Check that liquid is not present at the surface valve. This also removes foreign particles and grease from the
valve so that these foreign materials will not be released into the gas gun.

2. Attach the gas gun securely to the valve or fitting on the well. Attach the pressure transducer to the gas gun when the
optional pressure transducer is used with the Well Analyzer.

3. Open the 1/2" ball valve (see figure below), and close the 1/4" bleed valve and the 1/4" charge valve.
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4, Open the well valve slowly and fully. For best results, the opening between the gas gun and the well should be % inch or
larger. Needle valves and/or small openings will reduce the accuracy of acoustic liquid level depth measurements. The pressure
gauge on the volume chamber indicates well pressure. Do not exceed 5000-PSI WP.

5. Connect the Well Analyzer or Model M amplifier/recorder to the gas gun microphone BNC connector using the
Echometer coaxial microphone cable. Follow the directions in the operating manuals concerning operation of the Well Analyzer
or Model M amplifier/recorder. Connect the pressure transducer cable if the Well Analyzer and pressure transducer are used.

6. Close the 1/2" ball valve. Open the 1/4" bleed valve and bleed the volume chamber pressure so that the differential
pressure between the volume chamber and the well is at least 100 PSI. A larger differential pressure will result in larger
reflections from collars, anomalies and the liquid level. Close the 1/4" bleed valve. The pressure pulse is generated by rapidly
opening the 1/2" ball valve when a differential pressure exists across the 1/2" ball valve. The valve should be rapidly opened and
closed by rotating the valve 1800 from the closed position to the open position to the closed position.

7. The well can easily be re-tested by following the steps in (6). If collars are not obtained all the way to the liquid level,
use a larger differential pressure. Bleed the volume chamber pressure to 0 PSI if necessary.

8. When finished obtaining acoustic tests, close the valve to the well. Open both the 1/2" ball valve and the 1/4" bleed
valve. Then, the Echometer gas gun can be removed from the well.

C - GENERAL - GUN OPERATION IN EXPLOSION MODE

The 5000-PSI gas gun can be used in the explosion mode when the well pressure is low and does not permit satisfactory
operation in the implosion mode. In the explosion mode, an external gas source is used to pressurize the volume chamber to at
least 200 PSI in excess of well pressure. Then, this gas is rapidly released into the well to generate the acoustic pulse. The
volume chamber can be pressurized using C02 gas or nitrogen gas. To pressurize the volume chamber, connect the high-pressure
hose Quick-Connector Fitting from the CO2 or N2 supply bottle to the Quick-Connect Fitting located on the gas gun volume
chamber (see figure below). With the 1/2" ball valve and the 1/4" bleed valve in the closed position, slowly open the 1/4" charge
valve and pressure the gas gun volume chamber to at least 200 psi above the well pressure. Close the 1/4" charge valve on the
gas gun before firing the shot. The acoustic pulse is generated by rapidly rotating the 1/2" ball valve handle 1800 and allowing
gas to discharge from the volume chamber into the well.

C1 -OPERATING TECHNIQUE- EXPLOSION MODE

1. Verify that the well pressure is less than 5000 PSI. Open the valve to the well and bleed some gas from the well if
possible. Check to insure that liquid is not present. This also removes foreign particles and grease from the valve so that these
foreign materials will not be released into the gas gun.

2. Attach the gas gun securely to the valve on the well. Attach the pressure transducer to the gas gun when the pressure
transducer is used with the Well Analyzer.

3. Open the 1/2" ball valve and close the both 1/4" bleed valve and the 1/4" charge valve.

4, Open the well valve slowly and fully. For best results, the opening between the gas gun and the well should be % inch or
larger. Needle valves and/or small openings will reduce the accuracy of acoustic liquid level depth measurement. The pressure
gauge on the volume chamber indicates well pressure. Do not exceed 5000-PSI WP.

5. Attach the Well Analyzer or Amplifier/recorder to the gas gun microphone BNC connector using the Echometer
microphone coaxial cable. Attach the pressure transducer cable if the Well Analyzer is used. Follow the directions in the
operating manuals concerning operation of the Echometer Well Analyzer or Amplifier/recorder.

6. Note the pressure in the volume chamber that is the well pressure. Close the 1/2" ball valve. To pressurize the volume
chamber, connect the high-pressure hose Quick Connect Fitting from the CO2 or N2 supply bottle to the Quick Connect Fitting
located on the gas gun volume chamber. Open the gas supply container valve. Add gas using the 1/4" charge valve to charge the
volume chamber pressure at least 200 psi above the well pressure. Close the 1/4" charge valve to the gas supply before firing the
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shot. The pressure pulse is generated by rapidly rotating the 1/2" ball valve handle 1800 when a positive differential pressure
exists between the gas gun volume chamber and the well.

7. If satisfactory reflections are not obtained from the collars and the liquid level, try again with a higher pressure in the
volume chamber. Do not exceed 5000 PSI.

8. When finished obtaining acoustic tests, close the well valve between the gas gun and the well. Close the gas supply
container valve. Open the 1/4" bleed valve, the 1/4" charge valve and the 1/2" ball valve to bleed gas from the gas gun, the
volume chamber and the hose to atmosphere. Disconnect the gas supply by releasing the Quick Connect Fitting on the hose from
the Quick Connect Fitting on the gas gun.

D - GENERAL - OLD MODEL OF THE 5000 PSI GAS GUN

Older models of the 5000 psi gas gun were assembled with a one way check valve designed to suppress internal reflections that
cause excessive acoustic noise. The acoustic signal produced by the microphone in the 5000 psi gas gun is affected by pressure
resonating in the gas gun volume chamber. When a high energy pressure pulse in the acoustic reflection is detected by the 5000
psi gas gun microphone, the pressure pulse continues into the volume chamber and the volume chamber begins to resonate at a
frequency of between 45 and 75 hertz. The resonating frequency of the volume chamber depends on the acoustic velocity of the
gas, the higher the acoustic velocity, then the higher the resonating frequency.

The resonating frequency from the volume chamber can interfere with collar reflections and make counting the tubing collars
reflections more difficult. The resonating signal can make the determination of the exact location of liquid level kick more
difficult. The purpose of the one-way gas flow check valve is to allow high pressure gas to implode into the volume chamber on
the gas gun, but any resonating energy is not reflected back out of the volume chamber because the check is closed (isolating the
volume chamber from the microphone). By removing the resonating effect of the volume chamber, the one-way gas flow check
valve improves the quality of the acoustic trace from the 5000 psi gas gun and makes analysis of the acquired data easier and
more accurate.

Figure 2 — Old model of 5000 psi gas gun with check valve installed

NOISE PRESSURE GAUGE OR PRESSURE TRANSDUCER

CANCELLING
MICROPHONE

112" CHECK VALVE
1/2" THREAD 1/2" BALL VALVE
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D1 - OPERATING TECHNIQUE -IMPLOSION MODE

The following picture shows how the one-way check valve and 7223F8Y ball valve are installed for implosion gun operation.

a

To wellbore

s ." Tu'-»-ﬂu-hl‘

Check that the well pressure is less than 5000 PSI. Open the valve to the well and bleed a small amount of some gas from the
well if possible. Check to insure that liquid is not present. This also removes foreign particles and grease from the valve so that
these foreign materials will not be released into the gas gun.

Attach the gas gun securely to the valve on the well.
Open the 1/2" ball valve and close the 1/4" ball valve.
Open the well valve slowly. Open the well valve fully. Do not exceed 5000 PSI WP.

Attach the Well Analyzer or Model D amplifier/recorder to the gas gun using the Echometer cable. Follow the directions in the
operating manuals concerning operation of the Well Analyzer or Model D amplifier/recorder.

Close the 1/2" ball valve. Open the 1/4" ball valve and bleed the volume chamber pressure so that the differential pressure
between the volume chamber and the well is more than 100 PSI. A larger differential pressure will result in larger reflections
from collars, anomalies and the liquid level. Close the 1/4" ball valve. The pressure pulse is generated by rapidly opening the
1/2" ball valve.

The well can easily be re-shot. Close the 1/2" ball valve. Bleed the volume chamber by opening the 1/4" valve. Then, close the
1/4" valve. Rapidly open the 2"ball valve to re-shoot. If collars are not obtained all the way to the liquid level, use a larger
differential pressure. Bleed the volume chamber pressure to 0 PSI if necessary. However, a differential pressure of 100 PSI will
be satisfactory on many wells.

When finished obtaining acoustic records, close the valve to the well. Open both the 1/2" and the 1/4" valves. Then, the
Echometer gas gun can be removed from the well.

D2 - OPERATING TECHNIQUE -EXPLOSION MODE

Although the 5000 PSI gas gun is generally used in the implosion mode it can also be used in the explosion mode when the well
pressure is too low and does not permit satisfactory implosion operation. A modification of the valve connection needs to be
made as detailed below. In the explosion mode, external gas is used to pressurize the volume chamber to a pressure at least 100
PSI in excess of well pressure. If satisfactory operation cannot be obtained by releasing gas from the well into the gas gun, the
volume chamber on the gas gun can be pressurized using C02 gas or nitrogen gas. To fill the volume chamber, the 1/4" ball
valve is connected to a gas supply. The 1/4" ball valve is opened and the 1/2" ball valve is closed. Open the valve on the gas
supply and fill the volume chamber 100 PSI above well pressure or safe working pressure, whichever is lower. Then close the
1/4" ball valve. The acoustic pulse is generated by rapidly opening the 1/2" ball valve and allowing gas to discharge from the
volume chamber into the well. The well can be re-shot by closing the 1/2" ball valve and refilling the volume chamber through
the 1/4" ball valve utilizing the gas in the external supply bottle. Then close the 1/4" ball valve. The gas pulse will be generated
when the 1/2" ball valve is rapidly opened.
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E - VALVE CONNECTION MODIFICATION

The following picture shows how the one-way check valve and 7223F8Y ball valve are normally installed for implosion gun
operation. IN ORDER TO FIRE THE 5000 PSI GAS GUN IN EXPLOSION MODE, THE VALVES NEED TO BE ROTATED
180 DEGREES AND INSTALLED IN THE GUN WITH THE INLET OF THE CHECK VALVE AND THE INLET OF BALL
VALVE FACING TOWARD THE VOLUME CHAMBER OF THE GUN AND AWAY FROM THE MICROPHONE. Well
debris tends to cause the ball valve to leak pressure, if the ball valve is not rotated 180 degrees when used in explosion mode.

A ." \'u'-»-ﬂn-u'

Check that the well pressure is less than 5000 PSI. Open the valve to the well and bleed some gas from the well if possible.
Check to insure that liquid is not present. This also removes foreign particles and grease from the valve so that these foreign
materials will not be released into the gas gun.

Attach the gas gun securely to the valve on the well.
Open the 1/2" ball valve and close the 1/4" ball valve.
Open the well valve slowly. Open the well valve fully. Do not exceed the 5000 PSI WP.

Attach the Well Analyzer or amplifier/recorder to the gas gun using the Echometer cable. Follow the directions in the operating
manuals concerning operation of the Echometer.

Note the pressure in the volume chamber which is the well pressure. Close the 1/2" ball valve and connect the 1/4" ball valve to a
gas supply source. Open the gas supply source. Slowly open the 1/4" ball valve until the volume chamber pressure increases to
approximately 500 PSI above well pressure. Then, close the 1/4" ball valve. The pressure pulse is generated by rapidly opening
the 1/2" ball valve when a positive differential pressure exists between the gas gun volume chamber and the well.

The well can easily be re-shot. Simply close the 1/2" ball valve. Slowly open the 1/4" ball valve and fill the volume chamber
pressure 10500 PSI above well pressure. If greater responses are desired from the collars and the liquid level reflections, increase
the volume chamber pressure to 1000 PSI above well pressure. Close the 1/4" ball valve. To generate the pressure pulse, rapidly
open the 1/2" ball valve. If satisfactory reflections are not obtained from the collars and the liquid level, try again with a higher
pressure in the volume chamber. Do not exceed 5000 PSI.

When finished obtaining acoustic records on the gas gun, close the valve to the well between the gas gun and the well. Close the
1/4" ball valve and the 1/2" ball valve. Disconnect the gas supply. Slowly open the 1/4" and 1/2" ball valves to bleed gas from
the gas gun and volume chamber to atmosphere. When not in use, leave both valves open.

F - MAINTENANCE

Very little maintenance is required for this gas gun except for inspection to insure that the threads, parts and materials are in good
condition and have not been subjected to excessive wear or corrosion.

ECHOMETER Co. 410 10/9/2008



Well Analyzer and TWM Software Operating Manual — Rev. D

G - INSTALLATION OF THE 5000 PSI GAS GUN TO ACQUIRE ACOUSTIC RECORD

Rig-up for shooting through Tubing: If possible, use a %2 inch NPT to 2 inch High Pressure nipple adaptor, as shown below.

For best results, before attaching the gun to the wellhead, replace any needle valves with % inch ball valves in order to minimize
energy loss through connection as shown below:
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APPENDIX 11l - CHECKING MICROPHONE RESPONSE

The purpose of this test is to check the output of the microphone in either the Remote Fire or the Compact Gas Gun

The following figure shows the typical microphone response when using the 2 inch diameter, white PVC, test cap provided with
the equipment.

Microphone Response from Squeezing Test Bulb
Acquired with TWM Software and Well Analyzer
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Elapsed Time I24— ar e S — ................E‘

[ﬁLl’ _] FIRE SHOT!

Battery Votage [15.0 wolt well State | Producing = J |

The test bulb is attached to the remote fire gun with the pressure transducer attached to the gun,
the bleed valve closed and the volume chamber pressurized to close the gas discharge valve.

A similar response should be obtained when performing the test with a Compact Gas gun.
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APPENDIX IV - TYPICAL PERFORMANCE CURVES FOR ARROW GAS ENGINES

The following curves are intended to illustrate the typical performance of gas engines as a function of RPM. It is recommended
that the user refer to the actual performance curves supplied by the manufacturer of the engine installed on the beam pump.

The following figure shows the relationship between engine power at the shaft vs. RPM for different size Arrow Gas engines
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During the pumping cycle the motor speed will vary over a significant range. It is recommended that the average RPM be
determined using an indicating tachometer and this value used as input to the well file in the Surface Equipment tab.
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The following figure shows the energy consumption (1000 BTU/hr) corresponding to the operating power for different size
Arrow gas engines.

This value may be used in conjunction with the BTU content of the fuel gas to estimate the energy consumption of the engine.
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