Echometer Model-H

The Acoustic Liquid Level Instrument for Hazardous Environments

Introduction

This operating manual contains information about the Echometer Model H Fluid Level Instrument including
installation instructions, operating procedures, requirements for intrinsically safe application, maintenance,
shooting problem wells, record interpretation and technical references relating to the optimization of producing
wells. Please read the manual and view the example screens before operating the instrument. Additional
technical papers can be accessed from the Echometer Web page, www.echometer.com; these articles offer
additional information on the use of acoustic fluid level instruments to optimize production. Please read these
papers at your convenience.

Limits of Liability

Echometer Company reserves the right to revise its software and publications with no obligation of Echometer
Company to notify any person or any organization of such revision. In no event shall Echometer Company be
liable for any loss of profit or any commercial damage, including but not limited to special, consequential, or other
damages.

Information in this document is subject to change without notice and does not represent a commitment on the
part of Echometer Company. The software described in this document is furnished under a license agreement
or nondisclosure agreement. It may be used or copied only in accordance with the terms of the agreement. It is
against the law to copy the software or any medium except specifically allowed in the license or non-disclosure
agreement.

Copyright Notice

Copyright 2009, 2010 Echometer Company. All rights reserved. Federal copyright law protects this manual. No
part of this manual may be copied or distributed, transmitted, transcribed, stored in a retrieval system or
translated into any human or computer language, in any form or by any means, electronic, mechanical,
magnetic, manual, photographic, photocopy, scanning, or otherwise, or disclosed to third parties without the
express written permission of Echometer Company.

Trademarks
AWP, TWM, QRod, Compact Gas Gun are trademarks of Echometer Company
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Safety Considerations

Read this manual before operating the equipment.

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 wellhead 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.

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.

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.

The user must read, understand and accept the conditions for using the Echometer Model H in a

hazardous environment. Please refer to the section in this manual that describes the requirements to use the
instrument in a safe manner in or near a hazardous area where explosive mixtures of gases may be present.

Operation in Hazardous Environments

The Echometer Model H is approved for operation in hazardous environments that are classified as Class |
Division 1 Groups C & D T4 and

II'1 G Ex ia lIB T4 ,when installed and used in accordance with the instructions X57H, found on the following
page.

Note: To maintain Intrinsically Safe certification, the unit must be charged in a safe area and can only be
charged using Echometer P/N MS1610.

As part of the instrument set-up procedure and to be able to use the instrument, the user is expected to read,
understand and ACCEPT the following conditions of operation:

e The user agrees to follow the instructions related to using the Echometer Model H in a hazardous
environment with regard to connecting to the well, connecting to the acoustic hardware and operating the
instrument to acquire, recall and analyze data.

e The user agrees that connecting the Echometer Model H to the battery charger will occur only in a NON
hazardous area.

e The user agrees that downloading or uploading data or software via the USB port will be done only in a
NON hazardous area and only by connecting to a Battery Powered laptop or notebook computer and
NEVER connecting the instrument to the USB port of a computer connected to an AC power source.

e The user understands that the Echometer Model H is not waterproof when the lid is opened and must be
kept dry while the case is opened.

e The user agrees that he is aware and understands that if any ONE of these requirements is not fulfilled
the Echometer Model H instrument will no longer meet the specifications of intrinsic safety.
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Instructions X57h
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Echometer Schools

Echometer Company offers schools on the use and applications of this equipment. You are invited to attend free
of charge. A list of the schools, which are taught throughout the United States and Canada, will be sent upon
request or can be viewed at http://www.echometer.com

Additional Information

Please contact Echometer Company to obtain additional information or to clarify any questions that you may
have in regard to the use of this instrument. The street and mailing address, phone number, fax number and e-
mail address are given on the first page.
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Instrument Description — Model H

The Echometer Model H is a stand alone, battery powered, microprocessor
controlled digital acoustic signal processor. When installed and used in accordance
with instructions X57H it is approved for operation in Class | Division 1 Groups C &
Dand Ex Il 1 G ExiallB T4.

The Echometer Model H permits better interpretation of reflections from down hole
anomalies through application of digital filtering and processing that improve the
ability of the operator to distinguish down hole obstructions from enlargements. The
response from the liquid level (or a reduction in annulus area) is opposite to the
response from an enlargement such as a hole in the casing or perforations.

Selecting the proper digital filter will result in more accurate determination of the
number of tubing collar reflections from the surface to the liquid level.

A microprocessor is used with an analog to digital converter, memory chip,
amplifiers, clock, timing circuit and other electronic components to improve the
performance and utility of the instrument. When an acoustic pulse is generated in
the well, the signals reflected from the collars at the top of the well are large but
rapidly attenuate.

The microprocessor is used in conjunction with a real time clock. The timing
capabilities of the microprocessor, clock and timing circuit are used to determine the
round trip travel time with a resolution of +/- 0.001 seconds. In the automatic mode
of analysis, the travel time and the distance to the liquid level obtained by the
software by counting the collar echoes are used to compute the average acoustic

velocity of the gas in the annulus. The acoustic velocity, the casing pressure and average temperature can be
input to the utility program AWP 2000 (download at no cost from www.echometer.com) to compute the gas

gravity and the pressure distribution in the well, including the pump or tubing intake pressure and the pressure at

the perforations.

The entire instrument is contained in a waterproof, dustproof plastic housing having dimensions of 11 x 10 x 5
inches and weighs 11 pounds (5 kg). The following section describes the instrument panel and the function of

the various controls.
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Instrument Panel

The instrument panel is shown in the following Figure.

(((ecHoMETER)))

Model H
&

Power-On Self Test
Please wait 45 seconds

ECHOMETER COMPANY.
5001 DITTO LANE
WICHITA FALLS, TX

The panel incorporates both soft keys and a navigational 5-button star input keypad. A row of “soft key” buttons
below the LCD are used to execute the actions described in the labels at the bottom of the screen.

. Power Button:

Momentarily pressing the power button energizes the instrument fully and initiates the booting of the software.
The microprocessor performs a system test and displays the battery charge status. The instrument can be
turned off manually by pressing the power button.

The up, down, right, left, and enter are used to navigate through the menus and also to enter or edit program
parameters and well information.
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. Soft Keys

The function of each soft key change depending on the screen that is currently active. Their function is described
by the labels displayed at the bottom of the LCD display.

. Input Connector
' »

This BNC INPUT connector is the input to the amplifiers. When acquiring data, this INPUT connector must be
connected to the microphone connector on the acoustic wellhead using a good coaxial cable with clean
connectors.

o USB Connector (left side)
-’

This input/output connector is used to transfer well information records, acquired shot data records and analysis
results between the Model H and an external computer running the Model H Laptop Manager Software.

. Battery Charger Connector (right side)

Connection to a battery charger should be made only when the instrument is outside the hazardous area.
Attaching the 110 VAC or the 220 VAC Echometer battery charger having an input of 110/220 VAC and an
output of 14.8 volts DC and 2Amps.

Note: To maintain Intrinsically Safe certification, the unit must be charged in a safe area and can only be
charged using Echometer P/N MS1610.
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e Battery Reset Button (Pin-Hole)

In the event of a necessary hard power down or battery reset, the pin-hole reset button can be accessed with a
paper clip. Depressing the pin-hole button will cut the power from the battery to the instrument causing a hard
reset of the battery. Pressing the power button will restore power to the unit and initiates booting of the software.

Caution should be used when utilizing the hard reset. It is recommended that the pin-hole reset button is
only pressed when the instrument is completely powered down.
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General Operation Procedures

Operation of the instrument is simple. First, the acoustic wellhead (gas gun) should be attached to the casing
annulus or tubing-head valve, and the cable should be connected between the microphone and the instrument.
The valve between the casing annulus and the flow line or between the tree wing valve and the flow line should
be closed to prevent the well gas from venting into the flow line causing excessive noise. Then the instrument is
powered up and the user selects the mode of acquisition, prepares the gas gun for firing, generates the acoustic
pulse, stops data acquisition, reviews the data and saves the record to the instrument memory. When acquisition
of data at the well is complete, the microphone cable is disconnected from the gas gun, wellhead valves are
returned to their original position, pressure is relieved and the gas gun removed from the well. The following
sections illustrate in detail a mode of operation of the instrument and software.

Operation of the Model H with the Compact Gas Gun

The compact gas gun is operated either in the COMPRESSION (Explosion) mode or the RAREFACTION
(Implosion) mode. The operator should use the Compression (explosion) technique when the casing pressure is
less than approximately 100 psig. The Rarefaction (implosion) technique may be used whenever the casing
pressure is sufficient to obtain a good record.

Compression (Explosion) Mode

Expansion of gas from the Echometer gas gun is used to generate a pressure pulse. The pressure pulse is
positive since the gas chamber is charged to a pressure that exceeds the well pressure by at least 100-psi.

Securely attach the Echometer Gas Gun to the Casing or Tubing Valve.
Close the Well Pressure Bleed Valve and Filler Bleed Chamber Valve.
. Lift the Cocking Arm to close the internal gas valve. This prevents debris from entering the volume
chamber.
. Open the Well Valve to the Echometer Gas Gun slowly and close the casing or wing valve to the flow
line.
Measure the Well Pressure using the precision pressure gauge.
Record Time and Well pressure.
e  Fill the volume chamber with gas (CO2 or N2) to at least 100-psi (or more when a high background
noise level is present) in excess of the Well Pressure.
. Connect the coaxial cable from the microphone to the Input of the Model H.
. Power up Instrument by pressing the left soft key.
. Navigate to the acquisition screen following the Explosion Pulse path as described in the following
section.
e  Generate pressure pulse by pulling Trigger Ring, after the message “Waiting for Shot to be Fired” is
displayed.
Inspect the record and repeat the shot if the signal quality is not satisfactory.
Record Time and Well Pressure.
Close the Valve between Echometer Gas Gun and the well.
Open the Well Pressure Bleed Valve and release the pressure.
Open the Casing Valve or Wing Valve to the flow line.
Remove the Echometer Gas Gun from the Casing or Tubing Valve.
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Rarefaction (Implosion) Mode

Gas is released from the well into the gas gun volume chamber to generate the initial pulse. Debris, moisture,
corrosive liquids and chemicals, and other foreign material may be imploded into the gas gun volume chamber,
which will increase maintenance requirements and may cause corrosion on the inside of the volume chamber.

e Securely attach the Echometer Gas Gun to the Casing or Tubing Valve.

o Close the Well Pressure Bleed Valve and Filler Bleed Chamber Valve.

e Open the Well Valve to the Echometer Gas Gun slowly and close the casing valve or the wing valve to

the flow line.

Pull Trigger Ring.

Lift the Cocking Arm to close the internal gas valve.

Measure the Well Pressure using the precision pressure gauge.

Record Time and Well Pressure.

Bleed the gas chamber pressure through the Filler-Bleeder Chamber Valve by rotating the knob

clockwise until the gas gun pressure has decreased to approximately 200-psi below the well pressure

reading. Use greater or less differential pressure depending on the background noise level.

Connect the coaxial cable from the microphone to the INPUT of the Model H.

Power up Instrument by pressing left soft key.

o Navigate to the Acoustic Record Acquisition screen following the Implosion Pulse path as described in
the following section.

e Generate pressure pulse by pulling Trigger Ring, after the message “Waiting for Shot to be Fired” is

displayed.

Inspect the record and repeat the shot if the signal quality is not satisfactory.

Record Time and Well Pressure.

Close the Casing Valve or Tubing Valve between Echometer Gas Gun and the well.

Open the Well Pressure Bleed Valve and release the pressure.

Open the Casing Valve or Wing Valve to the flow line.

Remove the Echometer Gas Gun from the Casing or Tubing valve.
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Acquisition of Acoustic Records
— Model H Quick Reference
1 - Power up instrument by pressing the ON/OFF button on the instrument panel.

2 - Press the soft key corresponding to “Continue” and select “Accept” at the Conditions of
Operation.

3-To continue with Acquisition press the soft key below the Acquire Data label.

4- Use the Star Keys Up and Down buttons to select the group that contains the information
for the well being tested.

5- Use the Star Keys Right Arrow to select the Well option to display the list of wells included
in the chosen Group.

6- Use the Star Keys Up and Down arrows to select the desired well from the list.
7- Press the “Acquire Shot” button on the instrument panel after the well has been selected
from the list (either pressing the button below the “Select Well” label or the “Enter” button of

the 5 button Star Keys)

8- Select the method of acquisition, “Implosion” or “Explosion,” and review the check list
displayed for connection and preparation of the hardware to perform the acoustic test.

9 — When ready press the button under the “Continue” label and monitor the noise signal
strength to determine the level of differential pressure that should be used.

10 — Press the “Start” button after adjusting the gas gun pressure if necessary.
11 — Actuate the gas gun control (trigger) to generate the pulse.

12 — Press the button under the Stop label to terminate acquisition after observing the liquid
level response and a repeat if desired.

13- Save or Discard the acquired shot.

14- Return to Main Menu or Retest the same well.
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Acquisition of Acoustic Records

Following are illustrated the steps normally followed when acquiring fluid level acoustic record.

1 - Power up instrument by pressing the ON/OFF button on the instrument panel.
The following Self Test Screen is displayed for about 45 seconds:

(((EcHOMETER)))

Model H
&

Power-On Self Test
Please wait 45 seconds

ECHOMETER COMPANY
5001 DITTO LANE
WICHITA FALLS, TX

The following Title screen is displayed after powering up the instrument:

Title Screen

Echometer Acoustic Liquid Level Instrument
ModelH Serial Number 8030

North American Class 1 Div1 Groups C&D T4
- IEC Ex CA/QPS/EXTR10.0003/00

ExlaliB 14

Intrinsically safe when installed as per drawing

Echometer Company
5001 Ditto Lane
Wichita Falls, Texas 76302
www.echometer.com
Q40-767-4334

Date 2011-07-27 Time 18:09:19 Battery Charge .
OFF

Continue
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Check that the battery is adequately charged to successfully undertake the proposed testing sequence. The
color of the battery level indicator will turn from green to yellow when charging is required immediately. Regular
charging increases battery life.

2 - Press the soft key corresponding to Continue to display the following screen:

Echometer Company Conditions of Operatior
Copyright 2009

> Press READ CONDITIONS to read the conditions
of operation for the Echometer Model H

> Press ACCEPT if you have read and accept
the conditions of operation.

Read
Conditions

Accept

Selecting the Read Conditions options opens the following screens. Selecting the Accept option proceeds to
the Main Menu screen.

Conditions of Operation

Echometer Company Conditions of Operatior Echometer Company Conditions of Operation
Copyright 2009 Copyright 2009

> The operator should read the Echometer operating manual, > The operator and all related parties hereby releases Echometer
attend the free Echometer Seminars, study all relevant technical Company and it's employees, officers, agents, representatives
and safety literature relating to the operation fo this equipment and related parties from all liaility fo the operator, and all

and should operate in a safe manner. Your safety and the safety related parties, and for all loss or damage to property and

of those around you are of primary concern. injury or death to any person which results from or in any way

relates to the use of Echometer software or equipment.
> All well condition and operation interpretations are opinions

based on inferences from electrical or other measurements or data > If the operator agrees fo be bound by dll the terms on these
and Echometer cannot guarantee the accuracy or correctness of screens, press the button below Accept. If the operator

any interpretations. The operator agrees that Echometer shall not, does not agree, press the button below Decline and

except in the case of willful negligence by Echometer, be liable terminate use of the instrument.

or responsible for any losses, damages, of expenses resulting from

any interpretation made from this data including interpretations

by Echometer employees and representatives.

Decline Page Down Decline

If the user Declines to accept the conditions the program shuts OFF the instrument. Page Down displays the
continuation of the text detailing the conditions of operation.
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When the user Accepts the Conditions, the Main Menu is displayed as shown in the following figure:

Main Menu

Main Menu

> Off

> Acquire Well Acoustic Data
> Recall Well Acoustic Data
> Setup

> Help

Date 2011-08-02 Time 10:08:38 Battery Charge _...?*-

OFF A il Setup Help

The Main Menu Help Screen gives general instructions for user input and control as well as information
regarding the software version and instrument serial number:

Main Menu - HELP

The Echometer Model H system is controlled by an interactive menu
system. Navigation through the menu system is accomplished by
choosing which menu option 1o proceed to next. Your choice may
be made directly by pressing one of the five SOFT-KEYs immediately
below the LCD panel. Selections corresponding to these keys are
displayed as magenta buttons at the bottom of the LCD panel.

Alternately, most menus provide o SELECT-AND-ENTER style wherein
the UP & DOWN ARROW keys direct a HIGHLIGHT BAR to dlternate

menu choices. Pressing the ENTER key will activate the current
HIGHLIGHTED menu item. The ENTER key is the square key between
the four ARROW keys.

Software Version 1.0.01k Build Date 20100323

Model / Rev = H-00
Serial # = 9999
KeyPad Ver = V1.00

Previous
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In the following description, the acquisition procedure assumes that the default mode of acquisition is the
“Named Well Mode” where the user first selects from the instrument’s data base the specific well information
where the acoustic test is being performed and then acquires the acoustic record. Upon completion, the data set
is added to the records for that specific well.

An alternate “Quick Shot’ mode of acquisition can be preselected in the Setup menu as the default method
where the user is automatically directed to the acquisition screen without having to select a well from the data
base. The acquired record is then added to the previously acquired data sets in the “Quick Shot’ group as a
record labeled with date and time of acquisition but no direct reference to the specific well that was tested. The
intent of the quick shot mode of acquisition is to obtain the fluid level data in a minimum of time for routine
monitoring of well operation.

Instrument Set-Up

The instrument is shipped with standard default options and quantities as displayed in the Set-Up Menu that is
accessed by pressing the button below the Setup label in the Main screen as discussed on page 25 of this
manual.

Any acquired data will be named according to the date and time the shot was taken. Make sure the date and
time are correct for your time zone so that your shot record will be accurate.

Set-Up M (Y
pate T pommoEoR

Time 1oE13]
Idle Minutes before Sleep 10l

Sleep Minutes before Power Off [3]0]

Operating Mode Named Well
Default Joint Length () BI]7lo]

Default Acoustic Velocity ~ (ftfsec) 1217

Enabled Shot Type: Both Enabled
Initial Analysis Mode: Automatic (Collars.

Screen Brightness

2011-08-02 10:34:48

Undo Setup Next
Changes Page 2 ltem
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3-To continue with Acquisition press the soft key below the Acquire Data label.

The following screen is displayed showing the available well groups with the name of the most recently selected
group highlighted. If the Selected Group column title is not displayed with a list of Groups displayed below it, use
the left arrow key to highlight the Selected Group column.

Well and Group Selection

Acquire Acoustic Data - Select or Add Group
Ilée_i_m Group| W Shot
EXAMPLES

ANOMALY MARKER METHOD

HQUICK SHOT GROUPI!
ECHC OUP

Add Help Acquire

New Group Shot

A
40>

4- Use the Star Keys v Up and Down buttons to select the group that contains the
information for the well being tested.

In the above figure the “Examples” group has been selected. If the desired Group is not in the list pressing the
button under the “Add New Group” label will display the screen that allows adding new groups to the list as
described later in this manual.
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5- Use the Star Keys Right Arrow to select the Well option to display the list of wells included
in the “Examples” group:

The selected well is highlighted: “Automatic Analysis Collars”

Acquire Acoustic Data - Select or Add Well
electe Lp [m ‘
EXAMPLES
AUTOMATIC ANALYSIS COLLARS
20110823-1919
00 000 e
ACOLIS ‘

Add Well Acquire
New Well Information Shot

6-Use the Star Keys Up and Down arrows to select the desired well from the list.

If the well to be tested is not in the list pressing the button under the “Add New Well” label will display the
screens that allow adding new wells to the list as described later in this manual.

Acoustic Record Acquisition

7- Press the “Acquire Shot” button on the instrument panel after the well in question has been
selected from the list (either pressing the button below the “Select Well” label or the “Enter”
button of the 5 button Star Keys)
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The Select Test screen is displayed so that the user may select the type of pulse: “Implosion” or Explosion”

Select Explosion or Implosion Test
EXAMPLES

> Go Back to Previous Menu
> Implosion (release gas from well into gun)
> Explosion (discharge gas from gun into well)

Previous Implosion  Explosion

8a-Pressing the button below “Explosion” label displays the check list for connection and
preparation of the hardware to perform the acoustic test.

Prepare Well and Gas Gun for Explosion Shot

Prepare Well and Gas Gun

AUTOMATIC ANALYSIS COLLARS

20110823-1919
Charge Gas Gun

Connect Gas Gun to Well
Connect Microphone Cable

Open Valve Between Gas Gun and Well
Close any other flowline valves

> Go Back to Previous Menu
> Press Continue Button to Start Data Display

Previous Continue
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8b-Pressing the button below “Implosion” label displays the check list for connection and
preparation of the hardware to perform the acoustic test.

Prepare Well and Gas Gun for Implosion Shot

Prepare Well and Gas Gun

EXAMPLES
AUTOMATIC ANALYSIS COLLARS
20110824-1713

Empty Gas Gun Volume Chamber
Connect Gas Gun to Well
Connect Microphone Cable

Open Valve Between Gas Gun and Well
Close any other flowline valves

> Go Back to Previous Menu
> Press Continue Button to Start Data Display

Previous Continue

9 — When ready press the button under the “Continue” label

Background Noise Display

Data Display only Unit is not recordlng data

Signal Sirength P-P

acquisition, then generate shot audimisd

imately 3 seconds of data e
ach 1000 feet (300 meters) 10 wv

Press Start Button to begin data 100 mv E ’

Help
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The signal strength indicator will change from green to yellow when the background noise in the well exceeds
1mV and from yellow to red when the noise exceeds 10 mV.

A red indicator suggests that a higher level of differential pressure should be used to generate the shot.
10 — Press the “Start” button after adjusting the gas gun pressure if necessary.

Waiting for Shot to be Fired

Waiting for Shot - Unit is not recording data

At

\ I
2.56 seconds of data Unfil/Raw.

Signal Strength P-P
Waiting for Shot to be fired 100 mv

10 mv
1 my
100 uv
8:48 (minutes:seconds) 10 uv

Remaining Shot Detection Window:

Toggle

Previous Filter

The display indicates that the software is monitoring the microphone signal and is ready to detect the shot when
it is fired. Shot detection occurs when the microphone voltage exceeds the preset threshold voltage. The user
has 10 minutes to generate the acoustic pulse by actuating the gas gun trigger or control valve. When the
allotted time expires the screen will change automatically to the previous screen (Background Noise Display).

In noisy wells it may be advantageous to Toggle ON/OFF a Low Pass filter to enhance the displayed data and
help the user observe the echo from the liquid level and/or other anomalies present in the well.
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11 — Actuate the gas gun control (trigger) to generate the pulse.
Upon detection of the shot the following screen is displayed:

Acquiring Data Screen

Acquiring Data

Explosion

Seconds since Shot Detected: 11

Press Stop to end data acquisition
after Liquid Level observed

12 — Press the button under the Stop label to terminate acquisition after observing the liquid
level response and a repeat if desired.

Following the Stop command, or the expiration of the 30 second maximum recording interval, the program will
process the acoustic data and display the following screen:

Processing Well Data - one moment please
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When processing is finished the following screen is displayed:

Automatic Fluid Level Analysis

Automatic Liquid Level Depth Analysis

__._AMMAHAHJL__L_E_#T_Q_lQ__LLJZ e aa Ak 16 1
LL Explode

_Untift/Raw
1000 2000 | 3000 4000 | B0DO| (600D 7000 8000 90

A

0 "Comars® 8o 80  Liquid Marker 9.0
. : . well: AUTOMATIC ANALYSIS
Liquid Level Depth: 48171t o oo 1001602
Joinfs to Liquid Level: 148.85 Avg Jis/sec: 17.19 AvgJtLen: 31.49 fi
Time fo Liq Lev (sec): 8.659  Average Acoustic Velocity: 1090 fi/sec

Toggle Adjust Adj Liquid Analysis

Filter Collars Level Opftions Continue

The software scans the acoustic record to identify all the signals that are similar to echoes from the liquid level
and displays a vertical dashed line labeled “LL” on the signal that has the greatest probability of corresponding to
the liquid level.

The program then builds a low pass filter designed to enhance the echoes from the tubing collars and attempts
to count as many tubing joints as possible before the signal attenuates to a level similar to the background noise
level. The point in time where the collar count stops is indicated on the acoustic trace by the vertical dashed line
labeled “C”. This filtered shot data is displayed in the Liquid Marker window as a green shot trace. The
Unfiltered/Raw shot trace is displayed as the brighter yellow.

The user should verify that the software has correctly identified the echo from the liquid level and that the collar
count marker is located near the liquid level echo for maximum accuracy.

If the user determines that the automatic analysis is not accurate, the user has the option of manually adjusting
the marker identifying the liquid level or modifying the collar count by pressing the corresponding “Adjust”
buttons. When the user is satisfied that the software has correctly identified the liquid level echo and generated
an accurate collar count then the analysis can be saved by pressing the button below the Continue label and the
screen will display the Data Set Disposition screen.

Manual Adjustments

The functions: Toggle Filters, Adjust Collars, Adjust Liquid Level and Analysis Options are discussed in
detail in the next chapter of this manual.
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Data Set Disposition

Acquired Data Set Disposition

> SAVE will record acoustic data as

Group Name:

> DISCARD will erase and delete
acquired acoustic data
> Return to PREVIOUS screen

Previous DISCARD Help

Pressing the button below the “Save” label will store in the memory of the instrument the current analysis and
interpretation of the acoustic data then the Test Well screen will be displayed.

Pressing the button below the “Discard” label will delete the acquired data and display the Test Well Menu
screen.

Pressing the button below the “Help” label will display the following Acquired Data Set Disposition — HELP
screen reviewing the above information.

Acquired Data Set Disposition - HELP

SAVE records a file containing the mecasured acoustic data and any
processing changes requested by the operator. SAVE will record the
data and processing as shown on the previous Data Review screen

DISCARD will erase and delete the measured acoustic data and ail
processing results. No permanent record will be kept of this data
acquisition session.

PREMOUS returns to the Data Review screen shown immediately

before the Data Disposition screen appeared.

Previous
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Repeat Acquisition

Test Well Menu

> Turn instrument OFF
> Retest the same well
> Test another well

> Go to Main Menu

Retest Test MAIN
Same Well  Another Well MENU

The user has the option of repeating the acquisition of acoustic data at the same well by pressing the button
below the “Retest Same Well” label.

Other options are:
Go to Main Menu

Prepare instrument to Test Another Well
Turn OFF the instrument

Those are activated by pressing the corresponding buttons on the instrument panel.
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Set-Up Menu

The instrument is shipped with standard default options and quantities as displayed in the Set-Up Menu that is
accessed by pressing the Setup button below the Setup label in the Main Menu screen. Pressing the Help
button displays the corresponding instructions:

> Off

> Acquire Well Acoustic Data
> Recall Well Acoustic Data
> Setup

> Help

Date 2010-03-24 Time 12:12:05 Battery Charge -

Acquire Recall
OFF Data Data

Main Menu Set-Up - HELP
The Set-Up Menu provides review and edit access to many system
values and operational control settings.

Item Gow) navigation is done with either SOFT-KEY 3 (Next Item) or
ENTER (square key between arrows). The item selected for edit entry
is indicated with a reverse video prompt and a < symbol in the far
right column.

Digit (column) navigation is done with the LEFT & RIGHT arrows. The
digit selected for edit entry is indicated by a reverse video display.

The contents of a selected item or digit may be changed with the
UP & DOWN arrows.

SOFT-KEY 1 Undo Changes) restores all items to their pre-edit
values. SOFT-KEY 5 (Accept & Exit) updates all editted items
and exits the Set-Up Menu.

Setup Help Previous

The following screen displays Page 1 of the Set-Up screen with the factory settings for the software:

L

Set-Up Menu
Date 2]oofo]

Time
Idle Minutes before Sleep
Sleep Minutes before Power Off

Operating Mode
Default Joint Length (f)

Default Acoustic Velocity (fifsec) ]
Enabled Shot Type: Both Enabled
Initial Analysis Mode: Automatic (Collars

Screen Brightness <
2010-03-24 12:12:28 -

Undo Setup Next

Changes Page 2 Iltem

Date and Time: The instrument’s real time clock should be set to the correct values. This is important since
the acquired data files are stored in the database using a date-time stamp.

Idle Minutes Before Sleep: Number of minutes (set to 10) of inactivity before the instrument automatically dims
the screen and shuts down unnecessary circuits to save battery power. Pressing any button will wake up the

instrument.

Sleep Minutes before Power Off: Number of minutes after sleep time before instrument is powered OFF.

Pressing the ON/OFF button will restart the Model H after power OFF.
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Operating Mode:

The Echometer Model H offers two options for acquisition of acoustic data; Named Well and Quick Shot.
Named Well

This option requires that an existing well file be selected before acquiring data. Upon acquisition the time-
stamped acoustic record will be added to the records for that well.

Quick Shot:

This option automatically sets up the Quick Shot Group and Well to proceed directly to firing of the shot, after
powering up the instrument and accepting the Conditions of Operation. The acoustic record will be added to the
“Quick Shot” data base with the corresponding date-time stamp.

Default Joint Length (ft) 31.7 is the average joint length that the software uses when the value for a specific
well has not been updated by the user or when acquiring data in the Quick Shot mode

Default Acoustic Velocity (ft/sec) 1127 is the average acoustic velocity that the software uses when the
value for a specific well has not been updated by the user.

Enabled Shot Type: defines the most commonly used pulse generation method:

e Both Enabled: Both explosion and Implosion may be selected by user at time of acquisition

o Implosion Only: Acquisition screen will display Implosion procedure checklist

e Explosion Only: Acquisition screen will display Explosion procedure checklist
Note that Implosion Mode causes the trace data to be inverted to compensate for the pressure wave direction
reversal.

Initial Analysis Mode: defines the default method for calculation of the distance to the liquid level:
e Automatic (collars): software performs automatic collar count and selects the liquid level.
e Anomaly Markers: user flags the echoes from known wellbore anomalies defined in well file.
e Acoustic Velocity: a constant value of acoustic velocity is used to convert time to liquid level echo to
distance to liquid level.

Screen Brightness: Manually adjust screen brightness using Left/Right arrows. Brighter screen drains the
battery faster.
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The following screen displays Page 2 of the Set Up screen

Set-Up Menu

(Fixed or (N)oise-based Threshold?
Recorder Threshold (mv)

Simulated Acquisition Mode ]
Baftery Amps [ —
2011-07-27 17:09:45 .

Undo System Next USB Connect Selup
Changes Update Item Laptop Magr Page 1

Units: Selection of the system of units to display values of distance; Feet or Meters

The Model H can operate with Depth Units of Feet or Meters. The Units specified in the SetUp configuration are
used automatically for display of newly acquired shot data and analysis results. For Recall access the current
SetUp units are compared to the depth units used when the shot was last saved, and if they are different the
operator is asked to select the desired Depth Units for Recall viewing and processing.

(Fixed or (N)oise-based Threshold:

A Fixed Threshold (F) allows the operator to enter a recorder threshold value that the instrument will use to
detect when a shot is fired. Setting the threshold too high or too low may inhibit the Model H from “hearing” the
shot fired, or may increase the sensitivity to a level that would not allow it to discern a fired shot from low level
noise in the well.

A Noise-based Threshold (N) will automatically adjust the instrument sensitivity to respond to a noise introduced
to the well that is approximately four times the stabilized noise level. The instrument would automatically respond
to the shot fired as long as the noise level from the shot introduction is within this range.

The instrument is defaulted to use the Noise-based threshold.

Recorder Threshold (mv):

When using the Fixed Threshold for shot detection, the recorder threshold is entered by the operator. The
default fixed-based threshold is 100mV. Setting the threshold too high or too low may inhibit the Model H from
“hearing” the shot fired, or may increase the sensitivity to a level that would not allow it to discern a fired shot
from low level noise in the well.
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Recalling, Analyzing and Uploading Acoustic Records

Acoustic records that have been saved in the data base can be reprocessed and analyzed using the instrument
software or may be uploaded to a laptop computer for storage or further processing with the Model H Laptop
Manager Software.

The following section illustrates how to recall and analyze acoustic records using the stand alone Echometer
Model H.

Recalling and Analyzing Acoustic Records

Starting at the Main menu press the button below the “Recall Data” label.

Main Menu

> Off

> Acquire Well Acoustic Data
> Recdall Well Acoustic Data
> Setup

> Help

Date 2010-03-24 Time 12:12:05 Battery Charge -

Acquire Recall
OFF Data Blo} o]

Setup Help

The following instructions are displayed by selecting Help:

Recdall Group / Well / Shot — HELP

The selected GROUP, WELL and SHOT are shown at the fop of the
screen. A SHOT is always hamed with the date and time when the
acoustic data was acquired. The Well name identifies the WELL & the
GROUP identifies a number of wells that are grouped together. Any
file name accepted by Windows may be used for Group and Well
names.

LEFT & RIGHT arrows move the highlighted box at the top of the
screen between the GROUP, WELL, and SHOT columns.

UP & DOWN arrows move the selection within GROUPS, WELLS, or
SHOTS on the lower portion of the sceen. The selected item is
displayed in the highlighted box and at the top of the screen.

Previous
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Use the arrow controls to select the group (Examples), the well (Automatic Analysis Collars) and the shot
(20091109-1622) that contains the acquired data in question as shown in the following figure:

Recall Acoustic Data - Select Shot
Selected Group Well
EXAMPLES
AUTOMATIC ANALYSIS COLLARS
20091109-1622

DO91109-1622

Review
Help shot Data

When multiple wells are listed, use the UP and Down Arrow buttons of the 5 star keypad to select the desired
well.

The currently selected data set (20091109-1622) is displayed in the “Shot” column. Highlight the “Shot” column
using the Right Arrow to display the list of all available shots. When various shots are displayed select the shot
to be reviewed using the Up & Down arrows.

Press the button below the “Review Shot Data” label when the desired shot is selected. This will initiate the
processing of the data as seen in the following screen:

Processing Well Data - one moment please
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When processing is completed the following screen is displayed showing the distance to the liquid level
computed by the method that was selected at the time when the data was previously saved which in this
example is the Automatic (Collar Count) method.

Automatic Liquid Level Depth Analysis

._.B_I_r I | A GRS b A . AL - A 00 T A
LL uEprode |

10 “Collars B 20 90

Liquid Level Depth: 4842 ff %o STOMIC ALYss

Joints to Liquid Level: 149.62  Avg Jis/sec: 1721 AvgJilen: 31.69 ft
Time to Lig Lev (sec): 8.693  Average Acoustic Velocity: 1091 fi/sec

Toggle Adjust Adj Liquid Analysis

Filter Collars Level Options Continue

When the user wishes to apply a different method of analysis he can do so by pressing the Analysis Options
button to open the following screen:

Analysis Options:

This screen presents the user with a list of alternative liquid level depth calculation methods.

Select Technique for
Liquid Level Depth Calculation

> Go Back to Previous Menu

> Edit Shot Type or Well Information

> Use Automatic Collar & Liquid Level Analysis
> Use Acoustic Velocity Input

> Use Depth Marker on Downhole Anomaly

Well / Shot Automatic Acoustic Anomaly

Previous Info Edit Analysis Velocity Marker

The following section discusses the Automatic Collar and Liquid Level Analysis which is the method that is used
most commonly.
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Automatic Collar and Liquid Level Analysis

Automatic Liquid Level Depth Analysis

y .J_A_._&__O__L‘__BTLQL_._W]“Q
i

O

Liquid Level Depth:

Joints to Liquid Level: 149.62

Time to Lig Lev (sec):

Toggle

Adjust
Filter Collars

NS - . 00 1 AR Y000 o SO
Explode

unfilt/Raw
A s v e Y P i

6000 7000 8000 90|

20 60  Liquid Marker

well: AUTOMATIC ANALYSIS
4842 ft shot: 20091109-1622
Avg Jisfsec: 1721 AvgJtlLen: 31.69 ft
Average Acoustic Velocity: 1091 fi/sec

Adj Liquid Analysis

Level Options Continue

Unfiltered/Raw Data

Filtered Data

The user may accept the current calculations or has the option of making adjustments and modifications as

follows:

Continue: Accepts the analysis and offers the option to save the record
Toggle Filters: This option toggles ON and OFF a low pass filter to the acoustic data display. The filtered data
appears in the Liquid Marker window as a green trace.

Adjust Collars: this option opens a screen that allows the user to modify the collar count.
Adjust Liquid Level: this option opens a screen that allows the user to relocate the liquid level marker.
Analysis Options: this presents the user with a list of alternative liquid level depth calculation methods.

Each of these tools are discussed in the following sections.
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Pressing the button under Continue presents the following screen:

Recalled Data Set Disposition

> SAVE will save processing changes as

OLLARS | 11 PR eEs
09-1622

> DISCARD will ignore operator
processing changes
> Return to PREVIOUS screen

Discard
Changes

Save

Previous Changes

Help

Pressing the button below the “Save Changes” label will store in the memory of the instrument the current
analysis and interpretation of the acoustic data.

Pressing the button below the “Discard Changes” label will leave unchanged the previously stored analysis and
interpretation of the acoustic data.

Recdalled Data Set Disposition - HELP

SAMVE records a file containing the measured acoustic data and any
processing changes requested by the operator. SAVE will record the
data and processing as shown on the previous Data Review screen

DISCARD will save the acoustic data but will not save any processing
changes made by the operator. DISCARD will save the acoustic
data exactly as it was before it was recalled.

PREVIOUS returns to the Data Review screen shown immediately

before the Data Disposition screen appeared.

Previous
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Toggle Filter:
This option toggles ON and OFF a low pass filter to the acoustic data display.

epth Analysis

e 18 14 16 16 1
Explode

|
I
I
|
I
|
|
|

10 Collars ® 20 60  Liquid Marker Y
: . . well: AUTOMATIC ANALYSIS
Liquid Level Depth: 4842 ft  1°F & 0o1100-1622
Joints fo Liquid Level: 149.62 AvgJisisec: 1721 AvglJilen: 3169 fi
Time to Liq Lev (sec): 8.693  Average Acoustic Velocity: 1091 fi/sec

Toggle Adijust Adj Liquid Anailysis

: Continue
Filter Collars Level Options

Adjust Collars:
Adjust Collars option opens a screen that allows the user to modify the collar count.

Adjust Collars

(12 13 14 16 10 ]
Explode

1.0 Collars BP) [elo
Ol: 080ftfsec 17.04jts/sec
i J Collar Rate 17.19 jointg/sec

A | Joints to Liquid 148 85
Liquid Level Depth: 4817 ft Acoustic Velocity 1090 fi/sec

Time to Liquid Level 8.659 seconds

Toggle Interval Interval Reset Auto
Filter Left Right Collars

Accept
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Identification of the collars may be facilitated by observing the signal after toggling different filters. The user can
decide which filtered collar display is more appropriate for aligning the markers to the collar echoes. The
previous display corresponds to the Band Pass filter.

Adjust Collars

Collars8) 20

10801t fsec 17 04jtsfsec
Collar Rate

S . Joints to Liquid ¢
Liquid Level Depth: 4817 ft Acousiic Velocity 1090

Time to Liquid Level 8.659 seconds

Toggle Interval Interval Reset Auto

Filter Left Right Collars Accept

The previous display corresponds to the High Band filter.

Adjust Collars

Q_L_L7_9_JD__1JJ,_J,& S " WD A 7o TR
Explode

|
|
|
|
|
I
|
|

i Unfilt/Raw
2000 3000 4000 5000 6000 7000 8000 '9G

Collars 20

AQIl: 1080ft/sec 17 D4jtsfsec

Collar Rate 17.19 joints/sec

ol I Joints to Liquid 148 85
Liquid Level Depth: 4817 ft Acoustic Velocity 1090 fi/sec

Time to Liquid Level 8.659 seconds

[ [ele]e [ Interval Interval Reset Auto o
Filter Left Right Collars Accept

The previous display corresponds to the Unfiltered/Raw data
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The High Pass filter usually yields the best presentation of the collar echoes.

After selecting the appropriate filter, the markers are displaced horizontally using the left/right arrows until the
leftmost marker is aligned with the first identifiable collar echo:

Adjust Collars

a s 15 15 ]
Explode

1.0 " Collars HP)

Ol fsec 17.04jtsfsec s
AOI:  1080fifsec ‘ Collar Rate 1721 joints/sec

A Joints toLiquid 14962
Liquid Level Depth: 4742 f ;2000 Valocity 1091 fisec

Time to Liquid Level 8.693 seconds

Toggle Interval Interval Reset Auto Accept
F;ﬂzr Left Right Collars P

Then the spacing of the collars is adjusted (by pressing the UP and DOWN buttons) until the majority of the
markers are aligned with collar echoes. This yields a joint count of 17.21 joints per second in the specific interval
between 1 and 2 seconds.
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Having completed the adjustment of collar frequency, pressing the Accept button yields the following figure:

Manual Liquid Level Depth Analysis

1.0 ~ Collars

Liquid Level Depth:

Joints to Liquid Level: 149.62
Time to Lig Lev (sec): 8.693

Adjust

Toggle
Collars

Filter

T

o

4842 ft

Avg Jis/sec:

Adj Liquid

L e\\"’e!

Liquid Marker

17.21
Average Acoustic Velocity:

SR .~ ARG - 0 - ISR -0 » A I
Explode

__Unfilt/Raw
8000

2.0
well: AUTOMATIC ANALYSIS
shot: 20091109-1622

Avg JtLen: 31.69 ft
1091 fi/sec

Ancilysis

Opfions Continue

In the above figure the tubing joint count to liquid level 149.62 is the most accurate value for the depth to the
liquid level. The accuracy of the indicated depth of 4842 ft is dependent on the accuracy of the Average Joint
length that the user has entered in the well information. Note that in this case the operator input value of 31.69

feet/joint is being used in the depth calculation.

Once a change has been made to an Automatic Analysis, notice the screen title changes to reflect Manual

Liquid Level Depth Analysis.
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Adjust Liquid Level:
This option opens a screen that allows the user to relocate the liquid level marker using the LEFT and RIGHT
buttons to a time position where the user considers the arrival of the liquid level echo is observed.

Manual Liquid Level Depth Analysis

SR .~ ARG - 0 - ISR -0 » A I
Explode

__Unfilt/Rcaw
7000 8000 90

oy 80  Liquid Marker 9.0
well: AUTOMATIC ANALYSIS

4842 ft shot: 20091109-1622

Avg Jisfsec: 1721 AvgJtlen: 3149 fi

Average Acoustic Velocity: 1091 fifsec

1.0 “Collars
Liquid Level Depth:

Joints to Liquid Level: 149.62
Time to Lig Lev (sec): 8.693

Adjust
Collars

Analysls Continue

Adj Liquid
Options

Toggle
L@Ve‘

Filter

Set Liquid Level Time Using Marker

Pressing the button corresponding to the “Adj Liquid Level” takes the user to the following Set Liquid Level
Time using Marker screen. The user considers that the software located the marker slightly past the actual
“first break” corresponding to the liquid level echo. The marker has been moved forward in the figure below.

sing Marker
- SR 3 o UG

Set Liquid Level Time u
] . T Explode

) »]

O
L
|

UniitRaw|

2000 4000 5000 6000 @ 7000 8000 90

Liquid Level Travel Time XXM seconds

Toggle Interval Interval Reset Auto
Filter Left Right  Liquidlevel ACCSPt
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Anomaly Marker Method

The purpose of this method is to accurately calculate the distance to the liquid level echo using the known
distance to one or more specific echoes that are generated by wellbore changes in diameter (hereafter defined
as “anomalies”) that exist in the wellbore at known distances from the wellhead. This method accounts for the
variation of acoustic velocity that is commonly observed in most wellbores due to the variation of temperature,
pressure and gas composition as a function of depth.

General Description of Procedure

Given a list of anomalies and their corresponding distances the software initially places labeled tick marks along
the depth axis of the acoustic record at approximate locations based on a previously defined acoustic velocity at
distances that would correspond to the location of the echoes from each anomaly.

Subsequently, the user scans the acoustic record and relocates each tick mark to match exactly the first break of
the echo for that specific anomaly. This fixes the anomaly on the distance axis and defines the average acoustic
velocity for the time interval from the start of the shot to the first anomaly, then from the first anomaly to the
second anomaly and so on until the echo from the last anomaly that can be identified.

The distance to the liquid level is then computed by adding to the distance to the deepest anomaly the distance
that corresponds to the product of the acoustic velocity for the last interval between anomalies and the one half
of difference in round trip travel time between the liquid level and the last anomaly.

The Markers on Downhole Anomalies option is selected by pressing the Analysis Options button to display
the following screen:

Select Technique for
Liquid Level Depth Analysis

> Go Back to Previous Menu

> Edit Shot Type or Well Information

> Use Automatic Collar & Liquid Level Analysis
> Use Acoustic Velocity Input

> Use Markers on Downhole Anomalies

Well / Shot Automatic Acoustic Anomaly

Previous Info Edit Analysis Velocity Marker

The process is similar whether the acoustic record has just been acquired or is being recalled from the data
base. The following example assumes the record is being recalled:

If the anomalies data was entered previously in the well file then the user is still presented with the Edit Marker
Menu with the objective of verifying the accuracy of the identity and distance to each anomaly.

Selecting the Anomaly Marker option opens the following form that in this case is blank since information about
the distances to the known downhole markers had not been previously entered in the well file:
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Edit Anomaly Menu

Edit Anomaly Menu HELP

The Edit Anomaly Menu provides review and edit access to the
Anomalies defined for the well.

Edit Anomaly Menu

| B< 0™
AENEN
AENEN
ENENE
AENEN
NN
AENEN
EEEEE
EEEEN
AENEN

Accept
& Exit

Item navigation is done with SOFT-KEY 2 (Previous Item), SOFT-KEY 3
(Next Item) or ENTER (square key between ARROWS). The item
selected for edit entry is indicated with a reverse video description
display and a < symbol displayed to the right of the item.

Digit (column) navigation is done with the LEFT & RIGHT arrows. The

digit selected for edit entry is indicated by a reverse video display.

The contents of a selected item or digit may be changed with the
UP & DOWN arrows.

SOFT-KEY 1 Undo Changes) restores all items to their pre-edit
values. SOFT-KEY 5 (Accept & Exif) updates all edited items
and exits the Edit Anomaly Menu.

(]
[l
[
[]
U
[]
U
[l
[]

Undo Previous
Changes Item

Help Previous

Using the Up/Down arrows allows selecting a description of each anomaly from the following list:
Gas Lift Mandrel No 1 (shallowest) Code 1

Gas Lift Mandrel No 2 Code 2
Gas Lift Mandrel No 3 Code 3
Gas Lift Mandrel No 4 Code 4
Gas Lift Mandrel No 5 Code 5
Gas Lift Mandrel No 6 Code 6
Gas Lift Mandrel No 7 Code 7
Gas Lift Mandrel No 8 Code 8
Gas Lift Mandrel No 9 Code 9
Enlargement Code E
Liner Code L
Other Code O
Perforations Code P
Total Depth Code T
Packer Code R
SSSvV Code S

The user then should refer to the wellbore description for the particular well and enter the measured depth to
each downhole marker. The depth values entered here should take into account the Model H automatic depth
correction applied for any Depth Reference Offset entered into the Well Information record.

Selection and entry of data is performed using the Arrows and Enter keys:
Edit Anomaly Menu

Edit Anomaly Menu

Gas Lift Mandrel 1 AR E Gas Lift Mandrel 1 o [l2l7lelel
I 00000 Gas Lift Mandrel 2 (4]
OO0 Gas Lift Mandrel 3 L4[91710
(I Gas Lift Mandrel 4 4 []5]elo]é]
EEEEE Other Llelnzel
L0 (AR O §S
RN 0 OO
EEEEN 0 OO
LI 0 OOood
RN 0 OO0
Ehdbe L i Hep  “P88 I changes  nem Help  AoEe
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The table is navigated using the Next Item and Previous Item keys and also the Tab key. Undo Changes will
reset the table to all blanks.

Having completed the entry or review of the marker data, selecting the Accept & Exit option presents the user
with the Adjust Anomaly Marker Depths screen, where the program has automatically indicated with a vertical
dashed line and green highlighted band, the general location of the echo generated from the first anomaly in the
table.

Adjust Anomaly Marker Depths

5 8 9 101112131415

\M%WIH‘WMM wfww'wwwwwwwwwm

8000 10000 12000

1-Gds_Liﬁ'Mahdre|1 2769 4914 1127

Avg Acoustic Velocity 1127 filsec  Liquid Level 6087 10803 1127

Toggle Interval Interval Skip Accept
Filter Left Right Marker All Markers

The marker location (at 4.914 seconds) is based on the default acoustic velocity currently active in the program.
This default velocity is obtained from the Well Information record if one has been entered, otherwise the SetUp
Default Acoustic Velocity is used.

Note also that the program displays additional vertical dashed lines at the approximate distance for all the other
anomalies that have been entered in the table, whether their echoes are visible or not.

The user now must manually process the record, from the top down, beginning at the anomaly highlighted with
the green band and should align correctly each individual marker with the corresponding visible echo. In this
process the program calculates the average acoustic velocity for the wellbore interval between the marker
currently being adjusted and the previous marker or the wellhead in case there is only one marker such as a liner
top.

The highlighted portion of the record is displayed in the zoom window at the center left of the screen. In this
example the window spans the time between 4.5 and 5.5 seconds. Note that the location of the vertical dashed
line does not coincide with the first break of the echo from the known anomaly. The difference is due to the use
of the default acoustic velocity (1127 ft/sec which is an estimate of the actual velocity) to locate the marker in
time.

The horizontal arrows, Left/Right are used to move the marker. The vertical Up/Down arrows are used to
change the vertical scale of the window. The Enter button is used to accept the marker position.
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Example of Data Processing by the Anomaly Markers Method

In the following example we assume that the user knows that this record corresponds to a well operating in gas
lift and that any echoes that are visible before the liquid level echo correspond to the echoes from the gaslift
valve mandrels. However at the time of acquisition the record was analyzed with the Automatic Analysis Method
because at that time the exact depth to the markers (mandrels) was not known. Before reprocessing the data the
user entered the depth to the anomalies into the well information and now wants to repeat the analysis of the
record using the “Markers on Downhole Anomalies” method to get a more accurate liquid level depth.

From the Main Menu, select the Recall Data option, selct the desired group, well and data:
Recall Acoustic Data - Select Well Recall Acoustic Data - Select Shot

Raw_Data Raw_Data
KRU3s-07 - KRU3s-07
20090727-0522 20080707-1927

20080707-1927

KRU3s-07

Review Review
Shot Dald Help Shot Data

=]e]

The screen that is presented next, depends on the analysis method that was used when the shot was

last SAVED into the data base. In this example we know that when the shot was acquired and was saved it had
been analyzed by the Automatic Analysis Method by the operator, thus upon recalling the shot the following
screen is displayed:

Automatic Liquid Level Depth Analysis

Explode

unfilt/Raw

0oy
I
N

Collars (BP) 25 8.0 Liquid Marker ()

3 ; : well: KRU3s-07
Liquid Level Depth: 5385 ft =% > 0ea707.1027
Joints to Liquid Level: 176.18  Avg Jig/sec: 20.73 AvgJtlLen: 31.70 ft
Time to Lig Lev (sec): 8.500 Average Acousfic Velocity: 1314 fifsec

Toggle Adjust Adj Liquid Analysis

Filter Collars Level Options Continue

This particular acoustic record was acquired in a gas lift well while gas was flowing into the casing. This caused
the high frequency noise that is observed throughout the record and that obscures the echoes from the liquid
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level and gas lift mandrels. The noise also interferes with the automatic identification of the liquid level echo as

discussed later.

The Toggle Filter option allows digital filtering of the record with a Low Pass filter to eliminate the noise as

shown in the following figure:

Automatic Liquid Level Depth Analysis

f
il | |||

| -
- ;
poff ||| I
1 1]l |||||I||||
I ||||||| |||||||“|||||
I Iy
| I||| | J
| |

i |||

Collars (BP)

Liquid Level Depth:

Joints to Liquid Level: 176.18
Time fo Liq Lev (sec): 8.500

Adijust
Collars

Toggle
Filter

5 53 94
Explode

25 8.0 Liquid Marker ()
well: KRU3s-07
5585 ft shot: 20080707-1927
Avg Jis/sec: 20.73 AvgJtlen: 31.70 ft
Average Acoustlic Velocity: 1314 fifsec
Adj Liquid
Level

Analysis

Ostions Continue

After filtering, the vertical scale ( now set at 31.6 mV) should be readjusted using the Up/Down arrow keys to
better observe the details of the record as shown in the following figure where the vertical scale is set at 3.2 mV:

Collars BP)

Liquid Level Depth:

Joints to Liquid Level: 176.18
Time to Liq Lev (sec): 8.500

Adjust
Collars

Toggle
Filter

wq'wwwmw.wwwww e

Low Pass

Liquid Marker (®

well: KRU3s-07
shot: 20080707-1927

25 80

5585 ft

Avg Jis/'sec: 20.73
Average Acoustic Velocity:

Avg JtLen: 31.70 ft
1314 fifsec

Analysis
Options

Adj Liquid

Levai Confinue
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Visible in the acoustic record previously displayed are several distinct echoes that precede the large echo that is
the most likely echo from the liquid level. These are the echoes from the gas lift mandrels.

In this example note that the software is not flagging the liquid level echo correctly with the vertical dashed
marker (LL) locating it to some feature at 8.500 seconds. This is probably due to interference from the high
frequency noise. So it is also necessary for the user to adjust the liquid level marker by selecting the Adjust
Liquid Level option that displays the following screen:

Set Liquid Level Time using Marker

3 A 5 & A9 10 3 y A 19 20

Explods

WH'M%WNWWWMJ m

Liquid Level Travel Time ERsitlel] seconds

Toggle Interval Interval Reset Auto

Filter Left Right liquid Level  /rccept

Using the Interval Right button and the Left/Right arrow keys the liquid level marker is repositioned at the first
break of the liquid level echo (at 10.803 seconds) and then the Accept button is used to return to the manual
fluid level analysis screen.

It is important to note that when using the Toggle Filter feature, the Liquid Level Marker must be picked using
the Unfiltered/Raw data NOT the Low Pass filtered data. Manipulating the Liquid Level while the Low Pass
filter is on will position the Liquid Level Marker incorrectly. This will be apparent if the Liquid Level Marker is
chosen and the Low Pass filter is turned off. Similarly, once the Liquid Level has been selected in the
Unfiltered/Raw shot trace, Toggling the filter to Low Pass may make it seem as though the Liquid Level has been
incorrectly chosen. Do not readjust the Liquid Level marker when the Low Pass filter is turned on.
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Once the Liquid Level has been selected, the Manual Liquid Level Depth Analysis screen is displayed:

Collars (BP)

Joints to Liquid Level: 223 .91
Time to Liq Lev (sec): 10.803

Adjust
Collars

Toggle
Filter

L&

Liquid Level Depth:

2.5 105

7098 ft

Avg Jis/sec: 20.73
Average Acouslic Velocity:

Adj Liquid
Level

Analysis
Options

Manual Liquid Level Depth Analysis

qumd Marker

well: KRU3s-07

shot: 20080707-1927
Avg JtLen: 31.70 fi
1314 fifsec

Continue

Note that the collar count dashed marker labeled “C” indicates that the collar count stops about 3 seconds before
the liquid level echo instead of continuing to near the liquid level. This means that the indicated number of joints
to the liquid level (223.91) may not be as accurate as if the collar count had continued to a time closer to the
liquid level echo. Also, the displayed liquid level depth of 7098 feet is computed using the Average Jt Length
that was entered in the well description screen and in this case the value of 31.7 is the default value and does
not necessarily represent the actual average joint length for this well. The conclusion is that the indicated liquid

level depth of 7098 feet is not as accurate as we normally expect.

Since the user now recognizes the echoes from the mandrels and has entered the depths to all the known
downhole anomalies, he can improve the accuracy of the calculated liquid level depth by pressing the Analysis
Options button and then the Anomaly Markers button which displays the following screen as discussed in the

previous section:
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Adjust Anomaly Marker Depths Procedure

Anomaly

w’ww'wwwwwwwmwwﬁww,

unfiltRaw

] 2.8 4 OR. s . S
2000 4000 6000 A000 10000 12000

1-Gd5|_.iﬂMc:ndrel1 2769 4914 1127

Avg Acoustic Velocity Liquid Level 6087 10803 1127

Toggle Interval Interval Skip Accept
Filter Left Right Marker All Markers

Marker 1,2769 fi

The user manually adjusts the first marker position using the Left/Right arrows to fine tune the movement. The
Interval Left and Interval Right feature softkeys will move the highlighted left and right along the shot trace in .5
second intervals.

The marker is manually adjusted by the user until it is aligned with the first break of the echo at a time of 5.061
seconds as shown in the following figure:
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Anomaly Marker Depths
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Avg Acoustic Velocity 1127 fi/sd Liquid Level 6087 10803 1127

Toggle Interval Skip Accept
Filter Left i Marker All Markers

Pressing the Enter key accepts the location of the marker on the first anomaly and proceeds to the next anomaly
marker listed. Automatically, the program displays the dashed marker in the vicinity of the location of the second
anomaly echo which is now highlight in green.

The Skip Marker button is used to pass over any downhole anomaly listed in the table but that is presently below
the liquid level or that does not generate a clear echo signal, such as plugged perforations. Any changes made
must be saved using the Enter key. Skip Marker will ignore any changes made and proceed to the next marker.
If a marker is accidentally skipped, the operator must press the Skip Marker key through each selected marker
until the highlighted selection comes back around to the marker in question.

Note that the Acoustic Velocity (AV) is now recomputed based on the new Round Trip Travel Time (RTTT) of
5.061 seconds yielding a value of 1094 feet per seconds for the average AV between the wellhead and the first
gas lift mandrel.
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Adjustment is again made using the left arrow key until the marker is positioned at the first break and the Enter
key is pressed to accept the new location. The procedure is repeated for the echoes from the deeper anomalies

until all have been processed.
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Adjust Anomaly Marker Depth
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The newly calculated Acoustic Velocity for each line populates the AV field of the marker following the manually
adjusted marker until that next marker has also been positioned and the Enter key has been pressed, saving the

marker’s position and moving to the next marker.
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Adjust Anomaly Marker Depths
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Toggle Interval Interval Skip Accept
Filter Left Right Marker All Markers Filter Left

In the previous figures a total of four markers were identified that correspond to the top four gaslift mandrels.
The Skip Marker button is used to pass over any downhole anomaly listed in the table but that is presently below
the liquid level or that does not generate a clear echo signal, such as plugged perforations.

The figure below shows the screen after having skipped the Other (O) and the Perforations (P) markers.
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1-Gas Lift Mandrel 1 2769 5061 1094
1

6082 10803 1126
Accept
Right Marker All Markers

Avg Acoustic Velocity 1126 fifsec  Liquid Level
Toggle Interval Interval Skip

Filter Left

Pressing the button Accept All Markers, finalizes the analysis and displays the following screen that allows
adjusting, if necessary, of the marker corresponding to the liquid level echo:
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Anomaly Method — Adjust Liquid Level

hod - Adjust Liquid Level
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Liquid Level 6082 10.803 1126

Toggle Interval Interval

Filter Left Right Help Accept

The Liquid Level should be adjusted using the Unfiltered/Raw data NOT the Low Pass filtered data.

Pressing the Accept button displays the final Liquid Level Depth Analysis for the Anomaly Marker option:
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: i : well: KRU3s-07

Liquid Level Depth: 6082 ft  1°% - oo0727.0522
Joints to Liquid Level: 191.85 Avg Jisfsec: 17.76 AvglJilen: 31.70 i
Time to Lig Lev (sec): 10803 Average Acoustic Velocity: 1126 fifsec

Toggle Adjust Adj Liquid Analysis

Filter Markers lave) Oplions Continue

&

Echometer Company Model — H Manual Phone: (940) 767-4334
5001 Ditto Lane Page 51 Fax: (940) 723-7507
Wichita Falls, Texas 76302, U.S.A. E-Mail: info@echometer.com




The following table compares the result from the anomaly marker analysis with the initial analysis that was
performed using the Automatic Analysis option:

Variable

Automatic Liquid Level Depth
Method

Anomaly Marker Liquid Level
Depth Analysis

Liquid Level depth 7098 6082
Joints to Liquid Level 223.91 191.85
Average jts/sec 20.73 17.76
Average jt length (ft) 31.70 31.70
Time to Liquid, sec 10.803 10.803
Average Acoustic Velocity 1314 1126

ft/sec

In this example there is a very large difference in the resulting number of joints to the liquid level, the liquid level

depth, the average acoustic velocity and number of joints per second.

Assuming that the depths to the downhole markers were entered correctly in the well data, then the Anomaly
Marker Analysis yields the most accurate calculation of the distance to the liquid level and shows that this new

method is a major improvement over the existing automatic method for processing fluid level depth, and should
always be used when echoes from downhole anomalies are visible in the acoustic trace.

Pressing the Continue button, the user is given the option of saving the acoustic record analysis or of discarding

the changes.
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Acoustic Velocity Variation in Wellbore

Having computed the acoustic velocity for each interval between the markers, it is possible to graph the variation
of velocity with depth as shown in the following plot:
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The graph shows that in this wellbore there is about 10% variation of acoustic velocity as a function of depth.

Acoustic Velocity Input Analysis

The conversion from round trip travel time to distance to the liquid in wellbores where there are no tubing collars
or other changes in cross sectional area, it is necessary for the user to input a value of the acoustic velocity.

After acquiring or recalling an acoustic record and after displaying the record on the screen, pressing the
Analysis Options button opens the following menu:

Select Technique for
Liquid Level Depth Analysis

> Go Back to Previous Menu

> Edit Shot Type or Well Information
> Use Automatic Collar & Liquid Level Analysis
> Use Acoustic Velocity Input
> Use Markers on Downhole Anomalies

Previous

Well / Shot

Info Edit

Automatic Acoustic
Analysis Velocity

Anomaly
Marker
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By pressing the Acousic Velocity button the liquid level depth analyis is performed using the default acoustic
velocity, as shown in the following figure:

@an

Acous’ﬂc Velocity quwd Level Depth Anqu3|s

sec)g 1 2 6 8 910 1 2131415 1617 18 1920 2

Unfilt/Raw

0 2000 4000 " '6000 '8000 1 000d

Acoustic Velocity [[1127 fi/sec

Liquid Level Depth 6070  ft

Travel Time to Liquid Level 10.772 seconds

Help Accept

The acoustic velocity that is displayed is either the default value that is currently present in the setup screen or
the default value for this specific well.

Note that the first digit is highlighted and can be changed by the user with the Up/Down arrows. The Left/Right
arrows move left and right between the character fields.

Echometer Company
5001 Ditto Lane

Model — H Manual Phone: (940) 767-4334
Page 54 Fax: (940) 723-7507

Wichita Falls, Texas 76302, U.S.A. E-Mail: info@echometer.com




The following screen shows that the user has entered a new acoustic velocity value of 1200 ft/sec.

Acoustic Velocity Liquid Level Depth Analysis

YO 1.2 3 45 6 7 8 9101112 13 51617 18 1920 21 22 23 24
el Explode

Unfilt/Raw
'4000° ‘6000’ ‘8000’ 10000 12000 140c

Acoustic Velocity 1200 fi/sec
Liquid Level Depth 6463  ft

Travel Time fo Liquid Level 10.772 seconds

Help Accept

Pressing the Accept button shows the final liquid level analyis:

Acoustic Velocity Liquid Level Depth Anqu3|s

50) 0 ""_.J_._._L&_z_]_l_l_]_l_lz_]_._lé_lfj_tj_ua_] 0 20 21 27
Explode

Unfilt/Raw
10000 12000 "140C

Il.iquid Marker ()
Liquid Level Depth: 6463 ft Wl KRuss07

Joints to Liquid Level: 203.89 Avg Jis/sec: 1893 AvgJtlen: 31.70 ft
Time to Lig Lev (sec): 10.772  Average Acousfic Velocity: 1200 fi/sec

Toggle Adijust Adj Liquid Analysis :
Filter Velocity Lavel Oplions Continue

Pressing the Continue button gives the options of either saving or discarding the analyis.
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Managing Well Data and Information

Acoustic records and well information are stored in the memory of the Echometer Model H in a data base
organized into Groups that contain Wells that contain Shots. The user navigates through the data base using
the 5 button star keypad after having selected either Acquire or Recall acoustic Data in the Main screen.

The following section illustrates how to enter new groups and well data using the stand alone instrument.

Entering New Group of Wells

The user should decide how to organize the wells into some logical number of groups although it is possible to
assign all the wells to a single group.

The name of a group may consist of up to 20 characters and include letters, numbers and spaces. The following
figure illustrates various group names as they appear on the screen after selecting the option “Acquire Data”
from the Main screen:

Acquire Acoustic Data - Select Group

IQUICK SHOT GROUP!
IQUICK SHOT WELL!!

HQUICK SHOT GROUP!

Acquire
Shot

Add
New Group

Help

To create a new group of wells, press the button on the instrument panel below the label “Add New Group”. The
following screen is displayed for the user to enter the name of the new group by selecting individual characters
via the 5-button Star keypad.
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Group Name Manual Entry

Group Name Manual Entry

Abort Clear
Name Entry Name Entry

Accept

Help Name Entry

The letters and numbers in the table are selected using the Left/Right/Up/Down arrow buttons. Pressing the
“Enter” key moves the character into the name field and highlights the next place.

Group Name Manual Entry

Abort Clear
Name Entry Name Enfry

Accept
Name Entry

Help

Once the full name has been entered, press the button under the label “Accept Name Entry”. The screen with
the list of all the existing groups will be displayed as shown below:
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Acquire Acoustic Data - Select or Add Group

Selected Group

TEST

20100415-1722

Acquire

Add
Help Shot

New Group

If necessary use the Up/Down arrow of the 5-star keypad to scroll to the newly created group as shown in the
next figure:

The screen also indicates that NO Wells have been entered in the new group. Therefore the next step is to enter

well names and their corresponding information.
The Right Arrow key is pressed to select the “Well” screen as shown in the next figure to display the Well list

(that is empty at this point in the procedure). The next step is to start entering well names.

Acquire Acoustic Data - Select or Add Well
:

20100415-1723

Add Well Acquire
New Well Information Shot
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Press the button under the label “Enter New Well” and then use the 5 button star key to select and enter the
characters of the well name. Wells will be organized alphabetically in the list that is being created. Well names
may consist of letters, numbers and spaces up to 40 characters.

Well Name Manual Entry

Well Name Manual Entry

Abort Clear
Name Entry Name Entry

Accept

Help Name Entry

In wells where acoustic records may be taken in various tubulars or annuli it is suggested to add an extra
character at the end of the name to identify the acoustic path.

Follows an example using the well name 1A:

Shooting down tubing string: add a “T” such as 1A-T
Shooting down casing/tubing annulus: add “A” such as 1A-A
Shooting down production casing/intermediate casing annulus: add “B” such as 1A-B
Shooting down surface casing/production casing annulus: add “C” such as 1A-C

Other methods may be used to identify the path of the acoustic record.

Once the full name has been entered pressing the button under the “Accept Name Entry” adds the Well to the
list in the previously selected group.
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Acquire Acoustic Data - Select or Add Well

20100415-1725

Add Well Acquire
New Well Information Shot

Wells are listed alphabetically.

Note that under the "Shot” heading at the top of the figure is displayed the “date-time” name (20100415-1725)
that would be used by the software to identify the next acoustic record for this well if the user were to press the
button under the label “Acquire Shot”. In such case, since the user has not entered any well information, the
software would use the “default” values of Average Joint Length and Acoustic Velocity to complete the liquid
level calculations.

It is recommended that the values of these parameters for the well be entered in the data base, at this time, by
pressing the button below the label “Well Information”.
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Well Information

Well  Information
1A

(ft) Wz[oJolo] <
Pump Depth (ft) DDDD@
Depth Reference Offset (ft) LI 1 Jolo]

[710]

Average Joint Length (ft)
Default Acoustic Velocity (ft/sec)

Marker Next
Irfo Fz lemn Fa

- Previous Help - Accept

Select the Item to be updated by pressing the Next Item button.
Use the Up/Down arrows to increment or decrement the number in the space that is highlighted.
Move from character to character using the Left/Right arrows.

Press the button under the “Next Item” label when the edited quantity is correct.

The Well Information screen will be displayed with the updated information as shown above. If the well has
wellbore anomalies the Marker Info button will open the screen for input of the corresponding depths as
previously shown in the Anomaly Marker Analysis section. Press the button below the Accept label to return to
the Acquire Acoustic Data screen.
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Wellhead Attachments

When operating the Echometer Model H instrument in a hazardous area the wellhead
attachments must be certified intrinsically safe and approved for use in the classified area.

Compact Gas Gun

The Compact Gas Gun consists of a microphone and a ten cubic inch volume chamber with a 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 (explosion) pulse is generated. If the
pressure is greater in the casing annulus than in the volume chamber, a rarefaction (implosion) pulse is created.
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.

Compression (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. Operating
in the explosion mode keeps the inside of the chamber cleaner and results in less maintenance.

Rarefaction (Implosion) Pulse

If the well's casing pressure is greater than 200 PSI, implosion can be used. This method uses the well’'s
pressure to generate a pulse. Use the 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. Operation in this mode forces sand,
moisture and other debris into the gas gun volume chamber and thus requires more maintenance including
frequent replacement of “O” rings.

Description of Compact Gas Gun Control Functions

The following drawing is a schematic diagram of the Compact Gas Gun

VOLUME CHAMBER
PRESSURE GAUGE
B
MICROPHONE
el :‘ ng{,gggsa
— ™
<— (H O
PULL TQ OPEN ‘ | /
CUN CASING
CAS VALVE FILLER  BLEED
SUBLEED
CASING PRESSURE
QUICK CONNECT
ARRETOR CASING
PRESSURE
GAUGE
2 INCH THREADS I CROPHONE
mizy — > 1500 PSI WORKING PRESSURE
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Volume Chamber Pressure Gauge

The volume chamber pressure gauge measures the pressure in the gas gun volume chamber. During normal
operation, the volume chamber is charged to 100-psi more than the casing pressure. Use additional pressure if
required for satisfactory results. If the internal gas valve is open, the gauge indicates the pressure between the
gas gun and the casing annulus valve. If the casing annulus valve is open, the gauge indicates the casing
pressure.

Casing (or Tubing) Pressure Gauge Quick Connector

The quick connector is located on the side of the housing. A precision pressure gage having a range close to the
pressure being measured will fit into the quick connector to enable the operator to obtain the casing pressure
and casing pressure change with sufficient accuracy to perform calculations of producing BHP and casing gas
flow rate.

Cocking Arm
The cocking arm is lifted to depress and close the valve between the gas chamber and the casing.

Casing (or Tubing) Pressure Bleed Valve
This valve allows bleeding the pressure between the casing valve and the compact gas gun. Turn the knob
counter clockwise to release the pressure. Verify that the casing valve is closed before opening the bleed valve.

Gun Filler-Bleed Valve

The filler-bleed valve is used to pressurize the gas gun volume chamber or to remove gas from the gas gun
volume chamber. Gas is added to the chamber from a pressurized external gas source by insertion of mating
quick connector, into the filler & bleed valve. Gas is bled from the chamber by rotating the knob clockwise. This
action depresses the internal valve core and releases the gas from the volume chamber to the atmosphere.

Trigger Pawl
The Trigger Pawl is pulled to release the gas valve between the gas gun volume chamber and the casing. If

sufficient pressure exists in the volume chamber or on the end of the gas valve, the gas valve will open.

Microphone
The microphone is a twin-disc pressure sensitive device that is vibration canceling.
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High Pressure Gas Guns

The 5000-psi gas gun is normally used in the implosion mode. It has an excellent noise-canceling microphone
and generates a very good pulse when the ',-inch ball valve is opened rapidly and the well pressure exceeds
200-psi. When the 5000-psi gas gun becomes dirty due to debris imploding from the wellbore, the volume
chamber and the microphone assembly can be easily flushed with a solvent. The 5000-psi gas gun requires
very little maintenance. It is excellent for gas lift, flowing and high-pressure shut-in wells. It can be used in the
explosion mode by charging the gas gun volume chamber to a pressure in excess of the well pressure.

The 15000-psi High Pressure Gas Gun operates in the implosion mode only. Excellent results have been
obtained at pressures above 1500-psi through needle valves with 1/8-inch orifices, which are standard in most
high-pressure wells.

For more details please refer to the Gun-Microphone Assemblies brochure in the appendix.
Accessories
Battery Charger (110 V/220 V- AC)

Casing Pressure Gauges
Precision Test Gauge
Precision Digital Gauge

Gas Cylinders
2-1/2 LB CO,
5LB CO,

Nitrogen Cylinder
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Principles of Acoustic Measurements

Acoustic liquid level instruments were developed in the 1930's. An acoustic wellhead attachment is connected to
an opening in the casing annulus at the surface of a well as shown in Figure 1. The acoustic wellhead
attachment consists of an acoustic pulse generator, a microphone and optionally a pressure gauge. Throughout
the years, acoustic pulse generators have included a dynamite cap, 45-caliber blank, 10 gauge black powder
blank, a compression gas pulse and a rarefaction gas pulse. The explosive dynamite caps and blanks are a
safety hazard and have resulted in damage to wells and to the environment. While these explosive sources
should not create a problem if the casing annulus contains only hydrocarbon gas, major explosions have
occurred when oxygen was allowed to enter the casing annulus during work-overs or when special conditions
resulted in a vacuum in the casing annulus.

The versatility, economy and convenience of gas guns have resulted in widespread use of this type of acoustic
pulse generator. The expansion of gas from a volume chamber into the well generates the acoustic pulse. In
most cases, compressed CO, or N, gas is loaded into the volume chamber, which is charged to a pressure
greater than the well pressure. A valve in the wellhead attachment is opened rapidly, either manually or through
an actuator, resulting in a pressure pulse being generated in the casing annulus gas. The acoustic pulse travels
through the gas in the casing annulus and is partially reflected by changes in cross sectional area such as tubing
collars, tubing anchors, casing perforations, etc. The remaining pulse energy is then reflected by the gas/liquid
interface at the depth of the liquid level. The reflected signals travel back to the surface of the well where they
are detected by the microphone.

The microphone within the wellhead attachment converts the reflected acoustic signal into an electrical signal
consisting of a series of pulses, which correspond to the sequence of reflections. The microphone must operate
over a wide pressure range from a vacuum to the maximum pressure that exists in the wells being tested. The
microphone should be designed to cancel the mechanical vibrations of the wellhead while remaining sensitive to
the acoustic signal reflections.

Recording and Interpretation of Signals

An amplifier/recorder filters and amplifies the electrical signal from the microphone and feeds the enhanced
signals to an analog to digital converter and microprocessor to digitize, filter, display and store a record of the
acoustic signal. The frequency content of the reflected acoustic signals varies depending on the characteristics
of the initial pulse, the pressure in the gas, the distance traveled by the sound wave and the type of cross
sectional area change. In general, as the pulse travels in a gas, the amplitude of the signal decays. The high
frequency energy decays more rapidly than the low frequency energy. Thus, the acoustic response from tubing
collars at the top of the well contains high frequency energy, the response from deep collars contains medium
frequency and the signal from the liquid level is mostly low frequency energy. This is especially apparent in deep
wells with low casing pressure. Fluid level instruments are designed to include various filters, which can be used
to accent signals that correspond to these frequency ranges. The Model H records the signal with the highest
possible resolution and frequency content so that signal analysis and interpretation is optimized using digital
signal processing techniques.
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Depth Calculation

In most cases, once an acoustic record has been obtained the liquid level is identified automatically and the
software determines the number of tubing collar reflections from the surface to the liquid level in order to
calculate its depth. The corresponding number of tubing joints, multiplied by the average joint length yields the
distance to the liquid level.

Other techniques are available for determining the liquid level depth. When other signals are identified on the
chart, such as those generated by gas lift mandrels, liner tops, tubing anchors or perforations, the known depth
of these anomalies can be used to calculate the depth to the deeper liquid level by the ratio of elapsed time.
When the lengths of tubing joints vary considerably, so that an average joint length is not representative, some
operators place an over-sized tubing collar (marker) at a known point in the tubing to serve as a depth reference.

When the specific gravity or the composition of the gas in the annulus is known with some accuracy, then the
velocity of sound in the gas can be calculated. The acoustic wave round-trip travel time from the initial pulse to
the liquid level reflection is divided by two and multiplied by the acoustic velocity to calculate the depth to the
liquid level.

Still another technique involves measuring the acoustic velocity of the gas by sampling the casing gas into a tube
of sufficient length to measure the velocity of sound in the gas by pulse testing. This technique is applicable only
if the well continuously vents gas from the annulus so that a representative sample of the gas sample obtained at
the top of the well will be representative of the gas in the well.

The most common application of an acoustic liquid level instrument is to measure the distance to the liquid level
in the casing annulus of a well. However, it can also be applied to measurements inside tubing. Other
applications include determination of the distance to the mud or Kkill liquid level during drilling and work-overs.
The acoustic instruments can be used to measure the distance to any change in cross-sectional area inside pipe
or in the annulus.
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Recommendations for Optimum Performance

The Echometer wellhead should be as near as possible to the casing annulus (or the tubing) preferably within 5
feet. Short (5-10 ft) lengths of pipe can mask the desired downhole signals. Longer (20-60 ft) lengths will
generate multiple reflections, which are hard to distinguish from collar reflections. Use a minimum of 90° ells
and tees and direct the blast straight into the well if possible. Two-inch connections are recommended, but one
inch connections are generally satisfactory if the length of 1 inch pipe is kept to a minimum.

The pressure pulse travels down the well and is reflected by tubing collars and the liquid level. The signals from
upper collar reflections are strong, but the collar response becomes weaker as the pressure pulse travels long
distances to the bottom of the well so that the reflections from the lower collars may be weaker than the
background noise. The liquid level reflection varies from a strong signal in a shallow high pressure well to a very
weak signal in a deep low pressure well. Only signals stronger than the background noise are meaningful in the
recording. It is obvious that strong background noises must be reduced if the recording of lower collars and
liquid level is to be obtained.

Background noise can be classified as surface mechanical vibration noise or acoustic noise. The
source of noise can be determined easily by increasing the sensitivity until signal deflection is obtained. Closing
the casing valve between the microphone and the annulus will cause a reduction in the noise level if its source is
acoustic noise. If the signal level remains the same, then the noise is caused either by surface vibrations or by
gas leakage from extraneous lines connected on the same side of the closed casing valve as the microphone.
The microphone is shock mounted, but if the wellhead attachment vibrates excessively, unwanted signals are
generated. Wellhead vibration result from running gas engines, chattering check valves and other reciprocating
surface equipment. It may be necessary to eliminate wellhead vibrations to obtain better quality records in deep
low-pressure wells. All other lines leading to the casing annulus should be closed.

The main source of down-hole acoustic noise is gas "popping" out of a gaseous annular liquid column or liquid
falling into the wellbore. Downhole noise can also result from tubing and casing leaks. Generally, the downhole
acoustic noise can be reduced in relation to the desired reflected signals by causing an increase in the casing
pressure. In order to do this, continue to pump the well with the casing vent valve closed. At low pressures, an
increase of 10-psi in the casing pressure almost always improves the record and it only depresses the liquid level
by 30 feet.

If the signal from the liquid level is not detected due to excessive surface vibration noise or downhole acoustic
noise, a larger signal from the liquid level can be obtained by generating a larger initial pressure pulse. Also,
increasing the sensitivity so that the background noise level exceeds 1/8 inch generally will make interpretation
much more difficult and is not recommended.
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Acoustic Record Interpretation

In an average well, the following events will be recorded on the chart: A kick will show the initial blast. A series of
small kicks will indicate the tubing collars and then the liquid level kick will be recorded. If the chart is allowed to
continue to run, another kick will often occur after the liquid level kick at twice the time of the first reflected liquid
level kick. This is a signal that corresponds to the pulse traveling from the gun to the liquid level and then to the
surface where it is reflected by the wellhead back down the well and is again reflected by the liquid interface
back to the surface. In shallow and in high pressure wells there may be numerous other reflections from the
liquid level. These are known as "multiples” of the pulse. Since all these signals have traveled the same distance
at the same speed the distance (time) from the initial blast to the first liquid level reflection will be equal to the
distance (time) between the first liquid level kick and the second reflected level kick. Multiple liquid level
reflections on very shallow liquid levels, which are 20 to 60 ft from the surface, can be misinterpreted as collar
reflections.

The normal acoustic record has a kick at the start of the trace which corresponds to the initial pressure pulse, a
series of small evenly spaced kicks indicating the collar signals and a large kick indicating the liquid level. On
some records the collars can be distinguished from the beginning of the shot to the liquid level signal and all the
collars can be counted. On other records the collars cannot be distinguished clearly all the way from the
beginning to the liquid level reflection. In these cases it may be convenient to repeat the test trying to improve the
signal to noise ratio so as to be able to count a large percentage (better than 60%) of the collars in the well. In
these cases it is necessary to count the collars to the last discernible collar reflection signal and then the
software extrapolates the count to the liquid level. The total number of collars counted multiplied by the average
tubing joint length results in the depth to the liquid level. This assumes that the range of tubing joints is similar for
all tubing in the well. This procedure may not be used if there are significant differences in the lengths of tubing
joints. Alternative methods to determine the depth to the fluid level are discussed in the following section.

The direction of kick of an echo signal, indicates enlargements and reductions in the cross sectional area of the
annulus (or internal diameter of pipe if shooting down tubing). Objects which reduce the cross sectional area of
the annulus result in compression reflections and are recorded as downward kicks. Such objects would be liners,
tubing anchors, paraffin deposits or the liquid level. Conditions that increase the area of the annulus result in
rarefaction reflected waves and are recorded as upward kicks. Such conditions include perforations, "shot"
holes, parted casing, parted tubing and the end of the tubing casing annulus. It is important to select the correct
mode of pulse generation (Implosion or Explosion) by pressing the corresponding soft key, so that the displayed
polarity of the echoes will be consistent with the above description.

Please refer to the appendix where several examples of traces corresponding to various wells and different
cases of signals are presented.

The liquid level is recorded as a downward kick. If the liquid level is 20 feet or so in a "shot" hole, then the signal
would first deflect upwards, then down as the sound wave is reflected from the liquid level. Recording the liquid
level below a liner will show a downward kick at the liner and a downward kick at the liquid level then an upward
kick if the record time is sufficiently long. The upward kick corresponds to the signal generated at the liner by the
wave which was reflected at the liquid level and which is returning to the surface. When the wave passes from
the narrow liner to the larger casing, a portion of the wave is converted to a rarefaction pulse, which then travels
down to the liquid level and then to the surface where it is recorded.

Calculation of Bottomhole Pressures

Bottomhole pressure calculation in static and producing wells is described in technical papers and is facilitated
by the use of software, which is supplied with the Echometer Model H. Details of the calculation methods used
by the software are found in technical papers on the internet at www.echometer.com .

The BHP calculation program AWP2000 requires one of the following: Windows 9x, ME, NT, 2000 and XP, and
can be downloaded for free from the Echometer Web page, www.echometer.com.
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The program is designed to be easy to use and require a minimum of data. The user should remember,
however, that the results from computer calculations are only as good as the data that is entered. Thus, make
sure that the data input is accurate or the results will be meaningless.

Fluid Level Acquisition in Problem Wells
Obtaining a good record is made more difficult by excessive surface vibrations, excessive down-hole noise from
gaseous liquid columns, improper wellhead connections, dirty microphone and electrical connections, or low
casing pressure.

Excessive surface vibrations and downhole noise should be reduced as much as possible.

Any well venting gas to the atmosphere, venting gas to the flow line or using casing gas to operate an engine,
will have a gaseous liquid column if liquid exists above the pump or formation. The amount of liquid present in a
gaseous liquid column can be determined by a casing pressure build-up test. Another technique is compression
of the gaseous column with casing pressure to determine the gaseous column gradient. Additional information is
presented in the papers "Producing Bottom Hole Pressures" and "Acoustic Foam Depression" in the appendix.
Gaseous columns caused by gas bubbling through oil cause excessive down-hole noise and can be a problem in
obtaining clear records of deep collars and liquid levels. Increasing the casing pressure by closing the flow line-
casing valve will generally result in much improved signals. The pressure in the gas gun volume chamber may
have to be increased to the maximum so as to increase the signal to noise ratio.

Whenever there are doubts that the correct liquid level signal has been identified the best way to differentiate it
from other signals (such as signals from liners, paraffin rings, or liquid influx from perforations) is to cause the
liquid level to move. The liquid level signal is the only signal that can move in a well and such movement
identifies the liquid level. A high fluid level can be depressed by increasing the casing pressure. An increase of
10-psi in the casing pressure will depress a gas-free liquid level by approximately 30 feet. The liquid level will rise
when a producing well is shut down. The rate of fill-up will vary with the productivity of the well and the annular
volume. A Rate of Fill-up chart is presented in the appendix and may be used to estimate the amount of time
required for liquid level rise. Note also that this chart may be used to estimate the production rate from a well by
shutting in the well and measuring the change in fluid level as a function of time, then using the chart to estimate
the production rate.

If a record shows numerous "kicks" which are difficult to interpret, the shot should be repeated and the new chart
compared with the first recording. All "kicks" should be duplicated on each record. Signals that are not duplicated
correspond to stray noises and other random signals. The source of these noises should be identified so as to
eliminate them as described above.

The effect of casing pressure on signal quality is very important. Stronger signals are returned in high-pressure
wells. It is especially difficult to obtain good recordings in deep wells with the casing pressure near or below
atmospheric pressure.

On rare occasions, paraffin deposits, scaling, dirty tubing or other conditions can result in additional down-hole
signals, which make it difficult to count collars or to determine the fluid level depth. In extreme cases it may be
necessary to clean the tubing and casing to remove the foreign material.
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Battery Power Information

Note: To maintain Intrinsically Safe certification, the unit must be charged in a safe area and can only be
charged using Echometer P/N MS1610.

The Echometer Model H instrument will operate from the self-contained rechargeable battery. Battery MUST
NOT be recharged while instrument is located in a hazardous area.

The battery charger will charge the battery at a rate of 1800 ma until the battery is almost fully charged then it will
trickle charge at a 25 ma rate. The red light on the charger is ON when the charger is charging at high rate.
When the charger is in trickle charge mode the light changes to green. Approximately 12 hours are required to
charge a fully discharged battery. Continuous charging does not damage the battery.

The battery should be charged when the operating voltage bar-meter displayed on the screen changes from
green to yellow. The battery can be charged more often if desired. Best operating performance will be obtained
with battery temperatures from 0 to 120 degrees F (-15 to +50 C). The battery has less capacity and voltage at
lower temperatures. Battery life also varies with display brightness setting. The table below is for a typical mid
level brightness setting and a fully charged battery. After 300 full charge / discharge cycles, battery capacity will
drop to about half the initial capacity. There are three different states for the instrument, each with a different
power requirement. Operating demand is .425 to .950 Amps depending on screen brightness. Standby, which
provides for instant on, is .325 Amps. Off, which requires 45 seconds boot time is 0.035 Amp. In the off state, the
battery will discharge in about 10 days.

Temperature OF Temperature °C Battery Life, Hours
104 40 8.5

77 24 8

32 0 6

-4 -20 3.5

Long storage periods without charging will severely reduce service life. Charging the battery before it is fully
discharged will result in longer battery life.

Important Notes and Instructions for Rechargeable Batteries

The battery is rated at 9 Amp-Hour. The Model H current drain is approximately .825 Amps operating and .325
Amps standby. Thus the battery operating ON-time is approximately 10.9 hours.

NOTE: Due to the intrinsic safety of the Model H, the instrument has the required overvoltage protective
circuitry on the charger input. If a voltage surge is detected, or if battery voltage is allowed to fall below
critical levels, the protective circuitry will cut power to the battery and a recharge will not be possible
until a hard reset has been performed via the pin-hole reset button on the front panel of the instrument.

1 - Charge battery before using instrument. To maintain intrinsically safe certification, ONLY the CHARGER that
is provided with the Echometer Model — H can be used (Echometer P/N MS1610).

2 - When not in use for extended periods of time leave the AC charger connected continuously.

5 - Under no circumstance should you attempt to open the instrument case.

6 - Do not expose instrument to moisture or rain.

7 - Do not drop, hit or abuse the instrument, because it will break.

8 - It is perfectly normal for the instrument to become warm to the touch during charging and discharging.

9 - Running time depends on the power demand and the operating temperature.

10 - The life of the battery under normal conditions may be as long as 300 full charge-discharge cycles.

11 - New batteries may require four or five charge-discharge cycles before achieving their designated capacities.
12 - Always fully charge the battery no less than once every four weeks.
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Steps to Reset Model H Battery to Begin Taking a Charge

There are a number of safety features associated with the battery in the Model H assembly.
Certain requirements are necessary in order to achieve certification as an intrinsically safe
instrument. One of these safety features is an automatic “kill switch” that will shut off power
to the instrument due to a detected voltage surge, or if the voltage capacity on the battery
drops below 10%. When the shut off occurs, the battery will not begin taking a charge unless
the battery is reset.

Please take the following steps to reset the battery:
1) With the instrument completely powered down, plug the wall charger into the

instrument and the outlet. The light on the charger will show "green" due to the fact
that the charge is not reaching the battery.

2) The pin-hole reset button is located in the upper right hand corner of the Model H front
panel. The end of a paper clip should be inserted the button inside the pin hole
depressed for three full seconds.

CONNECT ONLY TO
P/N EQ1110X OR EQ1415X

3) Upon removal of the paper clip, the light on the charger should turn red if the battery
was able to reset.

4)  After the charger turns red, allow the Model H to charge for several hours before you
turn it back on or try to remove it from the power source.
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Steps to Reset and Charge a “Critically Low Battery”

In the event a Model H instrument has been without charge for a period exceeding four weeks, it
may drop to a “critically low” voltage range. When this range is reached, attempts to charge the
battery may be unsuccessful.

Please completely read through and follow these instructions carefully to insure the battery is
brought back above the critically low voltage point and will begin taking a charge.

Step 1 — Plug the Model H charger into the instrument front panel.

If the battery voltage is critically low, the light on the Model H charger will remain green.

Step 2 - In the upper right hand side of the Model H front panel, locate the pin hole next to
the microphone cable connector. Take the end of a paper clip and depress the button
inside the pin hole for three seconds.

' N

CONNECT ONLY TO
P/NEQ1110X OR EQ1415%

Model H

When the paper clip is released the pinhole button, the charger indicator light will briefly (for

about one second) turn from green to red and then back to green. When the battery falls to the
critically low voltage point, the cells will trickle charge up to a point that they are able to begin
taking a charge normally. Until this point is reached, the charger light will display green.
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Step 3 — Allow the instrument to sit on charge for a period of not less than 5 hours.
This gives the battery cells ample time to trickle charge up to a point of normal operation.

Step 4 — With the charger still plugged into the instrument, press the Power button on the
panel.

After the initial boot up, continue to the Main Menu and perform the following navigation to the
Set-Up screen to see a visual display of the battery charge.

Main Menu — Set Up — Set Up Page 2
Set-Up Menu

(Fixed or (N)olse-based Threshold?
Recorder Threshold (mv)

Simulated Acquisition Mode
Baltery Amps = .

2011-07-27 17:09:45 -
Undo System Next USB Connect Selup

Changes Update ltem Laptop Mgr Page1

Above the visual battery charge display is a bar labeled “Battery Amps”. If the battery is taking a
charge, the colored bar will turn from a red bar to a green bar. This color scheme is opposite to
the light indicator on the charger.

Step 5 — With the charger still plugged into the instrument, depress the pin hole reset
button for three seconds.

When the paper clip is removed, the indicator light on the charger should turn from green to red
and should remain red as the battery continues its normal charging sequence.
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Step 6 — Allow the instrument to remain on charge until the visual battery charge display
on Set Up Screen 2 indicates a full battery and the Model H charger indicator light turns
from red to green, indicating a full charge.

THE MODEL H SHOULD BE PLACED ON CHARGE WHEN NOT IN USE, OR IF IT HAS BEEN
SITTING WITHOUT CHARGE FOR A PERIOD OF MORE THAN FOUR WEEKS.

Instrument Testing/Troubleshooting

The Echometer Model - H has an internal test circuit, which is used to verify that the electronics and the acoustic
amplifier are operating correctly. The test circuit is activated automatically when the power is turned ON. A
system test and battery voltage is displayed on the screen.

Maintenance

The Echometer Model —H instrument should be kept clean. The battery should be kept charged as described by
the instructions in Section 7. Do not subject the unit to shock loads.

Using the Compact Gas Gun or the High Pressure Guns in the EXPLOSION or IMPLOSION mode will require
minimum maintenance. Clean and inspect threads of the Microphone Protector (2 inch threads). Replace this
collar if it is worn or damaged.

The microphone cavity should be rinsed with a solvent (kerosene) periodically to remove any oil, grease or any
foreign materials that may have accumulated. DO NOT REMOVE the microphone.

When using in wells that produce sour gas or oil (H,S) it is recommended that the microphone cavity be coated
with a fine layer of grease or corrosion resistant primer. This will retard the formation of corrosion pits.

If the gas gun does not operate properly it probably needs replacement of “O" rings and it should be
disassembled. Be sure to check all threads, the moving gas valve and all other pieces thoroughly. If any signs of
wear or deterioration exist replace the parts before reassembling. Replace the "O" rings when any sign of
deterioration exists. Lubricate the gas valve and all "O" rings with light oil before assembily.

Compact Gas Gun Pressure Rating

The pressure rating of a NEW compact gas gun is 1500-psi. After the gun has been used, its pressure rating
should be de-rated by the operator depending on the condition of the gun. The compact gas gun may have
internal and external corrosion, deep external wrench marks, improperly tightened cap bolts or worn threads.
Corrosion causes pitting and reduction in the strength of the remaining metal. Any corrosion should be examined
visually and depending on its severity the maximum working pressure of the gas gun should be reduced. Marks
and notches caused by pipe wrenches, any type of bending or denting of the metal will cause a reduction in
strength. De-rate the gas gun for any noticeable physical damage to the gas gun.

The stainless steel 2-inch line pipe thread on the housing will become worn after unprotected use. For this
reason a knurled microphone protector has been added to the gun to protect the threads on the gas gun. This
protector should be replaced whenever excessive corrosion or wear has occurred.

The compact gas gun can be operated in an implosion mode. That is, gas from the casing can be released into
the compact gas gun to create the pressure pulse. Often, the gas in the well contains sand, water vapor and
corrosive gases. Thus, operating in the implosion mode will result in additional maintenance requirements.
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The preferred mode of operation when an external gas source (CO, or N,) is available is in the EXPLOSION
mode. The gas gun chamber should be charged to a pressure in excess of the well pressure before the gas gun
is exposed to well pressure (follow operating instructions in section 4). This will isolate the internal parts from the
well fluids and they will have longer life and require less maintenance.

Compact Gas Gun Disassembly and Assembly Special Precautions

When the gas gun is disassembled, always REMOVE the MICROPHONE FIRST. The microphone is located at
the lower end of the gas gun. It is removed by unscrewing a 10-32 x 1-1/4 cap screw. Then remove the Housing
Cap by unscrewing the four Allen-head cap bolts.

When reassembling the gas gun, always FIRST attach the Housing Cap to the housing with the 4 bolts then
INSTALL the MICROPHONE LAST. Do not over torque bolts.

The four cap bolts, Part No. GG-210, which hold the housing cap to the main gas gun housing should be
properly tightened and periodically replaced. The proper torque for the bolts is approximately 50 inch-pounds.
The "O" ring seal between the housing cap and the housing does not require excessive tightening of the bolts to
properly seal. Do not over tighten bolts. If the bolts are excessively tightened, the bolts would be pre-tensioned to
a stress such that when internal pressure is applied, the additional force on the housing cap generated by the
internal pressure could cause the bolts to fail.
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Microphone/Cable Test

The microphone/cable test can be performed after the instrument self test has shown that the battery and
electronics are performing properly.

The microphone test is used to measure the output of the microphone when a pre-determined pressure pulse is
applied to the microphone. A rubber squeeze bulb attached to a plastic threaded cap is supplied with the gas
gun so that the gas gun microphone can be tested whenever desired. The rubber squeeze bulb applies a
compression pressure pulse to the microphone when the bulb is squeezed. Continue to squeeze the bulb for
approximately 5 seconds, and then release the bulb. When the bulb is released, a rarefaction pressure pulse is
generated which is opposite in polarity. When testing the Compact Gas Gun, the internal gas valve and the
casing bleed valve must be closed. Lifting the cocking arm closes the internal gas valve. Be sure that the
casing bleed valve is closed. When testing the 5000-psi gun, close the valve between the microphone and the
volume chamber

Attach the rubber test bulb to the end of the gas gun securely. Attach the microphone cable to the microphone
outlet BNC connector and to the instrument INPUT.

Echometer Company Model — H Manual Phone: (940) 767-4334
5001 Ditto Lane Page 77 Fax: (940) 723-7507
Wichita Falls, Texas 76302, U.S.A. E-Mail: info@echometer.com




Rate of Fill-up Graph

The accompanying graph is very useful in liquid level work. The graph indicates the initial rate of fill-up between
casing and tubing in a well for a certain producing rate after the well is shut-in. The chart is read as follows: If
the well produces less than 100 BPD, find the point on the bottom scales corresponding to the producing rate,
read straight up until intersecting the line indicating the pipe sizes, then read to the left to find fill-up rate. For
over 100 BPD, find the point on the bottom scale corresponding to 1/10 of the producing rate, read up until
intersecting the line indicating the pipe sizes, then read to the left to find fill-up rate and multiply by 10. For
example, if a well which has 2” tubing and 5'," casing is producing 60 BPD, the initial fill-up rate is 2.2 feet per
minute. A well with 2'/,” tubing and 4'1y casing, producing at 700 BPD will have an initial fill-up rate of 59 feet

er minute.
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Use of Rate of Fill-up Information

If a pumping well is shut down for ten minutes for surface connection work prior to a liquid level shot and the
initial fill-up rate is only 1.3 feet per minute, then the maximum error would be only 13 feet due to the shut-in
time. However, if the fill-up rate is 35 feet per minute, the maximum error could be as high as 350 feet.

The fill-up rate found in the chart is the initial rate at which liquid will fill the casing annulus. This rate decreases
as the pressure in the well bore approaches the static reservoir pressure. For example, if the static reservoir
pressure is 1000 PSI, the reservoir pressure will support approximately 2500 feet of liquid (assuming low casing
pressure), so the fill-up rate found on the chart would be within 10°/, for the first 600 feet or so. However, if the
static reservoir pressure would support only 900 feet of liquid, then the fill-up rate would be reduced to one-half
by the time the well had filled with 600 feet of liquid.

The rate of fill-up graph can be used to estimate the production rate of a well. A first fluid level depth
measurement is performed while the well is at normal producing conditions. Then, the well is shut down and the
liquid level in the casing annulus is allowed to rise. The height that the liquid rose and the amount of shut-in time
are recorded. This data is used in conjunction with the casing and tubing sizes to determine the production rate
of a well. This procedure is more accurate in wells that produce small amounts of gas up the casing annulus.

If the well is producing gas up the casing annulus, the rate of fill-up is not as predictable. Also, using the rate of
fill-up to estimate the production rate is not as accurate. A casing pressure build-up rate in excess of 1 PSl in
three minutes indicates that the casing annulus liquid contains a substantial amount of free gas and the fill-up
data should be used with caution.
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CARBON DIOXIDE CYLINDER

Echometer Part No. GG0430 & GG0470

CAUTION

DO NOT OVER FILL, fill cylinder based on weight of
CO2.

Contents under pressure.

Do not inhale gas or allow gas to touch skin. Gas
becomes cold during use and can cause frostbite or
other personal injury.

Metal parts of Cylinder can become extremely cold
during use. Protect hands and other parts of body from
direct contact with metal parts of Cylinder during use.
Contains carbon dioxide gas under pressure. Do not
puncture or incinerate Cylinder. Do not expose to heat
or store at temperature above 170 degrees F (76°C).
Keep out of reach of children.

See details in operating manual.

Have Cylinder pressure checked or replaced two years
from date of purchase.

— R’

CARBON
DIOXIDE

\ S
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CO2 Cylinder Schematic With Part Numbers

COZ2 CYLINDER w/ HOSE

GG0432 (VALVE+HANDLE FOR €02 BOTTLE)

663486 (CO2 HEX NUT)

(GG3487 (€03 NIPPLE)

(663480 (BRASS HOSE END) GGJ3485 (44124)

-~——— HOSE, GG-2360

5LB. CO2 CYLINDER
GG-0430

GG3465 (4412-2)

2.5 LB cO2 CYLINDER

GG-0470
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VALVE CORE, GG-2040 e _
1/4" WASHER, GG-2020 - A e
N 3/16" O-RING, 6G-2010 ———— <>
CAP FOR QUICK CONNECTOR, GG-2000—""
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CARBON DIOXIDE GAS INFORMATION (CO,)

Carbon dioxide is a nonflammable, colorless, odorless, slightly acid gas. It is one and one-half times as heavy as
air. CO, is used in the carbonation of soda pop, as an inert agent in fire extinguishers, in canned food products,
and many other applications.

Below 88°F, confined CO, liquid and gas are in equilibrium at a vapor pressure shown in the table below. For
example, a Cylinder of CO, liquid and gas at 59°F has a pressure of 723-psia. As gas is removed from the
cylinder, the liquid vaporizes into a gas, which maintains the vapor pressure shown. When all of the liquid has
been vaporized, the gas pressure will reduce as gas is withdrawn. Following is a table of the vapor pressure as a
function of temperature.

Temperature Pressure
°F °C PSI Bar
88 31 1053 73
59 15 723 50
32 0 490 34
5 -15 317 22
-22 -30 192 13

Above 88°F, CO, becomes a fluid. Liquid does not exist separate from gas. The pressure in the tank is an
indication of the amount of CO, present in the tank. As the gas is used, the pressure will decline. At 90°F, the
pressure in a full cylinder will be approximately 1100-psi.

The amount of CO, in a cylinder is determined by weighing the cylinder containing the CO, and then subtracting
the weight of the empty cylinder which is shown on the cylinder. Below 88°F, the amount of CO, in the cylinder
cannot be estimated by measuring the pressure unless the pressure is less than the vapor pressure shown on the
graph. If the pressure is less than the vapor pressure, the Cylinder does not contain any liquid CO, and very little
CO, remains in the Cylinder.

CO, is heavier than air and may collect in confined, unventilated areas. Do not permit a leaking cylinder in a
closed automobile. CO, is the regulator of the breathing function, and an increase in the CO, inhaled will cause
an increased rate of breathing. In high concentrations, CO, can paralyze the respiratory system. Do not breathe
air having excessive amounts of CO..

Do not overfill a CO, Cylinder or dangerous pressures can result. Do not use CO, cylinders, which show any sign
of wear, abuse, corrosion, worn threads or any mishandling.

CO2 - PHYSICAL CONSTANTS

Density, Gas @ 70°F, 1atm 0.1146 Ib/cu ft
Critical Temperature 87.8°F (31°C)
Critical Density 0.468 g/ml
Critical Pressure 1072-psia (73-atm)
Specific Gravity 1.53
Specific Volume @ 70°F, 1-atm 8.76 cu ft/lb

or 15,000 cu in/lb
or 950 cu infoz
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NITROGEN GAS INFORMATION (N2)

Nitrogen comprises approximately 79%,by volume of the air. It is found chemically combined in many forms in
nature. Nitrogen will not burn and will not support combustion. Nitrogen is normally available in cylinders
compressed to 2200-psi.

Nitrogen is used as an inert gas in electrical systems, the chemical industry, and in the food packaging industry.
Nitrogen, also finds extensive use as an inert atmosphere and in the filling of some incandescent lamps.

Nitrogen is nontoxic but can asphyxiate human beings and animal life by displacing the necessary amount of
oxygen in the air to sustain life.

ACOUSTIC LIQUID LEVEL DEPTH MEASUREMENT CONSIDERATIONS

Generally, a pressure regulator should be used with N, since the initial cylinder pressure is 2200-psi, which is
normally in excess of the wellhead pressure rating or the maximum rating of some of the pressure gauges.

During pressure buildup testing, the pressure regulator should be set so that the pressure in the volume chamber

will exceed the pressure on the casing annulus when the operator returns to check the equipment. Less gas will
be used if the pressure regulator is set to a lower value.

HANDLING PRECAUTIONS

Never drop cylinders or permit them to strike each other violently.
Never tamper with safety devices in valves or cylinders. See your local gas supply dealer for other precautions.

N2 - PHYSICAL CONSTANTS

Molecular Weight 28.016

Density @ 70°F, 1-atm 0.17247 Ib/cu ft

Critical Temperature -232.87°F (-147.15°C)

Critical Pressure 492 .45-psia (33.5-atm)

Specific Volume @ 70°F, 1-atm 13.8 cu ft/Ib or 31,000 cu in/lb
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