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How to contact Sage Technologies

For sales and payments:

Sage Technologies, Inc.
Attn: Customer Support
P.O. Box 1466
Grapevine, TX, USA 76099-1466
For service and technical support:

Call for shipping address

Call or FAX:

Phone: 817-488-2579
Tollfree in U.S.: 877-488-2579

If you are trying to contact us from outside theitedd States, the phone numbers must be prefixed
with the (+1) United States International dialirayle

Contact us through the Internet:

Website: www.sageoiltools.com
E-Mail: info@sageoiltools.com
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Introduction to Acoustic Fluid Logger IV
With Sage AFL software for the Acoustic Fluid Logdj¢

and choice of gas guns:
1,500 psi Pressure Pulse Gas Gun
o0 With optional 1,500 psi pressure transducer
3,000 psi Pressure Pulse Gas Gun
o0 With optional 3,000 psi pressure transducer

5,000 psi Sage High Pressure Gas Gun

TheAcoustic Fluid Logger|V System lets the operator use his own portable computer in
combination with our Sage AFL software to gathenpaterized fluid levels on oil and gas wells. The
Acoustic Fluid Logger IV stores well data on thenmputer, and allows easy downloads or transmisdion o
files in .pdf format. The software also allows easjculation of bottom hole pressure and other g
parameters.

TheAcoustic Fluid Logger IV is designed to work with our entire line of gas gjuhe 1,500 psi
Pressure Pulse Gas Gun -- with optional 1,500 nesisuire transducethe 3,000 psi Pressure Pulse Gas
Gun — with optional 3,000 psi pressure transduwd,the 5,000 psi Sage High Pressure Gas Gun.

During a fluid level test, the stainless steelkBoee Pulse Gas Gun shoots a pulse of compressed
C02 down the annulus of the well; the return sigraae received on the gas gun’s internal microphone
and transmitted to the Acoustic Fluid Logger IV thi& microphone cable. The gun contains a volume
chamber, a valve assembly and a microphone. Beth, 800 and 3,000 psi Pressure Pulse Gas Guns and
also the 5,000 psi Sage High Pressure Gas Gun #dilwse of either an implosion (using gas from
inside the wellbore) or an explosion (using a casped shot of CO2 or Nitrogen) to complete a fluid
level test. All three gas guns may be easily desabded for maintenance.

Pipe adapters are available for all gas gunsJéavalonnection to any wellbore.
All of the products offered by Sage Technologiestae result of years of field experience and

technical innovation. In addition, our technicatiaraining staff and our full repair shop standibdh
each piece of equipment.
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Included with your Acoustic Fluid Logger IV System

Acoustic Fluid Logger IV

Sage AFL software CD
AFL IV Field Manual
Wall-mount battery charger
Microphone cable

USB cable

Pressure Pulse Gas Gun and Microphone (1,500 pgjgais standard)

1,500 psi gauge with quick connect

200 psi gauge with quick connect (for checking mggiressure)
Charge hose for Chottle

2 Y% pound CO?2 bottle, empty

CO2 refill adapter

4" Spanner wrench

Service Tool (for valve core and o-ring maintenance
Two 5/32" Allen wrenches

3/16" balldrive wrench

O-ring and valve core repair/replacement kit
Waterproof carrying case

Field computer requirements

Portable computer — with Windows 8 operating systenwWindows 7, XP or Vista) — with the
Sage AFL Software installed.

Note: For ease of viewing the fluid level and pnopge of onscreen tools available inside the Sdge A
software, use a computeith at least a 13” diagonal screen

For Sage AFL software install on computers withoutn CD drive, you may use a CD-drive-equipped
computer to load software onto a USB stick, and ihstall Sage AFL software from the USB stick to
the portable. Or you may contact Sage Technoldgies copy of the Sage AFL software on a USB stick.

Other tools needed in the field

10

Filled COz2 bottle -- must be filled with gas to pide the fluid level shot. The bottle should be
weighed when empty, then filled to the specifiedduct weight of the bottle. Our standard bottle
included with the system is the 2.5 Ib. CO? bottle

Adjustable wrench for the CO? hose and wellheadesl

9/16" wrench for the fittings

www.sageoiltools.com Sage Technologies, Inc.
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Sage AFL software

Installation instructions

A CD-ROM containing the Sage AFL software is indddvith purchase of the Acoustic Fluid Logger
System.

The Sage AFL software is designed to work with @figdows 8 (or Windows 7, XP or Vista) computer.
This means that you can use your field portableprder to gather data and save it to a disk or USB
memory stick, then use your office computer andtprito analyze the data and print a fluid levebré

To install the Sage AFL software, insert the Citite CD-drive of your portable computer. The CD
will autorun.Please be patient during the installation, as sevalrprograms are being installed One
of these automatic installs, the CutePDF Writeh, alilow you to save the fluid level report to andd@dbe
PDF file, suitable for email transmission.

NOTE for computers without a CD drive: You may use a CD-drive-equipped computer to cbpy t
complete contentsof the Sage AFL CD-ROM disk onto a USB stick, éimeh use that USB stick to
install the software to the portable computer. Qu ynay contact Sage Technologies for a copy of the
Sage AFL software on a USB stick.

The Sage AFL software CD will not be required ia fleld, once the software is installed on thedfiel
computer. Store the Sage AFL software CD safelyuture installation on additional computers.

12 www.sageoiltools.com Sage Technologies, Inc.
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Shooting the pumping fluid level
Quick start instructions

Close the backside valve on the well before sedfithe Acoustic Fluid Logger system.

Connect the Pressure Pulse Gas Gun to the anrfulus well behind the backside valve,
using the spanner wrench provided.

Open the backside valve, in preparation to pressoithe gas gun.

Push the Pressure Pulse Gun’s shuttle valve ietbdad position. Make sure the
Pressure Bleedvalve is closed.

Charge up gas gun chamber by feeding pressuréhatgun from the CO?2 bottle through
the charge hose to achieve a positive differeptiassure. To do this, stab the CO?2 charge
hose into thé-ill Valve labeled on the side of the guuggested shot pressure is 200 to
300 pounds over well pressure, depending on well pld.

Shut in the casing flow line valve, so the shot i down the wellbore and not down
the flow line.

Connect thenicrophone cableto both the Acoustic Fluid Logger IV and to thegsure
Pulse Gun. Connect th¢SB cableto both the Acoustic Fluid Logger IV and to the
portable computer.

Turn on the Acoustic Fluid Logger IV unit and therfable computer. Open the Sage
AFL software; on the screen, clidesin thelnstrument Enabled box, and go to the
Depth Scantab.

Click on theStart Acquisition button located on theepth Scantab.

Quickly shoot the Pressure Pulse Gas Guny pushing the shuttle valve in thee
direction. You will see the shot appear on the cor@pscreen.

Let the fluid level run until you have seen a vdlidd level kick. On the computer
screen, click th&top Acquisition button on théepth Scantab to stop the fluid level
data acquisition.

Inspect the resulting fluid level graph on the caoiep screen for valid fluid and readable
collars.

If valid fluid is found, click theSave Databutton near the top of the computer screen to
save the fluid level graph to the portable compu@#roose the file and folder location
desired on the computer, then name and save tlldédlel file.

Follow the above procedures to shoot another shdtewell.

Sage Technologies, Inc. www.sageoiltools.com 13
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lllustrated Fluid Level Procedure

With Pressure Pulse Gun — 1,500 or 3,000 psi

1. Mount the Pressure Pulse Gun to the wellhgaulygg Teflon tape to the gas gun threads
before connection to the wellhead helps achievettibseal. Turn the gun by hand at first. Finish
tightening by inserting the spanner wrench providét the gun into the notches in the gun and
tightening the gun firmly to the wellhead.

2. Open the backside casing valve, shown belowTeéit will allow the compressed gas shot to
travel down the wellbore to find the fluid. Nexipge the casing flow line valve, shown below rigFttis
prevents the compressed gas shot from going dosvfidtv line instead of down the wellbore.

‘f':"_““ e = W
e s k| '
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4. To charge up the gun, first make sure the preddeed knob is turned closed. Open the valve
on the compressed gas bottle. Press the stab-nmectum on the charge hose into the “Fill” connetom
the gun. Note: When the charge hose stabs intfillthialve, some gas will blow back from the ingert
point. This is normal, and helps keep the charge &ee of debris.

Recommended shot pressuréiell depth and other variables will affect the amioof pressure
needed to charge the gun for a fluid level shotgeneral, a shot of 100 to 200 psi above wellbore
pressure should be sufficient for shallow wells; ©s300 to 400 psi above wellbore pressure for
deeper wells.

Watch the gauge and charge to the desired preShgegun is now charged, and ready to fire
when connected to the Acoustic Fluid Logger IV.

5. Attach the microphone cable from the conneatotop of the Pressure Pulse Gun to the
microphone connection on the Acoustic Fluid Log§erTurn on the power switch on the Acoustic Fluid
Logger IV and the on/off light will shine. Note Vvery bright conditions, the light on the fronnpacan
be difficult to see.

Microphone
connector

USB portt—y

6. Connect the USB cable from your portable comapta the USB port on the Acoustic Fluid
Logger IV. Open the Sage AFL software on the comipwthen the software loads, on the initial
Instrument Control screen, cli¢kes” to “Enable Instrument control?” This means the instrument is
connected and ready to record data.

Sage Technologies, Inc. www.sageoiltools.com 15
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Note: There are times when you would click “No™Enable Instrument control?” such as when you are
loading a saved file from the computer and theumsént is not connected. But when the instrument is
connected to the computer during testing, clicksYe

7. Be ready to fire the Pressure Pulse Gun. GiegDepth Scantab on the software.

8. PressStart Acquisition,” thenquickly fire the gas gun by pushing the shuttle valve towar
“Fire.”

Quickly fire the
gas gun

16 www.sageoiltools.com Sage Technologies, Inc.



Acoustic Fluid Logger IV

9. The fluid level signal will appear on the congruicreen. When you see a valid fluid level kick
on the graph, click th&top Acquisition” button. Remember that the compressed gas must ttawn
to the fluid and back to the surface before thaaigegisters on the fluid level graph onscreemt Sh
return time will vary with well depth. Thituid level signature appears marked on the graph by the blue
line cursor.

10. The calculated value for the fluid level wiligear in thdLiquid Fluid Level (Blue Cursor)
box. You may now calibrate the echo using the tootbe Sage AFL software. You may do this in the
field, or you may save the data for calibratioa #ter date.

Saving Fluid Echoes:To save the fluid level data files to the portableomputer, click the
“Save Data” button at the top of the screen, then name and save iadh & folder on the computer.
Naming each test file with the well name and datest can be very helpful when testing multipldisve
over time.Once all echoes are savedlick “Exit System” to close the software program

Sage Technologies, Inc. www.sageoiltools.com 17
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11. When testing is complete, fluid logger setpopcedures are reversed. Note: To ensure the
safety of the operator, when rigging down, first BHRE to close the backside casing valve.

12. Before removing the gun from the well, BE SUiREurn the Ressure Bleedknob counter-
clockwise to open the bleed valve and release pre$som the gun. Also, BE SURE to put thleuttle
Valve into the“Fire” position, to fully release pressure from the gumsfe operatiorThe gauge on
the gun must be returned to zero psi before you bagto remove the gun from the wellhead.

13. Use the spanner wrench to loosen the gun fine wellhead. Once loosened, the gun may be
rotated and removed by hamfter the gun is removed from the wellhead, remenib@pen the casing
flowline valve.Repack the gun and accessories into the blackfoasasy transport from the well site.

18 www.sageoiltools.com Sage Technologies, Inc.
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Pressure Pulse Gun - Illlustration

Fire Load

Fill Pressure

\ Bleed
«—

Quick start instructions

Shooting a Positive Pressure Wave:
Push the shuttle valve to tHeoad” position (in direction of Load arrow).

Connect the C&charge hose to the gas bottle. Insert thé €l@rge hose tip into the
“Fill” connection on the gun. As you do this, pressulldnerease on the gauge.

When the desired pressure is reached, remove #igechose tip from the fill
connectionA suggested shot size is 100 to 200 psi above wailtbpressure for
shallow wells. A suggested shot size for deeper 8ak 300 to 400 psi above
wellbore pressure.lf you overfilled the gun, release some of the \gdh the
Pressure Bleed knaob.

To fire the Pressure Pulse Gun, push the shuthie va the"Fire” position (in the
direction of the Fire arrow).

Sage Technologies, Inc. www.sageoiltools.com 19
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Shooting a Reverse Pressure Wave:

Most wells with a casing pressure of above 10@asibe shot using a reverse pressure wave, if
desired. (This means letting gas travel from th# we the volume chamber of the gas gun).

Reverse Pressure Wave Procedure:
Place the shuttle valve in thieoad” position.

Open thePressure Bleedknob (counterclockwise) to bleed gas from theriraé
volume chamber.

Close thePressure Bleedclockwise) and move the shuttle valve to ‘thiee”
position. (You will notice that the gauge on toptloé gas gun suddenly travels from
zero to whatever is the existing pressure insidentéllbore casing.)

You have now producedraverse pressure waveThe fluid level will also be
reversed on the computer gragte fluid level will kick UP on the graph, instead
of kicking down as it does in a positive pressure ave.

For more information on shooting a reverse pressurgvave, see Appendix C: Reverse Pressure
Wave, Page 70.

To remove the Pressure Pulse Gun after a Reverse Pr  essure Wave:
Close the casing valve.

Check to ensure that the gas gun shuttle valvetisa“Fire” position.

Check that the gun’s Pressure Bleed is fully ogeheosen the gas gun from well
using the spanner wrench, and remove the gas gmamtfre well.

Safety notice:If the Pressure Pulse Gun has been left in thedLpasition while opening
the Pressure Bleed, you have only vented the gasifiside the gurGas at pressure is still present
between the gas gun and the casing valvEo release this gas, it is necessary to openrimwsire
Bleed (turn counterclockwise) to bleed pressuregigegun before removing it from the casing.
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Pressure Pulse Gun — Using Quick-connects

Quick-connects are a useful accessory for apmiesithat require quick coupling and change-out
of gauges on the Pressure Pulse Gun.

Gauge choice options
- Use the 200 psi gauge to measure lower
casing pressure readings.
Use the 1,500 psi (or 3,000 psi) standard
agauae to determine shot ¢

A high-pressure gauge allows the operator to getick
check of shot size in higher pressure wells.

A low-pressure gauge allows a check of casinggune
in low pressure situations.

The quick-connects allow an operator to use a more
accurate gauge for each situation. Also, the garmete freely
for easy viewing in any wellbore situation, fromyangle.

To Couple the Quick-connect:  Align Warning: System pressure must not
stem with body. Push stem into body until it exceed 250 psig (17.2 bar) at Y& (20° C)
clicks. (Left photo.) when coupling and uncoupling this

product. When uncoupling single-end
shutoff quick-connects, system pressure on
To Uncouple the Quick-connect:  Pull the stem side will vent to the atmosphere.
the body sleeve on the quick-connect toward the
stem of the gauge (in other words, pull the
sleeve away from the gun). (Right photo.)

Good practices for operation of Swagelok Quick-conn ects
Align bodies and stems when coupling or uncoupling.

Sage Technologies, Inc. www.sageoiltools.com 21
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Support hanging hoses or other equipment to presidatioad.
Re-lubricate stem seal o-rings periodically.

Warning: Do not rotate gauge when coupled under presure. Do not insert foreign objects into
uncoupled bodies or stems.
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Pressure Pulse Gun — Using the Pressure Transducer

The pressure transducer can be used to monit@niii@us pressure buildup to determine the gas

afterflow in the wellbore directly before the shdthe quick-
connect on top of the Pressure Pulse Gun -- b&0land
3,000 psi -- allows for easy connection of a saated 1,500
or 3,000 psi pressure transducer in place of agyaug

Warning: If a pressure gauge has already been in eson
the gun and it is connected to the wellheadhe first thing to
do isbleed off all pressure from the gaugdijrst by isolating
the gas gun from the wellbore, and then by opettiag
Pressure Bleed wheel on the gas gun.

After bleeding pressure from the gas gun, uncotlegauge
on top of the Pressure Pulse Gun by pulling thevel®n the
quick-connect away from the gun. This will reletise gauge
from the gun.

ansducer to the Quick-connect: Align the stem on end of transducer with
ish the transducer stem into -connect on the gun body until it clicks.

Transducer from the Quick-connect: Pull the sleeve on the quick-connect
on the transducer. (In other wardk the sleeve away from the gu

Warning: System pressure must not exceed 250 psi§j/(.2 bar) at 70 F (20° C) when coupling and
uncoupling this product. When uncoupling single-engshutoff quick-connects, system pressure on

the stem side will vent to atmosphere.

Good practices for operation of Swagelok Quick-conn ects with Pressure Transducer

Align bodies and stems when coupling or uncoupling.

Support hanging hoses or other equipment to presidatioad.

Re-lubricate stem seal o-rings periodically.

Sage Technologies, Inc. www.sageoiltools.com 23



Acoustic Fluid Logger IV

Setting up the Pressure Transducer

When the Pressure Transducer is connected to #ssuRe Pulse Gas Gun, the opposite end of the
transducer cable should be connected t6Phessure” connector on the Acoustic Fluid Logger IV blue
panel. The microphone cable — bound to the trasesdzable — should be connected to the microphone
port on the top of the gun and the microphone potthe Acoustic Fluid Logger IV blue front panel.

— Microphone cable connection

<« Pressure transducer cable connection

Zeroing the Pressure Transducer

When doing a pressure buildup with a transducest, éipen the Sage AFL software on the portable
computer, and on thidain Pagetab, in theMax Pressure Valuebox at the bottom of the page, click on
the proper psi rating for the pressure transducaraye using — 1,500 psi with the 1,500 psi Pressur
Pulse Gas Gun, or 3,000 psi with the 3,000 psidaresPulse Gas Gun. Then click #&ro Pressure
Transducer box before commencing. The Pressure Transducktheit be used to monitor surface
pressure before the shot in the fluid level test.

T~

For a larger view of the Main Page tab, Max PresMaiue and the Zero Pressure Transducer boxes, see
Page 26.
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Sage AFL software

The Sage AFL software works in sync with the AdmuBluid Logger IV and your own portable
computer, eliminating the need to have a dedicateaputer solely for fluid level analysis.

Installing the Software

Install the Sage AFL software, using the CD-ROMmigal with your unit, before starting the
first well test. Insert the CD into the CD-driveyafur Windows 10 (or Windows 8, 7, Vista or XP)
computer. The CD will autorun. ( For computers without a CD drive, copy software 6 USB stick
first, or contact Sage for a copy of the Sage Aéftveare on a USB stick.)

Please be patient during the installation, as s¢peograms are being installed. One of these
automatic installs, the CutePDF Writer, will allgwu to save the fluid level report to an Adobe HiDd;
for easy email transmission. The Sage AFL softvailoavs you to gather field data with your portable
computer, to save it to a hard drive file, diskJ8B memory stick. Analysis of saved data can tdaee
on any computer which has the Sage AFL softwartaliesl on it.

Once installed on the computer, the Sage AFL so#WZD is not needed in the field. Store the
software CD safely for future installation on adutial computers.

Instrument Control pop-up box

To run a well test, first turn on the computer &t the Acoustic Fluid Logger program. On the
Instrument Control screen, click “Yes,” if the Aactdic Fluid Logger IV is connected to the computer
through the USB cable and you are doing a well @tk “No” if the logger is not connected.

Click YES
When running dluid
level test in the field

Click NO
Whenviewing
previously saved
data — when
analyzing data or
preparing a fluid
level report

Note: When you click “No” to enable instrument contol, you will also notice that the Pressure Scan
and Depth Scan menus will disappear temporarily urit you load up a saved fluid level echo for
analysis.
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Remember: If you click Yes to “Enable instrument catrol?” that means you are in the field
collecting fluid level information.

If you click No to “Enable instrument control?” that means you have already gathered your flwiel le
information, and are no longer connected to theuAtio Fluid Logger IV. You will still be able to ew
and process the data you collected and savedraarttee field, as well as to analyze the datatlerfluid
level, and to run other calculations.

Initializing the Com Port

Once thé'Enable Instrument Control?” box is checked, the following screen will appeaefty, while
the Sage AFL software automatically picks the comication port through which the fluid logger

instrument talks to the computer. No action is el This screen will disappear once the com jgort
initialized.

This screen displays briefly while Sage AFL Softevautomatically identifies the proper
com port for the fluid logger and computer.
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Main Page Tab

A series of menu tabs runs across the top of tteesof the Sage AFL software: Main Page, Pressure
Scan, Depth Scan, Bottomhole Pressure, Productiredse, Report Generation, and About. Each tab
allows the operator different options to enter tmdnalyze data for the fluid level test.

Test Information

The page allows the operator to enter the well n@m®mpany name, formation, location, and test date
all useful information for identifying the well aride fluid level test.

EnterWell Name, Company, Formation, Location and Test Diz:
useful for identification when saving and analyzewnoes, and
comparing data on a well over time

Date Style
Select the desired Date Style for recording the test in this pull-down menu.
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Pressure Transducer - Max Pressure Value

On the Main Page tab, if you are using a pressansducer, before the test begins, you need to ttie
Max Pressure Valuebox that corresponds to the transducer that isghesed (the 1,500 psi transducer is
used with the 1,500 psi Pressure Pulse Gas Guthar®J000 psi transducer is used with the 3,000 psi
Pressure Pulse Gas Gun).

Note: Once this step is complete, when you exiptlogram, the transducer value you selected will
remain as your default transducer the next timegpmn the software program.

Select the proper psi rating of

Pressure Pulse Gun in use with Zero Pressure Transducer
pressure transducer ilax

Pressure Valuecheck box

Zero Pressure Transducer

The Main Page tab is also the place to zero thesBre Transducer if it is being used. Howezerping

is not part of every test You will only need to zero the pressure transdifaaver time it develops an
offset.

With the transducer plugged into the unit, lay phessure transducer in the open atmosphere, ook
Pressure Transducer You will see the zeroing process briefly disptaythe screen. Once the screen
returns to the Main page, then your pressure traneschas been zeroed.

Note: Once this step is complete, when you exiptiogram, the transducer you zeroed will be setecte
as your default transducer the next time you operptogram.
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Pressure Scan tab

Note: Use the Pressure Scan tab ONLY if you are ugj a pressure transducer to
monitor surface pressure before the shot.

Pressure Transducer operation

When you have the pressure transducer and the Acéigid Logger IV connected to the wellhead,
before you begin monitoring the surface pressura,will first enter thePressure Scartab on the
software. The graph on the computer screen wibllaek except for the red and blue cursors. Cliek th
Start Acquisition button. Once you press this button, the datastalit appearing on the screen at the
rate of one pressure reading per second.

When you are ready to start the pressure buildug,is the reverse casing valve. You will see the
pressure slowly increase on your graph. Usuallhiwitwo to three minutes, you will see the rate of
increase slow down. At this point, click tB&op Acquisition button.

Now, you will set the Red and Blue Cursors. Tohls,tclick on the lefGraph Manipulation: Cursor
button (looks like a cross with a green dot onutjder theStart Acquisition button. ThisGraph
Manipulation: Cursor button enables the cursors to be clicked and drhgge

Next, click and drag thRed Cursor to the point on the graph where the buildup st&tisk and drag
theBlue Cursor to the point where the pressure buildup starstde down. These two parameters allow
the software to set a calculation of the gas afterfLater, when you shoot your fluid level test, a
calculation of your gas afterflow will be made avuy buildup, using these two cursor points.

If you skip this screen, you can enter the gasfidte directly into the Bottomhole Pressure takeaftou
have made your calculations (See Page 34). Yoalsancome back to this screen to manipulate the

cursors to get a better calculation of the gasfédte at a later time. Start

Acquisition
Before shutting
reverse casing
valve

Stop
< Acquisition

when rate of

increase slows

Graph
Manipulation:
Cursor

Click graph
button, click and
move Red cursor
to start of
buildup,

move Blue
cursor to
slowdown of
buildug
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Depth Scan tab

You begin a fluid level test on the Depth Scan talwhere the actual fluid level test is performed an
data is acquired for later analysis. Thepth Scan Bottomhole Pressure Production Increaseand
Report Generationfile tabs are for different aspects of fluid ledealta analysis.

Shooting the fluid level and acquisition of data

When you click on th®epth Scantab, a blank graph will appear. Make sure thedeiresPulse Gas Gun
is charged and ready to shoot. Click 8tart Acquisition button and promptly shoot the gun. Data from
the microphone will appear on the screen, at tteeab1,000 samples per second. You will see tlse ga
shot displayed soon after the digitization statg] when you have seen a valid fluid level, preeStop
Acquisition button.

At this point, you have a fluid level loaded int@mory on your computer. You can further analyze the
fluid level now, or you casaveit in its raw form by using thExport Data button, then naming the file
and saving it.

When you hit theStop Acquisition button, the Sage AFL software attempts to identifystart of the
shot and the fluid level, by placing the Red Cumsahe start of the shot and the Blue Cursoreflthd
level.

If you wish, you may move the cursors to fine-ttime reading. To move the colored fluid level cussor
click on theGraph Manipulation: Cursor button (looks like a graph with a green dot onTit)is button
enables cursor movement; you may now click and ttradrked Cursor to the start of the fluid leveltsho
and click and drag the Blue Cursor to where it segghe baseline with the fluid level kicking doWrhe
Green Cursor will be explained in the Constant Beptalysis section, Page 33, and additional graph
manipulations are explained on Pages 46 - 53).

Start
Acquisition, Stop_ N
then quickly ———— 4  Acquisition
fire gas gun :/;C(ealnillwd
displayed
Graph
Manipulation:
Cursor
Click graph
button to drag
cursors on
graph
Fluid Level
Start of Shot
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Data Analysis Methods

On theDepth Scantab, there are three main methods for analyziadltid level and calculating the
total depth of fluid. In th®epth Method box in the lower left corner of the screen, therapor may
choose one of the three analysis meth@Qasistant AV, Joint Length, or Constant Depth

Constant AV analysis method

Once data is acquired, t®mnstant AV (Acoustic Velocity) method can calculate the tatepth of the
fluid. Click theConstant AV circle undeDepth Method in the lower left box on the Depth Scan screen,
then enter thécoustic Velocity, if known. (See Appendix B: Acoustic Velocity, Rag9.)

In this analysis method, the Acoustic Velocity akds used to calculate the total depth of thel fliihe

shot start is the Red Cursor, the fluid level is Blue Cursor. Adjust the Red Cursor to the stat.sto

do this, click on the lefGraph Manipulation: Cursor button (looks like a graph with a green dot). Then
click and drag the Red Cursor to the shot stanefitst place the graph deviates from the flag.lin

Adjust the Blue Cursor to the fluid level, agaiitking the graph manipulation button, then clickamgd
dragging the Blue Cursor to the fluid level kickhe point where the graph first kicks up or dowheT
program then will give you a calculation of theidllevel based on the Acoustic Velocity.

In the Constant AV analysis method, the travel time between the staot and the fluid level is used in
conjunction with the acoustic velocity to determihe fluid depth.

For

Graph
Manipulation
of Cursors

Clickgraph _—*
button, then

move Red

Cursor to start

of sho

Select
Constant
AV

method \
Enter
Acoustic \

Velocity

# of Joints Foundis calculated by software
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Joint Length analysis method

Once data is acquiredipint Length on the Depth Scan tab is another fluid level asialgnethod that can
be used to calculate the total depth of fluid.

Click theJoint Lengths circle in theDepth Method box in the lower left of the Depth Scan screeenth
enter the known joint length on the well Click theRecalculatebutton at the bottom of the screen, and
the Sage AFL software will attempt to give you amioof actual pipe joints downhole between the Red
Cursor, which is the start of the shot, and theeBhuirsor, which is the fluid level. The software
calculates the of Joints Found

In the Joint Length analysis method, the fluid ledepth is determined by multiplying the number of
joints by the entered average joint length peracoll

Select
Joint
Lengths
Method

Enter KnownJoint Length

Calculation# of Joints Found

Recalculate
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Constant Depth analysis method

Once data is acquire@onstant Depthon the Depth Scan tab is a method that can betassdculate
the total depth of fluid, when there is an evena &hown exact depth on the fluid level echo.

Examples of an event of a known exact depth:

The point where the well transitions from cased ha to open hole

The point where a tubing anchor is placed at a knowdepth and shows up above the fluid
level

The location of a set of perforations very high ithe well, always exposed above fluid level.

Click theConstant Depthcircle in theDepth Method box in the lower left corner of the Depth Scan tab
A Known Depth input box appeargnter depth of the known constant evenbr marker and click OK.

You then must move the Green Cursoto set the depth of the known constant eventk@icthe

Graph Manipulation: Cursor button (looks like a graph with a green dot ontfin click on the Green
Cursor and drag the cursor to the place on thehgrdgere you want to assign the known depth. (lemwoth
words, wherever you drag the cursor on the grdgat,doint is set to the known depth you entereldenT
all other depths in the wellbore will be calculatesing the known depth as a reference point.)

Select

Constant

Depth

Method
Enter

‘  Depth of

known
constant
event

(Continued on next page)
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For the Constant Depth calculation to work corgedtie Red Cursor must still be aligned at the stfthe
shot, the Blue Cursor must still be on the fluidele To move the cursors, click on tlégraph
Manipulation: Cursor button, then click and drag each colored cursor.

Graph

Manipulation
of cursors:
Click the graph

Red cursor to
the start of shot,
and the Blue
cursor to the

fluid level
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Bottomhole Pressure tab — Calculated Results

Once data is acquired, this tab is used to caktifeBottomhole Pressureon a pumping well. The
Bottomhole Pressure calculation requires accurat® t be entered &l of the boxes in thEntered
Valuessection. All values must be entered by hand, exioeBurface Pressure, Gas Production and
Fluid Level Selection, which each have the optib@alculated results (from software) or Entereailtss
(by hand) .

Entered Values — Value Boxes

To enter the values in tiientered Valuessection, click théedit button directly below the entered values
section. Enter all values. It is necessary to lavalue in all of the Entered Values entry poiotsdll of
the calculations to be made. Clidpdate after data entry to sé€galculated Results.

Failure to enter numbers in all boxes will resnlNiaN (Not a Number) valuesappearing in the
Calculated Results. After the update button iskeli; no data can be changed unless you clicEtter
button again. Use th@ancelbutton to remove entries from the current editisess

Click Edit
button, then
type in
Entered
Valuesto
enter known
values

Entry of
ALL values
required for
accurate
bottomhole
pressure
calculation

Click Update
button after
data entry;
Bottomhole
Pressure
calculation
will appear

Key to Entered Values Abbreviations
API of Oil — American Petroleum Institute Gravity of Qil

SpG of Water — Specific Gravity of Water

SpG to Air of Gas— Specific Gravity to Air of Gas (of Gas to Air)
OCSG - Outer Diameter of Casing

CWT - Casing Weight

OTBG — Outside Diameter of Tubing
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Entered Values — Calculated or Entered

Pressure Section, Gas Production SelectiandFluid Level Selectionare three special values that can
be derived either fror€alculated data from the fluid level test, or froBntered data acquired from
another source. In these three sectidngu choose the “Entered” circle, you must enter aumber
before the software can make the calculatiarif you choose thé&Calculated” circle, the Sage AFL
software enters the number it has found and méaleesalculation.

Entering Fluid Level Selection to predict new Botto mhole Pressure

To predict a new Bottomhole Pressure and Pump Inta&k Pressurdf you raise or lower the
fluid level, you will need to enter the fluid levehlue.Clicking the “Entered” circle under
Fluid Level Selection brings up a boxvhere you may enter a new fluid level vallibis box
only appears when the Entered circle is checked.

Once you have accepted the calculated data oreghtiee values — and all box@sist contain a value --
click theUpdate button and the software will make the BottomhailesBure calculation.

After theUpdate button is clicked, no data can be changed unleslck on theEnter button again.

Bottomhole Pressure - Calculated Results

Once you click théJpdate button, theCalculated Resultssection will display the workingluid Level,
theGas Free Fluid Leve] theBottomhole Pressureand thdntake Pump Pressure(intake pressure at
the pump).

View
Calculated
Results
here --
If a NaN value
- appears, it means
Entered Values
are incomplete
and calculations
cannot be
completed

Bottomhole Pressure Tab — Holding “Entered” Fluid L evel Option

Because the Sage AFL software is designed for suséal fluid level acquisitionif you choose
“Entered” in “Fluid Level Selection,” and then enter your own well data, the Sage AFL software
will remember this and the software will want you b enter this data the next time you use the unit.
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However, if you want the software to resume catineof the data, you need to reset the machine for
Calculated Data. You magset to Calculated Datan two ways:

Bottomhole Pressure Tab — Return to “Calculated” Fl uid Level Option

To return to the automatic calculation of Fluid eé®$election at power-on, go to the
Bottomhole Pressuretab and click th€alculated button undefFluid Level Selection This
will reset the calculation and you may continugwaglculated fluid level analysis.

At the end of a session of saviBgtered data to the computer, return to tettomhole
Pressuretab and click th€alculated button before turning off the computer.
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Production Increase tab — Calculated Results

This utility helps determine the production thah te expected at different levels of calculatecsues.

If you know the static reservoir pressure, you magnter this number, along with a
calculation pressure (which is probably your new pmp intake pressure) to get a general
estimate of what your new production would be if ya were to lower or raise the well’s
producing pressure.

Entered Values

In theEntered Valuessection of the Production Increase tab: Chcht to enter or change the values of
the Calculation Pressure, Daily Oil Production, Reservio Pressure,andDaily Water Production.
Click Cancelto go back to the original values. After editibfeur boxes, clickUpdate.

Calculated Results

The Sage AFL software now calculates results basdtie expected output values from the well if the
entered values are attained.

Click Edit
then

enter
anticipated
new values
in Entered

Values Click

Cancelto
return to
original
values

Click
Update,
then view
predicted
Calculated
Results

For explanation of output values, 3¢ey to Calculated Resultson the following page:
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Key to Calculated Results:

Max OPD — Maximum Qil Production per day at zero psi bpssure

Max WPD — Maximum Water Production per day at zero pski@essure

Max LPD — Maximum Liquid Production (total of oil and watat zero psi back pressure
Max Production — Maximum estimated gas production at zero psk Ipaessure

OPD - Oil Production per day at the entered CalculaBHosssure value

WPD — Water Production per day at the entered Calonld@ressure value

LPD - Total Liquid Production (total oil and water) mky at the Calculated Pressure value

Production — Estimated gas production per day at the Calalilatessure value
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Report Generation tab

Included ltems

Once data is acquired and analyzed, the Sage Afiluese allows you to generate a well report. On the
Report Generationtab, initially, thelncluded Items box will be blank. In thévailable Items box,

click an item to highlight the information you nefed your fluid level report, then click the “<” tton to
move it to thdncluded Items box.

Any items on the list can be included in the fllgdel report: Cover Page, Pressure Graph, Depth Sho
Graph, Zoomed Graph, Production Graphs, Well Oesryand Well Diagram. To remove items from
the Included Items box, highlight the items and tinge">" button to move them back to the Available
Items box.

Click to highlight
Available Items
desired

for well report;
use arrow keys to
move items into
Included ltems
box

Generate Report
Click theGenerate Reportbutton to create a fluid level report of the acalated data and graphs.

Generate
Report

Creates well
test report of
pages listed in
Included
Items box
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Output option

After you clickGenerate Report a dialogue box will open showing available outpptions for your
computer. Select the desired output option. Cliwtk print your report to the desired output.

Select thePrinter
</ ’ that will print the

Well Test Report.

Then click
Generate Report
again

to print

Creating PDF Files

On the dialogue box that appears when you clicklbeerate Report button, you will notice the
CutePDF Writer, which was automatically installedymur computer when the Sage AFL software was
installed. In theGenerate Reportdialogue box, select tieéutePDF Writer if you wish to produce a

.pdf file report. The CutePDF Writer will save the reporatoAdobe .pdf file suitable for email
transmission.

Select
Cute PDF Writer

<  to create PDF files

then click
Generate Report
to carry out

PDF file creation
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About tab

TheAbout tab contains the version number of your installegeSaFL software, and the contact
information for Sage Technologies, Inc.
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Global Options — Sage AFL software

Global Options -- shown in the beige band that acrsss the screen of the Sage AFL software sereen
remain active on the top of the screen at all timlesn the software is open.

Save Data - Save Files

Save the test data to a file on the computer wigtsaive Databutton. Click theExport Data button,
choose the desired save directory in the compugeniSave in,” then type in the new file’'s name under
File name:and clickOK to save. The file will be saved with a .dat extensRe-open the file using the
Load Data button at the top of the screen.

To SAVE data
to a file, click
Save Data
navigate to the
desired folder
in the

Save in:box,
then create a
File namefor
the data

and clickOK
to save.
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Load Data

To load a Sage AFL software data file (*.dat) poesly saved to the disk or PC, click thead Data
button and navigate to the previously saved fildeutlLook in:” and click on the desired file, then click
OK to open it.

To view
previously
saved files,
Click

Load Data,
then select
folder in the
Look in:
box,

then click
the desired
file name
and click
OK
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Exit System

CAUTION: The Exit System button will close the progam and all files associated with it. DO NOT
click the Exit System button until you have savedhe current data test.

To save fluid level data files, you MUST click onhe “Save Data” button at the top of the screen,

designate a file name for your well test, and sat@memory.
\Warning:

BEFORE
clicking Exit
System ...

Click Save Data
to SAVE

the fluid level test
to the computer’s
file system;

once this step is
complete, then
you may

Exit System
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Imperial/SI Units
Choose the desired units for your well application.

Choose
either
Imperial
or Sl Units

Pressure Range Check

Note -- Special use onlyClick Pressure Range Check to turn off rangingtérand check pressure
transducer output. Click the gray button with theegm arrow on iIONLY if the pressure transducer
does not show up when it is connected, and you netdturn off the ranging limits to determine the
pressure transducer’s output.(See Pressure Transducer operation — Pages 2Z83gnd

Pressure Range
Check isused
ONLY to turn
Ranging Limits
off or on

in order to check
pressure
transducer
output

4
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Fluid Level Identification: Basic
Graph Manipulation: Basic

On theDepth Scantab, five buttons run across the screen, abovéitelevel graph, which allow the
operator to control the fluid level test and anialys

Start Acquisition — Click this button to begin the fluid level teShe software begins gathering
data. See Page 29: Shooting the fluid level ana @equisition.

Stop Acquisition — Click this button to end the fluid level test,stop gathering data. See Page
29: Shooting the fluid level and data acquisition.

Zoom Shot Start— Click this button to pull up a graph that shaetely the Red Cursor: Start of
shot

Zoom Liquid Level — Click this button the pull up a graph that sheetkely the Blue Cursor:
Fluid level.

Zoom Selected Well- Click this button to pull up a zoomed graphha turrent well, between
the Red Cursor: Start of shot and the Blue CufSord level.

Onscreen Graph: Zoom Shot Start

Click on thezoom Shot Startbutton to pull up an expanded view of the areamddbe shot start,
marked by thé&ked Cursor: Start of Shot. This is useful for fine tuning cursor placemenetsure
accuracy of the fluid level calculation. In tAeomed Echo Cursorgraph, click and drag the red cursor
to make an exact placement of the start of shot.

In the example below, notice that tRed Cursor, signifying the start of the fluid level shot,pkced at
the point that the fluid level grafieginsits upward kick. Clickexit Zoom to close the pop-up graph.

/ Zoom Shot
Start brings up
a smaller pop-
up graph

Red Cursor:
Start of Shot
Click and drag
cursor to point
where fluid
begins its
upward kick

<\ Exit Zoom

returns to main
graph

Sage Technologies, Inc. www.sageoiltools.com 47



Acoustic Fluid Logger IV

Onscreen Graph: Zoom Liquid Level

Click on thezoom Liquid Level button to pull up an expanded view of the arearadahe fluid level,
marked by thélue Cursor: Liquid Level. In theZoomed Echo Cursorgraph click and drag the blue
cursor to fine-tune placement of the liquid levethe well.

In the example below, notice that the Blue curbougd be placed in an area slightly below the point
where the signal crosses the baseline (zero) osntladl pop-up graph, or slightly below the baseline
(zero) on the large fluid level graph tape. Cliekit Zoom to return to the main fluid level graph.

Zoom Liquid
Level

Blue Cursor:Fluid
Level

Click and drag
cursor to area
slightly below
where fluid crosses
the zero baseline

Exit Zoom closes
small screen and
returns to main
graph
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Onscreen Graph: Zoom Selected Well

From theDepth Scantab, you can zoom in on the fluid level test, whig the area between the Red
Cursor: Start of Shot and the Blue Cursor: Fluigdleby clicking thezoom Selected Welbutton in the
top right corner of the screen.

Click

Zoom

Selected Well
«— tosee

magnification

of fluid level

TheZoom Cursor Plot screen will then overlay the Depth Scan screetin an expended view that
zooms into the portion of the fluid level betweba Red Cursor: Start of Shot and the Blue CurdardF
Level. In this graph, both the Red and Blue Cursarsbe manipulated for placement by clicking and
dragging. Place the Red Cursor on the start of s¥twdre the first downkick occurs on the graphd #e
Blue Cursor on the fluid level, where the seconddat downkick occurs.

To return to the Depth Scan screen, ckolit Zoom in the bottom right of the screen.

Zoom

Cursor
Plot

pops up
and zooms

in on the
fluid level

Click

Exit

Zoom to
close this
screen and
return to
Depth
Scan tab
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Fluid Level Identification: Advanced

Graph Manipulation: Advanced

On theDepth Scantab, above any graphed fluid level, there areetigraph manipulation buttons that let
you focus on and manipulate necessary informatidhé graph, using the three colored cursors. These
advanced manipulation buttons are:

Graph Manipulation: Cursor: This button looks like a graph with a green doitpand allows
the exact placement of the colored cursors onltie level graph.

Graph Manipulation: Zoom: This middle button looks like a magnifying glassdaallows a
closer look at the fluid level graph with toolstire pop-upZzoom Option Box.

Graph Manipulation: Drag: This button looks like a hand, and allow you tolgaad drag the
fluid level tape horizontally, to views of the ftulevel test not shown on the original screen.

Depth Scan tab\>

Graph /
Manipulation
tools

Three buttons
allow wide
range of
manipulation
and views of
the fluid level
graph

. Green Cursor:
Red Cursor: Ellu%l CLurscl)r. Event of
Start of Shot uid Leve Known Depth

(optional use)
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Graph Manipulation: Cursor

On theDepth Scantab, there are three buttons above top left carhtre fluid level. Click on the
Graph Manipulation: Cursor button (the left button: looks like a graph witlgr@en dot on it) to
manipulate the colored cursors on the graph. Clgkhis Graph Manipulation: Cursor button lets you
then click on and move each of the cursors indegethd

Red Line Cursor: Start of the shot
Blue Line Cursor: Fluid level

Green Line Cursor: Event of Known Depth- any event of known depth measurement in the
wellbore that is meaningful and useful in determgnihe fluid level(Note: Use of the Green
Line Cursor is optional. Many times it will not be used.)

Graph
Manipulation:
Cursor

Looks like a \

small graph;
allows the
operator to click
and drag the
colored cursors

Clicking on theGraph Manipulation: Cursor button allows you to then click and drag each ef th
colored line cursors in the fluid graph.

Click and drag the Red Cursor to the start of tiwt.<Click and drag the Blue Cursor to the kickhad
fluid level, slightly below the baseline (zero) the graph. Click and drag the Green Cursor (if gisto
any fixed event downhole (tubing anchor, perforaicetc.).
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Graph Manipulation: Zoom

Three buttons are above the top left corner oflthié level graph on the Depth Scan tab; the middle
button is theGraph Manipulation: Zoom button, which looks like a magnifying glass witlplas sign
inside of it. ThisGraph Manipulation: Zoom button allows the operator to zoom in on segmehtise
fluid level graph and focus on events on the eshoh as the start of the shot and the fluid |e®Btking
theZoom button brings up a pop-ufoom Option Box that includes six additional options for graph
manipulation.

Graph
Manipulation:
Zoom

Magnifying glass
allows a closer
look with pop-up
Zoom Option Box
tools

Graph Manipulation: Zoom Option Box
The six buttons in the pop-woom Option Box allow further options to zoom onto and fine-tuhe t
fluid level graph. Note: In the pop-up Zoom OptiBaox, theBottom Left Button — Return to Original
Graph -- undoes all manipulationsand returns to the original graph.
Key to Zoom
Option Box:

Zoom Section
(Drag and Drop
the rectangle)
Horizontal Zoom

Vertical Zoom

\ Zoom Away
Zoom Toward
Return to

Original Graph

\
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Zoom section —

Drag and drop a rectangle to zoom into a sectighefluid level graph. To do this, click on thepep

left corner where you want the zoom rectangle @irbeand holding down the mouse button, drag the
mouse diagonally to the lower right, creating ama®ction rectangle. Release the mouse button. You
can click on and drag the zoom rectangle to mowantbmagnify different points on the fluid graph.

Horizontal zoom —

Expand a “drag and drop” section horizontally. Dimawectangle on the section of interest by clicking
point in the upper left hand side of the desirazhaf the graph, and holding down the mouse buthay
the mouse diagonally to the lower right, creatimg@angle of interest. The software will zoom
horizontally into the desired area, enlarging gameen.

Useful for closer inspection of a section of ancech

Vertical zoom —

Expand a “drag-and-drop” section vertically. Draneatangle on the section of interest by left-dligka
point in the upper left hand side of the desirexhaf the graph, and holding down the mouse buthay
the mouse diagonally to the lower right, creatimg@angle of interest. The software will zoom aity
into the desired area, enlarging it onscreen.
Useful for expanding the vertical size of the edownhole to see small signals, or to greatly
expand the size of the tubing collars for easy inigw

Return to Original —

Undoes all actions and returns to the original lyrafpthe fluid level.
Useful for returning to the original view. To retuto the original fluid level screen at any time
during use of these six pop-up tools, click onrttegnifying glass (Graph Manipulation: Zoom)
button again, and in the pop-up Zoom Option Boickdhe lower left button to Return to
Original.

Zoom Toward —

Click on this button, and then place the cursomdrere in the graph. The software will zoom towdrel t
click point, on each successive click, zooming talend expanding the graph.

Zoom Away —

Click on this button, and then place the cursomdrere in the graph. The software will zoom awayrfro
the click point, on each successive click, zoonangy and making the graph smaller.
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Graph Manipulation: Drag

On theDepth Scangraph, the right button is ti&raph Manipulation: Drag button, which looks like a
hand. This button allows you to move the focus @amicular part of the fluid level, by grabbinguyo
view of the graph, and scrolling the view from sideside. In other words, this allows you to sedspaf
the fluid level graph that extend beyond the oagjstreen.

Move Entire Strip
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FAQs — Frequently Asked Questions

How do | know if the gas gun is leaking?

After pressuring up the gun, does the gauge otothef the gun continue falling in pressure? If
so, you probably need to rebuild the gun. Try tedeine where the leak is originating:
o If the leak originates in the shuttle valve loadir area, examine the o-rings on the
sliding shuttle valve and replace them if damag¢8de Pages 58-59)
o If the leak originates in the microphone connectoga, examine and replace o-rings on
the microphone stem. (See Page 57)
o If the leak originates in the fill valve area, exae the fill valve for damage, and also
replace the valve core under the fill valve. (SageP60)
Sometimes, gas is not leaking from the gas gunfroot the connection to the wellhead. Be sure
to apply several wraps of Teflon tape to the gueats before attaching it to the wellhead. If
pipe adapters are being used, tape these, also.

How do | know if the microphone is dead?

If the signal onscreen remains flat after shootirggshot, the microphone in the gas gun may be
dead and may need to be replaced.

First, check the microphone cable for secure cammeto both the fluid logger and to the gas
gun. Also, look inside both ends of the microphoaenector, to see if the metal pin inside the
connection has been broken or damaged.

Remove the microphone from the gun, by removingiti@ophone bolt inside the base of the
gun and pulling the microphone from the bottomhaf gun. Hold the microphone on the stainless
steel portion, being careful not to press on thendomicrophone discs, which cover the sensitive
microphone crystals. Examine the discs for damad#own-out or caved-in disc indicates that
the microphone needs to be replaced.

If the microphone discs (sides) do not look damabetithe microphone is full of debris and dirt,
wipe down the microphone to remove the diéecaution in cleaning Carefully wipe off the
microphone head and discs with a cloth or papeetadeavy dirt and debris on the discs can
stop the microphone from operating properly. Ifessary, clean the microphone lightly with
soapy water, but do not soak in wakdarning: DO NOT USE chemical solvents, as they can
permanently damage the microphone. Do not press dhe microphone faces, as this can
permanently damage the sensitivity of the microphoa.

Examine the o-rings on the microphone stem for dgmkl damaged, replace them and lubricate
the new o-rings with silicone libricant or o-ringegse, then re-insert the microphone in the gas
gun and tighten the microphone bolt. Repeat thétest to see if sensitivity has been improved.
If not, the microphone needs to be replaced. Wagrnio lubricate o-rings, use silicone lubricant
or gear oil onlyDO NOT USE Vaseline-type products, pipe dope or sednts, as all can
permanently damage o-rings.

Why didn't | get a shot from the gun?
Check the gas bottle for CO?2 -- is it empty?

Did you charge up the gun? Check the gauge fospres

Is the microphone cable fully connected to bothAheustic Fluid Logger IV and to the gun?
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Is the USB connecter attached to the portable coenpind to the Acoustic Fluid Logger IV?
Is the Acoustic Fluid Logger IV turned on? Is tlmrputer turned on?

Is the battery charged — on both the Acoustic Huadger IV and on the computer?

What size shot should | use for the fluid level te st?

Well depth and other variables will affect the amioof pressure needed to charge the gun for a
fluid level shot. In general, a shot of 100 to 2@0above wellbore pressure should be sufficient
for shallow wells; use 300 to 400 psi above wekltbpressure for deeper wells.

Why won't the Acoustic Fluid Logger unit come on?

Is the battery charged?

Is the unit turned on? Check for the on/off bulltight when the unit is turned on.

Why can't | see the Pressure Scan and Depth Scan sc  reens at start-up?

During your last fluid level test, did you entett@lan the Bottomhole Pressure tab under Fluid
Level Selection: Entered data? If so, the Sage sdftware remembers this as your preferred
mode of operation, and is waiting for you to emiata again.

To bring back the Depth Scan and Pressure Scaernsceas start-up, you need to return to Fluid
Level Selection: Calculated data — which lets thitwsare do the calculations. Go to the
Bottomhole Pressure tab, click “Calculated” undeiid-Level Selection. The Depth Scan and
Pressure Scan tabs will then be restored for coengatculation of data.

Why can't | see the fluid level on the computer scr  een?

Have you tried zooming in on the Red Cursor: Siashot or the Blue Cursor: Fluid level?
There are several ways to zoom in on selectiortimihe fluid level graph. All are available on
the Depth Scan tab, using the Graph Manipulatiosars and the Graph Manipulation tools. See
Graph Manipulation: Basic on Page 46 and Graph ptdation: Advanced on Page 49. If you
have a very deep well, the fluid level won't beilviis on the first screen. Use the Graph
Manipulation: Drag tool on Page 53 to pull the dréyorizontally and find the fluid level.

What affects collar readability?

56

Shallow wells are the easiest on which to counttikrs all the way down to the fluid level.
Wells with higher casing pressure are easier tharpressure wells, i.e. wells under 15 psig.

The tighter the fit between the casing and thenwilobllars, the harder it is to get deep collars.
Slim hole completions are some of the toughest,iavery hard for the shot to make its way
down the annulus area.

Prevent excessive movement of the microphone aatdtepping on the microphone cable during
the well test, as both can cause false echoes.
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Why doesn't the Sage AFL software run on my compute r?
The Sage AFL software runs on any Windows 8, 7tavis XP computer.

Note: For ease of viewing the fluid level and pnopse of onscreen tools available inside the
Sage AFL software, use a computgth at least a 13" diagonal screen

How do | install the Sage AFL software if my comput  er doesn’t have a CD drive?

For Sage AFL software install on computers withe@D drive, you may use a CD-drive-
equipped computer to load software onto a USB s#ink then install Sage AFL software from
the USB stick to the portable. Or you may contagesSTechnologies for a copy of the Sage AFL
software on a USB stick.

How do | print out a report of the fluid level data  ?

In the Sage AFL software, go to the Report Genanatib. From the box of Available Items,
choose which items to include in your fluid leveport and move them to the Included Items
box. Click Generate Report, choose the outputioeaand click OK. For more information, see
Report Generation tab, Page 39.

How do | send a PDF file?

On the Report Generation tab, on the dialogue baixappears when you click the Generate
Report button, you will notice théutePDF Writer, which was automatically installed on your
computer with the Sage AFL software. Select@ueePDF Writer if you wish to produce a .pdf
file report. The CutePDF Writer will save the flualel report to an Adobe PDF file suitable for
email transmission. For more information, see theaing PDF Files, Page 41.
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Maintenance

Maintenance - Pressure Pulse Guns -- 1,500 psiand 3,000 psi

Most supplies needed for care and maintenancaeleded with the Pressure Pulse Gun at time
of purchase:
O-ring kit containing seven O-rings (two small latwo medium black, one small white
and one large black) and 2 valve cores.
Gun maintenance tool
3/16" ball-end socket
Two 5/32" Allen wrenches

Also helpful for use in repair are the followingpglies:
Standard channel lock pliers
Large flathead screwdriver
Tube of silicon lubricant (found at most oilfield auto supply stores.)

When disassembling the gun for maintenafitse remove the internal microphone. To
remove the microphone, first remove the microphetaner bolt from the bottom of the gun, using a
flathead screwdriver, as shown below. Then pullniigrophone out of the bottom of the gun, being
careful to hold the microphone by the stainlesslstieles so as not to damage the round microphone
crystals.

If the microphone is dirty, wipe it clean, holdittge microphone by the stainless steel head and
avoiding pressing on the circular microphone famegither side. If necessary, use soapy wateletmcl
the microphone, but do not so&dO NOT USE SOLVENTS to clean the microphongand DO NOT
press on the microphone faces — both can permgraartiage the microphone.
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Disassemble the gun by removing the eight socketsceews on the top of the gun bonnet.
Remove the screws in opposing fashion, using theshd socket, first removing one screw, then the o
across from it (not adjacent to it), as shown beldantinue removing screws, alternating sides.

After removing the eight screws from the top, sapathe bonnet top from the gun body for
maintenance. Replace and grease the large O-ritfgeagun bonnet top, as shown below right, with
silicone lubricant. Reassemble the top, applyingpeo anti-seize to each of the socket-cap scravis, a
again tightening opposing screws on the bonneta@void o-ring damage.

Remove the Shuttle Valve assembly by using tlee3t8' Allen wrenches, as shown below. Pull
the shuttle valve out of the bonnet.
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Cut off damaged O-rings with an X-acto knife. Theplace the one clear and two black O-rings
on the shuttle. The o-rings can be loaded ontcltiétle valve with the maintenance tool: sepatage t
maintenance tool into two pieces, then screw thertd piece of the tool onto the end of the shuttle
valve. The o-rings can then be pushed onto theoétitk tool and slid onto the shuttle valve in ardéhe
white o-ring is in the middle, between the two klaerings. (These o-rings are supplied in the gun
maintenance kit, which comes with the gun at timpuschase.)

When replacing any of the o-rings, clean the shwitlve passage and grease the shuttle valve o-
rings with silicone lubricant. Reinstall the shettalve with the long end of the shuttle valvehe tFire”
side of the gas gun.

The inside of the gun may be cleaned by sprayingtit WD-40 or soap and water and/or by
wiping the surface clean. Grease O-rings with @i lubricant before reassembling.

DO NOT USE PETROLEUM SOLVENTS to lubricate o-ringgsclean the gun or microphone.
Solvents, Vaseline-type products or pipe dope didsolve or damage the o-rings. Use silicone |aintie
or gear oil only!

Replace the bonnet top on gun, aligning the micoophtoles in the top and bottom. Replace and
tighten the screws as you would a flange -- tigleopposing fashion by tightening one screw logsel
then the one across from it (not beside it). Aftikscrews are tightened loosely, tighten with baé-end
socket wrench, again in opposing fashion.
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Before reinstalling the microphone, check the gsifor damage, and replace if necessary.
Caution: Do not press on the round sides of the miephone head.This could cause the microphone to
lose sensitivity. Lubricate the o-rings with sili@mlubricant before sliding the microphone bach ihie
gun. Apply copper anti-seize to the microphone hott secure the microphone bolt through the
microphone and into the gun.

For maintenance on the fill valve, remove it witle thick, notched end of the gun maintenance
tool, turning counter clockwise. An o-ring and trave core will be exposed under the fill valve.
Remove the valve core with the tapered, notchedétite gun maintenance tool, turning
counterclockwise. Replace the old valve core witiea one, and hand tighten, using the maintenance
tool. Replace the o-ring, if necessary. Replacdilihealve and tighten securely.

One Kit Gun-4 O-ring replacement kit is includedhwpurchase of the gun. Additional kits are
available by contacting Sage Technologies.
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Maintenance -- CO2Charge Hose
The charge hose that is used to charge thel®@e may need a replacement internal valve core,
if the hose leaks air during a charge.

To determine if there is a leak in the charge hfis#, make sure the hose contains a Teflon
washer in the large end connector, and that tige land connector is tightened securely to the i@fitle
with an adjustable wrench.

Next, insert the charge hose in the gun. Wherliaege hose stabs into the fill valve, some gas
will blow back from the insertion point. This ismeal and helps keep the charge area free of debiris.
However, if after removing the charge hose fromgte, gas continues to exit from the charge hgse ti
the valve core needs to be changed. Use one ohthe cores in the gun repair O-ring kit suppli¢the
time of purchase, or call Sage Technologies toradeharge Hose Tip Kit.

Carefully remove the charge hose tip from the chdase, with the tip pointing downward, as
shown below. Inside the tip, there will be a laogeng, a flat washer, and a small o-ring. Saveé¢he be
re-installed later. (If they are missing or damagexl will need to order a Charge Hose Tip Kit.)

With the gun maintenance tool, unscrew the intevable core from the end of the charge hose,
and replace it with a new valve core. Hand tigtgecurely. Then, rebuild the charge hose tip, agsho
above, first placing the small o-ring in the bottofrthe tip, followed by the flatwasher and thea th
larger o-ring. Insert the end of the charge hogetime tip and hand tighten securely.

CO?2 Bottle Set-up

Many operators fit the compressed gas bottle wghcharge hose in the shop, and transport it to
the field with the hose attached. For set up, firake sure the bottle contains €@ simple rule of
thumb when filling the 2.5 pound bottle suppliedwthe Acoustic Fluid Logger IV is to weigh the emp
bottle, then fill it with compressed C@as until it weighs 2.5 pounds more than the pabiveight.

When attaching the charge hose, first place thiofi€-ring (attached to the charge hose at time
of sale) inside the charge hose connection orattye lend of the black fill hose. Then, tightenhbee
connection onto CCbottle with an adjustable wrench.
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Maintenance -- Acoustic Fluid Logger IV

Charging the battery

The Acoustic Fluid Logger IV unit requires a minimwf maintenance. Batteries should be
charged regularly after each day’s use, using tiémount charger that accompanies the unit. Simply
insert the round, yellow end of the charger cabler the charger port on the
logger’s front panel, and tighten the black thunmg.rThen plug the other end
of the charger into a wall outlet.

Our charger has been designed to work automatiaatly110-volt or
220-volt (50hz or 60 hz) voltage. However, if usangthing other than
standard U.S. 110-volt outlets, you will need alaapter to plug the
charger into the wall. Usually an overnight changiébe sufficient.

Note: Keep the power switch in thaf position during charging.

Charge connection

—

Occasionally, a damaged battery will need to b&aosgl. (See Battery Replacement, Page 64.)

It is absolutely necessary to use caution not toadge the internal circuit boards or cut the
internal wiring cables while changing a batteryoPto replacing the battery, however, efforts dtidae
made to charge the unit with the accompanying byatfearger for at least 24 hours.

When storing the Acoustic Fluid Logger 1V, always nake sure the power switch is
turned off, to avoid running down the battery.
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Battery Replacement

Supplies needed for changing the battery on theugtoo Fluid Logger IV are:
Medium Phillips screwdriver
New AFL IV battery from Sage Technologies

First, using the medium Phillips screwdriver, remthe teroutermost screws on the Acoustic
Fluid Logger IV front panel — two on each side démee each at the top and bottom of the panel.elhes
screws attach the front panel to the box. Note:ifher set of screws holds other components tdrtm
panel — do not remove these.

Remove ten outermost
screws from front panel

Remove ten
outermost
screws from
front panel

Lift and remove the front panel. The front panddsdhe battery box and battery, as well as the
printer, internal circuit boards and wiring. Beefait not to disturb the internal wiring. Flip ovire panel
and set it upside down on the orange AFL IV boxsddnnect the red and yellow battery wire
connections from the battefyWarning: DO NOT work on the unit while the battery is connected.
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Use the medium Phillips screwdriver, remove the $arews that hold the battery box to the
back of the Acoustic Fluid Logger IV front panekrRove the old battery and replace it with a new AFL
IV battery from Sage Technologies. Place the ABttdry face-up (red connector up) in the battery;, bo
as shown below right; be sure that when the baliexyis replaced and screwed onto the metal plate,
red battery connection faces toward the handlderront of the AFL IV.

Replace the two screws that hold the battery bake front panel. Tighten screws completely.
(Screws are #6-32, 3/8" if replacement of lostwesris necessary.)

Reconnect the battery; be SURE to connect thea#dry connection wire to the red battery
pole, and the yellow connection wire to the blaakdry polelmportant: At this point, lift the front
panel and clean out any dirt or debris that has fdén inside the orange box. Any stray screws, metal
parts, paper clips or excessive dirt may harm theiccuit board.

To complete battery replacement, replace the foantl in the box, being careful not to cut any
cables or wires. Reassemble the unit, then reitbtaten #6-32 3/8front panel screws.
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AFL IV System Replacement Parts and Supplies

Acoustic Fluid Logger IV parts
Wall-mount Charger

Battery

Pressure Pulse Gun parts

CO 2 charge hose

CO2 charge hose tip

CC? bottle - 2.5 Ib.

Charge hose tip kit: Charge hose O-rings and vaives
Gun repair kit: Pressure Pulse O-rings and valveso
Fill valve

Microphone

Microphone tool and allen wrenches

Operator’'s Manual

Microphone Cable

USB cable

Spanner wrench

T-ball wrench

Strap wrench (for 5,000 psi gun)

AFL IV System Accessories

Pipe adapters

CC? bottle — 5 Ib.

Extra carrying case

Quick-change gauge adapters for Pressure Pulse-GH00 and 3,000 psi

Brass tools for o-ring replacement
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Appendix A: Fluid Level Methodology

Identifying the fluid level

In older fluid logging machines, the operator wesponsible for picking the fluid level on the graph
on a thermal paper tape. Although the Sage AFlwso#t now picks the fluid level for you and calcekat
the distance to fluid, the methodology remainssdume. Since the software does allow the operator to
fine tune placement of the Red, Blue and Greendsirsemembering these few time-honored fluid level
facts will make your understanding of the fluidéégraph easier:

Thefluid level is usually thadeepest kickin the well.

When shooting fluid levels with a positive presswesre (as with compressed gas), the fluid level
always kicksdown on the graph.

The fluid level is thenly signal able to moveover time, on a collar count basis. (If the acioust
velocity of the gas in the well changes due torgapressure changes, other signals in the well
can appear to move, but only as far as return isnecensidered.)

Check the fluid level by acquiring data long enofighthe graph to display a second reflection of
the fluid level -- at a distance equal to twice dniginal fluid level.A double reflection from
the fluid level is an excellent confirmation of trie fluid level.

When more than one fluid kick is observed

Many variables can affect the fluid level measuneho: an oil or gas well, among them well depth,
the size of the compressed gas shot, debris iwdlibore, and external noise, to name only a few. T
help perform a more accurate fluid level test,fdl®wing are recommended:

Allow the casing pressure to build And, thekick that moveson a collar basis will be the fluid
level.

Shut down the pumping unitand give the well noise time to die down (i.e ¢ ¢m five
minutes). Check for and try to eliminate other sesrof external noise. Then shoot the well
again.

Shut the casing flow line When the casing flow line is left open, soundaakflects down the
flow line, which can interfere with the gas shotwimg down the wellbore.

Check the tubing tally for things like tubing anchor depth, liner depthapth of special
oversized tools in the string, etc. for other otgehat could show up as kicks on the fluid level
tape.

If there isparaffin in the well, be aware that paraffin rings can eafasse fluid levels in wells,
even in the face of increasing backpressure.

Perforations in the well, or cracks in the casimilj,kick up on the tape. Remember that thad
level will kick down.
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Calculation of the fluid level

In older machines, calculation of the fluid levedssdone by manually, by counting collars on a tlaérm
paper tape, usually with 11-point expandable digde simplify the marking and counting of colldms
tens. Although the Sage AFL software does thisutafion for you, the methodology remains the same.
Joint length

Tubing collars are easily identifiable on most weAnd, by using aaverage joint lengthfor each
tubing joint, along with the total number of obssd joints, it is possible to calculate the deptlhe
fluid.

Distance to the fluid

Rule of fluid level calculation: To calculate the @stance to the fluid, multiply the number of casing
joints found between the start of shot and the flul level by the length of the casing joint(This
length will be available on the completion sheettfe well.)This will be the distance to the fluid.

For example, if there are 65 collars between tlsespat and the fluid level, and the casing joingté is
32, multiply 65 x 32, and the depth to the flui®j680 feet.

Calculation: Joint length method

The most common method of getting the fluid depttoimultiply the number of collars by the average
joint length. Remember that the depth to perforatis normally measured from the kelly bushing (iK.B

or from the rig floor.

K.B. 10.0(
Hange 5
1 pup join 6.12
180 joints tubin 5625.72
Anchor catche 2.6¢
1 joint tubing 31.3]
SN (seating nipplt 1.57
1 joint 31.4¢
Slotted Mud Anchc 28.9(
Tubing Landed & 5738.5(

5738.50 - 28.90 = 5709.60 feet

Since the pump intake is at the top of the mudhanwe use all lengths from K.B. to the top of
the mud anchor to determine the average joint kengt
5709.60 feet / 182 jts. = 31.37 feet/jt
The number of joints measured multiplied timesdterage joint length will give the fluid level
in feet from the K.B.

Calculation: No known joint length

When no average joint length is available, thengui81.00/jt is a rule of thumb, with the
understanding that there are inaccuracies involved.
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Appendix B: Acoustic Velocity
Finding Acoustic Velocity of Gas

Knowing the acoustic velocity of natural gas ine@his useful in the fluid level calculation. Oretbepth
Scan tab in the Sage AFL software, you may chdms€bnstant AV method and enter the acoustic
velocity of gas on a given well, which will allowifa more well-specific calculation of the fluidsé.

Two methods of fluid level calculation

Counting returning echoes from collars and fluid-- A shot of compressed gas is fired down
the annulus or tubing of the well; the pressureavaavels down to the fluid and then returns to
the surface. The depth to the fluid is determimgddunting the number of casing collars
between the surface and the fluid and multiplyiggh® joint length.

Calculating the return time from fluid by using the acoustic velocity of gas- A shot of
compressed gas is fired down the annulus or tulsinige well; the pressure wave travels down to
the fluid and then returns to the surface. Theldepthe fluid is determined by multiplying the
time it took for the shot to travel to the fluiddaback to the surface, multiplied by the acoustic
velocity of the existing gas inside the casingjdid by 2 (since the gas shot travelled twice the
distance to the fluid — down and back up — durhrggtest).

D=TA
2
D = Distance to the fluid level (feet)
T = Time — between the firing of the gas shot anits return to the surface
A = Acoustic Velocity of gas (feet/second)

When to use the Constant AV method

Use the Constant AV analysis method with wells #ratventing gas to the surface atmosphere oeto th
flowline, and have adequate pressure of gas to@disat the entire space within the annulus isdilvith
gas of the same composition.

When not to use the Constant AV method

Do not use the Constant AV analysis method witHsatblat are not venting gas at the surface -- diswe
that have been shut in for a significant periotirak, or wells in which air has entered at the acaf—
any of these wells may have a significantly différeomposition of gas at different points withiwe th
annulus. This could result in the presence of gasgaificantly different acoustic velocity at diffent
depths within the annulus.

In such cases, select another method of fluid lamalysis on the Depth Scan tdbint Length method

— where the joint length is entered,@wnstant Depth method— where any event of known depth within
the wellbore is entered.

Note: The acoustic velocity of dry air at 32° F (@°and standard pressure is 1087 ft./sec (331.45
meters/sec). Many shallow wells with a low spegfavity of gas of 0.55 to 0.80 exhibit velocités
1,100 ft/sec. to 1,300 ft/sec.
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Appendix C : Reverse Pressure Wave

All Sage Technologies gas guns can be used to blatloia positive pressure wave, using compressed
bottle gas, and a reverse pressure wave, usinfyagasnside the well being tested. Higher pressueds
are easier to test using the reverse pressure foave

Visual difference between Reverse and Positive Pres  sure Waves

70

A positive pressure wavewill show the fluid level as the biggest kidewn on the graph.

A reverse pressure wavavill show the fluid level as the biggest kiak on the graph.

Reverse Pressure Wave fluid level kicks up on the graph, using well daisthe shot.

Fluid level
/ Second reflection

of fluid

Positive Pressure Wave- fluid level kicks down on the graph, using boghes for the shot.

Fluid level
Second

reflection of
fluid
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Shooting a reverse pressure wave

The procedure for shooting a reverse pressureishatch like shooting a positive shot, except
that gas escaping from the wellbore is allowedhtmosinto the gun chamber, instead of compressed ga
shooting into the wellbore from the gun chamber laack into the gun.

Reverse Pressure Wave Procedure:
Push the shuttle valve on the Pressure Pulse Gaitogd position

Look at the gauge on top of the gun, and bleed dbempressure, with the relief valve, until the
gauge reaches an adequate predseimvwellbore pressure.

Close the relief valve. The well now has higheisptee inside it than the pressure inside the gun
does, setting up the reverse shot.

Fire the gas gun. When the gun is fired, gas sHoats the wellbore into the gun, and the fluid
logger will record the reverse shot.

For more on shooting a Reverse Pressure Wave aggeZ.

Note: Repeated use of the Reverse Pressure Wavesuilt in more debris from the wellbore being
blown into the gun chamber and onto the microph@vigen using this method, clean the gun and
microphone frequently. Exercise care when cleathegcircular microphone surface. See Maintenance,
Pages 57 — 60.
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Appendix D : Pressure Pulse Gun Adapters

Line Pipe Adapters

Attaching 3,000 psi Gas Guns to 2" Line Pipe

1. In the fluid level set-up photographs below, stendard 3,000 psi Pressure Pulse Gun is being
attached to standard 2" line pipe with the additbpipe adapters. First, attach the adapters sapefo
fit the gun to the wellhead. Make sure to tightem adapter with a pipe wrench.

2. Hand-fit the gun to the adapter. Finish tigingrthe gun with the provided spanner wrench,
which fits into the notches on the base of the Igody. Proceed with the fluid level test.
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COzRefill Adapter

A refill adapter is included with the Pressure BuBas Gun — 1,500 or 3,000 psi — for refilling 2% Ib.
bottle from a larger bottle of compressed carbaxide -- CO2.

When using the refill adapter, first make sure the
Teflon ring is inserted into both sides of theltefi
adapter. This will ensure a good seal and eliminate
leaks when the brass adapter is securely fitteldeto
empty CO2 bottle and the refill cylinder with a ip
wrench.

Be careful not to overfill the 2.5 Ib. gas cylinaerits internal diaphragm will become damaged or
disabled. The recommended method of refilling tylender is to weigh the empty cylinder, then fill i
with 2.5 Ib. of compressed gas (empty cylinder Wwejgus 2.5 Ib.). On average, depending on weltldep
the Acoustic Fluid Logger system can take approteége200 fluid level shots with a single 2.5 Ib.
cylinder of compressed gas.

Nitrogen Adapter

In extremely cold weather conditions, nitrogen 2-Nbecomes the preferred compressed gas for fluid
level testing. If you have a nitrogen bottle andulgidike to test your wells with N2, Sage offers a
Nitrogen Adapter for the standard CO2 charge haosktleat will allow you to use the Sage charge hose
with a nitrogen bottle.
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Appendix E : 5,000 psi Sage High Pressure Gas Gun

In special high pressure situations, the Sage Riglssure Gas Gun is the preferred gas gun. Gas
escaping from the well is used for the fluid leskbt, so compressed bottle gas is not required.

Gauge

l

Ball Valve Nipple

T T 1

Needle Valve Expansion Chamber High Pressure Wellhead

Microphone Connector
Street Tee
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Quick instructions — Sage High Pressure Gas Gun

Make sure both the needle and the ball valve ased!

Connect the Sage High Pressure Gas Gun to thewtsnoiulhe well.
Open up well pressure slowly to the gun.

Slowly open the ball valve to fill the chamber wihs.

Close the ball valve to allow bleeding of gas fritvea chamber.

Bleed the chamber down below wellbore pressuregusia rear needle valve. Close the needle
valve.

If needed, shut in the casing flow line valve, lse $hot will not go down the flow line. You may
have to allow some settle time for the well to ¢diewn after this step.

Connect the microphone cable between the Acoukitid Eogger IV and the high pressure gas
gun. Connect the USB cable to both the Acousti@Hlogger IV and to the portable computer.

Turn on the Acoustic Fluid Logger IV unit and therable computer; start the Sage AFL
software. Click'Yes” in the“Instrument Enabled” box, and go to thEluid Level Tab.

Be ready to shoot the gas gun. Click on“®art Acquisition” button located on the Fluid
Level tab.

Quickly shoot the gun by opening the forward ball valve @he nearest the well) on the high
pressure gun. You will see the shot appear ondh®ater screen.

Let the fluid level run until you have seen a vdlidd level kick. Click the'Stop Acquisition”
button at this point to stop the fluid level dataeaisition.

Click the“Export Data” button to save the signal to a file on the podal@mputer. Enter a file
name and choose a folder location on the compthien, save the file.
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Fluid Level Procedure — Sage High Pressure Gas Gun

1. First, shut the backside casing valve. Then mduwn6{000 psi Sage High Pressure Gas Gun on
the well, as shown below. 2 7/8” EUE Entry to Well

2. Open thevalve from the wellbore to the gu

3. Openball valve to allow pressure into the expansion chamber.

4. Fill expansion chamber with wellbore pressure. Gege will register pressure. Close Had
valve to seal off the expansion chamber from the wedlbor
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5. Use theneedle valve(the valve closest to the gauge) to bleed dowmpthssure in the expansion
chamber tp below wellbore pressure by watching gaGtpse the needle valve once the correct
pressure s reached.

6. Attach themicrophone cablefrom the gun to the unit, using th@crophone port on the gun
and the microphone port on the Acoustic Fluid Ladye Attach the USB cable to the Acoustic
Fluid Logger IV and to the portable computer.

7. Turn on the Acoustic Fluid Logger IV and the poléatomputer; start the Sage AFL software.
Click “Yes” in the“Instrument Enabled” box, and go to thBepth Scantab. Be ready to shoot
the High Pressure Gas Gun. Click on‘tB&art Acquisition” button located on the Fluid Level
tab.

8. Quickly shoot the gun by opening thall valve (the valve farthest from the gauge) on the gas

gun. You will see the shot appear on the compuateres. Watch for the fluid kick, then click
“Stop Acquisition” on the Fluid Leyel tab. Clickxport Data to save data to a computer file.
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Removing high pressure gun from well

1. To remove the Sage High Pressure Gas Gun fromé¢Hestart by shutting off wellbore pressure
from the gun by closing the backside casing valve.

2. Open theball valve to connect all pressure passages in the gun.

3. Slowly open theneedle valveto remove all pressure from the gun.

4. With the high pressure gas gun shut off from welypressure, theall valve open and the
needle valveopen, the unit is ready to be removed fromviieéhead

5. Use thestrap wrench provided with the gun to remove the gas gun froenell.
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Maintenance — Sage High Pressure Gas Gun

Supplies needed for maintaining the Sage High Bressas Gun are two sets of O-rings (four black
backup o-rings and two hard white special o-ringshrass o-ring tool is also provided with the uai
shown below.

Microphone, O-rings, O-ring tool

To disassemble the gun for maintenance, first rentloginternal microphone by removing the
microphone retainer bolt from the bottom of the qusing a flathead screwdriver or your maintenance
tool, as shown above right.

pemove Black — White — Black
retainer bo pattern of O-rings

Cut and remove worn or damaged O-rings microphtera.dJsing the O-ring tool, place new O-rings in
the following order: One Black Backup, One Whitee&pl, and One Black backup. Complete the black-
white-black pattern on each of the two indentationthe microphone stem, shown above. Grease &-ring
with silicone lubricant. Replace microphone anairegr bolt in gun, careful not to press on the
microphone faces, to prevent damaging the microphon
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Appendix F: Example Fluid Level Situations
This section of the AFL IV Manual details some saksituations with common problems and solutions.

Situation 1: Find Fluid Level Using Damping Filter

Some fluid levels, like the example below, areidifit to calibrate because the shot is so largeusethe
signal. First we will handle this using the Dampkilier, a new feature of AFL Software, Version.2.0
First: Load the fluid level file, as shown below.

Example:
Using Damping
Filter

First, load the fluid
level file

Red Cursor:
Start of shot

Blue Cursor:

Fluid level not
readily apparent

Next, zoom in on the fluid level portion of the gha using the zoom tools.

Focus on the Start of Shot: Red Cursor with Zopittre of magnifying glass). The Zoom Option Box
will pop up. Use these tools to find the desiredmarea. (See Page 50 — 52 for instructions ontGrap
Manipulation: Zoom Tools.) Use the bottom lefindf you want to return to the original graph sare
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The graph below shows the fluid level, after zoom-i

Zoom in on fluid level

Next, turn on the Damping Filter. This will reveaé Damping Amplitude Cutoff slider bar. Since
Damping is not needed for every fluid level, tHidex remains hidden until the Damping Filter isned
ON.

Note that in the following example, the Dampingédtiis ON and the Collar Filter is LOW. The
Damping Amplitude slider is set to 3,000. The fligdel depth is correct.

Turn ON the
Damping Filter

Read the Fluid
Level Depth

Sage Technologies, Inc. www.sageoiltools.com 81



Acoustic Fluid Logger IV

Situation 2: Redoing a fluid level using Constant AV

Constant AV (constant acoustic velocity of gas) tmedDamping Filter can both be used to get close t
the same fluid level value. Selecting Constant A\tree Depth Method is a more generic way to handle
large gas shots or other special situations inid fevel test.

As shown below, we reload the fluid level used xamBple One. This time, DO NOT turn on the
Damping Filter. (We can also switch to using thehud from the above screen, by turning the Damping
Filter OFF.

Example:

Redoing the
previous fluid level
using Constant AV
depth method

Note: Fluid level
and collars are hard
to determine

Then, zoom in on a desired area of early collashawn below, using the Zoom Tools. (Click on the
magnifying glass icon, as shown below left.)

The Zoom Option Box will appear, shown above rigiiom the six diagrams, choose the desired

expansion or movement on the graph. For more oddloen Option Box, see pages 50-52. In this

example, we zoom in on early collars in the fl@ddl — after the shot, to the right of the Red Guyrs
but near the start of shot. We will take a closeklat these collars.
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Once you have zoomed in, move the red and blu@iuohto a 10-collar section of the graph, by
clicking and dragging the cursors so that the spateeen them counts 10 collars. Don’t count tlae re
line, then count every down-kick to the blue limeluding the collar that falls on the blue linenid
defines a 10-collar segment, as shown.

Red Cursor: Defines
the starting point for
a 10-collar count on
the fluid level

graph.

Blue Cursor:

Defines ending
point of the 10-

collar count.

Now, change to the Constant AV mode for the analysthod.

Change Depth
Method to Constant
AV

This applies the constant velocity found to the heell. (The constant acoustic velocity is detereai
by the software when you mark the 10 counted llar
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Return to the original graph using the Zoom Toap-pp box: Choose the bottom left button, which is
the original graph icon, shown below.

Click on the
Magnifying Glass
again to bring up the
Zoom Option Box.

<  Click on the bottom

left button: Return to
Original Graph

On the original fluid level graph, read the Liqétlid Level. The liquid fluid level reads nearlyetsame
depth found using the Joint Length analysis withBamping Filter.

Liquid Fluid Level
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Situation 3: Fluid at Surface

In Example One, below the fluid level kick occuigedtly after the shot, and then echoes back arid fo
from the fluid to the surface in a graduated desirgppattern. This is an example of fluid at orrrtba
surface of the well. Note that the red and blusats sit almost on top of each other, but the finigt
downward kick after the gas shot is the fluid level

Fluid at Surface:
Example One

Red Cursor:
Start of shot

Blue Cursor:
Fluid leve

In Example Two, below, we again see a graph ofifatithe surface, with successive echoes showing th
gas shot traveling from the surface to the fluid Back again multiple times. Note that the firgf bi
downward kick after the gas shot is the fluid level

Fluid at Surface:
Example Two

Red Cursor:
Start of shot

Blue Cursor:
Fluid level
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Situation 4: Fluid in Perforations with Tubing Anch or

In the fluid level below, fluid is in the perforatis, and a tubing anchor at a known depth is atiwve
perforations.

Example: Fluid in
Perforations

Red Cursor:
Start of shot

Blue Cursor:
Supposed fluid level

Green Cursor: Not
yet placed at Tubing
Anchor dept

Zoom in on the area of known depth — in this cahgelubing Anchor depth — by clicking on the Zoom
Tool (magnifying glass icon), as shown below I&ttis will bring up the Zoom Option Box, as shown
below right. Zoom in to the Tubing Anchor depthr Roore on using Zoom Tools, see Pages 50-52.

Click on the Zoom
Tool (magnifying
glass icon) to bring
up the Zoom Option
Box.

Use these tools to
move the graph to
the spot of known
— depth, where you
will be placing the
Green Cursc

Note the depth at the tubing reported for the Mixepth Level (Green Cursor).
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Note the Misc.
Depth Level (Green
Cursor).

If the known depth
is incorrect, switch
to the Constant
Depth method of
analysis.

If this is the incorrect known depth, click on tBenstant Depth button under the Depth Method. The
Known Depth Input box appears. Enter the correotknevent (tubing anchor) depth.

Enter the known
depth. Click OK.

Then click
Recalculate, so the
software will use the
new numbers in
fluid level
calculations.
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The correct Liquid Fluid Level depth will appeatexfrecalculation.

Read the correct
Liquid Liquid

4/// Level
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Situation 5: High Collar Filter

The following graph is an example of a well withrwdigh acoustic velocity. Note that the collare ar
very close together.

Example: High
acoustic velocity in
well

Red Cursor:
Start of Shot

Blue Cursor:
Supposed fluid level

To read this fluid level, we need to zoom in orirgle fluid level section. Below, we have zoomeam
the area between the Red Cursor and the Blue Ciarioe above example. Because the collars afe stil
very tight, and very high, we will zoom in agaia,ldetter see the collars.

Red Cursor:
Start of shot

Blue Cursor:
Fluid leve
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Click and drag the Red Cursor: Start of Shot aed&tue Cursor: Fluid Level to one section of visibl
collars, as shown below. Note that under “# omt®,olFound” box, it reads “5” when 10 collars are
readily visible in this zoomed section. We will ceat this with the Collar Filter.

Red Cursor:
Start of zoomed
section of collars

Blue Cursor:
End of zoomed section
of collars area

# of Joints Found: 5
Looking at the graph,
we see that this
number is wrong.

Rest the Collar Filter to “High.” This resets aratrects the “# of Joints Found” to “10.”

Collar Filter: High

Red Cursor:
Start of zoomed
section of collars

Blue Cursor:
End of zoomed section
of collars

# of Joints Found: 10

-

Now to find the fluid level, return the Red Cursorstart of shot and the Blue Cursor to the flaiel
downkick. The software will reveal the correctidilevel to be at 90 joints.
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Collar Filter: High

Red Cursor:
Start of Shot

Blue Cursor:
Fluid Level

# of Joints Found:
90
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Situation 6: Shooting Fluid Levels Down the Tubing with Constant AV

In this fluid level graph, the Depth Method seleki® Constant AV, since the gas shot is shootingrdo
the tubing of the well. There will be no collarsamunt, but the Constant AV method will producéugdf
level. A good starting point is to set the Acoustedocity of 1,200 ft/sec.

Example Shooting
Down the Tubing

Depth Method:
Constant AV

Enter the Acoustic
Velocity — a good
starting point is
1,200 ft/sec

Notice in the example above, with 1,200 ft./sethasentered Acoustic Velocity, the software fii83s
joints to the fluid. But the depth will changelifet acoustic velocity changes. In the example beldti,
1250 ft./sec. entered as the Acoustic Velocityjogts to the fluid are found. So, it is importdatuse an
appropriate AV for your field.

Depth Method:
Constant AV

Enter the Acoustic
Velocity — this is
the same as the
above example, but
with entered A/V of
1,250 ft/sec
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Limited Warranty

Sage Technologies, Inc., Limited Warranty

This Sage Technologies, Inc.'s product is warchtdebe free from defects in material and
workmanship for twelve (12) months from the datewdginal sale by Sage Technologies, Inc. to its
customer. This warranty shall extend only to tleeteonic components incorporated in the product
subject to this limited warranty and is availabfdyao wholesale customers who purchase the product
directly from Sage Technologies, Inc. The custoshetdl be solely responsible for all shipping, oost
and duty charges necessary for transport of théugtdo and from Sage Technologies, Inc. and those
charges must be prepaid by customer prior to Saghriologies, Inc.'s obligation to receive the dasdag
product from customer and return the repaired prbttucustomer.

Sage Technologies, Inc. provides no warranty semwihere it, in its sole judgment, determines
that damage to the product is the result of custemasuse, neglect or abuse.

Sage Technologies, Inc. does not warrant thisymtoitd consumers except when Sage
Technologies, Inc. has sold directly to that consum

Sage Technologies, Inc. expressly disclaims adyadirliability for consequential damages
arising out of the use or performance of its preésliecluding direct and indirect damages for loss o
property, revenue or profit. Sage Technologies, $hall not be responsible for costs of removal,
installation or reinstallation required in conneatwith claims made under this warranty.

This express limited warranty is in lieu of alhet warranties, express or implied, and Sage
Technologies, Inc. expressly disclaims all othgaregs or implied warranties.

For warranty service on Sage Technologies, Inc., aipment contact the Service Manager at:

Sage Technologies Incorporated
Attn: Service Manager
P.O. Box 1466
Grapevine, TX 76099-1466
Telephone: (817) 488-2579
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