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NOTE: This document assumes that the user is familiar with the “RAM

Features and Help Guide” document in TAM Help.

s - 4 N
~ Quick Reference Guides
l Well Analyzer Setup for LL sensors l [ TAM Features '
[ Well Analyzer Setup for DYN sensors ] [ Liquid Level Featuras '
I Wireless Setup ] [ Dynamometer Features '
l Best Practices for Sensor Communication ] [ Using a Power Sensor in a Dyn Test l
l Starting a Wired Liquid Level Test ] [ CBE Acquisition and Analysis Features '
l Starting a Wireless Liquid Level Test l [ Basic Steps to Track a Plunger - Wired '
[ Starting a Wired Dynamometer Test ] [ Basic Steps to Track a Plunger - Wireless l
I Starting a Wireless Dynamometer PRT Test ] [ Plunger Lift Manual l
l Starting a Wireless Dynamometer HT Test I RAM Features and Help Guide I

QAD-5000-100 3 10/31/2023



EBUP Features using RAM (Wireless) () € EHOIME TER

Objective of Pressure Transient Acoustic Measurements

Flowing bottom hole pressure surveys, pressure buildup tests, pressure drawdown tests, and
inflow performance analysis are the principal tools available to determine reservoir pressure,
formation permeability, productivity index, pump efficiency, skin factor, as well as other
indicators that can be used in the optimization of producing well operations. These techniques
are widely used in flowing wells and in some gas lift wells, where the pressure information is
easily obtained from wireline-conveyed bottomhole pressure recorders. The presence of the
sucker rods in beam pumped wells essentially precludes practical, routine, direct measurement
of bottomhole pressure, thus eliminating the single most important parameter for well analysis.
Permanent installation of surface indicating bottomhole pressure gages have not become cost
effective, nor have wireline measurements through the annular space.

The solution of this problem has been found through calculation of the bottom hole pressure
from casinghead pressure measurement and determination of the annular fluid head from
echometric surveys that yield the depth of the gas-liquid interface. ¥234>

The RAM System for Pressure Transient data Acquisition

The advent of the Internet and wireless communications has made it possible to develop a practical data
acquisition system to remotely monitor and automatically acquire acoustic fluid level and other data
during pressure transient tests ®.

The RAM system (Remote Asset Monitor), shown schematically in Figure 1, has several objectives:

e Automatically acquire data without user intervention.

e Monitor individual well performance trends over extended periods of time.

e Provide remote access to test equipment deployed in the field.

e Monitor acquired data remotely via Internet and download it to user’s computer.

e Manual Data Acquisition override.

e Increase safety and productivity of field personnel by reducing travel requirements.

These objectives are satisfied by using a programmable system for stand-alone wireless data acquisition
and communication via the Internet. Frequency of data acquisition is controlled by the operator and can
be modified during the test. The RAM system is a general-purpose system for monitoring the performance
of all types of oil and gas wells.

QAD-5000-100 4 10/31/2023
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Figure 1: The RAM system schematic

For more details, please refer to the RAM Features and Help Guide and the Liquid Level Features

in the TAM Help Tab:
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CBE Acquisition and Analysis Features

Starting a Wireless Liquid Level Test l I
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Figure 2: The TAM Help Menu
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Hardware Setup for Pressure Transient Test Acquisition

A special version of the RAM system has been developed with the specific objective of acquiring
and analyzing fluid level records during pressure transient tests in conjunction with version 1.9
or later, of the TAM software.

The field setup of the equipment for a pressure transient test at a pumping well is illustrated in
Figure 3. It includes a Wireless Remote Fire Gas Gun (WRFG), a RAM box, and a Nitrogen gas
supply. Very often, especially in the case of a rod pumped well, additional equipment may include
a wireless Polished Rod (WPRT) dynamometer and a wireless pressure sensor (WPT). These
additional sensors are used to acquire well performance data before initiating the pressure
transient test to verify that the performance of the well and the pump are in accordance with the
planned test.

Wireless RFG

AM system and Wireless Remote Fired sensor.

Wireless Remote Fire Gas Gun

The wireless remote fired gas gun (WRFG) consists of a microphone, solenoid gas valve, integral pressure
sensor and volume chamber. During the several days of the typical pressure transient well test, the
transducer’s sensing element may undergo temperature variations of over 60 degrees F. Even though the
transducer is built with integral temperature compensation this temperature change can cause periodic
variations in the measurement of casinghead pressure that are reflected in the BHP record. In wells that
exhibit low wellhead pressure it may be necessary to protect the WRFG from environmental temperature
variations.

QAD-5000-100 6 10/31/2023
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RAM Box

The RAM hardware, shown in Figure 4, communicates with the sensors via a standard Echometer base
station and with a Cloud Server via a cellular network or connecting to internet available at location via
Wi-Fi. It includes a single board computer system built to be deployed in the field (at the well). Contains
just enough control firmware to acquire data unattended and communicate with an external laptop or
with the cloud via internet connection. It utilizes existing wireless equipment for data acquisition and can
run for around two weeks without external power such as solar panels or deep cycle batteries. The RAM’s
electronics are housed in an enclosure that withstands environmental conditions of temperature, wind,
and rain.

Figure 4: RAM box connected to external battery and Nitrogen supply for long term operation.

For best results and reliable communication, the RAM box with the base and sensors should be placed in
a location where there is cell coverage and a minimal level of wireless, SCADA and radio traffic. The system
provides the necessary tools to identify and select radio channels with minimal traffic and interference.

Nitrogen Supply with Pressure regulator

The chamber of the Wireless Remote Fire gun is charged automatically with gas at a regulated pressure
in excess of the well’s casing head pressure. Nitrogen gas should be used (not CO2 because its pressure is
dependent on the ambient temperature, it will freeze the flow restrictor in the automatic fill attachment
and CO2 pressure regulators are unreliable). The size of the Nitrogen bottle should be sufficient to supply
gas for the duration of the testing. The graph, shown in Figure 79, can be used to estimate the number of
fluid level acquisitions that can be performed with a given standard size Nitrogen bottle and a given
chamber pressure. Normally the pressure regulator is set around 150 psi over normal operating casing
pressure but since during the buildup test the well pressure will increase, the regulator setting should be
adjusted as necessary based on the quality of the remotely monitored acoustic records.

External Power Supply

For extended operation of the RAM system and sensors it is recommended to provide auxiliary electrical
power using external batteries as shown in Figure 4, or solar panels or direct connection to AC power if
available at the wellsite.

QAD-5000-100 7 10/31/2023
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Acquisition of Pressure Sensor Zero

Zero Offset Acquisition must be performed, this can be done before installing the guns on the wellhead
to ensure the pressure sensors are at atmospheric pressure when the offset pressure value is acquired.
See the “Starting a Wireless Liquid Level Test” of the TAM Help Quick Reference Guides.

Click on the Gas Gun icon to Open the Setup Hardware screen.

Setup Hardware

Select Hardware
Base

5
SRILBEIRY Click the “Use Shown Value”

to accept new offset /
—o—

Zero Offset

o | =
=
A0 = | A1 s

Last Offset .
030172023 0330 50PM Top: THAG F

Select Hardware

Base

=

-,

Figure 5: Zero Pressure Sensor Procedure

The zero-offset test information is saved as part of the Session Test Info tab

Session TestInfo

Acquired with version: | Sensor Information

1.9.4 Alpha, Oct 29 2021 14:14:42

Acquired with base firmware version: SERaiimb et i

Systemn Type: Wireless

102417
Sensors: Acquisition Rate: 1000 Hz
WRFG 967 B Sensar Firmware Version: 6-5-17
i
=2 W Coefficients:
Comments:

C1: 3.0447 C4:0.0000
CZ: 669.1024 C5:0.0000
C3: 2.7500 CH: 0.0000
Zero Cffset +0.1 psi (g)

Zero Date: 11/03/2021 08:36:08AM

First scheduled shot

Temperature: 56 deg F

Figure 6: Advanced Analysis Session Test and Pressure Sensor Information
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Software Setup for Pressure Transient Acquisition

In addition to the description of the well and the completion system, the formation and fluid properties
must be entered in the Reservoir Properties tab of the TAM well data Detail View. This is not a
requirement for acquisition of the records but these data are necessary to be able to perform preliminary
pressure transient analysis while the test is still in progress.

9
10
Producing < 2
Interval [ Add Row at End ] [ Insert Row ] [ Delete Row ]
~ Depth for BHP Calc - -
[ Reservoir Properties ]
Tubular O Top 5240 ft
Markers O Middle 5086 ft
) Bottom £532 ft
el ® User Entered ft
Description

Figure 7: Reservoir Properties Button in Producing Interval Tab

Clicking that button opens the following dialog for entering the data used for pressure transient analysis.

Reservoir and Fluid Properties

~— Formation Volume Factors
oil[1.190 RBISTB et Pay(11.00

Water RB/5TH Wellhore Radius(0.33
Gas RB/Mscf Drainage Area(40.00

— Viscosities — Reservoir Properties

Porosity fraction

Total Compressihility3-58E-06 | 1{psi

Done

Figure 8: Reservoir and Fluid Properties Tab

NOTE: These data are not required for acquisition of the acoustic pressure transient records. They are
required to generate the analysis graphs illustrated in Figures 39,40 and 42.
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Advanced Analysis Schedule
A special schedule for Advanced Analysis, shown in Figure 9, specifies the frequency of data acquisition

and the start time of the test. Fluid level records can be programmed to be acquired at constant time
intervals or according to a logarithmic schedule to be consistent with the normal graphical presentation
of pressure transient tests. The length of acquisition of the acoustic record and the duration of pressure

monitoring are also specified.

TAM . Parwmers Trnniont Tow | Boddy Loww W ((f ccmeneeran) ) Mipha O 29 0 3421 14 3 €5

Well: Roddy Lease 1H

Gronp Pressure Trangect Tedt

[ETSepp—

o AN Corvend Erme VUGATT 084 | v | o (@R

-

Time wvrvst FHTT] mine

Logremime B | mapmrnmentopie
W Tima Berwnsn hoquinton T4 | e
Mt Vims Betwasn Aoguanon S10 | an

J
Paute T achedule 1o muke changes [T

I bt Vet Do 1383 20 1T Mihrddte Vg Cute: M vl Some

Figure 9: —Schedule for Liquid Level Record Acquisition for Advanced Analysis Pressure Transient.

Once the schedule has been activated the progress of the acquisition is monitored on a timeline where
there is indication of the current date and time, which records have been completed (closed circles), which
records are pending (open circles), which records have failed to be recorded, etc.

At any time, the user can connect to the RAM, via Internet, and view the progress of the schedule. The
schedule can be interrupted and the frequency of acquisition can be modified to fit more accurately the
expected future performance of the pressure and fluid level variation as a function of time.
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Clicking on the Scheduler button at the lower left of the main screen:

2T
History...

Scheduler

12

Utilities

F1
Help

Figure 10: Scheduler Opening Button

Opens the RAM’s scheduler window to display a timeline of all the acquisitions that have been completed
or are scheduled in the future.

Group. RAM 1003 TAM 1.9.17

View Liquid Level Schedule | | View Dynamometer Schedule | | View Advances Anayes S

Date Jun 11 -Jun 17 Jun 18 - Jun 24 Jun 25 - Jul 01 Jul 02 - Jul 08 Jul 09 - Jul 15 Jul 16 - Jul 22 Jul 23

S S M T W R F S S M T W R F S S M T W R F s S M T W R F s S M T W R F s S M T W R F s S M T W

LD OO0 O: B XXX JOIOOROOIC) CIOICHOROIOICY CIOICHOROIOICY ICHEHCNC
DYN o0

Aqv
< >
G Download Data Last Download: (07/413/23 03:47 RAM Current Time: 08/18/23 12:45 Week ] [E Day ] [ E Hour I

Mot £, feg Syne
@ synces @‘Syr\ced () seheduied (G Aeapiing (3 £5y (®) Fliy

hedule Controls
‘/ [ B st Schadu\el [|| Pause Sehedule Start Date: 06/09/23 10:48:36 Schedule Stop Date: 12/31/69 19:00:15 View Logs

Figure 11: Scheduler Timeline View

The records can be downloaded to the user’s computer by clicking the Download Data button.

Solid circles indicate records that have been already downloaded from the RAM to the user’s specific
computer. Circles with partial filling indicate records that have been acquired but have not been

downloaded. Open circles indicate records that are scheduled for acquisition.

While the RAM is online and connected to the user’s computer, the acoustic transient records that have
been acquired up to that time can be downloaded for visualization and analysis.
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After clicking the “Download Data” button, remaining records are downloaded one at a time and the
progress of the download process is displayed at the bottom of the screen.

Group: RAM 1003 TAM 1.0.17
View Liquid Level Schedule ] [ View Dynamometer Schedule ] View Advanced Analysis Schedule Table View
PO Jui 15 Jul 16 - Jul 22 Jul 23 - Jul 29 Jul 30 - Aug 05 Aug 06 - Aug 12 Aug 13 - Aug 19 Aug 20 - Aug 26
f R F s s M T WR F S S M T WR F S S M T WRF S S M T WRF S S M T WR F s M T W R F S
L)p@eeeeee@eeleele®eeeeeee©ee 00000000
o o °
Adv
Analysis
< >
) concelDownioad Last Download: 08118723 12:47 RAM Current Time: 08/18/23 12:47 [ Week ] [[‘fl Day I [Z Hour I
Not 5 Arg Syne
@ sreed (@) 5y () Sehedbles (O} Acminins () Eoly () Flieg
Il Downloading file 12 of 53 from 07/03/23 10:48 AM to 08/18/23 10:48 AM Importing ACU_Aug-09-2023.09-48.36AM_Aug.09.2023.14.48.36 ]
chedule Controls.
|’ B Stop Schedule Il Pause Schedule Start Date: 06/09/23 10:48:36 Schedule Stop Date: 12/31/69 19:00:15 View Logs |

Figure 12: Scheduler shows that Records Download is in progress

Once all the available new records have been downloaded, they are stored on the user’s computer and
can be viewed and analyzed. Depending on the progress of the test and the results obtained so far, the
schedule can be continued or can be modified. Then the user’s computer is disconnected from the RAM
and from the Cloud.

NOTE: Detailed discussion of operation of the RAM are included in the TAM help document: “Ram
Features and Help Guide”
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Presentation of Records from Transient Acquisition
The downloaded Pressure Transient records are grouped in a Session that is identified by the date and
time when the test was initiated and is accessed by clicking on the F6 “Advanced Analysis” button:

Dynamometer 2

Figure 13: Advanced Analysis Session Opening Button

This will open the Advanced Analysis Session screen that gives the user a graphical and tabular
presentation of the complete data set and the calculated results as shown in Figure 14 where data points
for all the records acquired during the past 471 hours are plotted. The Shots tab is selected by default.

SESSION 11/03/2021 03:17:11PM [~ 2o Anis History

Session Info Comments: \Liqum Level from downhale marker TA depth. \ ( Report )
Select Analysis [Ta marker v ( Merge J( Details ]
Velocity
Shots. Analysis Log-Log Plot MDH Plot Horner Plot
4 RTTT (sec) o Casing Pressure ( psi () )
e
10.2
¥~_| casing Pressure
10+ [-60
by
B E
2l 98+ H
E Lao | =
; RTTT z
9.6-] A/ 2
| 20
9.4 |
e 03-03:17:11 PM 05-10:50:31 PM 08-05:23:51 AM 10-12:57:11 PM 12-08:30:31 PM 15-04:03:51 AM 17-11:37:11 AM 19-07:10:31 PM 22-02:43:51 AM e
Time
Select| # Time Elapsed Time|  Test Shot | Gun | Casing |Temperat| Duration| R LL AV | Smooth| Jts/s [Smoot % | Cor| BHP | Liquid | Ligquid | Gas | GLIP ct
Origin | Type |Batte.|Pressure| ure AV h Jts/s| Coll.| Fact Velocity| Afterflow] Afterfl..
clock B psi(g) -|degF -|sec -|sec -|ft Afts o[fs . psi (g-|in/s  -|BBL/D -|Mscf/D psi (g}
57 11/04/2021 02:07:41AM |02:07:41 AM | Schedu... Hard 249 ] 106.000 |9.869 5121 |1036 |1013 1598 [15.64 1.00(330 |-0.003 -0 05 HlE
58 11/04/2021 02:59:34AM |02:59:34 AM | Schedu...| Hard 254 4] 106.000 (9.862 5121 |1036 |1013 |15.99 |15.64 1.00(335 |0.001 |0 0.5 320
59 11/04/2021 03:55:35AM |03:55:35 AM | Schedu...| Hard 259 0 106.000 |9.855 5122 1037 (1014 1601 |15.64 1.00(34.1 |-0003 |-0 05 326
60 11/04/2021 04:56:05AM |04:56:05 AM | Schedu...| Hard 26.2 4] 106.000 (9.849 5125 |1039 |1014 |16.03 |15.65 1.00(345 |-0011 |-2 0.5 330
61 11/04/2021 06:01:24AM | 06:01:24 AM | Schedu...| Hard 27.1 0 106.000 |9.840 5127 |1040 [1014 16.05 |15.65 1.00(355 [-0.004 |-1 0.5 34.0 v
< >

Figure 14: — Advanced Analysis Tab — records acquired during 471 hours — plotting RTTT and Casing pressure vs. time.

NOTE: After downloading from the RAM, the acoustic records are initially analyzed by default using TAM’s
automatic _collar analysis.

The computed values displayed in Figure 14 are the results from the user’s subsequent analysis. In this
case the user, instead of the automatic collar method, selected the downhole marker method to
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determine the acoustic velocity and compute the distance to the liquid level. This is indicated by leaving
blank the % Collars column in the table.

Plotting Variable Options

The plot in Figure 14 shows the variation of the Round-Trip Travel Time (RTTT) and the measured casing
head pressure as a function of time and is presented here as a means for illustration and is only one of
several possible graphs. The table below the graph, presents the data values that correspond to each
record. The user can select which values are included in the table. The variables in the table can also be
exported to a spreadsheet in the CSV format.

The variables to plot in the dual axis graph are selected from options in the data presentation menu that
is pulled down by clicking on the label button of each vertical axis. These include:

Vertical Axis Variable Plotting Options

o Liquid Level vs. time N\ 5120
o Casinghead pressure vs. time
° RTTT vs. time
None
o LL interface Velocity vs. time [ Liquid Level
. . . . C Pi
. % Liquid Correction Factor vs. time i ;r?r"g ressure
o BHP Bottomhole pressure vs. time . LL Velocity
. . . 7 Cor Facto
. Acoustic Velocity vs. time Yamw o
o Smoothed Acoustic Velocity vs. time Acoustic Velocity
. % Collars counted, vs. time i:;:mhed Acoustic Velodit
o Transducer temperature vs. time Smoothed Jts/s
. % Collars Counted
0,
o Sensor Battery % vs. time = Temp
o Liquid After flow vs. time & Sensor Batt
. Liquid Afterflow
o Gas after flow vs. time S Gas Afterfiow
° GLIP Gas/Liquid interface pressure vs. time GLIP
. .. . — Durati
. Duration of record acquisition vs. time k.

Figure 15: Vertical Axis Plotting Options

These plots are the principal tools used to determine the accuracy of the acquired data and the progress
of the test. Random variations from the normal trend of a given variable are indication of possible
problems with the hardware or software. The user should perform a detailed analysis of each record that
deviates from the expected values.
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Session Table Columns Selection
The first four columns are always displayed and include:

Select | # Time Elapsed Time

d:himis o

1| 11/03/2021 03:17:11PM | 0:00:00:00

11/03/2021 03:19:12PM | 0:00:02:01

11/03/2021 03:21:12PM | 0:00:04:01

S PV I BN

11/03/2021 03:23:12PM | 0:00:06:01

Figure 16: Session Table fixed columns

\HBBBB

The Select column includes the “X” button that determines whether that record is to be excluded from
the analysis. By default, all records are automatically analyzed and are included in the report. By double
clicking the “X” button that record is excluded from the analysis, the button changes to “+” and the
corresponding dot in the graph shows an open circle. (Record 94 did not detect the shot being fired so
there is no acoustic record in the data. It is labeletd\as a Soft shot type)

5220 \A@
5240
T |94 T
0:00:00:00 4:15:06:40 9:06:13:20
Time(d:h:m:s)
l E Invert Depth i'
Select| # Time Elapsed Time | Test Crigin| Shot
Type
d:himes o
91 11/09/2021 05:38:14PM | 6:03:21:03 | Scheduled | Hard
92 11/10/2021 05:23:31AM | 6:15:06:20 Scheduled | Hard
. 93 11/10/2021 05:23:31PM | 7:03:06:20 Scheduled | Hard
l 94 11/11/2021 05:23:31AM | 7:15:06:20 Scheduled | Soft

Figure 17: Record Unselected by using the Select Column (X) Button

Clicking on the (+) button reinstates the record in the analysis.
The # column displays the sequential record number.
The Time column displays the date and time when the record was acquired.

NOTE: the time displayed corresponds to the time zone of the computer that is being used to analyze the

data and does not necessarily display the local time for the location where the record was acquired.
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The Elapsed Time column displays the time elapsed since the first record was acquired.

Peetet e,

—— clock o

h:m:s
sample
day

Elapsed Time hr

min B

¥ dhm:s 3
| |

d:h:mis .

Figure 18: Time Units Pull Down Menu

The units of the elapsed time are selected by the pull-down menu.

NOTE: The unit of time selected in this menu is also used for the X-axis of the graphs.

The variables to be displayed in the remaining columns of the session table are selected by clicking on the
Set Columns button:

The user can select which variables are included in the session table by clicking on the Set Columns button.

T

‘ ;

| Select options to display

} 1 - Test Origin S BB

\ 2 - Shot Type

} 3- Gun Battery % Select options to display Select aptions to display

| 4-Pressure s "~ "~
] 8 - Liquid Leve 714 - Cor Fact

? 5 - Temperature M Dig
—q- 2 :

16 - Duration [1 9 - Acoustic Velocity &15- BHP
los T T H7-RATTT 4110 - Smoothed Acoustic Yelocity [0 16 - Liquid Velocity
9:06:13:20 13:21:20j
Temeffihn:s) 11 - Jtsts 17 - Liquid Afterflow
Set Columns
12 - Smooth Jt i
Test Origin| Shot | Gun | Casing |Temperat| Duration| RTTT mapih ol 18 - Gas Afterflow
Type |Batte..| Pressure| ure 13 - % Collar Counted SH
psi(g) -|degF .|sec -|sec -
14 - Cor Fact
Scheduled | 0.00 572 |0 106000 |9.567 = ara : 4
=%

Figure 19: Selection of the Columns of the Session Table

When the Liquid Level Depth is plotted (Figure 17), an Invert Depth button is displayed for the user to
select the direction of the depth axis of the graph. When clicked, the depth axis values increase from the
top down.
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Analysis of Pressure Transient Acoustic Records

The first step is to ensure that fluid levels are determined correctly so they can be converted to accurate
bottom hole pressure. The consistency of the acoustic data can be easily visualized by plotting the RTTT
value as the test progresses so that a smooth variation can be observed as shown in Figure 14. These plots
should not exhibit random variations which generally are indications of erroneous analysis of the acoustic
records. Random variations of RTTT and/or casing pressure will result in variations in computed BHP that
are not representative of the reservoir behavior.

Bottomhole pressure (BHP) determination is based on wellhead pressure measurement, determination
of the gas/liquid interface pressure and calculation of the annular fluid gradients. To achieve the maximum
accuracy in BHP it is necessary to account for temperature variations, acoustic velocity variations, and
changes in composition of the annular fluid. The plot of BHP in Figure 26 is the final result obtained after
completing a careful analysis of each fluid level shot.

Acoustic Velocity Variation

During the well test (buildup or drawdown) the pressure, temperature and the gas component
distribution in the annulus may undergo significant changes. These in turn will cause variations in the
acoustic velocity of the gas. By default, the average acoustic velocity is obtained from an automatic count
of filtered collar reflections, when available, and the average joint length. For wells where the acoustic
record does not show collar reflections, the variation of acoustic velocity is computed from the known gas
gravity the average temperature and the measured pressure.

Experience indicates that pressure-dependent velocity variations occur gradually and continuously and
follow the trend of pressure variation, as shown in Figure (20).

Select Analysis | TA marker ~ B [ Merge H Details
Shots l o) ll.og-l.ogmo: l MDH Plot l Horner Plot |

4 Acoustic Velocity ( fi's) i Casing Pressure ( psi (g) )
) 1120 = )

1100
1080

1060

Acoustic Velocity ( ft's )
((B) 1sd ) ainssaig Buiseq

1040

1020

T A S e S e N B e S S e L S T A e e
— 0 55.5556 111.1111  166.6667 222.2222 277.7778 333.3333 388.8889  444.4444 —
Time(hr)

[ Set Columns ][ Export

Figure 20: Variation of Acoustic Velocity during the Test
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When enough consecutive records have not been acquired or there is excessive random variation of
velocity the Velocity Analysis tab (See page 29) is used to interpolate between available points to smooth
the velocity values and calculate the depth to the gas/liquid interface from the measurement of the travel
time of the liquid echo. If this variation were not considered and a single value of acoustic velocity were
used in interpreting the travel time of all the records, a significant error in calculated BHP would be made.

BHP Calculation

Several papers have been presented on the correct methods for calculation of bottomhole pressure from
acoustic determination of annular liquid levels %3. The BHP is the sum of the casinghead pressure and the
hydrostatic column pressures due to the annular gas and liquid. The gas column gradient is calculated as
a function of pressure, temperature, and gas gravity. The liquid column pressure is a function of the
composition of the liquids, and the in-situ water/oil ratio and gas/liquid ratio. Flowing conditions and well
geometry determine the fluid distributions. For example, for steady state pumping conditions the liquid
above the pump intake is mainly oil due to gravity segregation occurring in the annulus. When the well is
shut in for a buildup, the water cut remains essentially constant during the after-flow period and a moving
oil/water interface develops during the test. These factors are taken into consideration by the program in
the calculation of the bottomhole pressure. In-situ oil and water densities are calculated as a function of
pressure and temperature using conventional correlations.

When the producing bottomhole pressure is below the bubble point, free gas is produced from the
reservoir and is generally vented from the annulus. This annular gas production reduces the liquid column
gradient and thus must be taken in consideration in the BHP calculation. Experience indicates that a
gaseous liquid column can extend for a significant period after the well is shut in. A correlation derived
from a multitude of field measurements of gaseous liquid column gradients® is used to account for this
effect.

Recommendation: When a long annular gaseous liquid column is present in a pumping well, to obtain the

most accurate results, it is recommended that before the initiation of the buildup test the liquid level
should be depressed to a few joints above the pump intake by increasing the casinghead back pressure
while maintaining a steady pumping rate. This is easily achieved by means of an adjustable back pressure
regulator installed on the casinghead valve that will maintain the casing pressure constant during the
process of liquid level depression until stabilization. The result will be that at the end of the after-flow
period the height of the liquid column will be minimized and a major portion of the BHP will be provided
by the surface casing pressure (that is measured very accurately) and the gas column pressure.
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Description of Tools and Buttons in the Session Screen

SESSION 11032021 03:AT:11PM Ay Anays History
[ ‘Session Info ] Corments [Liquid Level fram downhole marker TA depth. [ Repont ]
Select Analysis | TAmarker )X C Merge 1C Details ]
[ Shots ntren¥ | LogogPlot | MDHPlot | HomerPiet I
A Liquid Level [ it) - Casing Pressure ( psi (g} )
5120 | [
5140
s220 ]
5240 ]
T T T T Ins T T T T T
- 03-03:17:11 P 05-10:50:31 P 08-05:23:51 AW 1012:57:11 PM 1208:30:31 PM 15-04:03:51 A 713711 AN 18-07:10:31 P 2024351 AM -
Time
& imen Depth [ SetColumns | [ Export
Select] # Time Elapsed Time| Test | Shot | Gun | Casing Temperal Duration] RTTT | LL | AV  Smooth Jis/s |Smoof % Cor| BHP | Liquid| Liquid Gas | GUIP Comments "
Origin | Type |Batte.. Pressure ure AV hits/s| Coll. Fact Veloity Afterflow Afterf..
dock psilg) - degF -sec .sec . s fs - psifgh in/s - BBL/D - Msch/D psi (g
@ |s2 | 11/10/2021 0523314M |05:23:31 A | Schedu. | Hard 588 [0 106000 |9550 5239 1095 |1043 1690 1609 100|704 [0001 o 01 703
[ Jo3 [ 11/10/202105:2331PM |0523:31 PM |Schedu_ Hard | 605 |0 1106000 3536 5240 1087 1692 | ] | =
@ |54 | 11/11/2021 052331 [05:23:31 M [Schedu..| ot 515 o 105000 [9515  |s225 |1098 1695 | | | Ervor: Shot Detection Failed
@ [o5 | 1111 M [08:17:41 AM [Manual |Hard 617 |o 150000 (8522|5240 1098 [1048 |1695 [16.7 100[736 |-0.000 -0 01 |736 |Ken's manual shot
@ |9 1112/ AM |Schedu...| Hard 638 0 106,000 (9510 5244 |1100 [1052 16.98 |16.24 1.00 | 76.0 0.001 | -0 01 76.0

)

Figure 21: — Pressure Transient Session Graphs and Table of Records.

Session Info
Information about the software and hardware used for acquisition of the advanced analysis records are
displayed in the Session Info tab.

Session Info

RAM Serial Mo: RAM 1003
RAM Software Version: 1.0.0.2109101
RAM Hardware Yersion: ts4300

MCU Firmware Version: 3.10

Comments:

Liquid Lewvel from downhole marker TA depth.

Figure 22: Session Information Tab

Comments entered by the user in the Comments field are also displayed in this tab.
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Comments
This field should be used to describe how the data is being interpreted and analyzed as well as
any special procedures followed during acquisition.

i SESSION 11/03/2021 03:17:11PM ﬁ

Cornments: |Liquid Level from downhole marker TA depth.

Figure 23: Comments Input Field

Clicking in the comments field opens the Session Info tab, described earlier, to edit or input
additional test information.

Reports
Once the data is processed and analyzed a summary report can be generated to be printed or
saved and or e-mailed as a pdf file.

SESSION 11/03/2021 03:17:11PM | |
uid Level from downhole marker TA depth. | [ Report I

Figure 24: Session Report Button

Clicking on the Report button opens the Reports tab for the user to select which summary

information is presented.

Reports

(o) o et ) (1) 70%

[ &' Shots l [ En’Vebcier'yss} [ o Log-Log l [ =4 MDH l [ & Homer I [ Settings l

Figure 25: Buttons for Selection of Report Pages

The pages the user wants to include in the report are selected by clicking on the corresponding
buttons/check boxes at the top right of the Reports tab.

Buttons at the top left side give options to print, save a pdf or forward the report information
via Email.

The following figure is an example of the first page of the Advanced Analysis Report.
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(((ECHOMETER))) Roddy Lease 1H 11/0312021 03:A7:11PM Gl nere o slest mage.
I Pressure Transient : TA marker
Shots
& Liquid Level (ft] ¢ BHP ( psi (g) )
5120 |4
5140 - | a0
160 -
E ]
= &0
¥ 5180- 3
= E:
:
~ 5200-
40
D220 -
52404 L 20
. - - - - - - - - - - - -
03-03:17:11 PM 08-05:23:51 A 12-08:30:31 PM 17113711 A 22-02:43:51 A
Tirme
Mumber LT eSS in .Mn.:l:lrtlt 174
Number of Tests Omitted 2
Diuration 47111 hr
Values
Firsi Liquid Level S1EE ft First BHF 18.5 psi (g)
Last Liguid Level G238 fl Last BHF B2E psi (gl
Aug Liguid Level G104 ft Aug BHP 42.4 psi (g)
EHF Dapth 5240 ft MD 4323 ft TVD
1:":' M“EHT 5 Echomelsr Sampany
5071 C'Fa Lane
WichEs Falk, T 78302
Liquid Level from downhale marker TA depth (3403 TET-4334
infodachamabsncom

Figure 26: First page of the Advanced Analysis Report
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Adv Analysis History
A table that lists all the records acquired during the Advanced Analysis session is displayed by
clicking the button at the top right of the session screen. The “Adv Anlys History” button.

SESSION 11/03/2021 03:17:11PM

Comments; |[Liguid Level from downhole marker TA depth. | [ Report I

Figure 27: Advanced Analysis History Button

The “Test History” tab presents a table that lists the acquired records and sessions.

Test History Tab

Displays information about each of the Advanced Analysis sessions that have been completed.

Clicking on the square labeled Start Date/End Date, displays a thumbnail of each record for that
session (last record at top row), the data and time when it was acquired, whether it was acquired
manually or automiatically via the schedule and any relevant comment.

Thumbnail Time Session Comments 2
Test Origin|
‘ Liquid Level from
Start Date downhole marker
1140372021 TA depth.
End Date 11/03/2021 P
11/23/2021 03:17:11PM
117 Tests
i -

.
. W, i) 11/22/2021
| | 0523:31PM Hangel

‘ \""*-—-ﬂ“!"* Tz iR0d Scheduled

| 05:23:31AM

Figure 28: Test History Tab
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Clicking a row in the table will select that same record in the session table and plot. Clicking a dot
in the graph will select the corresponding row in the table.

] 5120 ]
5140 4
5160 4
= | 5180+
B =
3
z
| 5200 4
3
5220 4
5240 4
T T T T T T T T T
— 03-03:17:11 PM 05-10:50:31 PM 08-05:23:51 AM 10-12:57:11 PM 12-08:30:31 PM 15-04:03:51 AM 17-11:37:11 AM 19-07:10:31 PM ZZW =
Time
& ivert Depih_| Export
Seleq] # Time Elapsed Time| Test Origin | Shot| Gun | Casing |Temperat| Duration| K LL | AV|Smoot Jis/s|Smoot % | Cor | BHP| Liquid| Liquid | Gas |GLIP| Comments "
t Type | Batte..| Pressure| ure hav h Jts/s| Coll..| Fact Veloc..| Afterfl... Afterfl...
clock B psi(g) -|degF .|sec -|sec -|ft - fiss|fts - psi (gin/s -|BBL/D.|Mscf/D |psi g
113 11/21/2021 05:23:31AM |05:23:31 AM | Scheduled |Hard 763 0 106.000 (9.390 5..|1..[1095 | 17../16.90 1.00|904|-0.002|-0 0.0 90.4]
17 1172172027 0>:23:3 1PMY 05:23:31 PM |Scheduled |Hard 76.7 0 106.000 |9.384 5..(1.]1097 |17..[16.93 1.00|90.8|0.001 |0 0.0 90.8]
171 11/22/2021 05:22:31AM | 05:23:31 AM | Scheduled |Hard 774 o 106.000 (9.383 5..|1.. (1100 | 17../ 1697 1.00/91.7 | -0.001|-0 0.0 91.7,
11 11/22/2021 05:23:3TPM | 05:23:31 PM | Scheduled |Hard 779 0 107.000 (9371 5. 17| 94..
117 11/23/2021 05:23:31AM |05:23:31 AM | Scheduled |Hard 784 0 106.000 |9.367 5. |1.[1104 |[17..]17.04 1.0092.8|0.000 |0 0.0 92.8]

Figure 29: Record Selected by clicking on the Thumbnail in the History Tab (Fig. 27)

The acoustic record can be viewed, in a pop-up window, by double clicking on the specific row in
the table or the dot in the graph.

Beta Sep 192023 07:22:47 [ (5] £
11/08/2021 11:19:54AM
ko | Comments Report ﬁ
, , Flud Ak Pump | ® R o M 11032021 D3ATA1PM S A Aniys sistory
Distance To Liquid 51 ? 5 ft MD Equiralent [ g % | Repart |
Gaz Fres Abave Puma v Bept
wies| 9631 | w2(159.39]  4[1072w < 16.55 e ) o]
g E Log-LogPlot  MDH Plot Horner Plot @
. Bot
@ Liquid Level (ft)
— 1
2 | ORE
z ——— |
E
|
2 I
4 The LL is below the end of the tubing. |
o ’ 000 2000 000 w0 so00 om0 :
-1 r Al 1 N || Pressure Buildup
w<]=] vk | <Prov || Hex> seale [+ ][] g o | "
- - > | 005 psitmin | 3
g Method 1 - Callar Count
Anvotations | . -4 Fine Tune. | |
O Method 2 - Downhale Markers —— |
Plot Controls.__ | = Detads . | |
S — O Method 3 - Acoustic Velocity | S — I
|
e L e B | w._.___._._.
| | ez
L 51750 — 03-03:17:11 TECTOTeT N 10:50:31 07-01:37:11 AM 08-05:23:61 AM 09-09:10:31 AM 10-12.57:41 PM—
Time = " =
™ sty | & _imenDspth_| Set Cowmne || Expon |
Select| = Time Elspsed Time| Test Origin| Shot | Gun | Casing |Tempersture Dusation | RTTT | UL | AV | Smooth Jis/s Smocth % | Cor | BHP  Liguid | Liquid Comments ~
Tpe Pressure. I Re/s | Collar| Fact Velocity Afterflow
=%
‘ clock sl o|degF fis{ s+ 5 (@ in/s__+ BBL/D .|
Scheduler 0 58 u
R | ===
Production: 101810 i 12 = T 1
o oRD Uiies o e s s EMETEES
40 BWPD 0
LL:A10821 11:1%:54am 1 ]
r " ) Help
[ zoom |[ et |

Figure 30: Record displayed by double clicking the row or the dot.
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Select Analysis Menu

When the user processes the acoustic records with different settings or options then each
analysis may be stored under different names. TAM’s automatic analysis is labeled Default. The
user, after reprocessing the records, can store the new analysis by clicking on the (+) button.

New EBUP Analysis

New Analysis name

[ Copy Existing Analysis

Select Analysis |Velocity from gravit ~

Default
TA marker Velocity
Velocity from gravity Badtl et

RAM

Figure 31: Saving Current Analysis under a New EBUP Name

The “New EBUP Analysis” dialog is opened to enter a name for the current reprocessed records.

All existing analyses are listed in the pull-down menu. Selecting an analysis and clicking the (X)
button will delete that analysis.

Merge Tab

In some cases, after initiating a pressure buildup test, it may be necessary to stop the acquisition
of records for a certain time. Generally, this is caused by failure of the sensor, loss of power or
loss of gas supply. The session may be stopped and the data is downloaded and stored on the
user’s computer. When the repairs are performed then a new Advanced Analysis session is
initiated to continue acquiring records for the transient test.

SESSION 09/08/2022 09:33:55PM | sEssi0N 09/15/2022 06:01:47FM

Comments: |Session stopped for one week to allow casing pressure to buildup | [ Report ]

Figure 32: Two Sessions to be Merged

When the transient test is completed and the well is put back in production, there will be two
separate sessions in the user’s computer as shown in the previous figure.

It is possible to combine the records from the two sessions using the Merge function that opens
a tab that lists all the sessions that were acquired for this well.
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i SESSION 09/08/2022 09:33:55PM [ sEssioN 09/16/2002 06:01:47FM ﬁ Adf

n

Comments: |Sessinn stopped for one week to allow casing pressure to buildup

IBE3

Velocity

ot \ Analysis

[

Mege ||

Detal

Time

Number of Tests

09/15/2022 06:01:47PM

T T
p:07:15AM  13-12:40:35 PIg

Elapsed Time

170

Figure 33: Select Session to Migrate Tab

More information about merging Advanced Analysis sessions is presented at Page 54 of this

document.

Details Tab

This tab is opened by clicking on the Details button at the top right of the Session screen. The user is

required to select the calculation options that are appropriate for the analysis of the records.

SESSION 11/03/2021 03:1T:11PM

'\ Adv Anlys History

pllars

| Report

Velocity

Analysis MDH Plot

Log-Log Plot

Hoerner Plot I

P Liquid Level (ft) -l Casing Pressure ( psi(g) )

Merge

Details I

Details
~ Calculation Options 50
Liquid Correction Factor Optiens
O Liquid Correction Factor set equal to 1.0 Q
@
@® Liquid Correction Factor Using Surrounding Tests 40 a
o
O Liquid Correction Factor From Liquid Level Test 5
a
Iu Dry Wall Bore ] Lao |
@
[ [m] Apply Velocity Cormrection Curve ] g
- Shot Path 2o
ID Tubing l [S’ Casing ]
@
: 10
: 10-12:57:11 PM'—~

Figure 34: Test and Analysis Details Menu
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Calculation Options
No Liquid Correction Factor Used: this really means that the liquid correction factor is set to 1.0

for all records.

Liquid Correction Factor Using Surrounding Tests: the liquid correction factor is computed based
on the difference in measured surface pressure between the current record and the previous and
next record.

Liquid Correction Factor from Liquid Level Test: the liquid correction factor is computed from
the change of pressure during the acquisition of the current record. This yields the dp/dt value
used in the Echometer “S” curve to determine the % liquid in the gaseous column for the BHP
calculation at that time.

Dry Wellbore Button

Clicking this button forces TAM to consider that there is only dry gas in the wellbore when
computing the BHP.

Apply Velocity Correction Curve

Calculation of the liquid level depth will use the acoustic velocity interpolated from the points
selected by the user in the Velocity Analysis plot.

Shot Path
The user must indicate whether the records are acquired in the tubing or in the casing.
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Shots Tab
This is the default TAB for viewing Advanced Analysis records. It opens to display, at the top, a
plot of the data points vs. time (Liquid level) based on TAM’s automatic fluid level processing.

The following paragraphs describe in detail each feature of this TAB.

Invert Depth
This button is displayed only when Liquid Level depth is plotted. When it is clicked, the vertical depth

axis is inverted so that depth increases from the top down.

SESSION 11/03/2021 03:17:11PM =] 20w anys History |
Comments: [Liquid Level from downhole marker TA depth. | [ Report )
Select Analysis  TA marker “ B Merge ][ Details ]
Shots Meloclty | | oglogPlot | MDHPlat | HornerPlot
Analysis g-Leg
@ Liquid Level ( ft)
51204
5140 -
5160 -
| 5180+
= z
K] H
2| 5200
3
5220 -
5240 4
1 T T T T T T T T
— 03-03:17:11 PM 05-10:50:31 PM 08-05:23:51 AM 10-12:57:11 PM 12-08:30:31 PM 15-04:03:51 AM 17-11:37:11 AM 19-07:10:31 PM 22-02:43:51 AM —J
Time Y
& Invert Depth Export
Selec| # Time Elapsed Time | Test Origin| Shot | Gun | Casing |Temperat| Duration| R LL | AV |Smoot Jis/s |Smoofl % | Cor|BHP| Liquid| Liquid | Gas GLIP Comments
t Type |Batte..| Pressure| ure hAv h Jts/s| Coll..| Fact Veloc..| Afterfl..| Afterflo
cock B psi(g) -[degF .|sec ~|sec oft Sftis Lfts . psi (gin/s .|BBL/D |Mscf/D .|psi (g)
66 | 11/04/2021 12:54:58PM |12:54:58 PM |Scheduled |Hard 309 0 106.000 |9.817 5157|1048 (1015 | 16.18 | 15.67 1.00(394|-0011/-1 0.0 384
67 | 11/04/2021 02:38:29PM |02:38:29 PM |Scheduled |Hard 318 0 106,000 [9.820 5169 1051 1016 |16.21 |15.68 1.00 402 | -0.024| -3 0.0 394
68 | 11/04/2021 04:30:16PM | 04:30:16 PM |Scheduled | Hard 326 0 106.000 (9.822 5179|1052 (1016 | 16.24 | 15.68 1.00|41.1|-0018|-2 0.0 404
69 | 11/04/2021 06:30:58PM |06:30:58 PM | Scheduled |Hard 338 0 106,000 [9.826 |5193|1055 [1017 |16.28 |15.69 1.00|423|-0022|-3 0.0 418
70 | 11/04/2021 08:41:18PM |08:41:18 PM |Scheduled |Hard 348 0 106.000 [9.836  |5205|1056 1017 | 16.30 | 15.69 1.00|43.3|-0019-3 0.0 429 v
< >

Figure 35: Shots View with Inverted Depth for Advanced Analysis Window

Below the graph, a table is displayed with rows corresponding to each acoustic record acquired.

The columns that are displayed in the table are user-selectable by clicking the Set Columns
button.
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Set Columns
Clicking this button opens the menu for selecting which columns are displayed in the Session
Table.

Select aptions to display

1 - Test Origin

2 - Shot Type

3 - Gun Battery %
4 - Pressure

5 - Temperature
6 - Duration

(H7-R1TT

[ Set Columns H Export|

Figure 36: Session Table Columns Selection Menu

Export
Clicking the Export button opens the menu for selecting the format to be used when the
Advanced Analysis results are exported to an external file.

EBUP Export

Export Table l l Standard BHP

Figure 37: EBUP Export Options Tab

Please see an example of exported files at page 52.
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Velocity Analysis

Clicking this button opens the tab where the acoustic velocity corresponding to each record is
plotted vs. time. The purpose of this tab is to select the values that best represent the variation
of the acoustic velocity during the transient test and generate a “smooth” interpolating function.
The user selects which points (indicated by the red dots) are to be used for interpolation.

| Shots ‘ x;‘,‘;;?; Log-Log le\ MDH Plot l Horner Plot

15.4 4

BINUSEC]

1514

0 I I 2000 ‘ I 40‘00 I ‘ I 50‘00 I ‘ I 80!30 I I I 10(500
Delta Time {min)
Remove Point from Fit Line I l Reset Analysis I l L] Show % Callars Counted I
Shat Mumber 1 09 Test Values Joints/Zec 1 5_31 Welocity 765 ftis
Elapsed Time (2411 .2 3min Values Based on Fit Joints/Sec 1 5_3 1 Yelocity 765 ftis

Callar Count * % Data Value AdjustmentD
L]

Figure 38: Velocity Analysis Smoothing Curve Selection of Data Points

The smoothing function eliminates the effect of acoustic velocity variations that are considered random
in nature. The user can select whether TAM should use the velocity that TAM determined for each record
or use the smoothed interpolated values (represented by the red linear segments) to compute the
distance to the liquid level. The points to be added to or removed from the curve fit are selected by

pointing and clicking with the mouse or by dragging the marker line.
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Log-Log Plot
The purpose of this graph is for quality control of the data, by viewing all the computed BHP

pressure values presented as the difference in BHP as a function of elapsed time. The user can
determine, from the characteristics of the graph, whether the pressure transient test has run a
sufficient time and will provide adequate data for detailed analysis of the reservoir properties.

Select Analysis | TA marker ~ [ Merge H Details l
Shots | it d Log-LogPlot |  MDH Plot l Horner Plot I
100
/’.’.
104
g "
2
e
H
g
& 0.1
0.01
] T T T T T T T T T T Ty T T L L | T T T T T T T o rrrT
0.01 0.1 1 10 100 1000
Delta Time (hrs)
Slope Line| Ne Line |_ UnitLine @ Half Slope Derivative
Fit Rectangle & Show Rectangle

Figure 39: Log-Log Pressure Buildup Plot

Reference slope lines can be displayed by clicking on the Slope Line buttons and adjusted

manually by dragging with the mouse pointer.

The derivative function (t dp/dt) can be displayed and its level of smoothing is adjusted with the

slider tool.

Sections of the data, to be used in subsequent plots, can be indicated by clicking the “Show
Rectangle” button and adjusted by dragging the boundaries of the rectangle.
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MDH Plot
The purpose of this plot is to estimate some producing formation properties by selecting the data

points in the region that corresponds to a transient behavior characteristic of radial flow.

Select Analysis | Velocity from gravit - [ Merge l[ Details l
Shots l x‘:,‘;;‘,‘; | Log-Log Plot { MDH Plot \ Horner Plot |
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40|
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w544 | 247 m
sope) 43,89 psieye ko) 0.00  ma

Figure 40: MDH Pressure Buildup Plot

NOTE: the values displayed in the boxes, can be computed only when the Reservoir and Fluid
Properties have been entered in the Producing Interval tab (see Figure 41). Otherwise, the
asterisk (*) symbol will be displayed.
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Figure 41: Reservoir Properties Input Tab

The dialog for inputting the values is opened by clicking the “Reservoir Properties” button.
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Horner Plot
The purpose of this plot is to estimate the Average Reservoir Pressure from the Horner

Extrapolated Pressure (P*) in addition to the reservoir skin and permeability values.

Select Analysis | Velocity from gravit ~ B [ Merge l[ Details l
| Shots Manah | LoglogPlot | MDHPIot | HornerPlot ]
120
100 -
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=
E
&
60
40
2?000'0' T ' w00 ' 100 10 1
(Tp + delta t) / delta t
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Figure 42: HORNER Pressure Transient Plot

The Horner Producing Time Tp must be input by the user. It represents the time (hours) during

which the well has been producing at a steady flow rate.

NOTE: The value of 300 hours is a TAM default.
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Adjusting Views and Scales

Record 57 in the Session View is displayed to discuss in detail the numerous buttons and other tools that
are available to the user for analysis of the acoustic records.

11/04/2021 02:07:41AM
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Figure 43: Acoustic Record for Shot 57

["4
Clicking on the E‘ button expands the acoustic record to the full screen for detailed analysis.
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Figure 44: Expanded View of Shot 57 Acoustic Record
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The section of the record highlighted with a purple band defines the “Focus Window” that corresponds
to the time slot where TAM is automatically selecting the echo from the Liquid level. By default, the
window is 1-second wide but in this figure, it has been edited to 0.4 seconds. This is discussed in more
detail later.

Focus Window

Whenever the acoustic record exhibits several echoes that could be interpreted by TAM automatically as
representing the liquid level, such as down-kicks from a liner or from a tubing anchor or any other annular
restriction, it is necessary to indicate to the program which of the echoes to select. This is accomplished
by defining the time slot where the program should search for the liquid level echo signal and highlighting
the region in the record display. Similar echoes outside the window are ignored by the program.

11/03/2021 03:17:11PM @
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. L Fluid Above Purnp 1 fTVD
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0B bt
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l [w] Method 1 - Collar Count l
[ E’ Method 2 - Downhole Markers 1

Plot Controls.
l J  Method 3 - Acoustic Velocity ]

Focus Window Width +/- 0.200 |sec l O Lock Fm.sWirm-] [ Appty Foous Window 1o Following Tests ,] « [E
| S
Figure 45: Focus Window Controls
Focus Window Width

By default, the window width is set at +/- 0.5 seconds. Setting the width to zero seconds removes the
window from the graph.

Lock Focus Window
The position in time of the focus window is set constant for every shot analysis.

Normally, the position in time of the focus window is centered at the time of the Liquid Level Echo. As the
position of the liquid level echo changes during the transient test, the focus window follows the position
of the Liquid Level echo.
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Annotations

Annotations can be added to the shot plot by clicking the Annotations button in the bottom left-
hand corner (Figure 44). User can add up to five overlays of previous shot traces, display a depth
reference line, overlay a trace folded about the LL marker and an overlay of the wellbore
schematic. The “Opacity” slider can be used to modify the opacity of the wellbore overlay, when
it is enabled.

Overlay of Previous Shots

Clicking on Previous Shot opens an additional dialog that allows selecting up to five records from
existing acoustic tests, for the specific well, and plotting them simultaneously with the shot trace
being analyzed as shown in Figure 46, where the black trace is the trace being analyzed and the
blue trace corresponds to the overlay trace. Traces for overlay are enabled or disabled by clicking
the corresponding On/Off buttons in the Overlay Selection table. Clicking on one of the two
Spread buttons will increase or decrease the vertical spread between the center lines of each
trace. The Clear All button will deselect all traces currently turned on. The Swap Order button
inverts the position of overlays relative to the current trace and “Show LL On Cursors” displays
the liquid level depth for the overlays next to their LL cursors. The user also has the option of
lining up overlays based on Depth (default) or based on Time.
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Figure 46: Example of Overlay of Acoustic Traces
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Zoomed-in view of overlay of the first and the last acoustic records acquired during the test.
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Figure 47: Example of Zoomed-in Overlay of Acoustic Traces

The figure shows that during the transient test the liquid level moved deeper and the casing

pressure increased

NOTE: before applying overlays, it is convenient to process each trace using the same vertical mvV

scale.

Depth Reference Line Marker

Clicking the Depth Reference Line button, places on the graph a moveable, dashed red, cursor

that displays the time and depth of its current location near the end of the tubing that was

entered in the mechanical wellbore table at 5224 ft. This is a good tool to check of the validity of

the input data and the acoustic velocity.
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Figure 48: Example of Overlay Depth Reference marker set at the EOT

The Depth Reference marker, that displays its position and time, can be dragged to any depth in

the record.

Trace Folding
The Fold Trace option under Annotations allows the user to overlay a reflection of the shot trace
folded around the selected liquid level echo. When enabled, the folded firing shot trace appears
inred. A “shadow” of the reflected part of the original shot trace remains in a lighter gray color

(see Figure 49).
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Figure 49: Example of Acoustic Trace Folding about the Liquid Level Echo
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After folding, the red repeat of the Tubing Anchor echo (relative to the LL echo) is aligned with the black
Tubing Anchor echo just before the liquid level echo. This indicates that the liquid level echo has been
correctly identified and the acoustic velocity has been estimated correctly.

This is an important tool when there are questions about the identification of the liquid level echo.

Liquid Level Warning and Wellbore Overlay
By default, the Wellbore schematic is displayed in detail on the acoustic trace. The opacity of this
overlay can be adjusted using the Opacity slider at the bottom of the Annotations menu.

The Liquid Level Warning is displayed, by default, on the trace whenever the Liquid Level marker
is located at a depth greater than the depth of the end of the tubing as entered in the well
description table.

Both these features can be deselected by unchecking their boxes.
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Plot Controls

Clicking on the Plot Controls button on the main LL screen brings up a dialog with options for
interacting with the shot trace plot. The options currently available include: Echo Zoom, Zoom
All, Select, Pan, and Undo.

Plot Controls

Preset Zooms
( Echo Zoom ' [ Zoom All

Zoom Region
( E’Selectl [I_J Pan Undo

Figure 50: Plot Controls Buttons

e The Echo Zoom button is a smart-zooming feature that automatically adjusts the viewing
region of the recorded trace to an optimum range. It determines this region based on the
location of the firing shot beginning and liquid level cursors, as well as, the kick height at
the selected liquid level.

e The Zoom All button allows the user to quickly adjust the viewing region such that the
entire recorded shot traces are visible. After clicking the button, the vertical scales need
to be readjusted to an appropriate level by the user.

e Using the Select tool allows the user to draw a box around a region of interest directly on
the main trace plot. After clicking the “Select” button, the user’s mouse cursor will turn
into a plus (+) sign when hovering over the main plot. Clicking and dragging on the plot
allows the user to draw a red box (see Figure 51) over the trace enclosing the section of
interest (from 9 to 10.2 seconds) to display the record with an expanded timescale as
shown in Figure 52.
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Figure 51: Select Zoom Region Plot Control Button
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Figure 52: Zoomed-in region from 9 to 10.2 seconds.

The Select tool can be used multiple times.

The Pan tool converts the mouse cursor into a four-way arrow. When in “Pan” mode the

user can click and drag inside the main plot to adjust the viewing area horizontally.

to the original viewing area an

on the navigation sub-plot.

d scale.

The Undo button allows the user to undo previous Select and Pan operations and return

Note: Performing these operations will automatically adjust the region of interest shown
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Shot Fine Tune

The TAM program automatically processes the acoustic record and selects the most probable
echo from the liquid level. In some wells there may be excessive acoustic noise that could mask
the liquid level echo or generate signals that are misinterpreted as the liquid level echo. These
problems can be addressed using the Fine Tune option

Fine Tune T
4000
Pressure Buildup
Seal
Apply High Pass Filter e D 11.5 psi (o)
N 0.08 psifmin
Apply Low Pass Filter Fine Tune... I
Adjust Deta\ll Adjust shot beginning and liquid level...
l Shot Beginning l l Liquid Level I | iﬁ' |
<>

Figure 53: Fine Tune Buttons and Tab

Filtering the Acoustic Record
It is possible to modify the acoustic record by enhancing either the high frequency or the low
frequency components by selecting one of the buttons with check boxes in the Fine Tune tab.
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Applying this filter attenuates the high frequency components
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Applying this filter attenuates the low frequency components

Adjust Shot Beginning and liquid Level Echo

As seen in Figure 53, the Fine Tune button on the main LL screen gives the user access to dialogs
that are helpful when refining the location of the cursors. This button brings up a dialog with the
options to fine tune the position in time of either the Shot Beginning or the Liquid Level cursor.
There is also a checkbox that can be used to apply a low-pass filter to the firing shot trace data.
The results of this filter will be present not only on the fine tune dialogs, but also on the plot of
the main LL screen.

Shot Beginning

The shot beginning dialog displays a zoomed-in plot of the trace screen (Figure 57). Like the main
trace plot, the shot beginning dialog plot has a sub-plot that can be used to adjust the zooming
of region of interest. It also contains scale buttons that can adjust the millivolt range. The Shot
cursor can be moved directly on the plot or by using the Move arrow buttons, labeled “<<”, “<”,
“>” “>>” The Reset button at the top of the plot is used to return to the shot beginning time

automatically detected by TAM.

Shot Selection @ @

[ 1| ]
L L

Rhot

200

mv

0 b

Move: B Scale: + D
Threshold Voltage mV [ Account for gun noise

Figure 57 - Shot beginning dialog
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In very noisy wells, where the automatic shot detection may fail to locate the start of the pulse
correctly, rather than moving the shot beginning cursor manually the user can increase the
threshold voltage used by TAM’s automatic shot detection algorithm by editing the value in the
Threshold Voltage box and pressing Enter. If necessary, it is possible to apply an offset to account
for gun noise by clicking the Account for gun noise checkbox. The Defaults button will return the
threshold voltage value and gun noise checkbox value to their normal values.

Liquid Level Cursor Adjustment

Although the liquid level cursor can be moved on the main LL analysis screen, the user may wish
to refine the value even further. Clicking on the Liquid Level button in the “Fine Tune...” menu
brings up the Kick Selection panel showing a zoomed-in region around the current firing trace
liquid level indicator (Figure 58). Here the user can refine the cursor position by dragging it
directly on the plot or by using the Move buttons in the bottom left-hand corner. The Reset
button at the top will return the LL indicator to the original time picked automatically by TAM.

Kick Selection

T T T T
Tt MD 4800 5000 5200 5400 5600
ey

Move: E]

Figure 58 - Refining the liquid level marker position
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Shot Details

The details for records are specific to the record that is being acquired. This information should
be entered before the corresponding set of records are acquired.

The Details button on the main LL screen will bring up a dialog that allows the user to indicate
the pulse type used (generally explosion).

11/04/2021 02:07:41AM

Test Info &

Comments: |Shnl #57
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o
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L] Method 3 - Acoustic Velocity
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Apgly Focus Window to Following Tests }

Pulse Type

[Ef
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| o

(

Eipli Smooth Smoot BHP | Liquid | Liquid | Gas | GLIP
— AV h Jts/s|Coll..| Fact Velocity Afterflow) Afterfl...
Last collar before liquid level (ms)
Lftis . psi (al.lin/s - BBL/D .|Mscf/Dipsi(a}

Figure 59 — Shot Record Details dialog

When collar echoes can be identified down to the liquid level echo, the automatic collar count
algorithm is set to locate the last identifiable collar echo at a minimum distance of 50 ms. before
the LL marker.
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Liquid Level Analysis Methods

TAM currently provides three different methods for determining acoustic velocity and
consequently calculating the distance to the liquid level. TAM, by default, applies the Collar
Count Method but the user can toggle between the analysis methods by clicking on one of the
three buttons at the bottom of the main LL analysis screen, as seen in Figure 60. Clicking on a

given method button will bring up the corresponding dialog allowing the user to manually adjust
the parameters used for depth determination. The three methods include:

e Method 1 - Collar Count Method
e Method 2 - Downhole Marker Method
e Method 3 - Acoustic Velocity Method

11/04/2021 02:07:41AM
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L B D S D S S S I
S 4 LC[\I“ 1000 2000 3000 4000 5000 0 |2
E 0 p===4 W Pressure Buildup B
o T T r seale D R 24.9 psi (g) )
ftMD 0 2000 4000 6000 8000 0.08 peifrin -
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Figure 60 — Collar Analysis Method selected by default
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Collar Count Method

No action by the user is normally required since the TAM program follows a very efficient
algorithm to identify and count collar echoes automatically to the deepest part of the record. In
those cases where the collar count marker line “C” is located significantly earlier than the liquid
level echo it may be appropriate for the user to intervene manually to attempt to obtain a deeper
collar count.

Clicking on the Method 1 — Collar Count button displays the collar analysis dialog (Figure 60)
which is in the Auto Collar Selection mode by default. The user can override the automatic mode
by interacting with this dialog by a two-step process. To Manually Adjust Collars the user selects
a one-second region from the top plot indicating the section of the record where the collar
echoes will be identified. This one-second region is indicated by a yellow selection box that can
be clicked and dragged to any position along the top plot.

Once the area of interest has been selected, the bottom plot automatically updates to show a
zoomed-in view of the region. Here, dashed red lines appear bounded by solid red marker lines

AY which can be dragged to align collar markers to the corresponding echo positions along the
trace. The move buttons “<<”, “<”, “>”, “>>” can be used to move all markers left or right. The
o n «a u

spread buttons “--", “-“, “+”, “++” can be used to spread or shrink the spacing between cursors.
The collar markers can also be adjusted by dragging the first and last collar lines.

To return to the collar analysis used by TAM initially, click the “Auto Collar Selection” button in
the top-left corner. This dialog also contains filter buttons that can be used to filter the trace
displayed in the bottom plot. Raw displays the trace data without applying any filter, HP applies
a high-pass filter, BP applies a band-pass filter, and HBP applies a high band-pass filter before
plotting the trace. After performing collar analysis, the user will notice a red cursor labeled C
on the main LL analysis screen. This indicates the position of the last collar echo counted.

Downhole Marker Method
Wellbores that include downhole features that cause acoustic reflections, such as gas-lift
mandrels, allow a more precise estimate of acoustic velocity and the distance to the liquid level.

Clicking the Method 2 — Downhole Markers button will display the dialog shown in Figure 61. At
the top of this screen is a list of possible markers, based on the wellbore information entered in
the Detailed well description, with their corresponding depths. Faint red lines show their
corresponding positions on the acoustic trace and the small zoomed-in window displaying the
section of record near the liquid level. Clicking the button of the marker to be used (tubing
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anchor at 4863 feet) thickens and highlights its corresponding indicator that can then be moved
directly on the main plot to its correct position or using the smaller plot window showing the
zoomed-in area around the selected marker. Here the marker position can be further refined as
needed.
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Figure 61 — Downhole Marker Analysis dialog

The result of the marker analysis is shown in Figure 59 with the annotation Tubing Anchor Depth:
4863 displayed on the record to indicate which marker was used for the calculations.

The acoustic velocity determined by this method, 1036 ft/sec, corresponds to the average
acoustic velocity in the gas present in the annulus from the casing head to the gas/liquid
interface. This value is used to compute the depth to the liquid level.
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Acoustic Velocity Method

This method is used whenever the acoustic record does not show echoes from tubing collars or

downhole markers such as for acoustic measurements inside internally flush tubing or cased

holes without interior tubing string.

Clicking on Method 3 — Acoustic Velocity allows the user to manually enter a known acoustic

velocity (Figure 62) or have the program calculate a velocity by manually entering a value for gas
gravity or a detailed gas composition.

Acoustic Velocity Input

The user enters a value of acoustic velocity based on previous experience or determined in similar wells

producing from the same reservoir at similar casing pressure.
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Figure 62— Acoustic Velocity dialog to enter know value

The fluid level analysis based on Acoustic Velocity input of 1050 ft/sec is shown in Figure 63
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Figure 63 — Acoustic velocity result

Acoustic velocity from Gas Properties

Select the Compute from Gas Gravity button to derive an acoustic velocity based on entered gas
gravity (Figure 64) or computed from gas composition (Figure 65).
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Figure 64 — Velocity computed from input of Gas Gravity

QAD-5000-100

50

10/31/2023



() eEcrHomeTER

When a gas sample, taken at the casing head, is analyzed into its component gases the percentage
values for each constituent are entered in the Gas Composition tab, as shown below:
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Figure 65 — Velocity from input of Gas Composition

Note also that the velocity values computed from gas gravity and gas composition are dependent
of Pressure and Temperature. The pressure is the value measured by the sensor in the gun when
the record is acquired. The temperature is the average of the surface and Bottom hole
temperatures entered in the tab by the user.
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Exporting Pressure Transient Test Results to a File

Once all the records have been analyzed to yield an accurate liquid level as a function of time and the BHP
has been correctly estimated, the pressure transient data can be exported as text files. These files may be
used to input into specialized Pressure Transient analysis software to obtain a complete characterization
of the reservoir pressure and formation properties.

Clicking the Export button opens the following dialog that is used to select the format of the exported file.

60

I
]
EBUP Export B
Export Table l l Standard BHP 40
20
T T T T T T T T T T
h8:3ﬂ:31 PM 17-11:37:11 AM 22-02:43:51 AM —
Time
[ Set Columns [ Export

Figure 66 — Export EBUP Results Tab

The user can export the complete session table or just the computed BHP pressure vs. time

Export Table Option
This option generates a spreadsheet, in CSV format, identified by the name of the well and date of the
Pressure Transient session.

File narme: | Example Lease TH_PressureTransient_Session_11-03-2021_13-17-11

*

Save as type: | *.csv

Figure 67 — Export Session Table File Name

The spreadsheet columns correspond to the session table columns that the user selected for display.

A 8 c D E F G H ) K L M N ) [ Q R s T u v w x
Liquid  Gas
Shot  Gun Casing  Tempera Smooth Smooth Liquid  Afterflo  Afterflo Commen

1le Time Elapsed Time  TestOrigin Type Battery % Pressure ture Duration RTTT L AV av ssfs  ts/s  %Collar CorFact BHP Vvelocity w w Gup s
2 clock psi(g) degF  sec sec ft ft/s ftfs psifg) infs BBL/D  Mscf/D  psi(g)
3 1 11/03/202103:17: 3:17:11 PM Scheduled Hard 115 0 106 1024 5188 1011 1011 156 156 1 166  -0.408 0 16 First scheduled shot
4 2 11/03/2021 03:19: 3:19:12 PM Scheduled Hard 1.5 0 106 10247 5192 1011 1011 1561 156 1 165 -0.408 54 0 16
5 3/ 11/03/2021 03:21: 3:21:12 PM Scheduled  Hard 1.8 0 106 1025 519 1012 1011 1561 156 1 168 -0.368 -a9 0 163
6 4 11/03/2021 03:23: 3:23:12 PM Scheduled  Hard 119 0 107 10241 519 1011 1011 1561 156 1 17 0563 i 0 165
7 5 11/03/2021 03:25: 3:25:12 PM Scheduled  Hard bF) 0 06 1024 5199 1013 011 1564 156 1 17 -0.869 -115 0 166
3 6 11/03/2021 03:27: 3:27:12 PM Scheduled Hard 12.2 0 107 10236 5192 1012 1011 15.62 15.6 1 174 0.69 51 0 168
9 7 11/03/2021 03:29: 3:29:12 PM Scheduled Hard 122 0 106 10233 5194 1013 011 1563 156 1 173 -0.227 -30 0 168
10 8 11/03/2021 03:31: 3:31:12 PM Scheduled  Hard 123 0 106 10232 5191 1012 1011 1562 156 1 175 0375 a9 0 169
1 9 11/03/2021 03:33: 3:33:12PM Scheduled  Hard 125 0 106 10227 5189 1013 011 1563 156 1 177 0145 19 0 171
12 10 11/03/2021 03:35: 3:35:12 PM Scheduled Hard 12.5 0 106 10.224 5189 1013 1011 1563 1561 1 177 -0.01 -1 0 17.1

Figure 68 — Example Spreadsheet created by Export Table
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Standard BHP Option
This option generates a spreadsheet in CSV format identified by the name of the well and date of the
session.

The Standard BHP format consists of two columns: Elapsed Time in hours and Bottom Hole Pressure in
psia.

File name: | Example Lease 1H_StandardBHP_Session_11-03-2021_15-17-11

*

LC5W

Save as type:

Figure 69 — Export Standard BHP file name

Following figure shows the Standard BHP spreadsheet format.

A | B | ¢ | p | E
Elapsed
|Time BHP
|hrs psi-a
0 31.2518
0.034 31.2434
31.543
0.1 317484
0.134 31.718
0.167 32.0728
9| 0.2 31.9706
10| 0.234 32.184
11| 0.267 32.3842
12 | 0.3 324204
13| 0334 320481
14| 0367 32.5309
15 | 0.4 326287
16 | 0.434 327135
17 | 0.468 32.5988
18 | 0.505 32.7834
19 | 0.546 33.003

[~ | w1 L=
N I M ol |
o
=]

&
~

Figure 70 — Example Spreadsheet created by Export Standard BHP
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Merge Sessions

This function allows combining two or more Pressure Transient data sets that were acquired separately,
in the same well, over sequential time intervals.

SESSION 09/08/2022 09:33:55PM [ SESSION 09/15/2022 06:01:47PM
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Figure 71 — First Scheduled Advanced Analysis Session

First session was stopped (probably due to hardware battery problems) and the acquired data was
downloaded from the RAM as seen in Figure 71.

Session Info Comments:

Report )
Select Analysis |default Y+ [ Merge ) Details )
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[ |9
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b fes |2
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r24 g
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} \ : . \ , ;
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Time
& Invert Depth Set Columns Export

Figure 72 — Second Scheduled Advanced Analysis Session

At end of second session the additional records seen in Figure 72, were downloaded to the same
computer.
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After opening TAM with the first session the Merge function is activated by clicking the Merge button.

SESSION 0910812022 09:33:55PM | ESsioN 09/15/2022 05:0147PM S Aa anys istory
h |
Select Analysis E] ( Merge J(N  Detais )
Velo
I Shots Maly‘i‘l‘; Log-Log Plot MDH Plot Horner Plot ]
@ Liquid Level (ft) 2 Casing Pressure { psi (g) )
8400 i [S I
8200 25
8000
7800 4 r20
7600 -
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Liquid Level (i}
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6800 e il y g
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I | ‘ (I
- 08-09:33:55 PM 09-03:07:15 AM 09-08:40:35 AM 09-02:13:55 PM —J

Time
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Figure 73 — First Scheduled Advanced Analysis Session 9/08/2022

Clicking the Merge button opens the following dialog:

Select Session To Migrate @

Time MNumber of Tests | Comments

09/15/2022 06:01:47PM | 170

Figure 74 — Select Session to Migrate Tab

Sessions that were acquired after the currently open session are listed in this dialog. The second session
for this well, started on 9/15/2022 is listed in the table. Clicking the Migrate button allows combining the
later session records to the present session records.
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Schedul L
— 104 | 09/09/202201:27:16PM |0127:16 PM |Manual |Ha..|100..[66 |56 305.000 |21.981 |7..|722 14 Acquisitien t0o sho.
- 105 | 09/09/2022 01:32:23PM |01:32:23 PM |Manual |Ha..|100..|7.8 |56 260.000 | 24.081 |6.. |542 10.., 32.. Acquisitien too sh..
Utiities 106 | 09/15/2022 06:01:47PM |06:01:47 PM | Schedu..| Soft Error: ACU Unable ...
- 107 | 09/15/2022 06:03:17PM |06:03:17 PM | Schedu... Haw.| 100.. 224 |77 43000 22130 (8. 753 753 | 15..15.06 100(37.2| 00131 270 (373
Help 108 | 09/15/2022 06:04:47PM |06:04:47 PM | Schedu..| Hau.| 100|224 |77 43000 |22.140 |8..|753 15.,

Figure 75 — First session with added Second session records

After clicking the Migrate button the data files are combined with the later data added to the first session
records as seen in Figure 75.

The added data points are grayed out indicating that they are not yet included in the advanced analysis
of the combined session.

NOTE: During the time when records were not acquired the well continued to be shut-in and the BHP
pressure continued increasing.
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Procedure to Include the Grayed-out Merged records
First, the user must analyze each record of the merged session:

1) Open the record on the screen, record 158 shown below:

00/15/2022 09:34:36PM

[[Testinia_]| 4 Comments Regort

Fratsson s [ 106 arw o s a3 N e
Distance To Liquid 8285 &MD e ] —
(Gas Free Abave Pumg 98 ww por
mee [24,728]  ws 331 4 ~[ 761 o] 1523 [ v ) e )
e i e |
sec 0 1 2 B!  tovlogPir  MOHPlor | HomerPia }
‘ H W i Todacion Cating 0 Ch : 7
| | A itk Level (k) i Cas [ psi(a))
Y i . \ ORE
> 4 11 I | i |
" I ‘uu fifiy \ I v = Fas
l i [

B N T o T T s T o0 - E
MEE vk () s 55 Pressure Bulkdup W .
K5 J Weasicd | Racond (8 )N 3 239 pai (o) k15 | %

r O Method 1 Colar Court | : = | -
Annatations__ | S Fina Tune. | 3
= = (& Methed 2 - Downhele Markers = | Lio =
|_Piot Contrats_ | < Dstails |
= O Method 3 - Acoustic Velocily |
Fs
Foeus Window widh +4 [IS00 |sec [ L s |
- ! l1se | !
— To0LIZ00EM TS 0020 5 EM 15-08:15:25 PM - 15-11:02:08 PM 16-01:48:45 AM —
> Time
™ o W & _Inven Dagth S [ setcolumns | [ Expen_]
Y - Selec  # Time Elapsed Time|Test Origin  Shot | Gun  Casing |Temperat| Duration RTTT | LL| | AV |[Smoot Jts/s Smoot % |Cor BHP Liquid Liquid| Gas |GUP  Comme ~
i r t Type |Battery_ Pressure| ure hav hits/s Coll| Fact|  Veloc... Afterfl_ Afterfl.
clock > psi(g) .|degF .jsec .sec .t .55 .fS - psi (gin/s - BBL/D.|Msci/D|psi &

Scheduler

) @ |1 PM |08:0436 PM 10001 6 580 7 |8285 (761 |ata |1521 1635 060 444|0016 126 |39
a 57 | 09/15/2022 09:19:36PM |09:19:36 PM |Schedul 0000 |239 |62 58000 (21732 [8285 |761 (818 [1523 1635 062 | 4456|-0003(0 125|392
Production: 0911522 T T T T
agory wites | | ) 158 | 09/15/2022 09:34:36PM | 09:34:36 PM |Scheduled Mard 10000 239 |62 58000 [21728 |8285 |761 1523
© |159 | 09/15/2022 09:49:36PM |09:49:36 PM |Scheduled Hard (10000 (238 |61 58000 21704 8283 |762 1524
LL:09/15/22 09:34:36PM | [F4 - - - 1 - 1
== Help © |160 | 09/15/2022 10:04:36PM | 10:04:36 PM [Scheduled|Hard [100.00 1238 [60 58000 |21.718 |8283 |762 1523
oo it < >

Figure 76 — Including new Records in the Merged Data

N

Adjust the vertical scale

Verify that the liquid level echo is identified correctly
Verify that the acoustic velocity is determined correctly
Click the Select “+” button

Select the next record by clicking on the “>” button.
Repeat from step 2.

N oo b w
—_——_—— T = —

That is the procedure that was used to include record 158 and all the remaining records until the end of
the buildup.

After including all the merged points, the data is displayed in the following figure with all records being
included in the analysis:
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SESSION 09/08/2022 09:33:55PM [ SESSi0N 09/152022 05:01:47PM S Adv Aniys History
cunmrs | | [
Select Analysis | default Y4 Merge ) Details )
I Shots X,‘.:;;‘i‘; Log-Log Plot MDH Plot Horner Plot
@ Liquid Level (ft) i Casing Pressure ( psi (g) )
7000
g
| o004 H
: .
2| 9000-| =
3 2
10000
T T T T T T 275
e 08-09:35:25 PM 11-05:08:45 AM 13-12:42:05 PM 15-08:15:25 PM 18-03:48:45 AM 20-11:22:05 AM 22-06:55:25 PM e
Time
Selec, # Time Elapsed Time | Test Origin| Shot Gun | Casing |Temperat Duration| R LL AV |Smoot Jts/s |Smootl % | Cor | BHP| Liquid| Liquid | Gas [GLIP| Comme "
t Type |Battery..|Pressure| ure h AV h Jts/s|Coll..| Fact Veloc...| Afterfl..| Afterfl..,
clock - psi(g) -|degF -[sec  -[sec  -|ft fs -lfs - psi (din/s - |BBL/D.| Mscf/D|psi
09/22/2022 06:14:31AM |06:14:31 AM | Scheduled|Hard  |97.00 (273 43 58.000 |19.103 |7378 77 773 |1542 1546 0.66|26.. (0028 |-1 108 41.8]
09/22/2022 08:14:31AM |08:14:31 AM | Scheduled| Hard  |97.00 |276 47 58.000 |19.048 |7356 771 772 |1542 1545 068|27.. (0036 |5 102 421
09/22/2022 10:14:31AM | 10:14:31 AM | Scheduled| Hard  |97.00 |27.8 52 58000 |19.008 |7339 (771 772 |1542 (1544 068 28..|0.029 |3 9.9 424
09/22/2022 12:14:31PM | 12:14:31 PM | Scheduled|Hard  |98.00 |27.6 58 58.000 18945 |7318 771 771 |1542 | 1542 0.70|29.. (0035 |5 93 421

Figure 77 — Merged session with included Second session records

The two buildup sessions can now be analyzed as a single extended buildup session.
Optionally the second session can also be analyzed as the main buildup sequence since after merging
the two sessions the second session remains unchanged as seen in the following figure.

X,

SESSION 09/15/2022 06:01:47PM '] Adv Anlys History

SESSION 09/08/2022 09:33:55PM

Commerts: | | [ Ropen )
Select Analysis | default Bio] Merge ) Details )
[ Shots Jot | LogLogPlot | MDHPIot | Horner Plot
@ Liquid Level (ft) i Casing Pressure ( psi (g) )
— 5 —
7400
27
7600 -
EE
@
3| 7800 z
3 tes |2
EE E
24
8200 o
t T T T T T T
e 15-06:03:17 PM 16-09:49:57 PM 18-01:36:37 AM 19-05:23:17 AM 20-09:09:57 AM 21-12:56:37 PM 22-04:43:17 PM —
Time
Seleq # Time Elapsed Time| Test |Shot| Gun | Casing |Temperat| Duration| R LL | AV|Smoot Jts/s|Smoot % | Cor | BHP| Liquid| Liquid | Gas |GLIP| Comments ~
t Origin |Type| Batte..| Pressure| ure hAav h Jts/s| Coll..| Fact Veloc...| Afterfl... Afterfl...
clock < psi(g) -|degF |sec ~|sec -|ft ft/s|ft’s psi(gin/s - BBL/D . Mscf/D|psi
1| 09/15/2022 06:01:47PM |06:01:47 PM | Schedu...| Soft Error: ACU Unable ...
09/15/2022 06:03:17PM | 06:03:17 PM |Schedu...|Ha...| 100... | 22.4 77 43.000 |22.130 |8347 7..|753 [15..]15.06 1.00(37.2|0312 00 373
09/15/2022 06:04:47PM | 06:04:47 PM | Schedu...| Ha...| 100... | 22.4 77 43.000 (22140 |8345 |7..|753 |15../15.06 1.00(37.2|0312 |0 0.0 373
09/15/2022 06:06:17PM | 06:06:17 PM | Schedu...| Ha...| 100... | 22.4 76 43.000 |22.126 |8345 7..|753 [15..]15.07 1.00|37.2|0.066 |0 00 373
09/15/2022 06:07:47PM | 06:07:47 PM | Schedu...| Ha...| 100... | 22.7 76 43.000 |22.094 |8344 7..|753 [15..]15.07 1.00(37.5|0.128 |0 0.0 376
— v

Figure 78 — Second Session Records
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Recommended Practices for RAM-based Acoustic Pressure Buildup Tests.
The following recommendations have been generated based on field experience of several operators.

Beam Pumped Wells

1- Obtain all necessary data for acquisition and pressure transient analysis. Review and update well
completion, fluid properties and reservoir description data. Obtain or draw a wellbore diagram to identify
all changes in annular cross section that could be used as downhole markers or that could interfere with
automatic liquid level selection (liners, tubing cross-overs, etc.)

2- Prior to date of well test, perform acoustic measurements to determine normal producing
conditions, acoustic velocity, casing pressure and existence of a gaseous liquid column. Perform
dynamometer test to determine normal pump fillage and effective pump displacement.

3- If height of gaseous liquid column is significant, perform a short duration (1hour) liquid level
depression test (by closing the casing to flowline valve) to estimate the time required to depress the liquid
level to the pump intake.

4- Inspect all well connections to flowlines, casinghead, tubing head, stuffing box, condition of
valves, leaks etc. and report any problems to the operator so that they may be fixed before date of well
test. It is important that the Standing Valve in the pump is holding otherwise there will be excessive back
flow of liquid from the tubing, during the early stages of the buildup and this will show up as additional
after-flow.

5- Shortly before (24-48 hours) date of test put the well on a production test in order to determine
the average 24-hour production rate, water cut and GOR.

6- Review and update all well data and prepare test procedure and check list.

7- If gaseous liquid column depression is to be performed, install back pressure regulator on casing
to flowline outlet (if possible) and start increasing casinghead pressure while monitoring liquid level. (Use
the RAM to monitor depression test). This may take several hours or days as estimated in step 3. This
should continue until the fluid level is indicated to be about 60 feet above the pump intake. When this is
reached the casing pressure should be stabilized to a constant value ( +/- 5% of the measured value)

8- Make sure all wireless sensor batteries are fully charged before starting the test. On the day of
the test after setting up the equipment take a fluid level to verify that all is normal. Take a dynamometer
record and verify that the pump fillage and operation is the same as was established in step 2 and pump
displacement agrees with the well test information. If the difference is more than 10% continue
monitoring the dynamometer during 30 minutes to detect any abnormalities. If the pump operation is
erratic, then postpone the test until the problem is fixed since it would be impossible to determine an
accurate well flow rate that will be needed for pressure buildup interpretation.

9- Verify that all connections between the gas bottle and the wireless remote fire gun do not have
any leaks. Check connection to external power supplies: batteries or solar panel.
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10- Start the TAM program and go through the Set-Up procedure to get the zero offset of the pressure
transducer and complete the test set up procedure. Take a manual shot and verify that the program is
picking the fluid level correctly and that the acoustic velocity and fluid level depth are computed correctly
as established earlier (steps 7 and 8).

11- Select the Advanced Analysis module of the Scheduler and set up the fluid level acquisition
schedule by selecting the frequency of shots and the opter options. Use Logarithmic schedule unless there
is a reason for selecting otherwise. Close the casing to flowline valve. Start the buildup acquisition (START
SCHEDULE) while the well is still pumping (first pressure value corresponds to PBHP). As soon as the
program completes the acquisition of the first shot, STOP the pump. Set brake and lock out the motor
switch. Close tubing flow valve to prevent the well to flow as the pressure builds up during the test.

12- Monitor the progress of the schedule at least for 30 minutes. Download the records and check
that the fluid level is picked correctly and all the data is consistent (fluid level may rise or fall depending
on well conditions) especially the casing pressure should show a consistent trend. Make any adjustments
to obtain accurate RTTT time to liquid level echo as described in the TAM manual.

13- Determine the rate of casing pressure increase (psi/hour) to estimate the likely casing pressure
for the time when you will return to the well to check the condition of the equipment and test progress.
Set the regulator pressure to 200 psi above the estimated future casing pressure to ensure that fluid level
shots will be acquired correctly at that time.

14- Check all connections before leaving the well. Take a manual shot and wait until it is added to the
schedule time line before leaving the site.

15- Monitor the progress of the test via cloud connection. Check the Scheduler screen and verify when
the last shot was taken, when the next shot is due, the presence of missed shots. Take a MANUAL shot
and observe the pick of the liquid level echo and depth calculation. Download the schedule data. Check a
time plot of Casing Pressure vs. time and observe if there are any anomalies (step changes of pressure or
abrupt changes of slope) that may indicate the presence of leaks at the wellhead or transducer problems.

16- Check a plot of RTTT to notice values that seem outside of the normal trend. Review all records
and make necessary adjustments to obtain accurate fluid level and depth values.

17- Determine casing pressure increase rate and determine if the regulator pressure needs to be
adjusted. If so, then schedule a technician to go to the well site and also check the pressure in Nitrogen
bottle and external power sources and replace as necessary.

18- Review analysis plots (log-log, MDH, Horner, etc.) to determine whether pressure stabilization has
been established and whether the buildup test could be terminated.

19- If the test is to be continued go back to step 14.

20- If the test is to be terminated, take a MANUAL shot and when the computer finishes processing
the data select Pause the Schedule and exit the Advanced Analysis Module.
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21- Select the Acoustic Test module, select “shut-in” to indicate the well status and take an acoustic
record to establish the present value of Static Bottom Hole Pressure to be entered later in the well file.

ESP Wells

At the end of the buildup in ESP wells it is very important to reduce the casing pressure very slowly since
gas will dissolve in the downhole cable’s insulation as the pressure in the annulus generally increases
during the test. A rapid reduction of casing pressure will cause the insulation to swell and possibly damage
the cable. A slow decrease in casing pressure allows the dissolved gas to evolve gradually without causing
swelling of the insulation.

Number of Shots Using Nitrogen Gas to Charge the
Compact Gas Gun or the Remote Fire Gas Gun
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Figure 79 — Number of Fluid Level Shots for various Nitrogen Cylinders
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