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» The number of Gas Lift systems has increased significantly along with
unconventional wells.

» The need of understanding the performance and troubleshooting Gas Lift systems
is now even more relevant for operators.

» Tubing-casing communication is one of the biggest issues and it can be identified
from surface using a simple, quick, safe and effective simultaneous acoustic
survey to find holes in tubing or leaky gas lift valves above the liquid level.

» The Dual Shot Method is a non-invasive technique.

» Two guns with microphones are connected to the wellhead, one to the tubing
and the other to the casing-tubing annulus.

» One of the guns is used to release a pressure wave down the well, while the
other gun just listens for possible echoes from tubing-casing pressure
communications.

» Both acoustic surveys (tubing and casing) are simultaneously recorded and
overlaid for its proper evaluation.
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Wireless Fluid Level shot recorded in Tubing & Casing
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Shot (pressure pulse) can
be performed through
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Acoustic traces from Both Tubing and Casing are
recorded and overlaid using Plunger Lift Application.
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Tubing vs
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Well Example 1

Wells presented have the following configuration:
- Gas Lift Wells

- Tubing packer installed

- Side pocket Mandrels (Tubing Retrievable Valves)
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Initial single Tubing and Casing shots, prior simultaneous acoustic

acquisition.
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Initial single Casing shot, prior simultaneous acoustic acquisition.
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Initial single Tubing shot, prior simultaneous acoustic acquisition.

7| 070200 10:14:50A | 071012020 10:19:53AM | 07/105020 10:22:564M | LL History |
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Pressure wave passing from tubing to casing at a depth not matching with a Gas
Lift Mandrel confirms the HOLE IN TUBING. Some Gas Lift Valves are passing.
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15 1949 1949 112 0.898 Dummy Valve i
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13 3214 3215 12 00950 133 0.862 1249 1104 1204 1150 1145 IPOR-1
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Pressure wave passing from tubing to casing at a depth not matching with a Gas
Lift Mandrel confirms the HOLE IN TUBING. Some Gas Lift Valves are passing.
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Using Gas Lift Mandrel depth as downhole marker to accurately
calculate the depth to hole in tubing.
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~ Hole in tubing reported
~in joint #77 from surface.




Observation for Tubing shots:

Mandrel kicks “signature” (shape) changes from good to passing to open.
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Workover reported there was no valve in shallower mandrel @ 1918 ft.

Last 24hr Summary
DLT CONDUCT JSAAND GO CARD SAFETY MEETING LOTO MIRU SLICK LINE (PRECISION) WELL PSI TBG 721 AND CSG 740 RITH W/ GAGE RING TO
4160 HIT SOMETHING POSS. GAS LIFT VALVE COULD NOT PASS THAT POINT POH RITH W/ IMPRESSION BLOCK TAGGED NOTHING RAN DOWN TO
5000 POH RITH W/ KOT RECOVER #10 VALVE @ 3295 RITH W/ KOT TRIED TO RECOVER # 11 VALVE NO LUCK RITH W/ IMPRESSION BLOCK ON KOT

TO MANDREL # 11 @ 1918 POH FOUND THERE IS NO GAS LIFT IN # 11 MANDREL RITH W/ NEW VALVE INSTALL # 11 VALVE @ 1918 RITH W/ FISHING

TOOL DOWN TO 9151 #1 MANDREL TRIED TO FISH NO LUCK INSTALLED KNUCKLE W/ FISHING TOOL RITH SOME HOW LATCHED # 7 VALVE INSTALL
NEW PIN ON # 7 VALVE RITH PUT # 7 VALVE BACK IN PLACE POH SHUT WELL IN VISIT W/ ENGINEER LEFT NUMBER #11 VALVE DOWN HOLE @ 9151
# 1 MANDREL RIG DOWN SLICK HAND WELL OVER TO PRODUCTION GROUP RETURN HOME SAFE

Fluid Level shots and simultaneous acoustic survey were performed to
confirm condition reported for workover rig.

Valve at 1918 ft/

should be CLOSED

1918 1918 12 0.0950 125 0.876 1157 1040 1097 1100 1060
with CHP=480 psi.

-
—_—

3204 3295 12 0.0950 135 0.860 1160 1020 1118 1063 1060
4154 4160 12 0.0950 141 0.850 1159 1000 1123 1036 1055
4869 4882 12 0.0950 146 0.842 1160 980 1125 1016 1045
5580 5600 12 0.0950 150 0.836 1158 960 1126 993 1040
6218 6243 12 0.0950 153  0.832 1139 940 1125 974 1035
6892 6918 12 0.0950 156  0.827 1157 920 1125 952 1030
7527 7553 12 0.0950 158 0.824 1156 900 1123 933 1025
8168 8194 12 0.0950 160 0.821 1154 880 1122 911 1020
8782 8808 12 0.0950 161 0.820 1139 860 1121 879 1015
2118 9161 12 0.0950 162 0.818 1033 760 1031 763 930

ANWROON®OOD
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Initial single Casing shot, prior simultaneous acoustic acquisition.
04/0412019 03:57:28PM [ amiasanig 0407:41PM | =

Test Info l ri’. Comments: |Ca5ing shot ok | { Report ]
I | Fluid Above Tubing |
Distance To Liquid 2 0 9 7 &MD Equivelent :71 ssﬂm
| | (Gas Free Above Tubing _71 55““’“
R e | 3,447 | “13| 66.15 ~11201 w weeee | 18,94 |
. \
— \
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| |
20
| |
| |
10| | =
| |
E | L[ 8 fann s NH\ n A Al 4 s FATNLEPAN
e | UUWWUV v EaVATRY wuvv (PRa ALY o
|
10+
|
|
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|
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] |
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+[EE s ()] e
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Initial single Tubing shot, prior simultaneous acoustic acquisition.

04/04/2019 04:01:41Ph | 0410412019 04:04:57PM | 05080019 11.04:07AM
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_ | | Fluid Above Tusing | 77 32 vo|
- jsuajce o 2 1 ZQ f;”\:“i - 7_7(335 Free AhoE\szgu'Fleah‘.ianngt _5897““"’ S
FT e | 3,670 | #1s| 66.88 & 1172 w) toeee | 18.49 |
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Well Example 3

Simultaneous acoustic acquisition

b
Tubing: |
- W5KG 0169 .
Casing: - ‘ , - I Lilke . ﬂ b A .
r-FWSKG 0170 ||- -,l IF] ""l'-r'1"|"-l s T, I e e )' I”l”l .' .- it ;I:.-l 1|h i. .|‘|HIJ -ll,-ll'l-.-, i e ,l.llr%..{ "'. m l.'|-,..| A P by P A
Pressure wave passing from casing to tubing at Mandrel’s depth confirms the
tubmg casing commumcatlon point (NO VALVE IN THE MANDREL)
Time ' 04:08:54PM muassPM ' 04:08:58 PM | 04:09:00 PM ' 04:09:02PM © 04:09:04PM
Tubing Casing
Time 04:08:56 PM etk ﬂ -45.344463 my| | 4785 psi (g) ﬂ -0.077737 mv] | 480.1
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Initial single Casing shot, prior simultaneous acoustic acquisition.

Test Info I

-
T

L

Y 10072020 09150240 | 10/07/2020 09:18:01AM

7 LL History |

Commen ts: |Casing Shot ok

Report ]

Distance To Liquid 5794 #MD

e | 9.942 |

“1[182.76

Fluid Above Tubing ‘371 SftTVD‘
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Casing Fluid Level at 5794 ft
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Annotations. ..

Plot Controls.

4000

Kick: | <-Prev
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l L) Method 3 - Acoustic Velocity l
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Initial single Tubing shot, prior simultaneous acoustic acquisition.

10742020 Of44:134n | 1010712020 08:56:54AM | 1nn7/2020 0908 06AM

1 LL History |
— A X s o
Test Info I r-[- Comments: |Tuhing Shot ok | [ Report ]

Distance To Liquid 7 6 8 0 — e Ah::;;h‘:j iggg““’”
s (12,982 v: 242,28 AT e 1880

I_NFM I " 5 iy nJIDR i ‘F\-I |_
I S—— — ——— r '
sec Tn ‘. ? 2 4 : ; 7 : ) ;9‘:” o SS;IQEX?'!% 1I'L T R
AR Tubing Shot | |
\ \ |
10 | | |
\ \ |
\ \ |
5+ ‘ | i ‘ |
D e o
> b __.‘ \ MAM»H‘I _Ah‘._ﬂﬂmﬁ.hﬂ AL hhhl]nhmn ; r\l MMIJ| nfh\mfhﬂﬂnnu\um A app fandl [V W
S PP ’W WG LA AL I Il
Kick above at 9.77 sec does not
match with any mandrel depth

111 Il 1
T T T T T
ft MD 0 2000 4000 8000 10000

T
LL: E] B Kick: | <-Prev Scale: E] D Pressure Billdup
& 944.1 psi ()
N -D.02 psifmin
l [} Method 1 - Collar Count i
Annotations. .. i J]

[E’ Method 2 - Downhole Markers
Plot Controls.

l L) Method 3 - Acoustic Velocity




Simultaneous acoustic acquisition

| 10:42:57 AM ] End Time | 10:43:26 AM Duration 00:00:29 | | sampleRate | 30 hz ]
ﬂh'h_ ' E Selection: [0.250 |min
— Tubing Acoustic — Casing Acoustic
QARG
Tubing:
| W8KG 0169

Casing:
- W5KG 0170

-

Hole in
tubing

Pressure wave passing from tubing to casing at multiple points confirms
valves passing and Hole in Tubing.

A
Elapsed Time (sec) 6.667 10 13.333 16.667 20

Casing
"| 0.116171 mv| | 937.2 psi (g)

Tubing
Time | 17.800 = "| 0.030004 my| | 945.5 psi (g)|
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Initial single Tubing shot, prior simultaneous acoustic acquisition.

S 08/27/2020 01:08:13Pw | 1013012020 03:40:ATAM [yn/30,0000 09:13:33AM [ ‘ [~ ] LoHistory ]
Test Info | F Gomments: [Tubing Shot | | Report ]

Fluid Above Tubin ‘ |
Distance To Liquid 48 87 D © 5275

Equival [ |
Gas Free Abuvqeu+fb?nngl M‘J

(8585 o (15447 V(1132 o~ (17,86

i \“jz e
l |
=t J 2 4 i 4 10 1 £ 18 1
15] b AWK h 4 Gas Lift Valve | v,
| |3.488 sec .
| Tubing Shot
5 | |
| \
] | |
' | - !
| ' A7 T T ol o = T o
5 | P, AV | WA nn/\nﬂ a A o AL A
E \v U \'/ LY ‘V_/ V AT U U hear \/ v \/V V V v
| | | | :
5] }
|
-104 ‘
| \
2002 ¢ |
454 A A
ftMD E; 20‘0'0 4{}‘00 60‘00 80‘00 10600

[ e (1) e S0
= 1299.0 psi (g)
N 0.01 psifmin

l [} Method 1 - Collar Count l

Annotations Fine Tune

[d Method 2 - Downhole Markers u
Plot Controls

l L) Method 3 - Acoustic Velocity ]

i
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Well Example 5

Simultaneous acoustic acquisition

09:22:12 AM | End Time | 09:22:57 AM Duration 00:00:45 Sample Rate | 1000 hz [ |

E I Iﬂ"+ + ‘ Selection: [0.138_ | min

QR

— Tubing Acoustic — Casing Acoustic

Tubing:
-FI‘:WSKG 0169

Casing:
 W5KG 0170

Simultaneous acoustic survey shows Multiple Gas Lift Valves open.

Elapsed Time (sec) ' 6 ' ' ‘ ] ‘ ' ' 10



Lift
! cil

Pressure (psi)
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well temperature. g0 B2
3622 | 3639 \ \ \ “! i
gl 4344 | 4368 \\\ %
YL e § 1457
o % : 5066 { 5095 \_\\\ \ L_W
0 20 40 60 80 100 120 140 160 180 200 2: o: 5788 | 5824 \\W‘\ \ E’ 154 F
0 = : -
2000 N 51 652 \\\\\\\ \ @ IF
ST ~_| 17
2000 IP- : 2327 7280 S~ \\\\\\\ -.‘. \q 1:' 2 F
6000 < — 8 Giidhi Ll \ : :'l_:E.E F
8000 5 8676 | 8735 — }\\\\\\\\ \'¢ SHiE
10000 oo i 8t 9398 | 9460 L s
o L>30° difference from actual and design of 1 \ \ o\
—— Valve Design  —@—Survey Actual ‘% ] e jﬁﬂmLL_ ____________ ~ ;-__E 11;%'!::
Perforations (TVD) = 10373 f]

11000

asasan PWH=300 psi GLR=2000 scfisth Rate=4200 bbliday WC=88% HEB
— Phr G 10225'MD /10148 TVD
—

== Tempersture Survey

7

Ty,

ALRDC




Conclusions

>

Confidence & experience will grow by continuously using this technique, which in many
cases will eliminate the need of running Wireline Surveys for troubleshooting purposes.

By using a non-invasive troubleshooting method, it eliminates the risk of running
sensors/tools in the well (fish).

Being able to “see” pressure wave passing from tubing to casing annulus (or vice versa) is
used to confirm communication points in the well.

Simultaneous acoustic surveys technique is used to find communication points such as
faulty check valves, leaky gas-lift valves, and holes in tubing.

Other beneficial information is obtained as which gas lift valves are open (or closed) at a
given surface casing pressure.

Kick shaﬁe from Gas Lift valves can give an idea of a malfunctioning valve, but using this
troubleshooting method (simultaneous acoustic survey analysis) can confirm the existence
of such communication.

Using Gas Lift Mandrels reflections as downhole marker helps to accurately determme
depth of anomalies and Fluid Level.

This technique using wireless fluid level equipment aids in troubleshooting well problem

Commonly used to troubleshoot Gas Lift, Plunger Lift and Gas wells, but it can be use
any type of well with tubing and tubing-casing annulus.
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Copyright

Rights to this presentation are owned by the company(ies) and/or author(s) listed on the title page. By
submitting this presentation to the Gas-Lift Workshop, they grant to the Workshop, the Artificial Lift Research
and Development Council (ALRDC) rights to:

» Display the presentation at the Workshop.

»  Place it on the www.alrdc.com web site, with access to the site to be as directed by the Workshop
Steering Committee.

»  Links to presentations on ALRDC's social media accounts.
»  Place it on an USB/CD for distribution and/or sale as directed by the Workshop Steering Committee.

Other uses of this presentation are prohibited without the expressed written permission of the company(ies)
and/or author(s) who own it and the Workshop Steering Committee.



Disclaimer

The following disclaimer shall be included as the last page of a Technical Presentation or Continuing
E%ucation Course. A similar disclaimer is included on the front page of the Gas-Lift Workshop Web
ite. \

The Artificial Lift Research and Development Council and its officers and trustees, and the Gas-Lift
Workshop Steering Committee members, and their supporting organizations and companies (here-in-
after referred to as the Sponsoring Organizations), and the author(s) of this Technical Presentation or
Continuing Education Training Course and their company(ies), provide this presentation and/or training
material at the Gas-Lift Workshop "as is" without any warranty of an¥ kind, express or implied, as to
the accuracy of the information or the products or services referred to by any presenter (in so far as
such warranties may be excluded under any relevant law) and these members and their companies will
not be liable for unlawful actions and any losses or damage that may result from use of any
Presqntatlon as a consequence of any inaccuracies in, or any omission from, the information which
herein may be contained.

The views, opinions, and conclusions expressed in these presentations and/or training materials are
those of the author and not necessarily those of the Sponsoring Organizations. The author is solely
responsible for the content of the materials.

The Sponsoring Organizations cannot and do not warrant the accuracy of these documents beyond the
source documents, although we do make every attempt to work from authoritative sources. e
Sponsoring Organizations provide these presentations and/or training materials as a service. The
Sponsoring Organizations make no representations or warranties, express or implied, with respect to
the presentations and/or training materials, or any part thereof [ncludm]g any warrantees of title, non-
infringement of copyright or patent rights of others, merchantablllty, or fitness or suitability for any
purpose.



