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OPERATIONS
* North/South Areas

e / Foremen

* 50+ operators

1900 wells

Daily Averages
* 900,000 Mcf
« 110,000 Bbls Water
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INTRODUCTION
2008 Dilemma

« Over 90% of wells in
US are liquid loaded.
(Marathon Analysis)

» Gas lift effective, yet
costly. Overused.

* Venting and foaming
agents inconsistent.

« 100 wells on stand
alone PL. Limited
results.

Liquid
Loading

 Decided to explore

plunger lift Wl t h. Free Flowing Well 5 (Em m'mﬁ
remote monitoring \ il
and control. N
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PROCESS MOTOR BH
VALVE SPRING

» |Installed 50 systems with
telemetry from various
suppliers.

- Utilized real time data for | A&
root cause analysis.

GOALS

* Improve production.

* Reduce downtime.

 Reduce operational cost.

 Rapid payback.
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WELL #1
BEFORE 148 Mcf / d 22 % 3 X per Wk

AFTER 186 Mcf / d 8 % None
(25.7% Increase) (63.6% Decrease)
WELL # 2
BEFORE 82 Mcf /d 60 %

AFTER 212 Mcf / d 10 %
(158 % Increase) (83.3% Decrease)
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Quarterly

None

Quarterly

None




LIFT LIFTING COST COMPARISON
METHOD ($ / Mcf)
MIN MAX AVERAGE
Gas Lift $1.04 $1.30 $1.17

Plunger Lift — No Telemetry $0.25 $5.80 $2.27
Plunger Lift — With Telemetry $0.19 $0.90 $ 0.50

Lifting costs reduced up to 75% with automation !
Optimization provides additional value, discussed later
Downtime occurs at lower frequency and duration

Coordination between field and office proved crucial
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WELL CANDIDATE SELECTION
Signs of Loading

Critical Flow Rate Turner Critical Flow Rate

« Minimum flow rate at ----'n

3 lz ._Ji"

4278 2441 Typlcal Barnett Well
Crltlcal Flow Rate

which liquid Is carried
to the surface. o238 1995

—*-2-116 H.Jl

« Experience indicates

Turner under predicts g
onset of loading. g i
QO
« Loading occurs down ; ‘ at
hole long befor )
vi(?s,ieblg a? sb erf‘?alc:ee / - Calculated
u ' 700 'f « Critical Flow Rate
: 500 = V" . X
 Guo et al. predicts 200 BT _sak OO RIRATE
critical rate based on ;'ﬁ R X
down hole conditions 0
] 50 100 130 200 230 300 330
« ~750 Mcf/d Flowing Pressure (psi)
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WELL CANDIDATE SELECTION

Signs of Loading

L Production J
1,000 A / B

( Liquid | | a0
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2 Line
4 Pressure
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Plunger |.
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WELL CANDIDATE SELECTION

Flow Rate vs Liquid Produced

Well # 1
Well # 2
Well # 3
Well # 4
Well # 5
Well # 6
Well # 7
Well # 8
Well # 9
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WELL CANDIDATE SELECTION

Gas to Liquid Ratio vs Non Productive Time

e Low GLR wells
can prove
difficult !

e Low GLR wells
with higher flow
rates are easier

)
)
)
LL
=
IS
1

NON-PRODUCTIVE TIME

Non-Productive Time

(NPT) is Unplanned
Downtime

GLR (Mcf/Bbl)
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 Leverage expert operator skills over many wells

« Daily pinpoint lease operator top priorities
« Remote manual close (weather, pipeline, tank levels)

 Real time alarm notification (tank levels, line pressure,
fast arrivals, well shut-in, etc) ™S\

Station Name : Well # 2 H
Alarm Text : Low Sales Press

« Faster troubleshooting — DATA | iRt H Lt Y\
Value : 32.9

 Rapid leak detection Set point = 45.0

» Detect some EFM calibration issues

« Reduce equipment damage

KNOW NOW, ACT NOW, PROFIT MORE!
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POWER OF SURVEILLANCE
Tools

L"““” Last Polled sote |'I'-e Pressures (psi) [Flow| velocity|  Today Vesterday | Target
Date | Time [Remain.[Tube[case[Sales|Rate] (ft/min) | Gas | Arr. [ Fails [ Gas | Arr. [ Fais [ Gas | %
01/26/11 [08:42:07[12.8 | Plunger Faling [o0:06:06[ 437 407 [154 [0 [ 477 [ 26 [ [0 32|18 [ 0
01/26/11 [08:41:26[10.8 | Plnger Fallng [00:10:23( 354 [360 [150 [ 0 | 184 [ 40 [0 fao1 [ 13| 0 [as0 646 WEL L SU M MA RY SCREEN
/22/10 [ng:20:56 1.5 |GG oo-00-00] 1 [es [0 [ o N[ o (o [o oo (o M
it [1o:00:24 1.1 |G oo-0o00] 4 [4e5 [ &2 [ o [N © EREREREREN |

0

0

320 [1131

11 [08:52:38[12.9 | Production Made [01:48:00| 63 [174 [ 75 [575 [ 52 [ 63 [0 [s0 [ 10 [ 700

11 [9:24:49[13.1 |GG 00:00:00 [ 542 [542 [ 56 | o [ > | BN [0 1

11 [13:30:10[14.1 | Plnger Faling [00:20:35[485 [641 [ 04 [0 | 887 | 19 B |5 s (60
11 084250 13.6 NN 03000 46 \ 10043 67°F Temp | 131 vals | 103328 |01726720m1 R E/ \L TI M E S N/ \ PS H OT

01/31/11 [08:51:14[12.8 | Plunger Reing  [00:34:19 | 10
01/26/11 [08:41:12 [14.5 | Production Moge [00:45:19 13

[0217:37 | Start Time OPERATING MODE— | VALVE A

warrval | Lift Pressure Buildin :
A ‘93‘49‘55|141 ‘ S ‘U*‘ 1?|11' ‘ - f - g | 01:44:53 | Elapsed Time atomatc .

/26/11 [18:40:55(14.1 | Plunger Rsng _[03:4:17 11 0 |VALVEA: CLOSED [VALVE B : DISABLED Gz %40 | Tme Renainng | |
01/26/11 [08:41:04|14.0 | Plnger Faling  [0oe10:01 | 216

01/26/11 [08:40:22 137 [Producuon mace [o0:25:42 [ 6 } 17753psig | 1766 Bbls | 57194t [518.7 Req'd [500.0 Acjd

PLUNGER VELOCITY | 651 ftimin
01/28/11 [o8:42:10[13.5 | Punger Reng [00:36:16 94 LIQUID LOAD (CP-TP) | LIFT PRESSURE (CP - SLP) ‘

01/26/11 [08:40:00 (138 | PungerRsng [03:06:30( 14 [T TUBING PRESSURE | CASINGPRESSURE | SALESPRESSU(RE = F = — PRODUCTION .

01/26/11 [08:42:22(12.7 | Punger Reng [00:44:28 | 16 - — o Daily Well ProducTion
11 [08:42:24 136 | PungerRang [03:39:33 | 141 800 A 0

23/t 105206 112 [N 00 [ 5. m mo o 7 L T T A A T S S S S S
01/25/11 [10:52:55[11.5 | Punger Rsing [00:23:59[ 13- L A
/21711 (16285115 [N 0000 1 / ® / mp ’ TP T O T T LN A S A N T I A T A P il
ay26/11 [oz:40:20[11.5 | EEENSHNNRNENN o:00:00 | 3 S0 10 @0 100 o . ; ok 3 : ; : 3 3 W E
112611 [18:4100 116 | Punger Reng |00:55:27 | 14: 1 T A | WAV (i N I S R A S A A

01/28/11 [08:41:17 [13.3 [Production Hode [o1: : ! 000 ! o o

01/31/11 [08:52:47 [12.9 | Production Moade |00: : ‘ 626 6 psig | 706.7 psig \ 184.7 psig

01/26/11 [14:05:23[13.3 | Plunger Reing  [00:40: \ALARM SETTINGS ‘ CONTROL SETTINGS

01/26/11 [08:40:34[12.8 | Punger Reing |00

— High Line Pressure | 300 Fall Time ‘ 00:25 [HH:MM)
/11 [08:41:38 [ 124 | Pressure Buiding [00:00:
Low Line Pressure | 60 Build Mode: ‘ Lift Pressure > 500 psi GAS (MSCF)

No Arrival # | D Adjusted Build Value | 500 psi ARRIVALS
glflow Mode ‘ Flow Rate < 1000.0 (Mscf/D) FAILURES

O ARRIVAL ADJUSTMENT

RIGHT INFORMATION | reosusmmsmmio

Valve B Max Open Time [HH:MM)] | Disabled

RIGHT FORMAT s virent 0y

ANYTI ME Pressure | Da”y PI’OdUCtion _

W 8- Dally Volume (liscf) W —&- Daiy Statc Pressure |

%
)
S
©
Z
o
=
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POWER OF SURVEILLANCE

Tools

| Station Name: Last Poll Time: 02-FEB-11 02:40FM PRODUCTION !

Report Range: 02/01/11 08:00 To 0202711 14:43 Temperature:  30°F
i Site ID: 10058 System Voltage: 13.8 W

PRODUCTION
AT CLOSE AT OPEH RUN DATA DATA
Pressures (psi) Pressures (psi) Plunger Rise Arrivals

‘ CP- Act. | Req'd | Time | Velocity Open Close Gas | Liguid
Timne CPITP|SLP| TP Time CP|TFP|SLF| Lift | Lift |{min)| (ftmin} | Good|Miss |Duration | Duration | (Mscf) | (Bbls)

7
o2 2 45 0201111 075440 427| 150 | 360 | 183 | 7.28 1050 11:54 10.2 0.0
02 CyCIe # B 146 | 53 0201111 09-50AM | 508 |417) 147 | 360 | 197 | 7.65 1000 PLUNGER 11:44 11.7 0.0
02— ————<41| 145 55 020111 11-484M(505|416) 145 | 360 ) 201 | 7.88 Qg5 VELOCITY 11:45 10.68 0.0
020111 %T-’A 434|381) 148 | 53 020111 01-42PM (504 413) 144 | 360 ) 107 | 7.58 1009 44 10.5 0.0
DMIIWI:EEF"M 431|382 144 | 49 | 044 02001111 03:34PM 501 [416 360 187 | 740 1034 / o010 01:41 11.0 0.0
DZ}MH 03:45PM|420(381| 140 | 49 | 044 02001111 05:24PM|400(411) 120 | 360 | 186 | 742 1031 / oo:10 01:38 10.7 0.0
1711 D5:35PM |428(375| 137 5% 0200111 07 12PM (457 (409) 137 | 360 ) 103 | 787 Qg8 oo:11 01:38 10.68 0.0

02701711 O7:24PM|[425|375( 1354 020111 08:-50PM 484 Iﬂ 360 | 185 | 7.28 1036 : 01:34 10.7 0.0
135
138

(=]

ol
x

409
020111 09:08PM|423 F134 | 51 0201111 10:54PM| 485 4-1]}{/ 360 | 188 | 7.53 1015 : 01:44 10.4 0.0
0201711 11-05P 413751 135 | 49 | D44 0200211 12:58AM 49@!“4 360 | 185 | 7.58 1009 / 01:53 10.0 0.0
[ = 0 53 020211 D2:4EAM‘A® 405 136 | 3860 | 193 | 7.85 g82 : 01:38 11.7 0.0
[l LIqUId Load 51 o | 191 | 783 1002 : 01:55 10.8 0.0

o
=]

(4]

L
(4% ]

/ -
(CP_TP) 40 | 0. I—lft Pressure 210 | 835 | @18 | | 0537 | 118 | oo
A | 80 | D (CP—LP) 225 | 818 | @35 o108 | 1168 | o0
Y,

g

0
02702111 12:16PM|[454 |410| 158 | 44 [N 176 | 6.83 1153 0043 11.0 0.0
020211 01:10PM|433|303) 144 | 35 020211 02:30PM (488|425 138 155 | 635 1204 01:20 10.5 0.0

[ I e e e O e
(5]
(e e e I
Fua

| g
n | En
o
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POWER OF SURVEILLANCE

Tools

Detail Well History
Flow | : :

Rate

| Casing
| Pressure

_ Tﬁbing W
| Pressure

|~

Line
Pressure

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 0
12021109 20:010:00 122109 20:20:00 1202109 20030:00 12021109 20:4 22109 21:00:00 1272109 211000 1202109 21:20:00 1272109 21:30:00
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FOCUS ON PRODUCTION!
« Usereliable hardware
* Minimize restrictions
« BH Spring to pipeline
 Review on each cycle
* Fluid in Tubing
« Lift Pressure
* Plunger Velocity
« Gas Produced

 Short afterflow on initial
cycles

* Troubleshoot — DATA'!

Feb. 27 - Mar. 2, 2011

Flowing Bottom Hole Pressure (psia)

100 150 200 250 300
Gas Production Rate (Mscf/d)

Many cycles each day

Open when fall time elapses
Fast falling plungers
Standing valves

2011 Gas Well Deliquification Workshop 16
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OPTIMIZING SHALE WELLS

Examples

Daily Well Production

T |

( INE PRESSURE ] L FREE FLOWING | PLUNCER LTF

PRODUCTION |

i-su
§-4u
ifa0
i—zu

|

F1e0
| SEN
5-1?0
" 10
| P
b 140
| S
120
§-11n
‘F100

a0
an
70
&0

=

T T T T T
03030/09 060609 061309 062009 062709 070409

||7 & olume (Macf) | —k— Static Press (psis) l
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OPTIMIZING SHALE WELLS

Examples

. NO TELEMETRY TELEMETRY i
TIME CONTROL y OPEN ON LIFT PRESSURE

guwﬁ 5 e

—

\ 17 %

PRODUCTION

M K INCREASE )

L)

T

CD @@
<
+—

I
+—

PROBLEM:
ERRATIC PRODUCTION

12-Nov-09 3
19-Nov-09
26-Nov-09
10-Dec-09 -
17-Dec-09
24-Dec-09
31-Dec-09 A
14-Jan-10
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OPTIMIZING SHALE WELLS

Examples

Station Mame: Last Poll Time: 13-FEB-11 08:43FM | _
Report Range: 02/01/11 08:00 To 02/13/11 20:49 Temperature: 58°F ket T
Site 1D: 10099 System Voltage: 132V
PRODUCTION
AT CLOSE AT OPEN RUN DATA DATA
Pressures (psi) Fluid Pressures (psi) Plunger Rise Arrivals
Run CP-| in Act. | Req'd | Time | Velocity Open Close Gas | Liguid
# Time CP|TP|SLP| TP | Thao Time CP|TP|SLP| Lift | Lift |{min)| (ft/min) [ Good | Miss | Duration | Duration | (Mscf) | (Bbls)
3460(0213/M11 04:36AM|314|253| 135 | 61 | 054 |02M13/11 05:15AM|355(326] 134 | 220 | 210 | 583 1339 1 00:06 00:-38 G.0 0.0
3461(02M13M11 05:21AM| 312|254 | 135 | 58 | 052 |02M13/11 06:02AM |(354(337| 134 | 220 | 204 | 458 1704 1 00:05 0040 5.5 0.0
3462(02M13M11 06:07AM|314|256| 133 | 58 | 052 |02M13/11 06:44AM|353(326] 133 | 220 | 204 | 6.03 1294 1 00:07 44 0036 5.8 0.0
3463(02M13M11 06:51AM|311|251| 134 | 60 | 054 |02M3M11 07-33AM (354331 134 | 220 | 208 | 512 1526 1 00: 0041 5.3 0.0
3464021311 O7-39AM|313|256| 133 | 57 | 050 |02M13/11 08:14AM|351|321| 132 | 219 200 | 6.00 1302 \ T 00:35 G.4 0.0
3465(02M13M11 08:21AM|310|251| 132 | 59 | 053 |02M1311 09:01AM|(352(330| 132 | 220 | 205 | 493 1583 1 05 00:39 5.3 0.0
3466(02M13M11 09:0FTAM|312|250| 134 | 52 | 047 |02M13/11 09:50AM | 356|348| 136 | 220 | 192 | 407 1920 1 00:05 00:43 5.9 0.0
3467021311 09 55AM| 315|257 137 | 59 | 052 |02M13/11 10:40AM|359(337| 130 | 220 208 | 473 1650 1 00:05 00-44 5.4 0.0
3468(02/13/M11 10:45AM| 317 |262| 139 | 55 | 049 021311 11:25AM|357(339| 137 | 220 0.0
3469(02M13M1 11:31AM|317|251| 138 | 66 | 059 |02M13M11 12:07PM|354(323| 134 | 220 FALL TIME (15 MIN) 0.0
3470(02M13M1 12:13PM| 312|254 | 134 | 59 | 052 |02M13M11 12:54PM|356(329| 136 | 220 0.0
3471021311 01:01PM| 314|254 | 136 | 60 | 054 |02M13/11 01:42PM|357(332| 137 | 220 CLOSE TIME (MUCH LONGER) 0.0
3472021311 01:48PM| 315|257 137 | 59 | 052 |02M13/11 02:32PM|358(342| 138 | 220 L”:T PRESSU RE (220 F)Sl) 0.0
3473|02M13M1 02:37TPM|318|262| 138 | 56 | 0.50 |02M13/11 03:16PM|358(337| 137 | 220 0.0
\381] 1
PROBLEM: 51] 16, REDUCE LIFT PRESSURE WILL
810 144

PLUNGER VELOCITY IS FAST 53¢ SHORTEN CLOSE TIME . PLUNGER
Increase Afterflow or Decrease Close Time ? j{ﬁ | WILL MAKE MORE CYCLES PER DAY.

2011 Gas Well Deliquification Workshop
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OPTIMIZING SHALE WELLS

Examples

Daily Well Production

150 : : : : : . . . 540
, \ , H , : 520

= 7 ' ' ' ) ' e
cp = ) ' 1 . 200
"ﬁ v " . . ' h =011

40 4 h i } i i i i : 550
1 1 1 1 1 1 1 1 AN

1 1 1 1 1, 1 1 -y

20 , , , , \ h : , 520
i i i i i H i .

. . . . \ . : 500

20 H . H H H H H 420
. .

230

SETTINGS
CHANGE

[ LINE PRESSURE } L CONTROL j

[ PRODUCTION }

20 %
PRODUCTION
INCREASE

P R O B L E M . 09;1:3;1 0 09;2:5;1 0 1 u;u:zm 0 1 u;u:am 0 1 u;1:e;1 0
N PRODUCTI ON B ELOW TARG ET ~#— Daily Wolume (Mscf) W —— Daily Static Pressure I
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OPTIMIZING SHALE WELLS

Examples

{ LINE PRESSURE W Daily Well Production

—————— e TN
T R N A S A T e A S
S U PRV T\ T S S N At S Y AR S B SRS’ SV N < S
M S U 'S YR AW Sl Bl G N R

: : : , , : : : : 1 v Essg

]
A

FAST FALL PLUNGER |
WITH CONTROL
SETTINGS CHANGE

[ ¢ ¢ ¢+ i i | PRODUCTION
d I INCREASE

- prODUCTION ||l |y | Overdoo

: : : \ : l :
PROBLEM: w : : : : : : i ! i 1,
PRODUCT'ON BELOW TARGET A0 T0ZA1 T10SAT 01031 A1 A4 D1ATAT 01201 01231 01281 01428011
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C J1C
~ Detail W:ell History SHORTEN CLOSE
| CASING TIME OR INSTALL
| PRESSURE STANDING VALVE.
P TUBING AND
5 TUBING CASING PRESSURE
| PRESSURE f | EQUALIZE WHEN
: . : WELL IS CLOSED.
LINE g \ | g
:[ PRESSURE j\J\ 5 J o
| a I J\m iJf""‘---é—E,DDD
z FLOW i | I -
2 RATE M,\;{m
PROBLEM: S I A I N S A AN I
NO FL U I D IN TU B I NG 02090180000 02000 00;00;00 0201000 08: 0000

WH EN WEL L O P E NS W —— Casing Pressure W —— Tubing Pressure W —— Sales Pressure [ —— Flow Rate I




OPTIMIZING SHALE WELLS

Examples

[UNEPRESSURE} [STANDWMB

VALVE

JEJH“‘£ uli} ]
rrepe

[ PRODUCTION |

[\
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TROUBLESHOOTING SHALE WELLS

Examples

MOTOR VALVE LEAK.

700 [ TUBING PRESSURE DECLINE AND FLOW

.|  CASING i RATE OBSERVED WITH WELL CLOSED.

PRESSURE

e N AV

i F3E00

@  PRESSURE f 5 E i oo
450 -t [l | [ = |1 i E E E E 2—3,DDD
- LINE oo
| PRESSURE § E | 5 1

300 i | N vF
¢ E2.000

250 FLOW -1 00

200 RATE —1 400

o N N O AN O

PROBLEM: | | \ \ o
POSSIBLY MORE FLUID IN THE i AR oo
TUBING ON EACH RUN' MAY TAKE DSN?NUEDDZDDZDD DSN?NDEDEZDDZDD I DSN:NDE1LZDDZDD DSN?NDEB:D%ZDD
LONGER TO BUILD CASING
L PRESSURE. E [v — Tuking Pressure W — Sales Pressure W —— Flow Rate I

2011 Gas Well Deliquification Workshop
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TROUBLESHOOTING SHALE WELLS

Examples

| Dﬂm””ﬂ”“/ LINE PRESSURE LEAK.
CASING LINE PRESSURE IS DECLINING

| PRESSURE |\ WHEN WELL IS CLOSED.

o N, | TYPICALLY LIQUID LEVEL

TUBING \_CONTROLLER OR DUMP VALVE.
PRESSURE N i .

LINE
PRESSURE

FLOW
RATE

7 ’
: 111 A ™ PROBLEM:
03MEM 0 08:00:00 03060 12:00:00 03060 18:00:00 030710 00x:a0:0 M I SS E D A R R IVA L S -
[~ = FRun Mumber [V — Casing Pressure [ = Tuhing Pressure v = Ss L O ST P R O D U CTI O N .

2011 Gas Well Deliquification Workshop
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TROUBLESHOOTING SHALE WELLS

Examples

CASING
PRESSURE

Detail Well History

I 1 ~ MIh 7 TR 7 JNT

TUBING

LINE
PRESSURE

|
|
|
L PRESSURE
|
|

FLOW
RATE

L

Feb. 27 - Mar. 2, 2011

I

CALIBRATE

FLOW METER

: F1.550
1500
; F1.450
: 1,400
F1,350
F1.300
F1,250
F1.200
F1.150
F1.100
F1.0s0
: 1,000
Foso
E 500
850
800
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« Shale well production dramatically improves when

- Liquid is removed KNOW NOW

 Unplanned downtime is minimized

ACT NOW
PROFIT MORE!

« Effectively removes liquid from shale wells

* Plunger lift cycles are optimized

* Plunger Lift

 |s cost effective with a rapid payback
* |s along term solution
* Plunger Lift with Surveillance and Real Time alarms

« Supplement field knowledge with in house “optimizers”

* Provides real time data for root cause analysis

Feb. 27 - Mar. 2, 2011 2011 Gas Well Deliquification Workshop 27
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ADDENDUM
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POWER OF SURVEILLANCE

Tools
Detail Well History Well Opens

Casing g 5 : | . y
PressureJ\ Liquid | i | Head Gas \
g | Load || Produced j'

[ Lift ) PIunger

Pressure | Arrlves

Tubing | .
I Flow [Pressure‘ Latelral I&eg
| Rate ’ ’ ’ = 0ol

[ Line “Well \\,

Pressure Closes

-

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1202109 2010:00 122109 2020000 1202109 20030:00 1272109 2004000 122109 20:50000 1202108 21:00:00 122108 211000 1272109 21:20:00 1202109 21:30:00
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-

| FREE FLOWING

PLUNGER LIFT |

1200 - ] _
1000 1| |NE PRESSURE | ‘ -
800 8 £ ﬂ!ﬁ s 1
600
400 L
] iPRODUCTION } ﬁ X | LeveLawo }
| | STABLE PRODUCTION
'z 2 2 2 8 8 3 8 38 8 8 & =
" PROBLEM: i § § g é % g §

ERRATIC PRODUCTION

- 250

- 200

150

- 100

50

o



OPTIMIZING SHALE WELLS

Examples

1‘—[ FREE FLOWING | PLUNGER LIFT |
)

)

% l T4

N SN TN WYY 4, #B ﬁ
L

/
|
ol LINE PRESSURE |

7

7Y “%e ||

i

1 [

LEVEL AND
STABLE PRODUCTION

PRODUCTION |

c

29-Nov-09
13-Dec-09
27-Dec-09 -

1T 1
S O O
S 2 2
> >N >

26-Jul-09 T

6-Sep-09 N

PROBLEM:
ERRATIC PRODUCTION

23-Aug-09 -
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OPTIMIZING SHALE WELLS

Examples

Daily Well Production
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OPTIMIZING SHALE WELLS

Examples
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C ) 1C
AT CLOSE AT OPEN RUN DATA PRODUCTION DATA
Pressures (psi) Pressures (psi) Plunger Rise Arrivals Open || Glose | Ges || Diguid
Run # Time CP|TP| SLP [CP-TP | Fluid in Thg Time CP|TP | 5LP |Act. Lift| Req'd Lift| Time (min) | Velocity {ft/min) | Good | Miss | Duration | Duration| (Mscf) | (Bbls)
% (01301 0901PM[3t8[281[ 170 | 37 | 033 |0130/1 09-16PM[330(269] 167 | 163 | 172 | 1385 546 1 033 | 015 | 155 | 00
% (013011 0950PM[317(275 163 | 42 | 038 |01/30/1110.05PM[320|204 61| 168 | 181 | 838 903 1 02% | 015 | 138 | 00
o7 010 0P[5 162 | 41 | 037 |01/30/1 1049PMI[26 292 162 | 165 | 179 | 747 1014 1 027 | w015 | 136 | 00
9 01301 1146PM[313[281 161 | 32 | 029  |030A1 1139PMI[324 301 62| 162 | 159 | 787 1000 1 027 | 015 | 138 | 00
09 01301 1159PM[313[273 161 | 40 | 036  |01/31A11214AM[323(200] 161 | 163 | 175 | 743 1018 1 027 | w015 | 132 | 00
100 |013111 1242AM312[276] 160 | 36 | 032 |o3111 1257AM322020] 160 | 162 | 166 | 685 1105 1 0% | A5 | 129 | 00
101 (093111 01 24AM311[275] 159 | 36 | 032 (o311 0130AM[321(2%2] 159 | 162 | 165 | 695 1089 1 0026 /ﬁna 31 | 00
102 |03t o20eam3n (272 60| 38 | 034 |owsitoz2iam30(zel 61| 10 | 2 | 763 % 1 o | ots | 133 | 00
103 (013111 0249AM[309(274] 160 | 3¢ | 031 |031110304AM[319(204] 160 | 156 | 7163 | 742 00\ | 1 Ao o | 52 | w
104 |093111 03.31AM[308[273] 61| 35 | 032 |o31110346AM[318|2%2] 161 | 158 | 165 | 745 s \ | 1| SJ0z | w15 | 128 | 00
105 (031 o 13am308 (272 16 | 36 | 032 |owati1oa20am[3te|2s3| 62| 156 | 167 | 765 w9 \ 1|/ 0z | ot | 152 | 0
106 (03111 0456AM[308[272] 162 | 36 | 032 |031105.11AM[318|20] 162 | 157 | 166 | 78 w4 \ 1/ | w0z | w5 | 132 | 00
107 (0131141 05.30AM307(271] 161 | 36 | 032 |0311105.54AM[318|202] 161 | 157 | 167 | 7.8 4 027 | w015 | 129 | 00
108 |0/3111 06:21AM|306(269 162 | 38 | 0.34  |01/31/11 06:36AM| 316|267 162 | 15 0
109 |0mavm orosamBor|267 161 | 20 | o036 owsrtorzomtrzee 61 15, PLUNGER FALL TIME IS 15 MIN. 0
10 owatntorsoam[3ols7 61 | & | o048 owstntososan3 s 61| 6 CLOSE TIME SAME AS FALL TIME. o
111 101/31/11 08-3EAMI1012641 13 | 4F 040 01/31/11 08-ROAMI319(280| 161 | 14 PLUNGER VELOC'TY IS FAST. 0
: 69| 15 0
PROBLEM: e INCREASE AFTERFLOW. ;
PRODUCTION BELOW TARGET 37— MONITOR PRODUCTION. 1
0 a ell Dellg atlo O op




OPTIMIZING SHALE WELLS

Examples

Daily Well Production
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OPTIMIZING SHALE WELLS

Examples

Daily Well Production
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OPTIMIZING SHALE WELLS

Examples

Daily Well Production
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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 Well Deliquification Workshop, they grant to the Workshop,
the Artificial Lift Research and Development Council (ALRDC), and
the Southwestern Petroleum Short Course (SWPSC), 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.

— Place it on a CD for distribution and/or sale as directed by the
Workshop Steering Committee.

Other use of this presentation is prohibited without the expressed
written permission of the author(s). The owner company(ies) and/or
author(s) may publish this material in other journals or magazines if
they refer to the Gas Well Deliquification Workshop where it was
first presented.
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The following disclaimer shall be included as the last page of a Technical Presentation or
Continuing Education Course. A similar disclaimer is included on the front page of the Gas Well
Deliquification Web Site.

The Artificial Lift Research and Development Council and its officers and trustees, and the Gas
Well Deliquification 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 Well Deliquification Workshop "as is"
without any warranty of any 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 presentation as a consequence
of any inaccuracies in, or any omission from, the information which therein 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. The 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, including
any warrantees of title, non-infringement of copyright or patent rights of others, merchantability, or
fitness or suitability for any purpose.

Feb. 27 - Mar. 2, 2011 2011 Gas Well Deliquification Workshop 40
Denver, Colorado



