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Abstract

The production phase in the unconventl wells of
the Powder River dsin is very dynamic and changes
based on the total volume of fluids produced and the
gasto-liquid ratio. These dramatic changes in
production that occur within a few weeks or months
make it impractical to use a single artificial lift method
effectively troughout the life ofa well. Samson
Resources sought to maximize early production on their
horizontal wells in the Powder Riveasin by installing
ESP systems shortly after the completion of the well
rather tharflowing the wells naturally until they &xled
up ard theninstalling artificial lift. The result has been
improved cash flow for the company.

All ESP systems include downhole pressure sensors
that measure pump intake pressure and other

the dravdown and accelerate production early in the
lives of the wells. Wide ranges of operating conditions
exist while drawing down the reservoir from above to
below the bubble point. Below the bubble point events
of 100% gas flow frequently occur, resulting in
challenging pumping conditions. Based on the
development of the field so far, tog wells have more
gas influx problems than tedown wellshave

A special configuration of ESP systems with
redundant gas separation and gas handling devices,
including a mitiphase axial pump, was used. This
configuration has been proven to effectively manage the
drawdown by reducing the pump intake pressure (PIP)
from 4,000 psi tdbetween 200 tad00 psi, followed by
an extended period of sustained production at a target of
100to 200 psi PIP. The ESP is kept in operation until
the production declines tzetweenl50to 250BFPD, at
which point the well is put on rod pump for the
remainder of the life of the well. The first ESP systems
were pulled in operable condition aft@r months of
operation. Upon retrieval from the well, the downhole
components of the ESP systems were inspected, tested,

and repaired if necessary a t t he ma n
assemblyrepair, anddsting(ART) Center for reuse in
the next wells.

uf ac

The gas handligp technology installed allowed the
operator to optimize production early in the well life
cycle. The timely artificial lift conversion from ESP to

rod pump reduce@APEX and OPEX by transferring

the ESP system to another new well and replacing it

with a ra pump, leading to more efficienvell

operatios at the lower rate during the rest of the

remaining well life cycle.

Production Development of the Shannon
Formation

The focus of this study is a Shannon sandstone field

developedby SamsorResources in #h Powder River
basin located in the northeastern WyomingField

development was accomplished by drilling multiple

well pads containing 20 4 horizontal wells per pad
with lateral lengths rangingdm approximately 1 to 2
miles. Wellbore  construction idaded  7-in.

intermediate casing with 4 Li@. liners incorporating

openhole swell packers and frac sleeves. For the eight
wells in this study, the 4 4f. liner tops were set at an
average depth of 9414 ft measured depth (MD) [9371 ft
true vertical degt (TVD)] and an average inclination of
parameters. Samson uses the pressure data to manage 10°. Shannon formation TVD averages 10,007 ft. Half

of the wells were drilled teap and the other half tee
down based on t he we |l |
locations.

Of the eight wells in this study, two hadniile
laterals (640s) and six hadmiile laterals (1280s) and

s 0

were located on four pads roughly spaced 0.5 mile from
each otherThe 643 had 8 tol0 frac stages and the
128G had 16 tal8 frac stages each. All wells were

fractured down 4 %zin. tieback casing dimgs using a

crosslinked guarborate system with an average of

1,800 barrels offluid containing 28,000b. 40/70 and

100,000lb. 20/40 white sand or ceramic proppant per
stage. Dissolvable frac balls were incorporated to aid

fractureflowback and to ethinate coiled or stick tubing
mill-outs. Wells on the same pad were tuaed back
to-back and brought on to flowback after all t@e

treatmentson the pad were completed. Pads on

production adjacent to offset pads being tinaed were
shut in to minmize weltto-well fracture
communication.
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Transitional Artificial Lift: A Good Well
Becomes a Better Well with an ESP

Suitability for running ESPs was determined by
monitoring the initial flow rates and pressures up the 4
1/2-in. tieback casing. Wellghat flowed without
loading up were selected for ESPs whereas vikHs
loaded quickly or did not flow had rod pumps installed.
The decision was made to accelerate the running of
ESPsduring the flow period instead of allowing the
wells to flow until they loadd up to maximize cash
flow from increased production. The wells produced
via natural flow for 2 to 3 months before the ESRas
run. To prevent having to kill a flowing welbtpull the
tieback casing and install the ESP, packers with pump
out plugs and screens were run on wireline into the
liners under pressure. Once the packer was set with the
plug in place, downhole well control was established
enabling the tiebacks to bailfed and the tubing and
ESP equipment to be run safely in the hole under static
conditions. After the tubing was landed, pressure was
applied to the 2 7/4n. 3 7-in. annulus, which sheered
the pins holding the pumput plug and allowed
communication wit the formation. The ESP was then
started up with no additional down time and without
killing the well.

ESP systems were used as transitional artificial lift
to increase the early production of the well atod
improve the cash flow from operations using a
controlled drawdown approach. The production at the
end of the natural flow phase wasm average 348
BOPD andwas boosted to 59BOPD at the start of the
ESP phase, which represents a 7@&%rageproduction
increasefor the eight wells in this study.The average
production at the transition between the natural flow
phase to ESP phase is illustratedrig. 1.

Rolling 10-day Oil Production
Natural Flow to ESP

M End of natural flow phase

M Start of ESP phase

BOPD

Fig. 1.0 Ten-day average oil production at the transition
from natural flow phase to ESP phase.

ESP System Design and Operation

As with any uncaventional application, the
productionbehavior of the wells is not consistent and
there existeda level of uncertainty on whatould be
the initial production at the ESP phase. Based on
preliminary analysis othe production decline it was
determined that the initidESP production could be as
high as 70BFPD andwas expectedo drop to as low
as 250BFPD. Based on two previous wells in the field,
the ESP phase was initially expected tastl
approximately three mains.

Because the wells were built with &-in.
intermediate casingndwith a4 ¥zin. liner, the designs
were done for a pump setting right above the top of the
liner. Fig. B-1 illustrates a typical ESP setting and
configuration.

The reservoir and fluid properties are listed able
A-1. The oil produced hasnaPI gravity ranging from
37° to 40°API andwatercut between % and 20%. The
initial gasliquid ratio (GLR) averaged300 scf/STB but
was expected to increase with tinadter conditions
dropped below the bubble point pressure, estimated to
be 1,900 psi.

The first ESP system was installed in w@llLl280
D460, which was producing 230 BFPD at the end of the
56 days of natural flow. The D460N pump was
selected to handle the Idlow rates of this application.
D800ON pumps were used for the higher rate Shannon
wells. As illustrated irFig. 2 and 3, these pumps have a
wide recommended operating range (ROR) that covers
rates down to 200 BFPD and 250 BFPD, respectively,
at 60 Hz. Both these pumps have radial flow stages.

Catalog Pump Performance
REDA 400 DA60N
15tages 3,500 RPM 60 Hz

50 100 150

Flowrate [bbl/d]

Fig. 20 D460N pump performance curves
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Fig. 30 D80ON pump performance curves.

Radialtype stages can handle up td0% free gas
before gas locking (Kallas 1995, Castro 1998,
Villamizar 1993)or suffering sever degradation as
illustrated inFig. 4.

Catalogue Curve 100% water

Increase Free Gas
Percentage

Head

Production Rate

Fig 46 Pump degradation and gas lock (Villamizar 1993)

Unconventional applicationgare very challenging
due to the unsteady flow and extreme variations of the
multiphase mixtures These mixturesan vary froma
negligible gas volume factor GVF) at startup to
episodic slugs ofip to100% GVF(Ferguson 2013).

A Vortex VGSA D2060 gas separatavasinstalled
on each system. In spite of the typical high separation
efficiency of the separator,it was expected that,
especially during the slugging events, the free gas after
separation would be too high for the pump to handle
without severe degradation anthe pump would
eventually gas lockTo prevent this, a gdsandling
device is required to process the multiphas& fbefore
entering the first stage of the pump.

The advancedgashandler AGH) device useds a
highly modified multistage high-specificspeed
centrifugal pumphat was designed to improve the gas
handling capabilities of the loflow 400 sriespumps
typically used in 4 1/2n. to 5 %in. casing (Kallas
1995) The AGH brings a unique benefit to this type of

application where the GVF increases with time because
it works more like a pumpnd thus actually contributes
head tothe system in the early stagd the operation
This functionality allows the ESP to meet the head
requirementto lift the fluid column whileoperating at
lower speed. As the GVF increases, tas handling
device does not contribute head but works as a
processor of the multiphase mixé delivering a more
homogeneous mixture that the pump can handle without
gas locking.

For applications dealing with more than 45% GVF
the AGH is not effective and a more advanced gas
handing device is recommended. The Poseidorais
multiphase gas handlj device that uses axial stages
and is rated for up to 75% free g@Serguson 2013,
Villamizar 1993) There are applications whethis
multiphase axial gashandlercan operate with up to
80% GVF (Camilleri 2011)

To maximize the flexibility of the ESBystem to
handle the widest range of multiphase flow, especially
considering that the goal was to drdewn the wells to
approximately 200 psi pump intake pressure, it was
decided to instalthe centrifugal gas handleand the
axial multiphase axial pumpn tandemto feed the
centrifugal pump on top.

All pumps and gas handling devicase built in
compressioftype constructionThus the impeller stack
works as a single body maintaining spacing with the
diffusers even with the large volume differences that
can occur throughout the stages when pumping high
GVF applications and withgas slugging events.
Additionally, sinceall the pumpdowrthrust is handled
by a protector thrust bearinthe pump operating range
can be extendeldelow the catalog minimum opeiraj
range as long as the protector bearing has enough
capacityto do so.

The pumps andhe AGH for these applications were
built in abrasion resistanfARZ) configuration. The
multiphase gas handling device with axial stagea is
full bearing housing (FBHEonfiguration with silicon
carbide (SICG) bearing design on each stage to
maximize its reliability in the very poor lubricating
conditions encountered when pumping high GVF
mixtures

The system usesdtoryfilled andfactoryshimmed
protectos with multiple positive isolation chambers and
redundancy on shaft sealing layers stages to keep the
motor oil isolated even during the wide thermal cycles
that can occur during the operation of unconventional
wells.

The motors are factoryfilled variable rating
motors that provide flexibility to adjust the performance
to match the load requirements from the application.

All ESP systems were equipped with a Tylpe
downhole multisesor device for monitoring reéime
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ESP operating parameters includingump intake
pressure, discharge pressure, intake temperature, motor
temperature, vibration, and current leakage.

A typical ESP system setting depth and
configuration is illustrated ifig. 5.
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Fig 58 Typical ESP system with D460N pumps used in two
of the Shannon wells.

A sine wave variable speed drive (SWRjas used
to feedclean filtered electrical power to the ESi®
minimize stress in the ESP motor and power cable and
to provide additional operatical flexibility and control
of the drawdown.

One of the charderistics of unconventional wells is
that the well behavior varies substantially from well to
well and even in the same well as it progresses through
the production phase. The motor controller is typically
set to operate in target speed mode origindbyer,

depending on the performandeis switched tomotor
currentor pump intake pressufeedback control mode
to optimize the well production and drawdowm
addition to the preset operating modemanual
adjustments are sometimes required under apeci
operating circumstanceshich are carried out by the
Artificial Lift Surveillance Center (ALSC) engineers.
These new routines abeingdocumented and validated
for futureimplementation in the motor controller

Every wellwasconnected tohe LiftW atcher remat
monitoring and control systerthat delivers reakttime
ESP data directly tahe desktops of theoperator
application engineers, the ALSC and the technical
support teamon a 24 hour &sis The surveillance
engineers are in direct contact withe ESP field
service technicians and witB a ms o mgiheersaad
field personnelto coordinate surface adjustments that
camot be done remotely, such asljusting surface
chokes or manual restarting of equipment.

The ESP phase lastd®5 dayson averageand as
the welk weredrawn down the effects of the unsteady
flow into the pump became more severe and slugging
events occurred more frequendy. There is not a
universal operation mode that works in every well, but
rather the method is selected for eachl we a given
time based on the trends and operating conditiigs.

6 is a snapshot of we$-1280D460 operating in pump
intake pressure feedback control with an original target
of 200 psi, which was later decreased to 180 psi. As
noted in Fig. 6 the mdor controller adjusts the
operating frequency within the range to chase the target
intake pressure, which also results in large swings of the
motor amperage.

Fig. 60 Operation trends for well S-1280-D460.

Some wells reached a relatively stable opegat
condition when running in motor current feedback
control mode, at least for some time. One example of
this is the wellC-1286:D800, which was running with
pump intake pressure as low H30 psiduring the last
weeks of operation before being pulled proactively to
convert to rod pump due to logistics and rig availability
in February 2015. A snapshot of the operating
parameters of this well is shownig. 7.
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Fig. 70 Operational trends for well C-1280-D800.

The rate of drawdown at the start of the ESP phase
was between 40 to 50 psi/day. As shown inFie 7,
the pump intake at the staf the ESP phase was80
psiandit was broughtlownto 500 psi during the firs
months of operatianThe PIP washen loweed further
and the ESP operatedttvipump intake pressure 60
to 200psiduringmost of theESP phase

ESP Diagnostics

The perfornance of the ESP system was mlede
for several conditions including a basic design
assuming a stegdnflow condition at the beginning of
the ESP phase. This model resembles a typical design
for conventional, vertical well applications. According
to this model, considering both natural separation and
the mechanical separation efficiency of the VGSA D20
60 Vortex gas separator, most of the gas should be
vented to the annulus which would minimize the gas
interference or gas locking of the pumps. Additional
sensitivity analyes to model the productivity decline
and increasing GLRvere performed during theedign
phase.

Later during operation, due tthe nature of the
unconventional wellsthe ESP system is exposed to
drastic chages n fluid properties from single phase
liquid to multiphasemixtures During gas slugginghe
pump has to deal witsevere gas interferenavents
that last froma few minutes to more thahhours.Fig.

8. illustrates an example of such events.

T-1280-D-800

2 |
55.00

50
23110
Pressure - B

Wellhead Tuting Pressure (i)

ure 89
3,410.80

Date (CMT-07:00)

Fig. 80 Snapshot of operation, unsteady flow and gas
interference.

We usel the diagnostic module of DesignPro, the

ESP sizing program, for analysis and matching the
actual operating conditions of the ESP system.
Althoughthe daily production of oil, water and gas can
be used torun an average performancenodel that
would be representative when the flow is relatively
steady, it doesot show the large swings in rate and
composition of the multiphase fluid in these
unconventional wells.

A comprehensive model can bereated using
OLGA, the dynamic multiphase flow simulator, but we
did a very simplified model by takingnagghos in time
of the operating parameters aedteringtheminto the
diagnostic module of the ESP design software to model
the ESP performance during the transient states. We
used the redime data from the downhole sensor and
surface meters including pp intake and discharge
pressure, motor operating current, temperature, tubing
and casing pressure, and, if available, data from spot
flow rates.Figs. 9and 10 illustrate the operating point
(black dot) at downhole conditions 1 and 2, as
illustrated in tle snapshot ifig. 8.

The ESP system was operating in motor current
feedback control mode #tat time. Condition 1 irfrig.

8 illustrates a relatively stable operation at 55 Hz prior
to the severe gas interference event. The snapshot
model was made for the measured operating parameters
including 355psi pump intake pressure, 3,446 pump
discharge pressure, and average motwreait of 24A.
Although a match of this condition cannot be achieved
using exactly the production rate as reported in the daily
production report, a match was achieved for 450 BFPD
at surface, as illustrated in the diagnostic pofig. 9.

This is typtal behavior of unsteady and cyclic
production with higher and lower production rates, or
even zero productignas the severe gas interference

events occur during the day.

REDA 400 D800ON 292 Stage/s
3096.3 RPM 55.00 Hz

9,000.00
8,000.00
7,000.00
6,000.00
5,000.00
4,000.00
3,000.00
2,000.00
1,000.00
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Flowrate [bbl/d]

Head [ft]
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Fig. 90 Pump performance and operation point from
diagnostic report on condition 1.

Condition 2 represents a typical severe gas
interference event where even after the frequency had
increased to 60Hzhe average motor current dropped
to 14.5A, accompanied by a decrease in discharge
pressure and tubing head pressure, amdncrease of
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motor temperature.

The operating point for condition 2 is considerably
below the pump head curve as showrFig. 10 when
maintaining the same inputs for fluid properties. One
could manually apply a degradation factor to the pump
head curvethroughout thepumps; in this case, 25%
degradation would bring the pump performance curve
down to match the operating point at 120 BFPD surface
rate.

REDA 400 D80ON 292 Stage/s
3377.8 RPM 60.00 Hz

10,000.00
8,000.00 )

6,000.00

Head [ft]

4,000.00

2,000.00

0.00

0 200 400 600 800

Flowrate [bbl/d]

1,000 1,200

Fig. 1060 Pump performance and operation point from
diagnostic report on condition 2.

The actual flow dynamicduring these events are
transient in nature and for this reason the ESP system is
subjected to drastic changes in very short periods of
time. We attribute the ability to ride through these
events to the conditioning of the fluid done by ¢hal
and centfugal gashanding devicesbefore transferring
the mixture to the pump.

Since no spot gas measurements were available,
severalsensitivitieswere usedto model the transients
by setting instantaneous liquid rate and GVF to simulate
gas interference dung the transient. The ESP design
software does staggy-stage calculations. The program
has the actual performance degradation curves for the
different stages and gas handling devices built into it.
Fig. 11 shows a snapshot from the match of the 120
BFPD (condition 2) case after running the diagnostic
analysis with increased GVF. Instead of manually
entering a degradation factor to the head of all stages of
the pump, the degradation is determined internally in
the program for each of the stages. As illustlanFig.

12, the pump head degradation is over 70% at the
lowermost stage, but then the degradatioredkicedas
the fluid passed throughout the stages.

REDA 400 D800N 292 Stage/s
3377.8 RPM 60.00 Hz

8,000.00
7,000.00
6,000.00
5,000.00
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0 200 400 600 800
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Fig 11. Pump performance and operation point from
diagnostic report on condition 2 after increasing GVF
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Fig. 12. Stage-by-stage performance from diagnostic report
on condition 2 after increasing the GVF

ESP Gas Interference in Toe-up vs Toe-down
Wells

Although the sample size efghtwells is not large,
there does appear to be evidence that wells drilled toe
up have worse gas interference than wells drilled toe
down. This observatiorwas independently validated by
Samson using OLGA transient multiphase modeling.

While all wells exhbited some degree of gas
interference once the bottom hole pressure fell below
the bubble point, the wells drilled tagp experienced
operational problems earlier in the ESP phase, and the
problems were more severelhese wells had greater
day-to-day prodiction fluctuations andhe pumpsshut
down on high motor temperature more frequently than
the toedown wells. An example of a to&p well with
these issues is the I280-D800 (se€Table A2.). The
C-1280D800 well is a direct offset, was drilled toe
down, and exhibited more consistent production and
pressure drawdowrséechart in Appendix B CG-1280
D800 was also able to be produced at a lower pump
intake pressurebetweenl00 to 200 psj compared to
400 psiin the T-1280D800. We propose that tag
wells have more gas slugging due to gas being trapped
at higher elevations along the lateral until the pressure
becomes low enough for it to enter the pump. -Toe
down wells may have a more constant gas inflow and
fewer traps along the lateral in which o slugs.
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Real-Time Surveillance and Control

Samson Resources initiated a ameek 24 hour
surveillance test program in whithh e ESP
Artificial Lift Surveillance Center (ALSC) engineers
remotely monitoredand controlledhe operation of the
ESPs The goals of the test program were to prevent
downholeshutdowis due to gas slugs, to achieve more
consistent run time, and to increase production. The
premise was that by actively monitoring tB8Ps gas
slugs could be detected early and opegapiarameters
could be adjusted thus avoiding shutdown The
workflows, requirements of reports on operation, and
communication protocols between the surveillance
engineers, pumpers, application engineer, and
production engineers fronsamsonwere definedin
advance.

Among the key roles of the surveillance engineer is
to monitor the trends of operating parameters and gather
field operation reports from the operator, including
production tests, chemical treatment, surface facilities
maintenance, etc. By connling the realtime data with
the field operation reports the engineer analyzes the
trends and performance of the ESP system and makes
adjustments to the alarms and trip points for the key
variables.

Samson Resourcgpolicy was that a pumpenust
be physcally presentat the wellsite when the ESkas
restarted, regardless of the reason for shutdown. As the
wells were drawn down the number of trips became
more frequent as the ESP was tripping typically on high
motor temperature or low pump intake pressure.
Unfortunately itoftentook several houror sometimes
until the next dayuntil the pumper was available to
come to the wellsitéo restart the pump. In an effort to
maximize the uptime, the workflows of the surveillance
center were modified duringhis oneweek trial to
increase the autonomy of the ALSC engineers to make
adjustments remotelip all the operating parameters as
needed to optimize the performance of the ESP. The
surveillance engineers had direct communication with
the field service technign and the pumper, and
coordinated the effort when field support was required
to diagnose and optimize the performanceoocorrect
issues with surface facilities.

The surveillance engineers remotelymade
adjustmentgo the operating mode or switeti between
operatingmodes as neede#fig. 13 shows a summary
of the weekly uptime report right before thleweek
trial for well N-1280-D800.
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Fig. 13. Snapshot of the uptime report before extended
scope service

The implementation of the expanded scope of action
of the ALSC resulted in improved uptime and increased
production, especially in the wellsvith the most
challenging gas influx problemsuch as the N28G
D800. Fig. 14 shows how the operating parameters
were much more stabléuring theoneweek 24 hour
surveillance testand resulted in a 12% production
increase compared to the previous weeks, with zero
trips.
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Fig14. Increased scope of service of the ALSC

The oneweek 24 hour surveillance test validated
our assumption that the pumps could be run more
consistently andwithout shut downs by having the
ALSC engineersoptimizing their operation. This
resulted in increased production and less time on
location br the pumpers. Samson recognized the value
in this surveillance service and would have continued it
had the ESP program in this field not been nearing its
completion.

Transition from ESP to Rod Pump Phase

To maximize the runlife of the rod pump systems
the designs were made to set the pump approximately at
the same depth as the ESP systana region of low
inclination and low dog leg severity above the liner top.

The criteria for the timing of the transition to rod
pumps werebased on one or more ofetifollowing
factors: condition of the ESP system, flow rate,
readiness for deployment of rod pump system, and
availability of a workover rig.
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The majority of theESPsin the study were exposed was set at 100psi and high motor temperature.
to fracture treatmentsof nearby wells Although the Although the system could have been restarted remotely
wells on ESPwere shut in for several dapsior to and or set up for auteestart following a low PIP trip, this
after the fracs the pumps were affected by the was not implemented due to Samson Resodrces
incremental influx offluid and proppant On three operating polig. Thusit was required for th@umper
occasions theESP systems were able smccessfully to restart the pumpnanually often the next morning.

deal with the influx and resume operating conditions  This caused the production to be quite erratic from day
after being hit, but on the other three occasions the to day. The daily production prior to pulling the ESP

ESPsfailed shortly after the offset fracThe three wells averaged 205BOPD with swings fran 37 to 358
that were negatively affected by the offset fracs had to BOPD.
have the ESPs pulled earlier than anticipated. The Even though the ESP was in operable condition
systems were in good operating citioh prior to being after 287 days, it was pulled proactively due to rig
shut in for the offset fracs. Samson did not achieve the availability in the well pad. The well started ited
expected runtime for those systemsTable A-2 pump phase on Feb 6, 2015.
illustrates the summary of runtime and fracturing From the production standpoint, the plan was to
activity in the eight wells. transition to rod pumps after the production with ESP

AlthoughS a ms aevéiopment plan was designed decreased to 250 BFPD or below, which was deemed
to minimize the impact offracturing infill wells on achievable with the rod pump and pumping unit
producing wells,it was necessary tashut in our selected. While the compression type technology
producing wells when other operators in the area were mitigates the downthrust in the pump stages when
fracturing their wells. As mentioned previously three producing below the minimum ROR, the pump
ESEBs wer e damaged due tuting o f efficiericy degpeasesaas the fibsratef decaeases as noted
and had to be pulled prematurely. in Fig 4. The 10day average rate of the welt1280

Fig. 15 illustrates the production profile and D800 was 205 BOPD at the end of the ESP phase,
drawdown of the welC-1280D800. The well was shut which is considerably below
in after6 months in the ESP phase to prevent dantage Efficiency Point BEP).
the ESP while a nearby well was fractured. Although The 10-dayaveragegroduction at the start of the rod
the ESPwas not running, thelownhole sensor was pump wasl77 BOPD and the swings were from 95 to
powered on so weould monitor the effect of the 273 BOPD which is a much tighter spreatlan what
nearby fraturing on the well. This information was experienced at the end of the ESP pha$ier
eventually could be used for optimization of well implementation of the rod pumping systems na¢iced
spacing. An exampleof the interference of a frac job that although the daily production was often more
near well G1280D800 can be seen Fig 15. consistent, the average production at the start of the rod

clmomo pump phase was lower than the average daily

production at the end of the ESP phase in all wells
except V640-D800. On average, the produoti with

rod pumps was 17% lower than the rate at the end of the
ESP phaseTable A-2 shows the temlay average
production before and after the transition of production
phases and the uplift for the eight wells in the study and
the average.Fig. 16 illustraes the rolling 10-day
average production during the transition from ESP to
rod pumps for the eight wells in the study.

N

Fig. 15. Well C-1280-D800 Production profile and Pump
Intake Pressure

The pump intake pressure increased rapidly by
1,000 psi shortly after the offset frac at the end of
October 2014The ESP was restart&ldays later and
resumed stableperationfor 3 additional months ah
pump intake pressur@ approximately200 psi when it
was manually shut down on Feb 4, 2015. Towards the
end of the ESP phasdhe pump started to fri
frequently on lowpump intake pressureP(P) which
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Rolling 10-day Oil Production
ESP to Rod Pump

M End of ESP phase  u Start of Rod Pump phase

300

250

200 -
Q
& 150 |
2]
100 -
50 -
0
o N M O N <
$ & FF S
ot & & s 4 & © o S
Y g b ¥ h% [ W N ¥
< ¥ « & N o

Fig. 16. Ten-day average oil production at the transition
from ESP to rod pump phase.

The performance of rod pumms horizontal wells
also has its own challengeSamson isn a continuous
improvement process to define the best combination of
pump size, gas handling, stroke length and strokes per
minute. We are trying differentombinations of
equipmengndare monibring production and pump life
to determine which is most effectiveWe are leaning
towards slow pumping with long stroke lengths using
variable slippage pumps which tend tandle the gas
better. This setip provides more consistent daily
production, bti does not necessarily provide the
volumesequal to what was achieved at the end of the
ESP phase Our anticipation is that pump life will be
longer and fewer pump changes will be requikgkich
should result in less downtime and lower operating
Costs.

Upon completion of the ESP Phase on each well, the
surface equipment is transferred to the next well and the
downhole equipment and power cable are sent to the
ESP service center for inspection, testing, and repairs so
it can be used ifuturewells.

Results

Samson Resources successfully implemented the
ESP transitional artificial lift system to optimize
production and drawdown in the early stage of the well
life cycle. The peak production achieved in the ESP
phase was as high as 85% of theday initid
production of natural flow andnoaverage it was 63%
for the eight wells as illustrated Fig. 17.

Peak Daily Production by production phase
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Fig. 17. Peak production by production phase

The incremental production achieved during the
ESP transitional phase was significant. As an example,
the cumulative production of welt-1280-D800 at the
end of the 287 days of the ESP phase was estimated to
be 65% higher compared to the scenarowhicha rod
pump would have been installed instead.

Based on the equipment available, the rod pump
would have been limited in its ability to pump down the
well and the production would have been limited as
well. Fig. 18 illustrates the cumulative production
adual compared to the rod pump scenario

Fig. 18. Cumulative production Actual with ESP and model
for Rod Pump scenario for well C-1280-D800

The rod pump design was modeled as if we had
chosen to instathe same rod pump syste(@912427-
192 pumpingunit, downhole pump, rods, stroke length
and volumetric efficiencyinstead of running the ESP
in this well. Fig B-2 shows he designreport for 252
BFPD. It was assumed the same rdtoughouthe 287
days and 100% uptime for the rod pump, except fer th
8 days well shuin in October forthe offsetfrac.



