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Fluid Level Measurements — Benefits and Applications

Overview

Fluid Level measurements can provide invaluable information to assist anyone that has
an interest in both understanding and evaluating well, or reservoir, performance.

When combined with a surface pressure measurement, the fluid depth in a wellbore can
be used to calculate the pressure at the sandface, for either a producing or shut-in well
status.

Sandface pressure determination is paramount to help evaluate reservoir characteristics
and pressure depletion, as well as determining the producing performance of a well.

The fluid level approach for determining subsurface pressure can have a number of
advantages over the method of installing permanent, or temporary, downhole gauges.
These advantages mostly revolve around the economic savings and the ease of non-
intrusive measurements, without having to perform costly and time consuming well
servicing operations in running and/or tripping downhole gauges and then having to re-
stabilize conditions after the interruption in normal well operation.

Discussion

Common applications of fluid level measurements include the following:
Pumping Well Surveillance:

Routine pumping fluid level surveys allow the well operations group to help understand
any changes in expected production performance. A rise in annular fluid depth over time
is typically a symptom of mechanical wear of the pump. A more sudden rise of fluid
depth could signal other causes of mechanical equipment failure in the system such as a
parted rod string, a hole in the tubing, or even a faulty casing check valve in the surface
piping. A companion dynamometer survey would be an asset in to help evaluate the
mechanical performance, and any possible subsurface problems, in a beam pump
system.

Care should be taken when conducting “spot-check” fluid levels surveys to ensure that
the producing sandface pressure is neither over nor under estimated, giving a false
sense of well productivity. A very high annular fluid level may not necessarily be a
problem if the annular liquid density is low (sometimes referred to as a “gasified” or
“foamy” fluid column). This condition in a pumping well is the usually result of very good
separation of free gas at the tubing inlet, which is a desirable operating parameter to help
maximize liquid displacement efficiency of the pump.
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Fluid Level Measurements — Benefits and Applications

Corresponding producing sandface pressure is usually low with very little, if any,
production upside. In these cases an annular fluid depression (or suppression) test is
recommended to avoid any misdiagnosis of relatively high liquid levels, or perhaps a
false liquid level indication caused by up-hole paraffin or hydrate bridging. The
depression test consists of closing the offside casing valve and simultaneously recording
the change in liquid depth versus surface wellhead pressure increase over time, while
the system is operating and production rates are being measured. For best results, the
depression test should be monitored in progress to avoid changing the normal producing
conditions. Test values can be processed and plotted (fluid depth versus gas-liquid
interface pressure) to illustrate the calculated annular liquid gradient and resultant
producing sandface pressure (please refer to Appendix 1 “Annular Fluid Depression Test
Report”).

Conversely, a relatively low fluid level may not necessarily be an issue if the surface
wellhead pressure is high, due to the casing valve being closed, or partially closed
(regulated), or because of high flow line pressure. In these types of situations,
displacement efficiency usually suffers at the hand of additional free-gas being forced
through the pump. In most of these cases, oil production can in be increased if the
casing back-pressure at surface can feasibly be lowered. To help evaluate any potential
increase in production with knowledge of the flowing sandface pressure , the Inflow
Performance Relationship, or IPR, can be calculated and studied (please refer to
Appendix 2 “Inflow Performance Relationship Plot”).

On flowing wells that produce liquids, the IPR when overlain with tubing performance
curves will allow the production engineer to design or evaluate the system for maximum
lift efficiency.

Pressure Transient Testing:

Fluid level measurements can provide a very cost-effective solution to aid in the
evaluation of reservoir performance be it related to declining pressure, skin and
permeability assessment, or simply to comply with Government Regulatory requirements.
For wells equipped with beam or rotary pump systems, the use of acoustic
measurements saves the time and servicing costs of having to pull the rods and pump,
install temporary gauges, rerun the pump, and then re-stabilize producing status prior to
shut in for buildup. This well servicing process then has to be repeated when the gauges
are retrieved and the well is returned to normal production.
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Acoustic fluid level loggers can be prescheduled to simultaneously record wellhead
casing pressure and fluid levels for gathering transient pressure data (both producing
and shut in) required to perform a well analysis. By processing the measurements and
using correlations that relate in-situ oil gradients to changes in pressure/temperature and
the amount gas in solution, acoustic measurements are typically accurate to within 5
percent of subsurface gauge measurements based on comparative findings. (Please
refer to Appendix 3 “Bottom Hole Pressure Survey Report”)

For best results when conducting acoustic buildup surveys, the wells should be properly
conditioned before shut in. This includes having a stabilized operating condition, and
performing an annular fluid depression test if necessary to suppress any foamy fluid.
With any type of buildup survey, wells exhibiting recent declines in displacement
performance and having a relatively high producing pressure, are generally poor
candidates for a reliable pressure transient analysis of skin and permeability due to a
state of marginal delta pressure.

With recent advancements in instrument technology, portable, automated, fluid level
loggers can be scheduled and left in service for up to 30 days regardless of ambient
weather conditions. This provides an attractive advantage for remote wells, or access-
challenged wells. Routine downloading, either on-site or by remote telecommunications,
permits on-going monitoring and evaluation of the acoustic survey in progress. This can
help the reservoir engineer decide as to when sufficient transient data has been obtained
avoiding either early termination of the survey, or prolonged and unnecessary delay in
having the well returned to production. Even when subsurface gauge surveys are the
clients’ method of choice (i.e. initial pressure measurements or flowing well status), this
acoustic monitoring benefit can be applied to ensure sufficient data is obtained without
having to interrupt the survey to trip the gauges, and in some cases, having to rerun
them to continue the survey.

Shut In Well Pressure Surveys:

Acoustic shut-in well measurements (often called “Single-Shot Static Pressure Surveys”)
are frequently the preferred choice for evaluating reservoir pressure in wells that have
been shut in for some time, be it for reasons of waiting on servicing, processing plant
turnaround, suspension status, or remote access limitations. This especially applies
when the rods and pump remain in the well, prohibiting a wireline gradient run. For this
type of survey on wells that produced oil and water, it is recommended that a pumping
fluid level survey be obtained before the well is shut in to help in the evaluation of after-
flow liquid composition into the wellbore (please refer to Appendix 4 “Static Pressure
Calculation Report”).
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Flood Performance Monitoring:

Routine annular fluid depression tests on selected wells within a field have been used to
monitor and evaluate the performance of secondary, or tertiary, flood performance of
reservoirs. For carbon-dioxide flood applications, correlations have been derived to allow
the user to employ non-hydrocarbon properties to help improve the accuracy of sandface
pressure calculations.

Enhanced Well Performance Monitoring:

Over recent years the industry has withessed an increase in number of operators that
use acoustic fluid level loggers to monitor the performance of newly drilled wells, often to
evaluate the success of post-drill fracture treatments, and in some cases to help
understand what the stabilized IPR may amount to before finalizing the design of lift
systems, flow lines, and field facilities. The process of choosing drill locations and the
type of completion when attempting to add new reserves frequently begins with
numerical reservoir models, or simulation studies, that in some cases do not match
expectations for various reasons.

A global operating company, having a major gas play in the deep liquids-rich Canadian
foothills region, has presented a concept to utilize fluid level measurements to enhance
their understanding of reservoir dynamics and also improve current modeling techniques
that presently consist of using analog well type-curves in conjunction with Rate-
Transient-Analysis (RTA). The accuracy of these model estimations is challenged by not
having actual subsurface pressure values.

The acquisition of fluid level measurements on multi-well pads having horizontal
completions would provide benefits that include: improving the accuracy of RTA; helping
understand offset well interference effects; monitoring the phase-envelope conditions to
maximize liquid recovery and improve the modeling methods used for the
reservoir/pipeline and facilities; data observation on offset vertical wells that experience
flow problems. Long term drawdown monitoring (for 2-3 months) after wells are
completed and treated with multi-stage hydraulic fractures, or for any shut-in periods
allowing buildup capture, can be accomplished with fluid level loggers, whereas single-
shot instruments would be adequate for gathering spot data to optimize liquid recovery.
In the existing economic climate the production of gas by itself would not justify the costs
of this type of development; therefore, it is felt to be imperative that subsurface pressures
in both the reservoir and wellbore are determined and understood to help maximize
condensate recovery. It is strongly believed that this field concept can also successfully
be applied to other geographic areas of their production operations, and not limited to
just NGL wells.
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Fracture Treatment Offset Well Monitoring:

Continued development of infill well drilling together with advancements in hydraulic well
fracturing technology, particularly in horizontal wellbores, has led to an increase in the
number of wells being stimulated. This has also directly driven the application
(government regulatory in some jurisdictions i.e. ERCB IRP 24 or Directive Draft 2012-
XXX) to monitor the pressure on offset surrounding wells to evaluate any interwellbore
communication responses during hydraulic fracturing operations. Automated fluid level
loggers, combined with direct communication devices to a central site, are especially
attractive for this service from both a cost-standpoint, and the ability to obtain near real-
time data.

Plunger Lift Performance Evaluation:

Automated fluid level loggers can provide the transient sandface pressure data required
to ideally tune the plunger cycle to the IPR of the well. This can often reduce the trial and
error time delays and costs in order to maximize the efficiency of the lift system, as well
as that of the operator.
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APPENDIX 1

ACQUSTIC PRESSURE SURVEY
ANMULAR FLUID DEPRESSION TEST
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SAMPLE et al ALBERTA 1-2-30-4
100/01-02-030-04W5/0
License: 0123456
Field: ALBERTA
Formation: GLWD
Pool: GILWOOD

2009-JUN-11
Analysis provided by NR-Tec Ltd.

Prepared by: MR-TEC ANALYST
Date: 2009-Jun-12
Prepared for: BOB LOBLAW
SAMPLE COMPANY
MR-Tec Ltd.
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APPENDIX 1

AMMNULAR FLUID DEPRESSION TEST
SAMPLE COMPANY
SAMPLE et al ALBERTA 1-2-30-4
100/01-02-030-04W5/0
Test Date: June 11, 2009

INTRODUCTION

An annular fluid depression test was conducted on the subject well in order to determine an annular fluid gradient and producing
subsurface pressure at the mid-point of the perforated interval.

PROCEDURE

Pumping fluid levels and wellhead pressures were obtained using an automated acoustic fluid level instrument,

Backpressure was applied to the annulus by closing the casing valve on the "D" wing. The increasing gas/liquid interface pressure
tauses the fluid level to change. The fluid gradient is established by calculating the gas/liquid interface pressure and measuring the
corresponding fluld level at varlous Intervals after the backpressure is applied.

The fluid rates and properties were provided by SAMPLE COMPANY.

RESULTS

A producing pressure at the mid-point of the perforated interval of 3,175 kPaa kPa (absolute) was determined from the test points.

Summary sheets showing test results, calculations and graphs of the annular fluid depression test are included with this report.
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APPENDIX 1
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APPENDIX 2

Inflow Performance Relationship

fl kPa

Flawing Prassure [

(LP.R))
EFFICIENT &t al PROLIFIC 1-2-30-4 GOODSAND: 1000.0 - 1100.0 mKE
100/01-02-030-04W5/0 Test Date: March 22 - April 5, 2003
Test Data Results
Reservoir Pressure (pg) BBABE.OD kPa
Bubble Point Pressure (phg) 700000 kPa Maximum Oil Rate 1.557 m3id
Test Pressure (pyf) §39.00 kPa Maximum Water Rate 0.570 m3d
Oil Test Rate (q,) 1.500 mdid Maximum Taotal Rate 2127 mdid
Water Test Rate (gy,) 0.500 mid
7000
BO00
Flowing Ol Water Total
Pressure Rate Rate Rate
o kPa md m3/d m3id
0.00 1557 0.570 2127
500.00 1.527 0.528 2.056
839.00* 1.500 0.500 2.000
4000 1000.00 1.485 0.487 1.871
4 1500.00 1.429 0.445 1.874
2000.00 1.360 0.403 1.763
2600.00 1.277 0.362 1.638
3000.00 1.181 0.320 1.501
3000 3500.00 1.072 0.279 1.351
A000.00 0.850 0.2ar 1.187
4500.00 0.814 0.195 1.009
5000.00 0.665 0.154 0.818
5500.00 0.503 0112 0.615
2000 B0O00.00 0.327 0.070 0.398
3 Y G500.00 0.138 0.029 0167
A \ BEAG.00 0.000 0,000 0.000
' \
) "\L Mote : * Test Paoint
1000 1 [ ** Bubble Point
: ,&, "I il IPR. based on Vaogel's Equation,
| \ (Quadratic Curve Factor=0.2)
1 \
| \
0 ; 3
0. 04 L1 ¥:] 1.2 1.6 2.0 24

O Rate gy}, i
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APPENDIX 3

ACOUSTIC PRESSURE SURVEY
BUILD-UP TEST

N
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SAMPLE 1-2-3-4
100/01-02-003-D4W5/0
Surface Location: 02-02-003-04W5 (DEV)
License; 1234567
Field: PROLIFIC
Formation: GD5D
Pool: GOODSANDS

DECEMBER 2011
Prepared by: MNR-Tec Anahyst
Date: 2011-Dec-23
Prepared for: BOB LOBLAW
SAMPLE COMPANY
MR-Tec Ltd,
P00 Bonl 35028 Lakewssw APD, Calgary, Alberta T3E 705
Tl (03] BOT- 16449 Fax; (403) 2046-T7H3
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APPENDIX 3

SAMPLE COMPANY
ACOUSTIC PRESSURE SURVEY (BUILD-UP)
SAMPLE 1-2-3-4
100/01-02-003-03W5/0
PROLIFIC
POOL: GOODSANDS
2011-DEC-13 TO 2011-DEC-20

TEST SUMMARY:

# An acoustic well sounder instrument was installed into the casing on 2011-12-13 at 13:04 hours, The fluid level was at 188.2
joints,

+~ Thewell was shut-in on 2011-12-13 at 13:04 hours to start the build-up.
F  The build-up test was concluded on 2011-12-20 at 16:04 hours,

#  Afinal bottomhaole pressure of 8,810 kPa (absolute) was calculated at the mid-point of the producing interval after 7.1 days of
shut-in

& Therate of change in pressure during the lzst 8.0 hours of shut-in is 0.14 kPa/hr.

PRESSURE DATA CALCULATIONS:

#  The bottombole pressures were caleulated wsing the following informatson:

Atmospheric Pressure 93.0kPa

Formation Depth 1,879.70 m KB (TVD) / 1,879.75 m KB
il Grawvity 35.40 "AP|

Water Gravity 1.050

Gas Gravity 0,700

0il Production 1.24 m¥/d

Water Production 16.46 m"/d

Gas Production 0.03 E*m/fd

Bottomhole Temperature 562.20°C

ATTACHMENTS:

ACOUSTIC WELLSOUMDER PRESSURE SURVEY DATA
TYPE CURVE PRE-PLOT
BOTTOMHOLE PRESSURE VERSLS TIME
CASING PRESSURE VERSUS TIME
FLUID LEVEL VERSLIS TIME
PRESSURE FILE (PAS FORMAT)
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SAMPLE COMPANY
PROLIFIC

APPENDIX 3

10001 -02-003-04WS,0 Page 3of b

DECEMBER 2011
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APPENDIX 3
SAMPLE COMPANY 10001 -02-003-04WS,0 Page 4 46
PROLIFIC DECEMBER 2011
FLLID DEFTHS AND SURFACE PRESSURES
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APPENDIX 3

PODL: GOODSANDS UL 100/01-02-003-04W5/0
WELLSTATUS:  Pumping Oil WELL NAME: SAMPLE 1-2-3-4
ucpwse: 123867 SURFACELCN.:  02-02-003.041S (DEV)
ELEVATIOMNS: FLUID PROPERTIES: TEMPERATURES:
Flly Bushing (KB): GERZ0 m Gas Gravity: 0700 Surface: 0.00 *C
Caning Flange [CF]: EE3ED il Gravity: 35.400 "API Resesvais: 62.10 "C
K ta CF: 460 m ‘Water Gravity: 1050
PRODUCTION RATES: TLRING: PRODUCING INTERVAL:
Gas: 0.03 E'mifd Total Jnints; 196,000 Top: 187845 m KB (TVD)
0il: 1.24 mifd Tubéng Bastom: 188050 m K8 (hD) 1,878.50 m KB (WMD)
‘Water: 16.46 mifd Average loint Length: G571 m Battom: 188055 m KB (TvD}
1,881.00 m KB (WMD)
Mid-Paint: 187970 m K8 (TVD}
1E79.75 m K8 (MO}
NOTES:
All caloulated depths hawe been corrected to True Vertical Depth.
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APPENDIX 3

TEST
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APPENDIX 4

ACOUSTIC PRESSURE SURVEY
STATIC PRESSURE CALCULATION

N
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SAMPLE et al ALBERTA 1-2-20-4
100/01-02-030-04W5/0
License: 0123456
Field: ALBERTA
Formation: GILWOOD
Pool: GILWOOD A

2012-JAN-30
Prepared by: MNR-Tee Anabyst
Date: 2012-Feb-02
Prepared for: BOB LOBLAW
SAMPLE COMPANY
MR-Tec Ltd,
P.O. Box 36078 Lakeveew APD, Calgary, Alberta TIE TCE
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APPENDIX 4

SAMPLE COMPANY

ACOUSTIC PRESSURE SURVEY (STATIC CALCULATION)
SAMPLE ET AL ALBERTA 1-2-30-4
100/01-02-030-04W5/0
ALBERTA
POOL: GILWOOD A
January 30, 2012

TEST SUMMARY:

# Asurface pressure and a fluid level were obtained with an acoustic well sounder instrument on 2012-01-30 at 13:20 hours to
calculate a shut-in bottomhole pressure at the mid-point of the producing interval.

# The subject well had been shut-in for 1.2 year(s) (since 08:00 on 2010-11-17).

= Since this well was shut-in for an extended period of time, the fluid in the annulus is assumed to be 100% oil. This results in a
calculated bottomhole pressure of 6,747 kPa (absolute) at the mid-point of the producing interval.

»  Assuming the annulus contains an emulsion with the water oil ratio equal to the ratio of the last measured production rates

results in a pressure of 8,236 kPa (absolute). Assuming the annulus contains 100% water results in a pressure of 8,980 kPa
{absolute].

PRESSURE DATA CALCULATIONS:

= The battomhole pressures were calculated using the following information:

Atmospheric Pressure 93.0 kPa
Formation Depth 1,737 B0m KB
Qil Gravity 40.43 “API
Water Gravity 1.050

Gas Gravity 0.780

il Production 5.16 m*/d
Water Production 11.67 m/d
Gas Production 0.14 E¥mi/d
Bottomhole Temperature 50.00 °C

ATTACHMENTS:
ACOUSTIC WELLSOUNDER PRESSURE SURVEY DATA
PRESSURE FILE (PAS FORMAT)
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Fluid Level Measurements — Benefits and Applications

APPENDIX 4

ACOUSTIC WELLSOUNDER PRESSURE SURVEY

COMPANY:  SAMPLE COMPANY FOOL: GILWOODD A LWL 100/ 01-02-030-04W 5,0
FEELD: ALBERTA WELL STATLIS: Pumping Ol WELL NAME: SAMPLE ot al ALBERTA 1-2-30-4
SHUT-IN: 2010-Nov-17 & 08:00:00 LICEMSE: 0123456
ELEVATIONS: FLUID PROPERTIES: TEMPERATURES:
Kelly Bushing [K): 650.30 m Gas Grawity: 0780 Surface: -0.60 *C
Casing Flange [CF|: G45.80 m il Gravity: 400430 “APM Reservair: 50.00 °C
KB ta CF: 450 m Wabar Gravity: 1.050
PROCUCTION RATES: TURIRG: PRODUCING INTERVAL
Gas: 0.14 E'm¥/d Total Joints: 182 000 Top: 1, 73580 mKB
0il: 5.16 mi'd Tubéing Battom: 1733 50 m KB Battom: 1,739.80 m KB
Waber: 11.67 mi'd Average loint Length: LS00 m Bid-Point: 1,737.80 mEBR
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