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INTRODUCTION:

This paper discusses and provides a number of routines codified in practical
spreadsheets that production engineers and operating personnel will be able to use to do
calculations helpful for visualizing, analyzing and evaluating common production
problems/scenarios. Using these spreadsheets will save time and increase the user’'s
effectiveness in handling various production challenges and Artificial Lift situations.

ROUTINE 1: CRITICAL VELOCITY FOR GAS WELLSATPAND T

The flowrate required to lift liquids to surface in a gas well (Critical Rate) varies with
pressure. This is important as the Critical Rate at depth may be higher than at surface.
Therefore, liquid loading may be occurring at the bottom of the wellbore despite having
sufficient rate as measured at surface. This application determines the critical rates, using
both the Turner and Coleman correlations'?, at various pressures. Please note that
Coleman and Turner’s work is based on calculating critical rate from surface pressure,
however you can refine your results by inputting BHT and BHP3 from Routine 4 below.

ROUTINE 2: TURNER-COLEMAN CRITICAL VELOCITIES WITH DEVIATION
CONSIDERED

There are many formulations of critical gas velocity in the literature. The methods of
Turner and Coleman are two of the most commonly used formulations. Turner was the
first finding critical by balancing weight of liquid droplet against the upward drag from the
gas production. Coleman did a later study and developed a new formulation for lower
pressure wellhead pressures. The formulas were similar. The Turner gives a higher
critical velocity than the Coleman. The Coleman may be more accurate for lower WHPS’
but to be conservative, many still use the Turner for critical velocity calculations. Hole
angle can also affect the critical velocity. The critical is adjusted upward by a Shell
correlation up to about 35 degrees and for steeper angles the critical velocity begins to
adjust to lower values. This correlation chart in the SS and the value of the adjustment is
included in the calculations. If the user puts in the bottom hole temperature and pressure
and the adjust for deviation, then a fairly accurate value of the critical velocity (depending
if you like the Turner or Coleman best) can be obtained.




ROUTINE 3: OIL WELL GAS LIFT PERFORMANCE

This application calculates the Flowing Bottomhole Pressure using the Hagedorn and
Brown multiphase flow correlation with a simple Vogel IPR to do nodal analysis.
Hagedorn Brown is a multipurpose correlation routine but is found to work very well for
many oil well gas lift applications. Inputs required include well test pressure, rate and
temperature; fluid specific gravities and flow path parameters. Results show how much
different amounts of lift gas will help (or hurt) your oil well including a plot of the most
commonly used gas lift optimization parameter, BOPD/MCFD Injected. This spreadsheet
can be very useful if you do not have (or cannot access) nodal analysis software which
can be costly.

ROUTINE 4: CALCULATE GAS WELL BHP

The Gray correlation* is used in this routine to calculates the flowing bhp in gas wells.
When free water is present in the well, the resulting pressure gradient in the well is
increased. Gray published this method for calculating the pressure drop resulting from
the flow of gas and water. This correlation is designed for flowing gas wells and calculates
accurate pressure profiles when liquid production is below 200 bbl/MMSCFD. Please note
these resulting downhole pressures can be used in critical rate calculations in Routine 1.

ROUTINE 5: GAS ASSISTED PLUNGER LIFT

GAPL (gas assisted Plunger lift) is a method where gas is either constantly or
intermittently injected down the casing to provide sufficient gas volume to operate Plunger
Lift. Some plunger lift installations don’t have enough formation gas to cycle the plunger,
then the operator can inject high pressure gas into the annulus of well so the Plunger in
the well can cycle. One rule of thumb to successfully operate a plunger in a well requires
400 scf/ (bbl of liquid/1000 ft of depth) to operate. Gas required to operate plunger lift is
determined using Foss and Gaul®*® calculations so there are two methods to calculate the
gas needed to be injected. The user would decide with method gives the best operation
from use of calculations.

When a plunger well cycles successfully with a given slug or liquid slug size, the well must
build to a casing pressure max during the off time. This PCmax is calculated by the Foss
and Gaul Method. If the well cannot build to this required pressure during off time, one
can visualize injecting gas during the off cycle or continuously so the well reaches a
casing pressure equal to or above the required PCmax so the well can operate. This
could be from trial and error or this SS could be used to narrow down the amount of gas
needed to be injected to get the plunger well cycling again.

GAPL is widely used to continue to use plunger lift even though the well is weakening
with time. These calculations could also be used for PAGL (Plunger Assisted Gas Lift)
where a plunger is dropped to assist liquid recovery from gas lift wells at lower gas lift
injection rates as liquid production declines.

Another not related method is to use two plungers in the one well where a plunger cycles
up and down in the top portion of the well and other cycles up and down in the bottom
portion of the well. Since the well can be considered to now allow some of the gas above
the bottom plunger to help lift the top plunger (and liquid slug) and the two plungers share



the liquid load, the two-plunger method is an alternative to the GAPL. The two-plunger
method requires a lot of wireline work and the GAPL requires a gas lift source.

ROUTINE 6: PLUNGER PERFORMANCE WITH TIME USING DECLINING IPRS’S
This routine determines operating range of plunger lift on wells as IPR declines.

The size of the slug to be lifted is input and the time required for the steps of one cycle
as well as the cycles/day is calculated. Then the total production per day is calculated
along with the max and min production per day. With the input of IPR data, the ranges of
operation of the current IPR are calculated and then it is shown on declining IPRs. This
shows the approximate range of liquid plunger production as reservoir pressure declines.

ROUTINE 7: PLUNGER FALL VELOCITY"?®

Plunger fall velocities for various plungers have been measured in many different wells in
the field and measured in a large scale well simulator. A new theoretical plunger fall
velocity model has been developed. The measured fall velocity at a specific pressure and
temperature is used to calibrate the model, and then the model can be used to calculate
fall velocity at other conditions for the same plunger or used to show how changing a
feature like plunger weight can impact fall velocity.

During the plunger cycle, enough time must be set aside when the well is shut-in for the
conventional plunger to fall to bottom through the gas and through the liquid that can be

on bottom. The General Plunger Fall Model, "= C/+/2  equates plunger fall velocity
to be inversely proportional to a constant multiplied by the square root of the density of
the gas the plunger falls through. A measured fall velocity at a specific pressure and
temperature is entered in the routine to determine the constant C. It is found that
pressure greatly affects fall velocity with low pressure wells allowing the plunger to fall
fast. When the required data is input, a plot Is generated of the fall velocity vs pressure.
This predicted data has been compared to field data by Echometer and others and the
predications are found to be accurate.

ROUTINE 8: PLUNGER RULE OF THUMB PROGRAMS®®

This program jointly from Echometer and PltechLLC can give the user insights into
optimizing the plunger lift cycle. If CP and TP at the end of shut-in period are input the
program calculates the bbls of liquid to lifted on the particular cycle. Then using the
methods of Foss and Gaul, the CP value needed to lift the slug is calculated. The plunger
fall velocity in gas and liquid is input to get the min shut in time. Using the max cycles per
day the production can be estimated. Other features are indicated in the input/output
below. This routine should help the user set the cycle and see what’s possible from the
plunger well. It has a “what if’ feature that allows the user to input the slug size without
inputting the CP and TP to see what effects on slug size on required CP and production.

These rules-of-thumb algorithms have been translated into mathematical equations as
discussed in references 6 and 7. The calculations allow the operator to estimate the rise
velocity of the plunger, the liquid slug size per cycle and time period intervals for the
plunger cycle. The algorithms are used in this routine to calculate timings for events



during the plunger lift cycle and the times are compared to key events determined from
measurements acquired at the well. Using the measured tubing and casing pressure and
plunger location during the cycle along with other well parameters as inputs into the
spreadsheet helps the operator to verify the plunger lift system is operating as desired.
Both measured plunger lift performance data and calculations from the algorithms guide
the operator to effectively analyze, adjust and optimize the plunger lift installation. This
Rule-of-Thumb routine has received wide use in the industry and parts of it have been
included in companies data collection and automation system.

ROUTINE 9: CALCULATE DOWNHOLE SRP PUMP CLEARANCE VS P AND T
Downhole sucker rod pump clearance changes from shop conditions to bottom hole
conditions due to bottomhole pressure and temperature that the pump components are
subjected to. This routine uses equations to estimate the change in dimensions of the
plunger and barrel of top and bottom hold down pumps at bottomhole pressure and
temperature conditions. The approach uses one equation for cylinder dimension changes
with pressure with appropriate inputs for the internal and external pressure (or average
pressure) for the upstroke when slippage is important and has an effect on the total
production. Examples are given for thin and heavy wall pumps at a variety of depths,
pressures, and temperatures. Corresponding production rates for the calculated
downhole pump dimensions are given. Top hold down pumps (THD) react differently than
bottom hold down pumps (BHD). This routine calculates the changes in clearances for
both types of pumps at bottom hole conditions compared to surface conditions. The
results affect pump slippage which increases with more clearance and decreases with
less clearance. Many will calculate leakage using the surface clearance but to be more
accurate, you can use this routine to estimate the change in clearance due to pressure
and temperature at bottom hole conditions.

ROUTINE 10: CURRENT AND PROPOSED FATIGUE SR ANALYSIS

Allowable sucker rod loading has been calculated for many years using the Modified
Goodman Diagram. The Modified Goodman Diagram is used to design sucker rods to
operate under cyclic loading with a fatigue life of 10 million cycles. The rods are
considered to not be overloaded if they cycle within the load limits but are considered
overloaded and should fail due to fatigue, if they exceed the maximum limit during cycling.
The Modified Goodman Diagram, MGD, method achieves a long rod life by restricting the
maximum allowable cyclic stress range to V4 or 25% of the tensile strength of the sucker
rods. Actual rod life performance installed in all well has proven the Vi factor is extremely
conservative, where sucker rods designed using MGD will never have a fatigue failure in
an infinite number of cycles. Beginning in 1998-2000 time period operators started using
a SF (service factor) greater than 1 to increase the allowable stress range limits. Typically,
in the past an operator would not want to use a SF of greater than one. Both cyclic fatigue
laboratory testing and studying beam pump operations showed that the MGD is exceeded
in operation indicating the MGD is too conservative. As a result, a new APl method was
developed with an allowable cyclic stress range to 1/2.8 or 35.7% of the tensile strength
of the sucker rods. This allows use of smaller rods (less costly) without being overloaded
in some cases. This method has not been fully issued as a new approved method of




analysis. In some cases, however, recognizing the new method, designs are now made
with SF’s of over 1 since the new method has yet to be fully recognized.

API’'s recommended practice in the past has been to reduce the limit by a using a SF less
than 1 for rods being used in a corrosive and salt water environment. The issue is no
sucker rods made today are corrosion resistant, some grades are more tolerant of
corrosion, but none are resistant. All rod grades are susceptible to corrosion (i.e., pitting,
corrosion fatigue, corrosion abrasion, erosion corrosion, sulfide stress corrosion, etc.).
Using service factors less than 1 to de-rate rod loading for corrosion is not recommended
because SF<1 forces the operator to design with larger diameter rods, not always
possible, or higher tensile strength sucker rods, which are more susceptible to corrosion
pitting.

A comparison of using the MGD and the new proposed APl method is done in this
routine. One can see for instance when a SF of over 1 is used, when stress may be
acceptable with the new method and when the new method would say the rods are
overloaded.

ROUTINE 11: VISUALIZE PUMP DYNO CARD LOAD WITH INCOMPLETE FILLAGE

Incomplete pump fillage is often associated erroneously with a “pumped-off well”,
meaning that the pump displacement exceeds the production capacity of the reservoir,
ignoring the fact that there are two other causes of partial liquid fillage: gas interference
and the presence of a flow restriction or excessive pressure drop at the pump intake. The
result of a misdiagnosis is to incorrectly set the mode of operation of pump-off controllers,
variable speed drives or timers thereby losing significant amounts of production. One of
the main causes of inefficient rod pump operation is incomplete liquid fillage since this
causes a reduction of the effective plunger stroke thereby reducing displacement at

pump.

Assuming that the standing valve is operating normally and there are no restrictions to
fluid flow from the wellbore into the pump, the pressure inside the pump barrel during the
upstroke is slightly less than the pump intake pressure by the frictional pressure losses
due to the flow. These losses are generally of the order of 5 to 10 psi for water and low
viscosity oils. The pump intake pressure is determined by the pressure that exists in the
annulus at the depth of the pump seating nipple and is directly related to the gas-free
liquid pump submergence and the casing head pressure. The pump discharge pressure
is the pressure that exists at the bottom of the tubing and is equal to the sum of the tubing
head pressure plus the pressure due to the column of fluid in the tubing down to the top
of the traveling valve. The tubing fluid is a mixture of oil, water and gas and its gradient is
normally computed from the density of the produced oil and water mixed in proportion to
the well test water-oil ratio.

This routine allows pump dyno cards to be visualized vs. discharge pump pressure. This
is of assistance when trouble shooting a well and also when showing or teaching how a
pump dyno card height changes with discharge pressure.



ROUTINE 12: MAX RATE FROM PUMPING USING IPRS

In addition to calculating the inflow performance of a well using the Vogel, Petkovich
(Backpressure) and Productivity Index methods, this application determines the minimum
expected pressure at the pump depth which equals the weight of a column of gas plus
the surface pressure. This will result in a better estimate of the maximum expected
production rate one can expect from the well. A single well test (production rate at the
estimated bottomhole test pressure) is required in addition to an estimation of the static
reservoir pressure.

ROUTINE 13: SRP PUMP SPACING

This routine estimates the amount of rod lift or spacing when setting a pump so it will not
hit down when it starts to pump and the rods extend in length as the pump is loaded and
pumping begins. This is for steel rods, with an anchor and is an estimate. Add some extra
to the answer for a safety factor.

The program would be more accurate if the extension of the bottom of the rod were
predicted by a wave equation but for now an approximate value is used from an earlier
method of rod design which is shown in a separate tab.

One should monitor how well the program predicts reality but it has been showing to give
good estimates.

Industry rules for steel rod spacing are for steel rods 24” spacing for wells up to 4000 ft
deep and then an additional 6 inches for each 1000’ in depth. For FG rods rod spacing
(RPS = (.9*FL/1000) + (2*SND/1000).

Other approximate rules may exist. Industry may err on the high side for safety, but this
will limit gas compression ratio in the pump and could result in premature gas interference.

ROUTINE 14. ESPS PERFORMANCE WITH IPR AND GAS

This routine estimates the lowest pump intake pressure that an ESP can achieve based
on the gas separation that is used, natural, rotary or tandem. As the intake pressure
drops, the gas volume fraction at the ESP intake increases and the pump will reach a
point when it falls off its operating curve due to its inability to handle the gas. This limit
can be estimated based on the Dunbar'! factor which is calculated based on the GOR
and fluid characteristics. This estimate is very useful in explaining why ESP’s cannot
achieve low intake pressures in high GOR wells.

ROUTINE 15. GAS WELL GAS LIFT

Gas wells can flow until the gas rate drops to low values (below critical) and then they will
load up and flow at a lower rate or quit flowing. One can try a small tubing (velocity string),
plunger lift, pumps or chemicals. Or one can gas lift the gas well which can be thought of
as adding gas to the produced gas stream with a gas lift system to get the well producing
at a high rate again.




This routine shows what the tubing performance curves look like when gas is added and
adding gas to the stream may increase production up to a point and when too much gas
is injected friction will cause the gas injection to have diminishing returns on the
production. The nature of the tubing performance curves is summarized in a Gas-In/ Qil
(or liquid) -out curve. The peak production on the gas-in/liquid-out is the maximum
production that can be obtained for the descriptive input for a particular case assuming
no limits on lift gas available. The gas-in/liquid-out is used throughout the gas lift industry
for gas lift with oil wells and in this case for gas wells as well. Once the rate of gas is
determined, then the well can be worked on further with other programs to space and
pressure a string of gas lift valves to achieve the production selected from the gas-in/oil-
out curve. The Gray multiphase flow correlation is used which works well for many gas
wells producing some liquids.

This routine also serves to estimate performance from lower surface pressure or smaller
tubing.

ROUTINE 16: GAS LIFT PRESSURE TRAVERSE ANALYZER

A pressure/temperature survey run in a gas lift well is a critical tool to diagnose
performance and make production improvements. This application takes information
from a pressure/temperature survey, plots it with valve parameters to identify which
valves are taking gas and determines the amount of gas being injected.

ROUTINE 17: GAS LIFT VALVE PERFORMANCE

The performance of a gas lift valve is calculated and illustrated by plotting the flow through
the valve vs. the ratio of Pt/Pc. Curves for different values of Pc are plotted. It shows that
for the higher Pc values, the valve approaches fully open and the pressures push more
through the valve.
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FIGURES:

Output Figure for Routine 1: Critical Velocity for Gas WellsatPand T
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Output Figure for Routine 2: Turner Coleman Critical Velocities with deviation
considered
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Output Figure for Routine 4: Calculate Gas Well BHP
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Output Figure for Routine 5: Gas Assisted Plunger Lift

Pressure to Support Plunger Wi, psi
Tubing Line Pressure, psi

. min when slug hits surface=
Casing ID, in
Tubing OD
Tubing ID

Pcsg,max (51) reg'd to lift slug . psigl
Input actual well bblfmmscf

Rise Velocity fpm

Fall Velocity through gas, fpm

Fall Velocity through liquid, fpm
Length of 1 bbl of gas lig

Length of gassy 1 bbl of lig=

Tavg of well, F

APl of condensate

SpGr of liquid=

Pla, MsclD

CP, Xtra Gas Needed for GAPL, vs Slug Size

300.0

250.0

200.0

150.0

100.0

—s—Pcmax ——Xira Gas needed, 400

E——
05 07 08
Htra Gasto operate

Psia, Mseld

Gas Supplied, Gas Needed

]
0
0
0
50
a0
30
20
10

o

02 o3 [¥ os
Slug Size bbls
—+—MsciD From Weell —s— 300 rule neadad macfd

0.6

MsciD to Dparate

T 3 ™ T u T T 3 T
White background calculated, red input Pomay  HiraGasnesded, 400 HiraGastooperste  Cyfdsy  CF/Cycle available from el
INPUT AND CALCULATED RESULTS 025 2320 7.9 0.6 26731 282
1-23/8", 2-2.7/8". 3-3" Tubing 0375 2448 258 642 25,7541 42
From above 05 2871 13z 582 24546 563
From above , 0625 2687 401 526 239998 04
Depth to bumper spring, ft 07s 2823 465 474 232093 845

Output Figure for Routine 6: Plunger Performance with Time
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Input and Output Figure for Routine 7: Plunger Fall Velocity

James F. Lea & Lynn Rowlan Plunger Fall Velocity Model
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Output Figure for Routine 8: Plunger Rule of Thumb Program
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Output Figure for Routine 9: Calculate Downhole SRP Pump Clearance vs Pand T

Inputs in yellow
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Bot Dia

0.7
0.6 Figur
07515 At padins, r the vessel
200
1200
30000000 With Temp
00001631 (00001632
15033262 15037502

formation of th
a displacement,

indrical pressus

in the radial direction) when loaded.

TOP HOLD DOWN RESULTS
Aijritial= 0.00707206 72 Change
Afinal= 0.00784582  10.94
Initial Clearan

0.27 Eottorn Cleara 0.00332593

075

0.4375

700

1200
30000000 *with termp effects below
1197E-07  1198E-07
15000002 15004232

Output Figure for Routine 10: Current and Proposed Fatigue SR Analysis

INPUTS IN YELLOW
INPUT CASE TO ANAYLZE
Input Rod diameter, in 0.875 Inch .
Input Max Load, Ibs 27000 Ibs OIdl New GOOdman Wlth SFIS
Input Min Load, |bs 12000 Ibs 70000
input Tensile,T 115000 psi
Input SF ;kj,mb, dim'less 60000
* Smin actual = 19966 psi
* Smax actual= 44924 psi _ 50000
% allowable stress range, old 125 dim'less 3.
% allowable stress range, new 87 dim'less ﬁ 40000
5

eSmax allowable, old = (T/4 +.5625 Smin)SF psi 30000
eSmay, allowable, new= (T/2.8 +.375 Smin)SF psi

20000
Smax, allowable, old 39980.99 psi
Smax, allowable, old 48568.74 psi 10000
Input SF one WRT to old Goodman 0.95
Input SF two WRT to old Goodman | 1.10 0
Input SF three WRT to old Goodman 1.35

e Smin === Old Smax New Smax - - - 0.95 110

135




Output Figure for Routine 11: Dev Visualize Bottom Dyno Card Load Release P

PLTech LLC
Copyright ® All Rights Reserved Note: Gas starts at zero (X) for all intake pressures

Confidential

INPUT

Gross Stroke 133

Net Stroke (>17% of Gross) 88 )

Gross minus Net Stroke 4 a5 Bottom Dynovs PIP and Fillage

k, ratio sp ht 13 s000

Pump Discharge P "1923.3 200

Pump Dia 1.75 3 =

Area Pmp " 240 g 00

Input PIP One 666 i

Input PIP two 444 3 2500

Input PIP three 333 :‘E 2000

Input PIP four 222 3 1500

Input PIP five 111 = 1000

Input Depth 4675 500

Input Tubing Gradient, psi/ft 0.39 s

Input WHP 100 -100 -80 -60 -40 w :0 . 0 20 40 60

Bottom rod diameter 0.75 o e

Correction if below 1 or 2 g 0 ——666 ——a4 33— m

Input 1 for Effective Force, 2 for Tru 1

Pd= " 192325

Output Figure for Routine 12: Max Rate from Pumping using IPRs

IPR @ Intake: Max Rate for Pumping Wells

4500
4000 -
3500 ~~
- - 3000 \\§\\ Vogel, psig
2500 \\\ —— Back Press
2000 \\ n=1
1500 —PI
1000 N

500

0 . . = AN

0 50 100 150 200 250

psi

Pressure

BPD




Output Figure for Routine 13: SRP Pump Spacing

INPUT Spacing Load Change, lbs
Rod Size D, in Arodsgin L of each size Pump D Fid Ht Change Stretch, in 5472
0.625 0.307 0 1.75 linitial to Pumping 0.00 OTin
0.750 0.442 2000 API 6000 9.91 ) 13.79
0.875 0.601 2000 30 (Estimate) 7.28 Thermal Effects,in
1.000 0.785 2000 SL, surface Initial avg rod 5.58 2.06
1.125 0.994 0 144 temp in Well, F 0.00 Pmp'd off
1.250 1.227 0 SPM 120 0.00 F
1.375 1.484 0 11 Avg Well Temp, F 0.00 1.25
1.500 1.766 0 169.1 0.00 Spacing Min, in
22.78 15.85

Output Figure for Routine 14. ESPs Performance with IPR and Gas

Vogel Number:
2500 VOQEI lPR W/Wo gas Volumes .2=Vogel , 1=PI, < than .2, < Q than Vogel , >.2 better than Vogel
Y Flow efficiency is assumed to be 1.
Test BOPD
2,000 Test BWPD U Input
— Vogel Number
a8 Ptest, psig (] Input
0.1,500 SIBHP, psi pr¥¥linput
— Gas Gravity UK Input
2 BHT,F
01,000 API
E GOR, scflbopd Ll Input
Q. Separation %
500
S~ o % Oil VRl Calculated
S = m e o Water Fraction LIN:74 Calculated
o Qtest,BFPD y(i[] calculated
0 500 1000 1500 2000 2500 Qmax ,BFPD ¥4:14 Calculated
Pb, psi FIEEN Calculated
= =Vogel with Downole Gas Vogel Plot Pl, bpd/psi [ K:{*¥] Calculated
SpGr Oil [1X:[3] Calculated

Output Figure for Routine 15. Gas Well Gas lift

Feasibility of Gaslifting Gas Well

Tubing Performance with Gas Injected Reservoir Qgas vs MMSCFD Injected
1200
100 | 0.0810
= 800 \“\ ‘g 0.0805 -7\"‘\
2 | 2 0.0800 S
= e \"‘\\ % 00795 |/ S
B oy e < 00790 / R
e == = ‘g o.0785 | / -
200 \ § o0 \
0 k) &  oo7rs b
0 0.05 0.1 0.15 0.2 0.0770
X Scale is Rate, Mscf/D...below values are gas injected 0 100 200 300 400 500 600

—2 55 155 444 —555 —IPR MscfD Injected near bottom of tubing




Output Figure for Routine 16: Gas lift Pressure Traverse Analyzer

PITRNTIC

Copyright ® All Rights Reserved Click X or Y Axis to Use XLS to change scale
Confidential
5.0 7.0 9.0 110 13.0 15.0 17.0

—Pi@Lx 100,Psig

= Ppmin x 100,Psig
Pact x 100,Psig

am—Survey Temp x 10, F

4000 T

6000 |.

Depth, ft

8000

10000

12000

Output Figure for Routine 17: Gas lift Pressure Traverse Analyzer

1400 Valve Performance Curve
T
1200
1000 [——Pcl,psi=875
—=—Pc2, psi= 900
——Pc3, psi= 925
800
Pc4, psi= 950
a
5 —#—Pc5, psi= 975
g 600 -
= —8—Pc6, psi= 1000
o
—+—Pc7, psi= 1400
400 o Port Size 0.250 in
T Bellows Ab0.77
" in2
200 Bellows Pbt850
\ Si
i} | —=—E5ad Rate LR 500
- ) Esiiin §
0 Y | ——Gas Gravity Gy
! 410 @00
01 0.2
-200
PUPC




