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Using the Wellbore as a d/p
Meter to Calculate Gas Rate

Based on APPEA Journal Paper, 2015
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ODSI Software Features

» Use DHPG and free gauge to
calculate the gas rate

» Calculate the pressure at any
point in the wellbore using the
calculated gas rate

» Rate validation if flow meter is
present



ODSI| Additional Features

» Automatic Pressure Transient Interpretation
» Skin

» Permeability

» P*/Pres

» Productivity (PI)
» Automated Static Material Balance (P/z)
» Automated Decline Analysis

» Connected and Mobile Reservoir Volume
Calculations



Gas Rate Calculation Process
and Theory




We

Major Cormnr
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llbore Fl

Uid Flow Model

ponents:

» 1.PVT - Accurate prediction of properties of the
wellbore fluid as a function of temperature and
pressure

» 2. Wellbore Flow Path
» 3. Dynamic phase-thermal model

» Calculation or prediction of the temperature at any
point along the wellbore as a function of flow rate,
time and fluid properties



Results of ODSI Flow
Modeling

» Determination of the pressure drop in the
wellbore, given a rate

» Determination of gas rate given a pressure drop

» Calculation of mid-completion (or “sweet spot”
for horizontal wells) Boftomhole Pressure

» Calculation to mid-completion BHP prevents the
overestimation of skin and perm by accounting for
head and friction below the pressure measurement



Wellbore Fluid Model

Components

vV v v VvV VY

Continuity equation

Peng-Robinson — Peneloux Equation of State
Mechanical Energy Balance

Boundary Layer Disruption

Modeling Heat Transfer through WB
warming/cooling via conduction, convention
& forced convection

3-Rate (or more) Test to tune thermals and
friction



Conftinuity Equation

» Law of Conservation of Mass (0™ law of Thermodynamics)

» Volume of fluid entering the pipe should be equal 1o
the volume of fluid leaving the pipe

» Assuming constant fluid composition and neglecting
compressibility

pA1v, = p Az,

If continuity fails, the well is loading



Peng-Robinson-Peneloux
Equation of State

» Defines relationship between the fluid’s
thermodynamic and physical properties

» Thermodynamic properties: pressure, volume,
temperature

» Physical properties: density, viscosity,
conductivity, heat capacity, fluid fractions,
efc.

RT a(T)
Vm—b Vm({lm+b)+ b(Vm —b)

P =



Mechanical Energy
Balance

» 15t Law of Thermodynamics:

» For slightly compressible fluids, including friction and
losses at changes in the flow path,

Al( 2) + Ah+jp2dp+w+z e +z ), — 0

» Where:

» 1 —Kinetic Energy, 2 — DP due to gravity, 3 — pressure
drop, 4- shaft work, 5— pressure loss due to friction and
boundary layer disruption, 6 — potential energy
changes due to pipe angle changes



Mechanical Energy
Balance

» For predominantly gas-phase natural flow

» neglecting insignificant terms, i.e.
everything except for friction and head
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Mechanical Energy
Balance

» Bernoulli equation for gas phase flow

» Neglect all pressure losses except friction and
head loss

» After PTM and rate comparison re-arrange
the MEB to solve for gas rate

ZRT 32f; [TP z
dP+{£Sin9+ Ui [ SCQZ”dL=o

MWgasP ge m?gcD> | P T



Boundary Layer Disruption

» Boundary Layer Disruption

» Due to non-ideal connections (extra pipe
dope extruding into the flow path)

» Additional frictional losses




Friction and Boundary

Layer

Disruption

» Boundary Layer Disruption

» At effective ID and pipe material changes

» Mistakenly perceived as pipe friction losses

» Pressure drop calibration under constant fluid
composition flowing conditions

» Perform Multi-Rate Test

» Effective friction factor can be back-calculated



Modeling the Heat
Transfer

» WB Warming/Cooling via Conduction, Convection
and Forced Convection

» As warm fluid enters the WB from the reservoir and flows
to the surface, heat is then transferred from fluid to WB,
casing, cement and formation

» Heaftf Transfer Models

» Conduction ' ¥ Conduction Convection

» Free/Natural Convection

Radiation

» Forced Convection

S Nelellelile]a




Heat Transfer: Ambient
Effects

» Ambient Effects have 1o be considered

» Heat transfer from the surrounding environment

» All 4 heat transfer models can be modeled by
conducting a 3-Rate Test

» Create a series of equations for individual
mechanism/component

» Generate overall heat transfer coefficient

» Tune with real well temperature data to improve
accuracy



Phase Thermal Model
(PTM)

>

Combination of EOS and Dynamic Heat
Transfer

Solution matrix for the various components of
heat transfer

Initial estimate for friction factor

Thermal profile is generated as a function of
rate and time

When calculated DHG matches measured
DHG temperatures the frictional component
can be tuned to the measured rate



Tuning

‘he Phase-Thermao

Model

Jsing a 3-Rate Test



3-Rate(or more Test)

» Procedure:

» Build EOS and tune the density and composition
with a stafic pressure survey

» Then flowing data can be simultaneously tuned for
thermal profile and friction

» Thermal profile can be generated as a function of
rate and fime and fluid properties



Thermal History Match:
3 — Rate Test

Oilfield Data Services Inc.
Date created : 10/17/2015 3:03 PM
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Fine fune the PTM to ensure that the converted downhole gauge
pressures match the history of the data set




Thermal History Match:
3-Rate Test (Zoom 1)

QOilfield Data Services Inc.
Date created : 10/17/2015 3:03 PM

| | | | | | | |
1 Mon
Aug 2011 Date - DateTime




- -

o
=t
(=2

Date - DateTime

=
(=T
I~
-
o~
um
—
=1
o~
-—
=
o~
2 d
L]
e
=l
P
-
m
@
—
o
et
)
m
o

8]
=
—
v
@D
O
i
@
(93]
8
(18]
[
e
@
=
O

tory Match

:
1S

B T T papep R X 3

s \VHPCOIT ===== BHP at DHG De

1 1
=L+ J-CtJ_ -1 3 'Lt j_ L J_0_1 'L 1 | L

2500+
20001
10004

5001

3
-
O
O
d
1%
O
=
O
e
O
X
3

Thermal H

29 Fri Jul 2011

I
=
=
e
~—

VIS

o




3-Rate Test Example

Additional Features:
Automated Well Test Analysis

[ Inputs | summary | outputs|

Summary |paU oo [ PrafProductivity [ HC volumes [Pz | Derivative | oilwaterRates | analysis Events |

Test
Length
Hours
19Jul2011 19:12:00 29Jul2011 06:59:13 227.79 PBU NalN 2671 NaN
291ul2011 23:14:13  30Jul2011 06:44:49 7.51: 2-Rate. 2386 1823 -45.18

09Aug2011 08:57:37 03Sep2011 10:56:44 601.99 PBU 1712 2610 B : -20.95

Test WHPi WHPF DPs/Q
Type psia psia psi/MMcf

Start D/T End D/T
ddMmmyyyy hh:mm:ss | ddMmmyyyy hh:mm:ss

Qilfield Data Services Inc. Qilfield Data Services Inc.
Date Created: 10/24/2015 3:25:01 PM Date Created: 10/24/2015 3:25:01 PM
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_'Au’romo’ric Well Test Analysis for skin, permeability, P*, Pl etc.




3-Rate Test Example
Additional Features: Automatic Well
Test Analysis Example

DMS #1 dhg depth - PBU - Cartesian

Qilfield Data Services Inc.
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3 — Rate Test Example

Additional Features: Automatic Well
Test Analysis Example

DMS #1 dhg depth - PBU - SemilLog

Oilfield Data Services Inc.

1_—— Qut BHP S— M1{y=192.5%og(x)}+271T) —— P1(y=202 E“Ingxx]+2'.'l1ﬂ 5)
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Automatic Well

Test Analysis Example

Additional Features
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3 — Rate Test Example
Additional Features: Productivity

ac File Memory Analysis  Plot View Tools Help

| nputs | Summary | Qutputs |

Summary | PBU |E)D PTA/ Productivity |HC Volumes | Pz I Derivative I CilWaterRates | Analysis Events |

Initial Pres (PSIA) 0
Last PBU DPskin/Q (PSI/(MMCF/D)) -20.95 09/03/2011 10:56:44
Last DD DPskin/Q (PSI/(MMCF/D)) -45.18 07/30/2011 06:44:49
Last P* (PSIA) 3349 09/03/2011 10:56:44
Last Productivity Q/DP (MCF/D/PSI) 277 08/09/2011 08:57:37
Last TTA (PSI/(MMCF/D)) 36.05 08/09/2011 08:57:37

Qilfield Data Services Inc. Qilfield Data Services Inc. 7/30/2011 15:44:36, 38.369
Date Created: 10/24/2015 3:25:01 PM Date Created: 10/24/2015 3:25:01 PM
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Thermal History Match:
3-Rate Test Summary

» Perform a 3-Rate Test (or more)
» Flow at different rates
» Tube PTM to match DHGP conversion
» <% 1 calculation error

» Additional software features;

» Automated well test analysis for skin, permeability,
PI, P* (PBU), Productivity Index etc.

» Automated Static Material Balance (p/7)

» Automated Decline Analysis for hydraulically
connected and mobile HC









Case Study |1

» North Sea
» Dry gas

» High resolution subsea free and downhole
gauges
» Multiple wells produce to central host facility

» Total field rate is known; individual well rates are not
known

» Downhole gauge is significantly higher than the
completion depth



Case Study |1

» Consider initial data (Well 1 is producing only)

» Allowed direct comparison of platform measured
gas rates vs d/p wellbore calculated gas rates

» Tune gas composition by using the pressure
difference between downhole gauge and
subsea tree gauge during shut-ins

» Tune friction using several stable flow rate points
» Generate PTM using the same data
» Calculate rates using the modified MEB

ZRT g BT rE,
dP + {—Sinf + ——Q0Z| ;dL =0
MWygsP {gc moT T2g. D8 ’P o




Case Study 1 Results

Measured vs. Calculated Gas rates

Case Study #1 Well 1
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Case Study |
Additional Features

» Automatic Well Test Analysis

» The software recognizes new transients (DD/PBU/
Multi-Rate Tests) and analyzes them for skin,
permeability, DP skin, Productivity Index etc.

» Automatic Static Material Balance (p/Z)
» In-place HC Volume
» Automatic Decline Analysis

» Hydraulically Connected and Mobile HC volumes



Case Study |1

Additional Features: Productivity
and Inverse Productivity Plof

ol File Memory Analysis Plot View Tools Help

Inputs | Summary | Qutputs |

Summary | PEU | DD PTA/ Productivity |HC Volumes | Pfz | Derivative | OiWaterRates | Analysis Events|

Initial Pres (PSIA) 0
Last PBU DPskin/Q (PSI/(MMCF/D)) 6.44 12/01/2010 16:09:00
Last DD DPskin/Q (PSL/(MMCF/D)) -5.69 11/18/2010 21:45:00
Last P* (PSIA) 3371 12/01/2010 16:09:00
Last Productivity Q/DP (MCF/D/PSI) 3.86 11/27/2010 11:09:00
Last TTA (PSI/(MMCF/D)) 258.94 11/27/2010 11:09:00

Qilfield Data Services Inc. Oilfield Data Services Inc.
Date Created: 10/24/2015 6:49:18 PM Date Created: 10/24/2015 6:49:18 PM
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Case Study |1

Additional Features: Automated Well
Test Analysis

mmary _Outputs |

Start DJT End D/T
ddMmmyyyy hh:mm:ss | ddMmmyyyy hh:mm:ss
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Oilfield Data Services Inc. : 2 Oilfield Data Services Inc.
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Case 1

Additional Features: Static Material
Balance (p/Z)

GIP SLD @P=0 IP SLD GIP P/z @P=0 GIP P/z GIP P/z geo GIP P/z geo
)P @P/z|ab=15 =0

Qilfield Data Services Inc. 41.976, 7970.661 Qilfield Data Services Inc. 12/14/2009 20:43:04, 97.406 *
Date Created: 10/24/2015 7:42:25 PM Date Created: 10/24/2015 7:42:25 PM
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Case Study |1

Additional Features: HC Volume
Before Water Mobilization

oy Fle Memory Analysis Dlot View lools Help

Tnputs | Summary | Gutputs |

| summary [PBU_ | DD | PTA/Productiuity | HC Volumes | P/2 | Derivative | GivaterRates | Anslysis Events |
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Case Study |1

Derivative Plot

Additional Features
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Case Study 2

» North Sea subsea field
» Wet gas
» 2 wells are tied-back to the host facility

» Combined flow rates from both wells are
measured at the host facility

» No subsea flowmeters



Case Study 2

» Initial density tuning was done using PBU
following the flowback/initial completion test
and compositional analysis

» Initial friction factor was acquired from DP WB
during flow tests

» Further friction tuning was required due to the
well clean-up

» Initial thermal model was generated



Case Study 2

» Well 1 was brought on-line and flowed at
several different rates. Then clean-up was
confirmed and the well was shut-in

» Well 2 was then brought on-line, flowed af
several rates, cleaned-up and shut-in

» When both well models were funed, Well 1
and Well 2 were brought on-line together

» Sum of the calculated d/p rates from Well 1
and Well 2 matched host platformm measured
rates.



Case Study 2 Results

Case Study #2
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Case Study 2 Results

» Individual tuning of the wells to live match measured
platform rates

» When both wells were brought on-line together, sum of the
calculated wellbore DP rates was compared to measured
platform rate

>

< 1% error

» Benefits of DP wellbore rate calculations

>

>
>
>

A\ 4

Assists in diagnosing errors in allocations
Detects onset water production
Detects change in gas composition during shut-ins

If flow meter fails, DP wellbore calculations can be used on its own to
determine the rate

Does not require additional equipment installation

Low-cost investment



Case Study 2

Additional Software Features

» Automated Pressure Transient Test Analysis

» The software recognizes new transients
(DD/PBU/Multi-Rate tests) and analyzes them for
skin, permeability, DP skin, Productivity Index etc.

» Automated Static Material Balance (p/Z)
» In-place HC Volume
» Automated Decline Analysis

» Hydraulically Connected and Mobile HC volumes



Case Study 2

Additional features: Automated Well
Test Analysis

[ Inputs | summary | utputs |

" summary [reu[oD

I PTA/ Productivity | HC Volumes | Pfz

| Derivative | QilWaterRates I Analysis Events|

Test

Length
Hours

Test
Type

WHPi
psia

WHPf
psia

DHGPI
psia

DHGPf
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BHPi
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BHPf
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Mcf/D
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Graph Link
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Case Study 2

Additional Features: Productivity and
Inverse Productivity Plofs

Inputs | Summary | utputs |

Eymmary | PEU |I:ED PTAf Productivity |HC Yolumes |P,.’z | Derivative I QilWaterRates |Ana\ysis Evemsi

Initial Pres (PSIA) 0
Last PBU DPskin/Q (PSI/(MMCF/D)) 6.12 09/15/2014 22:20:19
Last DD DPskin/Q (PSI/(MMCF/D)) 9.17 07/28/2014 22:22:34
Last P* (PSIA) 2789 09/15/2014 22:20:19
Last Productivity Q/DP (MCF/D/PSI) 4.49 09/24/2014 14:26:49
Last TTA (PSI/(MMCF/D)) 222.89 09/24/2014 14:26:49

Qilfield Data Services Inc. 10/3/2014 5:35:07, 86.566 Qilfield Data Services Inc.
Date Created: 10/24/2015 8:15:25 PM Date Created: 10/24/2015 8:15:25 FM
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Case Study 2

Additional Features: HC Volume

[ 1puts | summery | outputs|

| summary [PBU  [DD | PTA/Productivity | HC Volumes |pfz | Derivative | OiaterRates | Analysis Events

Qilfield Data Services Inc. 9/26{2014 21:15:35, -0.845 ~ Qilfield Data Services Inc. 1/24{2014 15:45:56, 26.898
Date Created: 10/24/2015 8:15:25 PM Date Created: 10/24/2015 8:15:25 PM
oy 5|0 = Cony Vlc = TTA S0 ==== TTA\[ wee—m GP == R[R mmmm Cony SLO+GP === Cony VC+GP === TTA S|D+GP === TTA Vc+GP

T
Jan 2014
Date-Time




Case Study 2

Additional Features: Static Material
Balance (p/Z Plot)

| Summary | PEU | ] | PTA/ Productivity | HC Volumes | Pfz iDerivaﬁve | QiviaterRates | Analysis Events|

Date Time

Gas
Produced

PBU
Duration

Pres

z-Factor

GIP SLD @P=0

GIPSLD
@P|ab=15

GIP P/z @P=0

GIP P/z
@P/z]|ab=15

GIP P/z geo
@P=0

GIP P/z geo
@P/z|ab=15

m Pres

MM/dd/yyyy HH:mm:ss

BCF

HOURS

PSIA

dimless

BCF

BCF

BCF

BCF

BCF

BCF

PSIA/BCF

01/01/0001 00:00:0
08/18/2013 00:10:5

1.093
1.093
1.063
1.052

122 0.849 5164 11.050

Qilfield Data Services Inc.
Date Created: 10/24/2015 8:15:26 PM

[(®]1pjz [&]Pres W] P/z(short) [¥] Pres(short) wesssss |ingarPjz e |jnear Pres

Geo _====P/1Geo_=====Pjzph mmmmmpah ____
r I I o

Qilfield Data Services Inc.
Date Created: 10/24/2015 8:15:25 PM
m— Cony SLD4+GP == Cony \VC+GP =ess—— TTA S| D4+GP == TTA VeGP

T
Jan 2014

Date-Time

[ Auto Restart

[ seprcdion |




= mm  w m p m = — = =
gt il a e ghefom o o) pnstorhl s, giag ey
T YT TTTITTTrET T
=== =k =k

3 et e Sk, S
= = o

y¥¥O9"r"
e N o e ]
[N wy_ s
lluIT-u_.'lu_.l#l*lu_l
7 TR B, ) 1
B T e e e e
“Fra- :

a

Plots

ve

Derivat

dedesbdalcksssscscsdasascskascskasdcsdakdalcslessascscbe===lc=cl=k=k-

[]
=

1
C
| i R
t T

(4]
=
u
@
=
&
@
)
3
1]
]
=
@
—
O

=1
(=]
o
E
LIy
o
-
E
o
=
=
il
]
E
=
i

= -

Delta Time - Hours [Start : Sep-07-2013 17:56:07]

-

i g
o

|
=]
=l b =i gy =
el e L L e e e i T e e e A e Y
i
5

= -

Derivative
= ==

S

e e o e e N e
77 [ ]

LM

=]

| BRI FECRR

=
L3
e R g e

Lot

BRI S e
- owm oms omomm s
i s v s P i i il " s i

S SRy e Y p——

mssssskhsscsda=sda=
memssshessdaad=a=

- ==

L2

- - -~ -

Case Study 2
Additional Features







Case Study 3

» North Sea
» Gas Condensate Well
» Wellis equipped with mulfiple gauges
» Tree gauge
» Middle downhole gauge
» Lower downhole gauge
» Objectives:
» Validate rate

» Validate middle and lower downhole gauge
pressures

» Perform well test analysis



Case Study 3

» Used shut-in data to calibrate PVT (gas gravity
and condensate yield)

» Used tree data and middle DHG data to calibrate
frictional pressure losses

» Used tree gauge and lower DHG data to confirm
production rates

» Analyze well test using
» WHP
» Middle gauge pressure
» Lower gauge pressure
» Mid-completion BHP






Case Study 3 Results

Oilfield Data Services Inc.
Date created : 8/7/2014 11:06 PM

_| e \WHP s U-DHGP L-DHGP ==

TTTT

TTTT

TTTT

| |

1 1]

|

i b

TT

I e o [ ot e 1] et | ] i ey o ey e ol I P R 1) o o] (ST o i

Jan 2010 Date-Time - DateTime

Measured Qgas vs. calculated Qgas (green and dark green
respectively on the plot)




Case Study 3 Results
Rate Comparison Plof

Qilfield Data Services Inc.
Date created : 8/7/2014 11:06 PM

s \VHP === U-DHGP =——m=m L-DIHGP Qgas wm mmmmm (gas Copy

Ll
Py U
1

1
L
1
1
1
L
1
1
1
L
1
1
1

-—-

dm s odacaadacaacadaceldoeoekdeeekao

n—t-

Date-Time - DateTime

<1 % error in the Gas Rate Calculations (green — measured gas rate,
dark green — calculated gas rate)




Case Study 3 Results

Rate Comparison Zoom Plot

Oilfield Data Services Inc.
Date created : 10/24/2015 7:38 PM

=== Qgas Copy mmmmmmm 30utQgas

TTTT

-

TTTT TTTT

TTTT

[
31 Thu
Dec 2009 Date-Time - DateTime

<1 % error in the Gas Rate Calculations (green — measured gas rate,
dark green — calculated gas rate)




Case Study 3
Pressure Comparison



Case Study 3

Pressure Comparison Results

Oilfield Data Services Inc.
Date created : 8/8/2014 12:08 AM

s \VHP Copy U-DHGP Copy ~wssssmm |-DHGP Copy wesssmm 30utTOCP s 30utMOCP —essmmm 30utBOCP

IIII*

I%II

Jan 2010 Date-Time - DateTime

Pressure can be calculated at any point in the wellbore (top of
completion, mid-completion, bottom of completion depths)




Case Study 3

Pressure Comparison Results Zoom

Qilfield Data Services Inc.
Date created : 8/8/2014 12:08 AM

U-DHGP Copy. __—_L-DHGE’_C_Opy__? aQutTOCP  e=mmm=m 30utMOCP _ sessssm 3QutBOCP
; | 2 | || : wv-l“wl’m 1 1

i o (5

|
|
o

2B URE

1
1
1
1
1
1
1
1
1
1
1
-
1
1
1
1
1
1
1
1
1
1
e T Rl et Sttt sl
1
1
1
1
1
1
1
1
1
]
[
1
1
1
1
1
1
1
1
1
-
1
1
1

TITTS

_I_

= | |

[ [ [ [ [ [ [ [ [ [
29 Tue 30 Wed 31 Thu 1 Fri 2 Sat 3 Sun 4 Mon 5Tue 6 Wed 7 Thu
Dec 2009 Date-Time - DateTime

Accurate Pressure conversions (< 2 psi): top of completion, mid-
completion, bottom of completion)

8 Fri




Case Study 3

Pressure Comparison Results Zoom Plof

Oilfield Data Services Inc.
Date created : 8/8/2014 12:08 AM

— WHIP Copy U-DHGF: Copy — L-DHGP ICopy — aOutTOCPI s BPUMOCP — aOutB'OCP

2860 -

| | | | | |
27 Sun 28 Mon 29 Tue 30 Wed 31 Thu 1 Fri
Dec 2009 Date-Time - DateTime

< 2 psi error for pressure conversion




Case Study 3
Well Test Analysis Results
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+3135)
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momme 3OutTOCP  wmm mm WHP Copy

21.32*log(x

= T AT

Date created : 9/2/2014 2:57 PM
DT1 - HOURS

Oilfield Data Services Inc.
=== U-DHGP Copy === 30utMOCP === 30utBOCP

m— M2(y=26.54*l0g(X) +3257)

13.334*log(x) +2993)

29.85*log(x) +3398)
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WHP/Tree Gauge
PBU Semi-log Analysis

0,085, 2566.625

Qilfield Data Services Inc.
Date created : 9/2/2014 2:57 PM

s | -DHGP Copy U-DHGP Copy oo a0utMOCP oo aQutBOCP == == gOutTOCP = mmmm WHP Copy
e M1(y=29.85*l0g(x) +3398) wemmmmmm M2(y=26.54*log(x) +3257) e M3(y=21.32*log(x) +3135)

s M4(y=13.334*log(x) +2993) === P1*(y=36.68*log(x) +3389) === P2*(y=30.07*log(x) +3253)

e P3*(y=22.06%l0g(x) +3134) e P4¥(y=4,999*|og(x) +3003)

(5 Manual Well Test Analysis

Skin & Pem | Fuid Propstis | PVT Props | Creats Report |

inputs Type Slope and Intercept
Qgas 113000 1+ Vertical B3 Enable Update From Flot

Qoi |2 " Horizontal [ Update PVT Pressure Manually Set intercept
Intercept as BHP

S " Frac Slope.
Ll g |

— o e
X
QI TTA - .
H Homer O
PritiRes [3500
Deta Time [46.7 Config Type L -Jo___ o

= P [pe ~|[49s  |[3003
BHP Used - <.
& Use Lnavo? 2083 e =
A I | CON |

Resuits
Vertical
Skin 208
361.355
kh 2731847
P 2650 Hr 3020
DP Skin 242
ROI 4006.762
Flow Efficiency 24.4
Eta 85942 9446904645

Viscosty 00198

Add Vakues 1o Report I [ -] AT

NOTE: The config file will determine i the test is for Ci, Gas. Water, etc.

DT1 - HOURS

Closest record :(14226)  1/11/2010 4:16:50 AM

Skin = 20.8; permeability = 361 md




Upper DHG
Semi-log PBU Analysis

Data Services Inc.
Date created : 9/2/2014 2:57 PM

s | -DHGP Copy === U-DHGP Copy =mmssm aQutMOCP = 30utBOCP mmmm gQutTOCP = m mm \WHP Copy
e M1(y=29.85*l0g(x) +3398) = M2(y=26.54*l0g(x) +3257) e M3(y=21.32*log(x) +3135)

e M4(y=13.334*log(x) +2993) === P1*(y=36.68*log(x) +3389) == P2*(y=30.07*log(x) +3253)

— P3*(y 22. 06*|og(x) +3134)  — P4*(y=4,999%|0g(x) +3003)

¢ i 1 J};‘ Manual Well Test Analysi ,‘ 3 3

Sin & Pevm[ Flud Properties | PVT Props | Create Repat

inputs Tyee Slope and Intercept
Qges & Vertical 3 Enable Update From Plot
aol |2 o [ Update PVT Pressure Manualy Setintercept

e B S Irtercept a5 EHF‘
e M~ @ 3135
o ICl

Qi TTA |2 D

PintTest |2820

PinilRes | 3500
Deta Time |46.7

Mch
[ Homer Min 0

Config Type Mita 0

L «|[z206
BHP Used PTIA b3 -|[z206
H Use LnavaP 3135

L —

Resuits

Vertical

Skin 105

k 221664

kh 16757.83

P 2650 Hr 3210

DP Skin 194

ROI 3195.272

Flow Efficiency 384

Eta 54656.1094349736

Viscosity 0.0202

Add Values to Repott | [ -

NOTE: The config file will determine i the test is for Oil, Gas. Water, efc..

DT1 - HOURS

Closest record :(14226)  1/11/2010 4:16:50 AM

Skin = 10.5; permeability = 222 md




Lower DHG PBU semi-log Analysis

Date created : 9/2/2014 2:57 PM

s | -DHGP Copy == U-DHGP Copy s aQutMOCP = a0QutBOCP == == a0utTOCP = mm m WHP Copy
s M1(y=29.85*l0g(x) +3398) weemmmm M2(y=26.54*l0g(x) +3257) wemmmm M3(y=21.32*log(x) +3135)

s M4(y=13.334*log(x) +2993) =eesmmm P1*(y=36.68*log(x) +3389) wmmmm P2*(y=30.07*log(x) +3253)

— P3*(y =22, 06*Iog( ) +3134) e p4¥*(y=4,999%|0g(x) +3003)

[ *J Manual Wel Test Analyss.

Skm &Fe«n[ Fuid Fropeties H PVT Props | Creste Report |

inputs Type Slope and Intercept
Ggas | 11301 % Vertical [ Enable Update From Plot

Qi |- " Horizontzl [ Update PVT Pressure Manualy Sel ntercept
Frac Slope \r«ercem as EHP

Qw
M1 -26 54
Qavg TTA . :I
Meh - 0
& Homer Min

Config Type Nitta
Gas p*

Qihr TTA
Finit{Test
Finit|Res

Detta Tme

BHP Used PoTTA
& Use lnavgP 3257

Resuls

Verical

Bkin 64

k 175455

kh 13264.39

P 2650 Hr 3356

DP Skin 149

ROI 2885.664

Flow Efficiency  50.0

Eta 44577.3852109315

Viscosty 0.0206

Add Values to Report ‘ ~| [l Aways On Top

NOTE: The cortig file will determine if the test is for Oi, Gas, Water, etc.

DT1- HOURS

Skin = 6.4; permeability = 175 md




Mid-Completion
Semi-log PBU Analysis

0.027, 2631431

Oilfield Data Services Inc.
Date created : 9/2/2014 2:57 PM

s | -DHGP Copy s (J-DHGP Copy oo 30utMOCP oossssss aQutBOCP m = =m = aQutTOCP = m mm WHP Copy
s M1(y=29.85*%l0g(x) +3398) == M2(y=26.54*l0g(x) +3257) == M3(y=21.32*log(x) +3135)

s M4(y=13.334%log(x) +2993) === P1*(y=36.68*log(x) +3389) === P2*(y=30.07*log(x) +3253)

m— P3*(y=22.06%log(x) +3134)  mmmmmmm P4*(y=4.999%l0g(x) +3003)

: : BE__EIManua\WeHTmAnali ,I

Skn & Fe«rﬂ Fuid Propestes | PV Props | Create Report |

inputs Type Slope and Intercept
Ggas | 113000 G Vetival [ Enable Update From Plot
Qoil |2 Harizontal E3 Update PVT Pressure Manualy
aw |2 * Frac
Gavg TTA |
Qihr TTA
Pinit[Test s
: L= & Homer Min
PiitiRes |3500
Deka Time |46.7

w
5

M1 (M1 -||25.85

T

398

=
S
= B

LLLULL

I

Config Type Wita

Gas o
BHP Used PTTA (79
3398

i

H Use lnavg?
PVTR

Results

Vertical

Skin 38

k 153852

kh 11616.07

P 2650 Hr 3515

DP Skin 93

ROI 2746.037

Flow Efficiency 64.0

Eta 40367.8812558085

Viscosty 00210

Add Values to Report ‘ [ +] HEAsasoaTe

NOTE: The corflig file wil determine f the test is for O, Gas, Water, stc

DT1 - HOURS

Closest record :(14226)  1/11/2010 4:16:50 AM

Skin = 3.6; permeability = 154 md




Semi-log PBU Analysis

Summary
Slope | pp skin | PP SKin/Q | permeability- | | | po,
: Skin . (psi/MMCF/ thickness (md) -
(psi/cycle) (psi) D) (md-ft) m 119)
WHP 20.8 242

U-DHGP 10.5 194

L-DHGP 6.4 149

BHP 3.6 93

It is important to calculate mid-completion BHP. Failure
to do so leads 1o overestimating skin and permeability




Case Study 3 Results

» Using a direct solution to the Mechanical Energy
Balance, PVI, Thermal and Frictional models,
accurate pressure conversions can be performed
at any point in the wellbore




Conclusions

» DP between gauges can be used to
calculate gas rates. The procedure
iInvolves:

» Bernoulli equation (Mechanical Energy
Balance)

» Parametric/Dynamic functions of heat
transfer in/near well

» Calibrated equation of state
» Tuned frictional model



Conclusions

» Gas rate calculations using d/p wellbore

» Accuracy of the technique Assists in
diagnosing errors in allocations

» If flow meter fails, the technique can be used
on its own to determine the rate

» Does not require additional equipment
installation

» Gas rate calculations can be done in real-time
and on historic data

» Low cost investment



