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Abstract - This paper presents production data analysis for two production wells located in the shale gas
field, Canada, with the proper analysis method according to each production performance characteristics. In
the case A production well, the analysis was performed by applying both time and superposition time because
the production history has high variation. Firstly, the flow regimes were classified with a log-log plot, and as
a result, only the transient flow was appeared. Then the area of simulated reservoir volume (SRV) analyzed
based on flowing material balance plot was calculated to 180 acres of time, and 240 acres of superposition time.
And the original gas in place (OGIP) also was estimated to 15, 20 Bscf, respectively. However, as the area of
SRV was not analyzed with the boundary dominated flow data, it was regarded as the minimum one.
Therefore, the production forecasting was conducted according to variation of b exponent and the area of SRV.
As a result, estimated ultimate recovery (EUR) increased 1.2 and 1.4 times respectively depending on b ex-
ponent, which was 0.5 and 1. In addition, as the area of SRV increased from 240 to 360 acres, EUR increased
1.3 times.
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In the case B production well, the formation compressibility and permeability depending on the overburden
were applied to the analysis of the overpressured reservoir. In comparison of the case that applied geo-
mechanical factors and the case that did not, the area of SRV was increased 1.4 times, OGIP was increased 1.5
times respectively. As a result of analysis, the prediction of future productivity including OGIP and EUR may
be quite different depending on the analysis method. Thus, it was found that proper analysis methods, such as
pseudo-time, superposition time, geomechanical factors, need to be applied depending on the production data

to gain accurate results.

Key words : shale gas, production data analysis, flowing material balance, square root time, production

forecasting, stimulated reservoir volume
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Table 1. Summary of methodology for production data analysis[8]

Log-log plot

~= - Log-LogPlat
g """" """" ---- Normalized rate, Derivative vs. Time, Pseudo time, Material balance
: o . Yislope | : pseudo time, or Superposition time

LA .

s ‘:‘”"\_._ _____ - Flow regime identification
Unitslope - 1/2 slope : linear flow (transient flow)
: Unit slope : Pseudo-steady state flow (boundary dominated flow)

Square root time plot

- SquareRoot-TimePlot T
TT T T T T T T T T EET Normalized pressure vs. Square root time or Superposition time

LFP=61,800 - . s | 3
b=0 . .

- Linear flow analysis
Ak (Linear flow parameter),
apparent skin

Flowing material balance plot

= Flowing Material Balance
A g - =

e { : | - Normalized rate vs. Normalized gas cumulative production

-SRV =4.4 bef

-A(SRV) = 41 acres
T (SRY) = 41 ST - Boundary dominated flow analysis
OGIP, Asrv, x5, k

Forecast plot

Legend
+ Production History
[~ SRV surrounded by k=1E-4 md EUR=4.5 Bscf|

[=== SRV surrounded by k=1E-6 md EUR=3.6 Bscf| >
[— skv-Bounded EUR=3.5 Bac| Gas rate vs. Time
(Semi-log or Log-log)

- Empirical method
EUR (Arps equation)

Gas Rate s
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Fig. 1. The flow trend in multi stage hydraulic
fractured shale and tight gas well[9].
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Table 2. Input data-reservoir and fluid properties (Case A)
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Properties Case A
Initial reservoir pressure 4,239 psia
Reservoir temperature 149 °F
Net pay 147.60 ft
Wellbore radius 0.35 ft
Reservoir properties Total porosity 6 %
Initial gas saturation 80 %
Initial water saturation 20 %
Formation compressibility 6.01x10° 1/psi
Initial total compressibility 1.33x10™ 1/psi
Gas property Gas gravity 0.65
Carbon dioxide 020 %
Gas composition Hydrogen sulfide 0 %
Nitrogen 0.5 %

Table 3. Input data-deviation survey (Case A)

Measured depth TVD Deviation angle
4,500.00 ft 4,500.00 ft 0°
10,695.50 ft 8573.30 ft 48.90°
14,383.20 ft 8573.30 ft 90.00°
Table 4. Input data-completion (Case A)
Wellbore Case A
MD top 0 ft
Casing data MD bottom 14,383.20 ft
LD 4.67 in
MD bottom 10,777.50 ft
Tubing data 1D 1.995 in
O0.D 2.375 in
MD top 10,943.20 ft
Perforated intervals MD bottom 14,383.2 ft
Middle perforated point 12,663.20 ft
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Fig. 4. Square root time plot (Case A).
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Fig. 5. Flowing material balance plot (Case A).
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Fig. 6. Production forecast (Case A).
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Table 5. Input data-deviation survey (Case B)

Measured depth TVD Deviation angle
7,200.00 ft 7,200.00 ft 0°
8,973.10 ft 8,553.48 ft 40.20°
17,066.93 ft 8,553.48 ft 90.00°

;’Es_‘"

S

©ul

=

2,

£,

E

@ .

L]

v,

g (o= = Tt [T T Tom T T T m Thoe Toe Lo [0 [t e

Fig. 7. Production data (Case B).
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Fig. 8. Superposition root time plot (Case B).
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Fig. 9. Flowing material balance plot (Case B).
SIS

jal

831 %] #1778 A43 2013 8€



o] 24 1]

QELAEY

i

pus

7% A= s
o] A oA y& UL AHEHH EA& A&
&4 & 7-9- 80 (10°psi’/cp)/MMscfd, 2183+ 73
% 55 (10°psi’/cp)/MMscfd 2 4H&E| 1t}

Fig. 9= 7H vt szt g7t Holf-5ol

= AAelele 73kl e EEBE 12
Mg Agste] EAstTh

Fig. 9(@)ol A A=-& W2 AF73o] Ha A7t
2RETo] 21 Bsef & AEH AL A G A 75
24 718 283 Fig. 9(b)oll Al 31 Bscf = =&
Ak YA bR G| Aol 10 Bsef 2 159 &
ZFE QAT ol EAE ASUFER st ARt
Au 1z A Aed AP /50 2ve AA
I 712712 UG Aol 2 BA 7ol wet e A2
ko] 2tEE S RIS

A5e e AFSe H4AWA LS Fig. 9(a)ellA
231 acres® 4AF2H AL, A9 AF{FS E4 71H
S A83 H2A WA] 333 acresE AFHEH AT =
g 7 W ol ZHt 620 ft, 8% ftE =EF QAT

npr|Eko 2 o] AibgoA 4tEH FEREE A9
A A4S A8k %2 7% 0.000813 md (813
nd), 283 7% 0.000835 md (835 nd).2 7]
2ol 7t ATk FAHTAERA = 2 4525107,
3.34x10°2 % 2 AEF o] 2 Fo] gl A
o2 Il

&
fo mi

v. 2 &

ki
S
EAG A% e 2e AR =2,
(1) AL I2=ANA BAAT B 220

Tzl Hgste] f5dYge FEII AZE AlF
& I =S o] &3t Mol TS BAleH &
SEARY T == FAT a7} g E et
< EAglit) o]g3 B4 = E o]&3te] fF
@Yo et AFS 24 € AR EFE =
T Uk =3 QAT dS2 Arpsd] 8IS
o] g3l FITHANTFE 4AtEde ALE AFS B
2 AFS WEY FEAFE UAEEA S Y H
7} =3 vhekst Al 0 ik A Ao
£ 928 5 ok

(2) Case A9 7% AART) vl§- 7SR
e Az S AEE A 88ke] Hlaiad s 4

KIGAS Vol. 17, No. 4, August, 2013

. Zéx]f; .

NStan fEdee TR e 21w 1
ezl 2 g3 A} Wol FE T ERT) A7k
7 ZHAEE A SR

she] AFE W ARF WAL
3, AT PR EG e

o &
_IM
N -
o B
g8
N
s
o
>,O
2
i
"
2
l_‘

A 9qshz] BA7)1H-S A8 B2 9 231 acres,
3k 739 333 acresZ 4AFEE A, YA RE
Z¥Z} 21 Bscf, 31 Bscf 2 =& F Tk kA A
2 QAE A8 o 2 o g NS 5
g 5 e AoE ATHT

@) AY 7t2d FAFC Ot B Ay, 24
719l we} B, dAZAREY, TS7RE 5
o] h2A A& o] FF 4G F Ao 2
@S x| 7] wj & AYiRg ] Wt FAAZE F
AR AYEH a4 28 5o - B PHe
2 g3l of g o] 7Med o2 ATET

(6) £ Aol B8 s AARE &
o] YElA] ¢kgtr] wjEoll FMB A3 A
02 AEHE AV ok 2y RS Al
7t2A el A Holf-5 7IZbe] wl$- ZA YeEhEZE,
st 24 Aoty B3 2 UUE B4s B3
g LS 4S8 a7t ok

@Al =

B AT, AAAAR AR AdeddzlrE
A “AY B Ahrked g e A
1 3744 (2011201030001B) 2 | ko) =33 519] o1,
olo] AAL=HUYTY

AB7|E

Aspy @ ATE e AFZ WA ()

0 27] 7F28 A AR rcf / scf]

D Y¢S Epsia’]

L AAE AR

: B3 5[md]

T E A

AR AFE 2Pz A YERE A
71&7[psi’day/?/cp/Mscf]

P ¢ 271 AR [psi®/cp]

Powt : TrAHTE S [psi®/ cp]

SO o &
o

A9

- 68 -



NS K Fg e T Sea

Cf

cg

AR A

M

: 7k2=AA e [Miscf/day]
: 7k Z 8 E][fraction]

C ARS 2E[R]

: AlZHdays]

o frARAIZ  days]

: EAW A I days]
: 3 A days]

: TENAo][ft]

c g e[ft]

: 7} 0 AHdimensionless]
C AFE SEEpsi']

. 7b2 S E(psi']

7]

H

[

=

o] &3 A

Hy

aglA 2xt

D ARE
s 7= A

“

o, ofl

= Efraction]
5

[cp]

I3
o

ks

EIA(Energy Information Administration), “An-
nual Energy Outlook 2012” DOE,
httpy/fwww.eia.gov, (2012)

Fetkovich, MJ., "Decline-Curve Analysis Using
Type Curves”, SPE, 32(6), 1065-1077, (1980)
Arps, ].J., "Analysis of Decline Curves", A.L
M.E, 228-247, (1945)

Palacio, J.C. and Blasingame, T.A., "Decline Cur-

- 69 -

=

9]

g ARAAT AT

ve Analysis Using Type Curves Analysis of
Gas Well Production Data", Joint Rocky Moun-
tain Regional and Low Permeability Reservoirs Sym-
posium, Denver, Colorado, (1993)

Mattar, L. and McNeil, R., “The ‘flowing’” Gas
MAterial Balance”, Original Petroleum Society ma-
nuscript, (1997)

Ibrahim, M. and Wattenbarger, R.A., “Analy-
sis of Rate Dependence in Transient Linear Flow
in Tight Gas Wells”, Petroleum Society’s 6th Ca-
nadian International Petroleum Conference, Calga-
ry, Alberta, (2005)

Kupchnenko, C.L., Gault, BW., and Mattar, L.,
“Tight Gas Production Performance Using Dec-
line Curves”, CIPC/SPE Gas Technology Sympo-
sium 2008 Joint Conference, Calgary, Alberta, (2008)
Anderson, D.M., Nobakht, M., Mohadam, S.,
and Mattar, L., “Analysis of Production Data
from Fractured Shale Gas Wells”, SPE Uncon-
ventional Gas Conference, Pittsburgh, Pennsylva-
nia, (2010)

Fekete, “Unconventional Rate Transient Analy-
sis in F.AS.T. RTA”, Software training course
(2012)

[10] Dobrynin, V.M., “Effect of Overburden Pre-

ssure on Some Properties Of Sandstones”,
SPE, 2(4), 360-366, (1962)

o
Hl
N
N
[

ol

&t 3] 4] A|17¢8 #4% 2013 8¢




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


