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B Ao M FHubth £ ¥ (Hom-River) B2 2 A 0.2 A U7EA A F59] A HA e LA 7)) v) e
A o2& 93 58721 ] 3 7 Z(history matching) & A Q5T 0] 2 Y3 M A7 A A FE2 A9
A7} A ol Bl A = S B4 H8 s B S sidon, 1 AGE YO E AFE BAUAE
4744 case 2 B3t o] S0 B ESHTE o] F o] 3 U HEH G 3dA Y AR E X
3}ato] WA A F (blind test) S 53 3 A 7}, Case 1(BE BA AL 7.67%, Case 2(ABAF B3I 2H) &= 7.13%, Case
3(A O 7Hs BEA AN E 17.54%, Case 4(Al o] £7Hs B A= 10.04% 2] A2 2 231-&-0] YRS o= o] g
AS5S FY3 27] 43702 A4k 2R 9] Aol BE BAAAE 28 d Aikd So] a3A o)), &5 sk
| =& gl Q1o Case 29} 2o] At ol tisf] =7} £ EXAQIAE 18T v 71 =S A =7 el g S
om g}, 7HE T2 A FEE ZHe Case 2 BE S o] 83l A | S A7t A /S A o] F57FA w2
20301d 129 7] 9F 17.24 Befo|H, YA F-E5F UH] 3] 58-2 2F32.2%°] 0}

Abstract - This study presents a methodology of history matching to evaluate the pro-
ductivity of shale gas reservoir with high reliability and predict future production rate in the
Horn-River basin, Canada. Sensitivity analysis was performed to analyze the effect of physical
properties of shale gas reservoir on productivity. Based on the results, reservoir properties
were classified into 4 cases and history matching were performed considering the classified
4 cases as objective function. The blind test was conducted using additional field production
data for 3 years after the history matching period. The error of gas production rate in Case
1(all reservoir parameters), Case 2(influenced parameters for productivity), Case 3(controllable
parameters), and Case 4(uncontrollable parameters) were 7.67%, 7.13%, 17.54%, and 10.04%,
respectively. This means that it seems to be effective to consider all reservoir parameters in
early period for 4 years but Case 2 which considered influenced parameters for productivity
shows the highest reliability in predicting future production. The estimated ultimate recovery
(EUR) of production well predicted using the Case 2 model was estimated to be 17.24 Bef by
December 2030 and the recovery factor compared to original gas in place (OGIP) was 32.2%.

Key words : shale gas reservoir, multi-stage hydraulic fracturing, sensitivity analysis, history mat-
ching, production performance
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* Major shale gas member : Muskwa, Otterpark & Evie

Fig. 1. Geological section of Horn-River basin [9].
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Fig. 2. 3-D dynamic model of shale reservoir.
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3 kxR 1)
fraceff frac Widt h‘lgrbladc

AZNA k> TEH AHFIAE (intrinsic frac-
ture permeability) 1™, Width,,, & #dd 59
371, Widthigypu o 3 AN ASAR AlEHES
HEYS uf NESS=E 2718 YeERdY, 2 A+
NAE Widthyy,, ) 2715 WA 02 2|22
ARS8 o AHgahe 2 ft2 A 88klon,
8 5% L) AHE A== Warpinski and
Teufel [10]°] AF7E 2S FAst A=3sHATh
AY AFTe 7t fr5 EAS By A% +
d male At FHEE PR 2m g
o GAY e AEsheE oY F 7 E(dual per-
meability, DK) 2@ A-&3}l9t}. =3 A AF=
& AAddge] EABIER AAdAYE 22 FF
W Z4]Fstrat well)ol|A] 53 o]u]x] 7= dlolE]|
E @83t Ee)v<9d(discrete fracture network,
DFN) ®d& 7EalsiT.

Table 1. Properties of shale reservoir model

Parameter Mean value
Depth Approx. 7,874 ft
Net thickness Approx. 328 ft
Grid dimensions 13x42x23
Water saturation 0.30
Pressure gradient 0.65 psi/ft
Reservoir pressure 5,076 psi
Reservoir temperature 176°F
Matrix porosity 2.78%
Matrix permeability 0.00025 md
Natural fracture porosity 5.8E-07%
Natural fracture permeability 0.0029 md
Natural fracture length 108 ft
Langmuir pressure 830.2 psi

Langmuir volume 37.4 scffton

Rock density 2.55 gfce
Horizontal well length 9,842 ft
Number of fracturing stage 28
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Fig. 3. Tornado graph for parameters.
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Table 2. Classification of parameters for HM
Case 1 Case 2 Case 3 Case 4
Parameter Name (All reservoir (Influenced (Controllable (Uncontrollable
Parameters) Parameters) Parameters) Parameters)
Fracture compressibility O O
Matrix compressibility O O O
Natural fracture spacing in i direction O O O
Natural fracture spacing in j direction O O
Natural fracture permeability in i direction O O
Natural fracture permeability in j direction O O
Natural fracture permeability in k direction O O
Matrix permeability in i and j direction @) O O
Matrix permeability in k direction O O
Primary hydraulic fracture permeability O O O
Secondary hydraulic fracture permeability O O O
Natural fracture porosity O O
Matrix porosity O O O
Relative permeability curve O O O
Rock compaction table O O
a3 AH(F 1570), Case 2& UHE E49& 5 HAS FdsIol= WA AV EART. o]
3 kel FEFE mzl EA4AARES 13 A E F5317] A8l € 7k A4t (monthly gas rate)
F(77W), Case 3= F4uts] Al #dd) E4AARE < SR AAstal 4 B9l £ AH W
g A9 Aol7bs BAAAE 1@ 93 B AR B A gk

ox

M), Case 4= AFS LfF B4 AAEIS =
ARSI F9-(1271) ©|th

olEHFZL AAA HEH A AZE 7k
OS2 F WA EFE AUl 8= 247 ¢F 400
AqAfe] e F oxpgo] /P FHA A4 3 nd
< ZF AdEl e HAHrdE MASATh A4t
ol AZo A AR 7B 2 (base case)= T&
sl Aatge dE3tAh d3ol FHE" B4
2L e dAAeA HER e 71x3k 43I
o Aikolg HFA HEE A Hie 7=
o] EA4AA e F=xsle EARAb 7ut
2 A AAskdTHe, 7, 14-16]. 71 EED ] o=
A= A AaAEe oF AR 22eS U
Eljo] dake] AAghel vlg] tha A Holde
RASFA T =S o] L& BEARIAE /A=
EFete] AN oldd S 3 A A& A 3%
3} nlasle] Aats o= o xpgo] HEA Tt 5
olFHT B Aol AT AYsr YA E
oM e AFT F, FRRS, 7IE 3 AL
= st f78<9 7 Mwe] @St wel
A A 7F2 AArE(daily gas rate)= 83t o]

N fo f
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