Petroleum Engineering 648 — Pressure Transient Testing Lecture 15 — Production Analysis Decline Type Curves

Production Analysis Decline Type Curves

Tom BLASINGAME | t-blasingame@tamu.edu | Texas A&M U. Slide — 1
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Library of Decline Type Curves

Library of Decline Type Curves:
® Fetkovich Type Curves — Radial Flow:
H Original Fetkovich Decline Type Curve
H "Rate Derivative” Decline Type Curve
® Fetkovich-McCray Type Curves — Radial Flow:
B Fetkovich-McCray Type Curve
B Fetkovich-Carter-McCray Type Curve (Gas)
B Boundary Flux (do not use...)
® Fetkovich-McCray Curves — Fractured Wells:
H Infinite Conductivity Vertical Fracture
B Finite Conductivity Vertical Fracture
® Fetkovich-McCray Curves — Horizontal Wells
® Agarwal, et al. Methodology:
B Radial Flow Case
H Vertically Fractured Well Cases
® Crafton, et al. Methodology:
H Rate normalization only...
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SPE 4629

‘Decline Curve Analysis Using Type Curves

M.J. Fetkovich, SPE, Phillips Petroleum Co.

This paper demonstrates that decline curve analysis not only has a solid fundamental
base but also provides a tool with more diagnostic power than has been suspected
previously. The type curve approach provides unique solutions on which engineers can
agree or shows when a unique solution is not possible with a type curve only.

JUNE 1980 1065

Tom BLASINGAME | t-blasingame@tamu.edu | Texas A&M U. Slide — 3



Petroleum Engineering 648 — Pressure Transient Testing Lecture 15 — Production Analysis Decline Type Curves

Fetkovich Decline Type Curve — Composite Curve

Fetkovich "Composite” Rate Type Curve

E (Unfractured Well Centered in a Bounded Circular Reservoir)
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Discussion: Fetkovich "Composite"” Decline Type Curve
® Assumes constant bottomhole pressure production.
® Radial flow in a finite radial reservoir system (single well).
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Petroleum Engineering 648 — Pressure Transient Testing

Fetkovich Decline Type Curve — Composite Curve (orig
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Composite of analytical end ewpirical type curves.

Fetkovich, M.J.:

Discussion: Fetkovich "Composite"” Decline Type Curve
® Reproduction of the original Fetkovich decline curve.
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Fetkovich Decline Type Curve — Example Data Case (Well 13 — SPE 004629)

5 TABLE 3 - COMPARISONS OF kh DETERMINED FROM BUILDUP AND DECLINE CURVE ANALYSIS,

= FIELD A (SANDSTONE RESERVOIR);

g 160-ACRE SPACING,r, = 1,490 ft,r,, = 0.25 ft

g Pressure Buildup Results Decline Curve Analysis Results

2 |

T Well b ¢ S, Skin 1.’ kh fo/lw’ Gpd Pi=Pwt kh K
5 No. (fy (%) (%) s (ft) (md-fty  Matched (10,000 BOPM)  (uo B,)  (md-ft)  (md)
= 1 34 94 329 -0.23 03 120.5 . 0.52 6658 108  3.18
S 2 126 105 183 -—265 35 56.7 . 0.68 7979 48 0.38
p 3 32 99 204 -3.71 103 63.0 g 0.43 8048 60 1.88
2 4 63 95 186 —3.41 76 28.5 40 0.58 8273 31 0.49
S 5 67 10.2 151 -4.29 183 44.4 20 0.57 6296 32 0.48
g 6 28 103 126 -2.07 20 57.9 . 0.60 7624 62 2.21
2 7 17 100 175 —-3.41 76 16.8 10 1.30 7781 8.3 0.49
g 8 47 91 242 -3.74 106 16.6 10 1.14 7375 10 0.21
g 9 87 102 180 —4.19 165 104.7 . 0.435 5642 76 0.87
@ 10 40 104 217 -5.80 829 363.2 » 0.36 1211 255 © 6.38
e 1 29 115 192 -1.00 20 59.9 . 0.56 7669 66 2.28
g 12 19 111 170 -3.97 133 8.9 50 330 5045 9.5 0.50
g 13 121 101 188 -3.85 11.8 47.5 50 0.54 7259 40.5 0.33
= 16 74 94 204 -—4.10 150 224.8 . 0.32 5737 104 1.41
© 15 49 109 286 —-3.59 Qi 101.9 . . 043 4312 115 2.35
£ 16 35 100 256 —4.57 24.2 14.3 20 0.96 5110 24 0.69
b 17 62 88 224 -3.12 57 27.2 . 0.82 8198 35 0.56
3 18 75 94 181 -1.50 1.2 65.1 . 0.52 6344 93 1.24
5 19 38 89 192 -—2.11 - 21 40.5 20 0.54 6728 32 0.84
= 20 60 96 246 --5.48 60.1 88.1 e 0.345 5690 64 - 1.07
g 21 5 111 165 -2.19 22 39.1 20 - 072 - 5428 30 0.54
3 22 40 89 225 -3.79 111 1160 100 0.46 8114 51 1.28
(]

L

*ry’ used from buildup analysis with rg of 1,490 ft.
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Fetkovich Decline Type Curve — Example Data Case (Well 13 — SPE 004629)
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Discussion: Fetkovich Example Match (SPE 004629)
® Lack of early time data is an omen of things to come.
® L ate time data follow an exponential trend (constant p, ).
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Decline-Curve Analysis Using Type
Curves—Case Histories

M.J. Fetkovich, SPE, Phillips Petroleum Co.
M.E. Vienot, SPE, Phillips Petroleum Co.
M.D. Bradiley, SPE, Phillips Petroleum Co.
U.G. Kiesow, SPE, Philiips Petroleum Co.

Copyrignt 1987 Society of Petroleum Engineers

SPE Formation Evaluation, December 1987 637
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Fetkovich West Virginia Well A (SPE 013169)
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33 Fig. 17—West Virginia Gas Well A type-curve fit of 8 years
of production data fit to a b=0 and b=0.5.
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Petroleum Engineering 648 — Pressure Transient Testing

"Decline Curve Analysis

Fetkovich, M.J., Vienot, M.E., Bradley and M.D., Kiesow, U.G.:

Using Type Curves — Case Histories,” SPEFE (Dec. 1987) 637-656.

Lecture 15 — Production Analysis Decline Type Curves

Fetkovich West Virginia Well A (SPE 013169)

TABLE 3—WEST VIRGINIA GAS WELL A

TABLE 5—WEST VIFIGINIA_GAS WELL A: SUMMARY OF RATE-TIME ANALYSIS RESULTS

Reservoir and Fluid Properties
Gas specific gravity

0.57 (air=1.00)

Porosity 0.06
Water saturation 0.35
Original pressure, psia 4,175
Pressure at start of decline, psia 3,268
Viscosity at 3,268 psia, cp 0.01714
System compressibility at 3,268 psia, psi ' 177 % 10 -6
Thickness, ft 70
Temperature, °F 160
Wellbore radius, ft 0.354
Rate before 106-day pressure buildup, Mscf/D 2,181
Ap,, psiZlcp 774 %108
B, at 3,268 psia, scf/ft® 208.8
B, at 4,175 psia, scf/ft® 253.9

Tom BLASINGAME | t-blasingame@tamu.edu | Texas A&M U.

Match Points

Composite Type Curve

Composite Type Curve

Carter Type Curve

= b=05 . A=0.55 (b=0.5)
Qo 062  Qqup 0.58 0.24
ta5 0.075 tgp 0.126 60
q(t), Mscf/D 1,000  q(t), Mscf/D 1,000  g(t), Msc/D 1,000
t, days 100 t, days 100 100
Fo/twa=10  ru/r,.=20  ryr,,=50  Horner Analysis
b =0 Evaluation
kh, md-ft 3.282 4,558 6.231
k, md 0.047 0.065 0.089 0.0805
Fwas 1t 154.7 77.4 30.9
s -6.08 -5.38 - 4.47 -5.52
re, ft 1,547 1,547 1,547
b=0.5 Evaluation
kh, md-ft 3.542 4.902 6.705
k, md 0.0506 0.0700 0.0958
Fwas ft 124.2 62.1 24.8
s -5.86 -5.17 -4.25
re, ft 1,242 1,242 1,242
Carter’'s A =0.55 Ev_aluation
~ kh, md-ft 3.451 4.746 6.699
k, md 0.0493 0.0678 - 0.0957
Fuas ft 126.4 62.6 24.8
s -5.88 -5.17 —-4.25
re, ft 1,264 1,252 1,240
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Fetkovich Monterey Wells (SPE 013169)

' © ORCUTT FIELD

A LOMPOG FIELD ,
O WEST CAT CANYON FIELD
¥ SANTA MARIA VALLEY FIELD
& ZACA FIELD ‘

' 4o

OlL. RATE

TIME

Fetkovich, M.J., Vienot, M.E., Bradley and M.D., Kiesow, U.G.: "Decline Curve Analysis

Using Type Curves — Case Histories,” SPEFE (Dec. 1987) 637-656.

Fig. 42—Overlay of Iog-rate-vs.-log-time production data of
five California Monterey producing fields.
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SPE

SPE 21513 ' Society of Petroleun Engineers

Petroleum Engineering 648 — Pressure Transient Testing

Decline Curve Analysis for Variable. Pressu: #+ Drop/Variable Flowrate Systems
by T.A. Blasingame, T.L. McCray, and W.J. Lee, Texas A&M U.

SPE 25909

Decline-Curve Analysis Using Type Curves--Analysis of Gas Well Production Data
by J.C. Palacid, ECOPETROL(Colombia)/Texas A&M U. and T.A. Blasingame, Texas A&M U.

This is a preprint -- subject to correction.
7 19 October 1994

Society of Petroleurn Engineers

SPE 28688
Decline Curve Analysis Using Type Curves--Analysis of Oil Well Production Data Using Material Balance Time:

Application to Field Cases
by L.E. Doublet,* Texas A&M U., P.K. Pande,” Fina Gii and Chiemical Company, T.J. McCollum,” UNOCAL-Coasta! Califomia,

and T.A. Blasingame,® Texas A&M U.

* SPE Members
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Auxiliary Plotting Functions (Theory)

Q. What are the "auxiliary” plotting functions for PA?
A. Time (or material balance time)-averaged pressure drop and flowrate functions —
“integral” and "integral-derivative"” forms are used.

: _ : Theory:
Normalized Pressure Drop: Normalized Flowrate. The auxiliary func-
® "Pressure Derivative" ® "Rate Derivative" tions (specifically the
integral and integral
A _d | A | d derivative functions)
2P { — 2P 9o | _ t— o are designed to pro-
do |, dt| q, Ap |, dt| Ap vide "smooth” data
functions — which
® "Pressure Integral” ® "Rate Integral” should improve inter-
7 n pretation and analy-
Ap 1 Ap | - o 1 q, | - sis.
— | T — |dt — | T = — |dt Application:
. q Ap |. t Ap '
9o |; 0L%o i 0 ® "Pressure drop”

® "Pressure Integral-Derivative” ® "Rate Integral-Derivative" functions — "Nor-

malized PI" plot .
{ Ap } _; d_ {Ap} { 90 } _; d { q, } ® Flowrate" functions
Yo Jig di L0 1 | id I

- — "Blasingame”
dt || Ap plot .

Discussion: Modern PA — Auxiliary Plotting Functions (Theory)

® Theory for auxiliary plotting functions? (just calculus ...)
® Purpose of auxiliary plotting functions? (more resolution for PA data)
® Advice? (use BOTH pressure drop and flowrate functions (separate plots))
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Petroleum Engineering 648 — Pressure Transient Testing

Auxiliary Plotting Functions (Application 1)

Q. Application 1 — What is the "Normalized PI" plot?
A. Pressure drop auxiliary functions versus material balance time.

Rate Normalized Pressure Drop Functions Versus Material Balance Time (Log-Log Format)

1 2

Exploration Well — Southeast Asia

Lecture 15 — Production Analysis Decline Type Curves
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Theory:
(Ap/q,) fcns versus N /q,:
M
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~ L e
1 A—p}zz
| 90 tJdol 40

L 90 lig

Application:

Analysis approach same
as PTA — look for char-
acteristic behavior.

Discussion: Modern PA — Aux. Plotting Functions ("Normalized PI" plof)

® (Ap/q,) functions versus N,/q,?
® Validity of (Ap/q,), function?

® (Ap/q,); and (Ap/q,),s functions?

Tom BLASINGAME | t-blasingame@tamu.edu | Texas A&M U.

(PTA form: transient flow — ?, BDFB — yes!)
(exceptional case — downhole pressure data)

(smooth and representative)
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Petroleum Engineering 648 — Pressure Transient Testing

Auxiliary Plotting Functions (Application 2)

Q. Application 2 — What is the "Blasingame” plot?

A. Rate auxiliary functions versus material balance time.

Lecture 15 — Production Analysis Decline Type Curves

Pressure Drop Normalized Rate Functions and Versus Material Balance Time (Log-Log Format)

Exploration Well — Southeast Asia
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Theory:
(9,/Ap) fcns versus N /q,:
P
do
q_o} . i{q_o}
L Ap ], dt | Ap

Application:

Transient flow behavior is
complex, but transition
and BDFB unique.

Discussion: Modern PA — Auxiliary Plotting Functions ("Blasingame” plof)
(rate decline form: transient flow — ?, BDFB — yes!)

®(q,/Ap) versus N,/q,?

® Validity of (q./Ap), function?
®(q./Ap); and (q/Ap);;, functions?
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((again) good — downhole pressure data)
(well-behaved and representative)
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Petroleum Engineering 648 — Pressure Transient Testing

Fetkovich-McCray Hate Function Type Curve--1p,, Format
{Unfractured Well Centered in a Bounded Clrcular Reservolt)
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a. Palacio, et al (1993): "Fetkovich-McCray Original"
(radial flow) — auxiliary functions. (t,, format)

Fetkovich-McCray Rate Function Type Curve—tpy p,,, Format
{Unfractured Well Centered in a Bounded Circular Reservoir}
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Palacio, J.C. and Blasingame, T.A.: "Decline Curve Analysis Using Type Curves — Analysis of Gas
Well Production Data,” paper SPE 25909 presented at the 1993 Joint Rocky Mountain Regional/Low

Permeability Reservoirs Symposium, Denver, CO, 26-28 April 1993.

Dimenslonless Materlal Balance Decline Time, fpy par=Nypd/9pa

c. Doublet, et al (1994): "Fetkovich-McCray M.B. Time"
(radial flow) — w/aux. functions. (tp ,,,,)

Tom BLASINGAME | t-blasingame@tamu.edu | Texas A&M U.

Lecture 15 — Production Analysis Decline Type Curves

Fetkovich Radial Flow Type Curves

Fetkovich Rate Derivative Type Curve
{Unfractured Well Centered in a Bounded Clrcular Reserveir)

10 10° 10° 107 10° 10' 10°
AF e — g 10°
3 F Fetkovich Type Gurve 3
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'E Tranzlent "Stems” a Bounded Circular Ressrvior, 1
[ “; Ferere gt (Translent Flow Reglon) - Rate and Rate Derlvative Functions. | «
‘gg g [T Legend: qpgand gpagvs. tpg P
S5 10 s, P —— o Rate Function Curves — 10
ui'% Q,h -\ rd —-—- Rate Derlvative Function Curves | 3
20 p482 ]
£ o ﬁ-"‘euf\\k& ]
¥ — .
EC ixtot=d .
[ R - > D 1"Stems” __| 40
ST E a0 an 2w 13 12 -7 24 {Bﬂuadafhhnf'ﬁ";med E
- bk ] L T ow Region B
e 8  FTso T~l[~el E
g I i S fiz ]
5§ [ [T i'“ ]
e8 [ Ttre-
T2 krep=aae® .. ‘
g élo‘ E o Tr— ; {10
Funtractured wailin] — ~ " T eaal 7 - E
ES  proma 7 e ON ]
E - oag e I;.“b=1 a -
e | P Arps Derlvative _
P Type Curves \ 0.8
Bl NPT R vl s ..\. it ; N g2
10 10° 10°? 10" 10° 10' 10°

Dimensionless Decline Time, tn,

b. Doublet, et al (1994): "Fetkovich Derivative" (radial
flow) — not practical for analysis. (t,, format)

Radial Flow Decline TC:
® "Fetkovich-McCray Original"
® "Fetkovich Derivative"

® "Fetkovich-McCray Material Balance
Time" — Uses material balance to
rigorously incorporate variations in
rate and pressure over time. This
technique substantially improves the
analysis of variable-rate data.

Doublet, L.E., Pande, P.K., McCollum, T.J., and Blasingame, T.A.: "Decline Curve Analysis Using
Type Curves — Analysis of Oil Well Production Data Using Material Balance Time: Application to

Field Cases,"” paper SPE 28688 presented at the 1994 Petroleum Conference and Exhibition of

Mexico held in Veracruz, MEXICO, 10-13 October 1994.
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Petroleum Engineering 648 — Pressure Transient Testing Lecture 15 — Production Analysis Decline Type Curves

Palacio/Blasingame Type Curve

o S
&= _
_%‘g' Fetkovich-McCray Rate Function Type Curve--t;, Format
g2 (Unfractured Well Centered in a Bounded Circular Reservoir)
AN . . N .
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£o5 .00 ~.. (Transient Flow Region) - Rate, Rate Integral, and Rate Integral- -
® g 8 o2 ~. Derivative Functions (fpg Format). ;
- - L 1 ]
2 g 5 0: © 8 10 - Legend: gpg qpqrand qpdid Vs. tpd 4 10
29z 51 . 9pd Rate Function Curves -
<38 S9w —..= Rate Integral Function Curves ]
<9 £ (5 = > -~—-- Rate Integral-Derivative Function Curves| _
523 E£8& K .
02 & 3 o .m0 0
ENE . e 410
= > 0o E 10 = 'req.= h -
8s® L@ Feg0 Sv28 N2 ]
8 89¢ [ Shao Sval [ Teal TS Depletion "Stems” ]
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Dimensionless Decline Time, tp,

Discussion: Palacio/Blasingame Type Curve (constant p . case)

® Auxiliary functions (rate integral and integral derivative) enhance flow features.
® Need to use material balance time to account for variable rate.

® This plot includes the "Arps' relations,” these are not included in general.

Tom BLASINGAME | t-blasingame@tamu.edu | Texas A&M U. Slide — 17




Petroleum Engineering 648 — Pressure Transient Testing

Lecture 15 — Production Analysis Decline Type Curves

Doublet/Blasingame Type Curve

Dimensionless Material Balance Decline Time, tpy yo=Nypdqpg

Discussion: Doublet/Blasingame Type Curve (constant q, equivalent)

® Note "convergence" of late stems to unique trends (material balance time).
® Type curve is valid for variable-rate/variable pressure drop cases.

® Original "RTA" plot — there is a companion plot for rate normalized pressure.

Tom BLASINGAME | t-blasingame@tamu.edu | Texas A&M U.

2 G Fetkovich-McCray Rate Function Type Curve--i Format
> E - v der -
SE (Unfractured Well Centered in a Bounded Circular Reservoir)
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Petroleum Engineering 648 — Pressure Transient Testing

Lecture 15 — Production Analysis Decline Type Curves

Doublet/Blasingame Type Curve — Vertically Fractured Wells

Fetkovich-McCray Rate Function Type Curve-tp, ., Format
{Fractured Well Centered In a Bounded Circular Reservoir}

Dimensionless Material Balance Decline Tlme, tpg no=Nynd/qpq (Fractured Well)

Fetkovich-McCray Type Curve for a Vertical Well with a

Finite Conductivity Vertical Fracture (F;p = 0.5)

Curves," paper SPE 35205 presented at the 1996 SPE Permian Basin Oil and Gas Recovery

c. Pratikno (2002): "Fetkovich-McCray" format —
FINITE conductivity vertical fracture (F,,=0.5).

Tom BLASINGAME | t-blasingame@tamu.edu | Texas A&M U.
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a. Doublet, et al (1996): "Fetkovich-McCray" format —
INFINITE conductivity vertical fracture (F,,=~).
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Fetkovich-McCray Type Gurve for a Vertical Well with a
Finite Conductivity Vertical Fracture (F., = 10)
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b. Pratikno (2002): "Fetkovich-McCray" format —
FINITE conductivity vertical fracture (F,,=10).

Decline Type Curves: Fractured Wells

® Infinite fracture conductivity:
— Less complex solution, but

somewhat ideal for use in practice.

® Finite fracture conductivity:
F.,=10: Moderate to high fracture
conductivity case.
F.,=0.5: Low fracture conductivity
case.

Pratikno, H., Rushing, J.A., and Blasingame, T.A.: "Decline Curve Analysis Using Type Curves:

Fractured Wells," paper SPE 84287 presented at the 2003 Annual SPE Technical Conference and

Exhibition, Denver, CO., 05-08 October 2003.
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Petroleum Engineering 648 — Pressure Transient Testing Lecture 15 — Production Analysis Decline Type Curves

Doublet/Blasingame Type Curve Format — Vertically Fractured Wells

Fetkovich-McCray Rate Function Type Curve--tp, 1, Format

g’§ (Fractured Well Centered in a Bounded Circular Reservoir)
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Dimensionless Material Balance Decline Time, tpy 5 =N,pd/qpq (Fractured Well)

Discussion: Doublet/Blasingame Type Curve (infinite conductivity fracture)
® Note the transient flow behavior of the auxiliary functions (linear flow).
® Use of material balance time provides unique late time behavior.
® Can estimate fracture half-length, permeability, and reservoir volume.
Tom BLASINGAME | t-blasingame@tamu.edu | Texas A&M U. Slide — 20




Petroleum Engineering 648 — Pressure Transient Testing Lecture 15 — Production Analysis Decline Type Curves

Doublet/Blasingame Type Curve Format — Vertically Fractured Wells

Fetkovich-McCray Type Curve for a Vertical Well with a
Finite Conductivity Vertical Fracture (F,p = 10)
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Discussion: Doublet/Blasingame Type Curve (Finite conductivity fracture)
® Note the transient flow behavior of the auxiliary functions (bilinear flow).
® Individual type curves generated for each F_,-value.
® Can estimate fracture half-length, permeability, and reservoir volume.
Tom BLASINGAME | t-blasingame@tamu.edu | Texas A&M U. Slide — 21




Petroleum Engineering 648 — Pressure Transient Testing

Lecture 15 — Production Analysis Decline Type Curves

Doublet/Blasingame Type Curve Format — Horizontal Wells

Fetkovich-MeCray Rate Function Type Curve—t,,, Format

Dimensionless Decline Time, Iy,{Horizontal Well)

Fetkovich-MeCray Rate Function Type Curve--ty,, Format

Shih, M.-Y. and Blasingame, T.A.: "Decline Curve Analysis Using Type Curves: Horizontal Wells,"
paper SPE 29572 presented at the 1995 Joint Rocky Mountain Regional/Low Permeability Reservoirs

Dimensionless Decline Time, ipy{Horizontal Well)

Tom BLASINGAME | t-blasingame@tamu.edu | Texas A&M U.

{Infinite Canductivity Horizontal Well Centered in a Bounded Square Reservoir (L42x,.)=1.0))
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Dimensionless Decline Rate, gp,,

Horizontal Well Cases:
® "Infinite-conductivity” horizontal
well case(s).
® Dimensionless reservoir model
requires several parameters.

Fetkovich-McCray Rate Function Type Curve--ip, Format
(Infinite Conductivity Horizontal Well Centered in a Bounded Square Reservoir (L42x,)=0.1})
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Petroleum Engineering 648 — Pressure Transient Testing

Lecture 15 — Production Analysis Decline Type Curves

Decline Type Curves — Boundary Flux Cases

Fetkovich Rate Function Type Curve--1,, Format
{Unfractured Well In a Bounded Circular Reservoir--including "Step Change" Boundary Flux)
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Decline Type Curve Analysis:
® "Break-glass-in-case-of-fire" cases

® Do not use (unless absolutely
necessary) — and it should never
be necessary.

Unpublished — Marhaendrajana (2002)
(multiwell analysis — do not use)

Fetkovich-MeCray Rate Function Type Curve--1y, ., Format
{Unfractured Well Centered In a Bounded Circular Reservoir--including a Regional Pressure Decline)

i0® 10 10! 10° 10 10°
10 : —————rr — e — 10!
L_‘_‘ T T T T T T Ty
3 ettt pctent Stems” Fetkavich-MeCray Rate Function Type Curve) 3
- u_n o - {Transient Flow Region} - Unfractured Well Cenlerad in 8 Bounded | ]
I3 SFri b e Qog Circular Reservicr, Including a Reglonal
] g’r 19 e T Pressure Decline to Model Well fnter-
L= g - farancs Effects.
s QT -2 Foar - Rato, Rate Integral, and Rate (megral-
5 °'.§ =8 Derlvative Functlons (1o, o, Format),
T E
[
¥59 . o
58s 10 16
v=F 3 Depletion "Stems” '}
EZE [ S (Boundary-Dominated ]
g Ee el T Flow Reglon)
05 - Tl
w EIC |
882 [TTew. |
Co= Rl
-] Apdtd 1
g = 107 B mxia*==o o 10
E
Esd 2 Dourndon O aular
=] Ramsrvok—ncluding
5 & .nqlawlr:mm
Eg o Legend: qoa oarand Godid ¥8. tod bar
=] g £ ——— Rate Curves
E i 1 —..—- Rate Integral Curyes
B8 bt ---- Rate Integral-Derivative Curves
102 L i L gl L L aiaioin L - 102
10° 10? 10" 10° 10 167
Dimensionless Material Balance Decline Time, Ipgpa~ PDJqu
Slide — 23



Petroleum Engineering 648 — Pressure Transient Testing Lecture 15 — Production Analysis Decline Type Curves

Decline Type Curves — Boundary Flux Cases

" e e on Lo ' ] Multiwell Analysis: SPE 71514
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Dimensionless "“decline variables" plot for the
single well and multiwell performance cases —
simulated performance used to validate the
multiwell concept.
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voir example). (O Numerical Simulation, — Analyti-
cal Solution)

Marhaendrajana, T. and Blasingame, T.A.: "Decline Curve Analysis Using Type Curves — Evaluation
of Well Performance Behavior in a Multiwell Reservoir System,” paper SPE 71514 presented at the

2001 Annual SPE Technical Conference and Exhibition, New Orleans, 30 Sept.-03 Oct. 2001.
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Decline Type
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Lecture 15 — Production Analysis Decline Type Curves

Curves — Agarwal, et al Methodology

Agarwal, et al Methodoloqy: SPE 57916

® Basically the same as Blasingame, et al
work.

® More like pressure transient test
analysis/interpretation.
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Dimanalonlass timo, t0A

Rate-time production decline-type curves for finite con-
ductivity fracture using tp based on area (x,/x,=1, 2, 5, 25 and
F.p=0.05, 0.5, 500).
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Crafton, et al Methodology

Avanwai-oringaien Tyoe Curve ﬁ Crafton, et al Methodoloqy: SPE 37409
e jT ® Rate normalized pressure drop versus

production time (Ap/q vs. ).

® Also analogous to pressure transient test
analysis/interpretation.

® Very serious limitations — production time

L is not sufficient for general case of rate
variation.
g SRS . sl 0 0 T
i - : :
E :
......... E : 1'
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Single-Phase Liquid (Black Oil) — (c/A,) vs. Time

31072 107" | 10, -
F i'_ ‘03: T T TTTTT] T T T 7777 T ltlﬂgK)l
g @ i -

3 €= [ s rsp Pwi/pi -

=z O

: N ©-2 79 03333

. E'g 10 0 20 355 0:3333 DATA SET 2 Jio2
: T~ F e n.51372 0.3944) pATA SET | :

S D)< - . -~ 0.2971 -

. §"~f - 0 . ':.'..- VP am oy

g5 o | o -

£§§ %9.—10-5___ @ .-'?)0 oa __‘0"3
8 ok - c & 5 ° 90 00800 % @ 3

3 ;” @ e "o " . . : 0 .

%g 2 o © © o DO a “ -

&ZO o F Uo O O 0 a B

v W

ég <>( 10.6_ 4t el SRR L1 aail L L i1l 10—4
g 1072 0! | 10 102
gg DIMENSIONLESS TIME, ,iAD

32

Variation of average compressibility/mobility ratio with time.

Discussion: "Solution-Gas Drive"” Behavior — ((c/A,) vs. time)
® Observation: (¢c/A,) = constant for p>p, and later, for p<p,.
® p = constant — but probably valid for any production/pressure scenario.
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Multiwell Analysis — Governing Relation

qr () _ I
(Pi=pwr) 1 1ty
> q;(t)dt+c(1)

Ney g (090 o

I

Production Data Total Material c(t) becomes constant at
(Pressure & Rate)  Balance Time long times

1
Np, field
dwell

ltot =

Discussion: Multiwell Analysis — Governing Relation
® A general formulation of the "Arps' Exponential Decline™ case.
® CONCLUSION: A single well decline type curve can be used to analyze the per-
formance of a single well in a multiwell system.
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200°

(contiuousy G SAND
8
GRAVEL (DISEGNTINUOUS)
From: Simulator Parameter Assignment and

the Problem of Scaling in Reservoir
Engineering — Halderson (1986).
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Lecture 15 — Production Analysis Decline Type Curves

Reality Check

Reservoir Volume-Averaging

B Pressure transient analysis.
B Production data analysis.
B Reservoir simulation.

Advanced Solutions

B Same view of the reservoir — just
more "knobs" (i.e., parameters).

B Time-pressure-rate data will always
"see" a pressure/volume-averaged
reservoir system.

Prediction of Future Work in PTA/PA

B Additional reservoir models.

H Full incorporation of PVT character.
B Reservoir scaling for PTA/PA.

B Handling poor quality data.

B Continuously measured p,  data.

B Multiple well analysis/integration.

B Coupling of analysis/interpretation
with numerical modeling (3D/3P).
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