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Rate Transient Analysis

Fetkovich Analysis Radial Typecurves

21. Calculations for Oil Radi . ; 22. Calculations for Gas
. . . . adial Flow Model: Typecurve Analysis
1. Analytical: Constant Flowing Pressure 2. Analytical: Constant Flowing Pressure (Agarwal-Gardner Typecurves) ) yp y ) (Agarwal-Gardner Typecurves)
L L All radial flow typecurves are based on the same reservoir model:
3 E 3 i E « Thewellis in the center of a cylindrical homogeneous reservoir.
7 Transient 3 + g andt_definitions are similar to PTA. 3 nereasing .. ! i E
- f + Single Curve L 4pandip ° : ] g .B‘;‘i‘n';‘f:'g;:’v"e"""‘“e“ C f= 1412Botty 9/ Ap, + No-flow outer boundary. 4= L417x10°7 & /Ap, )
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3 E ] E ; ; 0.00633k ., 2$hS.
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E E + g,andt, definitions are convenient for production data analysis. —> ' - S P N =3 T (Puyc); Ipa B,
i B B o B Bl i e ma na «+ Convenient for boundary-dominated flow. ) e e M Smacss B . i iterati
ty T . . . - Note: Gas calculations are iterative because
« Resultsinsingle boundary—domn;tated stem but multiple transient stems. of pseudo-time.
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3. Empirical: Arps Depletion Stems 4. Empirical: Arps-Fetkovich Depletion Stems 23. Blasingame: Rate (Normalized) Blasinga me 24. Blasingame: Integral-derivative
. TR B il il il ol + gpsand ty, definitions are similar to Fetkovich. T R Y R R TT R
] & E « Normalized rate ( 9/Ap or 4/Ap,) is ploted. ER don= 2 [™ge ar [
| — i 1 ) L « Three sets of typecurves: e el pai =3y TpaPpa £
b Harmonic r -~ Increasing r,,, L ) _£ o s, d L
| / L EA £ 1. gpyVs. ty, (see Figure 23). E RS L P (gpg) E
; 3 F - ] S = “ d(nty) F
2 Harmonic —> Depletion stems are Arps' declines on a log-log scale LS £ NN L . - 2. Rate integral (gpy) vs. fpq (has the same shape as g;,). B BTy (Intpy) £
= Hyperbolic 3 PR E S 4 3 3. Rate integral-derivative (qp,) VS. ,, (€€ Figure 24). S Bty 3
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5. Fetkovich / Cumulative Typecurves Su mmary: 6. Fetkovich Typecurves 25. Agarwal-Gardner: Rate (Normalized) Agarwal-Ga rd nel’ o 26. Agarwal-Gardner: Integral-derivative
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3 s (e E . K - . . . ] ; F ] Increasing r,,, L + Three sets of typecurves: - o Transient 4—1  dominated -
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3 E - . - 3 3 E e . Inverse of pressure derivative VS. I, (not shown). E s~ E
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] L « Cumulative curves are smoother than rate curves. E  Concove | : T 000633k s, E 1. Pressure derivative is defined as Poa =77 7 "~ - 3 d(py) i
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27. NPI: Pressure (Normalized) Normalized Pressure Integral (NPI) 28. NPI: Integral-derivative
T T + ppand t,, definitions are similar to PTA. T T T
E 1 kh(p—pu) / : . Normal.ized pressure (Ap/q or Ap, /q)is ploted rather than o = 1 ron S, I-> Boundary-
] Po = @ = 141.2¢Bu L normalized rate (q/Ap or q/App), ] toa °° Transient «—{  dominated L
: & E + Three sets of typecurves: E d(py,) 3
. . 4 L L. ppVs. 1y, (see Figure 27). 177 d(ng,,) F
7. Comparison of ¢, and I/p,, Material Balance Time 8. Equivalence of ¢, and 1/p, < 3 2. Pressure integral (p,) vs. 1, (has the same shape as p,). < s
N vund ol i i v s vl v « Material Balance Time () effectively converts the constant pressure solution to T Y P R R P ST ST R RS E 3 3. Pressure integral-derivative (pp) vs. fp,, (see Figure 28). :’:"—'"_"".‘""—':"f‘ |
E E the corresponding constant rate solution. E E ] . I - e ! L
B Constant rate solution [~ | r — = 3 Lad ~” E
] (1/p:) T harmonie, C « The exponential curve plotted using Material Balance Time becomes harmonic. ] [ E Increasing 1 E E Prie : 3
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Efé E 5':5 E T T T T |t|||||||| T T T T T T LI 203 e e 0 ......t.l L2001 e e ) e e e
< . ol \ L 29. Rate (Normalized) Transient-dominated Data 30. Integral-derivative
3 Constant pressure solution % E Actual Rate Decline Constant Rate 3 = Constant pressure solution (qy) is converted to \ % E Lo . .
E (a0) Is exponential. = F o 1 4 constant rate (1 /py) using Material Balance Time (£). V\% voml vl vl veosd v v vl vl vl el 1 + Similar to Flgures 258&26 but uses tD instead of tDA ° vovud voevwd vvond vvooed voveed vewed veond vvond vrueed 1
] L > 1, =y =;Inth S 1- Censhwn' rate and constant pressure solutions using f. ‘4 [ E 000633kt £ When most of the data is in transient flow, use this format. E 1o 7 _dpy) F
RMSHRMSESMISSRSUSI/SMURSSSSUBSSSSMSSSE MU, W > o SIS SSSSLSS M- 3 P gues?,  F * gpand 1, definitions are similar to PTA. g Gl =y Poe = Gnt,) |
t % ' I, T r + Normalized rate (¢/Ap or ¢/Ap,) is plotted. J oo s L
v E 3 « Three sets of typecurves: frmgr e megae =0 ."",f.-..-..\_.-_..\‘ L
Actual Time (1) Material Balance Time (%) < 3 i 1. gyVs. 1, (see Figure 29). \5 __ \l‘ \ \" .“ \__
1 Increasing r, > | 2. Inverse of pressure integral (1/py,;) vs. #, (not shown). h § “_ \ ‘-. "\
3 E 3. Inverse of pressure integral-derivative (1/pp) VS. #;, ] ‘.‘ \ ‘.‘ "\ [
9. Concept of Rate Integral Typecurve Interpretation Aids 7 - (see Figure 30). i \ Y \ -,‘ i
K \ .
Rate Integral = 4 JLLLL BRRLL B B R | Itlmq LLLLL SRR B B B R BRI mn il m ) e ma el ) e e
0 = ! Rate (Normalized) 9 . v
Actual Rate = —= 3 . . .
2l o @2 i + Combines rate with flowing pressure. ~ A? 10. Derivative and Integral-derivative
, 1 é 0 5 i 1 e L L
0= -[0 gdr | | Integral (Norma.llzed Rate) o 1 J'O K 3 L | : Fra Ctu re Typecu rves
v v + Smoothes noisy data but attenuates the reservoir signal. . °° Ap E E
Actual Time (7) Actual Time (7) - -
= Rate Integral is cumulative average rate. § E 31. Rate Flnlte CondUCtIVIty Fra.sture . N 32. |ntegl‘al-derivative
* Rate integral is an effective way to remove noise. PR . q ] C g v wvnd vl v i ol o « Fracture with finite conductlwty results in bilinear flow (quarter slope). T EETTT ST EEETT T EAETTTT BT W .
d T = = = =]
Derlvat!v.e (Normal!zeq Rate) 3 . (Ap) . s E : EY ~/Z°’fs 3
+ Amplifies reservoir signal but amplifies noise as well. ~ — d(nt.) 3 E . . e Vv = Y y-y v e Increasing Fu, N C|E
L. . ‘ % 7 . r 3 Increasing Fe, ’ _Xf’ B ﬂ\ ﬂ\ . o ’ _X«’ r
Integral-derivative (Normalized Rate) d 1 g = . 3 = = kw = ::',}_. 3
+ Smoothes the scatter of the derivative. T d(ns )(t_-[o Ed’) 3 E ] ‘ ’ F - Dimensionless Fracture Conductivity is defined as: F, =—= z 7 .{"--.-\-.—\\ . F
¢ ¢ b B S - £ K H S °N -
T T T T T T T T T T T T T . - ~ A . KR \ -
fime = Increasing x, L « Fracture with infinite conductivity results in linear flow (half slope). 4 Increasing x, N - > L
E F E s \‘ Q’«;. E
1, _0.00633k 4 F 1, _0.00633k N N \“%0 C
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I «+ For F, > 50, the fracture is assumed to have infinite conductivity. Ioxe
, 33. Elliptical Flow: Integral-derivative 34. Elliptical Flow: Integral-derivative 35. Elliptical Flow: Integral-derivative
11. Darcy’s Law 12. Pseudo-pressure
Y Pseudo-pressure P v i il il i+, | : § X
« Liquid (Constant Viscosity): ~Ap o< ¢ Gas properties vary with pressure: e cr 3 g 3 i E
P 1 r 1 r R ~.
« Z-factor (Pseudo-pressure, see Figures 11 & 12). | = 3 E 3 =~
. - \Vj i _ . . . . - E E 3 F E ~.
Gas: Viscosity and Z-factor are not constant. « Viscosity (Pseudo-pressure & Pseudo-time, see Figures 11,12 & 14). _ Py < pay 3 g 3 ; 1 5~
Define Pseudo-pressure (p,): « Compressibility (Pseudo-time, see Figures 13 & 14). S I 2 L 2 L 2
_o(? Pdp £ - |
toraZ g l . - , . .
Pseudo-pressure (p,) corrects for changing viscosity . Pseudo-prgssure co!'re?ts for changing VIsc05|ty'and Z-Factor with pressure. - | ? — ? — ? —
(u,) and Z-factor with pressure. + Inallequations for liquid, replace pressure (p) with pseudo-pressure (p,). : N —— B e
) 1 1.417 x 10°gT T T T T fox o
Darcy’s Law for Gas: App o« g Note: Forgas, ¢, = E = Kh(p Do) Pressure (p)
pi pwi
Finite Conductivity Fracture
36. Blasingame: Rate and Integral-derivative 37. NPI: Pressure and Integral-derivative 38. Wattenbarger: Rate
13. Gas Compressibility Variation Pseudo-time 14. Pseudo-time(t)) . ) ) l . ) ) | . . l . . . . . | .
« Compressibility represents energy in a reservoir. E H 50, e
o= L—%Z—Z . « Gas compressibility is a strong function of pressure (especially at low * In all equations for liquid, replace time (£) with . BERY V= : /t 4 S pueye [
] P pr . pressures). pseudo-time (ta) T I o dt :___ Increasing x, 5_ SE Increasing x, .\\%\oq _ . E x=2% Increasing y, /y, §
2 « Ignoring compressibility variation can result in significant error in original * SR i < ] r < ] " gl A1 3
3 gas-in-place (G) calculations. . . ) T3 3 T3 ;/ L EE :
£ | + Pseudo-time (¢ corrects for changing viscosity and compressibility with + Convert mater}al balance time (z,) to material cE i N P — i WSS > ',T < T N 3
] pressure. balance pseudo-time (z ). I ] i I ] .- R - : . ) ‘
5 E E - - - E X 3
4 + The calculation f)f pseudo-time is jterative becat{se itdependson #,and c at L1 [ PRIy J.t qdt 3 N : I e 1 Trunsientdf:_> ::umr:f::eyd In Joeq
average reservoir pressure, and average reservoir pressure depends on G “ogdo q JOm,T . i 1 e | : .
: | | : (usua“y unknown). T T T T T T ”I”;‘Ld T T T T T T T T t,I,A f T T T T o T T T
Pressure Note: &, and ¢, are evaluated at average reservoir
Note: Pseudo-time in build-up testing is evaluated at well flowing pressure not at pressure (unlike PTA).
average reservoir pressure.

39. Compound Linear Flow: Rate Time 40. Compound Linear Flow: Pressure Time
(Normalized) Y (Normalized)
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15. Oil: Flowing Material Balance 16. Gas: Determination of b Flow into fractures tgag= 20003308
- T oncet -
. / « This typecurve has been developed to account for both first and second
o Transient OII Gas . . B H : :
° ) B Flow into the fractured region (compound) linear flow in multi-fractured horizontal wells. ‘
- 092)% N G — Boundary-dom:)nated §-3 Q (compound linear) R
G, . - . . - . ]
. B~ &— P~ Py =—C+ qb,, Dy~ Py =——=+qb_ + The first half slope indicates linear flow into the fractures (inside the SRV), while Flow into fractures
R So ¢ N P P G P = . . . . Flow into the fractured region
Fo | L S Boundary-dominated ! i —> - u the second half slope indicates linear flow into the SRV from the matrix. The two {compound finsar) 2
gl b q N, 1 L Py P OG,, b ‘F pf,,-’fﬁ,’—’ half slopes are connected by a transition period. Most production data is
=2 =- +— = tby = ; expected to fall in the transition flow regime.
' S T NS PR < i "
o= 2 [ i + Each unique stem on the typecurve reflects the ratio of x / x .. toxt
~ . . e . . (Iu CZ)- GPa_.‘-u tha eof
T T — Note: b, is the inverse of the productivity index Transient gk
Mo (p-pu) and is constant during boundary-dominated flow. ' ' ' oaGag '
Normalized Cumulative Production pa

17. Gas: Flowing Material Balance 18: Process to Determine G Ho riZO nta l. Well Typecu rves

Summary. Calculating G is ITERATIVE:
e . . : =17 41. Blasingame: Integral-derivative 42. Blasingame: Integral-derivative 43. Blasingame: Integral-derivative
« Use flowing data. No shut-in required. 1. Estimate G, Plot p/Z vs. G, from p,/Z 10 G.
. . 2. At any time, G, is known. Determine p at G, E B e e 4 vl vl vl vl vl 3wl g il L g
« Applicable to oil and gas. from p/Z plot. ’ 3 : E E :
« Determines hydrocarbon-in-place, N or G. 3. Obtain i, and < at . L o - : - N ] . i
« Ol (N): Direct calculation. ot an T 3 E Increasing L |3 E |
c ((G)) e T Taittar ¢ do-ti 4. Convert tto t, and p,, to p,, . \.:.\\... Increasing L E 3 3
* Gas (G): Iterative calculation because of pseudo-time. (see Figures 12 & 14). I 8 D ] «— ] i
« Simple ye.t poweﬁul. 5. Determine b, from Figure 16. Rl bl :.'.:‘?3, > 3 Wire 3 >3 3
+ Data readily available (wellhead pressure can be converted to 6. Determine p from p, = p.., + gb ] iR i 3 s I ] i
* P pwi pss®
sandface pressurg). ' 7. Plot p/Z vs. G, and determine new G. — 3 R 3 s 3
« Supplements static material balance. 8. Repeat steps 2-7 until G converges. 1o i ] =03 i 1o i
LLARLLLL LR L LR LLLL BB LELL LR L B LLLY LR LI D) 0 ) R S B B R RE ) R R R R R TTTITM T TTITm T TTITm T T T TTIm T Ty T T
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Multiphase Flowing Material Balance (FMB) & FMB Model Water-drive Typecurves

19. Multiphase FMB . . . 20. Multiphase FMB with Model Options 44. Blasingame: Rate R 45. Agarwal-Gardner: Rate
» The multiphase FMB parallels the single-phase analysis but replaces R T T A A Infinite Aquifer__ % sl ol vl o o s sl sl sl sl
° pressure with pseudo-pressure. 3 M=10 (Constant Pressure) ' e 3 3
+ General form of FMB for oil. 1 F Reservoir/‘./: o 3
° E 3 PR - e
Transient Flow % = 1 — LM N E E E K4 ?
: ° Ppi —Ppwt b BN (p i — Ppwr) o ., o F M=0 (Volumetric Deplstion) —— 3 « Mobility ratio (M) represents the strength of the aquifer. S Increasing r.. £
© = = F = F
P‘;‘; °°o 3; ° g g ] . kﬂ Hies E Increasing M E
] © of a2 x 3 ; E - - E
st « Definition of pseudo-pressure. - * 3 nereasing M : ko Hag 3 g
E ] 7 T = = i i E
éé - e S Boundury-domincted Flow 1 p il p = 1 " k i kTO + R k i krg dp \Eg °°TranSIent b N i TELI)ITI::; T T T T T T T T T T T T 1T ||||u- - M= 0 (See Flgu res 44- 45) is eqUIvalent to Radlal Typecurves (see Figures 23 i 30)- ? o e %
[¢) - l pi pwf (k(Pi) K krai R k(pi) . krgi) s PoBo v ung °°o° l psurdsry-doinatad low o T T T TTTW— T TITW Ty .t.D.:q T T T T T
uaiBai v p‘giBgi [0 5 gy i,
() p ! [ e r S e)a T e, |
Pyi-P, Ppi —P = v p Ppi-Pp H H
) T (K ety OO ) Jy B By - Unconventional Reservoir Module (URM
Normalized Oil Cumulative Production IJ'OiBOi vt p'giBgi Normalized Oil C ive Production & Time
« Gas pseudo-pressure is defined similarly. . . . - - .
46. URM: Constant & Variable Pressure + Used to analyze the first linear flow regime. 47. URM: Superposition / Material Balance Time
* The slope of the analysis line provides Avk . - T ———————
o oth duction d he k k 1 . * The y-intercept can be used to estimate near wellbore productivity loss. Erid of linear flow ey ) b ° 4_'{__;‘_}_
* Atany pointin time, using the production data, the k,g / k.0 ] = ot ow el i * t,:can be used to estimate the size of the SRV. RAIRN 1]
and k,w / k,o ratios are determined from: 3z - g -
g g
kﬂg 5)=(M)u939 g g -
kro ~ 97/ 7 \1-R,GOR/ 1,B, 3 - k) £ -
o H 2
B : ° ) °
krw W By 2 : For gas: %
k—(So,Sw) =WOR g : ¢ .- Vi = 2008T 1 E
To HoBo g - 1 AC k=4 m (¢ U Ct) 2 Slope of the line gives Acvk
P i
& ﬁope of the line gives Acvk
The FMB model ggneratgs synthetic average pressure, flowing pressure, acees?® : Where n1 is the slope of the analysis line.
and rate for additional history-matching capabilities SHisiE oot eV Superposition time
a  semi-major axis of ellipse B,; initial oil formation volume G original gas-in-place kg initial gas-relative permeability P  pressure p; initial reservoir pressure q, dimensionless rate r, exteriorradius of reservoir S, initial gas saturation t,, dimensionless time Y. reservoir width [, gasviscosity
A area factor G, gas cumulative production k., oil-relative permeability p  average reservoir pressure P, pseudo-pressure q,, dimensionless rate r,, dimensionless exterior S, initial oil saturation t,, dimensionless time Y welllocation in y-direction H, gasviscosity ataverage
b  semi-minor axis of ellipse B, water formation volume factor ~ G,, pseudo-cumulative production k., gas-relative permeability p, reference pressure p, pseudo-pressure at average q,, dimensionlessrate radius of reservoir S, Wwater saturation t,. dimensionless time Z  gas deviation factor reservoir pressure
by, dimensionless parameter ¢, gas compressibility h  netpay k., water-relative permeability p, dimensionless pressure reéservolr pressure integral r,, wellbore radius SRV stimulated reservoir volume t,,. dimensionless time Z  gas deviation factor at average 1, initial gas viscosity
b,.. inverse of productivity index ¢, total compressibility k  permeability L  horizontal well length P, dimensionless pressure P, initial pseudo-pressure 4,4, dimensionless rate r,, apparentwellbore radius t flowtime t,; timeatend oflinear flow reservoir pressure u, oilviscosity
B formation volume factor €, total compressibility at k., aquifer permeability m  slope derivative P,.; pseudo-pressure at well flowing integral-derivative R, solution oil-gas ratio t, pseudo-time T reservoir temperature Z; initial gas deviation factor U,; initial oil viscosity
B, gas formation volume factor average reservoir pressure k; fracture permeability M  mobility ratio p,, dimensionless pressure integral pressure q, oil rate R,; initial solution oil-gasratio ~ #.  material balance time w fracture width o  constant M. reservoir fluid viscosity
B, initial gas formation volume factor ~ F,, dimensionless fracture ks reservoir permeability N  original oil-in-place Py, dimensionless pressure ) 2 well flowing pressure 0  cumulative production s skin t., material balance pseudo-time Xx. reservoirlength ¢  porosity M, water viscosity
B, oil formation volume factor conductivity k,,: initial oil-relative permeability N, oil cumulative production integral-derivative q flowrate 0, dimensionless cumulative Sy  gassaturation t, dimensionless time x; fracture halflength M Viscosity 0il field units;
production x; half SRV width M., aquifer fluid viscosity q,(MMSCFD); ¢ (days)

All analyses described can be performed using IHS Markit's Rate Transient Analysis software Harmony Reservoir | h SMa I”kit.CO m




