Rate Transient Analysis

1-4: TRADITIONAL 23-32: RADIAL TYPE
1. Traditional (Arps) Decline Curves DECLI NE ANALYS'S 3. Exponential Decline 23. Calculations for Oil CU RVES 24. Calculations for Gas

(Agarwal-Gardner Type Curves) (Agarwal-Gardner Type Curves)

EXPONENTIAL DECLINE: 23-24: RADIAL FLOW MODEL: TYPE CURVE
¢ Decline rate is constant. loga =1lo Dt . ANALYSIS
y - * Log flow rate vs. time is a straight line. o SR 2.303 141.2B 1, ,q/ Ap gls;?.sg:.frl:(\:ég.pe curves are based on the same & 1.417x10°T (q /APP )
larmonic (b= = — - oo . B
4 * Flow rate vs. cumulative production is a straight line. = fe= h ( b maten * Well in centre of cylindrical homogeneous reservoir. h aw
q= R . - . ———— .
; 4 1+Djt Hyperbolic (0<b<1) Provides minimum EUR (Expected Ultimate Recovery). | . . Toe-e IRV * No flow outer boundary. 0.00633% 7. :
9; Ti 200K e o & — () maten
q= 7(1 YYY. HYPERBOLIC DECLINE: - e s (tDA ) mateh () Skin factor represented by ... A (Puge); fp ™ , s=In(mx)
i = =n(— ° i wa
| * Decline rate is not constant (D=K¢"). —e q=q,—DQO T () » 8 Fon Information content of all type curves (7e5) mateh "va
. . ) . . S €D /match (Figures 25-32) is the same.
o ¢ Straight line plots are NOT practical and b is determined M ) 2
Exponential (b=0) } by nonlinear curve fit g |- . * The shapes are different because of , = | 000633k (tc_a) G=Tx PhS,;
g=ge™ B b B P o ;= ’0~00633k ( L dower + N ZE 2 ¢hS,, different plotting formats. e T ($,C); Ion match 5 )
1 ° e match > = 1 i
T T T T b value | Reservoir Drive Mechanism —=°° : e = LTI N B, * Each format represents a different “look” at the data :
t 0 Single phase liquid (oil above bubble point) Cumulative Production and emphasizes different aspects. Note: Gas calculations are ITERATIVE because of pseudo-time.
Single phase gas at high pressure
0.1-0.4 | Solution gas drive
0.4-0.5 | Single phase gas ] ) 25-26: BLASINGAME ) o
2. Decline Rate Definitions 0.5 | Effective edge water drive 4. Harmonic Decline 25. Blasingame: Rate (Normalized) * gy, and f,, definitions are similar to Fetkovich. 26. Blasingame: Integral-Derivative
0.5-1.0 | Commingled layered reservoirs * Normalized rate (g/Ap or q/Ap.) is plotted.
PEETETTT BRI B AR TR R R ArERTIT BRrERTIT B AR eI . o
3 No'S oL E E * Three sets of type curves: sl el ol il T R ETTI
3 traight Li 3 E ) p, E
Nominal Deciine Rate Effective Decline Rate HARMONIC DECLINE: : o el e ] i 1. Gy VS. fn (Figure 25). Gou = [, dva dtna
1 dg 4 —q, * Decline rate is directly proportional to flow rate (b=1). & - a~; Increasingr,, L 2. Rate integral (q;,4;) vs. ;,4 (has the same shape Dd i
D= e 7 D, = ~a * Log flow rate vs. cumulative production is a straight line. 3 © —y E 33 Gpy)- o _ quidz_M
e , R i ] r 3. Rate integral-derivative (q,,,) VS. f, (Figure 26). . d(Intp,) £
D J SUMMARY: Time &3 . 3 o L
=S * Boundary-dominated flow only. E ] s =4y In(ry —0.5), rp= e %’% i * Ingeneral: gnq = qp bppss; Iy = prsleA e
= ¢ Constant operating conditions. o _ " /°/<4,, L o b i ) ) ] I
‘ . f - q . bhe 3 2 Hy,  E Dpss 1S @ constant for a particular well / reservoir E 3
T T T } T T T Developed using empirical relationships. 3 1;: - tp %, F configuration 3 E
1 -4 ‘Dd — - . = r
‘ 4 * Quick and simple to determine EUR. ] . (In 7, =0.5)(r;, = 1) JF ] i
_1_,D . : i, T T T T LI 1 L Rl N
D =1-e EUR depends on operating conditions. Comulative Producton My T T tl T T
* Does NOT use pressure data. o
* b depends on drive mechanism.
) 27-28: AGARWAL-GARDNER o
27. Agarwal-Gardner: Rate (Normalized) * g, and 1, definitions are similar to well testing. 28. Agarwal-Gardner: Integral-Derivative
5-10: FETKOVICH * Normalized rate (q/Ap or g/Ap,) is plotted.
Ll L aanul Ll Ll 1l L
5. Analytical: Constant FIOWlng Pressure ANALYSIS 6. Analytical: Constant FIOWIng Pressure % % Three sets of type'curves_ E vl vrvod v 3ol g Illlllll IRRTNITT RN - 11||uE
] Increasing r. C 1. gy vs. t,, (Figure 27). I~ L Boundary- F
E " 3 2. Inverse of pressure derivative (1/pp,) vs. 7, . - Transient 4 Dominated =
i FRRTT BERATT BERTET BRI BRI MRt AW T EERTITT ARTITT MERTITT MERTITT MRt | |m-E 5 Ll 1 |||||||‘ L nnd Lol L |||u|E E E (nOtShOWn). E\ -\-.\-. : E
] Transient F ] Increasing r.. } > Boundary-Dominated = - 3. Inverse of pressure integral-derivative (1/ py,.,) ERRRE ... ] =
= * Sin: rvi E A . S r = E H E ) = .o ._\ .-‘~! E
E l‘ sinale Corve Z * g, and 1, definitions are similar to well test. - P pngle Curve L S / F vs. fp, (Figure 28). 2 it C
7 Boundary-Dominated r . - . : &3 E
3 oo ,m ominate E * Convenient for transient flow. = E g q,= L = LD E NEEE S . _ d(pp) ~ 7 1 pioa ! E
S * Multiple Curves E E H E 3 9o ) kh(p,— por) E 1. Pressure derivative is defined as ppy = —d 1 o Ppi=— dezD A | L
& * Exponential C . * Results in single transient stem but multiple z ] ! F ] - o (Inty,) E Tpa ' 2
: 2 boundary-dominated stems. S ] Transiont e: i E _ 0.00633kt E 2. Inver_se of pressure deriv_ative is usu_ally_ too_ noisy 1: d(py) 1 ;_
_ L a * Multiple Curves | L | o8 duc. A L and inverse of pressure integral-derivative is 3 Poi =7~ ! E
E E qp = 141'2quu {o= 0.00633 k¢ ; : E TTTTIm T l|||||||| T T TI  T T T T T ITTm T T TTTT used instead. ] d(lntDA) : B
. C D El D 2 . C T TTTT TTTIT T T T TTTII T TTTmm 1T T T T TTT T TTTTIM
= = kh(pl - pwf) ¢'uctrwa ] : C Lo oa
: ] ! i
e e - . e o e L
D . Dd
g and I Gefintions are convenient for = 29-30: NORMALIZED PRESSURE
RICCLCHONICSISIaNa VI 29. NPI: Pressure (Normalized) INTEGRAL (NPI) 30. NPI: Integral-Derivative
* Convenient for boundary-dominated flow. ° * ppand ¢, definitions are similar to well testing.

* Results in single boundary-dominated stem but ol ol el 0l ol el 0 . i i R T R R R R
g ry 8. Empirical: Arps-Fetkovich Depletion Stems Normalized Pressure (Ap/q or Ap, /q) is plotted L I 1 t "

7. Empirical: Arps Depletion Stems

multiple transient stems. ; Py = 1 _ kh(pi = pur) ; rather than normalized rate (g/Ap or g/Ap,). E Py = L e podis, L » Boundary-
In( 05).1 21, - q,  1412qBu <= * Three sets of type curves: ] Tpa Transient 4 Deminated /{ L
= rp —0.5), = E 3 E . — .
4pa = 49p eD Dd (ln P _0.5)(};’% _1) 4 1 Lol 1 L1l 1 o111 l: E E 1pD VS. tDA (Flgure 29) ; Do = d(le) /_\\r,\°q ;
3 = . - 2. Pressure integral (p,,) vs. £, (has the same 3 7P T d(Int,,) ya E
] E SE E shape as py,). z e L
7 ' Harmonic B - - 3. Pressure integral-derivative (p,,,) vs. £, (Figure = 3
i 30). ] ! i
@ Harmonic k- b B — 1 -
2 &3 Hyperboli E E E E ! :
Hyperbolic - Replot on Log-Log Scale » ] RN E E Increasing r., g ] !
- I J : e /‘I : L I It””"” UL B ‘I“Illlllll LENLELILLLLL B N B R L) B ||||||II| T T T T T
Xponentia DA DA
Exponential }
T T T T T TrTTTTT g T T T T rorrTTTT
Time Time )
) 31-32: TRANSIENT-DOMINATED DATA o
e 31. Rate (Normalized) * Similar to Figures 27 & 28 but uses 7, instead of 7, .. 32. Integral-Derivative
This format is useful when most of the data are in
1 O F tk i h/C m |at T C rvi 9 F tk i h T C rv pooomd voomd vovowwd vl vl vl veormd vl v vwml s TRANSIENT ﬂOW poood v ool oo vy oo oo vy ool veoowl sooe vl o
. Fetkovich/Cumulative Type Curves - Fetkovich Type Curves E 000633kt E * g, and 1, definitions are similar to well testing. E 3 Lj-tn &t _dpy) F
VLA ] o= duc,r’ E * Normalized rate (g/Ap or q/App) is plotted. 1 #oi tp ° Pop L d(nt,)
EEETIT BT T BT R ¢ Combines transient with boundary-dominated flow. J vl vl ol vl vl 1] i e L . ] i
3 E 3 T E * Three sets of type curves: A Zero Slope F
E o e ¢ Transient: Analytical, constant pressure solution. 3 :—bfz:zf‘ir:;?iznj:cted : E 3 1. o vs. 1 (Figure 31). e ..F;..._ R
4 e Co™ - * Boundary-Dominated: Empirical, identical to traditional ] : « Empirical i . 3 F 2. Inverse of pressure integral (1/p,.) vs. £, (not :E: B “\ ‘\‘ ‘\‘ '\_ \L
E (Arps). - * ] i shown). SE \ | ) :
& * Constant operating conditions. 3 M 3 _| Inoreasingr, > | 3. Inverse of pressure integral-derivative (1/pp,,) ] y 5 i i
* Used to estimate EUR, skin and permeability. E ! E 3 E vs. t (Figure 32). i . s ‘- . L
= E SO | - 3 E b \ \ \ \
"B 3 E * EUR depends on operating conditions. E : - ] o i . '.‘ -.‘ -.‘
S C * Does NOT use pressure data. = Transient  <4— = 1 i \ B B .
. 3 * Concaveup | E SE————— S VS VR T T T T T
= 3 * Cumulative curves are smoother than rate curves. E * Theoretical | E R P
3 [ d r * Combined cumulative and rate type curves give more ] : C ’
7 Opa = J.o 9 @lna I unique match (Figure 10). :
T T IIIIII] T T IIIIII] T llllll[ T IIIIIII| T T T TTITIT T rrorrm T r ooy Ty T r oo T iy T rrrrrm
33. Rate T'YPE CURVES 34. Integral-Derivative
1 1 _1 4: MODERN DECL| NE 33-37: FINITE CONDUCTIVITY FRACTURE
; . i T ———————— * Fracture with finite conductivity results in bilinear flow v
11. Comparison of gp, and 1/p, ANALYSIS: BASIC 12. Equivalence of ¢, and 1/py, 3 E (quarter slope). 3 E
3 o X, | N C
4 ccwnd el e o v ol ol o CONCEPTS oo vl vid 3ved el o vl vl 3l ) T Increasing Fg, ?f’ B \L \L X< < \L \L T B
E . o E 11-12: MATERIAL BALANCE TIME 3 : 3 —F O A 3 3
- onstant rate solution [~ . r 3 . E - 3J E
] (1/p,) is harmonic. i * Material Balance Time (#.) effectively converts constant ] i <3 C * Dimensionless Fracture Conductivity is defined as: <] C
pressure solution to the corresponding constant rate 4 L 7k o = . . . L
Q?_g E_ e EiE 3_ = Increasing x, = FCD = kfx = Increasing x, \ N ‘\ > =
= F © =il Sve plgioel Lalig [\ e SEEmne W =] E E - * Fracture with infinite conductivfit results in linear flow - “\ * %” -
2] .| becomes harmonic. E] [ 3 0.00633k¢ . F (half slope) Y ] 0.00633k N N\& T
o . . . . . a < xf — K - . - xf — ;1 3 \, e L
> | % L * Material Balance Time is rigorous during s ‘\ % - Dxr ¢Hcle2 90@ \L ¢, \L o ¢ﬂcle2 N\ \‘- \
E Constant pressure solution % F boundary-dominated flow. 3 = Constant pressure solution (q,) is converted to \ < E LR RE Ll L1 B )RR B R RN B R R L B B B R EAL mma s e h
] (ap) is exponential. < F J constant rate (1/p,) using Material Balance Time (t). ‘4’ & F Lo Loxe
7 B Actual Rate Decli c tant Rat 7| = Constant rate and constant pressure solutions using f, —» [
7 r - cluatrate beciine onzanl ,a c - are harmonic. ‘H * For F,,>50, the fracture is assumed to have infinite
T T T T T L :f:ffoth LR LU R B L R L R L e conductivity.
Iy > 4 4 o 1, (Material Balance Time)
/% ‘ 35. Elliptical Flow: Integral-Derivative 36. Elliptical Flow: Integral-Derivative 37. Elliptical Flow: Integral-Derivative
v
Actual Time (1) Material Balance Time
(t)=0Q/q T T I T I T I I AT R BT BRI BT
13. Concept of Rate Integral 14. Derivative and Integral-Derivative E : : : : : : E E ' ' : ' : ' E ' : ' ' 3
3 F 3 E E Increasing a/b E
13-14: TYPE CURVE INTERPRETATION AIDS ] I N _ i S I
L =.. 3 E E S E
Rate (N Tzl 3 E g"-~:::' -. Increasing a/b E E E 3 “~-\.. . ;
Rate Integral = g e ( 9rma 2 ) . . i 7 E _:::~._~:::-. :::--—..- i A [ 7] i ..~“~.~:.‘ N
v 10 ! * Combines rate with flowing pressure.  Ap _; ;_ é—i__.::m.-:::“:::_ . E S E S :::\:\:\\ E
o i g ; - Integral (Normalized Rate) 3 E 3 Quarter 5 Semn il i..;\ E 3 F ] h “éé‘.a. b
= 2 * Smoothes noisy data but 1l g ; ] E ] = i ] L 7 .\;._‘ i
0~ I;th = % attenuates the reservoir signal. 7, -[0 Ap ! E 3 § N, § § \f;x
v v ] F 1 Fy=05 L 1 Fp=50 . 1 Fy =500 s
Actual Time (¢) Actual Time (7) Derivative (Normalized Rate) d( 4 ) 4 - L T T T T T T T Ty ,t””,ul T T T T T T, T TTTT T 7T T TTITTm |t|||||||| T TTTTm T TTITm T 11T, T T T TITm T TTTTmy |l:|||m| T T T TTITm T 1T,
= Rate Integral is cumulative average rate. ° Ampliﬁes reslerVOir signal but __ A ] . E " ‘
= Rate Integral is an effective way to remove noise. ctnpglifes tokss e vl d(Inz) - ] i
Integral-Derivative (Normalized Rate) Torrrrr " tme T TorrrTTm
* Smoothes the scatter d 1 g 38-40: INFINITE CONDUCTIVITY FRACTURE
of the derivative. " d(nt,) (f_cJ. 0 Edt)
38. Blasingame: Rate and Integral-Derivative 39. NPI: Pressure and Integral-Derivative 40. Wattenbarger: Rate

1 5_1 8_ GAS FLOW S R T MR MR TTTTY MAPRRSTTTH WA TTT WP WAETH R vl vl il ......ll NI BT 4 PR BRI B R R R T MRS ETITT R R R R T SR TIT R Ll
- 3 3 3 H £ 3 /YQ/’S/ _ 0.00633kt E
15. Darcy’s Law CONSI DERAT'ONS 16. Pseudo-Pressure (D)) f i 3 : /f ] pe Dye — ¢Hctyez r
} —O— 3 E
e 0 E = ! e 3 (=2, E
15-16: PSEUDO-PRESSURE = Increasing x, E HE Increasing x, 7 .\5\°Q E 3 < Increasing y, 1y, F
-10: - z 7 E z 7 5 E ] L
® Liquid (Constant Viscosity):  Ap oc g Gas properties vary with pressure: :_>pp o p : ] B 2 ] | // L E
. 1 g3 E g 3 1. ¥
= Gas: Viscosity and Z-factor are not constant. * Z-factor (Pseudo-Pressure, Figures 15 & 16) | z ] CE TS i gty -7 E =
Define Pseudo-Pressure (p,): * Viscosity (Pseudo-Pressure & Pseudo-Time, Figures ] P, pze: s . 'S Pt Lo : H e 3
> 15, 16 & 18) = ’ H = L = et Pt ] - —o— Gy L
P . . o ] E E 3 .- ,-° I Boundary- F . E
) J"’ pdp * Compressibility (Pseudo-Time, Figures 17 & 18) zZ 1 3 ~ | s 082 .- N g et i . %,
p Po ﬂ Z ‘3T- I 7 B 7 '_/-- I [ _ §
& o PSeUdO-preSSUre COrreCtSfOrChanging ViSCOSityand 'g : TT T T T T T TTO T TP T T Ty T T T T T T LI 11 B 11 221 |||||||I T T TTTm T T 17T, LU BN L B L L B L B L R L
Pseudo-Pressure (p,) corrects for changing viscosity Z-factor with pressure. < | | Ina Ioa loxe
(Hg) and Z-factor with pressure. * In all equations for liquid, replace pressure (p) with !
seudo-pressure b 1
Darcy’s Law for Gas: App ocq & & ®y) . T T T T
Note: For gas, ¢, = 1 _ 14171047 Pressure (p)
e 41-43: HORIZONTAL WELL TYPE CURVES
: iboili iati - - : -Ti a . Blasingame: Integral-Derivative . Blasingame: Integral-Derivative . Blasingame: Integral-Derivative
17. Gas Compressibility Variation ) .?7 18: PSEUDO TlME . 18. Pseudo-Time (1) 41. Blasi Int I-Derivati 42. Blasi Int |-Derivati 43. Blasi Int I-Derivati
¢ Compressibility represents energy in reservoir.
* Gas compressibility is strong function of pressure | | | | | |
i IR TET B AR B SR AR R T B R R TTTT B SRR TTIT| B AN TeTT S e  —  ——  ——  — LotLirny o T T B A R T E T M S R T TT] B A R TITT A R R T T M A R R TT 1| B AR TTTT
1 16z 1 (especially at LOW PRESSURES). ® |n all equations for liquid, replace Time (t) with Pseudo- 3 E 3 E 3 N N E
GEo o P * Ignoring compressibility variation can result in Time (t,). 3] E 3 F 3] u
N g 2y significant error in original gas-in-place (G) calculation ] X, - i ] I T Xe I
' o dt — ’ L E = E - L =
= * Pseudo-time(z,) corrects for changing viscosity and t,= (#yc); _[0 7 < 3 3 E 3
= compressibility with pressure. He €4 . > F ] r ] <« |
“E_'_ ¢ Pseudo-time calculation is ITERATIVE because it = Convert material balance time (t) to Material Balance 3 ¢ L i L é - -
S depends on J, and ¢, at average reservoir pressure, Pseudo-Time (t,). N E E 3 F
3 and average reservoir pressure depends on G (usually 1ee (1, o qdt ] [ ] L ] N
i known). len = —I qdt, = —J pe— E E E E 3 3
q-° q 0 H,C 3 B E I E 3 E
Note: Pseudo-time in build-up testing is evaluated at well 7 N =0.1 N ] > =03 [ ] i
T T T T flowing pressure NOT at average reservoir pressure. Noffz M ?nd?.cre.evclucfed at average reservoir pressure TP r—rrer—rh Ty L A B e SRR AL/ a et
Pressure (unlike build-up testing). tos ou o
19. Oil: Flowing Material Balance MATER'AL BALANCE 20. Gas: Determination of bpSS 44. Blasingame: Rate TYPE CU RVES 45. Agarwal-Gardner: Rate
ERRTT L T I ETTT TR R T AT TTTT BT ST W TTIT owqy vl vl vl el vl vl e ved vl ol s nee]
o Transient oil N E ' } I I I I E Infinite Aquifer R s E
. %Qb P.— D.e = — =P qb — Boundary-Dominated 2 o’ 7 M=10 (Constant Pressure) E A ‘I L
(Y i wi c N pss O ] L : o ' ;
o X~ ﬁ% ! M = E Reservoir /“/V . 3
& 1o N 1 3 E Seeaee’ E
T 5 Boundary-Dominated q _ p + - 1 r 7 E
Sl = 2 I i F
\\; g_ ’ Pi— Py cthpss (p1 - pwf) bpss =~ E M=0 (Volumetric Depletion) ——p» E nereasing fu. §—
i N ] * Mobility ratio (M) represents the strength of the aquifer. Increasing M 7
l Note: bpSs is the inverse of productivity index and is _ 2p, A 3 Increasing M E i E
S~ constant during boundary-dominated flow. * T (u,¢.2) Cr= _[0 qdt, 3 E = M _ : ) -
; . . Transient Iug A ; 1, —as i kres Mg M=0 (Volumetric Depletion) ———p™ E
Normaﬁd/(ikgggv;ﬁ;ﬁmon Gas i » I I I oG /q I I I“””"‘ LBLELLLLE BRI L) B IR B SRR R L T TTW T T TTTT T T IT—TTTi—TTTTmy T TTmW T -
_ — Bt & g " Iog * M=0is equivalent to Radial Type Curves (Figures Toa
ppi ppwf © 4 pss 25-32)
i
. . L ppi_ppwf_(x’Gpa b
21. Gas: Flowing Material Balance == _G+ s 22. Procedure to Calculate Gas-In-Place
q q
— Calculating G is ITERATIVE: Copyright © 2018 IHS Markit
. Pp = Powr T 40pss 1. Estimate G; plot p/Z vs. G, from p,/Z, to G.
2. At any time, G, is known. Determine p at G, from p/Z
SUMMARY: plot e ’ /
: * Uses flowing data. No shut-in required. 3. Obtain {7, and ¢, at p. NOMENCLATURE
- * Applicable to oil and gas. .
Py = Ppwr + by * Determines hydrocarbon-in-place, N or G 4. Convert tto t, and p,, to p,, (Figures 18 & 16). a  semi-major axis of ellipse kv horizontal permeability gvs dimensionless rate integral x: fracture half length
) j . ' ’ 5. Determine b, from Figure 20. A area ke reservoir permeability ¢vaa dimensionless rate integral-derivative Y. reservoir width
* QOil (N): Direct calculation. 6. Determine B f — +ab b hyperbolic decline exponent or k. vertical permeability g initial flow rate ¥« well location in y-direction
* Gas (G): Iterative calculation because of pseudo-time. - DSTCTMING p oM Py = Pow ™ A semi-minor axis of ellipse K  constant O cumulative production Z  gas deviation factor
o Girisle Vel EewEril 7.Plot p/Z vs. G, and determine new G. bors dimensionless parameter L horizontal well length O»s dimensionless cumulative production Z gas deviation factor at
Sy Badtaies 8 Reooat stens 2.7 unil G by inverse of productivity index M mobilty ratio 7. exterior radius of reservoir average reservoir pressure
* Data readily available (wellhead pressure can be - Repeat steps <=/ until &> converges. B formation volume factor N original oil-in-place ro dimensionless exterior radius of reservoir ~ Z  initial gas deviation factor
converted to bottomhole pressure). B initial gas formation volume factor N, oil cumulative production v wellbore radius @ constant
* Supplements static material balance. B, oil formation volume factor P pressure 7. apparent wellbore radius ¢  porosity
« Ideal for | bilit . B, initial oil formation volume factor P average reservoir pressure s skin M viscosity
SeiOOWIPeLINCa  VICSOINONS, C. gas compressibility o reference pressure S. initial gas saturation M, aquifer fluid viscosity
C. total compressibility po  dimensionless pressure S. initial oil saturation M. gas viscosity
C.  total compressibility at average reservoir pressure  pos dimensionless pressure derivative t  flowtime M. gas viscosity at average
D nominal decline rate pvi dimensionless pressure integral t.  pseudo-time r§|s§w0|r pressure
D. effective decline rate pou dimensionless pressure integral-derivative t.  material balance time Mo O V'SCQS'ftIY_d cosit
D, initial nominal decline rate P initial reservoir pressure t. material balance pseudo-time He TESErvoiriiuid viscosity
Feo dimensionless fracture conductivity P» pseudo-pressure fn  dimensionless time o .
G original gas-in-place P» pseudo-pressure at average reservoir pressure  foa  dimensionless time QOil field units; g. (MMSCFD); ¢ (days)
G, gas cumulative production P initial pseudo-pressure foa dimensionless time
G, pseudo-cumulative production P pseudo-pressure at well flowing pressure fo« dimensionless time
h  netpay P« well flowing pressure fo,. dimensionless time
k  permeability q flow rate T  reservoir temperature
k. aquifer permeability ¢o dimensionless rate w  fracture width
ki fracture permeability ¢oa dimensionless rate X. reservoir length

All analyses described can be performed using IHS Markit’s Rate Transient Analysis software RTA.
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