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 Qil CURVES 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. [ Dt TS ANALZSISd h
b . L . ) = i radial flow type curves are based on the same 6 /A
Harmonic (b=1) Log flow rate vs. tlme.|s a stralgh.t I|n.e. . . P 2.303 ‘e 14128, (q/ Ap) reservoir model: k= 1.417x10°T (q \D _
g= 4 FIOW. iz v§..cumulatlve frEll e 'a sl . _— h dp mateh * Well in centre of cylindrical homogeneous reservoir. h 9o
. - 1+ Dt Hyperbolic (0<b<1) * Provides minimum EUR (Expected Ultimate Recovery). . - ‘I~ ————_ YRR * No flow outer boundary. 000633 % ( " )
_ 4 Time R (= . Qi " maten
q= a+5D7) 7 HYPERBOLIC DECLINE: = P (’DA ) mateh i (V_w Skin fact.or represented by 7. . - T (PL,C); Ipa ' , s=In (V_w)
' * Decline rate is not constant (D=Kg"). e q=q,— DO P = ) ’ ” * Information content of all type curves (75 maten "va
B ) . . . . %, eb /mach wa (Figures 25-32) is the same.
) * Straight line plots are NOT practical and b is determined ¢ . % . 2
Exponential (5=0) } by nonlinear curve fit g |- . * The shapes are different because of .= 0.00633k (ti) G ohS,;
q=gqe™ R = o r = ,0-006331‘ ( L Yo » _n 7 $hS, different plotting formats. e T (PHyC); o match 5 = B,
T T T T b value | Reservoir Drive Mechanism —°° : — T C, Ly B,; ¢ Each format represents a different “look” at the data
t 0 Single phase quuid (Oi| loeve Bl 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
2. Decline Rate Definitions 05 Effective edge water drive 4. Harmonic Decline 25. Blasingame: Rate (Normalized) * g, and 1, definitions are similar to Fetkovich. 26. Blasingame: Integral-Derivative
0.5-1.0 | Commingled layered reservoirs * Normalized rate (¢/Ap or q/App) is plotted.
R TTT R R TE E R RTINS R TIT B AR TET E R RTINS R R TEIT]
E No s N E E * Three sets oftypecurves: do— vl vl ol ol .1. sl )
3 o Straight Line E F . E ‘pa E
Nominal Decline Rate Effective Decline Rate HARMONIC DECLINE: _:‘ : B 1. qu V?‘ th (Flgure 25) 3 qui = t_'(.o qu dth E
@ —q, * Decline rate is directly proportional to flow rate (b=1). 23 =~ Increasing ., L 2. Rate integral (qp,;) vs. 7,4 (has the same shape ] Dd i
D. = a0 * Log flow rate vs. cumulative production is a straight line. 7 3 : as qD.d)' - . 3 quidz_M
7 ] N 3. Rate integral-derivative (qy,,) Vs. #,, (Figure 26). 1 i d(Int,) F
2 T m-— RN o r
SO SUMMARY: > = “ E o § Rl -
S o . E 3 o, F * In general: = Dppsss tpg =——1, : E
\\ 7 Boundary-dominated flow only. 3 1 dpg =dp 0(rpy —0.5), rp= r’e %% . 9 doa = 9o Popss Ppa bopss T’ F
" * Constant operating conditions. b _ 2 G, L . . . ] I
4— 1 Year —» ) . . ) < 3 e, E * by, is a constant for a particular well / reservoir = E
. — * Developed using empirical relationships. 3 1: - 2ty ’o,% E co%figuration 3 E
3 4 ba = 2 r : 7 F
! * Quick and simple to determine EUR. 4 1 (In7; =0.5)(p =1 JF ] L
° . e T TTTImY T TTTTI T TTTTT T TTTImy T TTTTIT T TTTTI T TTTTI Emmmaa T S EmARAINI T T T
EUR depends on operating conditions. Cumulative Production fon 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 £, definitions are similar to well testing. 28. Agarwal-Gardner: Integral-Derivative
5—1 O: FETKOV'CH * Normalized rate (q/Ap or g/Ap,) is plotted.
Ll 1 anul 1 aanul 1l 1l L1an
5. Analytical: Constant FlOWIng Pressure ANALYSIS 6. Analytical: Constant FlOWIng Pressure % % Three sets of type.curvesl E TN R RARTTT A RARTIT M AR TRTIT M ||||||iI TERTTITT R ARTTI ||||||E
3 Increasing r E 1. qp vs. t,, (Figure 27). I~ :—» Boundary- E
E " E 2. Inverse of pressure derivative (1/py,) vs. £, . Sl Transient ¢, Dominated 3
E PRATT BRRRTT BERTE T MERTTTT AR TTTT MR TTT T MERTTTT MAWTTTT MAMTTT T ERTIT T MR MRt | un-E 5 Ll Ll L ||uull Lol L1 |||u|E E E (nOtShOWn). E \_.\- ~\._\ : E
3 Tronsient E E Increasing r,, :_> Boundary-Dominated E E 3 3. Inverse of pressure integral-derivative (1/ p.) = : : 3
3 f Siale Curve E * g, and 1, definitions are similar to well test. 4 > Single Curve L S / E vs. 45, (Figure 28). o | -
7| Boundary-Dominated B ) . | ponentia | = 1 141.2¢Bu E * Notes: d ) 3 1 E
2+ Multple Curves E * Convenient for transient flow. 3 H E ER P_D = %h(p,— por) E 1. Pressure derivative is defined as ppy = deD) 2 | L
& * Exponential L « * Results in single transient stem but multiple 2 ] ! r _ L (Intp,) 3 : E
3 E boundary-dominated stems. s ] Transient «: L E _ 0.00633kt E 2. Inverse of pressure derivative is usually too noisy 1‘ d(py) | L
] L | « Multiple Curves | B | DA duc, A F and inverse of pressure integral-derivative is 3 Poid = 7, ! E
_ 141.2gBu 000633k e | = used instead. ; dintp,) ! i
3 E dp > ip 2 = ) E T T T TTO ¥ T T T T T T T T Ty T 7T
= = kh(pl - pwf) ¢“ct Voa . : C Ioa toa
5 : - -
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o qu:ndt.thgetfmltlor:s are convenient for - Da 29-30: NORMALIZED PRESSURE
production data analysis. 29. NPI: Pressure (Normalized) INTEGRAL (NPI) 30. NPI: Integral-Derivative
¢ Convenient for boundary-dominated flow. o * p,and t,, definitions are similar to well testing.
- . * Results in single boundary-dominated stem but - . . e * Normalized Pressure (Ap/q or Ap_ /q) is plotted Ll el el i i
7. Empirical: Arps Depletion Stems ; h 8. Empirical: Arps-Fetkovich Depletion Stems E E P 3 T E
p P P multiple transient stems. P P P 1 5= 1 kh(p; — pwr) E rather than normalized rate (¢/Ap or q/App). 3 pp = 1 fon Podty, :—» Boundary- E
B b — - B 7 ! i ominate: I
dos= o In(ry —05) . 1o, = 2t - qp  141.2qBu O * Three sets of type curves: . ‘oA Tronsient 4—y  Dominated d:
pa = 4p e =02)> foa =0 5)(2 — 1y : L Lol bon g E 2 1. py vs. 1, (Figure 29). E o = d(py) : 3
3 F = 3 2. Pressure integral (p,,) vs. £, (has the same ] “d(Intg,) :
| ] - " § E shape as pp)). 5 - : E
B Harmonic r - L 3. Pressure integral-derivative (py,,) vs. #,, (Figure 3 E
7 B 3 30). ] ! :
o Harmonic 2 | | T __ - 1 -
é 1 » - 2 Hyperbolic E _E‘ . E E ) §
Hyperbolic Replot on Log-Log Scale ] E 3 Increasing r,, : 7 : .
| I J ] / B L 11 N R 1 S A G R R RN 4["”””” T ””I": e
Exponential toa toa
Exponential } — -
T T ) T T T L R | T T'I T T T T T
fime e _ 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
10. Fetkovich/Cumulative Type Curves 9. Fetkovich Tvpe Curves NI ERETTT ARRTTT BRI BT BRI BERTTT BRI RRTT BERIT BT TRANSIENT flow. voved oo vvowd vvonsd vvooed v veowed e v o
: yp : yp 3 000633kt E * g, and £, definitions are similar to well testing. E 1 o d(p,) F
SUMMARY: 3 th=——>— [ . ) i Ap i 1 Poi =—| podty Ppia =—‘L1 F
: ; ) ; ] gucs?,  F Normalized rate (¢/Ap or g/Ap,) is plotted. ] i d(Int,) |
AT R TITT BT R R * Combines transient with boundary-dominated flow. RN AT ETT B AR TR BT E TR T R AR ETET MR TETT R i L .
E E ) - ) 3 T E * Three sets of type curves: E Zero Slope F
; o e * Transient: Anal)_/tlcal, constaj\r?t pretssur.e solutlon.. - 7 :—V??::czrje-zin::med F e 3 1.4, vs. 1, (Figure 31). i T
N cor L * Boundary-Dominated: Empirical, identical to traditional i :  Empirical C E F 2. Inverse of pressure integral (1/p, ) vs. £, (not Qg | N \ \ ‘\‘ ‘\_
3 3 (Arps). _| ! L s ] L shown). ~ 3 5 \ \ \ F
<& F * Constant operating conditions. E N E Increasing r, > | 3. Inverse of pressure integral-derivative (1/pp..) ] \ 5 5 \ C
] B * Used to estimate EUR, skin and permeability. B ] : a 3 E vs. ¢, (Figure 32). ] \-, '-‘ Y Y [
E’E 3 * EUR depends on operating conditions. 4 : L ] C 4 \ Y \ % L
S r * Does NOT use pressure data. = Transient  <4— = T i ‘.‘ . i '
n 3 * Concaveup | E UL B et e el e el e e R e Ty
3 3 ¢ Cumulative curves are smoother than rate curves. E o Theorefical 1 - W T T T / M T T, P
3 [ ™a . ar E * Combined cumulative and rate type curves give more ] ' C
4 Opq = JO 9pq 4Tpg F unique match (Figure 10). !
33. Rate 'YPE CURVES 34. Integral-Derivative
1 1 _1 4: MODERN DECL| N E 33-37: FINITE CONDUCTIVITY FRACTURE
U R TITIT B R TTTIT BRI BRI B AR TTTIT BT BN TeTT . B P A o FERTETIT BRI R TITT BRI BT BRI BRI BRI BN TeTT
; . ; 3 E * Fracture with finite conductivity results in bilinear flow 3 E
11. Comparison of ¢, and 1/p,, ANALYSIS: BASIC 12. Equivalence of g, and 1/p, ] 4 : (quaner siope), oy, -
N o ., . |F 3 — |
T T AT R R RSP EETTH T R TS CONCEPTS vl v vl el el v ol ol vl ) T Increasing Fg, ?r 0 \L \L X X—% o o \b ¢/ T jr B
3 c | E 11-12: MATERIAL BALANCE TIME 3 £ 3 «—5F N 'T 'T 4 3 «—F
- onstant rate solution [~ | r 3 E < 3 F
] (1/po) is harmonic. [~ * Material Balance Time (z) effectively converts constant ] i <] N * Dimensionless Fracture Conductivity is defined as: @‘f ] r
pressure solution to the corresponding constant rate 4 - kow ~ 4 -
E'f_é 3 saliior. 3 E E Increasing x, E Fep = E 3 E
— C * Exponential curve plotted using Material Balance Time 7 3] o o e wilh e conductiv?t sl in et faw 7 % o
T i becomes harmonic. E] [ i 0.00633kt T (half Slope) y 1 0.00633kt R N N &
2 < . L . o e 5[ : f| = . s [
= _ % L * Material Balance Time is rigorous during > \ ; L P de x? 2, J & J P dpue X7 “\ \‘.\ N\
= Cons.tcmt pressu're solution ————p ‘%o - bOUndary-dOminated ﬂOW. ; = Constant pressure solution (q,) is converted to \ ‘% ; TTTTI T TOTO T T Ormm T P ITIm TTOTn T P TTIm T T OTim T T rrmm TTTT T OO T O T 11 ||n||’ TTTTI T IO T e
] (9p) is exponential. [ - constant rate (1/p,) using Material Balance Time (t). ‘4’ > [ Lot Lot
T B Actual Rate Decli c tant Rat : = Constant rate and constant pressure solutions using . —> i
] i - clual Rate beeine onstant Raie - are harmonic. “4> * For F.>50, the fracture is assumed to have infinite
o _1p €D
@ TT T T TTITW] T T T T T T T IO T T T T Ty T i to == =7_|.0qd’ LLLLL BN IRLRRLLL BRI, IR ELLL LU BRI IRRLUL L B COndUCtIVIty. @
ts R 4 49 5 1, (Material Balance Time)
A/' /% A 35. Elliptical Flow: Integral-Derivative 36. Elliptical Flow: Integral-Derivative 37. Elliptical Flow: Integral-Derivative
Actual Time (1) Material Balance Time
(t)=202/q sl vl vl vl vl 4l o Ll vl vl il 0l ol s AT TR TETT ERPETETT EEFATTTTTN EATEPTTTTY EAFTETTT REPETETT
13. Concept of Rate Integral 14. Derivative and Integral-Derivative 3 : : : : : : E 3 : : I : ' I E 3 ~ : : : : : E
3 F 3 F Increasing a’b E
13-14: TYPE CURVE INTERPRETATION AIDS i I : _ S I
L = E E| E - S 5_
_ E E 3 Increasing a/b F 3 F RTINS F
Rate ntegral = 2. Rate (Normalized) q E E ] F ] i Sl F
N o _ t ¢ Combines rate with flowing pressure.  Ap _: :_ 5 3 o3 3 :“"",',‘_':_\;.‘;;-\ 3
ctual Rate = — 5 3 E 3 F — F S = an = ANt s, F
@ dt é‘a‘ v « Integral (Normalized Rate) E F ] £ 3 [ 3 "m::.\“ u
= _ F 0 * Smoothes noisy data but 1 J"c a4, . - __ L . - i i L
0- j‘o qdt = attenuates the reservoir signal. ¢ Jo Ap 3 3 ; § E \;\
v v ] F 1 Fp=05 F 1 Fw=50 - 1 Fyp =500 L
Actual Time (1) Actual Time (1) Derivative (NOrma”Zed Rate) G g S - L L T T T T T T |t|||||||| T T T T T T T TTTTm T O T Trrrmmy ltllllllll T TTTTm T Ty T T Trrm TTTTIm T 1Ty T Ty T llllllll] T T T TTITm] T TTTTm,
= Rate Integral is cumulative average rate. ° Ampl_if_ies res_erVOir Signal but _ Ap ; E "
= Rate Integral is an effective way to remove noise. aryallites el ae el d(Int,.) - i I
Integral-Derivative (Normalized Rate) T " me T T
o Smoothes the scatter d 1u g 38-40: INFINITE CONDUCTIVITY FRACTURE
of the derivative. " d(Int,) (f_c o Ap %)
38. Blasingame: Rate and Integral-Derivative 39. NPI: Pressure and Integral-Derivative 40. Wattenbarger: Rate
1 5 1 8. GAS FLOW T RN EATEE R MR R R R R R T BT B R BRI TIT T R R T RS ETT RS TT R TR B AR R R TTTT B W R R TTTT MR R R MR TeTT e
- . E E : 3 o, 000633kt F
) ] F 3 r ] o Dye =" — 5 [
18- Daroy's Law CONSIDERATIONS 16. Pseudo-Pressure (7,) 5 ’ - “ | 7 1 - o ma
= -5 E ' 5 ) ! E 3 =2%, E
15-16: PSEUDO-PRESSURE : 7 Increasing x; : ;3 Increasing x ; 1 == Increasing Y./, i
S r Gl B = E
= Liquid (Constant Viscosity): ~ Ap oc ¢ Gas properties vary with pressure: :—ppp < p i __ _ 2 _: : g _ ; E
o 7. o i | s 3 E 5 3 - E - r
= Gas: Viscosity and Z-factor are not constant. Z-factor (Pseudo-Pressure, Figures 15 & 16) ! z 7 F N P I s e F N E
Define Pseudo-Pressure (p,): * Viscosity (Pseudo-Pressure & Pseudo-Time, Figures ] Py < pzk: S . +° e ’_,/' : - 3 Ve F
15, 16 & 18) Iy i E 3 E - - ! ound 3 14" Sng [
g 3 E 3 .o e e Boundary- E = E
) J‘ 2 @ * Compressibility (Pseudo-Time, Figures 17 & 18) % i : 3 \\ F 3 -'\)\0\,( 5 - Transient < Dominated F ERS o6 E
P e,z s ! 1 [ ] R , [ 1 [
L] Pseudo_pressure COrreCtS for Changlng Vlscosity and § I TTTITT T T T 1T T Ty TT Ty T TTTTy LBLRRRLLL | T T T T 1T T TTTIy T T Ty LU T T TTTmy T T TTTIT T TTTTmy T TTTTmy TTTTmy ItIIIIIII| T TTTTmy TTTTmy T TTTTIT
Pseudo-Pressure (p,) corrects for changing viscosity Z-factor with pressure. < | Tos Lo e
(Hg) and Z-factor with pressure. * In all equations for liquid, replace pressure (p) with !
seudo-pressure . |
Darcy’s Law for Gas:  Ap_ o g o ® ®y) . : : I :
: Note: For gas, g, = L = AT el Pressure (p)
o e 41-43: HORIZONTAL WELL TYPE CURVES
it 17-18: PSEUDO-TIME : . R . - . -
17. Gas Compressibility Variation B 2 FesLp _ _ 18. Pseudo-Time (7, 41. Blasingame: Integral-Derivative 42. Blasingame: Integral-Derivative 43. Blasingame: Integral-Derivative
* Compressibility represents energy in reservoir.
* Gas compressibility is strong function of pressure | ) | | ) |
1 RIS R T T B R RTINS R R TI T B AR R IT| B E RTINS R R TET] —  — —— —  — e —— L 1 11 1
1 16Z 1 (especially at LOW PRESSURES). ® |n all equations for liquid, replace Time (t) with Pseudo- 3 3 E E
Cg= ——Ea— = * Ignoring compressibility variation can result in Time (t,). 3] o . F F
7] P r P significant error in original gas-in-place (G) calculation. . dt 7 X I i __ Xe A _ e L i
= * Pseudo-time(?,) corrects for changing viscosity and 1= (ugc); JO - § E %
E ] compressibility with pressure. g €4 ] «— > 7 >
g » Pseudo-time calculation is ITERATIVE because it = Convert material balance time (t) to Material Balance z | ¢ L ¢ L | ¢ L
é . depends on yJ, and ¢, at average reservoir pressure, Pseudo-Time (t,). = E F 3 F
S and average reservoir pressure depends on G (usually ; ] N ] E N L
i known). t, = l_[ “ qdt, = M J" zdt_ - - E 3 = E
0 g 0@z i Ems E Ems F
Note: Pseudo-time in build-up testing is evaluated at well 101 r 15703 r ]=to r
T T T T flowing pressure NOT at average reservoir pressure. Note: [J; and ¢, are evaluated at average reservoir pressure T T T TR R L B B R L -enm-u LBLELES R 0 L W L SRR R
Pressure (unlike build-up testing). f Toa o
19. Oil: Flowing Material Balance MATER'AL BALANCE 20. Gas: Determination of bpss 44. Blasingame: Rate TYPE CU RVES 45. Agarwal-Gardner: Rate
PEEERTTT EENETERTTIT B AR SR T B ST E T B SR TTrTT RS PEE RS sl vvord v vyl el voverel el vl 3ol 3wl 1
o Transient Qil N E E Infinite Aquifer 0 S § ;
= OO% pi — pwf =—L2 + qb . —] Boundary-Dominated oﬁ’g = M=10 (Constant Pressure) E ' .l “ - -
%, c. N P T i ) L ! 3 F
o i‘ kb « ! = = Reservoir /“/' A = E
~ 2 SR E E e 4 E E
T : "é ;7 Boundary-Dominated q _ Np + 1 E F So0C E| 7 E
S - - T - | -1 i E
g; g— P~ Py Cthpss (p1 - pwf) bpss o 5§ M=0 (Volumetric Depletion) ——p E S nereasing fue E
> 2 3 E 3 E
| N ] C * Mobility ratio (M) represents the strength of the aquifer. E Increasing M E
l Note: bpss is the inverse of productivity index and is a 2p, Ira E Increasing M E Ky E E
S i . i = G, = dt, 3 E _ 9 Hres E F
: : | R constant during boundary-dominated flow. Teansiont (1,c.2), pa y @ S - : . E M=0 (Volumetric Depletion) .
Np/c‘(p‘-pwr) I T T T T Ie“”“ T — T T —— T ——— . LU BRI R SRRl SR SR SRR R R R e IIIII_
Normalized Cumulative Production Gas oG - o Gm/q T L] T T T [ ) ) ) } Ll LI L L L ) L] L] L] L] L]
p.—p _ pa gb Toa * M =0 is equivalent to Radial Type Curves (Figures DA
pi pwf G pss 25_32)
) ) L ppi B ppwf _ G’Gpa
21. Gas: Flowing Material Balance = —G+bp5S 22. Procedure to Calculate Gas-In-Place
q q
= Py Calculating G is ITERATIVE: Copyrigh © 2017 IHS Markit
- Pp = Powr ™ 4Ppss 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 ’ ’ /
* Uses flowing data. No shut-in required. 3. Obtain fJ, and G, at p. NOMENCLATURE
~ * Applicable to oil and gas. .
Py = Ppur +byss * Determines hydrocarbon-in-place, N or G. 4. Convert tto f, and p,, to p,, (Figures 18 & 16). a semi-major axis of ellipse ki horizontal permeability ¢vs dimensionless rate integral X fracture half length
. ] . 5. Determine b,,, from Figure 20. A area k. reservoir permeability ¢oas dimensionless rate integral-derivative Y. reservoir width
* Oil (N): Direct calculation. 6. Determine  from 5. = +ab b hyperbolic decline exponent or k. vertical permeability q: initial flow rate V. well location in y-direction
* Gas (G): Iterative calculation because of pseudo-time. ) 'nep Pe = Pou ™ APpse semi-minor axis of ellipse K constant O cumulative production Z  gas deviation factor
« simple yet powerful 7.Plot p/Z vs. G, and determine new G. Do dimensionless parameter L horizontal well length Ov dimensionless cumulative production Z  gas deviation factor at
Y . o 8. Repeat steps 2-7 until G converges b, inverse of productivity index M mobility ratio r. exterior radius of reservoir average reservoir pressure
* Data readily available (wellhead pressure can be - Rep P unit verges. B formation volume factor N original oil-in-place 1« dimensionless exterior radius of reservoir Z: initial gas deviation factor
converted to bottomhole pressure). B.: initial gas formation volume factor N, oil cumulative production 7. wellbore radius a  constant
* Supplements static material balance. B. oil formation volume factor P pressure rw apparent wellbore radius ¢ porosity
o Ideal for | bili . B. initial oil formation volume factor P average reservoir pressure s skin H wscpsﬁy o )
eal for low permeability reservoirs. C. gas compressibility Ppo reference pressure S. initial gas saturation Haa aqun‘e_r ﬂU'_d viscosity
C. total compressibility Ppo dimensionless pressure S initial oil saturation M. 9as V!SCOS]W
C:. total compressibility at average reservoir pressure  pos  dimensionless pressure derivative t  flowtime M. gas viscosity at average
D nominal decline rate poi dimensionless pressure integral t. pseudo-time reservoir pressure
D. effective decline rate Ppoia dimensionless pressure integral-derivative t.  material balance time Ho oil VISCO.SItyl . .
D: initial nominal decline rate P initial reservoir pressure t.. material balance pseudo-time L reservoir fluid viscosity
Fe dimensionless fracture conductivity P» pseudo-pressure t»  dimensionless time o .
G original gas-in-place P» pseudo-pressure at average reservoir pressure  fx - dimensionless time Qil field units; g. (MMSCFD); 7 (days)
G, gas cumulative production P initial pseudo-pressure fra dimensionless time
G, pseudo-cumulative production P pseudo-pressure at well flowing pressure In dimensionless time
h  net pay P« well flowing pressure Iv.. dimensionless time
k  permeability q flow rate T reservoir temperature
k. aquifer permeability ¢v dimensionless rate w  fracture width
ki fracture permeability ¢vs dimensionless rate X. reservoir length
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All analyses described can be performed using IHS Markit’s Rate Transient Analysis software RTA.
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