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Development of Designing and Performing Procedure for Well Test in
Coalbed Methane(CBM) Reservoir

Jinyoung Park and Jeonghwan Lee™

Depatment of Energy and Resources Engineering, College of Engineering, Chonnam National University,
Gwangju, 500-757, Korea

The most critical factor in developing coalbed methane(CBM) reservoir is absolute permeability. Both productiv-
ity and economics of the CBM depend on the absolute permeability. The methods to estimate it are core analysis
and well test. However, absolute permeability determined by core analysis cannot be a good representative of CBM
reservoir. Therefore, it is generally estimated by well test. In this study, well test methods applicable of CBM reser-
voir were classified with their characteristics. Merits and demerits of each well tests were also analyzed. Based on
those parameters, design considerations and procedures of well test were derived. After each well tests was per-
formed, the procedure of well test interpretations to estimate reservoir properties such as absolute permeability and
skin factor was presented.

Key words : coalbed methane, well test, slug test, injection falloff test, absolute permeability

2 eE W7t~ (coalbed methane; CBM)E 7H@al=d] Jojr Aabdst AAEE F9-5hs AUl F3 %= (absolute
permeability)E 2F&shs A2 wl$- Fasith AUlEa=E 295 Widls FojE4 (core analysis)¥ F73A4F
A& (well test) 5] AT 3IATF Fo]BA S B3 =29 AU FHATE CBM AFES ¥ = 7)ol grbzgo
2 ARG L B8l AUEFAEr} AEE, olo] E AfdMe CBM AFEol 24 7138 AP EL 2
Folal 2 AlE7IHE B 2 4 - S B3I olE 7Nk fAAAE A 2 FEAE YGRS
o, ARG 73 & HEE AEE B9 AuFeet &A1 (skin factor)?t 2 AFFT E9S =3 9
g A7 HAE AAEAT

F20{ | e erks, $AMIR, 26049, Y2, ArEshe

1. M = gas; ASPO)?] 2009 o= ALRo|A &2 AitEke
S7FaL JARE A 2

20123 =AU =] A7 (international energy agency; o] Harg vh Qi) wpEhA] ouA] &M F
IEA)9] IE =gl 2™ 2007-2030 AIA] o= IA7F A7 srEREA] H138 7 (unconventional
ZHIE 40% THE ZASR odsiden, 20119 gaskde] FeAdol A F-4E Urh(Huh and
1bbl B 12598 9E A9 7FHe] 2035W9= 215 Lee, 2010; Lee, 2011). 53], Aets wet7}2(coalbed
9 R S8 AoR dq&sisith At Ai7kA methane; CBM)= A9l HFo] §laL /e $lg
78] (association for the study of peak oil and Ho] golsh, A AAIZ SR oF 9,051 Tef(trillion
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cubic feetyd =] e x|z FEo| oAt wket
CBM 7ol thgt #4lo]l Si=al lvh(Holditch
and Madani, 2010).

CBM F4A A #et A= CBMe] 2434
o2 =] A 1990 o] HE 71453kE %
om AZEAH(drll stem test; DST), £2]2A1 &
(slug test), Y&~ (injection falloff test; IFT)
2 7YEl Al E (pressure drawdown/buildup test)
So] d% 79 ugt Aoz ALE o] zhzte]
7158 ARABAL Yo ol F@E AAFHS Ax}
w71 Tl g A= mnlgk A% o]tk (Clarkson,
2010). $-2lu=HE 199090 CBMel| tist 7ido] &=
YE olHE Mus Wertx g Fa4S A
kU _x_/\]_g]_ O:]_'r_L/\E Z/\]i CBM 7Htﬂ— EP:P}H =i
EALRRlel gk AFE gk AZe] 9louk(ang
and Lee, 2013), EH}\]_ Ma-a_,] H;ﬂ—s} ;(] ;d:'ng]_ Al
B)S Bl ska §20] 9ol S0 uesla d
o] wj-- A& IEATHKo er al, 2008). wHhA
=Ule] CBM 7N - A4 7] s xpedrlde|
AE sEeksl 7|27le ol I3 JAsef
t}. 53], CBM 7l - Aakad 71%% oAl 2d
1= A ARl A3t Zlsout A8 B
o] AFat, CBM 7ol o] f848 3 7l 4
7t AdE davt k. old] & AFeME wF
712271&A A (gas technology institute; GTI)2] 41
PATFE vl oE CBM /M A, 4802 aE3)
ofshs A B AAES etst] flE CBMel A
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2. CBM FEYLIAIE

CBM2 2E4 f71es 9oz 3 Ado] A
3 ARl da o) o8] sl (coalification)
< AREA AEE o E, AES Yo
Holl FAFAL & 35 Yol a7k (free gas)d
B2 &A% cHArenas, 2004). 3 CBM AF&&
Fig. 149} o] E7 2 eslapge] o8 FAE 1
2} F=(primary porosity)? ¢+4¢] =23 WE, &
3], W 9 o3} 2e-S 3l AAFeR AgH 2
2} F(secondary porosity)2] ©]YFFA] 2] (dual
porosity system)©. 2 o]Fo|F EFEA AFZFolth
(Mora and Wattenberger, 2007).

CBME 7Mah7] SlsiMs CBMe] Axkd 2 734
4& 93 AUlFIc(absolute permeability, S
otale= Aol wig- Fash, Aese] BTt A
o] gsleh= g FRF Aet ZAe] AdE #E
%E](cleat)f’/] WEE 7h W W S oJgo s o]l
dsh= Zlo] oYk ddFAEE Ssk= Wyl
FojFA(core analysis) 2 74 ALHA FH (well
test) EO] k. Y FojEAL =3 2% A
FIEE CBM AFSS i + s ¥ ohg,
o] ZH F Al det2t WEEAY Hof Yol
Fo] WA Eo] T S QAP IE & V]
& kAo 2 G FS Bl AYEAEE
2+=3th(Mahendra, 1997; Aminian, 2006).

FRAINES AT 7S, ARS 4ol dAg
F9= (critical desorption pressure)©| stz 7HAs}e]
| #-5(2-phase flow)o] ZAsHA =W wEr}2e}
ezl ¥3kE B9 AthEIc (relative permeability)
7M. AR R PG AR EA0] o]y
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Fig. 1. Cleat system and production mechanism of CBM (King and Ertekin, 1989; Kansas Geological Survey, 2006).
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1l o), mfeba] dukd oz CBM AF35olA e
WA ES AFT 25 FUTOEA Xieiiﬂ
< A oo r fAst] AFE ol
A B fE5EHE D5 (single phase ﬂow)«] Z7

HH(Conway et al, 1994; Clarkson and
Bustin, 2011). @5 A AN E S F
3t 79 B9 FaF I = (effective permeability to

% K
I
o

0|

o

water, k)= CBM #7352 dAujgzze} 2y &
T AeBnR B3 Mg vekie] AiEAes 3
23 et glol CBM A75 Fa= 45 &olst
71] zﬂ 2= o]q_
3. REUMAE 2F R HE

3.1. CBM REYMAE 2R

CBM A75l ﬂﬁﬂ—t— FAAA o= 2

g, saMe, FdHE

L= SN [¢] (<]
Fol Qo & Ao 1—5— Wl WSk &

Table 1. Characteristics of well tests applicable in CBM
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A 8 7hed SElardd FHEAECR
wFelL 54 3 4 - 9E ZA AT Table 1).
ST S ART AR £5 FY e

IpEo MR A7l ME AYH AsS FAslaL, of
5 sl AFE B4 AUFEH=S} &AF
(skin factor, 9 E=Zdl= TN EoZ CBM

=

ARSI 8 7 Al fAE 35T A
AFS 4ol A slE Aad 4 9

Fol UL 53 %E-]:U\]?.ﬂol H A& HKSeidle,
2011). €825 AF= <
o] HEyrck "‘O}ok}uﬂ,
(well stimulation) 53] ol & J‘jr SHIANHS
Tl Q] 9 A=A westal FSE AR gk 4
o] zhasith. SIARE & fAl faoll AlskE 3,
AE=0] BEFert 2 74 A|FSsA|7to] o] A
25 wdo] 9ltk(Mavor and Saulsberry, 1996).

Lm
N
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o
N
N
N
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FHHEAHE 28 AFSTOE A A1kt F
A3 & G H H (shut-in)dta2 HiESA)E (falloff testyS

Well test method Characteristics

Merits and demerits

e Involves rapid addition or withdrawal of water
but uses generally injection(Seidle, 2011)
e Performed in reservoir where initial pressure is

less than hydrostatic pressure for

« Simple, easy to perform(Seidle ef al., 1991)

* Unable to uniquely determine reservoir
properties(Seidle, 2011)

e Less than 30 ft of reservoir investigation

Slug test injection(Mavor and Saulsberry, 1996) radius and cannot determine a broad scope
¢ Can estimate absolute permeability and skin of reservoir properties(Seidle er al, 1991)
factor(Rushing er al., 1991)
» Undertaken prior to well stimulation
(Halliburton, 2007)
» Uses gravity drainage from a water storage tank « Applicable to all reservoir regardless of pre-
to inject water into the reservoir in place of the and post-simulated coalseam (Halliburton,
pumping equipment normally used(Saulsberry, 2007)
Tank test 1993) » Reduced costs over the traditional injection
¢ Can estimate absolute permeability and skin falloff test(Saulsberry, 1993)
factor(Saulsberry, 1993) « Longer test duration which will provide a
¢ Can be performed in reservoir where the pressure greater investigation radius(Saulsberry,
gradient is less than 0.4 psi/ft((Aminian, 2006) 1993)
¢ Performed by injecting water into the formation ¢ Needs breakdown test before the
at less than 0.01 bbl/min in order not to create test(Halliburton, 2007)
IFT fracture (Halliburton, 2007) ¢ Not applicable to very low permeability
BFP-IFT * Requires at least four shut-in times for injection coal(Halliburton, 2007)
period(Halliburton, 2007)
» Can estimate the permeability, skin factor and
pore pressure(Halliburton, 2007)
* Performed by injecting relatively small volume * No need for a breakdown test prior to the
of water(Mayerhofer, 2012) test(Halliburton, 2007)
DFIT ¢ Can determine absolute permeability, fracture ¢ Short test duration and cost-effective

et al., 2012)

growth, fracture closure from reservoir(Taco

(Ramurthy ez al., 2002)
e Unable to obtain quantitative skin
factor(Halliburton, 2007)




T@dibdo] (fracture half
length) ¥ +¥A =% (fracture conductivity) 52| &
7180l AREE AHARE & —’F 2Itk(Badri and Clare,
1996). FHHHEAIE L] A5 alAdo] ZHAsaL T
=5 4T davt %iE‘r. T3 FHANAE S
Al FAE FERPEo] ABE SHaAgEY §e A
=S “—:Tfé]' _/r: 3/101 /H]ﬂ-—%oﬂ th_g]l—_ 07(4
AN Z 7P A3 E 3 Yok(Hollub and Schafer,
1992; Seidle, 2011). sFA|¥F E22AIg el Hls| vl
H|-g-o] AgEm, Megs) 22 v
g 7= AFSdAE ES 94 o= FYshI
o FHHIEAE A5 BAA, A1EA L]
TS DG AT F A= WiE Al (g = 0)rlA
o HEAEE A5l AFTY] 284S &3t
= Ak o]tk (Semmelbeck and Lee, 1990).
Table 1] YERH AXME FYHEAI Rl AFS

Reservoir is water NO

o2 F& FYs Y8l BZ(pump)E AR R}
H3E o|g3ste] &9 Tl (gravity drainage
of waten)® == BT (tank test)Z} AJERE0
Tgo] PR s 32 FUFHeE £S5 T4
sto g4 =3)%]= BFPIFT(below fracture pressure-
injection falloff test) 2 A& Wjol] @-Fo] 2SS
u #<¥€ 9 A E4(before-closure analysis; BCA)
I FE B9 F B4 (after-closure analysis; ACAYS
B3l AREe] duFgeet #29 59 o4 (fracture
closure pressure)ys =48 4 &= DFIT(diagnostic
fracture injection test) o] Z&= ).

32, CBM REULAY weel 1y
CBM A5%] A3He 8418 L Ads] §)
2

C A5eld o ARzel B9 B AL

of,
o
)
N
&

J

e I
)
)
re
(i)
ox

2 tepgow olsl @t
i alle 44 et mield
B ATiE ARS B4 2 g, f90Y
AR AR Pk? 59 A7 g o

gale] CBM #442419 71 A4 918 o)

g
oM,
friec)
=2
Lo
r}}f

u Fiu

saturated

Well is hydraulically
fractured

Well produces gas

YES
Slug test, eservoir pressurée
IZ?FIT IFoT radient is less than 0.4
i/ft
ater is injected below NO
fracture pressure YES
Tank test IFOT
Reservoir pressure
gradient is less than 0.4
psi/ft
YES
IFOT,
Tank test BFP-IFT, DFIT

DFIT

Fig. 2. Selection of well test applicable CBM reservoir(modified from Mavor and Saulsberry, 1996).
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AR 712 $g3lal o] Fig. 29 AAEIc A
AE NEE B ks 2 9 RS EwEA,
) 94 % 2 23 A 9] olxl= E3}F
DA Fout, CBM 7Hkzrlel ER1d = Sl Ales
o] 5421 & ¥} @ 7k A o, uky 5ol
ARE 208 131 FHAIAE ¥ %’.ﬂ A4 7tel=
ZRIGES & F g Aoz yddrh

&

4, CBM REYLAY dA & +=ER 8

4.1, E{aA 8

4.1.1. £8P AN

SN E AAA Eo] FUE AEH E Aol
(casin@ita (r), €AY A7, AFZ Gt
4R E FYHY 58 aHsiorsith sEaAd
Aol JoAX 7P Fa3 a4e AP 9 Aol vt
73 AAolt), WAool & AFAHLE AR AL =
F9gE 3A AAslokslEg 57 QPskE wirlA|
o A|7bo] 2QE|o] ZeajH|Lo] Z7tw] . ubo]
2 AL AT AT, A9 R EE YT

o2 ST aAF FYPALe] FobA] FEuge]

It

(¢

aETh S SHIAE FHA] 7”\51”4 A5
T FEWITA FofEo] W Wl ARS 4
RS H5T ook me SHaNEs %EH <
3 ARS 24 ARE ASE ¢ lowA A
o2 AT AP " ool wEarlE Adske
Zo] vpasith A 9 Aol g E‘lﬁol AR
A SN FEANHYS Tt ol FAET

(Mavor and Saulsberry, 1996).

x=43,700yrf @
kh

A7, pe B AAHE, hE éeilz\]‘&‘lﬂ 255
E AFZ Flelth 4 (D& &AFE 002 7t
AP v Age Hor v T':}E)]'X]‘r‘ﬂ' 0xt =2
il (2 = ¢ 4A A Zlo] vkt =
AR ol b ARE FI(E T AL
53l F4 4 ichHalliburton, 2007).

r.=0.029 | Kb @)
Prc,

AA F pERE AT 283

3] AX|=EE= %7 (pressure transducer)ell 33k
< HAA &g AEY A Fo=E AAS
(Cunningham, 2010).

4.12. 82X E 83t

SYIANES T3] HEAE SAHeE ARE
Z717H) (reservon‘ initial condition)ol|X] §-"4AAAEH
o] FYd AFT S A3t et & AlA
okgitt. AlEA 01 &-(open-hole)d 735~ #17] (packer)
£ ARgsl] AlE 8 ke T-AT), Aol A
2] F(cased-hole)ollFE &2 F¢ @ ujZo] Aoy
Wi-E 53l TRHER AT ARSI 94 A
ﬂl% °]°H°]E5hﬁr NAEH AFSe A4 et
$ AqtEe] FES WA EN AIFH
I AFFe] dFE FIAZITGMavor and
Saulsberry, 1996).

e AR Fig 3¢ £82Ad Aol e
b AMHE, dHAENE AW 27 BE 5
(water equilibrium height) 2t} o Z& 3Zoj A3k
o} ol ‘Qaﬁoﬂg y5 A “ﬂo} | =

o
I F loma A §l°l°ﬂ “Z]H oFgith
(Halliburton, 2007). 3825717F AXE o= A|¢
A 27 £ O] HEGEE E wriR 7o
B =EEE Al O ARS FH%
ulebr] B 37F A& S odon, dA g A7

Height imposed slug

Tubing

Water equilibrium
height

Pressure transducer
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After determining slug test zone, isolate
slug test zone using packer

|

Place the pressure transducer in the well
below the equilibrium height

|

After the well has equilibrated, the well is
filled with water as rapidly as possible

l

Begin the slug test by starting
the data logger

|

When the water level is equal to the initial
water level or when readings change
less than 0.01 ft per 10 minutes,
stop the slug test

Fig. 4. Flow chart of slug test procedure(modified from
Mavor and Saulsberry, 1996).

w2t
(electrical depth gauge)t} H71% &

soundenE ol§ste] FAFo N FAHL = Uk
(Hollub and Schafer, 1992).

57k gl meEE A
< 21473 Z"‘?fh:‘r vkd, CBM2 —rJJrJJ} 2l
ol AR W] F=o] Eoael o3 fA =
go] %“3%_‘ T M7l o] £E7F Brp =2
Ao ol 7 Wil AR 9

2
24 BN, BS FUT T A4

il

NP 27FF

]347(4 x7]

10 L)
N ﬁ )
jﬂ f ﬁ?o (g NE

E
X
o

o

(height imposed slugy’} Z7|155¢} < 01-741/]- T2k

7} 1029 0.01 ftelst=2 7152 wj7lA] ol 7=
AHNE e AFIE EHAES 5, Fg 49
=29 YA FREAE NFHoE AT

4.2, F-HHEANH

42.1. FY-MNESAE AL

—zr?J-HHE’\]Ud AA Al FHHEAE TN F

B, AR J 8 B FUUET F94T 52

= H H o=
wsnokw o 3 71 FaF Akt B FYRY
2 AP o= ol 7%

) FAuEd wet 23 cHSemmelbeck and
1990).

FHANEAE SIS AFS S AN
g 4= 93, FYME ]

-2 3= (log-log p

HHN
>
o
p)
o=
-t
AN
H
M
_]>4
>
n e

AR a7 (wellbore storage effect period)e] &
W & etH o] 77 Hpressure transient period)z
APF-57Hradial flow period)S X 3R Z3A%E
7H(infinite acting period)e] UeFd A== ZA A
Al ookslth(Saulsherry, 1993). B3k dutd oz A&
% B4 FIATTNN HES ARE B3

N,

Sz AR B FEAS ] 2
5% 4] golsltt. wehd FaETLIe] A2

rr

AR (tpre T893 B0l Fo38, ¢ ¢ wiE
1Z¥M L] £ The 2225 E] ALk

>

_(200,000+12,000s)C

tw s(i) (3)
bs(i) ki
170,000Ce™"*
Ly = @
kW
C=C,, Vi 6)
AZIM tpgy= THAIZFNA G £,p01M, by

HiEAIZO 2] ¢tk Ce A58 A3 AIG= (wellbore

storage coefficient)® Hd AFH FA d=E
(average wellbore fluid compressibility, C,»)3 A5

A IV, Feltk T3k 2 3), @elA T-"b—
(K9} AT AZRAE T £32NE
WA sl A58 goht e e Asa
(Mavor and Saulsberry, 1996).

Lotalt) = Slyps ®)
o7|1M, & ¥ ¥=E(total compressibilityye Y
etk & 79 2 #E MBS A6
ol 7+ t,.0 E FAHT 4 glon, BHE FUA|
AR wlIESAI ARG O AA DA (Seidle
et al, 1991).
1
3t oraiy P
| e 7
gt @
Z‘”-HHE’\W AlZke] quil 2 (NEFH =
I Al AFZ JPN (r)— - Q'EF(Semmel-

?a_

beck and Lee 1990). AF5= J3gbgo] zHE A
HA FYEAE Feulge] F7H ¥ o A
Z AAE i F e FAEE SAH AR
4 el exp dAEEE A-5 PN
AT F J=F AMS AA7F a9t & Ao
Q3 (maximum injection pressure, P ) AF=

Tgo] TR GEF Mes +9 4o 75%

jm

oX,
N

2 0o x o



x
B
2
N
>
)
3
1o

(3
oL

otz AAEH, o] w 7 JFHL U5 AEE
B A AEAFE shAY, i Al EAls
= Mg vgrkaAe] sk qbe vl (fracture
gradient)s F3l 58t} w4 P 7F s 3
AR =4 A=A e o] o] dAEY
A BT B4 dIghs HESHA 1T ¥ o]
2 FIAE71 EAF 7170 AR5l
WA kol FHHIEA RS BT

g 5 itk et ARSe dge] BAFR &S
AR P2 FgEo R FAMEAES Fasok
3, Pt BREA LSt & 83 AlS(water
formation volume factor, B,)E tha 2o sk
& FYRHQe 9T & AHGu et al, 1993).

o

= P "l’P - ®
70.6 W,L4|:ln( 688¢,uc,rw)_2s
kh ktwml(:)
Bt AFE 27 dgelm, re A

AN P
F739) wgelet.

422, FH-MEAE FHHA}
FUHEAIFE Aol dAFA Y, FY
z

HiEAdol FE 7S AAR § Fig 59 2ol

Fig. 5. Injection falloff test(ExxonMobil Exploration, 2011).
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1ftd 4~83] A== It AFEH ARSS o
Agit), BHef AIFA I AFF] ddo] FHsitid,
ATl &2 717 52t £ 1-3 bb/min == F
Yate] ke #ES WA= BHolanke Al
(breakdown test)S G330 ZH A|FA I} AEZ=7F
o] AL TN, AlE ) Folle AFT
teo] A2 Eolg wi7hA] oF 1-2A17Fs<t 778
H A sfoketck(Hopkins ef al, 1998). A5 A
Zke] AZAgo] ERIEH HAE o83t A/
EEZRE YR thy AR A ol &
A Z7)(pressure gauge)S F3Hsit), FrlE o
0.08-0.13 fto] Wlaa 2t 7] AdAS AR
U} A #4) ®WE (downhole shut-in valve)S A3}
H AFEAZEARTE 2N F do FYHE
AlE ) F FASS AR BHE 5 ARE BA
F5e] 2 %Y = Ark(Saulsberry, 1993). T -1l
ZA1F ol oA 7P T8 AR ARS

o #do] WA BEF FolotHA AlFA iR
FAHEAE 3 A AAGANS AHNFAAD &

i dlo 2o

\0

3

¥ e

Hth(Zuber et al, 1990). AAA] 9
Fo] Bo| FEH WHE dol §AL H st
=

o] Fgsl & wi7kx] wMiEAIdE T F T

After determining injection falloff test zone, all target
intervals are perforated with four to eight shots per ft

!

Ensure the wellbore is in good communication with
reservoir. if not, perform the breakdown test

l

If breakdown test is performed on the well, shutin the well
until initial water level rebound

|

After the well has equilibrated, isolate injection falloff test
zone using packer and then place the pressure gauge

l

The well is filled with water based on well test design

|

Shutin the well and monitor pressure for falloff test period
until the water level is equal to the initial water level

Fig. 6. Flow chart of injection falloff test procedure
(modified from Zuber et al., 1990).
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5.1. €3 IAME -E-*—*.% 8t MRrE 848 =&
S aAg 3 A 3] Z &

Ramey et al (19751 2J&f AAE FE245HH type
curve matching)s F3l 49t} Fig. 7¢] Ramey
et al (1975)°] == FX Al7H(dimensionless
time, tp)e FRIAIFIAJAI(dimensionless wellbore
storage coefficient, CpE e 3ol WE T &
2 (dimensionless pressure, Ppg UERd 7oz &
HIAE 8 F HASE FH@0), M) R AFE
A0 ARE T Al 23 o] TR
el 2 Heksjolsttt(Mavor and Saulsberry, 1996).

PDJ(t)fp, ©
DPo—D;:
4.
to=2'637(107 Ykt .
pucr,
o= 5.615C7 an
2 wge hr,
2 QeI pe FAE FH3) Aol A8 4
o, p, e Al FAIE FUst 7P Hdle &
(e}
= 0

29S8 75 Yg v JYoE o 589 ]7L
o7 zdste] st S ‘I]rﬁ‘r’ﬂ ] (10)ll
A9 te 24E AIZRS 9uEth 4 (9), 10), 11)
EHE 5 W AN, FRRSE P €
A S MskA)E Fig. 73 3ol Alnz
) = (semi-log plot)ell EAIE & Fig. 7o ZHAIZ
o284 Al FREE (4 CD s 779 FHRamey
et al, 1975).
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Fig. 7. Slug test analysis using Ramey’s type curve(Ramey
etal., 1975).
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B, water formation volume factor, bbl/stb
(use 1.0)
¢ total compressibility, psi
C wellbore storage coefficient, bbl/psi
Cp dimensionless wellbore storage coeffi-
cient for the slug test, bbl/psi
Cuwp average wellbore fluid compressibility,
psit
h effective thickness of the reservoir
being tested, ft
k absolute permeability, md
m’ stabilized derivative value, psi
D initial average reservoir pressure, psi
Do pressure at time zero, psi
J20s) pressure at slug duration, psi
Pp dimensionless pressure for the slug

test, hrs
initial injection pressure, psi



Py maximum injection pressure, psi

P pressure extrapolated back to an
equivalent time of 1 hour, psi

P wellbore flowing pressure at shut-in, psi

q injection rate, bbl/day

- surface water production rate, bbl/day

I; reservoir investigation of injection test,
ft

I radius of tubing or casing which slug
test is performed through, ft

I reservoir investigation of slug test, ft

Iy radius of the wellbore, ft

s formation skin factor

tp dimensionless time for the slug test,
hrs

botally total injection duration, hrs

bps(s time at the end of the wellbore
storage period for falloff test, hrs

£ slug test duration, hrs

Lunsth time at the end of the wellbore
storage period for injection test, hrs

(ty/Cp) maren  dimensionless time match point

A; time change for slug test, hrs

Vs wellbore volume, bbl

Y7 water viscosity at reservoir conditions,
cp

¢ porosity
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