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1 - Liner flow
2 - radial flow
3 - hemi-spherical flow
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Absolute units Hybrid units

Parameter Symbol Dimensions

cgs sl Darcy Field
Length I L cm meilre cm ft
Mass M M am kg gm Ib
Time t T sec sec sec hr
Velocity u uT cm/sec metre/sec cm/sec ft/sec

stb/d (liquid)
Rate q LT celsec metre¥/sec ceisec {Mscf /d(gas)
Pressure p (MLTHL2 dyne/cm?® Newton/meter” (Pascal) atm psia
Density P mrL3 gm/ce kg/metre® gmicc Ib/cu.ft
Viscosity u MILT gm/cm.sec (Poise) kg/metre.sec cp cp
Permeability k L2 cm? metre? Darcy mD
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3- productivity index
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1 - bobble point
2 - incompressible
3 - Vogel
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k (permeability)=8/2 md

h (reservoir thickness)=53 ft

pr(average reservoir pressure) = 5651 psia
pov (bobble point pressure)= 5651 psia

B, (oil formation volume factor)= 1/1

o (oil viscosity)=1/7 cp

C: (total fluid comperessibility)=0/0000129 psi*
A (drainage Area) = 640 acres

rw (well radius) = 0/328 ft

s (skin factor) =0

Pseudo steady state flow.

e
7/08 kh
J= T,
B(lné+s—0/75)
7/08 X 8/2 x 1073 x 53 _ 0/1968
C1/1%1/7 x (In 02/938208 0/75) day. psi
_JXp, 0/1968 x 5651
Amax = 1/8 - 1/8 =618 STB/day
q=0mxll- 0/2( ) ) 0/8( ) ]
618[1—0/2 Pur 18 Pty
q=618[ ( ) (5651) ]
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q=1/174 % (3000— P, ) P, >2000
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Porosity: ¢ =0/19
Effective horizontal permeability: k =8/2md
Pay zone thickness: h =53 ft
Reservoir pressure: pr= 5,651 psia
Bubble point pressure: pp = 3,000 psia
Fluid formation volume factor: B=1/1
Fluid viscosity: p=1/7cp
Total compressibility: ¢t = 0/0000129 psi*t
Drainage area: A =640 acres
(re= 2,980 ft)
Wellbore radius: rw= 0/328 ft
Skin factor: S=0
:U_La
7/08kh

- ,uB[ln;—e— 0/75 + s]
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1 - Skin factor
2 - wettability
3 - clay swelling
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Flow efficiency
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Average reservoir Pressure (Pr)= 2000 Psi,

Average reservoir Permeability (K)= 10 md,

Effective Drainage radius (re)=750 ft,

Formation skin factor = v,

Radius of skin (rs) =5 ft.

el Cewds iy sleosls 55 DST s 5l ool Cowdy & diges
Reservoir oil viscosity (u,) =0/71 cp,
Oil formation volume factor (B,)=1/25 bbl/STB,
Bobble point pressure (P,) = 800 Psi.

Sl (o0 ) Do a2 oly (nl (S Slasie

Well radius (rw) = 0/5 ft,
Average reservoir thickness (h)=7- ft,

Reservoir depth (layer depth) = 9000 ft,
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Absolute open flow ¢
Skin factor d

4- Construct IPR of a vertical well in an oil reservoir. Consider (1) steady-state flow, and (2) pseudo—

steady-state flow. The following data are given:

Porosity, ¢ =0/25
Effective horizontal permeability, k=10 md

Pay zone thickness, h =50 ft
Reservoir pressure, p-= 5,000 psia
Bubble point pressure, pp = 100 psia
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Fluid formation volume factor, B=1/2

Fluid viscosity, u=1/5¢cp

Total compressibility, ¢t = 0/0000125 psi-*
Drainage area, A =640 acres (re = 2,980 ft)
Wellbore radius, rw = 0/328 ft

Skin factor, S=5

5- Construct IPR of a vertical well in a saturated oil reservoir using Vogel’s equation. The following

data are given:

Porosity, ¢=0/2

Effective horizontal permeability, k=80 md

Pay zone thickness, h =55 ft
Reservoir pressure, p-= 4,500 psia
Bubble point pressure, pv = 4,500 psia
Fluid formation volume factor, B=11

Fluid viscosity, p=1/8cp

Total compressibility, ¢t = 0/000013 psi-?
Drainage area, A =640 acres (re = 2,980 ft)
Wellbore radius, rw = 0/328 ft

Skin factor, S=2

6- Construct IPR of a vertical well in an unsaturated oil reservoir using generalized Vogel’s equation.

The following data are given:

Porosity, ¢ =0/25

Effective horizontal permeability, k =100 md

Pay zone thickness, h =55 ft
Reservoir pressure, p,-= 5,000 psia
Bubble point pressure, pp = 3,000 psia
Fluid formation volume factor, B=1/2

Fluid viscosity, u=1/8cp

Total compressibility, ¢t = 0/000013 psi*
Drainage area, A = 640 acres (r. = 2,980 ft)
Wellbore radius, rw = 0/328 ft

Skin factor, S=5/5
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1 - Formation Damage

2 - Lost Circulation Material
3- Fine Migration

4 - Gravel Pack

5 - Clay Swelling
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- Silica Scales
- Organic Deposits

- Organic Solvent

- Emulsions

- Immiscible

- Continues Phase

- Discontinuous Phase
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- Fine
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10 - Wettability Change
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- Wettability

- Wetting Phase

- Wet

- Non Wet

- Naphthenic Acid
- Isoquinoline

- Water Wet

- Oil Wet
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System Conditions

Wetting Non-wetting T = temperature 0 o
phase phase P = pressure (dynes/cm)
Brine il Reservoir, T, P 30 30
Brine il Laboratory, T, P 30 48
Brine Gas Laboratory, T, P 0 72
Brine Gas Reservoir, T, P 0 (50)
01l Gas Reservoir, T, P 0 4

Gas Mercury Laboratory, T, P 140 480
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1 - Contact Angle

il o i BB 27 S5 5 3 Jgaz 4o ond ools lis Sl e silB L

30 Lo ele 35



Contact angle values Wettability preference

0-30 Strongly water wet
30 —-90 Preferentially water wet
90 Neutral wettability
90 — 150 Preferentially oil wet
150 — 180 Strongly o1l wet
o f/ N
o / ~ | W
W LT W\ —
I S | | S /] | S |
0=0 06 =90 0 ~ 180
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1 - Aerobic
2 - Anaerobic
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1 - Stimulation Process
2 - Skin Effect

3 - Bypassing

4 - Fracturing

5 - Matrix Acidizing

6 - Acid Fracturing
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9 - Permeability

10 - Acid Wash

11 - Gravels

12 - Perforation
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1 - Acetic Acid

2 - Powdered Organic Acids

3 - Sulfamic Acid

4 - Cholero Acetic

5 - Mixed Acids
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8 - Formic —Hydro Fluoric Acid
9 - Retarded Acids

10 - Gelled Acids

11 - Emulsified Acids

12 - Corrosion Inhibitors
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2HCI + CaCOs; < CaCl, + CO; + H,0

1mol CaCoO, y MW of CaCO, y
2mol HCI MW of HCI a
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4HCI + CaMg(COs); = MgCl, + CaCl, + 2H,0 + 2Co,

1 - Diffusion
2 - Gravimetric Dissolving Power
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_|1mol CaMg(CO,), | MW of CaMg(CO,), <C
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Acid type MW
Choleric Acid (HCL) 36/45
Formic Acid (HCOOH) 46/03
Acetic Acid (CH3COOH) 60/05
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Compound MW
CaCO3 100/09
CaMg(COs)2 184/3
CaCl 110/99

MgCl; 95/3
CO2 44/01
H20 18/02
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B= 1 x 184/3 x 30 =0/379 Mass of dolomite / Mass of Acid
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Lime stone HCL 1/37 | 0/026 | 0/053 | 0/082 | 0/175
Lime stone Formic | 1/09 | 0/020 | 0/041 | 0/062 | 0/129
Lime stone Acetic | 0/83 | 0/016 | 0/031 | 0/047 | 0/096
Dolomite HCL 1/27 | 0/023 | 0/046 | 0/071 | 0/152
Dolomite Formic | 1/00 | 0/018 | 0/036 | 0/054 | 0/112
Dolomite Acetic | 0/77 | 0/014 | 0/027 | 0/041 | 0/083

el b oind STy polic I (5 1 JBs 7 Jgux

Formation Density
Lime stone 2/ 716 gr/cm3
Dolomite 2/87 grlcm3
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1 - Gravimetric Dissolving Power
2 - Permeability Response
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1 - Solubility
2 - Drainage
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Corrosion inhibitors
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Silicate control agents
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Olgs Ve Jsaz sl oad 00,51 9 Jgaz 50 S eldg 0nn sl b SIS g 00 anll b slge onl 5l Sose gl 2iSTy

[¥] Lo dulo (55 sl 502 oo (slo 519 9 Jour

Montmorillonite (Bentonite)-HF/HCI: AlySigOnp(OH)y + 40HF + 4H™ — 4AIF, + 8SiF4 + 24H,0
Kaolinite-HF/HCI: AlySigO10(OH)g + 40HF + 4H™ — 4AIF, + 8SiF4 + 18H20
Albite-HF/HCI: NaAlSi;Og + 14HF + 2H™ «— Na™ + AlF; + 35iF4 + 8H,0
Orthoclase-HF/HCI: KAISi;Og + 14HF + 2H" — K™ + AlF, + 3SiF; + 8H:0
Quartz-HF/HCI: Si0, + 4HF — SiF, + 2H,0 )

SiF4 + 2HF — H»SiF;
Calcite-HCI: CaCO; + 2HCI1 — CaCl. + CO, + H.0
Dolomite-HCI: CaMg(CO4), +4HCl — CaCly + MgCl, + 2C0O; + 2H»0
Siderite-HCI: FeCO;3 + 2HCI — FeCl, + CO, + H,0O

[1] <S558 30 ! o> 3 (g0 S ol 110 Jga

Acid concentration (wt%o) Quartz (Si0,) Albite (NaAlSi,05)
p X B X

2 0.015 0.006 0019 0.008
3 0.023 0.010 0D.028 0.011
4 0.030 0.018 0.037 0.015
6 0.045 0.019 0.056 0.023
8 0.080 0.025 0075 0.030
Motes: p = mass of rock dissolved/mass of acid reacted, X = volume of rock dissolved/volume of acid reacted

e le aies o 7y I, Sioz 4 HF STy as” SYolss

- Montmorilonite

- Kaolinite

- Dolomite

- Siderite

- Albite (Sodium Feldspar)
- Orthoclase

AN AW -
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SiO, + 4HF 55 SiF, + 2H,0

SiF4 + 2HF < H.SiFs

s Jsbe Sals T 45 HaSiFss SiFs oo 25Ty &Y game

Jleo
1y (ol o JuSiis 35,058 51 05le) (b wjle o a8 3Wi% HF 5 12Wt% HCI ol bglee SO soz> Plosl g
3y 5] ey Sl 50 50 amd g 18 55l 050

a5l SiFs Jslo iy -)

b HaSiFs Jgame yiius =¥

e
)
1mol SiO,. 60gr. 1 60
B = x—=0/75
Pioo [4m0| HE ][209r] 4><20
kg SiO
= =0/75 2
ﬂlOO ]kg HF
Psio, =2420 kg/m?®
e =1070 kg/m®
3
X:ﬂs% Xpi:0/75x0/03><1070 :0/01 m3—l’0Ck
Psio, 2420 m® Acid
M
1. 60, 0/5kg SiO,
,Bloo—[6]><[20 = Tkg HF
3
x =0/5x3%x 019 o066 ™. FOK
2420 m® Acid

Syl (Sowy STy Y gas 43 X a5 098 o0 dzes Jle ol

o
b el ples 55,5 o sl o3 W% HF x> s oS ol oo and] 5% (gsl> 02 el |y Srwanls ijle 5

Sl jai> zul 3 glad 4y ole o)l 5l gl £ alold
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5

Vapie = T(F = 15) X h X (1= ©) X Capie
0/063ft3
———  a

= 7(0/75% —0/25%) x 1 x (1 — 0/2) X 5% = I

Ibit

Cosds 01011 4 s ams oo 2iSTs codT U a5 _olSim BWE%H S 5065 000 s oz JSosl ls5 10 Jga 5l oolicel b

_ Vacia

Vrock
Vacid
0/063

Vacid = 5/7 ft3/ft

0/011 =

Sl S5 5ilo (21 b

2,5 pasuie §:80 9 JolS jsbo 0 1) 25,951 Jlaz Wb wile ol plonil 51 )3
55 590 ¥l b Jlows £33 -)
SVl Gl B2y 25 -
SVlew pl By JLad Y

Yoo b Jbw pl o> -F

DI medlsS medss 2y 4o Ao e dal e D pgo 1YL j0 0al SS0)lse jolate cnl 4

dowl Clale 9 £95 1) Al 1o
95 (o0 ooliital Jlw g95 w5l Jgore Hob 4 laSiwanls 5 S arul pliia
HF o (2STs 51 s 525sk>) connate water leal> jghaie 4 5-15% <SG 0 IS ol (s laie Ygone Preflash v/
sl 32,55 5 b HF-HCT sl 5 w5l Jlows G Glalaz olml 5 (w5le O 50 092750 mads 5 oliy slodsn
g S Bio 1, gl 5 ans (235Ty o) sla IS L wlyiice HOT el rimon 052 (o 30,55 sl J515 53 Lo

QIS (6 S ol g Wil 4 dedio sl el ailg e 993 45 (5 polic slul 5 LT L HF STy
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i Jlw & bgy o 13 el « sy yolic b HF bglio ol 4 ( 3WI%HF s12WI%HCI Ygano) Lol apusl v/
s HF (2Sly c¥game 0355 g 5l g 3100885 by 1) daome PH o5 HCL (g s o0 (25515 (6, o 5
ot @OV AAF) MC Le0d Lags 45 11 Jgur 51 o co ool sl 51 (s S o (6,5 sl o0y 4238 o 50
S8 ol S5 6 Bl 9,0 slp Letal) S plgie 4 Lt Jgaz cpl 45 anll ails axgi 28,5 S8 ol
Ll 3 g Olaes cnl jo olr wiz sl G plsies 1) camlio apl Jladie g 53 g 998 eslitul Wil o
Ol 1) oo grasly 4y b po SliglojT 5l el sy Jlogad I (slaiges 35 IS5 [¥] 050 sy Tojie sl Sliylojl

.J.QQ‘SQ

i Lol sl ool sl bzl (sl o0 o3l Jliw s gl 51 6 ool (sl ole ol JATter flash v/
2 a5t ol sl it st |y a5 00,8 Censaol ) il S il oo ool (al (tzman 39,00 S
Sl 5 sloelr o 0,5 coliiul IEWE% S j00 1S arl b 3558 e 02,55,000 S0 5l g oo (85 slaol
35 J=0) 55 S0 b S pauls sl 1 i 55 ool 4o 59,8 solinl 1BWE% Sy 5" sl I g5 o

Q; solazwl (‘_e.u.lo )lf lJ u)sj...u

[IY] Lo dulo (6 ) ol (5l o0 Slguiion dumwl Cdilé g £99: 11 Jgu
HCL solubility > 20% =» use only HCL

High permeability sand ( k>100 md)
High Quartz (>80%) , low Clay (<5%) =» 10%HCL, 3%HF?

High Feldspar (>20%) > 13/5% HCL, 1/5% HF ®
High Clay (>10%) > 6/5% HCL, 1% HF"
High Iron chloride clay = 3% HCL, 0/5% HF"

Low permeability( k<10 md)
Low Clay (<5%) = 6% HCL — 1/5% HF°
High Chloride = 3%HCL — 0/5% HF*°

- Preflash with 15 wt % HCL

- Preflash with 5wt% HCL

- Preflash with7/5wt% HCL or 10% Acetic Acid
- Preflash with 5wt% acetic acid

o 0O T @

1 - Response Of Core
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300

250

Percent of Original Permeability

200

8 wt% HF

|

4 wt% HF

2 wt% HF

150
100
50 :
\\________,_/V , Berea
J I sandstone
80°F-100 psi
0.1 1 10 100 1,000

Pore Volumes of Acid

[8] o300 gl 1 ool clalé (3135 ST

sl @335 &5V Al go

b 39 e oanlive 45 jshalen am3 e (LS | o3ke diges o o ool Cowas le sl 2 HF-HCH ol 52,55 £ il

ol el Oladss el owy (atin lade SG 4 ojre 25l jlade Bl o3V (g i sl Jlade &5 £ sl

TALSIVT sl aisls oy 1y aomail s By 05 Oyt b 00 plonil (g 1S sl lidos 45 s 0

30 Lo ele 155
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FERCEMNT OF ORIGINAL PERMEARBILITY

300 /
- // é///
1650 / A
50 PSY
190 d
| 100 PS) " /
500 P /
50 =
1000 Pg) 13% HCL -2% HF
- 80°F .BEHEA
0.1 ] 10 100 1000

PORE VOLUMES OF AGID
[1] o 30 goasly 52 sl G255 &9 5175 S

G.{Lmolo )'l oolaiwl wijle Sl Jlid s (sl ol o e W S wile sy Lid by 30,9 TP i

oo ools oyz Laslgy 5l ooliiul b g5 so pizmed sl ool Gy (Suims | piia Jab) leak Off test Ly a5 ol

b b Sglite saisler JLad 50 wil S oS [Lad 10557 a1 il CenS i ke i (St | ki Juad)

20,5 gumas i akaly 5leolaiul Uy o] Jlade o)les co il Cawd )0 (W55l Sglite Goe L) aijle Jab

FG = a +(0G —a)Ep

alaly ol s a8
(PSi/ft) w5l s Hlad Lol 5 :FG v
(psi/ft) overburden jLzé Lol S :0G v/
(Psi) o550 ,Lad PV
(ft) S5l Goc d v

Dl ol e (itee S ,o (sl aS el oo 0L Y

30 Lo ele 155
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1 (o ol Jlade (3o i ;o slp oS Canl 0,0) O Gl o FG (5 ,505lul Gloj ,0) oy lid 3 d FG xals b
oo Sy K0 Gl ges b wisle alisee slajlad (o 1) wisle en CaSS JLid g 0 O il L 359 s
3,591 Camdy &5k

oly a5 b Lyl 5 45 Sl ol b ol (35 T 51 Sl ool olen allin s (3m U310 o Sy 3255 Aolan
iSbgh gy Sype a ) e JEI Jlew @) 5 Wl Glgs oo cnl b ol piin (55 jLid

_7/08kh(pWI - pe) 1

. (1440)

mex r
HIN(5) + 9]
rW

alolae oyl yo oS

PS1) ol &5 ,o iy, 55 Jlow ,L2S Pui
(Psi) (y35a 5Lad Pe

(bbl/min) Jlew &, &, tdmax

CP) S5 Jlow s joSumg i

(d) 350 00005 dedis o o9l 5 K
(ft) o35 cwls h

(1) 2Sa; gl e

(ft) ol> glais w

‘My ga._a’)ao :S

Wby 5 o 4 |y By 5 dolee (lgce 35 Cewd 40 (35 (K) Lawgie S5l K sl 4 S1:asSG

_ 7/08kh(p,, —p.) , 1

* (a0

max

i)
I

w

9 28,5 Sk e Thhacs bz Syse Ty 3,5 Ol g s 50 (Br) (i bawgie [LiS (55 b lr 4y STiaSS

by gy Do ) )55 dlolee

7/08kh(p,; —p.) 1

(1440)

In(*e) +5-0/75]
I

w

1 - Skin Factor
2 - Pseudo Steady State
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)5 drle 3l e o ol a5 j0 1) 8,55 jLid e Sl 3,5 25 Oleee YU SYolee 51 (SOl eolal b

W3l o S 51U g e By olx U3l 4 YU Lalg, 5l ool cassy 30,5 £ 90% L iSTas apul Jes o S

D9 (6 S gl
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Pmax = Pwi - APhydrostatic + APtubing
= P« = FG x Depth —(0/052 x p,.; x TVD) + AP,

ubing

97 p0/791/79 ,0/207

Aptubing = 1000D4/79

daslgy onl o a8

psia el ;3 32,55 jLad 2Sla> = Apay

psia wl> 45,5 &5 ,led aSlas = Py

PSia el g 1 (2L Sslilg o jLid 8k Al:’hydrostatic
pSia bz ;5 el &8 > 51 86 Leé cdl = APyping

PPY el JB& = p

bbl/min &, &, =

CP el 4 j5Suns = W

iN «gjmo g Jlad =D

ftos5me algd Jobo= |

[2] 20°C (glod 30) tusl o 50 ooz 3 Sy 39 IS sl Jolina (pguatin (339 :12 Jour

HCI wo 32 PR 339
| 1/0032
\ 1/0082
¥ 1/0181
g 1/0279
A 1/0376
\e 1/0474
Y 1/0574
\F 1/0675
\$ 1/0776
A 1/0878
Y. 1/0980
Yy 1/1083
113 1/1187
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Ys 1/1290
YA 1/1392
v 1/1493
vy 1/1593
vE 1/1691
2 1/1789
YA 1/1885
£ 1/1980

\.\;)L,;u.....S....; (R “3.’))4 )Lmﬁla O}wtsa).la.td].«o (ol.'>- L M‘ g.,S).’> )l ‘swla Lng.,ﬁ‘) APtublng ) |5.’L54J.o.c)¢

il sl yieS
P.. = FG xDepth —(0/052 x p,.; x TVD)

Joaz ols el 1) jled o) 5 Sldes £9,8 (aze 4 g 0 p SYL ) JLES Gl oo s june (L8 (nli) 208 50 a5 5]

A o Sy o Sl 1) Sy IS al ogate (39 12

Gy gl 5l ooliiul b ol 1,5 9500ft Gac 1o 50MA Llsl5 slls 5 Cod £ caalies a3 Ko anle iz 5l 035 S
SLed Lol 31 el g Sanl 15 CP (59,505 3 107 pgase (yj5 b (gouml lawgs 2" I5Is lad 4, (COil-tubing) L.
V0 1, skin factor 1000ft o> boundary gles A4000psi aijle Las 07328 ft ol> glass O/7 psifft wjle cuss

S drlxe 1y 5 00)lge il

300psi L ,l,; Safety margin 2,5 L ol 5,5 75 Sl -a

GuP €5 S Jlesl 5l ey el jo il 0550 3255 JLid 25l D

S
oSl 32,5 &5 -4
. 7/08kh( Pwi — Pr _Apsf) 1
I = r (240’
("2 +5-0/75]
r-W

_7/08 50 x 1073 X 60 x (0/7 x 9500 = 4000 — 300)

" 1440 1/5 % (In 01/030208 0/75 + 15)
=1/04 bbl/min
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g 5o a5l )50 5y 5 ,Lad Sl -

P, = Pog — AP = (0/7 x 9500) — 300 = 6350 psia
APyyarostatic = 0/052 X (8/33 x 1/07) X 9500 = 4401 psi

97P0/79i1/79H0/207
97 x (1/07 x 8/33)°/79(1/04)/7°(1/5)%/2%7
B 1000(2)%/7°
Pnax = Pwi — APhydrostatic + Al:)tubing

= 6350 — 4401 + 218 = 2176 psia

X 9500 = 218 psi

Jto

9] Cony 1)y Sladein b als 5o ol &)5 &5

k =10md
h = 60ft
D (Y o) = 9220ft
Pe = 3880 psi
Hacid = 0/3 cp
re = 660 ft
rw=0/5 ft
FG = 0/71 psi/ft
s=5
SF=200
o
Pwi=FG X D-200
=0/71 X 9220 - 200= 6346 psi
)7 r
—P, = In(—=)+s
wi — Pe 7/08Kh[ ( W) 1
i TIO8Kip,, ~ )
ulin( =) +5]
i 7/08 xO/01x6OZég436—3880) — 3165bbl / day
0/3x[In(—)+5
[ (0 /5) ]
= i =2/2bbl / min
g
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Al oS (B ojlail 4 b e 50 (Jg 0gd Byl wiile 4y oud o)ly Slods pled U ail ol (S5 ojlasl 4wl a2z
Lasuinals Gos ) 0)lge EST s aS Cowl W5l 4 oald o)l Mw&wﬁbmlww pY el g il ralS a2 U
G5 p5Y sl oz dlie (pl b [V]ogd coi (s ol Gkl )0 GBSy ygo 4 0ad By, del ;500 b 1l

preflush poxs cpuzi
solial b g3 o Lol 5o 3,5 )15 53 IS B+ bl Preflush Jlew oo dacKimanls 5 S anul alfin Ygons wiz 0
V)55 e 1) wox> ol 5 5 a5
Vg = "7m + Vp + Um
:4.‘9..1‘) u.a‘ )o aS
ft2 ;Y preflush Jlw s> osins = U,
fP s Jo Wb a5 la ol px> = Ty
ft3 gl JB slalas po> = 1,

oalaul 3,90 ..\.,.M:I (o= J)l:u] u‘&’ =X

Um = ”(Taz - Tvg)(l —®)m
= w0 )

g,y cpl jo a8

ftoogs (g ol Wb aS 55 5l cuwnd ol glais =15
ft ol> gt =13,

S S5 = 0

Comd WXigl Jo b aS oo SIS sw o= ¢
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] Lglis Lasgs ool 1,3 wil o (CACOR) ol oz doys Vo (ogl a5 /Y ieliw b S s wijles 5
Gy Wik U5l 4 Preflush olsie 4 15WE% HCI ol (g lake a5 05 Clys poasd ooal il 9585 (6 S seesl HF/HCI
Jslas cigds > PIEfIUSh aol Laugs sgmge meedS cleilin,S plas ol o 50 5l 58 ) alols b ;iSTam wisly o3¥ 51 055
Sl yai> 35 Dgd B s o 03 15WE% HCI sl o>
rw= 0/328 ft
MWeaco,=100/1
MWhci = 36/5
PHel = 66/8 pcf
Pcaco,==169 pcf
e

W J).]o).g Lb a5 CaCos )'l Ry

U = (i = 15) (A — @)em
= 1(1/328% — 0/328%)(1 — 0/2)(0/1)
= 0/42 ft? CaCO5/ ft payzone

:c\..,.]3| L;L> d‘L:ch'aé N

vy = (g — 1)

= ar(1.328° fJ_EEEE::IffJ.E] = 1.O5Sft” /ft pay zone

15 Syl sl 4 by pe o0y Plol lg

v, MW, wi%
T MV,
(D(100.1)
(2)(36.5)
=0.211h, CaCO4/lb,, 15wt% HCI solution

= (0.15)

15 Wt% HCI ol 4y by o (some> ol lgs

x =ple
pﬁ'f

(1.07)(62.4)
(169

= 0.082 ft" CaCOs/1t" 15 wt% HCI solution

= (0.21)
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ey HCI >y S

. ¥ . .
Va= -;r Ve 4+ Vi
0.42
=——4 1.054+042
0.082

= 6481 15wit% HCI solution /ft pay zone
= (6.48)(7.48)

=48 gal 15wt% HCI solution/ Tt pay zone

kol dl pxe st
SIE Ve BV o (IS ek 4 o)ls (S ooliial 5 )90 apl clbaley 65 g el oo vl g4 @ p3Y ol apl >
s hyr 05 Lo w30 o 1,5 osliiud 3,90 (335 5| s, (sl 4 0/5- 3% HF 4 3-13/5 Wt% HCI s
SINAVO JLo s [F] 5ol dams 85 ol ST o, s, (ol 51 o5 il ok ol 25 sl e 205 09

sl 5 518 & 95l 3l el e (9] ey (SigSr a

(ol 00y Sitin a5 30 dg) 51 Jsb L) ite Cwlis 5 (V al>je 10 sowl Caws a)psY B2,)5 7y pomeds LY
5 iSSl s Sygo 4 Glgi e 2LS 39250 T slejlelx slassls (ST () Gyyg] s s 1) 00y dedus bkt glas v

2,5 oolazwl iy yel8

k<5 md rs=3"

k >5 md rs=6"

(OFW )J)A,Jum|) ..\3}L..4 sk 4
dodo dilaie glads il b oS Gl | o)ls (syian Sleder wjle sles L as JSs FY B YA Kl 51 Y
&ly 1y GWI%HF-12WI%HCI)  3Y sl poe> g5 g0 oo Qlal JS 51 oolazwl g (/M) 55 4 (Fs) oaus

Sygl Gy gl 3 glais b ol

1 - Specific Injection Rate
2 - Well Test
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350 ////
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S 3 250 J |05
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s 4
5, /
aII 100
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~ 50 P~
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0 1 2 3 4 B 5] 7 a 9
DEPTH OF PERMEARBILITY INCREASE — INCHES
L] sl 100°F U yily sl glod (g gl ¥ glads b (Blx 50 &1y 35 (sl p3Y ool oixi¥A S
aso V
28 VY
o 3 260 |— /N -~ BBL/MIN/FT 0 005{
9 /1/ /
g ___l_ 200 925
o
3 I 1
w # 150 £ 2'
K /, V///
™ / / /
o T 100 7 7
> % //
™
S }
54 /r
Q
0 1 2 3 4 5 6 7 8

9

DEPTH QF PERMEABILITY INCREASE ~ INCHES

L1t I50%F b ity il slas (B9 ol ¥ gl b (Bl 50 3255 sl o3 sl o2 39 Yo
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VOLUME OF MUD ACID
[3% HF, 12% HCI) — GAL/FT

VOLUME OF MUD ACID

350 /
300 / lr//f /
i/h, ~ BBL/MIN/FT 001 /y// //
.05 I,
250 iy
WS,
.05
200 , A
/ 2
150 7 /f"
. /,///
"//
[s) %
0
0 1 ) 3 4 5 & )
DEPTH OF PERMEABILITY INCREASE — INCHES
TF1ewsl 200°F U s 63k o (o585 el ¥ e b ol 15 31,55 sl 3 sl o F+ S5
L]
[/
_ 300 ///
g
3 260 |- i/y-BBL/MIN/FT um /
| //
! 200 jnzs
G /
I
R 150
- Y/
"
L 100 f/
3
a /4 .
! 3 I
0 1 | I !
6 1 2 3 4 8B 6 7 8

o

DEPTH OF PERMEABILITY INCREASE — INCHES
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[Pl ewsl 250°F Lyl w3l (slod (B9 @l ¥ ladd b (8l 53 32y sl 0¥ ol o2 :F) S

Tl 2 S50 ) p3Y el o (o0 992 3% 5l S L g i eslitul 350 Sy ysldg e del woys STV
0,5
V=V, X 3% :
oolitunl 3550 Jolora 10 K558 5,008 apnsl wo )8
Q;WI’) Q)}.ad.gb (.»)'31 M‘WQBJGQ oy3" ),.ofb)wal} sz.w)f] v
2
Vv, (T ) o
S

ol e s

ol> él.-.& Tw

I8l po 50 o0l s 4y al > Vo
030 deduo ddlais gl s

p3Y sl g v

>

f al> o preflash gz s Coond )0 oael casay Jlade b ol 15WE% 55 IS5 aue aull ez>Preflash v/

\C¢l>)ﬁ)é§s]ma|m|www.§)o o] w..\.:p»l.:).»‘);HF-HCL A......a“/

HFE-HCL  Lslwo po> Joleo L5955 L 15WE% G 00 1S ol 5l o> 5l s slgal> o :After flush v/
D oolaiwl L8 Ciond [0 00l dlore

I8 Cond )0 00 diwslee HF-HCL o> Jolee 15WE% G ,00 15 sl 51 oz 51 OT (i, 5 b (655 sleals yo

D oslazl

Bgd 81,5 olz U310 4 VoV al> o )0 oo ailne polie 3l S (55Llid 5 oo b wulionds ol b YL v

055 g o 5 olx 31 5l oads G, duel B8 e 1 ol 5l (ol o g0 b alol ¢33, 5 Slidas plosl 5 Ly V7

Dgid A3l 4y dedus sloul cely
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s bl ) )5 (@205 5lad s oY Sk

Formation depth = 5000

Perforated interval = 10'

k=50md

T=150°F

1, =1cp @reservoir conditions

u = 0/78cp (viscosity of 15wt% HCL @ 150°F)
FG=0/7 psi/ft (@ initial pressure of 2000 psi )
Preservoir = 1000psi (current reservoir pressure)
Over burden gradient = 1 psi /ft

Wellbore radius = 3"

Drainage radius = 660 ft

pacid = 9pPg
e
Oy Jad lad o FG QQ”T Cewds :())

FG=a+(OG—a)Hp

2000
5000
— a =0/5

s FG =0/5+ (1-0/5) x 200
5000

0/7T=a+@1-a)x

— FG =0/6psi/ ft

imax :(Y)

_ 7/08kh(P,,—P,) , 1

x(———)
yln(rrE) 1440

max
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_ 4/917 %107 x0/05 x10x ((5000x0/6) —1000)

= Imax
0/781n(.2%%)
0/25
=0/8 bbl/min
I _O/8 108 bbi/min. ft
h 10

ih=0/072 _x 5,5 muolyz 5 20 190% L Jae )0

Pmax «(Y)
Pex = FG x Depth —(0/052 x p,;y % TVD) + APyping
800 i Byo ol S5 Lad cdl 5l i dlg) L il cle o

= 0/6 X 5000 — ( 0/052x9 X 5000)+0 =650psi

(Y S 5l ool L) ol o5lg00 516" alols b Saus caml (0,5 Byb 5 6l L5 0,50 (ol ol oz (F)

V=220 gal/ft of perforated interval
= V =2200 gal

:‘QL:-LQ.C u’.>|).|o )
Preflash: 500gal (15wWt% HCL)
Acid: 2200 gal (3wt% HF — 12wt% HCI)
After flash: 2200 gal (90% diesel oil + 10% EGMBE)

Kigd 51,5 Ajle 31 4 e ;0 B50pST ) S (6,Led b Jlw plas

1-Job
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93 slaghse Job sl lap)] S blis 5 sl oo 95251 Fil Elig 2z &5 Cond oo jem [0 00 ol
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s slag s s 5 0I5 bl 5 7 55 e e abe )5S S i slocKin 3 sl o ile o
s ok g b B3 25 Jte ook slakle 4 sl sz lagh g L5l 5 JS8 ol Gaseial LIS sl s
[¥]als (St 25Ty ool SisS

oS G 1) 515 0550 Jlow 82,55 JL38 5 5,5 25 (b o2 (Jle £58 b b anle wiilon 5 by S slaSn o

s bl brSw avle 13 a5 Ceul g Hlos alie Tds IS Iy, el 32,5 L8 5 20 30 40

als S K 5yl jo Wormhole O"““T Sao s 42 JSCo

1 - Worm Hole
2 - Fractured
3 - Undamaged
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Y] LS awlo (5 sl (3 oo Slpaiiny ol Cdalé g £43:13 Jou

Perforation fluid

5 wt% acetic acid

Damaged perforation

9 wt% Formic Acid
10 wt% Acetic Acid
15 wt% HCI

Deep wellbore damage

1 - Response Of Core

15wt% HCL
28 wt% HCL
Emulsified HCL
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o b oglite wiilu 5l dee L) wjle Jad jLad b oglie sasjle jLad jo aijle O cunsls Hlad ST .00 canas | adjle

FG=a+(0G - a)Ep

20,8 gemeas i akaly 5leolaiwl b1y o)1 Jlade o)lgs oo il Cows jo ((Jad

alaly ol o a8
ESi/ft) w3l cenSs Lid Lol FG v/
(psi/ft) overburden jLzs Lol S :0G v/
PSi) ¢35 Ld p vV
(ft) S5l Goc d vV

[ (ol b Jlade (3o Siws jo gl aS Casl oo ,0) A lgi oo (FG (5,5 03lail floj ,0) (5o Lid g d FG xals b

e s 5% saes b wile cilize sl lid o 1) wiile fred CenSh LES Ol @ il b Jl sl Ceny

S5l s W5l

welige oy o5 g, 5 (S0 dawssy )3 5188 (i Ll 4l bz 258 b el

_ 7/08kh(p, —p.) , 1

e x(—)
re 1440
uIn(=%)
My
:7/08kh(pwi_pe)x( 1 )
e r, 1440
ﬂ['n(r) +5]
_ 7/08kh(pW|_pr) X( 1 )

ﬂ[m(rre) +s—o/75] 1440

w
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aly, opl o as

bbl/min) & ,5 # 5 rewnSlo = Imax
ft) 35 cwls = h

@) 350 bawgio sl = K

(@) 35 030 deds Caand gl 5 =K
(PSi) ol a5 5o jlone ,Lid 1y ke = Pui
(PSi) 5 sLiad = Pe

(PSi) (3% Lawgie ,L2d =pr

Sl &Sy = [

(ft) ol> gla = Ty

() o> 25a) glesi = Te

Wl A ataSs 51U g e 3,5 ol Ul a4 YU Lalg) 5l el sy 3,55 5 90% L ST sl s jo S

Sed 655 slr

E.La.u).b é.?J}S)LAﬁ)QS‘” :YJ 4.1.’).0

Pmax = Pwi - APhydrostatic + AlDtubing
= B = FGxDepth —(0/052 x p,;q x TVD) + AP, ;4

97p°/79i1/79u0/207

Aptubing = 1000D4/79

g, ol yo a8

PSIa celaw ;0 G, ,Lad iSTas = Bax

psia clz & 50 525 )l yiSla = Py

PSIA ol (g ) (256 Sslivlyyan Las cik APhydrostatic
pSia wlx o sl &S > b s cél = APtubing

PP ol J&z = p

bbl/min &, &, =

CP el 4y j5Smng = 1

iN (g3 o Ja8=D

ft o550 og) Jobo - |
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S il Sl JLad 5l 5 L B o,S Hlal B o (el jo vl oS > 5l L0U Las cél) AF)tubing S olFse des o

P_. = FG x Depth —(0/052 x p,;, x TVD)

doow| px> :F al> o
2 IS Gl o gogs oo ooliiul yFe 5l s e sl 4 (28% b 15% ) HCL apl JIE Yoo b 0+ oo Yoone
oo a1y 3 ol Jlade geolese ST Ll ogd co eolatuwl sl (5 iy jlade 510 ls 592 Gyals com! Jlisl oS wlbaile
Sl o I 1] 15,5515 baugs 45 gl (slaghgms L8] Jas ) S Jae s 39 4 pulyicon opeS Armlne 53250
Codly 4 pgd by dw o0 S5 4 Ll e oo Cawiy |y p3Y Sl e Hlaie Jgl by, iz se oo g, 5l eslital Y
Sl S
axly sl pY awnl poee VA Lo jo (uilKan g 0,68 Ts Jawgy ool &3yl Sgile slagl e JLasl Jow ulsl
il 505 cpedd BB 5 alal) lawg aijle culs

3 dy

2/3 1/3 4
’ﬂ'ﬁbi} By T
h."\'rdc

J\Il _ ¢BT€?
NAde = E
“ - ¢}'}"m

5

h =

M Ly, o a8

(M3M) Srw caalis 9>y sl a5 p3Y dunl o Vi
o oS Sl 20

(m3/sec.m) ws3le cualses axly sl 4 52,5 & 55 i
(m?/s) & JoSko jLisl g yo D

M 355 6 Sl 3l a5 ol 51 eleds un

day 59 ol (S ge sas Nac

1/6 ds

1/5%x 1075 b

Sl g0 Pl s :B

Sl pgats (j9 Ya

Wgd > b &5 olalS pogaste ()9 Ym

1 - Daccord
2 - Molecular Diffiusion Equation
3 - Acid Capillary Number
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Vh = T[(P(rv%h - rvg)(pv)bt

Al aSG5Ley 50 ‘smlii.ﬁl.oﬂ dges Sy o \‘;L& slalad cuws oo G5 duwl ez Sl Sjle (PV) g adal,y o) jo a5

ol LS smti,:.iuj slrosls a5 g, pl jo aS cusl (azine ol by el oailu, ojre ol 4 1) 095

Jbo

S Syt Sl 3 g5 0/328 £las 4yl olgys 5| S8 ¥ abold b wily S wijle Sy 6,5l (sl sl L5 4o
Omed 3l odh 418 )5 05he diged Sy )3 ol Fligm sl Sl sl p3Y sl pe oiulejl o Slog esliiul 28Wt%
(b 55,551 Jas(@ (s, 59 a1y wisles cnl 6,0l sl o3 ol e il il (nl JI> slalad w1 15 sl
ol Cwd 50 55 5 ledblasS Al oz g,

2071 = 855 S Lpgates 359 ¥

15% = a5l Jsdss v/

1bbl/minft = 5,5 7,5 v

1070 /g = Jsslo ol oo ¥

1/14 = oolaul 5,90 Sl ogaso (435 v

‘e

1 - Pore Volume
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(a) Daccord’s model:

. v M uf:,,! _ (0,25 (D(100.1)
v, MW, (2)(36.5)
= 0.38361b,, CaCO;/1b,, 28 wt% HCI solution.

6By, (0.15)(03836)(1.14)

Nae =12 d)y,,  (1—0.1502.71)

gr = 0.1bbl/ min-ft = 8.69 x 107" m*/sec-m
Fop = 0328 +3 = 33281t = 1.0lm

2/3 1/3 dy
i"',)l _ TTEI-L‘IJD ) Jq;i r'\ﬂli
(A T
Ih."'\"dc

w(0.15)(107%)*3(8.69 x 107H' P (1.01)"®
(1.5 % 10-3)(0.0285)
=0.107m*/m = 8.6 gal /ft

(b) Volumetric model:

Vi = wp (1 — 1) (PV ),
= r(0.15)(3.328% — 0.328%)(1.5)
= 7.751C /ft = 58 gal /ft.

kh=200md — ft

Perforated interval = 20 ft

Formation depth = 7500 ft

FG=0/7 psi/ft (3075 psSi L I, adgl ,Lzé o)

Over burden gradient = 1 psi / ft

Reservoir pressure = 2000 psi

Acid viscosity (at reservoir temperature) = 0/4 cp
Drainage radius = 660 ft

Well radius = 0/25 ft

5
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017 = + (1— ) S0P
75001t
= a =0/49
2000psi

= FG =0/49+ (1-0/49)
75001t

= FG =0/63psi/ ft

Imax =7

7/08kh(P,, —P,) 1
= X

[ )
o r 1440
pIn(=%)
r-W
7108 x 220 ((0/63x 7500) —2000)
_ 1000 -
o %0 1440
0/25
=0/85 bbl /min

i, .. =0/85 X 90% = 0/77 bbl/min

Pmax =7

P.x = FGxTVD - (0/052% p,.,4 xTVD)
=0/63 x 7500— (0/052 x1x 7500)
=1500psi

s Sl 28 5 5 B0 L8 28151 0,8 Sl By

gl o>

Sygo 4 Ol s Cand (B cez> g, b ysSTe gy sl o dewle (gl oad ool @ledbl g Jle ol o

5,5 G,y ool 0wl 100gal/ft sgus>  oss

ol e

DS s, ol 50 0/77bbl/min & 5 xSlas L 28Wt% HCI ol JE Y-+ - v
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S 59l 1500pSi 51wl o 4o ,Lid v
S solil LS 0,90 9 40" (58,95 5l eaisS (5,5 gl slaaljél 5l vV
DS 335k 0y g 00,5 > 4y > tUDING o> 5l iy ol e L1 ols 50 o0 81,55 Sl V7

A8 LT ol 5l adgs ogy az 0 v

1 - Corrosion Inhibitors
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oy o

2 zedgi |y 0 50,0 cde )

S dle laas sl (6 S ol ple S y0u 58 ool b ol yors S jau IS sl 5l ool v

180 endgi |y 0500 190 =¥
Stimulation process v’

Jole el v

Preflash fluid v*

S Sl S b 4y |, Dake alal, =Y

el 00l i el Sl K Bates )] i 45 S5 (35 S 0 ) Olasein b ool -F
k (permeability) = 30 md
h (reservoir thickness) = 10 ft
d (reservoir depth) = 7000 ft
FG (formation fracture pressure gradient @ initial formation pressure of 3000 psi and depth of 5000 ft)
= 0/7 psi/ft
Over burden pressure gradient = 1 psi/ft
pr(average reservoir pressure) = 2500 psi
a (acid viscosity @ reservoir temperature) =0/4 cp
C: (total fluid compressibility) =0/0000129 psi-1
r. (drainage radius) = 660 ft
rw (well radius) = 0/25 ft
S et | 1) 0 lge 098 alnil (6,5 al Sliloe 0l )5 ols ol s ki plasl 51 ey alolidly
e led g gee Ll s o wile ceSls jlas Lol S A
Sl oSl 32,55 25 b

o ,o laml o a0 5,5 Lud iSlas C

£3Y Sl p> €
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el Cawds ) sloesls g o 48,5 DST cews (Ol ZONe) (35 o i dilaie jo al> (5, la> 5l ey -0

Average reservoir Pressure (P;)= 2000 Psi,
Average reservoir Permeability (K)= 10 md,

Effective drainage radius (re)=750 ft,

ANERNEENEEN

Formation skin factor = ¥,

\

Radius of skin (rs) =5 ft.
fael Gy 5 sloosls 55 DST sl odel sy i digas |
v" Reservoir oil viscosity (u,) =0/71 cp,
v Qil formation volume factor (B,)=1/25 bbl/STB,
v" Bobble point pressure (P,) = 800 Psi.
WSk oo ) Dyge @ olr nl (b Slasie
v" Well radius (rw) = 0/5 ft,
v Average Reservoir thickness (h)=7- ft,
v" Reservoir depth (layer depth) = 9000 ft,
el Sy 25 D jge0 (e Sk (olg (35 Sl s 4385 03ke digel (59, 2 0o plasl Slialejl gy 3l eizeen
v Initial porosity (¢,)= 0/1

v Relation between initial and new porosity and permeability

K ®
K= (—)?
] (pO

v" Rock type: Lime stone
§asl jaliz SKIN (3,5 831 5 (sl o3¥ (559 15% G0 15 sl e
PLimestone = 2/87 gr/cm?
MWy, = 36/45
MWeaco, = 100/09
(MW: Molecular Weight p: Density)

6- For the reaction between 20 wt% HCI solution and calcite, calculate the gravimetric and volumetric

dissolving power of the acid solution.

7- For the reaction between 20 wt% HCI solution and dolomite, calculate the gravimetric and volumetric

dissolving power of the acid solution.

8- A sandstone with a porosity of 0/18 containing 8 vol% calcite is to be acidized with HF/HCI mixture
solution. A preflush of 15 wt% HCI solution is to be injected ahead of the mixture to dissolve the

carbonate minerals and establish a low-PH environment. If the HCI preflush is to remove all

Yoy 30 Lo ele 155
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carbonates in a region within 1/5 ft beyond a 0/328-ft-radius wellbore before the HF/HCI stage
enters the formation, what minimum preflush volume is required in terms of gallon per foot of pay
zone?

9- A sandstone with a porosity of 0/15 containing 12 v% dolomite is to be acidized with HF/HCI
mixture solution. A preflush of 15 wt% HCI solution is to be injected ahead of the mixture to
dissolve the carbonate minerals and establish a low-PH environment. If the HCI preflush is to
remove all carbonates in a region within 1/2 feet beyond a 0/328-ft-radius wellbore before the
HF/HCI stage enters the formation, what minimum preflush volume is required in terms of gallon
per foot of pay zone?

10- A 30-ft thick, 40-md sandstone pay zone at a depth of 9,000 ft is to be acidized with an acid
solution having a specific gravity of 1/07 and a viscosity of 1/2 cp down a 2-in. ID coil tubing. The
formation fracture gradient is 0/7 psi/ft. The wellbore radius is 0/328 ft. Assuming a reservoir

pressure of 4,000 psia, drainage area radius of 1,500 ft and skin factor of 10, calculate

@ The maximum acid injection rate using safety margin 200 psi.

(b) The maximum expected surface injection pressure at the maximum injection rate.

11- A 40-ft thick, 20-md sandstone pay zone at a depth of 8,000 ft is to be acidized with an acid solution
having a specific gravity of 1/07 and a viscosity of 1/5 cp down a 2-in. ID coil tubing. The
formation fracture gradient is 0/65 psi/ft. The wellbore radius is 0/328 ft. Assuming a reservoir

pressure of 3,500 psia, drainage area radius of 1,200 ft, and skin factor of 15, calculate

(a) The maximum acid injection rate using a safety margin of 400 psi.

(b) The maximum expected surface injection pressure at the maximum injection rate.

12- A 20 wt% HCl is needed to propagate wormholes 2 ft from a 0/328-ft radius wellbore in a limestone
formation (specific gravity 2/71) with a porosity of 0/12. The designed injection rate is 0/12
bbl/min-ft, the diffusion coefficient is10~°m? /sec, and the density of the 20% HCI is 1/11 g/cm3.
In linear core floods, 1/2 pore volume is needed for wormhole breakthrough at the end of the core.

Calculate the acid volume requirement using (a) Daccord’s model and (b) the volumetric model.

13- A 25 wt% HCI is needed to propagate wormholes 3 ft from a 0/328-ft radius wellbore in a dolomite
formation (specific gravity 2/87) with a porosity of 0/16. The designed injection rate is 0/15
bbl/min-ft, the diffusion coefficient is is 107°m?2/sec, and the density of the 25% HCI is 1/15

g/cm3. In linear core floods, 4 pore volumes is needed for wormhole breakthrough at the end of the

Yoy 30 Lo ele 155
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core. Calculate the acid volume requirement using (a) Daccord’s model and (b) the volumetric

model.

J.S)’Lw . s P )L:L-é e & 2 , é
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p =O.052p20

Note: Mud pressure
approaching fracture
pressure at top of open
hole section

— Next {‘fusing Depth

a. Just after running casing b. Just before next casing

[¥]abnormal jLis sl wijle o 5o ol HLid Wil oSl Hlid ijlw HLid Ol puuts oSy (FF S5l
3)ly HLad Wb ojse ol jo 4 Canl (B anl sl WS o iz 9o 1) Wiile canSs (Lol )T aile pg3) 4T (6,500 Mg 5
Aol Wsle casls Lad 5l S wsle
onl 5o a8 el hydraulic fracturing cllee plol pl8in 1S duls 1) wijle CanSls [Lid lade Cal p3Y a5 Logus 5,50

Wb s Wl s lasd L wle poogly Jlas sl cdl>

- Abnormal Pressure
- Fracture

- Casing

- Casing Shoe

- Fracture Gradient
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River
Delta Sea Level Rock Element

™~ 45
KB,

Preferred
Fracture Plane

Normal
Faulting
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o,=0 :LO'Z

X y 1_/1
p = Poisson’s ratio (1/8-0/27)

3 Fo 0gd oo yalieS AX ojlail 4 Z S 0 e () (S 00,08 Z gz jo 1) LSS olal b Lo g S ST 1SS
22,5 i ez ) B olgioe cnlple 958 (o0 F3lie Ay g AX sl Y 9 X S 55 (2ge
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gy anlss 07 Ll > TH ko 0,5 052g wsSan S b (59,55 iz o5 ciblin o Mo il azils (g ol

Sganlgx TH Sl s Y7 lade ol 0gzg Jle g Ju 4 iblie (o uSe

Normal fault regime
Op =02 O =0z
Thrust fault regime
0, =03
n =02 O =0y
Strike-slip fault regime
G, =0z
—
On =03
Oq =04

(Anderson, 1951) (Sa,9a Jul £ 55 o Lgdi 5 167 g5

210 jued o2 3l 5B Sz )0 Gl se 1) LA £ A e 3l olgsds alads S jo
Oz : dlithostatic pressure) oYU sl o5 5l (oL 2

Ppor : ;

(POre Pressure) wsskw ;o S9zge Jlow 5l 56 Lzd

P,:
°b " (overburden pressure) S + Jlow 59 5l oBb HLas
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=o,=P,-P

por

In normal conditims:

I:)ob=7/ob*D &70b=1p3i/ﬂ
Ppore = ypore* D & 7p0re 20/465 pSi/ ft
07 = Yithostate D & Vitnostate =0/535psi/ ft

iy, cnl o a8

overburden ,Lzs Lol 370

oy J315 Jls 128 GLolS Y pore

YL gl 039 5 A6 L8 GLolS : Yiinostare

i3l LS ade wile Jo s Jlow JLad sy Jhew HLad wb lail oS sbul Bl S o o el anlys S

(FV JS2) aiS oo 095 (sl s reme 05 5b 4 89,89 098 (oo Wijlo o)y Jlow jLid

Fluid
Cavity

a. Pressure = Pore Pressure

D] Sl brasgs Ko J515 (320 (99,53 Y JSCo

Sezs laman (S Coles 0 9 Wsd (o0 90 o8 5 BN D90 4 jere Byb 93 9 098 (o0 155 e (nl a3 lBIL

(FA JS2) 108l (o0 3g0e mass (o0 (ol (25 o LI amio ol 09 oo atiS fracture o1 & a5 T o

VoA ioge L ele 55
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c. Pressure = Fracture Pressure

IIF] Jlo 5Lad Ghal381 b SIS (ol 0992 (SigSr FA JSCi

25 g el Bk 4y ob Jo 5 b ammio ol 00,0 Sl 30 88 Oy a4y g ey 5l abais SO o 1) (6l amie [FTasSS

O — o-pore

o
Oy.}.&b‘j} f‘fwd‘f.))‘swu;‘fludsmu;com‘)ybd)‘oi; porer.a
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Ol Gl HLES o
o Mattews jsg, ob 4 LSl ;! o4 bl o a8 ol ouds a3l as5le canSls jLad Lol aule sl ook sleds,

ML.?O O)L.ul Ke”y
g atuie Goe SO0 'wjle HLid lade uale bl 0,5 @bnormal jLes slls slaniile gl s a5 bg, cpl 5o
ool Jlo s Sl 50 9] Cows @ 1) 055l canSls JLid bol 5 auilgs oo B1LS S l ol

Py =D =1xD =D

ipld se Heizred
o, =P, Ppore
()l gl alaly po Jgl abauly 5 Pop cpols 51,8 L
o, =D-P.
ol abnormal  Lul s o5 el ol » o e Ll T2 7OO39XD L e e T

148 o 250 S5 0 ek |y Di Jie (silme Bee S ily o0

o, =0/535 xD,
=0/535 xD,=D-P
D-P

' 0/535

Matrix stress b a4y oo o olos oo Conl oals 31,1 Kelly g Mattews Lawgs a5 55 IS 5l eolazul b g Di pasls b Jl>

pore

pore

WClel gy Osge |y (G0gas S ¢ penine ol 1T oy alaily les o i po ol ooliwl b .o ,4] cews &y 1, (Fo) ratio

= O = Fo’ X0, = Fo‘ X(P - Ppore)= Fo‘ x (D - F)pore)

= I:)frac = Oniin + I:)pore
_ Pfrac
:>7/ frac D

1 - Pore Pressure, Formation Pressure
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4000

8000

NORMAL

12,000

EQUIVALENT

16,000 |—

PRESSURE DEPTH, D; , (ft.)
I

20,000 — |
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[1¥] matrix stress ratio :fa Js

Jlo

S aile CeSs lad Lol S sl . 8000psi Ll s led slls 10000ft s ,o south texas galf ,o sus;le

Po,=10000ft x 1psi/ft = 10000 psi

P,—P _
D, = Foo P _10000-8000_ 0 o
0/535 0/535

Frome graph = F; =0/59
= o =0/59x (10000—8000) =1180 psi

Prac = G + Pore =1180+8000=9180 psi
9180 .
=———=0/918 psi/ ft
Vrae = 10000 P
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Leakoff test
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[1¥] leakoff test guls 3l (laiges b Jsuis

(AR 30 Lo ke 50



ol &Gy Oldos

= Pirac = P+ 0/052xMWXTVD

o e lade ol oS s i B 50 a5 g, Lawgi | leak of pressure jaie wcud plesl 5l 8 conl i

oS Al 3 580 1y T (2Bly e muilet B auS e (g0l SaS o
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Hydraulic fracturing : s Juad
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1 - Hydraulic Fracturing
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Water base fluid
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Fracture geometry
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5,5
2
W=4/84(1—v);zQL
2Gh %))
Q 20, 12
L=———(mw+8s )x(—= -1+¢e' xerfc(a
327zhC2( ») (\/; (@) ™)
8CJnt
o =————
7zw+88p o
G= E
2(L-v) )
Where:

C = fluid loss coefficient, ft/v/min
G =shear modulus, psi

h = fracture hight, ft

L = fracture length, ft

Q = injection rate, bbl/min
Sp=spurt loss coefficient, gal/ft?

t = pumping time, min

w = fractures wide at well bore, in
u= Apperent fluid viscosity, cp

J=poisson’s ratio
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Fluid properties:

u=175cp

C =0/002ft /+/min

S, =0/015gal / ft?
Rock properties:

v =0/2

G =1/15*10 psi
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