YucneHHoe mogenupoBaHue pa3BUTUA
rmgpopaspbiBa B HEYNpyrux
ANNaTUPYIOLLUX cpeaax U 3aBUCUMOCTHU
NMOPMCTOCTU NPOMNaHTa OT Harpy3kKu

U.A.'aparaw

Nd3 PAH




AHAJIU3 BO3MOXHOCTU NPOBEAEHUA
NOKAJIbHO HANMPABJIEHHOIO NTMOPOPA3PbIBA
YEPE3 PAOUAIIbHbBIE BOKOBbBIE CTBOI1bl
MAJNOIro PAOUYCA B TEPPUTEHHOM U
KAPBOHATHOM KOJNEKTOPE



BbluucrneHus BbINOMHAKTCA ANs YyeTbipex BapuaHToB Ha4YasZibHOro HanpsAXxeHHoro CoCtosAHus

1. Hamps:xeHHA BLI3BAHEI BECOM HANETAIONIE! TOMIIIL O'i_ =-535.-10Iau
o, =0c, =-229-10"lla (no Jununxy).

2. Hamps:keHHs BEI3BAHEI BECOM HANETAOME TOMIIH o'i =-535.10Ta n

19.5¢cm

PABHBIM I'OPH30HTANBHEIM TEKTOHHYECKHM YCHITHEM, HATIPABIIEHHBIM II0 OCH

x:0, =0, =-535-10Ia. npmwiem ¢ =-2.29-10"I1a.

3. HampsiKeHNs BEI3BAHEI BECOM Haleraromeif Tommu o =—3.35-10 g u

TOPHZOHTAIIBHEIM TEKTOHHHYCCKHM VYCIUIHEM, OCVINSCTBIARIIHM IIOEOPOT

BOKPYT ocH z Ha 450 IPOTHE qacopoii CTPEIKH:
0 _ =0 _ . 7 0 _ . T

o, =o,=-53510"1la, npiev &, =-2.29-10'11a. B stom ciyuae

HAa4YanbHEIE HANPSOKEHHA B CHCTeMe KOOPOHHAT 1z HMEHOT CIedyHoLIHe

3HAYEH: o :G'i =-3.82-10"11a, G';_ =-1.53-10"a,

0'2_ =-535-10 Ma.
4. HampsukeHHS BRIZBAHEI BECOM HATETAFOMIEH TOIIIH O'i =-535-10an

TOPH30HTAIIEHEIM TCKTOHHHMCCKHMM VCHIHEM, HAIMPABICHHEIM II0 OCH V.

o’ =ol =-5.35-10" Ia, npwaen o, =-2.29-10 IIa.

oy
Ha Bcex rpaHmiiax o0BeMa, 23 WHCKTIOHMEHHEM TOpPH30HTATBHOMH
MOBepXHOCTH Z = 19.5¢M , 3afaHbl YCIIOBHA KeCTKOM CTEHKH CO CKOJBKEHHEM.
Ha moeepxmoctn Z =19.5cm peiffcteyer Bec Hameraromieii TOJIH
c. =-535-10 Ma.
CKBOKMHA 3aTMOHeHa GMOHIOM, W NaBleHue B Hell THAPOCTATHYECKOE —

Ha TyOuHe TmacTa B 2 kM p=1.96-10"I]g. Takoe ke NaRIeHHe B NOPax

KOJLTEKTOPA. ATAHCHEH B pacdeTax HMpeHeGperae.
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JlaBieHue ruipopa3pbiBa CO3/JaHO B OCHOBHOM M OOKOBOM CKBa)KMHAX (@) U TOJIbKO B OOKOBOM CKBa)kuHeE (0).
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TeppuUreHHbIN

KOJTNEKTOP

FLAC3IID 2.00
Step 4656 Modal Projection

szz=-53507, Pa

gyy=-2.29¢7, Pa
Tt

so=-535e7,Pa ¥
syy=-2.29a7, Pa

szz=-5.35e7, Fa

Tene TRewnHb!
rMApopaIpLIBa

Igor Garagash
IPE RAS

Py =3.7-10" a

FILAC3IID 2.00
Step 5240 Modal Projlection
szz=-5.35e7, Pa

si=-2.2987, Pa
syy=-5.35e7, Pa }*,x -
== 7§ _syy=-5.3567,Pa
sx=-2.29e7, Pa T '{
szz=-5.35%e7, Pa

Teno TpewmnHE!
ragpopaspeiea

Igor Garagash
IPE RAS

Py =3.710"Ia

I ACIIY 2 00
Slep 4280 Model Projection

szz=-5.35e7, Pa
sux=-2.2%9a7, Pa

syy=-2.29e7, Pa J,

T

¥ —

/ T syy=-2.29¢7. Pa

sxx=-2.29e7, Pa
gzz=-5.35e7, Pa

Teno TREWMHE!
rHAPOPAIPLIBa

Igor Garagash
IPE RAS
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Py =3.7-10 TTa

FLACID 2.00
Step 4355 Model Projection
szz=-5.35e7, Pa
s=-2.2907, Pa

syy=-5.35e7, Pa

TR

¥ T—

/"’ T syy=-5.35e7, Pa

sKx=-2.29¢7, Pa
gzz=-5 357 Pa

Teno TpewmrHE!
FHOPOPAIPEIBA

Igor Garagash
IPE RAS

_ 1
Py =3.7:10" 11a

PacrnipocTpanenue TpemuHbl ruipopas3pbiBa B TEPPUTCHHOM KOJIJIEKTOPE
JlaBneHue ruipopa3phiBa CO31aHO B OCHOBHON M OOKOBOM CKBaKMHAX

p,, =3.7-10" Pa




KapboHaTHbIN KONekTop

FIL AC3D 2.00

Step 3775 Model Projection

szz=-5.35e7, Pa
syy=-2.29¢7, Pa
— 4h sxx=-5.35e7, Pa
B R

7

sui=-5.35a7, Pa
syy=-2.2807. Pa

522=-5.3507, Pa

Teno TpewnKe!
Tens TpELHHE! FHOPOPAIPLIBS
MMAPOPAIPLIBA
z .
Igor Garagash Igor Garagash
IPE RAS IPE RAS

FI 43I 200
Slep 3639 Model Projection
s22=-5.36e7, Pa

7
P =3.7-10' Ma Py =3.7:10" ITa

sxx=-2 287, Fa

)
syy=-5.35a7, Pa 3‘: -

AP

= §  syy=-535e7, Pa

sxx=-2.25e7, Pa T \

szz=-5.3507, Pa

FI 4C3I» Z2_00
Step 4984 Modeal Projection
sz2=-5.38e7, Pa
sxx=-2.29¢7, Pa

syy=-2.29a7, Pa l

ok
2 e

/I T syy=-2.28e7, Pa

se=-2 29a7, Pa
szz=-5.35e7, Pa

Teno Tpewnnnl
THAROPAIPEIBA

Igor Garagash
IPE RAS

; FI 4«3 2 00

Py =3.7-10 {la Step 4040 Model Projection

s22=-5 35e7, Pa
sxx=-2.25e7, Pa

Py =3.7-10"11a

syy=-5.35a7, Pa ;/
T 45
-;t'vf E—
/" T syy=-5.35e7, Pa

sxx=-2.28e7, Pa
szz=-5.35e7, Pa

Teno TpewWHHE!
THAPOPAIPLIBA

Igor Garagash
IPE RAS

PacnipocTpanenue TpenuHbl THAPOpa3pbiBa B KapOOHATHOM KOJIIEKTOPE
JlaBiieHue ruipopa3phiBa CO3/1aHO B OCHOBHOM 1 OOKOBOI CKBaKMHAX

p,, =3.7-10" Pa




TeppureHHbIN KONnekTop

FI AC3D 200
Step 3762 Model Projection
szz=-5.35e7, Pa
sxx=-2.29e7, Pa

syy=-5.35e7, Pa l /
— L &
e
/’ T syy=-5.35¢7, Pa

sxx=-2.29e7, Pa
szz=-5.35e7, Pa

Teno TpewuHbI
rMapopaspbiBa

Igor Garagash
IPE RAS

Py =3.7-10"IMa

Fr 430D 2.00
Step 3940 Model Projection

szz=-5.35e7, Pa
sxx=-2.29e7, Pa

syy=-2.29e7, Pa l 1/
z
g
/I T syy=-2.29¢e7, Pa

sxx=-2.29e7, Pa
s2z=-5.35e7, Pa

Py =5-10"11a

z

Teno TpewmHbI
rugpopaspbiea

Igor Garagash
IPE RAS

KapboHaTHbLIN KONNEKTOP

[TpunoxxeHue naBaeHUs TOIBKO B OOKOBOM CKBaXKHUHE

b, =3.7-10" Pa




YucneHHoe MmoaenuMpoBaHue rmapaB/inyecKoro
pa3pbiBa B rOpHbIX NopoAax C AWJlaTaHCUEMN

W3yueHo BIUAHUE JIOKaIU3aIuu JeopMaiiiy Ha PoIecC TuIpopa3phiBa.

PaCCManI/IBaCTCH CJIOM MOpUCTOTO 0CAAOYHOI0 Marcpuaja C HAYAJIbHBIMH
HAITPsSIZKCHUAMU, O6YCJ'IOBHCHHBIMI/I COOCTBECHHBIM BECOM ITOPO..

B pamkax nimockoi nedopManiii MOAEIUPYETCS MPOIECC PacpOCTPaHEHUS
TUAPOPa3phIBA.

PaccMoTpeHo 1Ba BapuaHTa — C TOPHU3OHTAJbHBIM M BEPTHUKAIbHBIM
pacupoCTpaHEHUEM Pa3phIBa.




BeprukaabHbIi pa3pbiB

FLAC?3P
T'opu3oHTanbHBIN pa3pbIB
Ynpyrun crnon \ y4 o,
5
! i
5 v
P

. X ,:

TN,
25m

GZZ > U.\’.\’

Ynpyromiactudeckum / 25m

pe3epByap

O-zz > ‘O-xx




Kpusas ne¢popmupoBanus ¢ pasynpoyHeHuemM

Shrecs

0 Strain Y




H3meHenus YIUIOB BHYTPECHHEI0 TPEHUA U NUJIaTaAaHCUHU
B 3aBHCHMOCTH OT HAKOIJIEHHOM IJIaCTHYeCKOi ne(l)opMaulm

4. 00E+1 —
Friction angle
N
=)
g \ HN3MeHeHNs CUEIUICHUS U MPOYHOCTH HA PACTSZKEHHE
g 000E+0 — Dilation angle B 3aBHCHMOCTH OT HAKOILICHHOH TJIacTHYeCKO
< / nedopmanuu
. / 1.20E+7 —
-4.00E+1 | |
0.00E+0 1.00E-2 2.00E-2 8.00E+6 — _
Unelastic shear strain intensity © Cohesion
o /
£
5 _
e
0
4 00E+6 —
N / Tension strength
0.00E+0 | |
0.00E+0 1.00E-2 2.00E-2

Unelastic shear strain intensity




T'opusoHTaIBLHBIN pa3pbIB

5m —=

Elastic layer

20m

ZZ

25m

> o

XX

o}

iz

2125 elements

CBoiicTBa ynpyroro ciost

p = 2340kg /m® G=21.10°Pa K =25-10°Pa

CBolicTBa ynpyromiacTUH4eCKoro KOJIJIEKTopa

p=2340kg/m*® G =8.8-10°Pa K =2.02-10"Pa

c=11.10"Pa ¢, =33 o' =4-10°
y,=24" o y =24

OUIBTPAIMOHHBIE CBOWCTBA KOJUIEKTOPA

p=25.10"Pa - pore pressure
x =5-10"?m? /(Pasec) - filtration coefficient
n=0.24 - porosity

IlonHbIe HaYaIbHBIC HaIIPSKCHU A

o, =-3-10"Pa |p,=9-10"Pa
o, =—6-10"Pa o
o, =-410'Pa |P»=610"Pa
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Friction angle, grad
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3aBucuMoCTh KO3 PuuneHTa PUILTPALUM OT YIJIA TPEHUS




ITopanok pacdera ciaeny romui. CHadala Ha JISBOH I'paHHIle CeTKH CO3JaeTcd pa3pes, paBHBEIH
nnuHe ogHOH A9eHkH (0.5M), K MOBepXHOCTH KOTOPOH MPHKIANLEASTCA JaRIeHHE

p, =9-10 Pa.Kaxk ToneKko B KOHIIE pa3pesa HANPAKEHHA B OIIPeNelIeHHEIH MOMEHT

f il
[IPEBBIMI AFOT NIpeleibHOe HAlIPSKEHHE Ha pacTakeHHe ¢ = 4-107, pa3spes yeenH4YHBaeTCA Ha
ONHY A4elKy M K o0pazorBapmefics cB0o00IHOM MOBEPXHOCTH NPHUKIAIRIBASTCA JaBJIeHHE. 3aTeM
npolenypa NoeTopaeTcd. B pesynbTaTe paspes OBHKETCA, MOIOSIHPY [Ipollecc THApOpa3peIEa.

[Tpu 3TOM mipennonaraeTcs, YTO THAPOPA3PEIE MPOUCXOIHUT OBICTPO U (QHIBTPAIIHA He yCIeBaeT
pasBHUTLCA. 3aTeM, KOTJa pa3peIB JOCTHTaeT JecATH METPOR , JaBleHHe cOpachiBaeTcs 40

BeIH4IMHEl p, = 6-10" Pa u ApH:xeHHe NpekpamaeTcs. Jlanee BKItodaeTca QMIBTpALHA H

CHHTACTCA CEA3dHHAA 3404494 00 BPpCcMCHH f=3min.



Vs = —24

FI AC3DD» 2. 00
Step 6914 Model Projection

Center: Rotation:

X: 1.250e+001 X: 0.000

Y: 2.500e-001 Y: 0.000

Z: 1.250e+001 Z: 0.000
Dist: 6.938e+001 Size: 2.760e+001
Increments:

Move: 2.760e+000

Rot.: 10.000
Block State

MNone

shear-n shear-p

shear-n shear-p tension-p
shear-p

shear-p tension-p

tension-n shear-p tension-p
tension-p

IPE RAS
lgor Garagash

Plastic zones created on the moment when the fracture propagation was stopped

p, =9-10" Pa —> |p =6-10"Pa




Pore pressure pattern and fluid flow velocity at the stop moment

FIACISI> 2 .00
Step 6914 Modeal Projaction

Center: Rotation:
X:1.250e+001 X: 0.000

N 2.500e-001 N 0.000
£:1.028a+001 Ao 0.000

Dist: 6.938e+001  Size: 2.208e+001
Incraments:

Move: 2.760e+000

Rot.: 10,000

Contour of Pore Pressure
1.76520+007 to 2.5000c+007
2,5000e+00/ o 3.0000e+00/
3.0000e+007 to 3.5000c+007
3.5000e+00/ lo 4.0000e+00/
4.0000c+007 to 4.5000c+007
4.5000e+00/ lo 5.0000e+00/7
5.0000a+007 to 5.5000e+007
5.5000e+00/ lo 6.0000e+00/
6.0000a+007 to 6.0000a+007

Interval = %5,0e+006

Flow Vectors

Maximum = 7.564e-003
Linastyla

Axes
Linestyle

lgor Garageash
IFE RAS

Pore pressure field and flow velocity after three minutes of filtration

FI AC3ID 2.00
Step 12914 Model Projection

Center: Rotation:

X: 1.250e+001 X: 0.000

Y: 2.500e-001 Y: 0.000

Z: 1.029e+001 Z: 0.000

Dist: 6.938e+001 Size: 2.208e+001
Increments:

Move: 2.760e+000
Rot.: 10.000

Contour of Pore Pressure
2.5002e+007 to 3.0000e+007
3.0000e+007 to 3.2500e+007
3.2500e+007 to 3.5000e+007
3.5000e+007 to 3.7500e+007
3.7500e+007 to 4.0000e+007
4.0000e+007 to 4.2500e+007
4.2500e+007 to 4.5000e+007
4.5000e+007 to 4.75000+007
4.7500e+007 to 5.0000e+007
5.0000e+007 to 5.2500e+007
5.2500e+007 to 5.5000e+007
5.5000e+007 to 5.7500e+007
5.7500e+007 to 6.0000e+007
6.0000e+007 to 6.0000e+007

Interval = 2.5e+006

Flow Vectors

Igor Garagash
IPE RAS




Shear strain intensity at the moment of the stop of hydrofracturing

FI ACS3I>» 2 00

Step 6914 Model Projection

Center: Rotation:

X: 1.2508+001 X: 0.000

Y 2.500e-001 Y. 0.000
Z:1.305e+001 Z: 0.000

Dist: 6.8388+001  Siza: 2.7608+001
Increment

Mowve: 2.760c+000
Rol.: 10,000

Contour of Shear Strain Increment
Gradient Calculation

0.0000e+000 o 5.0000e-004
5.0000c-004 to 1.0000c-003 -1
1.0000e-003 ta 1.5000e-003
1.5000e-003 o 2.0000e-003 a
2.0000c-003 to 2.5000c-003
2.5000e-003 to 3.0000e-003
3.0000e-003 (o 3.5000e-003 r
3.5000c-003 to 4.0000e-003
4. 0000e-003 o 4.5000e-003
4.5000¢-003 to 5.0000e-003 mm
5.00002-003 to 5.5000e-003
5 5000e-0072 o 8.0000e-003
6.0000e-003 to 6.5000e-003
6.5000e-003 to 7.0000e-003
£.0000e-003 o 7.3253e-003 -

Igor Garagash
IPE RAS

Shear strain intensity after three minutes of the filtrations

FIACISI>» 2 00
Step 12814 Model Projaction

Center; Rotation:

X: 1.2508+001 X: 0.000

N 2.500e-001 Y. 0.000

71 1.305a+001 7@ 0.000

Dist: 6.938c+001  Size: 2.760e+001
Incremeants:

Move: 2.760e+000
Rot.:  10.000

Contour of Shear Strain Increment
Gradient Calculation

0.0000a+000 to 5.0000e-004
1.0000e-003 to 1.5000e-003
2.0000e-003 to 2.50008-003
3.0000e-003 to 3.5000e-003
A4.0000e-003 to 4.50008-003
5.0000e-003 to 5.5000e-003
5.0000e-003 o 6.5000a-003
7.0000c-003 to 7.5000e-003 T
£.5000e-003 to /. /391e-003

Axes
Linestyle

Igor Garagash i 1
IFE RAS




Volume strain field at the stop of hydrofracturing

L ACII> 200

Hlap 68914 Modal Projection
Center: Rotatlon:
X 1.250e+001 X: 0.000
N 2.500e-001 o 0,000
£ 1.305a+001 A 0.000
Disl: 6.8938e+001 Siza: 2.760a+001
Increments:
Move: 2. 760e+000
Rot.: 10,000

Contour of Volumetric Strain Increm
Gradient Calculation
-2.2652a-003 1o -2.0000e-003
-2.0000e-003 to -1, 7500e-003
1.7500e-003 to -1.5000e-003
1.5000e-003 to -1.2500e-003
1.2500e-003 to -1.0000e-003
-1.0000&-003 to -7.5000e-004
-7.5000a-004 1o -5.0000a-004
-5.0000e-004 1o -2.5000e-004
2.5000e-004 to 0.0000e+000
0.0000e+000 to  2.5000e-004
2.5000¢-004 to 5.0000e-004
5.00006-004 to 7.5000&-004
7.5000e-004 to 1.00008-003
1.0000e-003 to 1.1674e-003
Interval = 2.50-004

Igor Garagash
IPE RAS

\Volumetric deformation after three minutes of the filtration

FILACSISI>» 200
Step 12914 Model Projection

Center: Rotation:

X 1.2508+001 X 0.000

Y 2.500e-001 Yoo 0000
Z:1.305e+001 Z: 0,000
Dist: 6.838a+001  Slze: 2.760a+001
Increments:

Mowve: 2.7600+000

Rot.:  10.000

Contour of Volumetric Strain Increm

Gradlent Calculation
-1.0293e-003 Lo -5.0000e-004
5.00002-004 ta 0.0000c+000
0.0000a+000 to 5.0000a-004
5.0000e-004 1o 1.0000e-003
1.0000c-003 to 1.50002-003
1.50008-003 to 2.0000e-003
2,0000e-003 lo 2,5000e-003
2.5000c-003 to 3.00002-003
3.00008-003 o 3.50008-003
3.5000e-003 to 3.5183e-003
Interval = 5.0e-004

Axes
Lineslyle

lgor Garagash
IPE RAS




W, =24

FlI AC3IDD> 2.00
Step 4421 Model Projection

Center: Rotation:
X: 1.250e+001 X: 0.000
Y: 2.500e-001 Y: 0.000
Z: 1.250e+001 Z: 0.000
Dist: 6.938e+001 Size: 2.760e+001
Increments:
Move: 2.760e+000
Rot.: 10.000

Block State

None
shear-p
shear-p tension-p

tension-p

Axes

Linestyle

IPE RAS
lgor Garagash

Plastic zones created on the moment when the fracture propagation was stopped




Pore pressure field and fluid velocity at the stop hydrofracturing

I T ACII> 2 6062
Slep 4421 Model Projection

Cantar: Rotation:

X 1.250e+001 XK 0.000
N 2.500e-001 W D.000
Z: 9.740e+000 Z: 0.000

Disl: 5.938e+001 Size: 2.208e+001
Increments:

Move: 2. /60e+000

Rat.: 10.000

Contour of Pore Pressure
1.72600+007 lo 250008007
2.5000e+007 to 3.00002+007
3.0000e+007 o 3.5000e+007
3.5000e+007 to 4.0000e+007
4.0000e+007 lo 4.5000e+007
4.50008+007 to 5.00008+007
5.0000e+007 to 5.5000e+007
5.5000e+007 to 6.0000e+007
G.0000e+007 to 6.50002+007
6.50008+007 to 7.00008+007
7.0000e+007 to 7.50002+007
£.5000e+007 Lo 8.0000e+007
8.00002+007 to 8.50002+007
8.5000e+007 lo 9.0000e+007
A.0000e+007 to 9.0000e+007

Interval = 5 0e+D0E

lgor Garagash
IFE RAS

Pore pressure field after three minutes of the filtration beginning

I _ ACII>» 2 6267
Slep 10421 Model Projeclion

Cantar: Rotation:

X 1.250e+001 X 0.000

Y 2.500e-001 Yo 0.000
Z:1.0292+001 Z: 0.000
Disl: 8.938e+001 Sire: 2.208e+001
Increments:

Move: 2. /60e+000

Rot.: 10,000

Contour of Pore Pressure
2.4584e+007 Lo 3.0000e+00/7
3.0000ae+007 to 3.50008+007
3.5000e+007 Lo 4,0000e+00/7
4.0000a+007 to 4.50008+007

5000e+007 to 5.0000e+007

0000e 007 to 5.5000a+007
5000e+007 to 6.0000e+007

0000e 007 1o 65000007

5000e+007 to 7.0000e+007

UO00e+007 Lo 7.5000e+00/7

5000e+007 to 8.0000e+007

B.0000e+007 Lo 8.5000e+00/7
#8.5000a+007 to 9.00008+007
9.0000e+007 Lo 9.0000e+00/7

Intarval = 5.0a+006

TFlow Veclors

SN EmOnhs

lgor Garagash
IFE RAS




Plastic strain intensity at the stop of hydrofracturing

FT ACITI> 2.00
Step 4421 Model Projection

Centor: Rotation:

¥ 1.250e+001 X: 0.000
N 2.500ae-001 W 0.000
Z:1.2500+001 Z: 0.000

Dist: 6.938e+001  Size: 2.760e+001
Incraments:

Move: 2.760e+000

Rot.: 10.000

Contour of Shear Strain Increment
Gradient Calculation

9.02808-006 to 4.0000e-004
4.0000e-004 to G.00006-004
6.0000e-004 to 8.0000a-004
#.0000c-004 to 1.0000¢-003
1.00006-003 to 1.2000e-003
1.20008-003 to 1.4000a-003
1.4000¢-003 to 1.6000e-003
1.60006-003 to 1.6172e¢-003

Axes
Linestyl

Igor Garagash
IPE RAS

Plastic strain intensity field after three minutes of filtration process

I ACII>» 200

Slep 10421 Model Projection

Center:

Ko 1.250e+001
Y 2.500e-001
£: 1.250e+001
Dist: 6.938a+001
Increments:

Rotatlon:
X 0,000
Yo 0,000
Lo 0000

Slza: 2. 7608001

Move: 2. 760a+000

Rot.: 10,000

Contour of Shear Strain Increment

Gradienl Calculation

1.1342e-007 Lo
5.0000a-004 to
£.2000e-004 Lo
1.0000a-003 to
1.2500e-003 to
1.5000a-003 to
1.7500e-003 to
2.0000e-003 to
2,2500e-003 to
2.5000e-003 to
2.7500e-003 to
3.0000e-003 to

Axes
Linestyle
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5.0000e-004
7.5000e-004
1.0000e-0073
1.2500e-003
1.5000e-003
1.7500e-003
2.0000e-003
2.2500e-003
2.5000c-003
2.7500e-003
3.0000e-003
3.1604e-003




Volume strain field at the stop of fracturing

T ACII>» 2.00

Hlap 4421 Modeal Projection
Center: Rotatlon:
X 1.250e+001 X: 0.000
' 2.500e-001 o 0,000
£ 1.250e+001 A 0.000
Disl: 6.8938e+001 Siza: 2.760a+001
Increments:
Move: 2. 760e+000
Rot.: 10,000

Contour of Volumetric Strain Increme

sradient Calculation
1.4023e-004 to 0.0000e+000
0.0000e+000 to 1.0000e-004
1.00006-004 to  2.0000e-004
2.0000e-004 to 3.0000e-004
3.00006-004 to 4.0000a-004
4.00008-004 to 5.00008-004
5.0000e-004 to  6.00000-004
G.0000e-004 to 7.0000e-004
7.0000e-004 to 8.0000e-004
£.0000e-004 to 9.0000e-004
9.0000e-004 to 1.0000a-003
1.00008-003 to 1.10008-003
1.10006-003 to 1.19306-003

Interval = 1.0e-004

Axes

Igor Garagash
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Volume strain field after three minutes after three minutes

of filtration process

I T ACII> 2 600
Slep 10421 Model Projecltion

Cantar: Rotation:
X 1.2500+001 X 0,000
N 2.500e-001 W 0.000

Z:1.250e+001 Z: 0,000
Lisl: 5.938e+001 Size: 2./80e+001
Increments:

Move: 2. /60e+000

Rat.: 10.000

Contour of Volumetrie Strain Increme:
Ciradienl Calculation
1.8897c-004 to 5.0000c- 004
5.0000e-004 Lo 1.0000e-003
1.0000c-003 to 1.50002-003
1.5000e-003 lo 2.0000e-003
2.0000e-003 ta 2.50008-003
2.5000e-003 o 3.0000e-003
3.0000e-003 to 3.5000e-003
3.5000e-003 to 40000003
4.00008-003 to 4.50008-003
45000003 to 50000003
5.0000e-003 o 5.5000e-003
5.5000e-003 to 60000003
6.0000e-003 Lo 6.3061e-003
Intarval = 5.0a-004

Axes
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Crack opening is shown for the elastic and elastoplastic cases at the stop after pressure drop



Vertical rupture

O-ZZ
A
£
v Elastic layer
£
o
=
Elastoplastic reservoir
B,

25m

ZZ

>0,

4125 elements

Properties of elastic layer

p = 2340kg / m* G=21.10°Pa K =25-10°Pa

Properties of elastoplastic reservoir

p=2340kg/m® G =4.10°Pa K =7-10°Pa
c=8-10°Pa ¢ =33 o'=5-10°
w,=24"  or y,=-10

Filtration properties of elastoplastic reservoir

p=25-10"Pa - pore pressure
x =5-10"?m? /(Pasec) - filtration coefficient
n=0.24 - porosity

Initial total stresses

o, =-3-10"Pa p, =6-10"Pa
o, =—6-10"Pa ays
o, =—-4-10"Pa p, =3-10"Pa




Strain intensity 0 1-10°3 2.1073 2.1072 1
Cohesion, Pa | §8.10° 4-10° 2-10° 1-10° 1-10°
Tension, Pa | 5.10° 1-10° 8-10* 7-10* 7-10*
Friction angle | 33 31 30 29 29
Dilation angle| -10 (24) -8 (20) -6 (16) -5 (15) -5 (15)

The calculation procedure is the following one. Firstly, along the left border of a
grid the vertical cut, equal to length of one cell (0.5 m), 1s created to which surface the

pressure p, =6-10" Pa is applied. As soon as at the end of the cut the stress exceeds a

limit stress for tension, the cut 1s increased by one cell and the pressure 1s applied to the
formed free surface. Then the procedure repeats.

As the result, the moving cut simulates the hydrofracturing process. Thus it 1s
supposed that hydrofracturing occurs quickly and the filtration has not time to be
developed. When the crack reaches thirty meters length, the pressure is dropped to the

value p, =3-10" Pa and the motion is stopped. Then filtration process is included and the

connected problem is solved up to the moment 7 =3 min .




Vs = -10°

FlI 4AC3DD> 2.00
Step 6340 Model Projection

Center: Rotation:
X: 1.250e+001 X: 0.000
Y: 2.500e-001 Y: 0.000
Z: 2.250e+001 Z: 0.000
Dist: 1.247e+002 Size: 4.960e+001
Increments:
Move: 4.960e+000
Rot.: 10.000

Block State

None

shear-n shear-p
shear-p

shear-p tension-p
tension-p

Axes
Linestyle

IPE RAS

lgor Garagash

Plastic zones created on the moment when the fracture propagation was stopped

p, =6-10" Pa — p. =3.10"Pa




Pore pressure field and fluid velocity at the stop hydrofracturing

FILAC3I» 2.00
Step 6340 Model Projection

Center: Rotation:

X 1.2508+001 X 0.000
Y 2.500e-001 Y 0.000
Z:2.250e+001 Z: 0.000

Dist: 1.247a+002 Siza: 4.960a+001
Increments:

Mowve: 4 960e+000

Rol.: 10,000

Contour of Pore Pressure
7.9675c+006 to 1.2000c+007
1.2000a+007 to 1.6000a+007
1.6000e+007 o 2,0000e+007
2.0000c+007 to 2.4000c+007
2.4000a+007 to 280008007
2.8000e+007 lo 3.2000e+007
3.2000c+007 to 3.6000c+007
3.60008+007 to 4.00008+007
4.0000e+007 lo 4.4000e+007
4.4000c+007 to 4. 8000e+007
A.BUD0E+007 lo 5. 2000a+007
5.2000e+007 to 5.6000c+007
5.6000e+007 to 60000007
B.O000e+007 to B.0000e+007

Interval = 4.02+006

Flow Vectors

Igor Garagash
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Volumetric deformation after three minutes of the filtration

L ACID 2.00
Step 12340 Modal Projaction

Center: Rotation:

*:1.250e+001 X 0,000
W 2.500e-001 Yo 0,000
r Hle 001 £ 0.000

Dist: 1.247e+002 Size: 4 9680e+001
Increments:

Move: 4.960e+000

Rot.: 10,000

Contour of Pore Pressure
2.4505e+007 to 2.7500e+007
2.7500e+007 to 3.0000e+007
3.00000+007 to 3.2500e+007
3.2500a+007 to 3.50008+007
3.5000e+007 to 3. 7500a+007
3.7500e+007 to 4.0000e+007
4.0000e+007 to 4.2500e+007
4.2500e+007 to 4.5000e+007
4.50000+007 to 4.7500e+007
4.75008+007 to 5.0000&+007
5.0000ae+007 to 5.2500a+007
5.2500e+007 to 5.5000e+007
5.5000e+007 to 5.7500e+007
5.7500e+007 to G6.0000e+007
6.00008+007 to 6.0000e+007

Interval = 2. He+(06
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Plastic strain intensity at the stop of hydrofracturing

FIAC3ID 2.00
Step 6340 Model Projection

Canter: Raotation:

X:1.250e+001 X: 0D.000
Y. 2,500e-001 . 0.000
Z: 2. 250e+001 Z: 0.000
Dist: 1.247e+002  Size: 4.9600+001
Increments:
Move: 4. 960a+000
Rol.: 10,000

Contour of Shear Strain Increment
Gradient Calculation

4.5106e-005 to 6.0000e-004
G.0000e-004 to 9.0000e-004
9.0000e-004 to 1.20002-003
1.2000e-003 to 1.5000e-003
1.5000e-003 1o 1.8000e-003
1.8000e-003 to 2.1000e-003
2.1000e-003 to 2.4000e-003
2.4000¢-003 to 2.7000e-003
2.7000e-003 to 3.00000-003
3.0000e-003 to 3.30008-003
3.3000e-003 to 3 E8000e-003
3.6000e-003 to 3.9000e-003
3.9000e-003 to 4.0586e-003

Igor Garagash
IPE RAS
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Plastic strain intensity field after three minutes of filtration process

FIrAC3I» 2.00
Step 12340 Model Projection

Center: Rotation:

X: 1.250e+001 X: 0.000

Y: 2.500e-001 Y: 0.000

Z: 2.250e+001 Z: 0.000

Dist: 1.247e+002 Size: 4.960e+001
Increments:

Move: 4.960e+000
Rot.: 10.000

Contour of Shear Strain Increment
Gradient Calculation

2.4809e-005 to 1.0000e-003
1.5000e-003 to 2.0000e-003
2.5000e-003 to 3.0000e-003
3.5000e-003 to 4.0000e-003
4.5000e-003 to 5.0000e-003
5.5000e-003 to 6.0000e-003
6.5000e-003 to 7.0000e-003
7.5000e-003 to 8.0000e-003
8.0000e-003 to 8.4476e-003

Axes
Linestyle

IPE RAS
Igor Garagash




Volume strain field at the stop of fracturing

FILACII» 2.00
Step 6340 Model Projection

Center: Rotation:
X: 1.250e+001 X 0.000
¥ 2.500e-001 Y. 0.000
71 2.250e+001 Z: 0.000
Disl: 1.24/e+002 Size: 4.960e+001
Increments:
Move: 4.960a+000
Reot.: 10,000

Contour of Volumetric Strain
Gradienl Calculalion

5.0794e-004 to -3.7500e-004
-2.5000a-004 lo -1.2500e-004
0.00002+000 to 1.2500-004
2.5000e-004 to 3.7500e-004
52.0000e-004 lo 6.2500e-004
7.5000c-004 to 8.7500c-004
1.0000a-003 to 1.1250a-003
1.2500e-003 to 1.3750e-003
1.5000e-003 to 1.6250e-003
1.7500e-003 lo 1.8/50e-003
2.0000c-003 to 2.1250e-003
2.2500e-003 to 2.3750e-003
2,5000e-003 lo 2.5225e-003

Axes

IPE RAS
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Volume strain field after three minutes after three minutes

of filtration process

FILACIID» 2.00
Step 12340 Model Projection

Center: Rotation:

X: 1.250e+001 X: 0.000

¥ 2.500e-001 ¥: 0.000

Z: 2.250e+001 £ 0.000

Dist: 1.2470+002  Size: 4.960e+001
Increments:

Move: 4.960e+000
Rol.: 10.000

Contour of Volumetric Strain
Gradient Calculation

-6.4540e-004 1o 0.0000e+000
5.0000e-004 to 1.0000e-003
1.5000e-003 to 2.0000e-003
2.5000e-003 to 3.0000e-003
3.5000e-003 to 4.0000&-003
4.5000e-003 to 5.0000a-003
5.5000e-003 o 6.0000e-003
6.5000e-002 to 7.0000e-003
7.5000e-003 to 8.0000e-003
8.5000e-003 to 9.0000e-003
9.5000e-003 to  1.0000&-002
1.0500e-002 to 1.0977e-002

Axes
Linestyl

IPE RAS
Igor Garagash




W, =24

Fl 4C3I» 2. 00

Step 4475 Model Projection
23:06:56 Mon Dec 1 2003

Center: Rotation:
X: 1.250e+001 X: 0.000
Y: 2.500e-001 Y: 0.000
Z: 2.250e+001 Z: 0.000
Dist: 1.247e+002 Size: 4.960e+001
Increments:
Move: 4.960e+000
Rot.: 10.000

Block State

None

shear-n shear-p
shear-p

shear-p tension-p
tension-p

IPE RAS
Igor Garagash

Plastic zones created on the moment when the fracture propagation was stopped

p, =6-10"Pa — p, =3-10"Pa




Plastic strain intensity at the stop of hydrofracturing

FrAC3IID 2.00
Step 4475 Model Projection

Center: Rotation:
X 1.250e+001 X: 0.000
¥ 2.500e-001 Y 0.000
Z: 2.250e+001 Z: 0.000
Dist: 1.247e+002  Size: 4.960e+001
Increments:
Move: 4. 860e+000
Rot.: 10.000

Contour of Shear Stram Increment

Gradient Calculation
-1.35218-003 to -5.00008-004
-5.00008-004 to 0,00008+000
0.00008+000 to 5.00008-004
5.00008-004 to 1.00008-003
1.00008-003 to 1.50008-003
1.50008-003 to 2.00008-003
2.00008-003 to 2.50008-003
2.50008-003 to 3.00008-003
3.00008-003 to 3.50008-003
3.5000e-003 to 4.00006-003
4.0000e-003 1o 4.5000e-003
4.50006-003 1o 4.8982e-003
Intarval = 5.0e-004

Igor Garagash
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Plastic strain intensity field after three minutes of filtration process

FILACII» 2.00
Step 4475 Model Projection

Center: Raotation:
X:1.250e+001 X: 0.000

N 2.500e-001 N 0.000

£ 22508001 Ao 0000
Dist: 1.247e¢+002 Size: 4.96G0¢+001
Incraments:

Move: 4.9G60e+000

Rot.: 10,000

Contour of Pore Pressure
4.2551e+00% lo 1.0000e+00/
1.00008+007 ta 1.5000a+007
1.5000e+00/ lo 2,0000e+007
2.00008+007 to 2.5000a+007
2.5000e+007 o 3.0000e+007
3.00008+007 to 3.5000a+007
3.5000e+007 to 4.0000e+007
4.0000e+007 to 4.5000a+007
4.5000e+007 to 5.0000c+007
5.00008+007 to 5.5000a+007
5.5000c+007 to 6.0000c+007
6.00008+007 o §.0000a+007

Interval = 5.0e+006

Flow Vectors
Maximum = 1.159e-002
Linestyle

lgor Garagash
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Plastic zones created when the fracture propagation was stopped

y, =24 y, =24

Block State

None

shear-n shear-p
shear-p

shear-p tension-p

p, =9-10"Pa p, =13-10"Pa




Plastic zones created when the fracture propagation was stopped

Block State s =24 =24

None

shear-n shear-p

shear-n shear-p tension-p
shear-p

shear-p tension-p
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Plastic strain intensity at the stop of hydrofracturing

FI. ACSTI> 2.00
Step 8401 Model Projection

Canlear: Rotation:

X 1.268e+001 X 0.000
¥ 2.500e-001 ¥ 0.000
Z:9.105e+000 Z: 0.000

Dist: 1.247e+002  Size: 2.032e+001
Incremants:

Mowve: 4. 980ae+000

Rot.: 10.000

Contour of Shear Strain Increment
Gradient Calculation
3.39880-003 to -2.0000e-003
2.0000e-003 to -1.0000e-003
-1.0000e-003 to 0.0000e+000
0.0000e+000 to 1.0000e-003
1.0000e-003 to 2,0000e-003
2.0000e-003 to 3.0000e-003
3.0000e-003 to 4.0000e-003
4.00008-003 to 5.0000e-003
5.00008-003 to 6.00008-003
6.0000e-003 to 7.0000e-003
T.0000e-003 to §.0000e-003
#.0000e-003 to 9.0000e-003
9.0000e-003 to 1.0000e-002
1.0000e-002 to 1.0391e-002
Interval = 1.0e-003

lgor Garagash
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p=9-107Pa

p, =9-10"Pa

Plastic strain intensity at the stop of hydrofracturing

p, =13-10"Pa

FILACII> 2.00
Hlap 5253 Modeal Projection

i Ruotation:
A48a+001 X 0000

¥ 2.5008-001 ¥ 0.000
£ 9.083a+000 £ 0.000

Dist: 1. 24700002  Size: 2.032e+001

I
Move: 4.960a+000
Rol.: 10,000

Contour of Shear Strain Increment
Gradient Calculation
-3.6119e-003 to 0.0000e+000
0.0000e+000 to 2.5000e-003
2.50008-003 to 5.0000e-003
5.0000e-003 to 7.5000e-003
7.5000e-003 to 1.0000e-002
1.0000e-002 to 1.2500e-002
1.2500e-002 to 1.5000e-002
1.5000e-002 to 1.7500e-002
1.75008-002 to 2.0000e-002
2.00008-002 to 2.15888-002
Interval = 2.5e-003

Axes

Linastyle

lgor Garagash
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p=1.3-10°Pa




Plastic strain intensity at the stop of hydrofracturing

FLAC3ID 2.00
Slap 4884 Modeal Projection

p, =21-10"Pa

Center: Rotation:
X:1.213e+001 X: 0.000
W¥: 2.5008-001 Y1 0.000 _ 24°
71 8.639e+000 Z: 0.000 WS —_
Dist: 1.247e+002  Size: 2.032e+001
Increments:
Move: 4. 960¢+000
Rot.:  10.000

Contour of Shear Strain Increment

Ciradiant Caleulation
-5.1874e-003 to 0,0000e+000
0.0000e+000 to 5.0000e-003
5.0000e-003 to 1.0000e-002
1.0000e-002 to  1.5000e-002
1.50008-002 to 2.0000e-002
2,0000e-002 to 2.5000e-002
2.5000e-002 to 3.0000e-002
3.0000e-002 to 3.5000c-002
3.5000e-002 to 4.0000e-002
4.00008-002 to 4.50008-002
4.5000e-002 to 5.0000e-002
5.0000e-002 to 5.5000e-002
5.5000e-002 to G.0000e-002
G.0000e-002 to 6.50000-002
6.50008-002 to 6.51248-002
Intarval = & 0a-003

Igor Garagash _a 4408
IPE RAS p=2.110" Pa

Plastic strain intensity at the stop of hydrofracturing

7 FT AC3I» 2 00
ph - 3110 Pa Step 4047 Modsl Projection

Center: Rotation:
° X 124200001 ¥ 0.000

—_ 24 W 2.500e-001 W 0LO00
Ws - Z. §.352e¢+000 Z: 0.000

Dist: 1.2472+002 Size: 2.032e+001

Incramaents:
Move: 4.960e+000
Rot.: 10.000

Contour ol Shear Strain Increment

Gradient Calculation
-1.2670e-002 to 0.00008+000
0.0000e+000 o 1.0000e-002
1.00002-002 to 2 .0000e-002
2.0000e-002 to 3.0000a-002
3.0000e-002 lo 4,0000e-002
4.00002-002 to 5.0000c-002
5.00008-002 to 6.00008-002
8.0000e-002 o 7.0000e-002
7.00002-002 to 8.0000c-002
#.00008-002 to 9.0000a-002
9.0000e-002 to 1.0000e-001
1.00002-001 to 1.1000e-001
1.10008-001 to 1.1487a-001
Interval = 1,0e-002

Axes

Igor Garagash p:3.1-1l:|B Pa
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Hydrofracture openings at the stop after pressure drop
(blue line is opening of crack after three minutes of filtration)



We show from this preliminary work that hydraulic fracturing in soft rocks
Is accompanied by the localization of plastic deformations. Influence of the
type of plastic volumetric variation (compaction or dilation) and the
softening behavior results in essentially different pictures of deformation
fields and pore pressure in the reservoir. The profiles of crack openings and,
hence, work spent on their creation, are essentially different. In one case, the
fracture cannot propagate in tension.

Further work, to confirm the role of localization in fracturing soft rocks and
analyze in details the influence of input parameters (rock properties,
including mesh size which is given the length scale, and in-situ stress), will
include an improved fracture propagation criterion and the influence fluid
leak-off during propagation. Removing the symmetry along the crack line is
also necessary to get more realistic slip lines which are generally breaking
the symmetry.




PFC3P

Particle Flow
Code in 3 Dimensions

EVOLUTION OF PROPPANT POROSITY

Cylindrical particle

Initial porosity equal 0.8,
very loose material

First (a) and second (b) initial ensembles of particles, (c) - analogue of
cylindrical particle
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The length of the cylindrical particle is equal to its ten radiuses. For modeling of such ensembles we shall use
the clump logic supports the creation of super-particles of arbitrary shape. Each clump consists of a set of
overlapping spheres that acts as a rigid body with a deformable boundary.




rigid ball with a deformable boundary

Ball-ball contact

contact plane

Contact-Stiffness Models

kAT [BI
P, = KU, Ko = (0T, (8

kgA]kgB]
AP, = K, AU, K, = KT 4 KE]

interaction of particles is linear

Wall-ball contact

The Hertz-Mindlin Contact Model

f5a

P :U3/2
" 1-v

nonlinear law of interaction of the particles



. Dependence of contact force from overlapping in case of Hertz-Mindlin model

(a red line) and contact-stiffness model (a dark blue line)
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Loading is made by movement of the top wall. In the initial state the porosity of ensembles of
particles » is closed to value 0.7 . Therefore at first more dense ensembles of particles with
density n~ 0.47 are formed. Then the loading proceeds until the average vertical stress in

samples will not reach the preset vertical value o_ =-2.4 10" Pa that corresponds to depth
about one kilometer.

Loading process similar the compaction of particles in a rigid glass
and also it is known under the name uniaxial compaction test.
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The graph of displacement of the
upper wall during compaction

of the 1-st ensemble of cylindrical
particles.

Graph of porosity change inside
of sphere volume during the
compaction of the 1st particle
ensemble

1.53x10%m

T
0.2

T
0.4

T
0.6

T
a8

T
1.0
k104

T
1.2

T
1.4

T T
1.6 1.8 2.0 step




The graph of displacement of the
upper wall during compaction

of the 2nd ensemble of cylindrical
particles.

Graph of porosity change inside
of sphere volume during the
compaction of the 2nd particle
ensemble

1.52%10%m
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The graph of porosity versus vertical load
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First (a) and second (b) initial ensembles of particles, (c) - analogue of
cylindrical particle

c) R=2x10"m
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The graph of displacement of the
upper wall during compaction

of the 1st ensemble of cylindrical
particles.
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The graph of displacement of the
upper wall during compaction

of the 2nd ensemble of cylindrical
particles.

Graph of porosity change inside
of sphere volume during the
compaction of the 2nd particle
ensemble
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Ensemble of spherical particles

5.91-10°m

L =

L =768-10"m

R=210"m




The graph of porosity changing in case of contact-stiffness model

Changing of porosity n during loading.
For calculate of porosity is used the sphere volume
with initial radius equal 0.0015m.
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The graph of porosity changing in case of Hertz-Mindlin model

Changing of porosity n during loading.

For calculate of porosity is used the sphere volume
with initial radius equal 0.0015m.
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In FLACSP realized an explicit calculation scheme. This ensure that the numerical modeling is stable when the
physical system being modeled is unstable. In this case strain energy in the system is converted into kinetic
energy, which then radiates away from the source and dissipates. FLAC models this process directly, because

inertial terms are included - kinetic energy is generated and dissipated. .

For each time step sequence of calculations can be represented as:

1. Calculation of new strains used the node velocities.

2. To calculate the new stresses used the strains and stresses in the previous
moment of time used the constitutive relations.

T

_— - T

D
— - T

Stress

3. To determine the new nodal velocities and displacements using the motion equations. 0 Strain ¥
The calculation cycle Y o’y
Oji,; + VM =p ot

new

velocities and
displacements

a

Equilibrium Equation h Forces are fixed
(Equation of Motion) | W during this

calculation

(for all mass-points)

new
stresses
or forces

(for all elements)
Strainrates are
Stress / Strain Relation P —— }
fixed during this

(Constitutive Equation) )
calculation

Itasca Consulting Group, Inc. 2006. FLAC3D - Fast Lagrangian Analysis of Continua in 3 Dimensions,
Ver. 3.1, User’'s Manual. Minneapolis: Itasca.




	 
	АНАЛИЗ ВОЗМОЖНОСТИ ПРОВЕДЕНИЯ ЛОКАЛЬНО НАПРАВЛЕННОГО ГИДРОРАЗРЫВА ЧЕРЕЗ РАДИАЛЬНЫЕ БОКОВЫЕ СТВОЛЫ МАЛОГО РАДИУСА В ТЕРРИГЕННОМ И КАРБОНАТНОМ КОЛЛЕКТОРЕ
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Численное моделирование гидравлического разрыва в горных породах с дилатансией
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52

