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1-Eastern-Azerbaijan
2-Western- Azerbaijan
3-Ardebil

4-Zanjan

5-Hamedan
6-Kermanshah
7-Tehran
8-Mazandaran
9-Golestan

10-Semnan
11-Khorassan-¢-Razavi
12-Istahan

13-Yazd

14-Fars

15-Kerman

16-Sistan & Baluchistan

17- Hormozgan

il o i
2[ : %«k B E .l 1 19-Gilan
LOW / HILLS IMOUNTAINS | e 0 20-Khuzistan
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2HX(aq) + CaCO4(s) «» CaX,(aq) + H,CO3(aq) «» CaX;(aq) + CO,(Q) (Y-¥)
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125102 Ton May 29 2012

Cortar
X 36000001 X 0000
V26000001 Y 0000

Rasca Conmutng Graup. I
Mirresgols, UN USA

(el Z Lgl.a.w‘) BN @l}ul? )yalf w‘)w)awsx Lgl:».w‘) 5o ‘S)l;ul.’> )9»4[5”&».0..‘:)49@3)7 o)Lc.wJ

FLAC3D 3.00
Steg 10307 Mode!
125216 Ton May 29 2012

Cartar Rotaton

X 40000001 X 0000
V4000001 Y. 0000
242500001 2 0000
Dt 3%See0n2 Mgt

Grovp. inc
Viressols UN USA

FLAC3D 3.00

Steg 10207 Madel Perspactve
125736 Ton May 292012

Carter

X 40000001 X 0000
¥ 400004001 Y. 0000
420001 2 40000
D 38e02 My 1

Rasca Consutng Graup. Inc
Mimesgols. UN USA

(Gl Z bl 33 2bmler 55l Canly uos gl 3 X sl 55 (olmlr )9l o Cro 29a) T o)lods s (2

FLAC3D 3.00
Step 4713 odel Perspactve
124537 Tow May 29 2012

Cortar Rotaton
X 280m001 X 0000
1600001 Y 0000
249100003 2 0000
D S752e002 Mg 125
Arg: 250

Contour of X-Displacement
00084000

Grovp inc
Virnessols UN USA

FLAC3D 3.00

Steg 4713 MoselParspectve
124833 Ton May 29 2012
Cortar Rotaton
X280M001 X 0000
Y6000t Y 000
249100003 2 0000
D S752e002 Mg 125

Irterval = 508003

Grovp inc
Viressols UN USA
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FILAC3D 3.00

Step 4713 Model Perspective
13:14:23 Tue May 29 2012

Center. Rotation:
X: +2.550e+001 X: 0.000
Y: 3.600+001 Y: 0.000

74910003 2 0.000
Dist 575264002 Mag.
Ang.: 22500

Surface
Magfac = 1.0006+000

Contour of Y-Displacement
Magfac = 1.00064000
]+8.4407¢-003 to -8.00006-003
-8.00006-003 10 -7.00008-003
7.00006-003 to -5.00008-003
-6.00006-003 to -5,00006-003
-5.00006-003 to -4.00006-003
-4,00006-003 to -3.00006-003
~3.00006-003 to -2.00008-003

~2.0000¢-003 to -1.0000e-003

-1.0000e-003 to 0.0000e+000

0.0000¢+000to 0.0000e+000
Interval = 1.0e-003

Itasca Consuting Group, Inc
Minneapolis, MN USA
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FILAC3D 3.00 FLAC3D 3.00
Step 7852 Mode Parspectve 6535 Model Perspective
172014 Tom May 29 2012 17:15:59 Toe May 292012
Center Rotaton Carter. Rotation:
X:36000001 X 0000 X360006001  X: 0000
V36000001 Y 0000 Y:360004001  Y: 0000
2355005000 2 40000 2285104001 2 40000
Dist 342004002 Mag: 1 Dist 575164002 Mag: 156

Ang: 22500 Ang: 22500
Contour of Shear Strain Increment Contour of Shear Strain Increment
Magfac = 1,000e+000 Magfec = 1.000e+000
[ Gradient
00006004 1.08860-005 10 100000004
500000-004 10 100000003 1,00008-004 15 200000-004
1,0000-003 10 150008-003 200000004 12 300008004
150006003 0 20000003 300008004 12 400006004
200008003 15 250006003 40000800412 500006004
250000003 10 300000-003 500000-004 12 6.00000-004
300000003 15 312660003 6,00000-004 1o 7.00000-004
ntenval 7.00008-004to 77633004
Iterval = 108-004
Itasca Consuting Group, nc. Itasca Consuting Group, Inc
Wimeapolis. N USA Winneapolis, NN USA'

Y o)La.\i’; J.A.o (o \ o)l.a..i'a J\-\A (&l

FILAC3D 3.00 FLAC3D 3.00
Step 4713 Model Perspectve Step 10307 Model Perspactive
172303 Tus May 292012 172633 Toe May 29 2012
X 25500001 X: 0.000 X4000001 X 0000
Y.35004001  Y: 0000 ;400004000 Y: 0000
249108003 Z 0000 2428004001 Z: 40000
Dist 575264002  Mag: 1 Dist 385664002 Mag: 1

Ang: 22500 Ang- 22500
Contour of Shear Strain Increment Contour of Shear Strain Increment
Magfac = 100064000 Magfac = 1,000e+000
Cakcuaton Gradient
25208000610 1.00008-004 2
1,00008-00410 200000004
200006004 12 300008004 20000600310 300006003
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FLAC3D 3.00 FLAC3D 3.00
7652 Model Perspective Step 6535 Model
17:30:45 Tus May 292012 18.08:15 Tus May 20 2012
X:36000001  X: 0.000 X:360004001 X' 0000
V360004001 Y 0000 Y:360004001  Y: 0000
2355005001 2 40000 2285104001 2 40000
3400002 Mag: 1 Dist 575164002 Mag: 156
Ang: 22500 250
Contour of Volumetric Strain Increme Coutour of Volumetric Strain Increme
Magfec = 1,000e+000 Magfac = 1.000e+000
G Cakculaton
-5.27008-004 0 -5 00008-004 -2.28020-004 0 -2 00008004
5.00008-004 0 -2 5000e-004 -2.00008-004 o 1 5000e-004
-2.50006-004 9 0000084000 1.50008-004 9 -1.0000e-00¢
1,00008-004 1 -5.00006-005

1,50008-003 0 154056003 Intorval= 8

terval= 250004
), Inc. rasca . Inc.
HMIN;‘J‘;‘ Mirneapolis. MN USA'
Y O)Lo.afé Jd.o (s_) \ o)l.o..';': J\.Lo (u.”

FLAC3D 3.00 FLAC3D 3.00
Step 4713 Model Perspectve Step 10307 Mode Perspactive
172942 Tow May 292012 172807 Toe May 292012

Carter Rotation:

X 2500001 X' 0000

¥: 360004001 Y: 0000

2493106003 Z 000

Dt 575200002 Mag: 1
Ang.

250 250

Contour of Volumetric Strain Incremd Contour of Volumetric Strain Incremd

Magfac = 100084000 Magfac = 100084000

Gradient Cakculaton Gradient
-2.8435-004 1 -200000-00¢ -5 45016-004 10 -4 00008-00¢
-2.00008-004 0 1 0000e-00¢ 4 00008-004 0 -200008-00¢
1,00008-004 19 000004000 -2.00006-004 © 0000084000
00000240001 1.0000e-00¢ 000002400010 200006004
1,00006-004 10 200006004 20000800412 400006004
20000004 1o 300008004 400008-004 13 600008004

600000-004 12 800008004

3,00008-004 1o 31319004
Ce-004

Intenvai= 1 500008004 0 1
1.0000e-003 10 1.1059¢-003
tervai = 208004
tasca Consuting Group, Inc Itasca Consuting Group, Inc
Winneapois, N USA Winneapois, 1N USA
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FLAC3D 3.00 FLAC3D 3.00
5535 Mods Perspcive Stop 6538 Mo Perspactive
140848 Mon ey 282012 140520 Mon May 282012
Contar: Rotation Conter Rotation
X33001 X 0000 X3300001 X 0000
V3800001 Y. 0000 Y ¥ omo
2080001 Z 40000 208604001
Dist 575100002 Mog: 156 Dot 575100002 Mo 186
Ang: 22500 Ay 250
Block Contour of SZZ Stress Block Contour of SXX Stres
- 158364007 19-5.00008+007 3943304007 103 75008+007
500004007 to 4 50006+007 -3.75008+007 10 -3 500084007
" s 3w 30000
4000084007 10 -3 500084007 4 03 4
2500064007 103 3.00006+007 102750064007
B Tt S0 o2 250000007
2500084007 10 2 E 02
2000004007 -1 225000400710 2
- o oo b1 0000
Interval = 50e+008 1. LRI
1500004007 1 1.250084007
1.260004007 101196104007
ntarve = 2504005
fsca Censuting Group, nc asca Consuting Group. ne
Mimespois, MN USA Minvaapois, UN USA
\ °)L°-~’ JM I o )9-'-’15 (*—J \ o)l.g.w Ju\» (59'9| )5.\.:[5 (g_a.”
FLAC3D3.00 FLAC3D 3.00
. 7662 Modsl Perspactive

10:01:26 Mon Jun 04 2012

r Rotation:
X: 360084001 X 0,000
Y: 360084001 ¥: 0000

Dist 342084002 Mag: 1
Ang: 22500

Block Contour of SZZ Stress
7.7257€4007 10 7.0000e+007
7

Interval = 1.0e+007

Itasca Consuting Group, Inc.
Minneapolis, N USA

Center: Rotation:

X: 36004001 X 0,000
Y: 360084001 ¥: 0000
2:355084001 Z: 0000
Dist 342004002 Mag: 1

Block Contour of SXX Stress

Itasca Consuting Group, Inc.

Winneapolis, MN USA

10:00:05 Mon Jun 04 2012

Ang: 22500

YO)LQ.:JJM‘Q.‘)

Y a)Lo..i': J..\.a

FLAC3D 3.00 FLAC3D3.00
Step 10307 Model Perspective 10307 Model Perspective
1003:19 Mon Jun 04 2012

Itasca Consuting Group, Inc.
Minneapolis, MN USA

10:02:38 Mon Jun 04 2012

Itasca Consuting Group, Inc.
Minneapolis, N USA
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FLAC3D 3.00

Step 4713 Model Parspactve
10.05:55 Mon Jun 04 2012

FLAC3D3.00

Step 4713 Model Perspective
10:05:57 Mon Jun 04 2012

Certer: Rotaton
X-285004001 X 0000
V360004001 Y 0000
7431063 2 0000
Dist 575204002 Mag: 156
Ang: 22500

Dist 575204002  Mag: 156
Ang: 22800

Block Contour of SZZ Stress Block Contour of SXX Stress
[

|
|

-5,00008+007 to -4 50006+007 P
-4 50006+007 to -4,0000e+007 2.75006+007 to -2.50008+007
4000064007 10 -3,50006+007 -2.50006+007 to -2.25008+007
3 193, 7 2250084007 to -2.000084007

-1,500064007 to-1,1956e+007
Interval = 5064006

o /]
Itasca Consuting Group, Inc. ‘// l i

Winneapolis. MN USA

Itasca Consuting Group, Inc.
Minneapolis, MN USA
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Abstract

Large underground spaces (Caverns) could be used as hydropower powerhouses, fluid
storage, nuclear wastes storage, swere systems and other applications. Salt or rock
caverns, depleted gas/oil reservoirs and abandoned mines are types of gas storage
facilities in use today. Since salt formations are nearly non-existent in near of major
markets and due to high convergence of salt caverns, high cost of drilling and
supporting of rock caverns, high cost of convert of depleted reservoirs and abandoned
mines to natural gas storage facility and high cushion gas of abandoned mines and
depleted reservoirs, alternatives to conventional methods of gas storage are required. So,
New method has been conducted into the development of caverns within limestone
formations by dissolution using hydrochloric acid. Compared with other techniques, the
storage of natural gas in solution-mined, carbonate caverns has several potential
advantages. Suitable carbonate regions for natural gas storage have been identified in
much of the world and near the markets. Carbonate formations are also suitable for
development of storage capacity to desired volume in near of powerhouses. Caverns
that created in carbonate formations are nearly stable. In this research, regions of Iran
are specified that have potential for creation of cavern in carbonate formations. In this
research, there is also an investigation for technical- economical problems,
environmental effects and operational problems. Regions of Tehran, Qom, Qazvin and
semnan province were selected based on existence of carbonate formations in deph of
over 1000 meters, their location near pipelines and little tectonic activity. In this
research, stability analysis of four caverns, right cylinder with dome with a radius of 18
meters, right cylinder with a radius of 18 meters, , right cylinder with a radius of 20
meters and a horizontal cylinder with dome with a radius of 18 meters have been
conducted. All four caverns are in limestone formations at deph of 1300 meters than
ground surface. In this research, The maximum and minimum of internal cavern
pressure have been specified. Yang modulus and ratio of horizontal stress to vertical
stress are recognized as the most effective parameters in parameter analysis. Deph and

Dimensions of cavern are the most effective parameters in sensitive analysis.

Keywords:
Gas storage, carbonate formations, environmental problems, geometry design, 3D
modelling
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