ol M A1 g i 1 oo ;I g oiguie yoie S Lid) (o0 (a2
oo 0 Ol S 169 590 arlllan (g Lubl pud S Sl sl 2 58

el e Tl mlosese gl Ol e

Ol gt geivn cwgd B oSl ¢ cwiige 00SLESIS ¢yl yae  cwdige 09,5 7
U‘)"‘ FEVIVD PR VIV @»90)5 oK iils WA ouSliils ‘M&?) (eI L)“"‘)f ‘Q‘)‘“‘c PSRRI 05; )Mb Y

oS

czrge ol (nl g sl fnin o Sl L a5 05h e Ly QS 55y p (Sles sloedsy 5 b s

$9) 2 oS gldl axys 2ol by Galdlogh sbnl (Bl 286 ol jo 5 a8 )5 )18 elidl s 56,0 SIS 098 o
5 Sugb)y @iz b oS aites oS sdigd o5 @Gl SIS 0108 oo 63L) Jlem 15U O (Sgyuee 5SS (ole>
Suaio 0 1) 6pdl gl Gl ls geoge (ol (nlploaaadS oo (lis 355 Sl e Gl (8L ASe rals
oz 3 (Ko Sl gonigdinysie S Gakos al 50 055l e dizs 4 5 5 i b 5l omlio 5 il Lo 5 <l
Sl gabii ) ol plis goae iluae @bt ol 8 S48 006 Juloxi 5 Con 990 e RSB I sl
Ay jlme 5 (b b a5 g e o)y o] LI 4 S as I LB S 59500 olz sain goYsE sy
“Cwlbs ol lis b Wl s Caws 4 e Ceoglie 5 Cuoglie b ol B i, 90 5l eolaiwl b g ] Jeod (sly ol
o> Gy i ohlS (Gg, Ol g S aye8 5l LGU gam (g s Al j8 wiidle | S S slacl snel e 4y sl
S g 5l (AU iS5 )0 09dd 00 58 Sl la F9595 o Olesdob 38l aia 9Y58 ST g e ks

Gols. wlls
ol B (B oo () K go0e (giludans gliisl e S Sl onigip y5ie S

akhtarpour@um.ac.ir : Jues) 5 550 Je 155 gtame odinggs ™



doddio — )

5 08 Boes 5 0 e il O] 0 Sgmge o doys Sliii b ] e a5 el (S odigdip e S Lol
SLacT 53 )5 Sl )3 0z9e slaS1S 5l (S [N aims o s 095 5l azgs BB py58 & Cl QoS
ol ol b LYY sas o &, (SoT ililgw S a5 ale) sl sla STy 51 250 Ol s &b
T Sl i CopaSiinsl aiile us, kme Slge (gol> wipd o Lt 395 3 ool 5 soys LB, a5 LS |
LT e o Wil 33 T 55 sty 25l 42318 355 S (33,9 tma (s00lo (ol iy a0 5 oo i |,
gl oys 58, 9 odigdpysie GSE quyp iyl | ooy Job 0 ol Qiz ey glild S oS
035655 LM EBy g bS5 g4 ol 5 (3 o s [¥] el Jlo 95 50 Jlgls coeal 5l glosl e slaSs o
Loyl 51 Satiime 5P S S ol ol el o el opl 0 Y] 098 0 ()] (59, slacalo ) g ojle 4 (850wl g
TN S o " e sl S s

5l Sl 5 (sl g5 51 gz 4 e ptales] plowl L ctmgy (b (3] jSen 5 ' siiny I
SIELL laJSom (il L a8 ans o s (U gy Sl Jol> bt sl oa)68 S SS i p asl>den
Gl L g ols (Jolas pyss )Lad b paSe (gabal) adgl Cugb; woyo Grizmen Wil oo 2l o9 (Jola jLad gl p )k -
bos Gl (Jolas o5 jLad adgl Cush) ao o

@l Ay ez a8 50 glblyd Goisdpsie ) S Wised ez 3, » Gios [Ve] TS Sl
Cooglio dz ;o Bloul s g JB 5,k askPa Yoo g Ve 5l 8L iSG iolid8l L as ol las o)UY aladss
KPa \-- gailrace i glp g wlpe o YU &b aslase slo s gl Ol ) g 09, 0 YU b diges
U5 S Ges (il adls ase g5 (il aS il odlel yioren 0gd ced sdmlie Slus S
Bl g (Rl S caglie azms o Bl (3,5 ke po ]

@90 g & Sk 35k 5l AL exigdegie S g S an S e85 9y 2 Siledre [N T
pll SIGMAIW o cas Jdos g, ol slxl GeoStudio l3dls 5 L obgs . 3 SIGMA/W 4 SEEP/W .S )
b sdate O Jlad iz e (hgy o Ll ad S Eilul lien b 4 b plralr 5 sdate O Jlid 5 ad
oS el gy SIBMAIW s Lols gdiie ST Lid i 9 wbissloanstd | s & SEEPIW 3l oolicasl b S5,
e Jos 5o ailyl oo g aitie Sliwbl LB sla Il ool L5 s, 98 o aS sl lis mls ol colaiul e
55 18 osliinl 9590 oy ,35 50 (S gl S9di 5l (5L SIS )55 e sl

Sloy 3 oighpgie GBS 1 dae sladly) sl SIS 5 ) TR Gy 4 Y] TS5 5 5,
HBle s 5l ogr soue giludaw gl ol asls, WS 0 OS5 g obulala pladl wcugl ) ioliEl Lo S as
isls Lis sy 51 L alEaslel slaosls b s 38l Jl s s s 0,40 FLAC 3D

0 s3a> 50 wdighe st S (g3gee b g (ilx o35 Lid gy 4 st 9o VY] GlilSen 5 % g =l
s 5 GeoStudio ,l38ls 5 L gous gildas 3l Jols mls gawlas Bl elaale s ebil Llys o b
GRIBIL )55 Sy (rizmen Sl a8l 1al5 S Bee bpyg halS doy0 5 oges py58 @S 0l (las (allisles]
boe RS S Gos b o &0 a0y Jold Sy Gy ln 3V Ol gl (eSS I e

b eldld oSow olSims 5l wdigh pyste SOSE (2> Dl gy pbite 4 [NF] o1en g0 sl
a3 Iy il (slo iSe 55 S o584 bl LT g solis] iSe oS ol
2235 5 2358 Oliee Bialesl o (09381 9529 L Sl o aiogas oolitul (S3938 plgie 4y lages 3l pye8 S 28

I Al-Yagoub

2 Feng and Zhang

3 Trinh

4 Rajeev and Kodikara
S Al-Juari



po58 Sl 50 pm sd Glie oS 0l csaline 5 0o )5 planil ol by cod (L S Dyt bl diged o
05 0 6 yFoail kPR QYA (sl dlo 5 S o5 Lid aizman sl TFIAY w)lo |, 55 ooy S a5 ]
e RIS T 0 10+ plime & i 0 55 S8 w395 ool (55t S T )+ VIS plse & s 15

039 Senl Pl s (S ST 055> Gmwdie Slp BT GanS j5 &5 (WA 5 Plews 5l (SO
O 658 el g Kl (555 (sddlaie (golai8l Cannl 4 azxgi L aS 004 00 1S olul jo ol> slaadls s (!
5° el Jon Clae 09 (5,5 sl 0as] )0 ()T (59,00 Wiy, 5l g edd g Lot ol e &Sl 5l 55887 50
Ol e Sgar dooly (al (SeSI5 e sloariz (o) pfle (Ortar SlaisR )0 05U AT Gl
e S LB 8 S pe 5l (U o8aST A Jlie 5o 5 sy 631l Caglie (o) el oais iy
> 9 388k e 5l 8% 0B g (KeSS cage )55 (nl Senl (Siee &Sz oo S e KL dilate
Ded ol oyl Sgdune

aod sl lad poresiguigling Bl o iSe o onisdp jsie S g5l Sy e S LS, GOl Ghagh )
iyt Sy30 b 5 o0d s GEOSIULIO 33l 5 15 bl ALty S92g Cormes 1o el Sian o] & dans 45 (gl el
Sty 43 e oSS ke S5yt 4 5 Shinl & s a2l i 5 2T a3
9 07> S Oliee p aslr asadlid o (L (A6 6wy p (V) sl oad a3l gl (5970 a0l
SE ey Ol 2 b o lo )b 586 e (V) coud o S 5B oly Sl osigdip jgie S (255 Caglie
P55 JeIo 4 55 ola (aiy )3 0uls Slagl (L2iS (Glog s (o) (T) e o (]S (sailate ;0 9290 (Soigde 5
o (5) 5 285 59568 (nl Jomgln o3 2eles Jilao g Al o lagi)l i1 o o SLbI gonigip5ie S
ooy Job 3 b ol B )0 5lais 50 55 ol (saiay (s0¥58 B jo CunSt Jloso

gy 9 dlgo— ¥
eSS )90 S ULM’»A#—Y—‘

S 28 e Km YO 5 agie 3y Jlo KM VAL ] Sl Sllee ddlate 5l G ol jo oolauwl 0,90 S>

[yAl Sy oo KM Fo g0 @y adlats (] )0 ol g0 alold 4S5 sk ol o)l caio Slles bl



Wﬂswwlﬁ cJ.Ia'Jé)}o S 6‘).30
3 3 s 50 S gandily Jlogel uiores ol (V) Jeno jo alizee glo las bl S5 665
el 003 5 Y S

[1f] 5B adgl wlasis (V) Jgos
Table (1) Characteristics of the soil [14]
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Table (2) Relative potential of indirect soil swelling
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Figure 2- Particle size"distribution of the studied [14]
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Table (3) Mineral compositions determined by XRD [14]
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¢ X-Ray diffraction
7 Montmorillonite
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Figure 3- Graphic pattern of X-ray diffraction (XRD) [14]
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Figure 4-Soil-water. characteristic curve (SWCC) of the studied soil [14]
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Figure 5 - Swelling modulus - effective stress diagram
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Figure 6 - Soil division before flow analysis
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Figure 8- A view of the built model and soil division after flow analysis
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Figure 9- Graphs used for weather conditions in numerical'modeling from October 2017 to October 2018 a)

rainfall, b) temperature, c) relative humidity, d) wind speed
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Table 4 - Hyperbolic model parameters
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Figure 10 - Diagram of the effective modulus of elasticity against the effective vertical stress a) matric suction
100 kPa, b) matric suction 50 kPa
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Figure 11 - Diagram of the effective modulus of elasticity versus the
effective vertical stress after flow analysis
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Figure 12- The target point for pore water pressure measurement
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Figure 13 - Diagram of pore pressure changes over time at the desired point
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Figure 14 - Vertical displacements of soil and well models at the end of time
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Figure 15 - a) vertical displacement diagram along the horizon, b) vertical displacement diagram over time

3995 5l Ly a3 oo lid Judow ol 3985 Jlfs S yguenal a8 | S o o aalsl 59, V80 b g5

Bls walsss 5 soy55 o 5l w9 008 ol b >

0.10

0.08

0.06

0.04

0.02

Y-Displacement (m)

400

T T T T 0-00
800 1200 1600 2000 2400

Time (day)

(<)

5 10 15
X (m)

(b

o3 Jsb 13 6 lrarlr o903 (o (331 Jsb 59 W6 ilrarler o903 (110 JSi

A

20



ol 53¥98 A yo lag i —F-F

Lot ;o 0uls sl L8iS (59,0 loged VESS 0gd oo dloul ol o LaiS slag s S 0 a5 ool 51,
J0aes oo Las (VY USS) Slyow adais gl ley sl 5o g Jlo dw 90 « G 1w | ol g0V s8 S0 0 ol (gainy
€95 5 s 3l (AU )8, Dolis (nl 4T 398 oo od oo gl Gailie ;3 (5970 S5 0 St L) bdsed Sae

S g Jooe 28l 25 il b el iy nglie gla ol 5 8l iSe L 5l alais o] e S
Y VL i ) oas bl 825 sl I 558 e yieS b ploails 5 iy S ol a5 5 il
Jsb 13 5r97me sgps slalages )3 (oo SoaSt sl JJo 99 (nl g wboo (RalS S ey 5l (LB olr sain

axialforce (KIN)

180
160
140
120
100
80
60
40
20

sl e laylo) 4o ol (oY a8 (cdiny

500

1000 1500 2000 2500
Time (day)

ol 9V s yo Sy Al Gy o3 Jobyd §r970 (§9.5 HIoged = VP S

Figure 16 - Diagram of axial force over time forsthe critical point in the steel body of the well
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Figure 17 - Showing the critical point after the end of the modeling period of 2083 days
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Table 5 - The minimum thickness and cross-sectional area required for the steel casing of the well
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Table 6- The amount of free swelling in different matric suctions/[14]
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Figure 18 - Swelling percentage against matric suction
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Numerical investigation of swelling soil behavior and its effect on
gas well casing internal forces based on unsaturated soil
mechanics, case study: Khangiran, Sarakhs

Abstract

The majority of building and infrastructure projects are typically situated on soils that
have a greater elevation than the underlying water table. As a consequence, these soils exist
in an unsaturated state, sresulting in the development of matric suction inside them. The
manipulation of soil.saturationslevels significantly influences its mechanical and hydraulic
characteristics. Swelling soils refer to a type of soil that undergoes volumetric expansion as a
result of moisture absorption and a subsequent decrease in matric suction. Hence, this matter
gives rise to irreversibletharm.in the realm of infrastructure, transportation networks, and
facilities such as oil and gas: This study focuses on the numerical analysis and discussion of
the swelling soil surroundinga.gas well located within the Khangiran gas refinery. The
findings from the numerical simulation demenstrated that, at the critical juncture of the steel
pipe within the well structure, the tensile force induced by soil expansion infiltrates the
surrounding area. To withstand this force, the design and permissible thickness of the well
pipe can be evaluated using two approaches.<load coefficients-resistance and allowable
resistance. The action is permissible. The findings indicate that the thicknesses obtained are
relatively small, thereby suggesting that there isi\no/significant risk associated with soil
swelling and the resultant tensile force exerted on the well easing. However, it is important to
note that the durability of the well body's steel material over time is crucial in preventing
breakage due to soil swelling-induced tension.

Keywords: swelling soil, unsaturated soil mechanics, numerical modeling, Khangiran
Sarakhs gas zone, gas well
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