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4 Seepage loss

5 Partial fluid loss

6 Severe loss
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8 Preventive
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1T Eracture bridging/plugging
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18 Fracture Reopening Pressure (FRP)

19 particle Plugging Apparatus (PPA)

20 High pressure high temperature Filter press
21 Bridging Material Test (BMT) apparatus
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£y

SaSISE 5 il 58 ale &5 Ui sl 515 & Sl
«(FRP) YAGISs saze (yois b ,Lad» 10 0,Lgs saiboloul
ol BISE oadatey JLad bl Ly i a5 s wales 5L
FRP 4 FPP FBP FIP s, (Zoback, 2010)
$9) 50 4 baye Slallhe o ol lo el alo sl
30 wgpenlyl il e ol QW IS s L
Morita ) Ll gjleJae ol olass 31 sla Lo
and Fuh, 2012; Feng and Gray, 2016; Mirabbasi
Salehi, 2012; Feng ) goue s;3lwas «(et al., 2020

DEA 13,) oKisle;l sla ;) 5 @nd Gray, 2018
1985; Dudley et al., 2000; Razavi, 2016; Zhong et
S9) 3 Eyoge y0 byl opl axlllas 15 @l 2019

| od.if.vﬁl.?d‘ ol.? o)‘ﬁo Lg)l.wﬁjlsu 9 JL».MJ
|) oL‘g- o)‘%o 6)L~u|a3hm 039> ;O oMﬁ@‘ LgL:bquLn)i

S dlawdl JoLCM o ,5dos 25501 gl 0,509,

s
5 UYL YbLid wyp ld oKiws PPAM oKiws
40,555, opl o dabs, op gl aes I BMT olKius
Gl Jlws 32,5 wolKiws (pl )15 ulul an] so olus
9y 0 gilwad BS e,0 5l LCM olyd g4l
U el ikl lojyallh ool 5 658 sl
(Egman LA Sie e 0 LCM glgl LIS
b laKags O-USE gl 05 )
GRS ppiins OIS ol Cilids claawoin
ol b gy 00,1 @ lojiom)l slodlSs 5 (g e
54, 558 o i w0555 5l | GISE il
o JuSis olawsl a7 (g lad oy yiion cpizmen g BISG
aLSs 5l L8 wilgs e SIS (59, 2 LCM &3 Loy
o,las sawlan slojlos o mly WS Jood ol
Sanders et al., ) aib o b bs, cpl 0 LCM ol)s

et al., 2011; Van Oort et al., 2011; 2008; Cook
Kumar et al., 2011; Mostafavi Torogi, 2011;



g Al IFer yliwal oF o,les ¢F 0,99 fd SeilKagi) ooke aoli bl

BISL w) g g9, anl g aiS 0 5k o

Y



Glix Jlw (35 e S9doe ey S oyi>
g ool By ol 0)lgs p cenlie J5 S SCaS jglatens
Sgdae Wiged kel o Jlw (29 e aleyd
b ogyeee Yo pllpl)l oyi> o550 Jlad camiiys 05 oo
adllas oyl 4o oadplal glaces ol WS o aiged
Lyl b olonl Lo 4) Ko diged j0 (g950e IS ol
CnSs Hlad g ySoslasl Ban b (Jloy oS o255 w3,
@80 00 3l Ly Cewd pgd (g45,> plil 5 (FBP) aiges
(FRP) GlISs saze (Sobjl jlad 0,5] cows a4 4l
(LCM (y90s 5 L) calies (g lam ¥l 355 L oS ool
o Gaigds Ve oy emosl Wil ogd e el
ailm o e Bl Slilllas olal  docens
Liberman, 2012; Contreras Puerto 2014;)
Ghwdid & a5 L (Nwaoji, 2012; Alsaba, 2015
5 Sl @l la i o aligle] (sladigas slailsza
Ui g (0h = gH) 009 ol wal adllas cpl jo piSTos
2 el oadand 5k s (B8 sla il iy 6 e
5 PSI PO+ 00isS jpamme Hlid Cov lbdiges (iolej] oy

lass 53PS Ve v e (g 970 i
s =V el 00l JSCis Lol s ans Sl oSows oyl
s V5l B, 000,5 e -V g 5L
ool edms JSis alisee slial Y- S ool (g 9l mex

A3 o lid 1) e

61955 i Y.

G 90 9 oyse dw 5yl Jolo S bl i3 )
@ Sl g e sl Jlesl lp e (Sgpuee
@l ol oo b (ol way S 51 lad Jslo ol aiges
4 ol 9 Yl ooV (JLo g mild 90 895 (295 9999
Okl iz 5l e Sy wighioo gy ol st 4
& oy Bl e Jleel g ol 0 ges 25,15 cax
Thsw o @lils a5 by 5 Vb (IS4 oS 90 5 iges
0> 4y 5 la> Jlow Jl gl w93 3550 55 (sl
el 00 J1S025 (o) iges (535 10

B 50,5 0 )13 Jsho nl )0 lelgtal S aiges
Sy s plEin 43 S e ablol 1 o b1 sl L

¥ Wellbore Strengthening Evaluation Apparatus

sY

0SS 3 LCM &lyd 1 al&iylo;T aslline

(Ma et al., 2019; Yang et al., 2020) co! 135 5
o alialosl (o)l ey 5o s3guome lalllae
ghe Fge puildy sl J5 S Jesis o LCM s
S L Gl 5 ophe S Al Jb o IS
Sy90 b Esoge ol ol Y LA o ls vsmg il
6")“ o adlas (pl )0 jslate (4.0 5 I8 anlllas
25 ol o)l silupslin b)) olKiws» cla g
S Sl Hlad 58l 5 LCM @l ) diges iz o Slos

ol 00 oy il pRion 9,09, b

(i) (<)
SIS A 1 S s 59y » (oo VIS ) s
8 g oy SISl :o (Nasiri et al., 2017) oo
(Alshubbar et al., 2018)

Pl olws s Y
655 ol82s S, ol o130 (5 3lopslie ol oK
Gody S5 oiledcds QlS.A a5 009 0,90 duw
Lt Slo s sl L o | ol o ns (sl
ool glailsin] sloaigas 5| Sinle] ol 53 S oo ool 3
ol Lot (7l oo 0yh> o ol 550 p0 45 09
WS o SaS (gl F) ladigas 5 Lo ,1a 0l 352
PRl @S gl gloje S Ses 9> b
Gllae 098 SSGo3 (ly Lulpd 4 s g oaddi>
iome (Sgsoed ooy 99 5l Uit olflws cnl (Y-S5
Plrose b s g oS jgame jlid Jlesl
Jlosl slaieds (SIg e gty Sl rizeed 2l o0
OOl 18 5l e st ee eolitul S 4y (55970 25
5 oy s Jlesl g oliws g0 ;5 diged
090 & )l Jlw dlz p Glo 25 b pl ) 0uisS sz



sY

0SS 3 LCM &lyd 1 al&iylo;T aslline

ot 5l 6 S ol S diged b 9 Vb o (LS 25



Fdgi Ao NFee Lol ¥ o)l F 0590 (ol Sillogsy oode aol fuad

L g 009 8,55bee oyl 4y Jloe! 88l slo i dadiges
(059, L3 b Jolao) (5,970 JLid Jloel (gl i pl o
Voo bl Sl b (Sl s S Sy o Sa g 4

g oo oolaiwl (sl Ve e v) L

T
ST
v @PG

§ Y ::h. '
o =

S992) Jobos Vb (5,1 JLad bazgi b 0,5 o0 51,8 b
YAPL (5 55 0¥8 oy i (pb AV e+ Jolao )L 50+

el sl
Jlosl (s SIgy0e ooy G Ly diged 4y (Sl jLid

b ofey (ph Veer ) )b Ve JLad b il oo a5 095 o0
Glailginl S0 ade a5 1008 Gy (sl b BMe g o

(Core Holder) wges 5o a5 Jybo )

(Polyethylene sheath) £gei 1yl (i1 b pglic SN Y
(Sealing O-Ring) s 5 o cur G305 ol 9 YU slo Koy 1.1
&1yl Kinw digai F

(Loading Cap) &gai (ol 3 YU 55 55970 5,08 ,b oS &
oy U Jlael gl (Sl ad g £

(Pressure Transmitters) Jluzs giw Lisd ¥

P 0909 LS Jles! gl (Sgyed cany A
(Accumulator) g li> Jluw dliizs A

Wigad & Jlw 3939 yaune N0

Jbw 2355 same N

(Electro Pump) ;90 ;L2d Jlosl caoy AY

(Pressure Gauge) i ypxe HLiS 75 AY

(Data Logger) 315 cud gl ¥

ol 01928 Gilwpglin 2L 3l o lBiws Soilouls .Y Sl

Lodld 59l 2oz o .Y

69955 Jlow ,Li8 o (sl i )La8 9 5 olRws o
5 B Sl oudoslinul diged (635 50 Soyi> 4 (295 5
B Vg, ISt sbml 9 Sl e Slansl &5
Slad Jby cdle j0) ol jasas 1) ol glen (Jlew
(25l Gy Ly b g lid (ol Lawgs sabicdd
Dby s 50 g L8 S5 c0alS jgame jLid o (g
S 50 )18 aiged (g0, 0aSS Joboo 4 (fwd eoy 5l 08,
Sl Hlad g 330 (o i os i slid (pl S5 4
BRUPEY: PRGWA S E N REIPWRSIPLY JEA R G0 B JIPEJON
ORI G g ooy Aigad e 4 SIS Lol (S
i s el esalie olr Jlid ke o ST
ST griw ) Lad oSS 4y 5 S 4 03y (5 595m0
Gk 5l g tal (5)Li8 slaosls o5l o (5550l
Ohaled 505033 (65,0505 5 (G4 D jg0m 03ld Cof s
g oo 00l

o jio digod .Y

Sl g (sole (gine LSS Sl Grmgsy plxil ) S
el 00 oolaiwl (goles b oRimgy ylojl (el ... g

59 0,Ll Qi Ol sy cpl po

2

Il 82555/ 5055 i V.Y

Voo by 4y g i o dlaiona Sy ol degama o]
L Glhe ool Jhw B)5 o (piged 5 (o
WBislesl jo J5 cols Gl p3Y ez APL sl
P 53 (lae 55 J 458y 5 b Jokas) s T
LSl e 4 ax g5 b olSiws ol ;o 1A 05l oo 423 )
s T ply 90 Jolae (85l diged (ol (sLa3 4
ol 5 5 )5 (gl I galadze (gl (s Vo )
el e 0 il U5 e 2l 31 e
8 gy S Jlow alaizs (490 058 Jol> Ll
DS ool (f5,) Sy Jbews Sl (g5la Jlaws o570 s
(S ey S g gty Sy o (589, )LaS Jlesl L
Ceamd 5o a5 (g la> Jlow (L Ve o) YL jLas 555%2"9)4::&
Wgad (S35 0 0,85 (45yd & Lol 418,515 gty (5ol
L oYlal g LXalss 5l oliws (pl ;o 05d o0 32,5 (o)
Yl L Ja 155 5 (el VA I51s ,8) o5 1, 3L
e 90 ymn Sl S U ol oaoolazl (L Y- +)
Doy Plas 4 oSy plo LLCM @3 b ioles]



Hadiges cole Cqa Nadoe la (S te S)
Olsy 352 Sy ol S Gl (5318 Siwanls
@B 9 Sy Rl e ST S 0)S al p oas
Ol o anle 3y laailo s 3l oolaiwl .ol eolaiwl i
9 dpdee S JHS 5 2l Some Sl dadiges
Donza) sy salss sads bl Sow 4 ol sboaiges
dodiges colo | Gy aBlge V-Jsuz L Gillae
5 baiged oealiis 5 Gpsldes wnld JoSS cuz
39, YA S 4y adiged (o0 dastin Cuglie 4 oy,
5o Y-S llas wolgsyo auzs 5 )18 Salol g0
0.5 jab 4y (g i yos Elygms G cldigad aig po (1310 o
Ply> b i ladiged 3 olx jluaned 00> lgica gl
slaghy) b Glhe (0 sladiges (SSle 9 (058

] o«.\.:;djb‘ Y—Jj«.\> BEK) 03D 6}50)‘&\)‘ sé)ldiuw‘

R oo Ve eSlu gl LM 5b (ol polie ) Jgu

ol Al
0.51% oo 43 1
5.310 Kg o
10.411 Kg oo
33.281 Kg ails Koo
0.036 Kg oS lsy Bsd

T

SRR

OF 3550 33 (o7l o (50,8 S b (S 0 jko Aiged ¥ S

25 Mixing Design

0

0SS 3 LCM &lyd 1 al&iylosT aslline

o p (Sl yuus B alfiyl] cus sl o Liges
@l p (=B e Sl adl 53,5 bojre diged ple
Ao Bl ks g 008 eS Giles]
plo o8 FSn R Gow 3l el Sileand
Wgad (5005,10a55 (galaaze olul ioli8l 4 oxie dadigad
L Slhee GlaSauzmn 5 ol Glaanje &5 0ob o
5 oo sl oo diged J5b ¢ ltalojl (SlSogsy
@lodigai ;o (185 38 e 5L asl o] S8 5l 58,5 L
SilSagsy Mdlins poml 098 (6uSslr (slailgil
O |y slalginl sladiges gl canlin jla8 4 Jsb s
Fairhurst & Hudson ) col a5 s s v JIY
3ol slaws wogdleas (1999, Turner et al. 2017
¥ ).’L.u sol.? o)lﬁo 6)L~4|a3hm 039> c;\..f;ﬁl.’;d‘ Slllas
Al sl byl 5o 093 sladiges Hhé sl ) g
13 (Mostafavi, 2012; Razavi, 2016) wxles,S !
Slalginl gojis  yidghy pl yo aid, Say sloojie digel
oP&ibQT}Sﬁ)oJoaﬁ@lA5L&3)|9€_;_1|\°)Ja_'él4
e 485 i po ol lyisas gl <1 Lad & (6l
S eealBisles]l LSy Lylys sbul cgs anlllas opl jo
sadoslatal o jiolesl plol sly (b Lonan sladiges
SO0 L Ren sbhdiges ol sl jlad asT > sl
3 oolital 3,5y |y dged CanSS Jlad  Gilise
5 legl iS5 Bus b jlocas sbaoyie
Sladllas ol ozl (50l Siw SKenl S B> (piren
Mostafavi Torogi, 2011; Liberman, 2012; ) <.l

(Maetal., 2019
Plor bl easasle o slaiges oSyl slp
Wil ansly a8ly K aline g)l8; Sl 5 (SO 58
5 cole doye iz 5l @l PBST b
o (U 9 L) iz 6L®435.¢.3 &‘5".’ ‘_gxfa)"..\jl
5 ol b cle Gly ol g ab S (lerw

Gambhir) col € golaisl 55 b wgllae 28 Slasin



Fdgi Alio NFee lusl ¥ o)l F 0590 told Sillogsy oode aol fuad

i oo (Sile g (S b (ol Y g

(ol85w0) hslosl o) slado olyly

ogeld g Jds olws 16.3% Jelss
Automated gas permeameter 0.02 mD ol
The CSIRO autonomous Triaxial cell 2.18 Gpa Sl Jaske
The CSIRO autonomous Triaxial cell 0.07 ol 8y G
The CSIRO autonomous Triaxial cell 20.2 Mpa (UCS)o 20 (5 Lind unglio
s o] 4.8 Mpa (Tensile strength) iuiS’ caoglio

Sse;iSemi-circular bend 0.87 Mpa.m1/2 (Toughness) e yiz

Ghey e olpea Wil cwSs balS mlEl
o pedS Slo S jshaie (pl 4 00,5 gy il Sy
oS 1S @lyd lgreas "RIPI-LQ" 4 (SCC) ous
Cood JJo 4 SCC o 009380 s)la> Jlow 4 (g9, 5,
Wl 5o Ploul il 5 YL Sl Caaglin 505!
52 0l Sz LOM glall o0 5305 51 (o plgrees
RIPI'" )faub SS9 )‘ és.wu;o sl U‘)“‘ L_sLQoL’ 089y
5 e jlae b )55l 5 oL sl LLCM G "LQ
Oldllas (o a5 oog olpl cil oo JRimgsy el
Nariri et al,) ol ool las 55, 5,2 oleyo
oolatul 8,50 GLCM 5l (5 sgas - S5 .(2017,2018

as e lid 1) Greghy (ol jo

(Soligs J5) a6 b Jbw (S259le) olss ¥ Jgox

;e.élﬁ‘ )‘"""“')"3.
9.5¢cp (Apparent (gl ax 59w g
Viscosity)

5cp (Plastic Seouwdly 4 395 g
Viscosity)

9 1b/100ft2 (Yield Point) guluws galadi
4.6 1b/100ft2 (Gel Strength) glal5 cewglio
64.5 pcf (Mud Weight) J5' 39

3 lailinl GlaSUl 51 LCM &3 ol au585 pumsd g
LCM o | ain lade o oslas "ASTM E11"

55

Soli> Jlw gilwoslel  .F

Blide looly 9, 5 L Ly sleosl saslae
el @ )li U9 o5 ams e (Lt (ol o enis i
Ot oS Conl (g la> SYLew o il 5 (WSS € sl
Olrl 2 & 5 sk Gleolr )i 015 5, 50 Oliee
G FET Glawils g lis cqr Boes Jlw ol o)l
8 Hols o hleaS slaay LadeS lagys; 5 olive
J5 5,00l (Nasiri et al., 2017) sgi o solaiul !
A Bl Gy Gl 5o «aly Jewr plpear (lsin
Se ks LCM )y (2aleaSs Blee Coz Geizmen
ciwl Olesa Calisn a5 oo pliewsSeas
S JB1s 50 (6 lam SVl (ygenYge,8 )0 plasSn g
(@l Jhw) (Rlgn J5 cole cyzr 285 )13 Jline
Jolre) culigis 0,5 YV,0 Llaie API-13B o lasliw! 5llas
Pl ol ALl Ol o YO« @ (4t 2igy 22,5
5 (FANN 3 Ju) ls0 yiegSins SaS b Jbow (S539055,
oaldll,l Y- Jou o QT s« del s 4 oYL ol
Al iie by cote il wS e Bl e ol
3heelz o)l gilupslie bl @S 5 (o )li> el
Jior opmmyed &l slagiogdl plo o8 il
Sl 00l (5,l0095 (5 ,la>

LCM &lyd ples g g9 .0

32 oleyd ez aS Slasls LCM digas 90 ¢ g oyl jo
o] 5 b ol 18,513 allan 3,90 29,00 15 & 55,

"7 Sized Calcium Carbonate (SCC)



Sy yoen ooy osliial B 4 o5 oo 55 & oY
& S g Wiged 090 @ )l b G5 sl s
5 1B 292y (SlgaS S o ey Sl (29
ol gonalive Tz 15 Jlews oo b 3,5 coblB ass o

g pd Bl K ;0 S5 9,0

Sy Sl lgisdy o 31 ooliceas! 1) 0 ylod isloT £.9
A ool cansls Jlow Glgieas O 5l ioles] gl o
ok 1y pley cmm olx sailas JLad jlages B- S8
L8 o yi 958 Jlow 32,55 b S8 (nl @illae e
g Lol ASLIL wb oo al 3l abimdasaland ol gy,
S8l gl o oanline Jlogei pl jo AT Hebbyles iSS o
Wged el oaimolis oS5y 0] loges jo jlad LS
Gl Ko Sl Hlid ol cabads ol o Lid g ol
S 500 (Ggm | il 0 VOFO PSI Jolre a5 (FBP)
) g Sl alasd (S5)50,8 )l0903) (il jLid Jloges
ool abisd o (JSE cpl lhae S o anl oeSa
Ages 5 p0 4y SIS Alolddl (FBP) Sis jo a8ly Sl
Sp) SLSU Gl S e @ jled Jleel b 5 oa,
Sllug 00,5 o cdalin il jlud Jlase jo (g lad
axl) caSl Jlid soue [0 cddoanline (g )lad
Slp s Sgyaen ey 5l ool Lo 4 (505
oxdolnl (loj aidy 5 iged (19,0 @ )l Jw By
ol g ey b LS e Syl 98,2 mbe
Soges j0 Sllugs cpl o w jl cge &S casl SSap3Y
b7 K G255 e 3l oalitanl b el g S L

09 ploxl ged 2 Jlow G235 2ol (20

2000
g 100 4 FBP
%
2 1200
3
%’ 800
g o0
0
0 20 0 60 80 100
(asili) ploj
e Breakdown Pressure == = = Confining Pressure

Js! L;»Lo).i Slr by oy ola saildo HLiS Hlogei & S

™ Syringe Pump

Y

0SS 3 LCM &lyd 1 al&iylosT aslline

Sae 4y 0adily ) S Sl eslaul b g oads 4z, Sl (s,
Sy 5l g9 Ol duo o Colesyo il JLye aado Ve
iy 4 "SCC" 3 "RIPI-LQ" &l,3 ple .ot dlone
@ 095 VYoo e g 9,80e YOIY e o (godgums )3

Dol Caws

@y ) @ axllae oyl yo oudosliw! LCM wiyd F Jsio
RIPI-LQ :w (SCC) susis 33l s

mbgex 7
a5 slagtalesl dadise (silwoslel I ey
5 b dojie Sy s, LOM b il sanllias
Slagg¥sed b Giulesl ez oslate cpl 4 0 plx]
Lls o] el o a5 0 elol g yli> Jlow cilises
2 Flosl Gl w5 5 Wojie (ol alozjl (talojl
et §)la> Jlow (olo> Laid g o0g Sl g LSy S
ObolS R LLEM @l gl (s ke Jlw Sl olsn b8
ilomslin y azsys o (FBP & FRP) wile cunSis
S Sz Sl S8 4 Y 0ged oz oy o)l
2 ol iS5 5 snelosa @l 5l oLl

20,5 5155 4 e s Glale]

b o anass s O b S dgas inlel oyl 5o
dalol 150 5 aunlie g la> Ylw sl bl QT =l ole
S 0Ll 6yl Jloms el SIS ST s
ab aizlo b Jlw plyear (Gubgts )l Jlow oS
(o 0903l b LS Lulyd 50 dadiged CnSl (905 5
@l Jiw 4 LCM wigas 55 99381 b o 0l plonil
3,90 oz o)l ilupglie » LCM @IS (6,138 31 o)l
b5 )5 axllae

™ Tap water
28 Stroke



Y

0SS 3 LCM &lyd 1 al&iylosT aslline

oS Sl slgre s )



g Al IFer ylinals oF o,los ¢F 0,99 td SeilKagi) ooke aoli fad

Skl cslin (g3l 0)l520 (ol 05 SaS (] gy
4 0gdh Bl Cuss Hlid il 4 e el sailes
a8 oo i g Jlop JuS (o585 m)y Jlesl S0
Wiged ,o odbolml BIL (ol lid @ s (5o
Oeized D9b g0 0dyd A= JSh )3 Fadgds &5 Cul (s09ac
85 aligtis Sl Lasgs ol o0 s sadolnl JS S
- S 50 el ooy aijlor sl Hlad iuliél 4 i

JOMPRWENTE

3000

2500 FBP = 2422 psi
3 2000
1500 FRP = 1392 psi
E .
3 4]
& 1000 ;L

]
4 N F
3 '
a 5w ]
= 0 10 mins _
Q 20 40 640 660 680
() ey

e Breakdown Pressure Confining Pressure == = = Re-Opening Pressure

uﬁuLe)T &l ol oy ola gdilas HLUS Hlogei £ ST
(Sl Jlow plgreds (a0l Jlow) (Hligis Jlow) 90 05los

3000
FBP = 2422 psi
0 0 o lEl oo
1 5%
5 20
3 - -
%1’ 1500 = \FBp 21565 psi
5 e -7 \
]
g 1w . ~
l’-‘ H
|
500 1 \
Ll - -
0 mm——
o 20 40 60 80 100
(i) ola
— = = FBP (Water) FBP (Bent. Mud)

33 45903 (FBP) couseis jLid 5o (g io Y JSCi

£9° 9 Jal s is ol

owlbojl jo digas (0 subolol gogee BULE A JSTo

¥ Rupture

FA

Oloeds S bgiy Jlow 3 oolisiw! 198 0 yloud s lojl £.¥
oSy Jloww

50 sl Gly3 g 31 obsl g 90 o)led iolesl jo
LDl Sl & o i S olss i
Gl ol sadoslaiul g k> 5 jo culigin Jogsdl
6‘)‘. |) QLA)' e ST oL? RXHEN )L..‘Lé )byoj a5 ?—JS.&‘;
(FBP) Sows Sl Lt Jladio cans o )L pgo tolej]
O3 b g cnl (U3l inley) o b K S Lz
Gl Hlzd golidl ol ool Jlaw 50 gz ge wul>
Jlid ke (g pSoslal Cya s ol pema S
51led dids Vo Sawe 4 (FRP) GISS saze (Saissls
By b pole;l pgd a3 > s 0l ALBlS 0,8 3o
Jlad als o ol ool plodl S 9,0 4 Jlow daxe
Al 4 axg b el Caws 4 VYAY PSI saze  (Sob
S ol el a8l S ) s T Wl S Canglite
(Fjaer et al., 2008; Liberman 2012) ccl xub yf
o ‘) Cond Jﬁ‘ L_gc\l}).n t_ii)GlT )“39"".' s;—ﬁ B
GRS G 3l e co lis Wil cunSs JLid (6,50 5lu]
S5 o3l sl 1) Jlow G5 pod alopo 0555058 10908
Soged 4y azgi b awo oo a3l S saze Sl jlad
39 Aiges CanSl gabasd o Lole jlad ]38l (K5, o )b
ol oy |y S CanSs Jlad (5,5 sl 10 50 5o
ol;u| da)f‘ ‘é‘j)d (&_ii))a.n) 6"]‘.’.“)) ».LS‘SA
FONERRFERANT SUX JREI SR HPRAINEE S
ol> s Jorie o Slilug bl 4 poeie o yoxS )34 e
ol L8 Jagai Syt 55 15 5 b Ul g
Cowd 4y Glaedsl b 1) S o Sl ol alasd g5 o
.(Liberman 2012)s 41

90 sl wile cass Jlad s saslie Y-S
T5o9 4 IS cplams o i Ol 5 (ubgin Jlw <>
Jhws el @l 51 56 (FBP) diges Sl jLid Sgugo
LCM g4i 5l ¢, a5 aps oo Lid g S oo b 1) (5 la>

Plo donge 4 Wl o (5 la> Jlow j0 el DSy

™ Intact rock

™ Micro-fractures



g Al IFer ylinals oF o,los ¢F 0,99 td SeilKagi) ooke aoli fad

R g Jlow) 99 o)lods

FA



3500
FBP = 2986 psi
3000
3 2500 FBP = 2228 psi
: '
T 2000 g
E PETdin
2 100 -~ |
& 'J (]
% 100 H !
i ’ 4
[ 10mins [ [
0 < °
0 0 80 120 720 740 760
(el oley

——— Breakdown Pressure Confining Pressure = = = Re-Opening Pressure

w3l 1y olo) w3 ol (gailad HLid Hloges Je S
Jlw plgis 4 SCC LCM (g9l 3 Ugity Jloww) s o5kt
(i

39 0 les inlesl ol b s o)led iole;l ol anslie
£ opl jloslainl aS ams o Ll VY-S o (4l Jbew)
Sl Hlid g0 P g YY vgup el i 5 4 LCM
ookl 28lg, 398 oo BILS duzme (Sl jlad 5 Wl
5 7S ol b IS S8 iS5 & e LOM 8 §
O Rl Jbw) 4l Jlow @ Cond iy plSoil
L1y olz 590 6yl Jlww bL3,I el ol 03,5 oo (LCM
SLad bl 4 i g wile)ge BBl 4 ol olgo
booss b bR w5l sdion ol o)lens Joos BB
salas ol oxilig L B 9,0 LCM &l,d slad!
bB ol FRPOLCM &3 L sodole] GBI
Aales GBS ol palie 4 yoxie g a0 ylis (glala>dle
Morita et al., 1990; Fuh et al., 1992; Alsaba, ) o

(2015; Cook et al., 2016; Feng and Grey 2017

3500

2986

3000

2500 2422

2000
mFBP

1500 BFRP

(psi) ;Lus

1000

500

Bentonite Mud Bent. M. + SCC LCM

gy Jlww FRP g FBP 3 0lio duwlio jloges 1Y S
SCCLCM (g9l ialigiia Jlow L (95 6louis shalo3T)
(s 0ylods i bo3T)

£

0SS 3 LCM &lyd 1 al&iylosT aslline

SRS W R 4

e s !
Jbw bwgi ol 0lge0 ooy LSis 5 s A Sl
(9 05k (o) 3 Uigidy

3 s g Jlows 51 0ol dus o ko SiulojT F.¥
pods’ Lo S LCM wiyd

s9a> a8 was e ol pgs g Jsl pales] I Jol b
Sl HLiS 5ss  Wlg oo (65l Jlws po > 56 Sy
9 &9 0% st S9Nl (nlplo Bl ke ladiges
55 gl cenSs a3 sl Jlw sl 5B e
il sLLCM 1 adlllne gz jbiie ooy il
Ol g dw ojleds lajiolesl o wijle cuss ol S
oaosg 3l 6 )li> Jlw & LCM &3 51 il oS 5
o

Jolae) S Sl S 0,510 jlade pgun 0jles Giulasl 5
Juw) al Jbw 4 LCM gl (aSiy 5 2 10
Slid loges a5 Ve- IS pllae ol adlol (ubigiy
a3 oo s po Galesl sl Ty Oloj i ol sailas
ol ooyl ol 5o (FBP) i digas oSl Lid Slake
pgd 54> ;0 (FRP) same  Saijl jLaé 5 YAAS psi
IS ol Cews a0 YYYA PSI (aido Ve 5l ) G2,5
&S el Hble oy lad s jloailass g asle e
oo @ (s 00 (o0 IS8 S 3 b BISS 5 ,S0e T
S ol Alolidly s li> Jw 3 LCM ls g
daze Ll b wisd oo diy LCM @l )3 Jags o SIS
555ee Toaze 5 wSs S sab (pchns lid
95500 30 SN gy S5 wnlf ogd e b SIS
b ol 51 Jlm Hlibios Loy o 41aSd ¢ laodlsis
el GIS byl 5 (FBP) digas Sl L &) cyes

ol oo dnlol a5 50 a4y ] oy g S (o



Fdgi Ao NFee Lol ¥ o)l F 0590 (ol Sillogsy oode aol fuad

@lize GLLCM o Sloe gauslin (rizon 020 o
L ool ooiasl | VW= Sy cidgly opl o aus, Sa
S (Sgped gy 3l Geeh al oSGl a4 axg
JrsS s eolatul oyae Jls 4 Jlow jLad Jleel cps
L 5 bl 0925 Jlw 9,5 £ 595 2 B (o5
5o oz Jhaw 1 0 g Soslil bB ( Jleel [Lis
10 dged g o0y b iales] ple 5l i e =g
ol 03y € oz BB (L oy 3SLe» 4y (g S0lsS e
ol e By loe (GRosi onl 0 5,00
QLQ) 9 009.3 4.:54.: S )L.MS ‘ol?: o)l}'s'd Lg)LM:'bjLM
ol o 1y o Slee o e RIPI-LQ &l )3 (sl (5 ,le>

Sl ALBS Bgas CanSln HLid

3500
FBP = 3217 psi
3000 FBP = 2986 psi = ] !
- -~y
Y
2500 -
FBP = 2422 psi
3 _—, |
= 2000 - |
2 s
< FBP = 1565 psi I
9 .
1500
& !
b} / l,, |
! -
= 1000 I |
g !
- 00 I |
—
0 20 40 0 80 1 1 C
(as) ooy
—o—FBP(Bent) = = FBP(LQ medium.) FBP(C.C) FBP (Water)

HLid 3gug JOLCM Wl yd glail & ySlos duwg lin Y ST
o3 F (sl S s

@153 ol (g S ke o)losd Glslosl £.F
CanSis Jlww oylgie s RIPI-LQ LCM

oleys < RIPI-LQ 5,5 Slows e 5l Juol> gl
Ok cyshes 3B oo sloolz 51 (SG 5o oS 59, 52
Iy eole o Slee LCM g4l 5l ooliznl a5 ol ools
(Nasiri et al., 2017) cool asls g9, 5,0 JpS5 0
2 3y VO Jolae) 2,510 jlade cialel cnl 55 5,005
A adlal (ubsin Jbw) 4L Jlew 4 RIPTLQ 5l (asay
Bl g (13 slaialel wslen o 55 talesl Ll
ol 5 (FBP) K diges St jlid lade VY- IS
35 (FRP) sase Saisl JLad g YYVY psi plp ioles]
TNY g /XY Sgrgo el e 5 4 aS ael s 40 YYAY pSi
A Cond B dazme  Saiil Ll g aisle casls jLes
el o0t &yl s

Slas 1) oadaln! slacans aled gl saods F- Jsu

3500 FBP = 3217 psi
3000
FRP = 2393 psi
] 2500
i o
2, 2000 N
3 IJ" }
{ 1500 rr \
]
= 1000 !
7 r
o !
2 s ]
10 mins !
0 e - ’
0 40 80 120 740 780 820 860
(436 ol

Breakdown Pressure Confining Pressure = = = Re-Opening Pressure

wl.o)i &l ol oy ola gailds HLUS Hlogai Y JSC&
Jbw plea RIPI-LQ (g9l (o lgis Jlow) jlezr o)losts

(Gl
L ilesl @S gaodls F Joux
wo )y 5o oy Slaie LCM cdaké LCMg Jlow £ 95 ShalojT oyl
FRP sl FRP FBp gy158  FBP (Ib/bbl)

- - -YO,YA V0P - ol b ygiuw (B 5€
- \yay - YEYY - LCM yg0s cubsin Jlew W ygiw oo sabold
A YYYA YLy YaAs 0 + by ol Jlow ol 5 ol

Calcium Carbonate
*sulsn )l Jlw o ) abold




bt Loy oolss b o (esran slaojin clo gl

2 ooliiwl o iales] jo o] 5l g al)l Kow olg=
CanSs Hlad 4 was e olis bislel 51 Jel> s
SLad 5l YL Sl ((rligin Jbw) )l Jlw L oaiges
S S5 bl cpl 0 a1 ] OT b lodigos canSis
Bedse ppglie Wile wlx ojlms p lgl5eS 5SS 4y
5,8 ae Wl oo o5, Jlw 4 LCM glgil (35581 (raizmon
LCM g4 90 gy cpl 5o sy g 1) (g > Jlow
3,5ha 5 059531 (iUsity Jhous) asly o ylis Sl 4y il
elgl o581 ol las alfisle;] mls ad cwyp oyl
CanSlls lid o)l a4 e Wlgh e o6 )la> Jlw 4 LCM
g5 3l Jlow 4y Cond L BISE daxe  Sauijl jlasd 9 S
YY 040> G FRP g 0o, YV 590> b FBP a5 slagSa
a4 9959 31 S8 Glei e dsie aily il sy

0SS 3 LCM &lyd 1 al&iylosT aslline

SrSaxas Y
©9> G5 S lgiea oS Canlaciane (5 la> Jlw 59, 5,0
I, Sldas sloanjo g oloj 5 cadbazlis g le> Sllas o
ablie sl ), cp SeadS sl ools )13 595 3T cou
90 b g oodazslis (WBS) ol o)ls00 (g5lupslie olaica
S5 eSS 0gd oo a5 S Sloys 5 Al iy 3,80,
9 w‘ )“‘\f)"‘ dl&w A.w) 9 &)w )LMS r 0L> °)‘}.’.‘> » Jf
9,0 WS o0 3L 89y 52 5l 6 Kim o L) oo B
U5 K8 S5 10 LOM als s b)) 4 allie ol 5o
S s A ol ol a5 i,
69, 52 Sl s xSsle o alpKan () S lpea wle
PRaslej] ofiws K jglate pdy el sabansls
5l 5 ol ol Lrgs ojie S pralie e
Ol 2 55l Sl 4 LCM (505331 51 () SoS 0 b 0

S jLed e YU cus i Jlw ;0 LCM &ls
20,5 oolaiwl il

LMzl #,b S dadige jo GRanl 3l Bi> Cpo 04

&l A
Aadnoy, B. S., Belayneh, M., Arriado, M., & Flateboe, R. (2007). Design of well barriers to combat
circulation losses. SPE/IADC Drilling Conference, Proceedings, 1, 422-428.

AlAwad, M. N. J. (2020). A new approach for understanding the mechanism of wellbore strengthening
theory. Journal of King Saud University - Engineering Sciences.

https://doi.org/10.1016/j.jksues.2020.07.015.

Alberty, Mark W., Mclean. R. M. (2004). A physical model for stress cages. SPE Annual Technical
Conference and Exhibition.

Alsaba, M. T. (2015). Investigation of lost circulation materials impact on fracture gradient. MISSOURI
UNIVERSITY OF SCIENCE AND TECHNOLOGY, USA.

Alshubbar, G. D., Aramco, S., & Nygaard, R. (2018). Curing Losses in Vuggy Carbonate Formations
Depositional Environment , Textures and Petrophysics Diagenetic Processes. SPE/IADC Middle East

Drilling Technology Conference and Exhibition. Society of Petroleum Engineers, 29-31.

Brandl, A., Bray, W., & Molaei, F. (2011). Curing Lost Circulation Issues and Strengthening Weak
Formations with a Sealing Fluid for Improved Zonal Isolation of Wellbores Lab test results. Australian
Geothermal Energy Conference 2011, 25-28. https://www.geothermal-

energy.org/pdf/IGAstandard/AGEC/2011/GA20032.pdf.

Al



Fdgi Ao NFee Lol ¥ o)l F 0590 (ol Sillogsy oode aol fuad

Contreras Puerto, O. (2014). Wellbore Strengthening by Means of Nanoparticle-Based Drilling Fluids.,
University of Calgary, Canada.

Cook, J., Growcock, F., Guo, Q., Hodder, M., & van Oort, E. (2011). Stabilizing the wellbore to prevent
lost circulation. 23(4), 26-35. https://www.researchgate.net/publication/290592459.

Cook, J., Guo, Q., Way, P., Bailey, L., & Friedheim, J. (2016). The role of filtercake in wellbore
strengthening. IADC/SPE Drilling Conference and Exhibition. Society of Petroleum Engineers.

DEA 13. (1985). (Phase 1) Final Report. Investigation of Lost Circulation Problems and Apparent Fracture
Gradient Reduction Encountered in the Field with Oil-Based Drilling Fluids during Large-Scale Laboratory

Fracturing Experiments.

DEA 13. (1988). (Phase Il) Final Report. Investigation of Lost Circulation Problems with Oil-Base Drilling
Fluids.

Devereux, S. (1999). Drilling for Oil & Gas: A Nontechnical Guide. PennWell Corporation.

Donza H, C. O. (2002). Irassar EF. High-strength concrete with different fine aggregate. Cement and
Concrete Research, 32(11), 1755-1761.

Dudley, J., Fehler, D. F., & Zeilinger, S. J. G. P. (2000). Minimizing Lost Circulation Problems with
Synthetic Muds. GPRI Project 2000 DC3.

Dupriest, F. E. (2005). Fracture closure stress (FCS) and lost returns practices. SPE/IADC Dirilling
Conference. Society of Petroleum Engineers.

Fairhurst, C. E., & Hudson, J. A. (1999). Draft ISRM suggested method for the complete stress-strain curve
for intact rock in uniaxial compression. International journal of rock mechanics and mining sciences (1997),

36(3), 279-289.

Feng, Yongcun, and K. E. Gray. (2018). Modeling lost circulation through drilling-induced fractures. Spe
Journal, 23(01), 205-223.

Feng, Yongcun, and Kenneth E. Gray. (2016). A fracture-mechanics-based model for wellbore
strengthening applications. Journal of Natural Gas Science and Engineering, 29, 392—-400.

Feng, Yongcun. (2016). Fracture Analysis for Lost Circulation and Wellbore Strengthening. The University
of Texas at Austin, USA.

Feng, Yongcun, & Gray, K. E. (2017). Review of fundamental studies on lost circulation and wellbore
strengthening. Journal of Petroleum Science and Engineering, 152(February), 511-522 .

Feng, Yongcun, Jones, J. F., & Gray, K. E. (2016). A Review on fracture-initiation and -propagation

\Al



0SS 3 LCM &lyd 1 al&iylosT aslline

pressures for lost circulation and wellbore strengthening. SPE Drilling and Completion, 31(2), 134-144.
https://doi.org/10.2118/181747-PA.

Fjaer, E., Holt, R. M., Horsrud, A .M., Raeen, A. M., and Risnes, R. (2008). Petroleum Related Rock
Mechanics (Second). Elsevier publishing.

Fuh, G.F, Morita, N., Boyd, P.A., McGoffin, S. J. (1992). A New Approach to Preventing Lost Circulation
While Drilling. SPE Annual Technical Conference and Exhibition, Washington D.C., USA. October 4 — 7.

Ghalambor, A., Salehi, S., Shahri, M. P., & Karimi, M. (2014). Integrated workflow for lost circulation
prediction. SPE International Symposium and Exhibition on Formation Damage Control, Lafayette,

Louisiana, USA,. https://doi.org/doi: https://doi.org/10.2118/168123-MS.

Guo, Q., Cook, J., Way, P., Ji, L., & Friedheim, J. E. (2014). A comprehensive experimental study on
wellbore strengthening. IADC/SPE Drilling Conference and Exhibition. Society of Petroleum Engineers.

He, W., Hayatdavoudi, A., Chen, K., Sawant, K., Zhang, Q., & Zhang, C. (2019). Enhancement of
Plastering Effect on Strengthening Wellbore by Optimizing Particle Size Distribution of Wellbore

Strengthening Materials. Journal of Energy Resources Technology, 141..(\Y)

Howard, G. C., & Scott Jr, P. P. (1951). An Analysis and the Control of Lost Circulation. Journal of
Petroleum Technology, 3(6), 171-182. https://doi.org/doi: https://doi.org/10.2118/951171-G.

Jeennakorn, M. (2017). The effect of testing conditions on lost circulation materials * performance in
simulated fractures. MISSOURI UNIVERSITY OF SCIENCE AND TECHNOLOGY, USA.

Kumar, A., Savari, S., Whitfill, D., Jamison, D. (2011). Application of fiber laden pill for controlling lost
circulation in natural fractures. AADE National Technical Conference and Exhibition, Houston, Texas,

USA. April 12-14.

Gambhir, L.M., (2013). concrete thecnology: theory and practices (fifth edit). McGraw Hill
Education(India) private limited.

Li, J., Qiu, Z., Zhao, X., Zhong, H., Yang, Y., & Huang, W. (2020). Effect of different parameters on
sealing performance of lost circulation process with dynamic fracture aperture testing apparatus. Journal of
Petroleum Science and Engineering, 193, 107357. https://doi.org/10.1016/j.petrol.2020.107357.

Liberman, M. (2012). Hydraulic Fracturing Experiments to Investigate Circulation Losses. MISSOURI
UNIVERSITY OF SCIENCE AND TECHNOLOGY, USA.

Liu, C., & Abousleiman, Y. N. (2018). Multiporosity/multipermeability inclined-wellbore solutions with
mudcake effects. SPE Journal, 23(5), 1723-1747. https://doi.org/10.2118/191135-pa.

Liu, Y., Ma, T., Chen, P., Wu, B., Zhang, X., & Wu, B. (2020). Effects of permeable plugs on wellbore
strengthening. International Journal of Rock Mechanics and Mining Sciences, 132, 104416.

\Al



Fdgi Ao NFee Lol ¥ o)l F 0590 (ol Sillogsy oode aol fuad

https://doi.org/10.1016/j.ijrmms.2020.104416.

Ma, B., Pu, X., Zhao, Z., Wang, H., & Dong, W. (2019). Laboratory Study on Core Fracturing Simulations
for Wellbore Strengthening. Geofluids. https://doi.org/10.1155/2019/7942064.

Mansour, A. K. A. (2017). Experimental Study and Modeling of Smart Loss Circulation Materials;
Advantages and Promises [Louisiana State University].
https://digitalcommons.Isu.edu/gradschool_theses/4316

Messenger, J. U. (1981). Lost Circulation. Pennwell publishing Company, Tulsa, Oklahoma.

Mirabbasi, S. M., Ameri, M. J., Biglari, F. R., & Shirzadi, A. (2020). Thermo-poroelastic wellbore
strengthening modeling: An analytical approach based on fracture mechanics. Journal of Petroleum Science
and Engineering, 195, 107492. https://doi.org/https://doi.org/10.1016/j.petrol.2020.107492

Morita, N., Black, A. D., & Guh, G. F. (1990). Theory of Lost Circulation Pressure. Paper SPE 20409,
Proceedings of the 65th Annual Technical Conference and Exhibition of the Society of Petroleum Engineers

Held in New Orleans, LA, 23-26 September, September, 20409.

Morita, Nobuo, and G.-F. F. (2012). Parametric analysis of wellbore-strengthening methods from basic
rock mechanics. SPE Drilling & Completion, 27(02), 315-327.

Mostafavi Torogi, S. V. (2011). Experimental Analysis and Mechanistic Modeling of Wellbore
Strengthening. Department of Chemical and Petroleum Engineering, University of Calgary, Canada.

Nasiri, A., Ghaffarkhah, A., Keshavarz Moraveji, M., Gharbanian, A., & Valizadeh, M. (2017).
Experimental and field test analysis of different loss control materials for combating lost circulation in
bentonite  mud. Journal of Natural Gas Science and Engineering, 44, 1-8.

https://doi.org/10.1016/j.jngse.2017.04.004.

Nasirov, S. (2005). Drilling fluid optimization to mitigate lost circulation. University of Stavanger, Norway.

Nayberg, T. M. (1987). Laboratory study of lost circulation materials for use in both oil-based and water-
based drilling muds. SPE Drilling Engineering, 2(03), 229-236.

Paes de Godoi, F. A., Scheid, C. M., Bernardo, L. S., Rosas de Oliveira, B., Borges Filho, M. N., & Calcada,
L. A. (2018). Study of the pressure drop and the flow of loss circulation material suspensions in a physical
simulator of fractures. Journal of Petroleum Science and Engineering, 168, 48-58 .

Rahimi, R., Alsaba, M., & Nygaard, R. (2016). Analysis of analytical fracture models for wellbore
strengthening applications: An experimental approach. Journal of Natural Gas Science and Engineering,

36, 865-874. https://doi.org/10.1016/j.jngse.2016.11.022.

Razavi, S. O. (2016). Experimental Investigation of the Wellbore Strengthening Phenomenon. The
University of Texas at Austin, USA.

Salehi, S., and R. K. (2016). Integrated experimental and analytical wellbore strengthening solutions by

\A



0SS 3 LCM &lyd 1 al&iylosT aslline

mud plastering effects. Journal of Energy Resources Technology, 138..(Y)

Salehi, S. (2012). Numerical simulations of fracture propagation and sealing: implications for wellbore
strengthening [MISSOURI  UNIVERSITY OF SCIENCE AND TECHNOLOGY, USA].

http://laurel.lIso.missouri.edu/record=b10719057~S5.

Sanders, Mark W., Steven Young, and J. F. (2008). Development and testing of novel additives for
improved wellbore stability and reduced losses. AADE Fluids Conference and Exhibition, Houston, USA.

Savari, Sharath, Kumar, Arunesh, Whitfill, Donald L, Miller, Matthew, Murphy, Robert J, & Jamison, Dale
E. (2013). Engineered LCM design yields novel activating material forpotential application in severe lost

circulation scenarios. Paper Presented at the North Africa Technical Conference and Exhibition.

Shahri, M. P. (2015). Quantification of wellbore strengthening mechanisms: comprehensive parametric
analysis. SPE Annual Technical Conference and Exhibition.

Turner, J. P., Healy, D., Hillis, R. R., & Welch, M. J. (2017). Geomechanics and geology: introduction.
Geological Society, London, Special Publications, 458(1), 1-5.

Van Oort, E., and Vargo, R. F. (2008). Improving formation-strength tests and their interpretation. SPE
Drill. Complet., 23(03), 284-294.

Van Oort, E., Friedheim, J., Pierce, T., and Lee, J. (2011). Avoiding Losses in Depleted and Weak Zones
by Constantly Strengthening Wellbores. SPE Drilling & Completion, 26 (4), 519-530.

Wang, H. (2007). Near Wellbore Stress Analysis for Wellbore Strengthening (Issue May). Department of
Chemical and Petroleum Engineering, University of Wyoming, USA.

Yang, M., Li, M. C., Wu, Q., Growcock, F. B., & Chen, Y. (2020). Experimental study of the impact of
filter cakes on the evaluation of LCMs for improved lost circulation preventive treatments. Journal of

Petroleum Science and Engineering, 191, 107152. https://doi.org/10.1016/j.petrol.2020.107152.

Yang, Y., Yuan, B., & Wang, Y. (2018). Updated methodology for evaluating lost circulation control of
cement slurry for double lost channels. Journal of Petroleum Science and Engineering, 171, 16-22.
https://doi.org/10.1016/j.petrol.2018.07.033.

Zhong, R., Miska, S., Yu, M., Meng, M., Ozbayoglu, E., & Takach, N. (2019). Experimental investigation

of fracture-based wellbore strengthening using a large-scale true triaxial cell. Journal of Petroleum Science
and Engineering, 178, 691-699. https://doi.org/10.1016/j.petrol.2019.03.081.

Zoback, M. D. (2010). Reservoir Geomechanics. Cambridge University Press.

Yo



