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DeJong et) K ol3s ol Jld L6 5 (etal. 2020
sl 0l 4 S LI (al. 2010

33 uwlsfjujﬁ,a Cled g &S ) el
bl dns Sl S A a6 MICP o g5l
O el ST ccpal 28 oyl sdgsien (Sl 2alS
(lvanov) wil o ol 8 fals kS Sl (55l 5e
¢l Ole s .(and Chu 2008; Delong et al. 2010
S Lawas MICP (_;LA(,M:;L{A sl 5 oyl 5dgds
eslinl 0328 sy 5 o3 IS BB dies 5 2l
I .( Choi et al. 2020; Dhami et al. 2013) 4% e
Sl L5 o 1S o Slosl mpl W5 S ol S
o3l 5l 5l Ureolyte o ,SU alax 5l 455 eslizal MICP
Sporosarcina Pasteurii ..z.s 75 ol 5l Bacillacae
(558 s a=lis oa Bacillus Pasteurii Ol gy pizeen)
5> W Cslie S il olslt nl ase on Sl
(Kucharski et al. 2012) 5,15 lae &l o5

S Al gy 45 (S3lossl Bl oyl s e s
CO5™ 5 NH," w0 15 o sl 5ds,des 353 0 15 Ureolyte
5o Sl pH i NH s as e 3 Jbls
Al SlBl PHO Gl L Jsbe 55 COGP 0l5a
o~ -(Kucharski et al. 2012; Almajed et al. 2019)
ol 4 0lS Slaos dhup odd ST Sl S sy
L5l LI Camar S Sla0 s b 5o 5 B
Sy peeelS DL S e 5 03l 5 MICP ey il
Wl eds ol s (et al. 1999Stocks-Fischer) .S .
ol sl Sty b el ediS A5 (6 SU akew sy 0l
et al. 1999; Van Stocks-Fischer) .S » w5

.(Paassen 2011
CO(NH2)2 + HzO - NH3+ C02 (1)
2NH3 + 2H20 — 2NH4+ + 20H (2)
COZ + HzO - HC03 + HJr (3)
HCOz + H" + 20H — CO5*+2H,0 @)
Ca®*+C05*— CaCOs (5)

5l 35 MICP alyy o5 Sl S5 55 olasis

£ ke 5l aome Ll g 5 L sSU e 1 ke o

FUR VISR

SEe ol 2 S e slass Sl eslind
S S e mde bl sy sl
Shoeliad sl el p e SO
G Ces b b s ek bl S
DB sl Jalse 5 3l 50 0t Ll (2w sla i,
ol .(vanov and Chu 2008) ail o oo Le «
et b SV pams W15 o S 3 b sl Ko
OSLS laslS (Biofilms) Lays b ahaxr 51 5 SLSS
LS W xS L (Biopolymers) s ok 5L
.(DeJong et al. 2013; Van Paassen et al. 2010)
Flo il 02 LSS ol Sl Gl
s (SAi0lew (Bioclogging) s Oddas S
s (Biobinding) ;.3 OLles  «(Biocementation)
.(Van Paassen 2011) .x..s (Biosealing) _iww; (gtucl
St s godirs Lgy slse 5 L 2 Olows Jis)
S caslis JolBl oy S glacdle gy o
Skl sy onl glaarli s Sl (505 e ol
Microbial ) s a2l udS” Dby S o5 S gy S
Ivanov and ) c...| (MICP :Induced Calcite Precipitation
MICP (54l 5SS (i 3lge L awslis 53 .(Chu 2008
o5 53 el bade 55 008 Gl e el
GF S Ui s e Ol S5 ST
Liu et ) ol ol slgnins Oltiesls 31 Lt Lo s conls
.@al. 2021; Safavizadeh et al. 2019; Umar et al. 2016
Sl doxr 5l (S 85 e 285 sl MICP
Ivanov and Chu 2008; Feng and Montoya 2015; ) .}
Zamani et al. 2018; ) .5 s Il «(Han et al. 2016
Choiet) K 5 Skt ;s s J =S (Salifu et al. 2016
Jiang et al.(Choi et al. 2020;) isl. 5 J x5 «(al. 2020
2017; Jiang and Soga 2017; Maleki et al. 2016
Achal etal. 2011b; Sardaet)  jlatle ~llas g5l
Choi) sSl= S5 1 2als ((al. 2009; Achal et al. 2011a
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ol Ol Caslie iy 5 Kisd e By 4ses 4 (PUMP
s o Ll (Xuetal 2021) ol ol 55158 5,
53 CaC0; gy 035 D50 b (S sy onl ol
Lo 53 GooF Slp o2l Sl w0 01 5L (6803 5 O
Ay Sisen s Sl )l (Ginnetal. 2001) LiL .
Chl (g5l a8 oliS ol mle G O gl g o0 5 )
SASL sladshe sdze 135 Gl b s endS 0l
Whiffin et al. 2007; Van Paassen etal. ) 535 o G,
-l b =k 348 5y, .(2010; Tobler et al. 2012
Ol 53 (ol lud T e adlr S 4 (S O
oilo3T 3 O gl o bl o Ll 5 s s
Xu et al. 2021) cl  jewls | mo losase
Wyod Sy oS Gl Jsbe 5 680 Ol s
Jiang et) LS o 358 €ged G5 4 bl 5 el avo,
o3, o> @l 2016; Gu et al. 2018; Karimian et al. 2020
e 3 o dd bgliee Sl (6580 O il s 554k 58
53 33,8 o 53k 58 las Jhoms 513 0l antles & ga
S Sin b JSha Ssa A S Ganie s ol
Gosbst Sl bl 4 s il s S Sl S
Wenetal) Ll o as 2 15 53 OF ol 5,8
S gl aw byl iy, s (2019; 2020
bglses o L1l a8 Ol b 5 6L 0 il o
S g Al a3 35 e b sed e 5 0
U1 05 5 3 2doe A bylie s 4 S Sl S
Wang et al. 2018; Hongxian et) s s e 4> VS Cea gl

.@l. 2019; Deng et al. 2020
s S o Al G SS L O s
sk Al 5L (Gl Aol B IS dsb s Slale 75>
Wils dilgn oS Olore mlbe 5 G 5L Ol s
OF 51 e 351 sy 5 ok wigad 3505 A& bl
2 G0F S8 5 e oo b O amglie 5 g ks
Olaag S Gatosd 53 .Sl ol ol (gl U iy Slallas
Jst 5L e ol s (Karimian et al. 2020) O, Sen

Al Qabany et al., 2012; Soonet ) sy Giy5 OL =~
Al) sles chle (al, 2014; Fujita et al., 2008
S 052 o «(Qabany et al. 2013; Sharma et al. 2016
Chengetal. ) Ls «(Zhang et al. 2014; Choi et al. 2016)
Olse (2016; Rebata-Landa 2007; Nemati et al. 2005
Cheng et al. 2016; Hammad et al. ) ;e , ! (,JJ-;T s
SASl, 5wl (Ferris et al. 2004) ana.l (2013
S olesis 5 (Harkesetal 2010) S s (6 SU

sl o~ (iang et al. 2017) oL ..
5 ea o o8 Sl et Ol b (S5t 5l JS anle 53
Olore (53t 31 hm Ll 3510 3 55 3 Olos sy gt
S o e a4y 1 T 5 03 S sl 4y o ¢t
O Conslin dhor Sl oSG 55 Do st g ol &
Mujah et al. 2017; Rahman et al. 2020; ) AL o 55
3,4 5 (Montoya and DeJong 2015; Lin et al. 2016
Choi et) Lbs oo |3 Sl s 2als WS Lol g0
i3 0 Olaw 4l slad sad SIS 5L, (al. 2020
Choi et al. 2020; ) <l axsly CaCOs Olsee 4 T
sy ax S (Harkes et al. 2008; Zhao et al. 2018
Sk, lie CaC0s Ol b e sl Olaswr (lads yol
CaCOz Slawwr SuS), 5,801 51 Sl sl s SO
ol sl e S glaeis s Lo ladls GlbI s
2> O3pen 3 CaCO; B35 45 ol 0T Sl g5 50
Feng ) .l o s i SO 5l s sy S

.(and Montoya. 2016; Rowshanbakht et al. 2016

S Lopar ) Ol Sl ol iy Ll
e 358 Ay, (Injection  method) 5,5
oL ol s, L (Percolation surface method )
Sosabse 35, (FTM  Flow-through method)
(Mixing method) L gss 55, 5 (Immersion method)
A GoF s e ol Ol s LAl (B ee
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The Investigated

The improvement

Results Characteristics Method Type soil The Investigation of
The closure of the drain valve Enhancing soil
during solution transfer hinders 9 Surface percolation Silica sand Karimian et al. 2020

complete gravity penetration

strength characteristics

In the transfer of bacteria, injection
is employed, while the flow-through
method is utilized for transferring
cementation solution

control for
environmental
pollution removal

Optimizing hydraulic

Immersion and
flow-through

Blast furace slag

. . Mwandria et al. 2019
and mineral soil

All samples share the same density, Enhancing soil

and no comparison has been made - Surface percolation Silica sand Cheshomi et al. 2018
. L strength characteristics
with the injection method

Improvement is limited to the Erosmn control gr_}d Surface percolation Sand (1¥90) ol,l%en 5 5LEL
surface of the sample enhancing durability (spray)

Improvement is limited to the Erosion control and Surface percolation OLer 5 3 oo

- o Sand

surface of the sample enhancing durability (Spray) (Vere)

The soils consist of fine grains and
have not been compared with the

Enhancing soil

Flow-through Silty sand and

injection method strength characteristics clayey sand (\Yay)
The soil type is fine-grained, and . . Surface
samples with identical density and Enha_ncmg_ soil percolation
engineering ' Clay (VEr)) e 5 o 5

bacterial injection volume were
utilized

characteristics

injection and
mixing
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The Influence of
Cultivation Medium
Types on Sediment

Quantity and
Composition

The volume of bacterial injection
and density remain constant, and no
comparison has been made with the

injection method

. OhKer 5 515 6o 54
Flow-through and Granular soil
mixing (Vg+r)

Sl b ale aadllae )l s eslanal 5,50 S

S Ml oS Odee Ol el (6osl B el gy
GASIl Y K 5 Y Jod ilas O S5d Slasiie
Sl ol s 3 el SGl @ g Ll sl
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Sl sV S Blkee guals s ool Sl

Sl 53 oslinal 5550 anle S5 Dlis pa Y gl

Tests Standard Number Results
Maximum void ratio, emax ASTM D4254-14 0.88-0.9
Minimum void ratio, emin ASTM D4253-14 0.57-0.59
Specific gravity of solids, Gs ASTM D854-10 2.64-2.66
Mean grain size, Dsg 0.20-0.22
Effective grain size, Dy 0.13-0.16
ASTM D2487-11,
Uniformity coefficient, C, ASTM D421-02, 1.46-1.54
. ASTM D422-02 —
Curvature coefficient, C. 0.83-0.96
Soil class SP
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Ik 3,8 o )13 eslizal 3550 13 o 4 St 1
o 53 5 ekl 0¥ S5 S e YU (6558
das i Sl 1 anle g 55 0T Glal 5 68U cdr
sole @t,; s> (Ritvo et al. 2003, Torkzaban et al. 2008)
o G /aYe cale L S LIS 51 e SL et o,
Harkes et Sharaky et al. 2018, ) el o eslazl V¥ se

Whiffin et al. 2007, Tobler et al. 2012, , al. 2010
oS mle 4 sl G ol 2 .(Zhiguang et al. 2016

A3 S eslizad [V ge 0/00 m,.is LS 5 S s g SL
B) o)j\ )y‘}ﬁ Vo B /Y0 6@@1@)& )‘ L;d.l;z,a CLA BE)
Sl o3 8 eslital Slew mle Olgm oS LS
Maleki et al. 2019, Sharaky et al. 2018, Al Qabany et )

, Whiffin et al. 2007 Harkes et al. 2010, al. 2012,
ok, S 5 55 &S Slewe Jsl>s .( Zhiguang et al. 2016

S B Al baois’ sty ol 51 ¥ S S1 chals
(Nemati et al. 2005) > S Aal = ool B odS Ly S (61
ol Clale Olga Ve GG 070 la chle Yans
$ly adlae ol 5 1 (Harkes et al. 2010)Lles 3 xe
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CiS Lo 5500 T =T

Aot 53 YL SUls s 4ty SOldlae iy o
5 00 e b wDde Vb (IS Jeily o
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Sl Okl Eul58l (sl . (Sporosarcina pasteurii)
Mukherjee et al. 2019; Ng et al. 2012; ) <l ol oslaza!
Loosol bewslagsnl 1 (Mortazavi et al. 2021
gl 03 et SedBlS S Ol gy e sl gallad
5 Lol 0SS S5e 5165 el sdd eslinad aslllas
sdi 4 PTCCLB45 oylei w0 Ol o slag sSL
Harkes b Gillas 5 SL byl sy cliS s Lo
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Column
Construction

ach part is positioned The sample is divided
with a blow to the into three parts of equal

calculated height weight

Conduct
Permeability Test

-
Allow growth until Preparation of culture
« | full consumption of medium:

food (16 to 18 hours) Yeast extract+NH,CI+NiCl,
\

( L. Measurement of
| Collect the liquid Optical Density and

output Urease Activity

Washing and
Saturating the
Sample

Bacterial
Suspension
Injection

tabilization
Solution
Injection

L.

Pause for 2-4 hours

Preparation of a 1.1 ]

Cementing
Solution
Injection

Equimolar Solution of
Calcium Chloride and Urea

Threefold
Injection of
Cementing
Solution
A 24-hour reaction period was allowed

Washing the
Sample with
Deionized

Including Permeability,
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