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Abstract

The use of tunnel boring machine (TBM), a mechanized excavation method with low
noise and vibration and high safety compared to NATM method, has increased
globally. In particular, slurry shield TBMs are used in subsea and submarine sections
because they have an advantage in high pressure compared to EPB (earth pressure
balanced) methods. As such, the used water of slurry shield TBMs is discharged
through wastewater treatment facilities. In the case of large-scale TBMs, the amount
of water used is enormous, so it should be recycled to reduce costs and protect the
environment. Various types of additives are used to improve the performance of the
slurry treatment plant (STP) and filter press. Among them, coagulants improve the
productivity of the filter press by neutralizing the charges on particles. In this study, lab
tests were conducted to evaluate the reusability of the used water through the filter
press after flocculants were added.
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THRoh et al., 2012; Duhme and Tatzki, 2015).
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HIE o] £ 217]2 E4J0] o]a] 73 o] 2o ufe 7 Alo] gt 4 glo], ciA o 2 sho] ekl
2 HIEo|ES] WAkE 5 39 EA-S A5[A 7= A 02 &4 QJthKimet al., 2017; Ryu et al., 2019). ]2}
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Table 1. Slurry TBM additives

Purpose TBM additives Injection point
Thick .g. I he viscosity of sl Muck i hl L
. ickener (e.g., ncrease the viscosity of s urryT uc! tr@sponatlon smoothly, Chamber, Slurry pipe line
Biopolymer/Cellulose) Face stable, Preventing bentonite overuse
Coagulant (e.g., PAC) Improving filter press efficiency when fines are high Waste liquid tank in STP
. . . . Chamber, Feed/Slurry line,
Clay stabilizer Improve workability (prevent clogging, plugging) Trommel and screen of STP
Clay inhibitor Reduce viscosity, Lubrication Chamber, Feed/Slurry line
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(a) Silica tetrahedron (b) Aluminum octahedron () Montmorillonite

Fig. 1. Structure of montmorillonite
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7F& skl ZHA| FA12] 58i7kR] B2 S & Sl A4 E S Z=TH(Jeon et al., 2002).
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(Gang and Jung, 2021)
Fig. 2. DLVO theory (Gang and Jung, 2021)

2.1.3 HIEL}o|EL] A W3}
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Surface negative Charge. == -+ Surface negative charge

(a) In tap water (b) In seawater

Fig. 3. Schematic of distribution of slurry particles in tap water and seawater (Min et al., 2019)

S5 IE o] E -gohof] 712) = Fafat iE7 IR 2 PAC A FARHHRE-S U oItk & 4= 9tk PACY]

7 PP Al(OH)nClapm O3 Fol291 AP o] S4-2 o2t Astdo] & dFnlyE ol o= Qs 44t
it o

FHo] gt 7Rt FATEE ol AR o] bl Ele HaiA SEe Fdttal 91 YAEol B S E]
A Az I ol st FLsH HIEWo | EV] w7 Fokem Shtolggo] FAVE dasty,

a9 AR B o= Q1= o] nf- - AR|HA] HILLZ SR Q16| J A& filter cake) 2] A7 27|

22 Ad STAH Y A AIH

AL s atet S| el FFES VA= AL Al Telshr] i8] Eel AR ElE S HAIR]
PACS} o]of| thet thA]| -§- A 2575 Hlote] AlE 4=34513]tt. Table 20| ZF-§HA1 2] E44-& UERSC
H G4, 4L, pH 5 A9 = HoflA thE BAJ-E HY A1 o7]4] ‘Concentration’-2 ZF -5 A &) A=A A

At s EAES et 22 o] skeoltt.

Table 2. Specification of each coagulant

Coagulant PAC A B
Description Liquid Powder Liquid
Components/pH Al,O;3 16.5%, Chlorine ions CaS04 45~55% Poly-alkylamine
pH :3.5~5.0 pH:9.0~11.0 pH : 6.0~8.0
Concentration 0.5~1% 0.5~1% 0.05~0.1%
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5 AE9] 97120 TBM A=A Ye] ol §513 9= slumy test kit o187 AR S Wiz, H,
AR, G, DY fiter cake, pH 501 4TS 5olglon] 371502 @] golal welS 9isf vl
2 274517] 412 W49l AR S A1 skt 2 4RSS Seiele] /s st Sle Abaa o
101 47 1% 717 90, a1 ) 71 oAl 3 2 98] S Tale 342

Table 3. Slurry management criteria (example)

First Second Third
Marsh
Densit fui;sel Water | Filter cake Yield Gel strength
( t/m3)y viscosit ingress thickness point pH (Ibs/100 %,
(sec /lit)y (mL) (mm) |(Ibs/100 ft?) 10 s/ 10 min)
Ground/ o Muck Filter cak
roun Muck transport Maintain face pressure ue e C.a © Muck transport
Role transport | formation
Good | >1.15(<1.25~1.30) >35 <40 mL 2~4 2.5~10 7.5~9.5 2.5~7.5 | 2.5~15
Average >1.20 (<1.30) >35~40 <40 mL 2~4 2.5~12.5 7.5~9.5 | 2.5~12.5 5~15
Poor <1.25 (<1.30) >35~50 <30 mL 2~4 2.5~15 7.5~9.5 2.5~15 5~20
Very bad <1.25 (<1.30) >35~55 <25 mL 2~4 2.5~17.5 7.5~9.5 2.5~15 5~22.5

ZH- A s Hishl k2 23] 9 £e] A5 HskE ERIstgl o g s AZAP ARG s s
Z3toto] AT 5 TR floll 27 o =2 Fol theh Al Skt -S3Al B9 Als= B Lol
4% HIELOIE(80 g) B 20%2] FE(400 )0 2 =71 & AJE] AL, #200H4] 5aFdE wrksto] 24dst3l e

™ 7 Z3H=Table 42} 2t}

Table 4. Test result for slurry with coagulant injection

. . . Filter cake | Water . . Gel strength ..
No | Coagulant Dens;ty VISCOS.Ity thickness | ingress Yield pon;t (Ibs/100 ft%, Salomlty pH
t/m’) | (sec/lit) (mm) (mL) (Ibs/100 ft°) 10's /10 min) (%)
1 | Nocoagulant | 1.16 35.8 4 16.4 10 47/5 0 7.6
2 1% 1.16 39.6 13 120 7 0/0 0/0.05 4.46
3 PAC 2% 1.16 40.94 14 100 5 0/0 0.24/0.40 | 4.14
4 A 1% 1.16 41.3 8 28 15 7/17 0 8.65
5 2% 1.16 - 13.5 100 22 12.5/12.5 | 0.45/0.50 | 12.2
6 B 0.1% | 1.16 37.27 3 16 13 3.7/3.8 0/0 7.3
7 02% | 1.16 36.93 5 9.2 14 45/4.5 0/0 7.2
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(b) PAC (1.0%)

———. . ]

(©) A (1.0%) (d) B (0.1%)

Fig. 4. Filter cake test results of each specimen
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A Aol w2} PACSH A AlE-S AF8-01ITE. Case 12 -3 HAI2E 2] 314N, Case 2+= -84, &, Al5HIE
Lo E4+SE) S WHIAZ] S HZAIZ] 898 Case 3-2 Case 22 -2 -8-9-2 WHEAZ] 3 filter cake Al T2 A A

5}o] Q-2 o4 filtrate water) S 2]t} ©171A] Case 17+ 2E] Al&ot-3 A7} 213 WHHE Case 2/39] 4
T FYE= FolHPACY] 7B EF g, A S 73-F-Z)oll ool HIELIO]EC]Na' o]20] Z|ghx|o] o
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Table 5. lonic concentration of each coagulant liquid

Ionic concentration (mg/L)

Case” = = n -

Al Ca Na Cl
1 721.0 - 23.1 2,360.0
PAC 2 46.6 - 589.0 2,220.0
3 61.6 - 632.0 2,360.0
1 16.5 1420 26.3 35.4
A 2 49 230 487.0 149.0
3 220.0 422 467.0 722.0

a) Case-1: Dilutions, Case-2: Settled water, Case-3: Filtrate water, cf: 1%

3. S8 A ES 2AE S2i2| 45 BE

3.1 Al 24 8

= A2 SAPT A8 & e BE Ze| 2 5o sl o =0l 2@ S AR 7Rl
oRE HESHE Ae 24 0= gt ojof w2 A ] ARg-Sullolls EE e 2of th-S = filter cake Al
& 73 F ofike Er 285l SHAIRE 12]9] filter cake A& F3l A= = T AT
2 FEE A 0] B2 AREe] 2857 wiZef te] §ollS s 32T 4 s Sl ot YA
Ol A& ALfsl e o5 9] Higol A el o] -SAA i HIF USR] #Isk | sl A
A AR |

THTable 5). g4 At 2.3 o)A G2t HIF 2o Case 12 Ad+=0] TolsHA Gt Al
JA|

A g2 ARge 4= Gl T WHEF S 7 H Case 29] 7320k A 58 Aol A= Case 3 tiH] HA|A Q] o] 55
7} ot ot = giEe] o] Aok a iyt Yeht] eIttt wheka] oy HHart o ik A 4=
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ae 2RISHA o™ 2 A of| A= Case 3 (filter cake Al & A1} =] = -FE)E AHESIITE Fig. 591 Case 3

Filter cake
Water+Specimen Filter press
(Bentonite+sand) test
+ Coagulant
—> Fresh
Add Slurry
Bentonite (recycled)

Fig. 5. Composition procedure for Case 3 specimen

3.2 SHA AFE AALE S22] H5 Al 22t

= HIELO|E(4%), BE(20%)E 239 '6% <828 2ok, SHAIE 0.2~4% T2 FYatt 84
A7t F4 5 Sul2E O filter cake A& 43 T FE25=-FE5800 mL o) E Lo of7]of ot
| IELO]E 4%5 &t XL < H% Z/gSET). SAHA ARES AARE SElEol TRt s HES
gelsl] 9ol 28] A% AlE-S 306190 ™ 1 Hib= Table 6, Fig. 61+ 2tk

S

Table 6. Test result for slurry with recycled water after coagulant used

No Sample .Filter cake Water ingress Yield poillt Gel strengtzh Salinity pH
(filterate water) | thickness (mm) (mL) (Ibs/100 ft°) (Ibs/100 ft°) (%)
1 No coagulant 2 22 12 4.2/5.5 0 9.5
2 0.2% 4 29 13 0/0 0 8.9
3 0.25% - ] 6 0/0 0 -
4 0.33% - - 4 0/0 0 -
"5 | PAC | 0.5% - ; 1 0/0 0 6.7
6 | 1.0% 9 170 1 0/0 021 42
7 2.0% - ] 0 0/0 0.62 40
8 | 4.0% - ] 0 0/0 1.4 3.9
9 0.25% 3 23 6 0/0 0 1.1
10 | 0.33% - - 4 0/0 0 -
1 o | 0% - ] 4 0/0 0.08 | 119
12 1.0% 8 76 1 0/0 033 | 122
13 2.0% - ; 0 0/0 044 | 122
14 | 4.0% - ; 0 0/0 052 | 122
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100
170 14
L

80

Criterion : 2.5~12.5Ibs/ft?

76
60

Criterion : ~ 40ml
40

4
20
1
0 [ |
No coagulant PAC-0.2% PAC-1.0% A-0.25% A-1.0% No coagulant PAC-0.2% PAC-1.0% A-0.25% A-1.0%

(a) Water ingress (b) Yield point

Water Ingress(ml)
Yield Point(Ibs/100ft2)
e

Fig. 6. Test result for slurry with recycled water after coagulant used

Table 62] A% A1} SFA] Table 301141 g3t &2 o] 27 ARG 7|0l Fototojof HlEL o] E9 A o]
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5L FEolH, Ao -9 oA o] S0l -Bolgt AR A -SA| Th oA ER1E Sl 1= 54
SHTE A A a2 sro Ak & A5 HEtE Bl
Al %*171}‘41 2 At A s e aEAsto] LEjE] A5 UEE A6 ofA] EollthFig. 7). HIEWO | E &2
S5 FATS wiet FARF 2R H&Ol A= Ql). o) &
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5o A9 @7 STP Y] 054 iiﬂl*léifﬁl*ﬂ sl Qlo] A WY 2=
A S 0.5% ©loHEE 11 gho] S7=]A] ghot-g3A 2] hfr oF-E Thhols H4-244 AR8-2 o]t

(a) Material separation & Gel strength (PAC 0.5%) (b) Filter cake & Water  (c) Filter cake (PAC 1.0%)
ingress (PAC 0.2%)

Fig. 7. Test result for slurry with PAC
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(a) Material separation (b) Filter cake & Water () Filter cake & Water
(from left to right A 1%, 2%, 4%) ingress (A 0.25%) ingress (A 1.0%)

Fig. 8. Test result for slurry with A
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