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Laboratory Test of Molecular Vibration for Preventing Drainage Pipe
Blockage in Deteriorated Tunnel
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Abstract

Clogging of drainage pipes by scale is an important problem in civil engineering works. Although scale deposits can
be removed by acid treatment or water jetting, these treatments are costly and have many disadvantages. In this study,
scale samples from tunnel drainage pipes were analyzed using SEM-EDS and XRD. The main ingredient in scale was
CaCO; of the calcite crystal form. Drainage experiments and recirculation type experiments were conducted to control
and remove scale deposits, which were determined through visual and weight measuring analysis. As a result, Quantum

Stick has the effect of limiting formation of scale.
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Fig. 2. Scale in Namsan OO tunnel drainage pipe
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Fig. 4. SEM and EDS results of scale from Namsan OO tunnel
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Fig. 5. XRD results of scale from Namsan OO tunnel
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Fig. 6. Operating principle of Quantum Stick (Chun, 2011)

72 E=RLHESE=2d Hi28d H10=



3t 4] (1)011 ot sphg
A S Ca(OH)z)O] AT, AR 44
Z4:(Ca(OHR) S A 25 8oL A&Hom 7
32 FTERE 222 ARk

3.1.2 CO, 7} 54

gy WRe S5k ABAA BAEE 0j7)7)
A ZQAEQ CO, MRS BABH| 95k CO, 7hA
QRS AFsgom, AF A 7hae] SErt my
P A9 G FABHEEHCa(OH)) G2 0.03~
0.04%7} H =2 FA5Hch AN F3He CO,
Jhae 42AbElZHR(Ca(OH)) T HHS3le]  ehabz+4
(CaCOy)S AAA7IE ST FrhA 2 F2).

3.1.3 wHbr] 2 wuHke g
WH7] = ERAE(CaCOs) SHo] AL R] gz
3

zol A &3 2L 1%6}04 A&H o= A
a8 5}7] 9J5ke] A7 400mm, 0] 700mme] ZE 3k
37)9 95y S~z AZstAch

3.14 AdEH

g A sk AA20] BS golst
7 517 15kl A o] FHE ofA LTS
A AHAES H4E3A) L B HfEFoR A
Ao, ol ne A0S $HA7E FeE 7}
A W 1, 2719 AR e Fukg 71
Al A8 02 AF 202 A THChun, 2011). A
HA(Fig. 8§ FH)E FaFo] B2t T se] AR
o 0% vhee] Axste] B} 04740 EEES 3

Table 1. Conditions for open-loop experiment
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Division CASE | CASE I CASE 1l
Method Untreated Quantum Stick #1 Quantum Stick #2
Drainage pipe Acrylic pipe (¢50mm, L=1m)
Flow rate 0.2~0.5cm*/s
Temperature 17C
Dissolved CO2 Concentration 0.03~0.04%
Slope 5°
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Table 2. Experiment for closed-loop experiment
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Division Condition
CASE IV Untreated
CASE V Quantum Stick #2

Table 3. Experiment conditions for closed-loop experiment

Experimental water

Outflow from deteriorated tunnel 60L

Flow rate 2000cm®/min
Circulation time 10hr/day
Temperature Circulation. time : 22~2°3.5°C
Stop time : 16~17C
Drainage pipe PVC pipe
Table 4. Chemical components of outflow
Contents Value
pH 8.12
Conductivity 575us/cm
Alkalinity 41.5mg/L
Na 38.2mg/L
Ca 79.2mg/L
Hardness 360mg/L
Mg 38.88mg/L
Cl 87.4mg/L
NOs 3.81mg/L
S04 332.9mg/L
Si 7.2mg/L

74 B=RLHESE=2E H28H H10=



4, AgZda ¥ BEA AoeS gRlekglnh A2A1Y RS oA, AlASH= &
E|AE] #22 283} CASE [0 v|5) WEAE #1S &

4.1 JHUE HiAIY A 4% CASE = =9 Ade fFA7Me 2=
CASE IlI7} CASE I 2t} a37} Qo sdtEch
4.1.1 W] FAEs 24 A3

7} vjpgo] RAHSIREEH Q47]eS HJPHos 42 =EA HMSTAE A3
A 31aLAY, Table 5€F o] Z} <o) FAMSLE =
At ch 2AAT 24758 #851A] oS CASE 421 ZAEEA
[ o] B 7 S7F&el v 847]e 28l vl B S AR AL 47l A s st
7P =& 1.24%= YERth CASE 1T 739 HE2E L, 4] Batghe ot 8avle] A WA
#lo] oal] &9 1f JAE fAS: Zor AAUR H5S TFEsISATh Fig. 11014 Hi= Hie} o] 9447
SRElEE B aAA A 278 0.75%% 22 A-8314] kS CASE IV AJ7to] o] whet 4
Zu © a3k Yebtal, CASE = - AE #29 =7b Ak gastglon HEAE #25 483 CASE
ofsf) 2AIY AEel dHEE AES Fol 2AYE VoA B=e 79 WEo] §ls & o Utk ol 84
A, AA A7 Aoz AgEy, 048%2] ZUHER 71462 AL5H] AP 7S CaCOs, MgSO, 50|
CASE IRt aytzel AFE A Aoz AWEM 227 o)L o] 7rag olsle] AET} 7HAE
CASE Hl= CASE I o Bjg]] 2A|Y A=kl oF 61% s J&EJEJE} ofof ¥kl 847]ee A8 Al 7
7t daEddths A gelskik EA 7L Ql= ol EWHAHE #2900 osf ehatehit
5 A 2 2AY FAEE BASH] fels Held
4.1.2 Sk (Lee =, 2012)
Fig. 102 Al??.ﬂ*l - 800A|7ko] Z b 5 o]
AAGE A A 29to 7 st ATto|t}. Table 5 422 wWigke] FAMs) 24
N AFHo= UrEM Hpe} Zro] SQhRA At Hjpg-o] ARSI} S S-S A 1H4e
CASE II7} CASE 1 o njsff A7 A Ag/d=Fo] ghels 2 = 63] AAETt

Table 5. Weight change of drainage pipe

Division Initial 30 days later 63 days later Increase(rate)

CASE T (Untreated) 1475.3gf 1486.3gf 1493.69f 18.30f(1.24%)
CASE II (Quantum Stick #1) 1548.69f 1555.9¢f 15660.2gf 11.6gf(0.75%)
CASE II(Quantum Stick #2) 15630.4gf 1535.3¢f 1637.79f 7.39f(0.48%)

(a) CASE | (b) CASE Il (c) CASE Ill

Fig. 10. Scale formation after 63 days in open-loop experiment
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