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ABSTRACT

The proper operation and safety management of water and wastewater treatment systems are essential for providing
stable water service to the public. However, various natural disasters including floods, large storms, volcano eruptions
and earthquakes threaten public water services by causing serious damage to water and wastewater treatment plants
and pipeline systems. Korea is known as a country that is relatively safe from earthquakes, but the recent increase in
the frequency of earthquakes has increased the need for a proper earthquake management system. Interest in research
and the establishment of legal regulations has increased, especially since the large earthquake in Gyeongju in 2016.
Currently, earthquakes in Korea are managed by legal regulations and guidelines integrated with other disasters such
as floods and large storms. The legal system has long been controlled and relatively well managed, but technical research
has made limited progress since it was considered in the past that Korea is safe from earthquake damage. Various technologies,
including seismic design and earthguake forecasting, are required to minimize possible damages from earthquakes, so
proper research is essential. This paper reviews the current state of technology development and legal management
systems to prevent damages and restore water and wastewater treatment systems after earthquakes in Korea and other
countries. High technologies such as unmanned aerial vehicles, wireless networks and real-time monitoring systems are
already being applied to water and wastewater treatment processes, and to further establish the optimal system for
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earthquake response in water and wastewater treatment facilities, continuous research in connection with the Fourth
Industrial Revolution, including information and communications technologies, is essential.
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Fig. 1. Schematic of possible earthquake effects on water
and wastewater treatment facilities.
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Table 1. Effects of disasters on water and wastewater treatment facilities

Disaster General effects Major effects of disasters on water and wastewater facilities
= Fault lines along rocks and |+ Total or partial destruction of intake, transmission, treatment, storage,
below the surface distribution systems, and electric power supply system and communication
= Sinking of the surface systems
Earthquakes | = Avalanches, landslides, and |+ Rupture of transmission and distribution pipes and damage to joints
mudslides between pipes or tanks, with consequent loss of water
* Liquefaction * Deterioration of the water quality at the source due to landslides and
other phenomena
* Seismic events due to volcanic | * Total destruction of the infrastructure in the areas directly affected by
action pyroclastic flows and surges
* Landslides and mudflows * Obstruction with ash of surface water intakes, intake screens, transmission
* Flow of lava pipes, flocculators, clarifiers, and filters
Volcanic * Deterioration of the water quality at surface intakes and open reservoirs
eruptions due to ash falls
« Contamination of rivers, streams and springs in lahar deposition areas
* Destruction of access roads to system components, communications and
power lines
* Collapse of or damage to structures due to ash accumulation.
* Blockage or damage to roads | » Changes in the physical or chemical characteristics of intake water, which
along slopes will affect treatment
* Changes in the normal flow of | » Total or partial destruction of the intake and transmission components
surface waters in the path of active landslides
Landslides |+ Sinking or displacement of |+ Contamination of the water at surface intakes located in mountainous
soils areas
« Indirect impacts due to the blocking of roads and the disruption of power
and communications
* Blockage of sewage systems due to buildup of mud and stones
*Damage to power lines or | Partial or total damage to facilities, command posts and buildings, including
infrastructure broken windows, damaged roofs, and flooding
* Rupture of mains and pipes in exposed areas, such as over rivers and
. streams
Hurricanes C . . . .
* Rupture or disjointing of pipes in mountainous areas due to landslides
and water torrents
* Rupture and damage to tanks and reservoirs
* Damage to electrical transmission and distribution systems
*Damage or destruction of |« Total or partial destruction of river water intakes, pumping stations and
housing power supply systems
Floods » Accumulation of water in |+ Blockage of components due to excessive sedimentation
low-lying areas *Loss of intake due to changes in the course of rivers and streams
* Rupture of exposed pipes across and along rivers and streams
+ Contamination in water catchment areas
* Reduction of surface water |+ Loss or reduction of surface- and groundwater sources and deterioration
* Changes in the fauna of water quality
* Changes in the standard of |* A decline in water levels at intake points and in storage facilities
Drought living due to the negative ¢ The need to distribute water with water trucks, affecting quality and

impact of drought on the
economy

increasing costs
* Damage to the system due to lack of use
» Accumulation of solid matter in sewage systems
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Table 2. Earthquake response guidelines in USA
A . Contents of the guidelines Ref,
encies eferences
4 Before earthquake During earthquake After earthquake
= Providing scenarios for Practical | = Guidelines for indoor behavior | = Drink safe water fact sheet
drills during earthquake = Drinking water supply in
= List of emergency supplies(e.g. | » Guidelines for outdoor behavior | emergency situation
CDC drugs, medications and dressings) | during earthquake = Safe Food supply US CDCG,
= Procedure of inspection for | = Behavior in specific situations 2019 ]
possible home hazards such as g
windows, heating units and =
fireplaces 8.'
= Preparing emergency water = Information about personal
- Should store at least one water managing procedures in| US FEMA,
FEMA gallon of water per person emergency 2014
per day - Bailing, chlorination, distillation | Hyun et al.,
- Purchase commercially bottled 2017
water
= Incident action checklist
. . s US EPA,
- Information about possible effect of earthquake on water and wastewater treatment utilities 2019
- List of related agencies and reports
= Water supply procedures under normal or emergency conditions(Source — Treatment — Storage
EPA | _, Distribution) US EPA,
= Key assumptions for emergency response scenarios(water use per capita, time-scale of outages, 2011
population affected, water quality targets) Hyun et al.,
= Alternative water distribution scenarios(e.g. normal water sources, neighbor utilities, local 2017
alternative sources, pre-packaged water)
W sA ARG G TIAE 67hA At Aol welg 3% o gekstglon] Bag 44 A9
2 BRelT 717k Ado] AR Axde] nH & 9% 2AE whelsiolth (US Congress, 2019)
£ Qe ARSI on(Table 1), Aol gk 53] mlEo] A$ AWEA|EAE(CDC: Center for
o] HAS 9 e Y3t AQYxg vt &8 xg Disease Control and Prevention)?} ARFAjt-=]A
oF H|AMA] 29 ®eHS A A5 T (PAHO and WHO, (FEMA: Federal Emergency Management Agency) “LZ]
2002) 1 27 A(EPA: Environmental Protection Agency)of 4]
F2 A7 #dE e fR A= #e % 7
3.2 O|=29| X|ZI LU xHLt 2ta| s/ sl Rl (Table 2).
oA AWEA A AR Yo
o AL 20129 ® ) A E_/\ pSKel /K]-Iﬂ- = - -
I 20126 VIS AR WS s sl el guie RudEage
FerEn Sl Helin Ae NSTEEN gaigm qom, vag aste 5 284 Belet
. ; iation)©] Bl
(AWWA: Amrican Waer Works Asocialion)] U3E - gypr) g 31 2epst siek (yan et al, 2017
ol H| 3 A U 7}3&Lo] =
= .
O S EEMA (WWWA 2012 US Coneres - uigag el o, A1, e, 29l s
O b
2019). ©]|% 2018 America’s water infrastructure 0] £ zpodAnte] oW Babel A|Aol wel= ost
3 =] Al—/\ Sk pSHe) _ _
WHAWIAE ARG ek st SRS gexze vhaistel welshn qlet US EPA, 2019)
=1 1% = A
EAATE AANEE 7S s Bl HE B o) g e gz Bue A4 mas
3Ystal 1= ‘?jff“ Al SAA 5= XJH!SLO% - oeknt Wast glodke W AAE A AET glon
7I1H o= n= 2ol HisHeS sho] AhpiaAl Wt A e YWee HAAE oz w3}
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FHLAIAY A Hl-ETFS AT dAE AF 20119 FUE WAZS EFgE FTo o= A
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3 9lch (Hyun et al., 2017; US EPA, 2011). 1|34 % ABHA] ergrom, 20161 FubiEA] A HERAYA] S
M= EZ 7]Este)] whE Ak, skl W E =gl dAFo R FuEglou Ay A A7
U A=Y G bR 7IFREte 9Fe B7F Ao wE FE WS feskal mho]zakql
skal westr] g ZRIIFQI climate resilience (Pipeline), 3 (Pumping)A] A 8] S-o] WHAAS A
evaluation and awareness tool(CREAT)S 7i@3alo] & Aoz AHaslgon RHEA To|= @A 7H 7+
9 ol 9tk (US EPA, 2016). CREAT= A<=et 3F 7193t P22 4143 B8 7050] 23 qho] &
T Zhzbo] thdt B4 HEdt @A At S3age AASE glo], azte] yAHeE] ants 3
o] S A EAshs HES 20t AEH & 013t 2= 9)lt} (The World Bank, 2018).
898 =9 = U=EFE 1A=l Utk CREATY] 7]
FHY dlojElE sk ol VHteR 7|Z¥Et 34 osio| Lty
5 dSsta olgjel RBIyt FEAEES 9 . e . o -
U]i]v};‘— 03-52)]:_% —1‘}/&,8}131 /‘]’%X}'E‘ CREATE—‘?—E‘] = ‘rr%g‘] 7—|P %7 = Z‘JT—_L 7]:?;%&9‘] Oéﬁok—gi o:]
Feb ARe ANBUelol Bag oabaye) gy o B A= A elE Un ale
3 22 otk n|FAH AL 1 oE AE 1 B} ﬁ'xo]' 2|11 2019 9] ojghe]of Y| 2|ofo| A o] &
/\E A /‘k_:l—]. %oéz]_7]— Z]'?jZHL{]:-(—)-i ongLl_ _?47]/%].%]__% T —‘lﬂ—/—\— ‘;% ]:]E]—Z_}__]?_]:EQ‘] X]%J.‘?E‘?l— O]—I/]E]—, 34'7'] %‘
AqH oz Austn g A fyshy wegy 9 B HE AEANS HE00), A0 AE
2 2 gl @ mzeo] VSAT webS Aulsfo] 7 (2000 L& ubESEe] 34(2010) 5o TRt A<
25431 9Tk (US EPA VSAT, 2019). izﬁi ﬂ?ﬂ;‘%‘ ZAA =7} ‘ﬂe*%*o_PO% 2017 sl
&et AR ol = oF 20078 0] AFERIL 100 =

3.3 Y=o| xftaa|

ARol A WAl Ax3 e 5 T A
Aol WAYSSITE. F07} Kol 1978133} 1994
A

W42 5 ool AHEe AR v
9]tHThe World Bank, 2018). 20114 E-olX. ofj 7] 212
HHIE 75 9.09] 723t X0 & 505y o]Afe] A]
HEoA sggo] SHEUCeH, 2016W FrutHE
Alof|A= = 28] Ao 2 309hy o] AlRl=
oA FEFwol FHE AbHZE Utk (The World
Bank, 2018).

AdEL 1961 At -2 7]EH(Disaster countermeasures
basic act) 5 A YsIHA g S THE AH9
ATE weet B7HE HAISE sHloh (The World
Bank, 2018). 1974 Uz deldFd TS /st o
U 32 Azl FHoRel A9 FHeRE AgFHor
AHGEITEZE 19954 FHAl-oFebA] T x| zlo]$ de] H
TEo] AR Foll o, dEFEFIA= WA
I HE Ve HES SshHEA 20099 W

of o]2= AAA a7} LAYsHAUTE (EEA, 2011;
European Parliament, 2019)

ofo] W g0z ge] o3le] o Us|(MEPs)e]
A old3t dl71F] xRt S A G vl FARE o] o
ste] Alsta ARAOR Bhga] 9lstel fUBE
A EU civil protection mechanism=- Bl SFATH =9
A9, 20 A 9 9714 AR 1855
23l 20048 =71H] AR H(The Civil Contingencies
Act, CCAYE Aste] Bgsta qlek 5 A 2 9]
71°4=go] WAt AR THA =
ow, s ¢ A wE AHA
T A7, Tk, o, FA

QL)

=

- =
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1 9t} (Ahman et al., 2009; Bremberg, 2010; HM
Governmnet, 2013).

FZol= dF Als (AD, A= IEYL (IoT) %
glojelet 22 79 /g 25 35 9 EE 7]
s 22 7999 gAoR FHoAAE Ad 9
3 AU

|

T %
of Aoz Ae) TalE A7 FAH AL
Mg o 4 9l 7|9 uleela gl (ITU, 2019).

2oz AAA] A2Elo] g gAre] &
A §AT 5 ARS s Boks B}
AP A ol Hdg wms) usr] S5 @Y
49 Nad pEE pEE we A7) AdHn
Qlt} (Cimellaro et al., 2015; Hosseini et al., 2016;
Sharifi and Yamagata, 2016; Shin et al., 2018). s}x|qt
Ato] st dol nlA= Gk Ao dA T}
Ao} 27} ol et chapsbl ek 4 glow, o
g ulAE 29l Heha 9 olFo] ByEg 5L
We BIAAS mEslR olo] olF Haksieln A
Aot ool AHAOR wgshs AL oFH7A A
SFA o]t} (Reca et al., 2008; Shin et al., 2018).

2| weA ddstal Qs ICTE theket #oo
ZEEIL 9tk ICTE o]§3gt ¥4 HUHTY 7]&2
W 5 FREWYe i Fol AHHeR o]
2z]o] O (Na et al., 2008; Yoon et al., 2019) =2
HUEPHE @7 527 wofolle W=7
%1 9t} (Colakovi¢ and Hadziali¢, 2018; Han and
Kim, 2016; Wong and Kerkez, 2016). E3F x| X 9] A %
Agoll gt AAZE A9 B dloly £4& &3t
AR 271745 A 2-GES Bl AR Hoko] RAYE
A3, E2 5 ogel ICTE €85t A+ E AlSE
31 9t} (Hussain et al., 2018; Nemoto and Hamaguchi,
2014; Salam et al., 2018; Shinohara et al., 2018; Ur
Rahman et al., 2016). Chou et al. (2014) -2 t}oFst 3t
Arpae] shobd g 98 ICT 7luke] 2A4 @
gt tf-3 AA =59 oS AASHTh

AN RUEHT E2F o] &3 HEke] #4 F

ot ICT7|Hke] 7]as o8ttt Aslkealde

AT 1T of

1o

Water treatment system
‘- | [
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Fig. 2. Schematic of disaster management system based on
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deol Atk AAL FES 85 o 2D 5 9 A
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| ARIZY thSE RfR JokrEAld Hel B Vs 30| tfet 1
|37} gAY et A7 whx] ke AL oAy A criteria for dam, Korean Soc. Civ. Eng. Mag., 66(3), 48-52.
oy, H A9 HAHIE 7} olx: HAS 1H Chou, J.M., No, T.H., Sim, C.S., Gang, T.G., Kim, CK., Jung,
3w Sajube Algo| g 7]E7HH o] W Aol = S.U., and Park, S.G. (2014). A research on regional
tion strategy for environmental disaster response

obAIL Gl A& Aol % thete) A, oo

= o = eF ¥ - K in Northeast Asia, Korea Environmental Institute report
Q1918 E4L welg Bk AAHe| 1 HeAel A oo
Bl by AES ML 2 '
oAl AT AR B! 0}7]_ A= 2 Cicerone, R.D., Ebel, J.E., and Britton, J. (2009). A systematic
< wEA WA ICTE =240 2§t it compilation of earthquake precursors, Tectonophys.,
E'*(Pllot) *‘6@. %% o] 83t AFAFLE Tl HHA A 476(3-4), 371-396.

seslolok & Aol

Al A}

2 AuEe AR YUAoR AT AAY 7%
Ao AHAAE A 7 NEAE Y AJd=
abo} 1759l Tk (2019002870001).
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