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ABSTRACT

Risk assessment on Jeju Special Self-Governing Province(JSSGP)’'s water supply facilities and establishment of adaptation
measures for climate crisis factors were implemented. JSSGP'’s vulnerability to the climate crisis was high in the order
of drought, heat wave, heavy rain and strong wind. As a drought adaptation measure, policies of water saving and
revenue water ratio improvement were considered. As for the heat wave adaptation measure, the introduction of an
advanced water treatment process was suggested in response to the increase of algae cell number which resulting in
taste and odor problem. As for heavy rain adaptation measures, the installation and operation of automatic coagulant
injection devices for water purification plants that take turbid surface water were proposed. As a measure to adapt
to strong winds, stabilization of power supply such as installation of dual power line was proposed in preparation for
power outages. It is expected that water facilities will be able to supply high-quality tap water to customers even under
extreme climate conditions without interruption through risk assessment for climate crisis factors and active implementation
of adaptation measures.

Key words: Climate crisis adaptation, Drought, Heat wave, Heavy rain, Water supply system

ZAO: 7159714, VI, BY, B2, 44E

Received 15 November 2023, revised 13 December 2023, accepted 14 December 2023.

*Corresponding author: Jinkeun Kim (E-mail: kjinkeun@jejunu.ac.kr; Fax. 82-64-725-2483, Tel. 82-64-754-3448)

2212 (4) / Jinkeun Kim (Professor)
HFEHAR| T AA| Al=Chet2 102, 63243
102, Jejudaehak-ro, Jeju-si, Jeju-do 63243, Republic of Korea

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

pp. 447-456

447

Journal of Korean Society of Water and Wastewater Vol. 37, No. 6, December 2023



HRSHARIE MAE 7I590| HEOR o

O

1. A

20219 8, 7]5®sto] #R HRIE o)A (Inter-
governmental Panel on Climate Change, IPCC)7} 233
A6x} H71E 1 A(AR6 WG1)ol| wEH, JA) o7
o] olAlsfeka BEL A 2u9 U b e
wolH, o3t HAFA oliteteta = A
7|1 SRS o] gttt (MOE, 2023a).

AATHQ 7150k GaEe ule e
UERT Slth 7HE, B4 52 Aods gRo] 3
ol glovt A& ksuAe] A7 Eor dea
o] 7] s}l 71Q1gh o) A s, o] 7]+

JUSRIE Af2e S G, AUES 4T

=

flo 4> oy

LA 2ol V) FHEE 98} = X214
7] $lste] LA7LA WiETHE Fol7Y Favte m
£ 25 watul, 715907] 2olst 71591719 o
: Zoln A1Fg7)R A% A% slel A

_0|L

P ERIA A4E F

thAakolth (MOE, 2023b).
FrERofol A 7] 329)7] S Sl FE

4 I
ox ol 1 K

e
3
[
¥]
i’
o
2
o
it
il
of

> |
>,

[>

o
1o
-
4
X,

o 4>
oz

Asia At 5
BOR QT SHRE, M4 24
2 Qg $EAA
SFEL 715917] Alste} ool
Al olo] gt A4EAlA

Ao AEAS FAAZT A

QY
] e
AAA Y, B8 FA Fo

ol
L
he)
)

o)
4>
©
=
)
it
L2
2w {y n
1o
T oy
»go
u} 10

olo ofN

ofr ot

Ho !
e of 2 &

m
Y
)
N,
>

bl

oo >
18 H
oo =
o &
flo

N
o
e/
)
)
2
ox
filo
ofl
N
=
o
oL
K
)
T
)
N
2 o_>|:

o3t Age AAtRA Tk

2, g4het 3 2

AT AFEHAAN =Y 167 43S =&
Tole He-Fe-Fulle Aldolth AlFE-AAE
B Aol Table 13} 2o 16744 B4l glo,
20214 7]& AA AEBRZE 5809.9 kmo| 1, o] 3
Toyho] 755 km, $<yro] 5015 km, Hj<yo]
1,955.2 km, F4=3o| 3,277.7 kmo|u, &4 7| &
L3O 8957 kmZEA] A TR 154% ZFo|c}
(JSSGP, 2022a; MOE, 2023c).

AFEIAR E o] A 7 AFA 6k, 44
T, SR RS 4= )tk Table 104 74

BRZE Aoz 1RE 97) P5HHNo.
A8} 100-300 m A E0] AmoA RspE F
5 HEo] HeAE glo] AL

SA R AN BARSE H5Apo]

4 4>
ok
g
o

z
flo
2
[

o L

°
ofy

o &
1)
ol
ox
e
&
i
&

p 2 o o ¥o Homn >
3o,
o
jakad
ol
B
ol
o

o
rlr

o o i
4
o
5
i
ox
4>
(o
1o
e
ofy
i)
Mo

N g

>
i)
N
N oz )

oot
Ja
o
i)
rr -
S Y2 i 4
oo mo wie

>,
G
=¥
ot
ool
i
u
o
)
3
fr oo
2
i
b 4
T fj
o

I me o ook
o
4>
o2 N
o

w Hr o
dm >
o N
Mo 2 =
Sl
i
o
ol
o

K
r_l
i
i)
kl
30,

e
o
T
<t

¥ o

o
L

i

gsto] ool HA|
Water and Sewer Headquarters, 2023).
MOE (20220)¢] 3372715917143
| 2Aste] AAsteTh 715917] A
NzzAL 715HE g 1A, 7%
L A9 AdE =5, 71597
A AFEAAE Y] sz A

—~
—
w2
wn

G

=

oy
ol
E
Mo

]

>
®
N

N
1o
4
N
ro

|

2

al

P~ al
OlO QEL
N

il

1B o

o X R oo L
oE fr N i oo foh 4 o

T\lrzije

3
]

=

(L

AR FAE ), 19
wolul, 2871 B2t
lo] 3, 38AE H712
e g7t Eeos
G O R

ot
il
o,
N
rir

] [> ot
St
o,
N
m>~

]

b
2

il
g
b

> H

]

T

2
a
fu o 4o

mlngEjg
op L

o

=

]

fr o 2
2
ofo

ok
M
1
o

o
[>
u
oo

Hol=Sel| 437 d A 6= 2023E 12



Table 1. Water treatment plants(WTPs) in Jeju Special Self-Governing Province(JSSGP)

Water treatment process and capacity(m®/d)

No- WP Source DISIEIfE;nOH Slow filtration | Rapid filtration Membrane
1 JC 37,000 - - -

2 Kz 19,000 - - -

3 EW 23,000 - - -

4 NW 37,000 - - -

5 TP Groundwater 4,000 - - -

6 YS 32,000 - - -

7 KA 7,500 - - -

8 SK 32,500 - - -

9 HS 16,000 - - -
10 ES Lake - 15,000 - -
11 WS Spring+Stream - 14,000 10,000 -
12 OR - - 15,000 -
13 BD - 35,000 - -

Spring

14 DR - 10,000 - -
15 HR - - - 10,000
16 KJ Stream - - 25,000 -
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Fig. 1. JSSGP annual average temperature deviation.
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Table 2. Current weather and future weather forecast of JSSGP(RCP 8.5)
Year
2001~2010 2021~ 2040 2041~ 2070 2071~2100
Ave. temp.(°C) 14.4 15.1 16.5 18.2
Heat wave days(day) 1.7 4.1 13.0 29.5
Freezing days(day) 4.5 2.7 1.6 0.5
Cold wave days(day) 0 0 0 0
Precipitation(mm) 2168.9 2106.7 2075.9 2428.2
Heavy rain days(day) 4.7 5.9 4.9 7.2
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Table 3. Relative vulnerability of climate factors in JSSGP
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Number of negative response

Climate factor Svrsgl Silri};ﬁy Ave. Shgi};tly Very big Mean
Drought 1 6 6 18 31 4.16
Cold wave 1 8 18 26 9 3.55
Heavy snow 2 9 20 19 11 3.46
Heavy rain 3 12 20 16 11 3.32
Heat wave 4 10 18 25 5 3.27
Strong wind 4 13 23 19 3 3.06
Sea level rise 13 16 13 12 7 2.74

Table 4. Expected problems by climate factors and applicable facilities in JSSGP

Climate factor Anticipated problems

Applicable facilities

All water intake facilities especially in surface

Drought Lack of water intake
water sources
Increase in water usage All water supply facilities
Heat wave Deterioration of tap water quality due to rising | Eoseungsaeng lake, Oedo stream, Kangjung
algae concentration(color, taste and odor) stream
Increase in turbidity Oedo st‘ream, Kangjung s.tream, Hanlim spring,
. Tho spring, Yongdam spring
Heavy rain - - - - -
. s Oedo intake station, Kangjung intake station,
Flooding of facilities . .
Ongpho intake station
Strong wind Power outage All water supply facilities

Heavy snow . .
vy disruption

Difficulty in inspecting facilities due to traffic

Mid-mountain area facilities

Cold wave Facilities freeze

Pipelines, water meters

Sea level rise |Increase in electrical conductivity

Yongdam 3rd spring
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Table 5. Calculation of risk

Likelihood(A) Consequence(B) Risk(AXB)
WTPs

HW |CW | HR | HS | SW | HW | CW | HR | HS | SW | HW | CW | HR | HS | SW

HQ 1.87 | 1.00 | 1.38 | 1.08 | 1.16 | 2.57 | 2.52 | 2.53 | 2.35 | 2.58 | 4.81 | 2.52 | 3.49 | 2.54 | 2.99

JC 1.87 | 1.00 | 1.38 | 1.08 | 1.16 | 2.64 | 2.71 | 2.69 | 3.28 | 2.92 | 4.93 | 2.71 | 3.72 | 3.54 | 3.38

Kz 1.87 | 1.00 | 1.38 | 1.08 | 1.16 | 2.59 | 2.10 | 2.41 | 2.50 | 2.43 | 4.85 | 2.10 | 3.32 | 2.70 | 2.82

EW 1.87 | 1.00 | 1.38 | 1.08 | 1.16 | 2.48 | 2.48 | 2.34 | 2.21 | 2.51 | 464 | 248 | 3.23 | 2.39 | 2.91

NW 1.72 | 1.00 | 1.44 | 1.02 | 1.04 | 2.79 | 2.80 | 3.00 | 3.00 | 2.92 | 4.80 | 2.80 | 4.32 | 3.06 | 3.03

YS 1.87 | 1.00 | 1.38 | 1.08 | 1.16 | 2.40 | 1.33 | 2.00 | 2.26 | 1.75 | 4.48 | 1.33 | 2.76 | 2.44 | 2.03

SK 1.72 | 1.00 | 1.44 | 1.02 | 1.04 | 2.15 | 2.64 | 1.99 | 2.34 | 2.44 | 3.70 | 2.64 | 2.87 | 2.39 | 2.53

ES 1.87 | 1.00 | 1.38 | 1.08 | 1.16 | 2.30 | 2.46 | 2.37 | 2.40 | 2.36 | 4.30 | 2.46 | 3.28 | 2.60 | 2.74

WS 1.87 | 1.00 | 1.38 | 1.08 | 1.16 | 3.33 | 3.31 | 3.26 | 3.51 | 3.57 | 6.23 | 3.31 | 450 | 3.79 | 4.14

OR 1.87 | 1.00 | 1.38 | 1.08 | 1.16 | 3.27 | 2.65 | 2.60 | 3.78 | 3.68 | 6.11 | 2.65 | 3.59 | 4.08 | 4.27

BD 1.87 | 1.00 | 1.38 | 1.08 | 1.16 | 1.00 | 2.50 | 3.11 | 1.00 | 3.00 | 1.87 | 2.50 | 4.30 | 1.08 | 3.48

DR 1.87 | 1.00 | 1.38 | 1.08 | 1.16 | 2.29 | 2.29 | 240 | 2.30 | 2.30 | 4.28 | 2.29 | 3.31 | 2.48 | 2.66

HR 1.87 | 1.00 | 1.38 | 1.08 | 1.16 | 2.81 | 3.00 | 2.41 | 3.00 | 3.00 | 5.25 | 3.00 | 3.33 | 3.24 | 3.48

KJ 1.72 | 1.00 | 1.44 | 1.02 | 1.04 | 3.21 | 3.29 | 2.92 | 3.31 | 3.09 | 5.52 | 3.29 | 4.21 | 3.37 | 3.21

* HQ : Headquarter, HW : Heat wave, CW : Cold wave, HR : Heavy rain, HS : Heavy snow, SW : Strong wind

Table 6. Risk assessment by climate factors

Climate WTPs

Classification
factor HQ | JC | KZ | EW | NW | YS | SK | ES | WS | OR | BD | DR | HR | K]

Facility 494 | 547 | 5.70 | 5.04 | 5.05 | 4.72 | 3.39 | 4.27 | 6.66 | 7.11 | 1.87 | 4.36 | 4.54 | 5.73

HW Operator 4.69 | 5.04 | 3.82 | 4.21 | 4.20 | 4.36 | 4.06 | 4.34 | 6.23 | 5.61 | 1.87 | 4.10 | 5.61 | 5.71

Public service | 4.80 | 4.47 | 4.36 | 4.68 | 4.59 | 4.36 | 3.63 | 4.30 | 5.80 | 5.61 | 1.87 | 4.36 | 5.61 | 5.12

Facility 252 | 3.02 | 299 | 244 | 258 | 1.33 | 2.67 | 2.33 | 3.34 | 2.91 | 1.50 | 2.33 | 3.00 | 3.29

Cw Operator 2.61 | 231|183 | 283 | 2.83 | 1.33 | 3.08 | 2.39 | 3.25 | 2.54 | 3.00 | 2.19 | 3.00 | 3.39

Public service | 2.44 | 2.44 | 2.42 | 2.17 | 3.00 | 1.33 | 2.39 | 1.33 | 3.33 | 2.50 | 3.00 | 2.33 | 3.00 | 3.19

Facility 3.45 | 3.48 | 410 | 3.14 | 432 | 2.76 | 3.92 | 3.01 | 4.33 | 3.57 | 455 | 3.22 | 3.55 | 3.94

HR Operator 3.64 | 3.99 | 3.91 | 3.22 | 432 | 2.76 | 2.88 | 3.14 | 4.81 | 3.53 | 4.14 | 3.48 | 3.45 | 4.50

Public service | 3.38 | 3.68 | 3.68 | 3.34 | 4.32 | 2.76 | 3.36 | 3.68 | 4.37 | 3.68 | 4.14 | 3.22 | 2.99 | 4.18

Facility 252 | 3.24 | 3.24 | 230 | 3.06 | 2.28 | 2.40 | 2.51 | 3.96 | 4.32 | 1.08 | 2.52 | 3.24 | 3.37

HS Operator 2.72 | 396 | 2.16 | 252 | 3.06 | 2.52 | 2.38 | 2.64 | 3.72 | 3.60 | 1.08 | 2.40 | 3.24 | 3.63

Public service | 2.38 | 3.42 | 2.70 | 2.34 | 3.06 | 2.52 | 2.38 | 2.64 | 3.71 | 4.32 | 1.08 | 2.52 | 3.24 | 3.17

Facility 3.01 | 3.19 | 292 | 2.71 | 3.12 | 2.21 | 2.58 | 2.64 | 429 | 431 | 3.48 | 2.71 | 3.48 | 3.19

SW Operator 3.07 | 3.48 | 251 | 3.03 | 3.12 | 1.93 | 2.43 | 2.84 | 4.20 | 3.87 | 3.48 | 2.58 | 3.48 | 3.33

Public service | 2.90 | 3.48 | 2.80 | 3.00 | 3.12 | 1.93 | 2.60 | 2.75 | 3.94 | 4.64 | 3.48 | 2.71 | 3.48 | 3.12
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Table 7. Plans and budget for adaptation to climate crisis

Budget
Climate factor Adaptation plan Applicable facilities (1%65%
Increase of revenue water rate All facilities *
Drought Emergency connection to the water pipeline JC, EW *
Reduce tap water use All facilities *
Heat wave A feasibillity study and pilot plant operation f.o_r 'the ES, WS, KG 3,000
introduction of advanced water treatment facilities
Heavy rain Ins.ta.ll.ation of automatic coagulant injection WS, OR, ES, HR 800
facilities
Strong wind A feasi.bility study for installation of power supply All facilities 100
duplexing facilities

* The budget is already included in the Jeju Special Self-Governing Province waterworks maintenance plan established in 2022.
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