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Abstract This study developed a evaluation indicators on environmental facilities highly vulnerable
to flood damage from quantitative and qualitative perspectives in order to reinforce the ability or
preemptive disaster prevention. At first, this study classified the facilities into structural factor and
non-structural factor. The structural factor consists of 11 indicators, the non-structural factor
consists of 8 internal indicators and 6 external indicators. This study is expected to be prepared
for flood damage by evaluating flood vulnerability of environmental facilities.
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Development of Flood Vulnerability Evaluation
Indicators for Environmental Facilities

Fig. 1. Development Procedure
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Table 1. Derivation of Environmental Facility Checklist for Flood Damage

‘ Catagories

Check Factor

Prevention and L
O Circuit breaker
Preparedness
Internal

Indicators

O The entrance bump 10cm high

O Emergency response training and manuals in preparation for flooding
O The electric facility above the expected flood depth
O Application of waterproofing capability method during construction

O Inundation prevention measures

O Operation status of emergency generator, central control system, emergency discharge sluice, etc.

Response

O Emergency sewage treatment bypass system
O Inundation prevention facilities such as sand trap, inflow pumping station, water collection well,

retention basin, emergency shut-off valve, screen, etc.

O Flood damage history

External Indicators

O Regional climate change vulnerability assessment results for heavy rain disaster

O The latest sewer maintenance plan

O Sewage maintenance priory control area

O A risk zone included in the comprehensive plan for natural disaster reduction
O The dredging rate of sewage pipes over 50%
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Table 2. Environmental Facility Checklist
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. - Unstructured Indicators
Catagories Structural indicators
Internal _factor External factor
Factors that prevent and prepare for . . .
. . . . Factors that confirm the status of | Factors that identify factors related to
- inundation through installation, | . o . B . .
Description important facilities inside environmental | flood vulnerability outside environmental

repair, and reinforcement facilities in
. . facilities
environmental facilities

facilities

O Flood prevention and
prevention/preparation facilities

O Entrance bump height (cm)

O The electric facility above the
expected flood depth

) O Circuit breaker

Check List o . Status

O Application of waterproofing
capability method during
construction

O Emergency sewage treatment
bypass system

O Inundation prevention measures

O Flood emergency response training
flood response plan

O Status of inflow pumping station

O Emergency generator error

O Maintenance status of pipes and
manholes

O Central Control System Operational

O Operation status of inflow blocking
water gate

O Operational Status of Emergency
Discharge Water Gate

O Operation status of power reception
equipment

O Operational Status of substation Facility

O Regional climate change vulnerability
assessment results for heavy rain
disaster

O Flood damage history

O The latest sewer maintenance plan

O Dangerous districts included in sewage
maintenance priority control area

O A risk zone included in the
comprehensive plan for natural
disaster reduction

O Sewer pipeline dredging rate(%)
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Table 3. Evaluation Criteria of Structural Indicators
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Indicators Score Criteria
Sand Trap and Pumping Station 10
Water Collection Well 10
Flood Prevention . . Presence : 10
. Retention Basin 10
Facilities Absence : 0
Emergency Shut-off Valve 10
Screen 10
. o over 10cm : 10
Entrance Bump Height (Criteria:10cm) 10 dor 10 0
under 10cm
. Above Flooding Depth: 10
Electric Facilities 10
Below Flooding Depth : O
— Presence : 10
Circuit breaker 10 " 0
sence :
Presence : 10
Waterproofing Capability 10 " 0
sence :
Presence : 10
Bypass System 10 " 0
sence :
Total 100
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Table 4. Evaluation Criteria of Non—structural Indicators(Internal Factor)

‘ Indicators Score Criteria
- Training : 25
Flood Emergency Response Training 25 o
No training : O
Al : 25
Only manual : 15
Flood Emergency Response Plan and Manual 25
Only plan : 10
None : 0
All normal : 20
Inflow and Outflow Gate 20 Some bad : 10
All bad : 0
All normal : 20
Electric Power Facilities 20 Some bad : 10
All bad : 0
Normal @ 10
Other Facitities 10
Bad : 0
Total 100
HTRH BAAE F 9Nl BAARY W] ojRe] wE s SN £ 45, SeE
I S Table 59 2o, of7]A HAIEE0] FrZ|2ASSY A7) AdaeE 2iste] widstd

AT A e A J1F At Fopy BAFEAHES
ANE 4082 Rolste] AMstsict. Ao 7| 5o
oy BrhAIE 105302 AN 39 A
o 4 B4E WESES Sfsick. of s F4 s

AAE

2, sieperg] FPHeA| A3 AAAHAL FRA
ARAT A 9 E3H /FE LA TR
s2E 94 5ol Al fYHE g 1

of shpte EdeS ST

TT =

Table 5. Evaluation criteria of Non-structural Indicators(External Factor)

‘ Indicators Score Criteria
Regional Climate Change Vulnerability Grade 1 2 3 4 5 6 7 8 9 10
Assessment Results for Heavy Rain 40

. Score 4 8 12 16 20 24 28 32 36 40
Disaster
Comprehensive Plan for Natural Disaster 10 Including : 0
Reduction Not including : 10
Less 2 Years : 10
Sewage Maintenance Plan 10 2 ~5VYears : b
More than 5 Years : 0
Presence : O
Sewage Maintenance Measures 10
Absence : 10
. o Normal : 10
Sewage Maintenance Priority Control area 10
Bad : 0
More than 50% : 10
Sewage Pipe Dredging Rate 10
Less than 50% : 0
: Recorded : 0
History of Flood Damage 10
No Recorded : 10
Total 100

42 WIKE Al 8

SRR B T BAEE A8 T
Al AEE A T Aol ete] Y NS ol§s
Wt 44e S2dg. £ A7E B9 AL 5t

SNEE

AREE B7HEEL R sto] HaE vidstalen, g
M A= Table 6= &3 ST 4= AUt A=
Al 32 A4 A% 15} o]o] EAsH Foju] 33
ol B} Yol et AN 7|2 =3 B
7F A4 1008 vHEo 2 AEE 19 AL FXRF A



SEANE T

S

XK TIIX|E JHl0) BISH 7 SRR SMoz - 116

E 354, w2 RA 654, oFAA 774 s
=2 /HeE 5340l AldE 29 A
AR 354, HlF2A YRR 654, AFAA 7782
2 =" WHee 5340 AldE 39 4¢ 7=
A 2R 454, vF2A] HERIA 804, IR 65
How Ed BrHee 587540t & 2RE F
stof A 3] o]go] AStEolE i3] B7F Mt
AXEF AR E S A

A F24 AR} vFRA 289 7HEA] FFO
St Al 3t B wRA AR @A 5082 |
Gt 7224 A ;A W2 Haez Qlsto] A A
T EEE & 5 A ol BlFERA A B YR
Ao} IRt Sre] 7k gjte] sty w2 WS
WeEte 124 2% SH 2AVF sidEA] gfod
A v o] Woldt= quE Adnt. A SgAE
= e oI F24 AR Blot] vl A®
o tiet BAIE B7ke FIATIIE AU H
e, v ArEe e, AILE, Al 3

}_X—]

F=0| A= F2RA AL B Ee M Al o
S Ao B ™A JFE AR AR He SH
oMk tf JaFeo] qlofof gt} 1= 3 79| A& AR
£ B9 B7HAIRS] FHito] Adsith: e & 4 Sl

AR 13 AR 29 S 24 AR A 2
71 8] FEOIAY A A Zot MA| B ATt
LS & & U A4 A7 A® U = 7 i
o] FYUsto], AlEEL] B0 wet sid FEo] Fon]
SHA] 9= 4= I=tlE Etelal et B7F A W
ERFS Zo] B W7} X H9) sz B o)
F8o] EEE T 2o 3% d+o] Ea& §f Eel
ok E of2] tgRt AR s B7F AR B7F fHae
AAHA BAAE Est= 59 EYo] Bosih £
HANEE T H7HAE(Flood Vulnerability
Checking Index, (1))9] A% 7IEXE 1:112 SY5HA
Folstl oy, AA| thofet Al 482 Bsto] Adset 7t
A9 vl AP A Hebo] Hasitt

/\01

Table 6. Case Study

Evaluation Score
Evaluation Indicators Weight Facility Facility Facility
1 2 3
Sand Trap and Pumping Station 10 5 5 5
Flood Water Collection Well 10 10 10 10
Prevention Retention Basin 10 0 0 0
Facilities Emergency Shut-off Valve 10 5 5 5
Screen 10 5 5 5
Structural Entrance Bump Height(Criteria:10cm) 10 5 5 5
Electric Facilities 10 0 5 5
Circuit Breaker 10 0 0 10
Waterproofing Capability 10 0 0 0
Bypass System 10 5 0 0
Total 100 35 35 45
Flood Emergency Response Training 25 25 25 25
Flood Emergency Response Plan and Manual 25 10 10 25
Inflow and Outflow Gate 20 20 20 20
Internal - P
Electric Power Facilities 20 10 10 10
Other Facitities 10 0 0 0
Sub Total 100 65 65 80
Regional Climate Change Vulnerability Assessment Results for
o 40 32 32 20
Heavy Rain Disaster
Non— Comprehensive Plan for Natural Disaster Reduction 10 10 10 10
structural Less 2 Years : 10
Sewage Maintenance Plan |2 ~ 5 Years : 5 10 5 5 5
External More than 5 Years : 0
Sewage Maintenance Measures 10 10 10 10
Sewage Maintenance Priority Control area 10 10 10 10
Sewage Pipe Dredging Rate 10 10 10 10
History of Flood Damage 10 0 0 0
Sub Total 100 77 77 65
Total 100 71 71 72.5
Evatuation Score 100 53 53 58.75
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