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Abstract Unusual precipitation caused by typhoons and severe rain stormscan threaten human life and property. Thus,
various organizations prepare emergency action plans (EAPs) to provide proper guidelines for operators, experts, and
emergency response personnel to protect and enhance critical infrastructure. For example, FEMA and DHS have
various types of EAPs for dams, levees, and other structures to protect people and property. FEMA defines EAPs
as official documents to decrease the damage and impact in emergency situations and to reduce casualties. These
documents should consider all possible situations in an emergency and can reduce problems in facility management.
This study analyzes EAPs for infrastructure from the USA, Japan, and Korea in order to suggest an ideal EAP
framework. EAPcontent can include how to guide experts and operators in disaster stages (mitigation, preparedness,
response, and recovery), how to operate emergency equipment, and how to protect critical infrastructure and life. The
suggested EAP framework performed very well in a test location. It can therefore be used for infrastructure
organizations in Korea and to inform of the appropriate processes and methods for risk reduction in flood disasters.

Keywords : Precipitation, Emergency Action Plan(EAP), Flood disaster, Emegency Responce, Disaster Stage, Flood
Disaster Risk Reduction
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Initial Project Inspection

Patrol Responsibilities

Safety/Security Precautions

—General Maintenance Activities

Interaction with the Public

Continuing Activities

Evacuation Plan Activation
—Volunteer Assistance

Full Response Activities in the Event of Floods

Preliminary Response Activities
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preparedness guidelines for Levees (DHS, 2012)
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Details of Statement

- Flood control agencies are warmed

18
according to the 5-Phase (The water and

disaster management bureau of the ministry
that a smaller unit may be deployed| weather alerts, and

tourism in Japan, 2014)
flood or high elevations of tide

- Flood control agencies are notified| weather

of Land,
of  possible

if it hastens mobilization time,
but none of the workers may
refrain fiom flood control responsibilities.

- Flood control agencies are alerted to

by

i AR
Stand

Table 1. Flood Alarm Statement and Trigger Basis
Phases

A W8}

o

]

et
Lz:sz]_ A

1=l
=

u), 5

al

=

ke R kg |

}

SR

ZH o
& <ot

9

L
L

el o

g

WA A 2 A

=]
=

734

f 2

9|

915 Wol B5el S22k 92wl A

A A AAEA A

A

3, SAAe 3RA R PR, T

=
o~
T

L

e
“

and
other river conditions
128

near alarming levels

(danger level)

high
river
disasters
flood

other
off

communication and transportation| conditions

devices

alerts or reaching

of flood danger levels
have dropped below

the danger levels or

when river conditions
are deemed to be
improved so as to
control activities

prescribed by flood
call

stream flow,

- In case of potential
flood

- When river levels,
- When flood levels

levee
and

of
activities,

collapse

the need for mobilization and|-When deened necessary

preparations are made in infommtion| in the case of high
coordination, survey of flood| precipitation,
control equipment, inspection of| elevation, stream flow;

floodgates, and preparation of| and
of flood discharge and river
conditions, warned of the need
to maintain vigilance, and ordered
to respond according to river
conditions (in cases of overflow,
notification to respective  cbservation
posts for alleviation of flood
control alerts in nearing areas

to mobilize
banks, and ruptures)
flood control

leakage,
- Alleviation of alert status for

- Relevant agencies are informed

Mobilizat |- Flood control agencies are alerted
ion

Vigilance

Preparation

Clearance



S £ $UAME EAP TN AW

preparation
Vulnerable group an
d all those who req
uire more time in m
obilization need to
start evacuating

Table 2. Main concepts and core activities of the
threat advisory scale (Department of National
Security, 2015))

Threat level Concept and Core Activities

Do
[Phase 2] Evacuation
Prefectures Do advisory
Report People who are cap
of Japan Bu able of normal eva
cuation procedures (Vulnerable
Hyun should start evacua Group)

ting

[Phase 3] Evacuation
oder

High risk condition

where human lives a

re at stake

Fig. 2. Evacuation responses during floods (Tokyo, 2014)
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- Conditions of crisis are observed, but the threat level
is low and unlikely to develop into a national-level crisis

- In the guarded threat phase, relevant agencies should
engage in inspections, review notification flowcharts,
and reexamine coordination mechanisms with other
agencies

Conditions of crisis are elevated, and could develop
into a national-level crisis

In the elevated threat phase, relevant agencies should
coordinate with other agencies to compile pertinent
facts and share information

Guarded
(blue)

Elevated
(yellow)

- Conditions of crisis are relatively high, and it is highly
likely to develop into a  national-level crisis

In the high threat phase, main departments in charge
should review response plans and work with relevant
agencies to prepare mobilization of workforce and
resources

High -
(Orange)

- Conditions of crisis are severe, and will most definitely
result in national-level crisis

- In the severe threat phase, main departments in charge should
work with relevant agencies to maximize pertinent
measures so as to immediately respond to crisis

Severe
(red)
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Table 3.

Emergency Response Stages of Reservoir
Disasters by the Korea Water Resources
Corporation (Korea Water Resources
Corporation, 2015)

Threat
level

Emergency condition decision factors

Guarded
(blue)

<Damages to the main body of reservoir >
Inspection of the main body of the reservoir for
external displacement and measurement instruments
revealed signs of aging
Shipping vessels and other floating vessels upstream
is believed to cause damage to facilities
<Erosion to reservoir embankments >
Minor signs of erosion are observed, but no severe
damage is incurred on the facilities

Elevated
(yellow)

<Damages to the main body of reservoir >
Some signs of damage are observed in part of the
main body of the dam (when damages are visible to
the eye)

- But there is no need to control water levels for

restoration

- But there are no additional signs of damage

<Erosion to reservoir embankments >
Erosion has caused damages to the facilities, but has
minimal impact on the operation of the reservoir

High
(orange)

- And water

- And facilities such as floodgates,

<Damages to the main body of reservoir >
Partial damage is observed to the main body of the
dam
levels need to be lowered for restoration
(and if such measures long-term
disruptions to water  supply)

can cause

- And temporary reinforcements (such as cofferdams)

need to be constructed for restoration (only if the
total duration of construction is less than a month)
fishways, and
power plants experience partial loss of function
<Erosion to reservoir embankments >

Erosion has caused damages that are believed to
hinder the operations of the reservoir

Severe
(red)

- And facilities such as floodgates,

<Damages to the main body of reservoir >
Major damage is observed to the main body of the
dam

- And water levels need to be lowered for restoration

(and if such measures can cause

disruptions in water supply)

long-term

- And temporary reinforcements (such as cofferdams)

need to be constructed for restoration (and the total
duration of construction exceeds one month)
fishways, and
power plants experience complete loss of function
<Erosion to reservoir embankments >

Erosion has caused serious damages that severely
hinder operations of the reservoir
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. Stage Trigger Criteria of Safety Management

Plan (storm and flood) (Han River Business
Headquarters, 2015)

Threat leve Trigger Criteria
- In case of maintaining station and prevention activity
- 18:00~22:00 for weekdays
Attention | 09:00 ~ 18:00 for weekends
(Supplementary work until 09:00a.m. on the next day
(in case of rainfall forecast for more than 30mm/day))
- More than 3,000m/sec of discharge flow
- In case of heavy rain watch
Stage 1 - Forecast of more than 70mm for 6 hours
(Caution) | - Forecast of more than 110mm for 12 hours
- Reaching 4.5m of Hanging River Bridge water level
- Typhoon watch (more than 20m/s of wind velocity)
- More than 5,000m'/sec of discharge flow
- In case of heavy rain warning
Stage 2 - Forecast of more than 110mm for 6 hours
(Warning) | - Forecast of more than 180mm for 12 hours
- Expecting 8.5m of Hanging River Bridge water level
- Typhoon warning (more than 26m/s of wind velocity)
- More than 12,000m/sec of discharge flow
Stage 3 |~ In case of flood warning
(Daﬁe N - Expecting 10.5m of Hanging River Bridge water level
£e - In case of having multiple flood victims
- Expecting serious disaster
A0 7B EAE e A T4 W
AR S Eekar Q= Zlo] 54t o & 59, &
G5l I ol 3,000m/secd A-H(FATA) WhE,
oE, oM, dAE Soll = AlRle] ti¥] 7} o]
oJ A of s, WHR-EFo| 7,000m'/secE HAE (A
Aol FuFad, FEETY Sol HfEolor drt
(Table 5).

Table 5. Tasks assigned to each

stage of Safety
Management Plan(storm and flood)(Han
River Business Headquarters, 2015)

Threat level

Measure

Attention

- Applied and directed by weather forcast

- Precipitation and water level (Jamsu Bridge)

- Check the discharge flow from Paldang Dam

- The managers in charge of each facility and
water resource corporation shall check and
inspect composition of manual for inundation
depth and measures to be taken depending on
the discharge flow of Paldang Dam.




- Discharge flow from Paldang Dam [3,000 m'/sec]

+ Evacuation from Banpo, Ichon, Yeouido Saetgang,
and Nanji Hangang Park

- Discharge flow from Paldang Dam [4,000 m*/sec]

- Evacuation from Gangseo Marsh Ecological
Park

- Situation spread through information centers,
local, and related organizations

- Move of parked vehicles and control of
vehicle entry

- Cancellation and evacuation of ships

- Emergency duty for all parks (check availability
of personnel  for tow trucks and forklifts)

-+ The managers in charge of each facility and

resource  corporation shall check
inundation depth depending on the discharge
flow of Paldang Dam and send the report on
the measures to be taken to the Central
Operation Room according to the manual.

- The manager of water facility management
shall check the measures that are taken in
preparation of flood damage and report the
results  to the Central Operation Room.

- Discharge flow from Paldang Dam [5,000 m*/sec]

- Evacuation from Yeouido, Yanghwa, and

Mangwon Hangang Park

- Discharge flow from Paldang Dam [7,000 ™*/sec]
- Evacuation from Gwangnaru Hangang Park

- Discharge flow from Paldang Dam [10,000 m*/sec]

- Evacuation from Jamsil Hangang Park

- Directors of each center shall contact and
report close of the flood gates to the Central
Operation Room(The directors of the centers
shall check the water level with naked eyes to prevent
and evacuate in case of flood in advance).

- Discharge flow from Paldang Dam [12,000 m*/sec]

- Evacuation from Jamwon Hangang Park

- Discharge flow from Paldang Dam [13,000 m*/sec]

- Evacuation from Ttukseom Hangang Park

- Evacuation from all parks around Han River

- Same as the Stage 2 for actual evacuation

Stage 1
(Caution)

water

Stage 2
(Warning)

Stage 3
(Danger)
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A3k, g 0 ol 90 B WES Fuel vl
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Table 6. EAP Comparison of Korea and overseas

countries
Phases
Mitigati
T Pl v | e[
Organizati
Korea Water
uro:n | Attention| Caution [Waming| Danger]

(S. Korea)

Han'River R ion

Business  Attention| Caution [WamingWarming| activity after

Headquarters erj flood

(S. Korea)

DHS / FEMA Early response| response activity at MR:?[:;&

US.A) activity flood ot

Todoufuken / " [Prepar[Mobili] Wami| Cancel

Tokyo (Japan) > ation | zation ng | lation

4.2 $SHAME EAP =AY (2 7HE:
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211 AAE 2 B2 sk, Qe dje) 5171
2 AALt A7 HES AR deEAd E3ele Al
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B =S TW T8 FHAEE EAP ZHAHIE A
G SAA 7 2 FAFe] E3kEo] 9= V(1
W) 97148 R B9l “Fe sk EdEe] e
FHIQEA,«  “9I71H 2] ywA] 397|(Caution,
Response Recovery)7 E%EI o & “TF A Al o

3 ¥R B4 FR F AFAL} XY 2R
Feaslon, o te} EAP ZeAUT ARAYE

T3S tHTable 7).

Table 7. EAP Framework(planned)

Stage Specific task
- Organization composition in case of an emergency
Stagel: - Establ?shment of response activity‘ in case of flood
Mitigation - Establishment of embankment maintenance system
and repair resource transportation plan
- EAP training and simulation
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- General tasks of ‘Preparedness’ - EAP %@
- Early facility inspection _ Z12AEE] 2R T
- Patrol and patrol related tasks R TH ] B
- Safety and supplementary guard @ EH/}} A]@% ?15:]_ =
Stage 2: - Verification of embankment maintenance —
- 2]
Preparedn system and repair resource transportation plan E}FE C
ess - Media communications -2y An
- Disaster Impact Flow and impact prediction -
- Risk management and EAP response - X'“ H S
- Stage of Attention: Accident detection, risk _ ﬂ%]; zé H
assessment, report, patrol, reinforced inspection, etc
- Risk management and EAP response - A}Uwi Zéy_
- Stage of Caution: Risk asscs'sr‘n‘cnt, WaAming and = ~] 73 B
report, reinforcement of facilities during target )
period, etc. @ %H] ‘3‘; ;g' 7]fH%%L%(Mitigation)
. - Stage of Warning: Risk assessment, spread of P o F= )
lfzzfg)(c)nssc risk related information, protection/reinforcement -7 degs A
of facilities, start of evacuation from industrial - AAE FAEE 9 RS A &
and residential area
S "l "olT 3
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Table 8. Proposed EAP of Levee Sung-seo(Stage of Danger)

Location River side land
Public or Private Public
Infrastructure Type Levee
Name Seong-Seo Levee
Risk Level Danger
Facility Operation  |Closed (Prohibit Approach
EAP Shelter N/A
Evacuation  |Should be done
Evacuation |Use Route No. 2
People Route (500 Year Flood Cycle)
EAP Alczgeil;e?or Please !JC inside the shelter 1{ntil
the notice of 'Stage of Warning'
people
Evacuation of Prompt evacuation required
Operator
- Report to headquarters
- Flood information diffusion to
i Activity of qulic and‘ mass media
b Department | Dlspatgh site experts
- Maintain the communication
with recovery resources
Operztor - Close the facility
D an - Investigation of settlement,
epartment o .
EAP sliding, piping, etc.
Repair Criteria |- length and width of cracks
- degree of settlement and sliding
- degree of collapsing
- Grouting/Replacement
- Low water level control
Repair Methods |- Surcharge process method
- Precast pile method
- Sheet pile method, etc.
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