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The 2nd International Water Safety Symposium is organized with the legacy of the successful symposium 

in Busan 2014. The 2nd IWSS brings together leading international researchers and experts to share 

knowledge of water safety to enhance worldwide understanding of water safety in various approaches. 

The IWSS will integrate the development of related science, public education and training strategies to 

reduce the risk of accident in water environment such as swimming pool, waterfront and beach. 

Key themes include scientific and engineering analysis of water safety, social scientific implementation 

of water safety and its education, lastly multidisciplinary research for water safety including tourism, 

emergency response, first aid and environment protection. 

There are opportunities to visit unique coastal beaches in Korea and you will witness the beach safety 

operation system in Korean Coast Guard. Also all participants will have formal and casual social gathering 

organized by IWSS Local Organization Committee.

IWSS 2016 
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I am very pleased to welcome you all to Incheon, South Korea, 
the international hub city with the 2nd International Water Safety 
Symposium. Having served as President of Lifesaving Society 
Korea, I had privilege of getting to know and working closely with 
many leaders and scholars working for drowning prevention and 
water safety. Deeply impressed by their outstanding works and 
dedication to improving our world, I came to believe that it is our 
passion and hard efforts that have made the today's world a safer 

place than that of yesterday. Internationally drowning is the second cause of incidental death, which we 
have to cry by losing thousands of kids by drowning. And it is evident that the accident is preventable. 
Scholars and experts are conducting researches and studies to prevent such tragedies. Lifesaving Society 
Korea has been thriving water safety with education, training and research with collaboration Korean 
government. And through the 2nd International Water Safety Symposium, all lifesavers not only from South 
Korea but also from the globe will more actively work for the same goal, saving lives around the water 
environment. 

Lifesaving Society Korea has worked with Korean Coast Guard and other government authorities for last 8 
years to create safer water recreational environment by conducting beach safety audit, public education, 
and recruiting lifesavers. This effort will continue with the support of leaders and scholars who come for 
the symposium. I once again appreciate you taking the time to come all the way to South Korea. I am 
glad that you are visiting Korea at a perfect time of the year. Summer is surely the best season to travel to 
Korea among four seasons.

During your stay in Korea, I hope that our foreign friends can fully enjoy all the charms Korea's summer 
provides: beautiful weather, blue sky, wonderful beaches as well as warm hospitality of Korean people. 
Thank you.

Myung Ok Choi
President

Lifesaving Society Korea

Host
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It is my pleasure and an honor to welcome you to the 2nd 

International Water Safety Symposium (IWSS) in Incheon, 

Hub city of Asia.  On behalf of organizing committee, I really 

appreciate enthusiasm and efforts of all participants especially, 

keynote speakers, world renowned researcher, scholars, and 

young students which make this symposium possible and more 

successful.

The 2nd IWSS provides leading international researchers and experts the foundation to share their 

knowledge and to enhance mutual understanding of water safety in various applications. In the 2nd IWSS, 

several key themes will be discussed including engineering and scientific analysis of water safety, social 

implementation of water safety and its education, and multidisciplinary research for water safety in various 

areas.

 

I hope that the 2nd IWSS will be the place to exchange knowledge and ideas as well as will be the basis 

of lasting partnerships and personal friendships. And finally, please take some time to witness the beach 

safety operation system in Korea Costal Guard and to enjoy the beauty of beaches in Incheon. During the 

symposium, we wish you enjoy your stay and bring back home with great memories.

Yoo, Ji-Beom

Vice President of Sungkyunkwan University

President of Research & Business Foundation
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It is my great pleasure to welcome you to the 2nd International 

Water Safety Symposium 2016 to be held in Incheon, South Korea. 

We welcome all speakers and participants to share knowledge, 

information, and skills in the field of water safety.

The 2nd International Water Safety Symposium brings leading 

international researchers and experts together to share knowledge 

of scientific approach for water safety including public education and training, emergency response, and 

environmental protection in water environment. One of the main missions of the Korea Atomic Energy 

Research Institute (KAERI) is to protect the public in water environment against unexpected nuclear 

incident like the Fukushima accident. In these aspects, the 2nd International Water Safety Symposium 

can be very valuable conference to derive best solutions for water pollution and to integrate the related 

sciences in aquatic environment.

I appreciate you for taking the time to come all the way to Korea. I am glad that you are visiting Korea at a 

perfect time of the year. During your stay in Korea, I hope that you can fully enjoy all the charms of Korea: 

beautiful weather, blue sky, and wonderful beaches as well as warm hospitality of Korean people.  Thank 

you.

Chul-Hwa SONG

Vice President of KAERI
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• Lifesaving Society Korea  |  Ms. Myungok Choi
• Sungkynkwan University  |  Dr. Ji-Beom Yoo
• Korea Atomic Energy Research Institite  |  Dr. Chul-Hwa Song

• Sungkyunkwan University  |  Dr. Jooyong Lee

• Fineanswer  |  Mr. Ung Bae

• Lifesaving Society Korea  |  Mr. Jong Rae Kim

• Sungkyunkwan University  |  Dr. Hong Sik Yun

• Lifesaving Society Korea  |  Mr. Dae Young Kang
• Sungkyunkwan University  |  Dr. Jooyong Lee
• Sungkyunkwan University  |  Dr. Gyumin Lee
• Fineanswer  |  Mr. Ung Bae
• Lifesaving Society Korea  |  Mr. Taekeun Kim
• Lifesaving Society Korea  |  Mr. Jong Rae Kim
• Lifesaving Society Korea  |  Mr. Chang Wook Lee
• Kangwon National University  |  Dr. Dong-Ha Lee
• Pukyong National University  |  Dr. Chang-ill Yoo
• Pusan National University  |  Dr. Hyunsu Kim
• Gyeongsang National University  |  Dr. Dong Soo Hur

• Sungkyunkwan University  |  Dr. Jung Lyul Lee
• Chung-Ang University  |  Dr. Won Chul Cho
• Korea Atomic Energy Research Institute  |  Dr. Kyung-Suk Suh
• Sungkyunkwan University  |  Dr. Jooyong Lee
• Korea Atomic Energy Research Institute  |  Dr. Byuing-Il Min
• Nidaria Technology Ltd.  |  Dr. Amit Lotan
• Aquatic Safety Research Group, LLC  |  Dr. Tom Griffiths
• University of New South Wales  |  Dr. Rob Brander
• Plymouth University  |  Dr. Tim Scott
• Bordeaux University  |  Dr. Bruno Castelle
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Oral presentations

Poster presentations

• The poster sessions are held in front of the IWSS session room (#113~#115).

     - Poster Session #1 : (Day 2, June 22nd, 09:30 ~ 13:00) 
     - Poster Session #2 : (Day 2, June 22nd, 13:30 ~ 17:00) 
     - Poster Session #3 : (Day 3, June 23rd, 09:30 ~ 13:00) 
     - Poster Session #4 : (Day 3, June 23rd, 13:30 ~ 17:00) 

• Posters should be produced on A0 size(841 x 1189 mm) portrait format.

• The poster sessions are held in a large dedicated space and the sessions will be open all 
    day on the official schedule.

     - Please carry your poster to the symposium, using tubular packaging or a portfolio case.
     - Please place your poster on the assigned number. You can check your own poster number and 
       the board will be numbered for you.
     - We will provide pushpins or thumbtacks to mount your poster.
     - You must stay beside your poster during the coffee break.

Guidelines for Oral & Poster Presentation

• Each presentation is allocated 15 minutes duration followed by 5 minutes question time.

     - The session chairs will be instructed to strictly adhere to the allotted time to ensure the parallel 
       sessions are truly parallel

• Power point presentations are to be used (Microsoft Office 2010).

• You must send your presentation materials in advance.

     - If you revised contents after sending us, you have to upload your new materials before the start 
       of the session on the day.
     - You must check your presentation beforehand to make sure any videos and animations work. 
       Given very short changeover time available between presentations.
     - There will be someone present in every session room throughout the day to assist you with this process.
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22nd June (Wed) - IWSS Day 2

Session #1 : 13:30~15:00  /  Session Chair: Kyung Suk Suh

Session #2 : 13:30~15:00  /  Session Chair: Garry Seghers

Session #3 : 13:30~15:00  /  Session Chair: Sung Bum Yoon

IWSS-S01-1

IWSS-S01-2

IWSS-S01-3

IWSS-S01-4

IWSS-S02-1

IWSS-S02-2

IWSS-S02-3

IWSS-S02-4

IWSS-S03-1

IWSS-S03-2

IWSS-S03-3

IWSS-S03-4

Session Information
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Oral Sessions

Estimation of sea surface depositions in the Pacific Ocean by radioactive material released into the atmosphere from the 
Fukushima nuclear accident
Kyung Suk Suh, Kihyun Park, Byung Mo Yang, Sora Kim, Byung Il Min

Aquatic survival programme
Garry Seghers, Tom Mecrow

Validating the applicability of MACCS2 on the assessment of radionuclide deposition over the ocean in Fukushima 
Daiichi nuclear power plant accident case
Sora Kim, Byung-Il Min, Kihyun Park, Byung-Mo Yang, Kyung-Suk Suh

Teaching water safety in a multicultural environment
David Speechley

Hydrodynamic simulations of a macro-tidal area using particle tracking methods for safe recreational water activities
Seung Won Suh, Jin Su Seok, Hwa Young Lee

Developing a high-performance team training method (modified "pit crew") for drowning response by lifeguards when 
the number of responders, timing of arrival on scene, and equipment may vary
Jill E. White, Lake White

Application of velocity bunching model to estimate waveheight of ocean waves using multiple synthetic aperture radar data
Chan-Su Yang, Kazuo Ouchi

Research on present situation of water survival teaching in universities: A case study of university swimming sourse in 
Guizhou Province
Sheng Yi Ma, Chun Tao Jia

Non-hydrostatic simulation of a rip current 
Jian Shi, Chaofeng Tong

The numerical study of rip current generation at Daecheon Beach located on the West coast of Korea
Jong-Joo Yoon

Field observation and numerical modelling of rip currents under in the pocket beach  
Sungwon Shin, Jungmin Nam, Sangyoung Son, Tae-Hwa Jung

The effects of offshore shoals on rip current generation in an embayed beach
Guoxiang Wu, Bingchen Liang, Huajun Li, Dong Young Lee



Session #4 : 15:30~17:00  /   Session Chair: Jeong In Chang

Session #5 : 15:30~17:00  /  Session Chair: Am Jang

22nd June (Wed) - IWSS Day 2

Session #6 : 15:30~17:00  /  Session Chair: David Speechley

IWSS-S04-1

IWSS-S04-2

IWSS-S04-3

IWSS-S04-4

IWSS-S05-1

IWSS-S05-2

IWSS-S05-3

IWSS-S05-4

IWSS-S06-1

IWSS-S06-2

IWSS-S06-3

IWSS-S06-4

Session Information
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Oral Sessions

A review of beach safety facilities in Korea: implications for management
In Joo Yoon, Jang Won Hong

The fouling characteristics of mixture NOMs on the microfiltration ceramic membrane
Kyung-Jo Kim, Am Jang

Assessing economic value of beach restoration : the case of Song-do Beach in Korea
Jeong In Chang, Sungsoon Yoon

Characterizing the sources affecting abundance of taste and odour compounds at primary river systems in Korea through 
a combination of Monte Carlo simulation and self-organizing map
Inhyeok Yim, Seo Jin Ki, Bum Jo Kim, Joon Ha Kim

A study on the safety of the management of the Natatoriums in China
Jin Yang Su, Chong Jia

Recovery of organic acid from food wastes by MF combined RO system
Won-Hee Lee, Imran Ali, Jong-Oh Kim

Perception of safety as a mediator in the relationship among service quality, satisfaction, and behavioral intention at 
Korean beach sites
Min Seok Lee, Sung Bum Chun, Chul Won Lee, Chanmin Park, Min Jeong Kim

Effect of doping sulfated-TiO2 nanomaterials on properties of polyethersulfone mixed matrix membrane for water 
treatment 
Jing Guo, Jeonghwan Kim

GIS-based spatial analysis of maritime accidents database in the coastal zone of Korea
Dong-Ha Lee, Tri Dev Acharya, Jin-Sang Hwang

A study on the functional improvement of the DGNSS Reference station for provision of maritime safety information
Wonseok Jang, Hansan Park, Kiyeol Seo

Safety accident reduction plan from marine leisure activities in accident risk areas through the development and 
installation of floating type drifting object (lifesaving ship (RESCUE 122 tentatively)) 
Jae Hyung Lee, Tae Ho Kim, Kang Bon Goo, Jae Hyun Ha

Improvement plan through the analysis of marine lifesaving educational course and status of domestic marine leisure 
safety education groups
Gwi Baeg Kim, Jae Hyung Lee, Sung Gill Kim, KangHoon Seok, YunSeok, Choi



23rd June (Thu) - IWSS Day 3

Session #7 : 10:00~11:30  /  Session Chair: Amit Lotan

Session #8 : 10:00~11:30  /  Session Chair: Tom Griffiths

Understanding characteristics of upward and downward flows in coral reef region for safety of recreational diving
Woo Dong Lee, Sung Gill Kim, Jae Hyung Lee, Dong Soo Hur

Research on risk management of swimming training for children:Taking Guizhou Province as an example
Chong Jia, Yong Ding

Environmental impact assessment of land use change in coastal areas of China’s Jiangsu Province in recent 10 years
Bao GuiYe, Gao YongNian, Huang He

A research on the related problems of the construction of the safety guarantee system of the school swimming courses
Li Zheng, Sheng Yi Ma

Total volatile organic compounds (Benzene, Toluene, Ethylbenzene, and Xylene) in surface sediments from barrier 
islands in the Nakdong River estuary, South Korea
Jun-Ho Lee, Han Jun Woo, Kap-Sik Jeong, Kap Song Park

Analysis and international comparison of drowning in South Korea
EunHo Shin, Dae Young Kang

Effect of power cooling water to the ecosystem of Youngil Bay and Hyeongsan river estuary in South Korea
Woo Dong Lee, Myeong-Gyu Kim, Tae-Woo Kim, Dong-Woo Ko, Jong Sung Yoon

Analysis of the awareness change of public CPR(Cardiopulmonary Resuscitation) training in metropolitan Seoul from 
2010 to 2015
HyeMi Kim, Dae Young Kang, Taekeun Kim

Session #9 : 10:00~11:30  /  Session Chair: Daniel Schaffer

Flow and sediment transport with non-submerged riparian vegetation in 1D scheme
Ho Seong Jeon, Makiko Obana, Kyu Ho Kim, Tetsuro Tsujimoto

Effects of coagulant with different basicity on membrane-based biological treatment for removing phosphorus from 
municipal wastewater
Eui-Jong Lee, Hyungsoo Kim

Experimental investigation on wave elimination through flexible plants
Zegao Yin, Xiaoyu Yang, Yuanzhao Xu, Zhenlu Wang, Haixiang Lu

Evaluation of granulated coal ash as artificial seabed for eelgrass
Shinya Nakashita, Kenji Nakamoto, Yoshinori Koshikawa, Kyunghoi Kim, Tadashi Hibino

IWSS-S07-1

IWSS-S07-2

IWSS-S07-3

IWSS-S07-4

IWSS-S08-1

IWSS-S08-2

IWSS-S08-3

IWSS-S08-4

IWSS-S09-1

IWSS-S09-2

IWSS-S09-3

IWSS-S09-4

Session Information

IWSS 2016•018

Oral Sessions



23rd June (Thu) - IWSS Day 3

Session #10 : 13:30~15:00  /   Session Chair: Hyun-Doug Yoon

Session #11 : 13:30~15:00  /   Session Chair: Seung-Buhm Woo

Experiment on stable weight of concrete armor unit at convex corner at breakwater trunk area
Young-Taek Kim, Jong-In Lee, Yonguk Ryu

Development of meteotsunami monitoring system using the atmospheric pressure jump detection algorithm
Seung-Buhm Woo, Eun-Pyo Lim, Si-Baek Lee, Sunghyup You, Myung-Seok Kim

Design of the submerged breakwaters for the beach protection
Yijie Chen, Zhaoyan Xu, Dong Young Lee 

Trend estimation or regional sea-level in Korea using empirical mode decomposition and its variations
Hongyeon Cho, Kyeong Ok Kim, Han Soo Lee

Stability of seawall armoured with perforated pattern concrete slab
Yanqiu Meng, Chaofeng Tong, Guoping Chen, Shichang Yan, Qingfeng Zhang

Long-term variations of annual sea level and maximum surge height at Korean coast
Do-Youn Kim, Sang-Hoon Park, Seung-Buhm Woo, Kwang-Young Jung, Eunil Lee

Kinematics of overtopping flow on breakwater top
Yonguk Ryu, Tae-Hwa Jung, Young-Taek Kim

Study on the characteristic of tidal current at Uldolmok, Korea
Jun Soek Park, Jin Soon Park, Kwang Soo Lee, Jung Lyul Lee

Session #12 : 13:30~15:00   /   Session Chair: Ki-young Heo

A study on development of policy using numerical model for preventing coastal flooding in Jakarta bay, Indonesia
Hansan Park, Jinyong Choi, Ki-Young Heo

A study on national and local risk analysis of natural disasters in Korea
Byung-Mo Yang, Kyung-Suk Suh, In-Gyu Kim, Jiyoon Kim, Byung-Il Min

Synoptic study on search and rescue modeling at beaches during tsunami events
Jin-Yong Choi, Jung-Woon Choi, Ki-Young Heo, Taemin Ha

A study on efficient deployment of disaster resources at Busan Haeundae Beach
Woon-Chul Jung, Hong Sik Yun, Jae-Joon Lee

IWSS-S10-1

IWSS-S10-2

IWSS-S10-3

IWSS-S10-4

IWSS-S11-1

IWSS-S11-2

IWSS-S11-3

IWSS-S11-4

IWSS-S12-1

IWSS-S12-2

IWSS-S12-3

IWSS-S12-4

Session Information
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23rd June (Thu) - IWSS Day 3

Session #13 : 15:30~17:00   /   Session Chair: Sangyoung Son

Session #14 : 15:30~17:00   /   Session Chair: Won Chul Cho

An observational and numerical study of storm-induced morphologic changes at Sanpo Beach, Korea
Sangyoung Son, Jinhoon Kim, Hyun-Doug Yoon, Tae-Hwa Jung, Sungwon Shin

UAV application for process control of the reclamation project
Jae one Lee, Jung Ok Kim, Jae Kang Lee

Shoreline changing analysis using airborne LiDAR bathymetry for coastal monitoring
Hyunsuk Kim, Suk Bae Lee, Kwan-Sik Min

Analysis and mapping of swimming safety zone by beach monitoring
Hyung-Seok Lee, In Ho Kim

Shoreline change monitoring using high resolution digital photogrammetric technique
Yushin Ahn, Bumshick Shin, Kyu-Han Kim

Numerical modelling of large swell waves using different atmospheric reanalysis data in East Sea
Taemin Ha, Ki-Young Heo, Jung Sook Jeon, Seokkoo Kang

Characteristics of wave run-up and beach profile change with abnormal wind velocity condition
Kyu-Han Kim, Kyu-Tae Shim

Analysis of coastal erosion and establishment of countermeasure in Sanpo-Ri, Uljin-Gun using field survey and 
measurement data
Hyeong Jun Kim, Won Kyung Park, Won Chul Cho

Session #15 : 15:30~17:00     /   Session Chair: Sungwon Shin

Efficacy of adaptive mesh refinement method for tsunami run-up modelling
Han Soo Lee

Selection of ship evacuation area to construct tsunami emergency action plan
Myeong Hwan Jho, Gun Hyeong Kim, Seung Gyu Hyun, Sung Bum Yoon

A study on the numerical weather modelling for the coastal disaster by the meteo-tsunami in the Yellow Sea, South Korea
Hyunsu Kim, Myung-Seok Kim, Ho-Jae Lee, Seung-Buhm Woo, Yoo-Keun Kim

Shock capturing shallow water model for long waves generated by a moving atmospheric pressure across a straight 
shoreline on a sloping beach
Young-Kwang Choi, Seung-Nam Seo

IWSS-S13-1

IWSS-S13-2

IWSS-S13-3

IWSS-S13-4

IWSS-S14-1

IWSS-S14-2

IWSS-S14-3

IWSS-S14-4

IWSS-S15-1

IWSS-S15-2

IWSS-S15-3

IWSS-S15-4

Session Information

IWSS 2016•020

Oral Sessions



24th June (Fri) - IWSS Day 4

Session #16 : 09:00~10:30   /   Session Chair: Han Soo Lee

Session #17 : 09:00~10:30    /   Session Chair: Tae-Soon Kang

The investigation of swash motion and wave run-up based on 2D wave flume experiment
Zhaoyan Xu, Jun Wang, Bingchen Liang, Yujie Chen

Modeling research on stratification-mixing mechanism in Pearl River estuary，China
Chaofeng Tong, Li Lei, Bo Wang, Yanqiu Meng

Reflection of long waves from coastal area in surge modeling
Sae Chan Oh, Choong Hun Shin, Sobeom Jin, Sung Bum Yoon

Evaluation of loss estimation due to the inundation height in Haeundae Beach, Busan
Seung-hyun Eem, Junghyun Park

Numerical studies of effects of submerged breakwater on wave overtopping
Zhenlu Wang, Zegao Yin, Yujie Chen, Bo Yang

Long-term effectiveness of coastal sand dune in the estuary barrier island
Junghyun Park, Han-sam Yoon, Seung-hyun Eem

Numerical modelling of wave run-up with interaction between wave and dolosse breakwater
Bingchen Liang, Shuai Ma, Xinying Pan, Dong Young Lee, Yujie Chen

The characteristic of wind data and sensitivity analysis of wave model for hindcasting wave model
Ho-Sik Eum, Jong-Jip Park, Tae-Soon Kang

Session #18 : 09:00~10:30    /   Session Chair: Dong-Ha Lee

Real scale experiments on vehicle and pedestrian swept away due to rapid flows
Dojoon Jung, Joongu Kang, Hong-Koo Yeo, Yonguk Ryu

Beach profile and shoreline measurements by using unmanned aerial vehicle
Jungmin Nam, Sunil Park, Jungho Choi, Jungheon Kim

Analysis on tidal channels using UAV images: Focused on the West coast, South Korea case analysis
Jae one Lee, Jung Ok Kim, Jae Kang Lee

Analysis of Hu-moments invariants using captured image frames by CCD camera for detecting of wave period
Jongchul Yoon, Jinhoon Kim, Dongseob Song

IWSS-S16-1

IWSS-S16-2

IWSS-S16-3

IWSS-S16-4

IWSS-S17-1

IWSS-S17-2

IWSS-S17-3

IWSS-S17-4

IWSS-S18-1

IWSS-S18-2

IWSS-S18-3

IWSS-S18-4

Session Information
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Change of benthic environment by covering of fly ash-cement mixture along the passage of time
Kyeongmin Kim, Sung Hoon Ryu, Sinya Nakashita, Kyunghoi Kim, In-Cheol Lee

Measurement of lead in seawater using gold nanoparticles modified screen printed carbon electrode
Yong-Gu Lee, Am Jang

Analysis of optimum mixture ratio of the granulated coal ash for the remediation of coastal sediment
Gyeong Seck, Shinya Nakashita, In-Cheol Lee, Jong-Ryol Kim, Kyunghoi Kim

Investigation of air nano bubbles effects for fouling control in pressure driven membrane process
H.N.P Dayarathne, Am Jang

Fouling control in forward osmosis membrane using free-radical generated from collapsing of Micro-Nano Bubbles (MNBS)
Rizwan Khan, Am Jang

Analysis of continuing Cesium release to the sea from the Fukushima Dai-ichi nuclear power plant until 2013
Byung-Il Min, Sora Kim, ByungMo Yang, Kyung-suk Suh, Kihyun Park

Simulation of radioactive cesium transfer in the Fukushima coastal marine biota using a semi-dynamic food chain model
Byung-Il Min, Kihyun Park, ByungMo Yang, Kyung-suk Suh, Sora Kim

A study on withering of Salix subfamilies communities in Namgang-Dam reservoir by long term inundation
Hye-Run Jung, Ki-Heung Kim

Safety assessment of dinkingwater quality management according to membrane filtration operating types on membrane 
resistance based of raw water changes
Yongsoo Lee, Hyungsoo Kim, Ha-Young Kang, Keumryul Ha, Muhammad Irfan, Jong-Oh Kim

A study on the control of membrane fouling using circulation coagulation inside pipe in drinking water treatment process 
Chang-Ha Lee, Hyungsoo Kim, Ji-Young Moon, Jihoon Kim, Hyungsook Kim

Optimization of pilot scale plug-flow reactor for industrial wastewater containing 1,4-dioxane
Sung-su Lee, Du Ri Park, Soo kyo Shin, Kang Hoon Lee, Ick Tae Yeom

Field observation and numerical modelling on the hydrodynamics behind a submerged breakwater
Jinhoon Kim, Yeon Myeong Jeong

Ultrafiltration and reverse osmosis membrane fouling control by the ozonation-coagulation process in treated wastewater reuse process
Mingue Kim, Geonyoub Kim, Jihoon Kim, Wonseok Chang, Hyungsoo Kim 

A study on scale determination of FO-RO hybrid process based on the FO recovery rate
Geonyoub Kim, Junwon Jeong, Jihoon Kim, Mingue Kim, Hyungsoo Kim

Biodegradation of 1,4-dioxane by mixed culture and the influence of the additional carbon sources
Kang Hoon Lee, Soo Kyo Shin, Du Ri Park, Sung-su Lee, Ick Tae Yeom

Relationships among service quality, customer satisfaction, loyalty and perception of safety at the water theme parks
Url Ro Han, Jee Hoon Han, Kwang Won Park, Min Jeong Kim, Chul Won Lee

Analysis on activities and expenditures of marine leisure tourism in Korea
Jang Won Hong, Jeong-In Chang

Environmental-friendly vitalization strategy around dam by governance in Korea
Il-hwan Seo, Gyumin Lee

An introduction to Aquatic Environment Life-saving Integrated System
Dae Young Kang, Jooyong Lee
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Numerical simulation on local score at Samsan Bridge piers in Korea
Sun-Kyu Park, Jung Lyul Lee, Jooyong Lee, Sungnam Hong

New priority ranking algorithm for the deteriorated coastal bridges considering network level
Sungnam Hong, Jongho Park, Sun-Kyu Park

Development and application of probabilistic prediction model of storage to decision-making support for water management
Minsung Kwon, Kyung Soo Jun, Tae-Woong Kim

Modelling of East Sea storm waves in November 2015
Weon Mu Jeong, Sang-Ho Oh, Han Soo Lee, Kyung-Ho Ryu

A proposal for criterion of sudden high waves that cause marine accidents and property damage on the East coast of Korea
In-Chul Kim, Jihee Oh, Kyung-Duck Suh

Designation method of dynamic intentional grounding zone in coastal region for passenger ship refuge in uncontrolled marine accident
Dan-Bee Hong, Sun-Hwa Kim, Chan-Su Yang

Simulation of storm surge and wave on the South-eastern coast of Korea during typhoon Sanba using a tide-surge-wave model
Jin-Hee Yuk, Junghyun Park

Structural review of artificial reef block using fluid-structure interaction method
Choonghyun Kang, Taewan Kim, Yongmyung Park

A new unified numerical model for surge in the Norwestern Pacific
Sok Kuh Kang, Kyung Tae Jung, Kyeong Ok Kim, Eun Jin Kim, Young Ho Seung

Swell propagation caused by typhoon to the Yellow and South Seas 
Kyeong Ok Kim, Jin-Hee Yuk, Kyeong Tae Jung, Byung Ho Choi

Optimal methods for meteotsunami arrival time to analyze propagation direction in the Yellow Sea
Myung-Seok Kim, Hyunsu Kim, Hyun-Min Eom, Yoo-Keun Kim, Seung-Buhm Woo

Optimal location analysis of seawater desalination plants through big data image processing 
Jihoon Kim, Taewoo Kim, Hong Sik Yun, Hyungsoo Kim

Algae inflow monitoring using satellite images for the process control of the Gijang desalination plant
Moonsoo Song, Jaemyoung Cho, Taewoo Kim, Hong Sik Yun

Prediction of sand beach variations by coupling of hydrodynamic and extreme morphological models
Maeng Jin Kim,  Seung Won Suh, Hyeon Jeong Kim, Sung Hyun Kim

Applicability of multiple submerged narrow-crested breakwaters for reduction of mean water level in rear side and flow control
Dong Soo Hur, Won Chul Cho, Jong Sung Yoon, In Ho Kim, Woo Dong Lee

Numerical analysis on energy dissipation of tsunami through vegetation zone
Yeon Myeong Jeong, Jong Ryul Park, Ho Seong Jeon

Thermophysiological information for harbor workers safety in summer
Jinah Yun, Yoo-Keun Kim, Mi-Kyoung Hwang

Hydraulic experiments of sinkable floating storm surge barrier for the various wave acting
Jae-Seol Shim, Jong-Joo Yoon

A study on the ground fixing for marine landfills
Woochang Song, Hongyoung Kim, Dongseob Song

A study on rip current forecasting index of Haeundae Beach
Sahong Lee, Dong Hee Kim, Jung Lyul Lee
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Spatiotemporal analysis between sand transport and beach erosion
In Ho Kim, Jae-Seok Choi, Hyung-Seok Lee

Automatic extraction of rock boundary in seabed using multibeam enchosounder backscatter date
Jae one Lee, Hye won Choi, Jae Kang Lee

The preliminary analysis for the cause of rapid sea level rise near Jeju Island
Chaewook Lim, Seung-Buhm Woo,  PyeongJoong Kim, Kwang-Young Jung, Eunil Lee

Optimal methods for meteotsunami arrival time to analyze propagation direction in the Yellow Sea
Myung-Seok Kim, Hyunsu Kim, Hyun-Min Eom, Yoo-Keun Kim, Seung-Buhm Woo

Interaction between river discharge and storm surge for assessment of water safety around urbanized area
Dong-Hwan Kim, Chang-ill Yoo, Heon-Tae Kim

A review of secondary beach erosion damages rely on a delay in the construction of beach erosion countermeasures
Kyu-Tae Shim, Bumshick Shin, Kyu-Han Kim

Dynamic observation for wave induced current using UAV-based photogrammetry
Bumshick Shin, Yushin Ahn

Real scale experiments on evacuation ability along stairs during flooding
Joongu Kang, Sung-Joong Kim, Dojoon Jung, Yonguk Ryu

An approach of tsunami vulnerability assessment considering urbanization and climate change 
Gyumin Lee, Kyung Soo Jun

Efficiency of debris reduction devices on bridge pier
Sung-Joong Kim, Jong-Tae Kim, Joongu Kang, Yonguk Ryu

Experimental study on flood mitigation effects by detention basin
Hyung-Jun Kim, Kwang-Seok Yoon, Hoje Seong, Yonguk Ryu, Dong Sop Rhee

Warning indexation of rip current vectors by a rose diagram
Dong Hee Kim, Ki Chul Park, Inchul Kim, Jung Lyul Lee

Evaluation of wind and wave simulations using different global reanalyses
Ki-Young Heo, Taemin Ha, Kwang-Soon Park, Kicheon Jun

Meteorological analysis of the sea fog in winter season on the Gyeonggi Bay, Yellow Sea : A case study for the 106-vehicle pileup on 11 February 2015
Yoo-Keun Kim, Hyunsu Kim, Ho-Jae Lee, Jang-Won Seo, Yo-Hwan Choi

A study of the comparative analysis on derivation of date-driven statistical model for sustainable coastal management
Jinah Kim

The improvement of a particle tracking simulation using drift buoy data
Jung-Woon Choi, Kwang-Soon Park, Ki-Young Heo, Jin-Yong Choi

The security intervention research of swimming curriculum in college school - Take the swimming curriculum in Sichuan Province as example
Yu Xue Lian, Li Jun liang, Liu Yang Ju, Hu Hai Yang

Variability of wave-induced current considering wave–tide interaction in Haeundae
Hak Soo Lim, Hee Jun Lee, Jae-Seol Shim, Insik Chun

Monitoring and analysis of bacterial communities during a summer season on Gyeongpo Beach, Korea
Yoon Jeong Yeon, In Ho Kim, Jung Lyul Lee

Assessment of coastal vulnerability to typhoon in Korea
Tae-Soon Kang, Hyeong-Min Oh, Seok-Jae Kwon, Jong-Sup Lee
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Numerical simulation of tsunami force acting on vertical walls
Minsang Cho, Sung Won Shin, Hyun-Doug Yoon

Development of automatic shoreline detection algorithm using KOMPSAT satellite data for monitoring of coastal erosion in the East Sea
Sun-Hwa Kim, Jae-Hoon Jeong, Chan-Su Yang

Numerical study of multi-level breakwater for wave energy utilization
Zhi Han, Hongda Shi, Zhen Liu

Evaluation of seabed classification using hyper-spectral data around the coastal area of Geoje Island, Korea
In-Tae Yang, Tri Dev Acharya, Sunhui Sim, Jae Kang Lee, He Huang

Evaluation of nautical chart adequacy in the coastal area around Incheon Bay using satellite imagery with AIS data
Jae-Young Roh, Moon-Seung Shin, Yong-Cheol Suh, Dong-Ha Lee

Convergence technique study of red-tide prediction in the littoral sea
Taewoo Kim, Hong Sik Yun

Bathymetry prediction in shallow water outside of Saemankeum Seawall
Kwang Bae Kim, Suk Bae Lee

Improvements of performance of SWAN to simulate diffraction of waves behind structures
Gun Hyeong Kim, Myeong Hwan Jho, Sung Bum Yoon

Simulation of hydrodynamic variations near a flood-dominant estuarine harbor for safe navigation
Hyeon-Jeong Kim, Seung-Won Suh, Won-Kyung Park

A numerical model study on the wave and current control by coastal vegetation
Woo Dong Lee, Sungwon Shin, Daniel Tomas Cox, Dong Soo Hur

Stem waves generated by random waves incident obliquely on a vertical wall
Choong Hun Shin, Kyung-Ho Ryu, Jong In Lee, Sung Bum Yoon

Observation of wave spectrum under typhoon condition
Woo Jeong Sim,  Hyun-Doug Yoon, Weon Mu Jeong, Kyong-Ho Ryu

Characteristics of environmental factors for Reed of Jinudo in Nakdong Estuary
Sung Hoon Ryu, In-Cheol Lee

Abnormally high waves induced by typhoon Vongfong along the East Sea coast
Insik Chun, Hak Soo Lim, Jae-Seol Shim

Tideland monitoring of South Korea’s West coast with Landsat TM and MSS data from 1979 to 2010
Sunghwan Cho, Yongmin Kim, Yong Huh

Temporal variability of the flow structure and thermal stratification according to river discharge in Yeoungsan Lake
Jin Il Song, Seung-Buhm Woo, Byung Il Yoon, Jong Wook Kim 

Coastal erosion monitoring of Yellow Sea shore line with image analysis on UAV images
Sunghwan Cho, Yong Huh

Topographic information of sand beach change using RTK-VRS surveying for beach safety management
Chang-ill Yoo

Research on strengthening the management of the lifeguards in university natatoriums 
Chuntao Jia, Shengyi Ma

Water safety education in the campus: A case study of colleges and universities in Guizhou Province
Hong Liu, Li Zheng
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Dr. Tom Griffiths is the President and Founder of Aquatic Safety 

Research Group, LLC. Recognized as an international leader in 

water safety, he has spent more than 38 years teaching, coaching 

and managing aquatics at three major universities. Griffiths 

has produced videos, textbooks, and hundreds of articles and 

presentations in various areas of aquatics focusing his efforts on 

safety. He has also conducted hundreds of aquatic facility and 

beach inspections and teaches full day Aquatic Risk Management seminars. 

Dr. Griffiths has developed products including Griff’s Guard Stations© and has been instrumental in 

revolutionizing signage in aquatics developing effective water safety signage with Clarion Safety Systems. 

Griffiths produced four educational DVDs with original research, including Disappearing Dummies, Shallow 

Water Blackout, the Five Minute Scanning Strategy, and the newest Complex Quadriplex of Lifeguard 

Blindness released in 2015. The Five Minute Scanning Strategy video was awarded Best Short Film by the 

International Swimming Pool Hall of Fame in 2012. His research and advocacy in Shallow Water Blackout 

for more than 30 years has made significant impacts in the education and prevention of Shallow Water 

Blackout. 

Dr. Griffiths’ Note & Float program has been proven to be one of the most effective drowning prevention 

programs in the United States, reducing water rescues, increasing the number of children learning to 

swim, and improving efficacy of lifeguards. 

He has shared his knowledge, expertise, and experience worldwide, including appearances on 60 Minutes 

Australia, Inside Edition, NPR, and many other TV and radio programs.
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Dr. Lotan is a world expert in jellyfish stinging mechanisms and 

he is currently the president of the Nidaria Technology company.  

His MSc research was on "Splicing and RNA processing" and 

was done in the Department of Molecular Genetics at the Hebrew 

University of Jerusalem and in the Organic Chemistry Department 

at the Weizmann Institute, Israel.  Funded by the United Nation, 

Dr. Lotan did his PhD on jellyfish ecology and biochemistry and 

he was the first to isolate jellyfish toxins. His research was published in Nature and other leading journals 

and paved the way to the understanding of the jellyfish stinging mechanism.  Dr. Lotan did a post-doctoral 

research in the University of California Davis studying the ecological impact of recombinant toxins.

In 1997 Dr. Lotan established a biotechnology company, Nidaria Technology Ltd, to provide protection to 

ocean lovers from jellyfish sting. The company developed a novel topical lotion combining a dual function: 

sunscreen with prophylactic activity preventing jellyfish sting.  The "dual function" protection was clinically 

tested, against different types of jellyfish in Stanford Hospital CA and in other leading hospitals in Florida, 

EU and Israel. These double blind clinical trials demonstrated that the new developed lotion prevents 

jellyfish stinging.

Dr. Lotan established a second biotechnology company (Nanocyte) that leverages biological micro injection 

system for drug delivery.

Since 2010 Dr. Lotan is teaching an academic course on "Jellyfish nano injection system" in the Israeli 

Interuniversity Institute for Marine Sciences.
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Daniel Schaffer (United Kingdom) CEO of the Foundation for 

Environmental Education (FEE) since 2013 and resides in Denmark. 

Before taking the position at FEE, Daniel managed EcoOcean for 

five years. EcoOcean is an NGO focused on the Mediterranean 

marine and coastal environment. Prior to that, he worked for many 

years as a research vessel captain combining his love for the sea 

and his passion for the environment. 

Daniel has experience working with youth and children both within the formal and the non-formal 

education system and believes education to be a vital tool for positive change.  He is a passionate sailor, 

and has sailed and raced all around the world. Daniel holds a BA in Business Management and a Masters 

in Marine Civilizations Studies. 
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Dr. Jung Lyul Lee is a Professor in the Architectural & Civil 

Engineering Department and Interdisciplinary Program in Crisis 

at the Sungkyunkwan University, Korea. He received Ph.D. at the 

Department of Coastal and Oceanographic Engineering, University 

of Florida in 1993. 

He was a visiting faculty at the University of Hawaii, in 2002 and at 

the Oregon State University From 2009 to 2010. His research interests include beach safety, beach erosion 

and quality management, risk assessment of natural disasters, and numerical forecasting.

He has authored several publications on the rip current forecasting system and has attended many 

international peer-reviewed conferences such as ICCE(International Conference on Coastal Engineering), 

ICS(International Coastal Symposium), ISOPE(International Society of Offshore and Polar Engineers) and 

so on. He has also delivered talks and keynote speaks with topic of beach process and safety in various 

universities and conferences.

He is presently working as an academic committee member of the 1st International Water Safety 

Conference in South Korea, playing a leading role in preventing and raising awareness of rip currents and 

relevant disasters.
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Dr. Tom Griffiths will present the four most significant causes of lifeguards failing to see drowning 
victims, mentally and physically. This blindness can adversely affect all lifeguards. The challenges 
lifeguards face while scanning include – 1. Physical Body Blindness; 2. External Distractions; 
3. Cognitive Body Blindness; and 4. Internal Noise. The RID Factor described by Frank Pia and 
utilized in lifeguard training worldwide explicates External Noise through the failure to recognize 
due to intrusions and distractions. Physical Body Blindness occurs when a lifeguard is blinded 
by the “ripple effect” of surface water agitation, reflection, or refraction. This Physical Body 
Blindness is documented in the video “Disappearing Dummies.” Cognitive Body Blindness 
occurs when lifeguards see but do not perceive victims due to cognitive errors and biases, which 
are documented by cognitive psychologists. This research shows how a lifeguard’s cognition can 
interfere with perceiving an incident in the pool. Original research conducted by Aquatic Safety 
Research Group illustrates internal noise, thoughts and emotions that can prevent a lifeguard from 
actually seeing where they are looking. These four causes of lifeguard blindness will be presented 
in-depth. Strategies to help manage and mitigate these lifeguard surveillance challenges will also 
be provided. The objective of this presentation is to reveal the research illustrating the significance 
of lifeguard blindness and motivate research in the area of strengthening surveillance as well as 
supplementing surveillance with technologies, techniques and equipment.

Keynote Session
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Lifeguard Blindness
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1President/Founder, Aquatic Safety Research Group, State College, United States 
 Former Director of Aquatics, Pennsylvania State University, State College, United States 
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Jellyfish sting symptoms range from an annoying burning sensation to severe systemic afflictions 
and occasionally death. However, there are no regulations or an agreement regarding the first aid 
treatments on the beach. For example vinegar was found to cause opposite effects. In cubozoans 
vinegar inhibits nematocyst discharge, whereas in some scyphozoans and hydrozoans it activates 
the discharge. In the talk I will discuss how a global harmonized treatment can be achieved. 
Jellyfish sting depends on an increase of osmotic pressure (up to 150 bar) in the nematocyst 
stinging capsule. This high pressure accelerates the ejection of the nematocyst’s needle to 
penetrate the skin at an acceleration of more than 5,000,000xg, followed by injection of toxins 
into the body.  Within the nematocyst capsule high aggregation of short negatively charge poly-
gamma-glutamate polymers are densely packed with high concentration of metal cations. The high 
osmotic pressure is generated by the dissociation of the cations from the polymers. Therefore, 
changing nematocyst pH may influence the polymer affinity to these cations and can result with 
either inhibition or activation of nematocyst discharge. In the presentation, a simple bioassay for 
testing different first aid treatments will be discussed and I will present a universal solution that 
can inactivate/block nematocyst discharge in all types of cnidarians. 
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Harmonized first aid solution to treat Jellyfish sting on 
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Amit Lotan1, Tamar Lotan2

1Nidaria Technology, Jordan valley, Israel
2Marine Biology Department, University of Haifa, Israel
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A world-renowned eco-label trusted by millions around the globe, the Blue Flag programme 
is operated by the Foundation for Environmental Education (FEE). In order to qualify for this 
prestigious award, a series of stringent environmental, educational, safety-related and access-
related criteria must be met and maintained. Through close collaboration with international 
stakeholders and FEE national organisations, FEE works tirelessly to ensure the programme's 
expansion, and that the unrivalled standards of the Blue Flag are maintained internationally for 
a whole spectrum of involved actors: UN entities, education practitioners, national and local 
governments, businesses, NGOs, tourists and local communities. In 2016, 4,271 sites were 
awarded the Blue Flag in 49 countries. For the past thirty years, the Blue Flag programme has 
promoted water safety measures. The 40th anniversary of the European Bathing Water Directive 
in 2016, goes hand in hand with the Blue Flag which, supported by the European Union, has 
always been a tool to implement it throughout European countries. Nowadays, Blue Flag is still 
ensuring all its sites possess excellent Bathing Water Quality, not only in Europe, but all around 
the world. Today, a whole safety approach has been adopted by the programme and implemented 
at the Blue Flag sites including beaches, marinas, and boating activity areas. From the Bathing 
Water Quality results on a four-year basis to the safety equipment, and the lifeguards requirements 
to global Environmental Impact and Risk Assessments, Blue Flag promotes and ensures a 
qualitative experience at safe and responsible tourist destinations. The Blue Flag, a tourism-
oriented programme, incorporates the Educational Principles promoted by FEE as its holistic 
approach towards education for sustainable development. This holistic approach allows the 
five FEE programmes to interchange and exchange beyond professional sectors as education or 
tourism, resulting in benefits to all, around the world.
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boating tourism operators. The Global Perception

Daniel Schaffer1

1Foundation for Environmental Education, Denmark.
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The physical and biological environments of beaches are suffering from both climate and man-
made changes. In the present study, beach safety indexes are introduced in terms of dangerous 
current generation; thus, only the physical changes in beach environments are presented. Climate 
changes, such as sea level rise and wind field changes, seem to cause mild changes, whereas 
man-made developments on watersheds or coastal zones cause relatively abrupt changes to the 
physical beach environment, such as beach profile and shoreline rotation. The impacts of both 
types of changes are investigated and compared with each other through index sensitivity based 
on numerical predictions. The numerical scheme for impact investigation is composed of a wave-
induced current generation model and a long-term morphological change model. The wave-
averaged current model is utilized with the inclusion of radiation stress terms, and the multi-depth 
contour change model is applied by using the equilibrium shoreline formula.
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Impacts of climate and man-made change on beach safety

Jung Lyul Lee1
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A large amount of radioactive material was released to the atmosphere and to the sea by the 
Fukushima nuclear accident in 2011. Most of the radioactive materials released into the air 
were moved to the Pacific Ocean due to the westerly jet stream, and some of them dispersed 
in land of Japan and deposited in the northwest part from the Fukushima Daiichi power plant. 
A lot of radionuclide transported in the Pacific Ocean was deposited on the sea surface by 
a dry/wet deposition process, and the seawater and seabed sediments along the coastline of 
Fukushima Prefecture were contaminated. It could be occurred in the early phase of the accident 
from March 11 to March 25 before the direct discharge into the sea in March 26. In this study, 
a three-dimensional atmospheric dispersion model named LADAS (Lagrangian Atmospheric 
Dose Assessment System) have been used to evaluate the characteristics of the dispersion and 
deposition of radioactive materials released into the atmosphere, especially 137Cs with a long 
half-life is considered. The calculated depositions and dispersion profiles of 137Cs were compared 
with the estimations of the other study. It was inferred that the measurements of 137Cs in seawater 
of the Pacific Ocean in May and June 2011 were originated from atmospheric depositions, because 
the direct released 137Cs into the sea could not be reached in the central part of the Pacific Ocean 
in that time. Therefore, the atmospheric depositions should be considered to evaluate the marine 
dispersion. 
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by radioactive material released into the atmosphere 
from the Fukushima nuclear accident

Kyung Suk Suh1, Kihyun Park1, Byung Mo Yang1, Sora Kim1, Byung Il Min1,c
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On 11 March 2011, the enormous earthquake and the tsunami occurred and caused a severe 
nuclear accident at Fukushima Daiichi Nuclear Power Plant (FDNPP) in Japan. Following 
FDNPP accident, a significant amount of radionuclides were released into the environment. The 
radionuclides release into the ocean by the direct emission as the liquid form or by the atmospheric 
deposition onto the sea surface. According to UNSCEAR 2013 report, the atmospheric deposition 
of radionuclides significantly attributed to the contamination of the ocean as well as the direct 
emission. MELCOR Accident Consequence Code System 2 (MACCS2) is the code for estimating 
the off-site accident consequences of the atmospheric radiological releases and utilizes the 
straight-line Gaussian plume model. In this study, we have performed the comparative analysis 
of MACCS2 results with the previously published data to judge its applicability for estimating 
radionuclide deposition over the sea surface in Fukushima accident case. The long range 
dispersion patterns from MACCS2 calculation have a tendency to simply broaden from those of 
the short distance from FDNPP. From this analysis, we conclude that MACCS2 is applicable only 
for the short range dispersion (a few tens of kilometers) from accident site but not for the long 
range dispersion in Fukushima accident case. The atmospheric deposition of radionuclides is a 
major cause of the ocean contamination and a large percentage of released radionuclides deposit 
in the long range from accident site. Therefore, we suggest that simulation code for atmospheric 
dispersion and deposition over the ocean should be based on another model, such as Lagrangian or 
puff model, instead of Gaussian plume model, especially for the long range dispersion assessment.
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assessment of radionuclide deposition over the ocean in 
Fukushima Daiichi nuclear power plant accident case

Sora Kim1, Byung-Il Min1, Kihyun Park1, Byung-Mo Yang1, Kyung-Suk Suh1,c

1Korea Atomic Energy Research Institute, Republic of Korea

IWSS-S01-2

Corresponding Author : kssuh@kaeri.re.kr



In the west coast of Korea (WCK), macro-tidal environments and well developed tidal flats 
yield distinctive marine characteristics such as recursive tidal currents, tidal asymmetry, and 
sedimentation. Moreover, the strong seasonal northwesterly wind in winter contributes to its 
unique characteristics. Aquaculture and recreational water activities are continuously increasing 
owing to economic growth and the associated need for marine leisure. Thus, providing certain 
physical and engineering information is urgently required to minimize unexpected marine disasters 
or mitigate their adverse consequences. This paper proposes an efficient computation method, 
where a particle tracking method is applied to an unstructured finite element model, ADCIRC, 
integrating the openMP parallelization technique to an early warning system. The model domain 
covers the entire Yellow Sea with a grid resolution ~ 20 m on the WCK. In the representation 
of particles, buoyant characteristics such as spilled oil, floating debris, ships, and human bodies 
are considered separately. In addition, the effect of surface drag caused by floating materials and 
adsorption of particles on a tidal flat is included to represent a real situation. An oil spill accident 
on the WCK in 2007 was simulated and the computed results showed quite similar dispersion 
patterns compared with satellite images over the 4 days of spreading. Thus, this approach can be 
applied not only to oil spill forecasting but also in the search and rescue of human bodies during 
marine accidents or vessel drift. Moreover, it may be incorporated into real-time forecasting of 
typhoons for the operational purposes of mitigating coastal disasters.
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The purpose is to investigate the images of ocean waves produced by Synthetic Aperture Radar 
(SAR) through the image modulations based on the normalized radar cross section (NRCS) and 
wave orbital motions, leading to the estimation of ocean waveheight. The former is known as 
the tilt or NRCS modulation and the latter as velocity bunching. In this study, these two wave 
imaging mechanisms are investigated using the airborne Pi-SAR X-band VV-polarization images 
of ocean waves around the Miyake Island, Japan. Two images in a same region were produced at 
approximately 20 minutes interval from two orthogonal directions. One image shows the images 
of dominant range travelling waves, but the other image shows a different wave pattern of azimuth 
traveling waves. This difference can be caused by the different image modulations of NRCS and 
velocity bunching. In this study, 18 sub-images are extracted, and the directional wave spectra are 
compared with each other in the two different areas. We have estimated the dominant wavelength 
from the images of range waves, and from the wave phase velocity computed from the dispersion 
relation; the image intensity is computed by using the velocity bunching model. The comparison 
of the result with the second image at right angle strongly suggests the evidence of velocity 
bunching. Furthermore, it is shown that the waveheight of 1.4 m estimated from the velocity 
bunching model is similar to the height of 1.5 m simulated using the MM5 numerical weather 
model and data assimilation by JWA (Japan Weather Association).
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The aim of the Aquatic Survival Programme is to save lives by teaching people important water 
safety messages and, where feasible, basic survival and rescue skills. The programme is focused 
towards young people living in low-resource areas with limited or no access to existing drowning 
prevention initiatives. It has been developed to help organisations and individuals implement 
the programme as part of a local or national drowning prevention strategy. The course has been 
developed to teach basic swimming, survival and rescue skills to children, which is part of the 
‘Aquatic Survival’ intervention being developed by the RNLI and partners to reduce the risk 
of drowning in Africa. To maximise the opportunity for large-scale uptake of the intervention, 
the course was designed to be run over a 13 session (2 week) period, with each session taking 
approximately 90 minutes to complete. The intervention has been hosted and piloted since 2014 
by The Panje Project in the remote town of Nungwi in Northern Zanzibar, Tanzania. Target outputs 
for the course were developed by an expert working group, informed by existing knowledge. 
Targets included:

 - The ability to swim unaided for 15m
 - The ability to float for 30 seconds 
 - The ability to tread in water  while holding a floating object 
 - The ability to roll from a prone floating position to supine floating position
 - The ability to demonstrate a land-based rescue
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ASCTA has just developed the latest in its range of teacher training courses. Complementing its 
Swim Australia and specialist baby and toddler, competitive swimming, learners with disability 
and adolescent and adult Teacher training courses, ASCTA most recently released course – 
the Culturally and Linguistically Diverse course explores the many variations and factors in 
providing quality education to in various countries around the world as well as strategies to cater 
for multinational swimming and water safety lessons. This presentation explores much of the 
knowledge gained through our recent research and trials. All participants will also be provided 
with an online link to access the course content at no additional charge.
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The 2015 International Consensus on Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care Science with Treatment Recommendations, (ILCOR) along with the various 
worldwide resuscitation council guidelines (AHA,ERC,ARC), recommend that leadership and 
teamwork be incorporated into professional (health care) level CPR training programs. Lifeguards 
are typically required to be trained at this level rather than through lay person or community 
courses. It is increasingly common for team-focused CPR training methods to use the analogy of a 
race car “pit crew” to describe a coordinated response to a CPR emergency. The pit-crew analogy 
works very well for training of pre-hospital responders such as Emergency Medical Systems (EMS) 
and in-hospital medical personnel when the number of responders and equipment available are 
consistent and known in advance, and responders all arrive at the scene about the same time and 
roles can be pre-assigned. The dynamics of response to drowning by lifeguards until EMS arrives, 
particularly at swimming pools or aquatic venues with varying staffing levels during peak and 
non-peak shifts, requires a modified pit-crew training approach. A modified approach considers 
that lifeguards must be prepared to begin care in the water, manage extrication, move into any 
position/role based on the number of lifeguards available, integrate other lifeguards as they arrive 
on scene, and integrate adjunct equipment such as a bag-mask (BVM), emergency oxygen, and 
AED if and when this equipment becomes available. Schema and constructs for creating an 
effective training program based on a modified “pit crew” approach are presented.
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With the development of college physical education curriculum, swimming classes are generally 
set up and popular with teachers and students, and its security issues are also highly valued by the 
majority of educators and parents. This paper mainly studies swimming lessons of five universities 
in Guizhou Province by means of literature review, questionnaire survey, expert interview and 
mathematical statistics. After analyzing the present situation and existing problems of the water 
survival teaching in universities, it puts forward the corresponding countermeasures and provides 
beneficial references for developing the swimming teaching and ensuring its smooth operation in 
universities.
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Rip current, which occurs within surf zone, is a major hazard for beachgoers. In situ observations, 
the magnitudes of rip current range from 0 to 2 m/s. The current with low velocity is most 
dangerous as on obvious surface signatures can be detected. Rip currents widely exist in coastal 
regions. In some area, such as Florida, the number of victims induced by rip current is even more 
than that of hurricane. Moreover, rip current is also important for the sediment transportation from 
shoreline to offshore. Thus, the understanding of rip current is of great importance for both of 
water safety and nearshore topographic change. In this study, a three dimensional non-hydrostatic 
model (NHWAVE) is utilized to study the vertical structure of a rip current. This model bases 
on the incompressible Navier-Stokes equation. Dynamic pressure is calculated by solving 
the Pressure Poisson Equation. The case is based on the experiment conducted by Haas and 
Svendsen (2002). Numerical results are compared with the corresponding results of the laboratory 
experiment and show a good agreement. The influences of bottom friction on the rip current and 
vortices are discussed. Bottom friction can decrease the magnitude of rip current and restrain the 
generation of vortices.
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Daecheon Beach in Boryeong, Korea, is one of the most popular places in the west coast of Korea. 
World famous ‘Mud Festival’ attracts visitors in summer, and this beach always has a lot of tourist 
throughout the year. However, the irregular occurrence of rip currents threatens the swimmers 
during every summer season. 3 people were swept away by irregular, fast moving rip currents in 
August, 2010, and didn’t rescue. To investigate the dominant mechanism of rip currents in this 
region, a numerical simulation was carried out using the non-hydrostatic model Surface WAves 
till SHore (SWASH), with observed wave and topographical data. In this paper, the applicability 
of SWASH for modeling the wave transformation and rip current circulation near the shallow 
foreshore is investigated. Assuming that rip current dynamics are controlled by combination of 
variations in wave dissipation, tidal currents and morphological flow constriction, we tested the 
effects of wave parameters, such as wave heights, wave periods, wave directions, and changes 
in tidal conditions, on rip current generation. Rip currents were simulated when longshore 
currents flowed out through a channel with very small wave energy in the seaward direction. 
The occurrence of rip currents was increased under conditions of higher waves and longer wave 
periods. In the case of wave direction, we tested cases from NW to SW, and present the spatial 
characteristics of the simulation results. The locations of rip channels that generate rip current are 
significantly affected by incident wave conditions, such as wave direction, height, and period. 
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Understanding the occurrence mechanism of rip currents are very important in terms of the 
sediment transport and the water safety issues. In order to investigate the rip current occurrence 
mechanism, field observations were carried out at Chunjin beach and a numerical model was 
employed to simulate rip currents by using the field observation data. Chunjin beach is located 
on the east coast of Korea and is a type of pocket beach with the shoreline length of 1.2km. The 
collected data set includes the beach topography, bottom bathymetries, shoreline, sand sample, and 
incident waves for each season. Beach topography and bottom bathymetry data were collected by 
using RTK-GPS and single-beam echosounder respectively. GPS buoyed were deployed to trace 
the nearshore currents including longshore and rip currents. The field observation data showed the 
spatiotemporal variations of shoreline and sand bars. The results showed that the rip currents were 
generated near the crescentic sand bar. For better understanding the mechanism of rip currents, 
numerical simulation using phase- resolving, three-dimensional 3D Non-Hydrostatic WAVE 
Model (NHWAVE) was also carried out. NHWAVE adopts shock-capturing method to predict the 
water surface elevation with less computational cost compared to volume of fluid (VOF). To solve 
governing equations, finite-volume and finite difference schemes are used with a Godunov-type 
method. On the stagger grid system, the pressure is defined at the vertically facing cell faces to 
apply the pressure boundary condition at the free surface precisely and the rest variables are defined 
at the center of cell to solve the Riemann problem. For adaptive time stepping, the nonlinear strong 
stability preserving (SSP) Runge-Kutta scheme is used. The numerical simulation showed a good 
agreement with the field observation and provided useful information for nearshore circulation.
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Rip currents pose the greatest threat to beachgoers. In this study, the generation of rip currents 
at Haeundae Beach, South Korea, are investigated using an advanced, non-hydrostatic wave-
resolving model SWASH. It is found that the presence of offshore shoals lead to strong wave 
refraction, creating significant alongshore wave height variations. Persist mega-scale rip currents 
occur under a wide range of incident wave heights (0.2 m ~ 2.0 m), and the occurring locations 
correspond well with the low wave height areas. The occurring locations are more sensitive to 
incident wave directions than wave heights. To identify the effects of nearshore rip channels, we 
smooth the rip channel bathymetry and re-run the model. It is found that the resulting rip current 
patterns and occurring locations are very similar with those using original bathymetry. This 
confirms that the rip currents generation at Haeundae Beach are controlled by the offshore shoals, 
while the rip channel morphology plays a minor effect. An idealized embayed beach with an 
offshore Gaussian-shape shoal is further designed to study the shoal characteristics on rip current 
generation. Primary numerical results show that generally wave focusing and spreading happens 
due to the shoal, resulting in rip currents formation in the wave shadow area behind. However, a 
large, shallow shoal close to the shoreline favours wave breaking on top of it and strong onshore-
directed wave-induced currents instead of offshore-directed rip currents.
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Structural stability of an undersea concrete structure is estimated with much emphasis focused 
on the flow of waves and currents generally. In this situation, it is assumed that a structure does 
not move or does not reform such as a rigid body. However, a structural contact and interlocking 
among blocks should be considered in artificial reef blocks configurated with several blocks 
stacked side by side. With an emphasis on structural problems, structural stability of each block 
on macro view and stress concentration between blocks on micro view is investigated in this 
study. Each block is reviewed about floating problem using fluid-structure interaction (FSI) 
method in which the flow and vortex idealized by the computational fluid dynamics (CFD) 
interact with a movable and deformable structure. Finite element method is appled both CFD and 
structure element using Abaqus. Pressure and flow velocity is considered in CFD, and stress and 
deformation are calculated in concrete structure element. Interaction between fluid and structure 
is converged every segmented time, and influence each other to next segmented time calculation. 
Various changes in coast currents is considered to examine the worst situation to artificial reef 
blocks. And stress concentration of a block occurred at contact among blocks during repeated 
water flow, and possibility of fatigue failure is investigated.
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Song-do beach located in Busan is the first public beach of Korea made in 1913. However, since 
1990’s, the erosion has been increased and the beach and coastal road destroyed seriously by the 
typhoon Maemi in 2003. After several public restoration projects, it recovered the capacity of 
recreation and coastal protection. This study aims to analyze economic benefits of the Song-do 
beach restoration verifying benefit factors on the coastal erosion control and beach restoration such 
as recreational services and other various coastal ecosystem services. For this, We applied non-
market valuation method, contingent valuation method(CVM), which allows measuring individual 
willingness to pay(WTP) for the beach restoration project. The annual economic value of the 
restoration is estimated at 2,542KRW(2.2USD) per household and the total economic benefit of 
it is estimated at 198 trillion KRW(169.7 billion USD). Finally, the findings herein contribute to 
providing policy-makers with quantitative information in the decision-making process related to 
the beach restoration policy.
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By means of literature review and logical analysis, this paper makes an analysis of the security 
risks and the related factors that influence the safety problems in the management of natatoriums 
in China. Starting from supervision mechanism, management system, training system and 
publicity strength, this paper takes reference of domestic and international successful experience 
of security management of natatoriums, and then actively explores the methods and measures of 
safety management of natatoriums, which are significant for constructing a safety management 
system and developing a nationwide fitness program.
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The purpose of research was to verify mediating effect of perception of beach safety on 
the relationship among beach service quality, customer satisfaction, and revisit intention. 
Questionnaire survey was used for measurement. Convenience sampling of Non-probability 
sampling was used, and 305 questionnaires were distributed in Seoul and Gyeong-gi area. Total 
of 295 questionnaires were used for the final analysis to evaluate hypothesis. SPSS 21 and AMOS 
20.0 software were used to analyse frequency analysis, validity test, confirmatory factor analysis, 
correlation analysis, and Structural Equation Model analysis. The results are as follows. First, 
service quality of beach has a significant relationship with customer satisfaction. Second, customer 
satisfaction is significantly related to revisiting behavioral intention. Third, beachgoer’s perception 
of safety has mediating effect between customer satisfaction and behavioral intention. 
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In membrane filtration technology, membrane fouling can be classified as physically reversible 
fouling, which can be controlled by physical cleaning like backwashing. Although previous 
work has suggested that natural organic matters (NOMs) may have a high fouling potential for 
polymeric membranes, little work has been done to identify how NOMs influence fouling behavior 
of ceramic membranes. One of the objectives in this study was to evaluate the effect of natural 
organic materials (NOMs) on fouling characteristics of a ceramic microfiltration membrane using 
a pilot-scale ceramic membrane system. The humic acid (HA), bovine serum albumin (BSA), and 
sodium alginate (SA) (Sigma-Aldrich, technical grade) were used as representative compounds of 
foulants that block the MF ceramic membrane pore and reduce permeate flux in all experiments. 
All experiments were carried out in dead-end mode under constant transmembrane pressure (TMP) 
of 50±0.5 kPa. Based on the results, it was concluded that the combined organic compounds was 
resulted that a strong synergistic effect by foulant-foulant interaction.
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Today, there are various treatment methods available to eliminate taste and odour (T&O) 
compounds in advanced water treatment plants (AWTPs). However, selecting the best option for 
T&O control is difficult due to large variations in chemical levels that cause the off-flavours in 
raw water. This study aims to identify the spatial and temporal patterns of two T&O compounds, 
GEOSMIN and 2-MIB, and the main contributing factors to T&O episodes at major river systems 
in Korea. Fifteen environmental variables, including two T&O substances, were monitored in 
front of 16 weirs in the four major rivers for 2012-2015, to which two different data analysis 
techniques, i.e., Monte Carlo simulation (MCS) and Self-Organizing Map (SOM), were applied. 
More specifically, MCS was used to estimate T&O levels below the detection limit (DL, 3 
ppm), whereas SOM was designed to provide efficient data profiling and visualization in multi-
dimensional data sets. Results showed that MCS successfully generated unknown (true) values 
based on the specified distribution of each parameter that was greater than the DL. In addition, 
SOM clearly addressed the factors that were responsible for the abundance of GEOSMIN and 
2-MIB and the complex relationship between variables. In fact, the variables temperature, 
residence time and dissolved oxygen and the latter two played an important role in describing 
the dynamic behaviours of GEOSMIN and 2-MIB, respectively. Accordingly, these results 
demonstrate that the use of MCS and SOM in the monitoring data sets can provide an improved 
T&O management protocols to the AWTPs.
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This study was conducted to evaluate the possibility of organic acid concentration using a MF 
combined RO system and to investigate the effect of concentrated organic acid as a deicer on 
the survival and growth of plant. A 50 L bioreactor tank was used for fermentation. A submerged 
membrane with pore size 0.5 μm was used. RO concentrate showed lower pH than those of 
fermentation broth and MF permeate due to the concentration of organic acid. Moreover, 
conductivity, TDS, CODCr and chloride ion of RO concentrate were about 1.3, 1.3, 2.9 and 4.5 
times higher than that of fermentation broth, respectively, whereas TS decreased approximately 0.8 
times. This may be ascribed to separate effectively the solid-liquid separation by the rejection of 
MF and RO membrane. Survival rate of plant community with the concentrated organic acid and 
CaCl2 was about 62 and 53%, respectively. Root length of plant cultivated with the concentrated 
and pH controlled organic acid was much better than that of CaCl2. Thus, MF/RO system showed 
the applicability for the recovery and concentration of organic acid, and the concentrated organic 
acid was confirmed that it has the positive effect on the survival and growth of plant. 
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In order to enhance intrinsic properties of polyethersulfone (PES) membranes including membrane 
hydrophilicity, antifouling and anticompaction, sulfated-TiO2 nanoparticles were synthesized and 
doped into PES membrane structure. The sulfated-TiO2 nanoparticles were obtained by sulphating 
commercialized TiO2(P25) directly with ammonium sulfate solution (1N). The composite PES 
membranes embedded with various dosages of the sulfated-TiO2 nanoparticles were prepared by 
nonsolventphaseinversionmethod. For comparison, bare PES membrane and the PES membrane 
embedded with P25 TiO2 were also prepared. The sulfated-TiO2 nanoparticles were characterized 
with TEM and XRD, and the membranes were characterized with SEM, FTIR and AFM. The 
water uptake results showed the composite PES membranes had better hydrophilicity than bare 
PES membrane and the membrane embedded with P25. The filtration of bare PES membrane 
and the PES composite membranes were conducted with pure water and bovine serum albumin 
solution (1g/L). The pure water permeability increased with sulfated-TiO2, but above dosage of 0.1 
wt %, the permeability tended to be decreased. The PES membrane embedded with sulfated-TiO2 
showed less membrane compaction than the membrane doped with P25 or bare PES membrane. 
For all membranes tested, the BSA rejections were higher than 95%, but the fouling rate with BSA 
solution was lowest by doping sulfated-TiO2 into PES membrane.
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Maritime transportation, including the use of boats, ferries and ships for the transportation, fishing 
and recreational activities, currently plays an important factor in global economy and is increasing 
annually. With increase of maritime transportation, the occurrences of maritime accident are also 
increased. Based on world-wide statistical database of maritime accidents, Marine Casualties 
and Incidents module published by Global Integrated Shipping Information System (GISIS), the 
second highest number of accidents have occurred in the coastal zone around East Asian countries, 
China, Japan and Korea. Especially in Korea, there are many major accidents such as sinking, 
collision, capsizing, stranding, grounding and explosion etc. which can cause huge damage of 
human life and property. This study analyses the spatial distribution of marine accidents in more 
details for coastal zone of Korea in order to illustrate and predict the vulnerable coastal zone for 
improving costal safety management, planning and decision making. A detailed database with 
major and minor accidents around coastal zone in Korea collected by the office of Korea Coast 
Guard (KCG) from 2007 to 2014 were used for the geo-spatial analysis in Geographic Information 
System (GIS) environment. Two types of spatial analysis, Buffer and Cluster analysis, were 
performed to visualize the distribution of maritime accidents and then to determine the high risk 
areas using the vulnerability assessment. The results from this study can help to determine the 
common reasons of marine accidents in the coastal zone of Korea, with high vulnerable zone of 
accident, for preventing similar accidents in the future. 
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It is necessary to provide the maritime safety information to assist the safety in various maritime 
activities such as sailing, fishery, recreation, construction, survey and rescue. That information 
mainly include the weather, tide, accident, position accuracy reliability information. A particular 
system that can broadcast to all maritime area is needed to provide that information. Republic 
of Korea established 17 DGNSS Reference Stations infrastructure which can cover the whole 
country territories and waters. Especially, DGNSS service using large coverage is suitable for 
transmission of maritime safety information. There are other ways that broadcast to maritime 
user, such as AIS, but that system’s data communications bandwidth is too small for the maritime 
safety information. To generate and provide the maritime safety information, each Reference 
Station should be upgraded. For the purpose that, in this paper, we analyze and upgrade the design 
of the software architecture of DGNSS’s operation software. We identified and categorized the 
contents of the messages and data transmitting protocol which will be broadcasted through the 
medium frequency wave. DGNSS Reference Station software was modified based on the designed 
software architecture and data transmitting protocol in this paper. Also the software was installed 
and experimented successfully in a DGNSS Reference Station of Republic of Korea and shows 
the experimental result.
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Due to an increase in the leisure time recently, people are interested in marine leisure activities that 
emphasize the quality of life based on the inland waters and sea surface. The form of such marine 
leisure sports has changed from the form of static watching leisure activities in the past to the form 
of dynamic participation-type leisure activities where people can actually participate in these days, 
and most active leisure activities during summer season are closely related to marine activities, 
increasing the risk of safety accidents. Most safety accidents in our country occur near the inland 
waters during summer (outdoor swimming pool, river, stream, recreation area, valley, reservoir, 
stream current) and sea surface (rip current, swell-like wave, tidal current, etc), and recently rip 
current occurs often in Haeundae Beach and Songjeong Beach in Busan, Myeongsasimni Beach in 
Wando, Daegwang Beach and Daecheon Beach in Shinan, Naksan Beach in Yangyang and Jungmun 
Beach in Jeju, threatening the safety of the people. In consideration of this circumstance, according 
to the marine leisure safety related acts in our country and the marine safety management status of 
relevant authorities, the marine leisure safety management system is not operated systematically 
in the inland waters, and in case of sea surface, the safety management authority of beaches which 
was controlled by the Korea Coast Guard previously has been delegated to local governments, 
causing many problems. In order to solve such problems, the safety management structure should 
be organized through proper arrangement of lifesaving equipment and safety personnel. Therefore, 
the purpose of this study is to achieve such objective and reduce various safety accidents that occur 
in the inland waters and sea surface by developing a floating type drifting object (lifesaving ship 
(RESCUE 122 tentatively)) and installing it in areas where safety accidents occur frequently.
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Recently, a rip current which a strong current of water which moves directly away from the shore 
occurs in many domestic beaches including Haeundae Beach during summer season every year. 
This rip current which drags many people into the sea suddenly occurs frequently. The occurrence 
frequency of this rip current increases more due to the natural landform and the establishment of 
artificial beaches, and especially the ground slope of adjacent shore becomes more steep due to 
the sandy beach expansion (extension) work so that the risk of drowning accidents from water 
play is increasing in Korea. Safety accidents due to a rip current also occur frequently in foreign 
countries including U.S., Japan, UK, New Zealand, Canada and Portugal so that measures against 
such problem are very important. The rip current as well as safety accidents may occur due to 
various reasons such as noncompliance with safety regulations, overconfidence in swimming 
ability, abnormal weather, swimming while intoxicated and lack of safety management and rescue 
equipment, and it is necessary to reinforce the education of security guards in order to prevent and 
reduce such safety accidents. After the dissolution of Korea Coast Guard in 2013, the Ministry of 
Public Safety and Security delegated the safety management task for marine tourism destinations 
to the competent local governments and regional fire safety administrations, intensifying lack 
of lifesaving personnel and equipment. The marine safety status of our country during summer 
season is in a critical condition due to various increased risks in marine environment and lack of 
lifesaving personnel and equipment. The cultivation of competent marine safety personnel is the key 
to overcome such dangerous situation. And, the cultivation of competent marine safety personnel 
should be supported by an excellent educational course system. The purpose of this study is to 
cultivate competent marine safety personnel by analyzing and presenting problems in the educational 
courses implemented in many marine lifesaving personnel education organizations in the country 
and developing the unified educational course which meets various marine environments.
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As many young Koreans started to visit the Philippines since the end of 1990s, they started 
to be trained for scuba diving as a hobby and to enjoy fun diving. Korean recreational divers 
enjoyed diving in Korea about 10 or some years ago but many of them started to go overseas as 
they experienced tropical seas. There are little diving resorts at globally famous diving points 
operated by Koreans, where mostly have coral reef areas. Meanwhile, this unique reef topography 
causes a strong flow by tide and wave actions around the reef crest. This strong flow may cause 
negligent accidents of divers, which are especially fatal to open water divers who are not familiar 
with underwater swimming. This study set up a numerical water tank in consideration of a reef 
topography, which is similar to Blue Corner, Palau among globally known diving points. There 
is always a strong flow making it one of most difficult diving points to go without using a reef 
hook. Being used in the numerical simulation, LES-WASS-3D is a 3D numerical model, which 
was applied to flow and wave fields under different marine environment conditions and has been 
verified and validated. With the numerical experiment result, general flow characteristics of reef 
topography were investigated according to the ocean physical environments (ocean current, tidal 
current and wave). It will be the basis to propose tips for safe diving in the reef topography, where 
there are strong upward and downward flows.
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In this paper, by collecting and sorting land resources, water resources, biological resources, 
mineral resources, geological environment, environmental capacity, ecological protection 
statistical data and spatial data of the coastal region of China Jiangsu Province (3.25million km2) 
in the past 10 years, as the basic data of the environmental impact of land use, to establish the 
comprehensive elements database. According to the land use change and ecological environment 
evolution of coastal area in China's Jiangsu Province, analysis on environmental factors and 
driving force of land use to determine the environmental impact assessment methods and indexes. 
In this paper, we analyse and evaluate environmental effects caused by land use changes of nearly 
10 years, and simulate and forecast environmental effects in the next 5 to 10 years. At the end of 
the paper, it puts forward the mitigation measures and related suggestions on the impact of land 
use change in the region.
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The total volatile organic compound (TVOC) concentrations and distribution were determined 
for 18 surface sediment samples collected in and around three islands in the Nakdong River 
estuary, in the southeastern Korean Peninsula on May 2015. There are four primary volatile 
organic compounds: benzene, toluene, ethylbenzene, and xylene. The emissions of TVOCs 
from sediments were measured using a thermal desorption system-gas chromatograph-mass 
selective detector (TDS-GC-MSD) for 30 min at 25°C in the National Center for Inter-University 
Research Facilities, South Korea. The thermal extractor (Gerstel, Germany) was equipped with an 
adjustable oven (temperature 20–350°C) to heat a glass tube containing the sample. The TVOC 
ranged from 2.6 to 64.9 ng/g-dry wt (average, 13.2 ± 13.8 ng/g-dry wt), with benzene 0.6 to 0.8 
ng/g-dry wt (average, 0.7 ± 0.1 ng/g-dry wt), toluene 0.4 to 1.3 ng/g-dry wt (average, 0.9 ± 0.3 
ng/g-dry wt), and xylene 0.0 to 0.8 ng/g-dry wt (average, 0.2 ± 0.2 ng/g-dry wt). For most of the 
sampling stations, no evidence of ethylbenzene was found. The TVOC was highest for a Sinjado 
Island station, at 64.9 ng/g-dry wt. This area corresponds to backbarrier fringe marsh sediments 
sorted by location and terrain. Although the TVOC levels in many sediments were below the 
detection limits, this method can be used to estimate their behavior in marine environments. 
TVOCs in sediments are a major problem, and high local concentrations are important.
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The POSCO (Pohang Steel Company) discharges about 1,000,000 m3/day of 30℃ power cooling 
water to the estuary of Hyeongsan river, which is located in the southeastern region of South 
Korea. The thermal effluent is mixed with sea water and diffused to Youngil bay. At the beginning 
of the 1990s, the thermal effluent affects brackish water zone of Hyeongsan river and Youngil 
bay and becomes a main cause of red tide in this sea area, which starts to occur from January. 
Besides, the thermal effluent also affects coastal sea water quality and ecosystem raising the 
surrounding sea water temperature. In this study, we figured out the present circumstances and 
problems in the brackish water zone of Hyeongsan river estuary and Youngil bay, which resulted 
from the thermal effluent in winter season. We also found out the cause of red tide on the basis 
of 8 measured categories on site, such as temperature, salinity, DO, COD, TN, TP, chlorophyll 
A, and flow velocity, and performed a numerical analysis using the measured data to precisely 
investigate the occurrence mechanism of red tide. The results shows that intrusion range of saline 
wedge in the lower layer of water depth is reduced in summer season because of increased river 
discharge, however, the river water and thermal effluent is diffused to Youngil bay forming a 
typical estuary front with stratified condition. On the contrary, in winter season, a constant vertical 
density distribution, resulting from a strong mixing of the upper and lower water layers, is formed 
at downstream of the thermal effluent outlet. However, a thermohaline front, developing a less 
denser density distribution than that developed in the strong mixing area, is formed at downstream 
of the strong mixing area. The formation of thermohaline front induces flow stagnation in Youngil 
bay and subsequently obstructs river discharge to Youngil bay. Thus, a mass of chlorophyll A is 
bred by the thermal effluent and consequently a red tide occurs. 
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This paper mainly studies the managers and coaches who are engaged in swimming training 
and teaching by means of literature review, questionnaire survey, participant observation, expert 
interview and mathematical statistics method. Starting from four risk factors of coaches, students, 
management personnel and the environment, this paper makes a theoretical analysis of risk factors 
that influence swimming training of children in Guizhou Province, china, investigates safety 
factors of swimming training of children in Guizhou Province, and then puts forward a theoretical 
system of risk prevention. 
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By means of literature review, questionnaire survey and expert interview, this paper takes a 
comprehensive investigation into the swimming facilities, management system, teaching practice 
and personnel structure (including management personnel, teaching staff and lifeguards) of 
universities in Guizhou Province. With the combination of analyzing the problems in the process 
of organizing swimming teaching and the actual development of the swimming classes in 
universities, this paper puts forward a reliable safety guarantee system and provides beneficial 
references for developing the swimming teaching and ensuring its smooth operation in schools.
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From WHO (World Health Organization), drowning is the third leading cause of accidental 
death in the world. The number of accidents around the world is collected from the lifesaving 
organizations through ILS (International Lifesaving Federation) based on the statistics office in 
the nations. The cause of death is categorized by international and/or national code of disease 
and most of nations follow the codes however some of LMICs (Low Middle Income Country) 
manually count the drowning by accidents reported in the newspapers. After Sewolho ferry wreck 
in 2014, which brought about 200 drowning in South Korea, more attention has been drawn 
to water safety but there has been no statistical data in accordance with international guideline 
has been used in South Korea yet. Korean Coast Guard and National Emergency Management 
Agency make annual report of drowning accident, which is about 30 but it is far away from the 
actual number around 700 from National Statistics Office in South Korea. This study is designed 
to provide realistic numbers to establish national water safety and drowning prevention strategy. 
Number of drowning from 2008 to 2012 is collected from National Statics Office based on 
KCD (Korea Classification of Disease) and it is analysed by gender, age, place and etc. also the 
characteristics of drowning accidents is compared to the international ones. 
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Onsite, instant performance of Cardiopulmonary Resuscitation by bystander is the most critical component to 
increase the possibility of survival of the cardiac arrest patients. It can never be reemphasized the importance 
of public education of CPR to increase the execution rate of bystander CPR. This study analyses the change of 
perception of CPR training and its execution after participating public CPR education program in metropolitan 
Seoul from 2010 to 2015. The study aims at public school students, teachers, social workers, and staffs at public 
places who reside in the metropolitan Seoul. Throughout the results of the study, we are able to develop training 
policy such as refresh period, training hours. Also education components and contents of public CPR training 
can be sophisticated with the adequate educational resource as national standard. From 2010 to 2015, 205,949 
people participated in public CPR training program organized by Lifesaving Society Korea. After each training 
questionnaire were collected by the instructors who ran 2~4 hour-CPR training. Compared to 2010 when was the 
beginning stage of public CPR training program, increasing number of participants responded that they have been 
taken CPR training before. Also the more people expressed in confidence of CPR execution in 2015. All training 
program limits the number of participants from 6 to 30 to enhance the effectiveness of the education. And most of 
the participants prefer smaller size of class. Some of the participants expressed the benefits of using simple terms 
of CPR instead of medical terminology. There is no significant difference among instructors in satisfaction of the 
training. Periodic participation of CPR training and bystander CPR promotion and awareness program contributes 
positively in CPR execution confidence and willingness of performing CPR in everyday life. Therefore, public CPR 
program should be strengthened in the school as well as office and public place. In addition, localized CPR training 
program at public eyelevel needs to be develop to increase the effectiveness of program. 

The collected data is processed by 
1. Program type(hours)
① Adults CPR and AED
② Adult, Pediatric, and Infant CPR and Airway Obstruction 
③ Adults CPR & AED and Airway Obstruction
④ Adult, Pediatric, and Infant CPR & AED and Airway Obstruction

2. Training format
① Theory with the practice at the same time  
② Theory and practice separately
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River management should be integrated from view point of flood mitigation, water resource 
management and ecosystem conservation, and management of river morphology with Riparian 
vegetation must be a key. Many researches about the drag related with various vegetation 
configuration were carried out and focus on determining the drag coefficients and empirical 
formulas. But several issues remained in depth-average scheme has been discussed. When it is 
applied to a stream with vegetation, form drag due to vegetation is taken into account, but the 
change of frictional resistance law is not properly treated. The velocity in the non-submerged 
vegetation is constant except only the shin layer near the bed where the shear flow appears due to 
bed roughness to govern the frictional resistance law. Therefore, friction factor in depth-averaged 
scheme must be modified by the flow with vegetation. In this paper, the concept of “bed roughness 
boundary layer” is proposed and analytically formulated against the vegetation density. Sensitivity 
analysis were also conducted under several parameters and several vegetation densities. The 
calculated results bring the reasonable evaluation of shear stress and will affect other many kinds 
aspect in fluvial process, which will be clarified successively. Resultantly we are able to apply the 
depth-averaged analysis reasonably to flow and fluvial process in a stream with various density of 
vegetation. 
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Although phosphorus shows low concentration in general wastewater, it most profoundly affects 
eutrophication. Methods for phosphorus removal are divided into biological and chemical 
treatment. In Korea, chemical process is essential to comply with the regulation because 
municipal wastewater is not proper for biological treatment due to low C/N ratio. In this study, 
polyaluminium chloride (PAC) with different basicity (8%, 53% and 71%) was employed to 
activated-sludge for phosphorus removal. While PAC with low basicity removed phosphorus 
efficiently compared with other coagulants, it had an adverse effect on microorganism since PAC 
with low basicity contained relatively large amount of chlorine. In addition, similar results were 
obtained in oxygen uptake rate (OUR) test. To compare PAC with high basicity (71%) and alum 
(0% basicity) that is one of the prevalent coagulants, two kinds of coagulants were added to the 
membrane bioreactor (MBR) system for permeate phosphorus concentration decreasing below 
0.5 mg/L. The system composed of aeration and anoxic tanks was operated with an interval of on 
(8 min) and off (2 min) using c-PVC membrane and real wastewater. Averagely, 0.43 mg/L and 
0.29 mg/L of permeate phosphorus were shown in each system using alum and PAC, respectively. 
However, in the case of alum, transmembrane pressure (TMP) was increased sharply after 20 
days. This is attributed to abnormal cake resistance resulting from microorganism influenced 
by coagulants. It implies that coagulant with high basicity can be a better option to keep the 
membrane from fouling in MBR.
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The suitable plant on the slope coast isa new form of revetment protection from wave wash. It can 
be used to eliminate the wave energy on the shore slope, and then the coastline can be protected 
well. The influencing factors on wave elimination were explored using the flexible plants. A 
series of physical experiments were conducted with regular wave scenarios. Various factors were 
considered to evaluate the effect of wave elimination including rows of plants, relative density 
of plants, wave height, wave period, still water depth, slope rate and location of plants on the 
slope. The Goda method was used to resolve the incident and reflected waves from the records of 
composite waves; consequently the reflection coefficient Kr, the transmission coefficient Kt and 
the wave energy attenuation coefficient Kdis can be calculated. It was found that Kt decreased with 
increasing rows of plants, relative density of plants and wave height respectively; nevertheless, 
Kdis was on the contrary. With increasing wave period, Kt increased at first and then decreased, 
while Kdis decreased at first and then increased, and Kdis  reached a maximum value when the 
wave period was 2.0s. Kt increased with increasing still water depth at first and then decreased, 
Kdis was on the contrary. If plants were closer to the slope top, Kt was smaller, but Kdis is higher. 
Kt decreased with increasing slope rate; however, Kdis was on the contrary. This study provided a 
potential support for plant revetment engineering at coastal zone.
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Seagrasses are widely distributed along coastlines. Development of artificial seabed has been 
studied as one of seagrass restoration activity. We focused on the evaluation of an artificial seabed 
based on granulated coal ash (GCA). The GCA is a by-product of coal thermal electric power 
stations. The GCA was granulated by adding ca. 10-15% cement as a binder and fly ash. The GCA 
used in this study is a size of 20 - 50 mm in diameter. Recently, some study reported interesting 
effect of GCA for marine sediment. In this study, we used GCA to create a functional artificial 
seabed for eelgrass. We examined the eelgrass growing aptitude of GCA in an indoor experiment, 
and also aimed to elucidate the ability of eelgrass to establish and grow in a GCA artificial seabed 
created in the actual marine environment. From this study, we summarized that the amount of 
growth and survival scores indicated that GCA is effective material for eelgrass seabed. Stable 
eelgrass community was established in one year. Furthermore, five years after transplantation, 
eelgrass did not die out, indicating the functionality as the eelgrass bed. On the GCA artificial 
seabed, ORP of the bottom sediments was about 100 mV higher than the surrounding ground, and 
the amount of sulfide was suppressed to about one third. Even five years after the construction, 
stable environment was present.
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A breakwater is one of the most important structures at coastal areas. The breakwater could be 
categorized as three kinds, that is, rubble mound type, vertical wall type and composite type 
structures. Rubble mound breakwaters are still the most widely designed and constructed. When 
designing rubble mound structures, the determination of the stable weight of concrete armour 
units is the most significant and critical problem. The stable weight of concrete armour units could 
be calculated by Hudson or van der Meer formula. When using these formula, it is assumed that 
a breakwater is straight and waves propagate normally to the structure. The weight of concrete 
armour units at the round breakwater head should be protected by 1.5 times of that at the trunk 
area because coastal engineers think it to be vulnerable. However, damages of concrete armour 
units at a convex corner of the breakwater trunk were reported several times recently. Because 
there have been no design standards for these area, a design method for these areas are highly 
needed. In this study, three dimensional wave tests were performed to investigate the stable weight 
of concrete armour units at a convex corner area. Tetrapods were used as the target concrete 
armour units. The stable weight will be suggested by stability number, Kd by using Hudson 
formula.
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With the increase of living standards, the recreational use of the beach is gradually valued in 
China. There was a need of artificial beach development to meet the need of increased beach 
recreational use. Submerged breakwaters (SBW) is a widely used coastal protection measure, 
which is constructed to reduce the wave condition to protect the beach from erosion and also 
to increase the recreational value of a beach. Understanding the impacts of the SBW on the 
transformation of incoming waves and the circulation induced by wave setup behind the SBW 
are important both for the proper SBW design for beach protection and also for water safety for 
the people enjoying water sports at the artificial beach. In the present work, the beach restoration 
project, especially the design of the SBW that Ocean University of China (OUC) had carried 
out is introduced, and the problems in designing the SBW are identified and discussed. ii). The 
numerical experiment using different kinds of models both wave averaged and wave resolving 
model for the evaluation of the impacts of the SBW on wave transformation, wave setup and 
resultant coastal circulation behind SBW, and their impacts on beach sediment transport are 
presented. The results are compared with observation data and discussed with the design of SBW. 
iii). The technology of practical design of the SBW based on the integrated coastal models and 
data bases of long-term hindcast of the forcing terms are presented. Further research on the proper 
design of the SBW is suggested. 
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The Armour configuration and pattern directly affect hydraulic performance and construction 
costs of seawalls. In the case of armour layer made of concrete slab, the resistance to wave attack 
essentially depends on the thickness of the concrete slab. In this research, the effect of porosity 
on the hydraulic stability of perforated pattern concrete slab armour layer was investigated. 
Irregular waves of wide range of heights and periods were made to attack the seawall. The effect 
of variation in wave parameters and the slope on the stability of seaward slope were illustrated in 
qualitative way. Tests were carried out for different porosity of concrete slab armour layer (P=0, 
15%, 25%, 35%). The results show that as porosity increased the stability of the armour layer 
increased under wave action. Based on the test results a prediction formula is provided to include 
these effects on the stability of armour layers with concrete slab.
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Roads or walkways over coastal structures such as breakwaters and dikes are subject to 
overtopping flows. In Korea, losses of life and facility over coastal structures have been 
reported and there has been a request of responses to overtopping flows for a purpose of disaster 
mitigation. To establish a method to prevent disasters by overtopping flows, understanding of 
flow characteristics, especially force-related flow properties on the top of the structures, needs 
to be preceded. However, most studies on overtopping flows have been focused on overtopping 
volume. This study conducted a physical model test in order to investigate the momentum of 
overtopping flows over a breakwater with dissipating rubbles. A series of experimental tests 
with changing wave periods and wave heights of monochromatic waves were carried out to 
obtain relationship between the overtopping flows and the wave conditions. Velocity and layer 
thickness of overtopping flows were measured using the bubble image velocimetry employing 
the shadowgraphy technique. Because overtopping flows possesses aerated regions mostly in the 
frontal area, the bubble detectable method was required. A pair of images gave a velocity map of 
overtopping flows applying cross correlation calculation. The velocity field measurements using a 
high speed camera enable us to analyse flows both spatially and temporally. With measured data, 
kinematic analysis of overtopping flows will be present.
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The meteotsunami kills 6 people on March 31, 2007, and this event give a strong shock to Korean 
society since this kind of disaster was not known before. After investigation, it turns out that this 
phenomenon is so-called meteotsunami; meteorologically generated tsunami. Meteotsunami can 
generate tsunami-like surge wave when atmospheric forcing propagate near the similar speed of 
shallow water wave speed. The interaction between atmospheric pressure instability and water 
surface movement can be resonated and so-called Proudman resonance triggers the amplification 
of surge wave amplitude. Therefore, it is needed to detect the atmospheric pressure instability 
(or, so-called pressure jump) before the surge wave arrive the coastal region, in order to establish 
the warning system for this disaster. We investigate the efficient way of detecting pressure jump 
and develop the algorithm to estimate the propagate direction, so that the basic foundation for 
meteotsunami warning system can be made. It is important to found out the methodology to 
remove the higher frequency signal while preserving around 10-min periodic instability signal. 
The methodology we develop is that firstly, less than 10-min fluctuation is removed by ensemble 
average, and detects the maximum difference between highest and lowest atmospheric pressure 
during last 1-hour. This maximum difference is defined as "pressure fluctuation" and when and 
only when there are more than 3 locations where the pressure fluctuations larger than 3 hPa are 
detected. And then it is declared as a "Pressure Jump" which could generate the meteotsunami. 
Secondly, we develop an algorithm for the estimation of the propagation direction and propagation 
speed automatically. By co-relating the spatially distributed "pressure fluctuation" at the AWS 
location which is regularly operated by KMA (Korea Meteorological Agency), it is possible to 
check whether the pressure jump propagation could be able to make Proudman resonance. If it is 
highly likely, then the KMA will give a warning signal to Korean society. In the future this method 
will be linked with the numerical modelling system for 1 or 2 day forecast of tsunami warning.
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In coastal zone management and adaptation strategies, the sea-level rise is the key factor to be considered because of 
its huge impacts. Therefore, the estimation of long-term trends and changing rate (in mm/yr) is of eminent importance. 
Recently, Visser et al. [2015] pointed that misunderstanding/controversies on acceleration or deceleration of sea-level 
records are due to mathematical or statistical characteristics of the models applied. Moreover, they reviewed 30 methods 
in use for sea-level records analysis and made recommendations for good modelling practices. However, empirical mode 
decomposition (EMD) is not directly dealt with in their model evaluation. In the meantime, Chambers [2015] investigated 
the EMD method thoroughly for quantifying multi-decadal variations and acceleration of sea-level records, and concluded 
that careful caution is necessary when applying EMD in sea-level records analysis because lowest-frequency modes are 
significantly distorted with incorrect amplitudes and phases due to residual noises. In this study, we investigate EMD 
and ensemble EMD (EEMD), and recent improved EEMD methods, which are complete EEMD with adaptive noise 
(CEEMDAN) and improved CEEMDAN (impCEEMDAN), for estimating trends and trend increments with sea-level 
records in Korea. Moreover, we propose a novel method to improve the applicability of EMD and its variations through 
statistical significance test by comparing energy levels of each intrinsic mode function (IMF) with those of corresponding 
white noises. EMD is an adaptive (data-driven) method to analyse non-stationary signals stemming from non-linear 
systems. It produces a local and fully data-driven separation of a signal in high and low frequency oscillations (IMFs), and 
a monotonic trend (residual). The EEMD defines the “true” modes as the average of the corresponding IMFs obtained from 
an ensemble of the original signal plus different realizations of finite variance white noise. The CEEMDAN is an important 
improvement of EEMD, achieving a negligible reconstruction error and solving the problem of different number of modes 
for different ensemble numbers with signal plus noise. The impCEEMDAN is a further improvement of CEEMDAN for 
solving the problem of residual noise in modes and spurious high frequency modes. Among the trend estimations, the trend 
obtained by third-order polynomial fit exhibits close pattern with the trend estimation from impCEEMDAN. However, the 
trend increment of third-order fit is very low in 1960 to 1965 and overall it shows the deceleration trend, whereas the trend 
increment from impCEEMDAN is almost zero with gradual acceleration trend from 1970 to 1990. Visser et al. [2015] 
showed the fourth-order polynomial is optimal among six trend models they tested based on multiple model selection 
indices, such as Akaike’s Information Criterion (AIC), the Bayesian Information Criterion (BIC) and the Deviance 
Information Criterion (DIC). The third-order polynomial also performs well that it is next choice following the fourth-
order polynomial. However, the third- and fourth-order polynomials have not been applied to sea-level trend estimation. It 
is very interesting to note that the third-order fit displays a similar result with EMD and its variations and performs well in 
terms of trend estimation and trend increments. Our approach to estimate a non-linear SLR trend and trend increments will 
be a useful tool in regional SLR scenario generations.
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The sea level rise around Korean peninsula has become a significant factor that can have a 
catastrophic impact on low-lying coastal regions. The risk of storm surge can be intensified by sea 
level rising and it will create more damaging flood conditions in coastal areas. This study focused 
on the long-term variation of annual mean sea level(AMSL) and maximum surge heights(AMSH), 
which were influenced by the global warming and the typhoon strengthening. Using sea level 
data at 7 tidal stations along the southern and eastern coast of Korea over 30 years (~2014), the 
rate of AMSL rise and AMSH were calculated. The rate is on average +2.31mm and +2.70mm 
per year, which were significant within 95% confidence level based on the linear regression. The 
areal average rise of AMSL showed similar rate (+2.32mm and +2.31mm per year) in southern 
and eastern coast. The average rise of AMSH in the southern coast (+3.71mm/year) were higher 
than the eastern coast (+1.35mm/year) due to the southern coast lies on the direct impact of the 
typhoon relatively. The statistical analysis showed that 38% ~ 58% of the AMSH occurred during 
typhoon event and the records were mostly produced by typhoon. It is concluded that the uptrend 
in the AMSH is attributed by the increasing typhoon intensity due to the increased sea surface 
temperature. And the scientific evidence shows the positive correlation between sea level rise and 
surge height increase through long-term sea level data analysis.
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Uldolmok that is a typical site of the tidal current power in the peninsula is famous for its strong 
tidal current, with a maximum 5 minute mean current speed of about 6.3 m/s observed mean 
surface layer, above 23 m from. The channel was confirmed that the strong fluctuation created 
when the time period of 5~10 minutes to occur, which occurs in amplitude of around 2 m/s. On 
the other hand, tidal waves at the Uldolmok has been progress in the southeast to the northwest, 
the tidal wave of progress and showed a characteristic increase in the amplitude of the tides. In 
particular, the M4 was enhanced due to the nonlinear effect of the narrow waterway than the 
surrounding waters are clear, the phenomenon that the amplitude was reduced in the vicinity of 
the terrain. Such a result appears likely that tidal choking effect on the terrain, the short period 
fluctuation of the flow rate also is thought to be associated with this effect. For a short period at 
a flow rate variation is an important factor in the generation and utilization rate calculation and 
evaluation. But the method using the observation requires a supplement of studies using other 
means it is observed time and space constraints. So we want to clearly grasp the short-period 
oscillations of the flow rate by adding the numerical experiments and eco-buoy observations that 
Eco-buoys is a device capable of observing the flow rate and flow pattern in the space inside the 
small built-in GPS sensor buoy.
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The coastal flooding is one of major social problems in the coastal area of Jakarta bay, Indonesia. 
The factors affecting coastal flooding are mainly land subsidence, sea-level rise, unusual high 
tide and storm surge. The rate of land subsidence and sea-level rise is about 10cm/yr and 7mm/
yr. These two factors can be predicted and occurred gradually. However, the unusual high tide 
and storm surge occur suddenly even though the incidence is low. In 2007, about 30cm height of 
the unusual high tide occurred by the tropical cyclone Hagibis and Mitag in Jakarta. Furthermore, 
coastal dike does not have enough margins from A.H.H.W. on Jakarta bay. So, for preventing 
coastal flooding, we should know how much and when sea level will be raised by unusual high 
tide and storm surge. In this paper, we developed the numerical model using WRF, SWAN and 
MOHID for forecasting tide, wave height and storm surge height 72 hours before in Jakarta bay.

Oral Session

IWSS 2016•083

A study on development of policy using numerical model 
for preventing coastal flooding in Jakarta bay, Indonesia

Hansan Park1,c, Jinyong Choi1, Ki-Young Heo1

1Korea Institute of Ocean Science and Technology, Republic of Korea

IWSS-S12-1

Corresponding Author : hansanpark@kiost.re.kr

O
ral Sessions



The regions of Korea are particularly prone to natural hazards such as heavy rain, snow, typhoon 
and gale. Some of the natural hazards are not only to blame for the region’s vulnerability to 
natural disasters but also are particularly susceptible to partly region’s natural hazards. In this 
study, we examine main determinants of natural disaster mortality and analyse risk of natural 
disaster with quantitative evidence based on meteorological information portal service system and 
national disaster information. After a thorough analysis, this study carries out risk assessment with 
risk curve and management of risk and setting of risk levels in natural disasters varies depending 
on effective coping strategy. It could be interesting from an academic point of view to establish 
response to natural disasters and improving the main factor to mitigate risk on natural disasters.
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A tsunami is one of the most devastating disasters in the ocean, especially on beaches. For 
example, many casualties were swimming at the beaches during the 2004 Indian Ocean tsunami. 
In general, tsunamis approaching beaches are long wave trains and those can hit the beaches 
approximately at a speed of 30 m/s in water depth of 100 m. Namely, uninstructed people at 
beaches are very vulnerable to unexpected tsunami attacks and a safety supervisor should build 
advisedly an emergency action plan (EAP) against tsunami hazards. An EAP is a written procedure 
detailing the appropriate response to various types of emergencies, and a tsunami EAP includes 
a set of steps to follow when a tsunami occurs in the ocean and coastal areas are in danger. For 
developing search and rescue (SAR) activities appropriately in a tsunami EAP, it is important how 
we can predict location of casualties swept away by tsunami waves at beaches. Recently, the SAR 
modeling system was established to forecast the tracks of victims or debris from marine accidents 
and the system was directly linked to a real-time operational oceanographic system around Korean 
Peninsula. In this study, the SAR modeling system is employed to predict location of casualties 
swept away by tsunami waves at beaches when a tsunami strikes the eastern coast of Korea. 
Numerical results should provide some references for development of SAR activities in a tsunami 
EAP and possibilities of real-time SAR activities during tsunami events.
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Tourist area of Haeundae Beach area of Busan city is filled with a dense population. If the 
accident or disaster occurs, it could be a result of a large disaster. Research resources for disaster 
incidents of beach was not currently done. Research compare the resources of the International 
Disaster developed countries to analysis the current resources for disaster response of thought 
of the beaches of South Korea. In this research, Check the status of national disaster emergency 
resources and ensure the capacity of each disaster resources that can respond disaster effectively. 
Research checks the emergency resources of an external emergency resources available at the 
beach and beach to classify the resources needed for disaster bathing accident. It performs an 
analysis based on emergency response measures of resources when the accident occurs at the 
beach by using GIS. To ensure the accessibility of external resources disaster, Research identifies 
the current disaster resources of the beach internal and external like emergency relief supplies, 
emergency response facilities. Through the above process and research analysis the effectiveness 
of the emergency resources of the surrounding beaches. Propose appropriate emergency resources 
positions to improve the efficiency of incident response beaches.
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 Beach profile is known to change significantly during a short-term natural events such as storms 
and tsunamis. In summer 2015, typhoon Goni attacked Korea and changed morphological and 
shoreline features in many beaches of Korea. Sanpo beach located on the southeast coast of Korea 
had been affected by typhoon Goni and thus some changes in beach profile might be expected due 
to the strong storm-induced currents. Series of field observations on the beach topography, bottom 
bathymetries, shoreline, sand sample, and incident waves were carried out in order to investigate 
the morphological changes at Sanpo beach during the typhoon season. In particular, RTK-GPS 
and single-beam echosounder were utilized to collect beach topography and bottom bathymetry 
data, respectively. Observational results represented spatial and temporal changes of shoreline and 
sand bars. For a close look at morphologic changes derived by the sediment transport mechanism, 
field-scale numerical simulations were performed using Xbeach. Xbeach is one of the widely-
used, open-source models which calculate sediment transports and morphologic changes by 
hydrodynamic processes of short(or long) waves, wave-induced setup and unsteady currents. 
A state-of-the-art treatment of morphodynamic upscaling approach was also applied during the 
simulation, and this provides the great efficiency of computation without a significant loss of 
accuracy. Bathymetric evolutions as well as shoreline changes through the numerical results 
revealed good agreements with observational data.
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Coastal line as the boundary between land and sea is constantly changing by wave, tidal 
movements, storm, typhoon, climate change and artificial structures. Nowadays, coastal regions in 
Korea are eroding and facing coastal erosion problem. Therefore it needs a method to effectively, 
constantly and systematically monitor shoreline changing or beach erosion. In this paper, we 
suggest coastal monitoring method using airborne LiDAR bathymetry data. Airborne lidar 
bathymetry has many advantages when applied to the national scale region and the disaster site 
due to its wide coverage and real-time data acquisition. ABL is also possible to access shallow 
sea area where vessels are difficult to access. In this paper, the experiment site was Gyeongpo 
and Wonpyeong beach. Each data in sites used 3D point cloud extracted from bathymetry 
data acquired by 2009 and 2013. For coastal erosion analysis, shoreline of 2009 and 2013 was 
estimated and then beach region area was calculated. As a result, Wonpyeong beach region area 
was calculated 66.119km2 in 2009 and 42.371km2 in 2013. Gyeongpo beach region area was 
calculated 33.246km2 in 2009 and 32.899 km2 in 2013. Thus each shoreline of Wonpyeong and 
Gyeongpo beach was retreated and that about 23819.5 m2 and 347m2 of each beach region area 
has been lost for four years. Therefore we are also expected that bathymetry data by airborne lidar 
bathymetry would be suited for coastal monitoring. Also our suggested method would be helpful 
for coastal management. 
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Shoreline change has been measured with conventional surveying techniques such as Total 
station, GNSS, EDM etc. These measurements provide short/long term variation of nearshore 
evolution which enables us to estimate erosional and accretion sediment volume of the beach. 
This observation of ocean morphology currently has been utilized through the advance of 
optical imaging system and related digital image analysis. When deployed with proper viewing 
geometry, ground based digital imaging system can provide higher spatial/temporal resolution 
of shoreline change than satellite remote sensing data. In this study, we focus on generating 
time series of shore line change in Gwanganli beach in Busan, Korea where two DSLR imaging 
station have been successfully installed nearly at the end of each beach span. Via single photo 
photogrammetric techniques such as lens calibration, interior/exterior orientation, feature tracking, 
projection toward water surface, we aim to 1) calibrate out time lapse camera system, 2) verify 
with conventionally observed shorelines and finally 3) quantify the trend of ocean morphology in 
target sites. Understanding that shoreline monitoring system compliments existing conventional 
survey, its pros and cons should be treated as integrated method with conventional method.
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When a long-period high waves incident on the beach, the wave energy and the height of wave 
run-up increase, affecting the foreshore as well as the backshore and this increases sediment 
transport that causes beach erosion. In the case of a high wave which attacked beaches 
occasionally in the past as a sporadic wave, the frequency of its attack as well as its duration also 
have increased due to the effects of abnormal climate and sea level rise. Because of such attacks of 
an abnormal high wave, beach erosion as well as various damages to the coastal area occurs. The 
wave observation data between 2013 and 2016 shows that the frequency of attack of a wave (over 
the height of 2.5 m and duration of 10 sec) increased over time. In this study, the characteristics 
of wave run-up were examined by analyzing the height of wave run-up for various incident waves 
using numerical simulation and comparing it with the experimental results occurred through 
the physical hydraulic model tests. In addition, the interaction mechanism of wave run-up and 
sediment transport was reviewed by comparing a beach profile change from not only wave actions 
but also acting waves and winds simultaneously. 
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A reclamation project that the case of restricted available land and water resource is efficient 
project. However, the large-size reclamation project should be spent long term period and huge 
amount of expense. For this project term, project must be necessary for the departmentalization 
and detailed process control. Moreover, it is not easy that a management staff can not check the 
field everywhere with the unaided eye. Therefore, in this investigation, the improvement plan with 
regarding to UAV application for process control of reclamation project. The spatial information 
collected by UAV can be used to check the accident occurred potentially and construction process. 
This information can be applied to schedule management for construction and making decision. 
UAV data have been compared with terrestrial surveying. Consequently, UAV have shown the 
advantage in terms of consuming cost and work duration control. 
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Coastal structures such as the breakwaters have disturbed the equilibrium of the longshore drift. In 
particular, the shoreline has been changed seriously due to the erosion and the foreshore slope has 
steepened, making it dangerous to swim in this area. Therefore, guide and instructional materials 
must be provided in advance based on the field observation data in order to prevent possible risks 
and to ensure safety. This study analyzed the characteristics of the relationships among the water 
depth, slope, and swimming zone width and suggested the mapping method of swimming safety 
zone. For this purpose, beach profile surveys were carried out. The physical survey results from 
the data analysis revealed that the seasonal variation of the beach erosion occurred significantly 
in Oeongchi Beach of Sokcho city, east coast of Korea. The results of periodic beach profile 
survey showed that the swim zone width varied at each measurement section along the coast 
between 6.4 and 41.5 m from the shoreline. The beach width also varied widely from 39.1 to 52.5 
m in the depositional sections, and from 26.5 to 28.7 m in the erosional sections. Distribution of 
these swimming zone widths was mapped using GIS tools. Thus, an analysis of the swimming 
zone width obtained by beach profile data can be considered as the preliminary investigation for 
a beach development plan in the summer season, and contributed to establishing a safety zone 
system to prevent swimming accidents. 
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Recently, large swell waves have been attracted by many engineers and scientists in Korea 
since the eastern coast of Korea has been frequently damaged by large swell waves for several 
years during winter season. These waves were occasionally higher than 3 m and could be very 
dangerous for people in beach areas. It has been identified that these waves originated from a 
certain cyclone passing over East Sea in recent researches. However, an apparent developing 
mechanism of large swell waves in East Sea is still remained unidentified. Numerical modelling 
of water waves using the third generation wave model is a convenient source for analysis of 
wave behaviours in the ocean. In this study, two well-known global atmospheric reanalysis data 
(ERA-Interim and NCEP FNL) were employed to simulate large swell waves in East Sea. Since 
sea surface wind is generally regarded as the most important source to wave models, different 
global reanalysis data should be carefully applied to wave models for better performance. 
Numerical results of wave models using two different reanalysis data were compared with 
available observational data and their performance reproducing large swell waves was evaluated 
both qualitatively and quantitatively. Both ERA-Interim and NCEP FNL data were reasonably 
agreeable with corresponding observational data while ERA-Interim showed slightly better results 
at certain locations than NCEP FNL.
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Several parts of the coastal road in Sanpo-Ri, Uljin-Gun, located in eastern part of South Korea, 
were subsided by erosions and scours of the lower part of the front face of the revetment due to 
frequent high wave attacks. In this study, we carried out two times field surveys and measurements 
in Sanpo-Ri coast (wave, current, water depth, seabed material, beach profile, shoreline surveys 
and measurements) and in Wangpi-River and Namdae-River, located in northern part of Sanpo-
Ri, respectively, in the summer and winter seasons, to analyze and figure out the erosion process 
along the coast of Sanpo-Ri. In addition, we also used 8 aerial photographs taken from 1988 
through 2013 to analyze long-term coastline changes. The erosion of Sanpo-Ri coast was initiated 
and progressed by not only decrease of the width of the coast by the construction of coastal road 
and increase of the reflected waves at the vertical revetment but also 35 small dams installed in 
Wangpi-River and Namdae-River after 2000 that intercept sediment transports from the river to 
the coast. To provide countermeasures to prevent and control the erosion of Sanpo-Ri coast, we 
performed numerical analyses on the generation of longshore current, sand transport, and shoreline 
change based on the field data, and determine the countermeasures to minimize coastal erosion 
and preserve the aimed coastline by beach nourishments and installation of T-shape headlands, 
that are combined the groin with the submerged breakwater. These numerical monitoring data and 
results would be useful to establish coastline maintenance and protection plans both in the coast of 
Sanpoi-Ri and other coasts with erosion problem.
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Numerical models for tsunami wave propagation are important tools to predict the tsunami heights and tsunami 
risk in coastal zones. In numerical models for tsunami processes, tsunami run-up is included by taking into account 
the various assumptions on hydraulic properties (roughness) of the dry land that is important for tsunami risk 
assessment. Direct calculation of tsunami propagation and run-up from source regions to the coastal zones with 
a single model domain results in low accuracy. Therefore, various nested methods with different grid intervals in 
open sea and coastal zone are generally applied. High level accuracy for tsunami run-up in coastal zones requires 
small grid intervals in the order of 10 meters, resulting in the significant increase of computing times. As a result, 
such numerical models are difficult to use in operational practice. 
In this study, we illustrate the efficiency of adaptive mesh refinement (AMR) method for tsunami run-up modelling 
through numerical experiments in terms of computational time and accuracy. A classical validation test case for 
tsunami models proposed by Inundation Science and Engineering Cooperative (ISEC) is used as a benchmark test 
for numerical experiments. It is based on experimental data obtained in a wave tank in order to understand the 
extreme run-ups observed near the village of Monai during the 1983 Okushiri tsunami. Experimental conditions 
for physical model such as the physical model dimension, boundary conditions and depth, and the input wave time 
profile from 0 to 22.5 sec are all available from the ISEC website and are used in this study together with measured 
output for validation of numerical experiments. Numerical experiments with Gerris flow solver (gfs) which is a 
non-linear shallow water equation model with adaptive mesh refinement method have been carried out in three 
categories, (a) adaptive mesh, (b) non-adaptive (constant grid interval) with low resolution and (c) non-adaptive 
in high resolution. Four experiments in each category have been tested with varying bottom friction coefficient, 
Cd, such as 0.001, 0.0025, 0.004, and 0.01. Therefore in total 12 numerical experiments have been performed. 
The level of adaptive meshes varies from 6 to 9 which are equivalent to approximately 5.32 cm and 0.66 cm in 
distance, respectively. The non-adaptive run with low resolution indicates that the grid interval is uniform with 
5.32 cm, whereas the non-adaptive run in high resolution means uniform grid interval with 0.66 cm. The results 
of experiments illustrate that the AMR method is quite efficient in computing load while keep the high accuracy 
comparable to non-adaptive and traditional nesting technique.
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When tsunamis are approaching, ships inside a harbor should evacuate to the outside of the harbor to 
prevent from collision with other ships or quays, or even from grounding over the land. The tsunamis 
in Korea arrive at the coastal area within two hours after generated along the east margin of East Sea 
of Korea or along the Ryukyu Islands of Japan. Thus, after the tsunami warning has been issued the 
ships have to stop immediately loading or unloading cargos and passengers, releasing moorings and 
starting engines in a short time to move to the outside of harbors. However, it takes in general a long 
time before the ship to start to evacuate. In particular, the large cargo vessels and super-tankers cannot 
be undocked without the help of tugboats. As a result the large ships have more difficulties to evacuate. 
Thus, emergency action plans (EPA) should be constructed. The EPA against tsunami attack should be 
site-specific because the velocity field induced by the tsunami, one of the most important factors for the 
safety of evacuated vessels, is significantly influenced by the underwater topography. In this study the 
selection criteria of a safe area for vessel evacuation is proposed based on the analyses of the Automatic 
Identification System (AIS) Data of the vessels involved in the event of the 2011 East Japan Tsunami 
(Makino et al., 2012; Makino2013). To obtain the free surface displacements and the current velocity 
fields numerical simulations of the 2011 East Japan Tsunami are conducted for the coastal area near the 
Onahama Port in Iwaki City of Fukushima Prefecture, Japan. The dispersion-correction finite-difference 
model developed by Yoon et al. (2016) is used, and the time-dependant ground motion proposed by 
Sugino (2011) is employed for the initial condition of the tsunami simulation. The drift of a bunch of 
buoys deployed in the water surface is then calculated using the current velocity field. When the buoy 
remains in the offshore area during the tsunami action, the initial position of the buoy is considered as 
a safe area for the ships to evacuate. This criteria proposed in this study can be used as a useful tool to 
determine the safe evacuation area in the construction of the Tsunami Emergency Action Plan for ships.
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The west coast of Korean peninsula is an area that casualties and property damages by the meteo-
tsunami from the Yellow sea have been reported. A case in point is the event with an estimated 
maximum amplitude of 240 cm in Yeonggwang (YG) on 31 Mar, 2007. Many researches 
have been carried out ever since in Korea. These researches primarily have focused on the 
oceanographic aspects (e.g. the resonance between the atmosphere and ocean). They wanted 
to calculate the resonance effects by the propagation velocity and direction of meteo-tsunami. 
However, there were no sufficient atmospheric observation data on the sea, and it was inadequate 
to explain the various interaction between the atmosphere and ocean. So, we used the weather 
research and forecast (WRF) model to predict the various detailed meteorological factors(e.
g. air pressure, wind vector) on the open sea. It was performed about representative meteo-
tsunami events induced by four synoptic weather types known by Kim et al. (2016). As a result, 
the numerical weather model, WRF, projected various gridded atmospheric informations on the 
Yellow sea, and we could find main atmospheric forcings(e.g. pressure jump line, high pressure 
system) of four meteo-tsunami events, respectively. The numerical weather modeling showed the 
potential to predict the coastal disaster caused by the meteo-tsunami.
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The shock capturing numerical model based on shallow water equations is developed to predict 
run-up of long waves generated by a moving atmospheric pressure disturbance across a straight 
shoreline on a sloping beach. HLL approximate Riemann solver with the fifth order WENO 
scheme is used for computation of numerical flux in spatial discretization, which gives better 
results in comparison with TVD MUSCL type scheme. For time stepping method, the second 
order SSP-RK method is adopted. We conducted numerical experiments of wave propagation by 
a moving atmospheric pressure disturbance which is normally approached to the coastline. When 
the atmospheric pressure disturbance acts on the water surface, both free and forced waves are 
generated. And they are amplified due to shoaling and Proudman resonance. As the pressure center 
moves farther inland, the effects of the atmospheric pressure on the free surface motion diminish. 
The rebounding run-up wave radiates to all directions which are confined to the shore resulting 
from refraction. As time progresses, the rebounding wave splits into two waves, propagating 
essentially in the alongshore direction, opposite to each other Although up and down free surface 
motions in the source zone continues for a while, its wave height decreases rapidly with time. 
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The safety of the beachgoers is affected by the high speed swash motion and wave run-up at 
the beach. In the present work, the process of swash motion and wave run-up were investigated 
through the analysis of a series of laboratory experiments at 2D wave flume. Experiments were 
carried out with different combinations of bed slope, wave height, and wave period. The time 
variations of swash shape were observed using video cameras mounted aside the glass wall 
of 2D wave flume. Swash edge excursion and uprush velocity were calculated from the video 
image analysis. The wave resolving models such as XBeach model, Swash Model and FLOW3D 
model are used to simulate the swash motion and wave run-up by preparing the input boundary 
conditions using the laboratory observation data at offshore wave and flow gauges. The analytical 
method based on the force balance of swash motion on leading head was also used to calculate 
the swash motion. The swash motion and wave run-up results obtained from the wave resolving 
models and analytical method were compared with the laboratory experiment data, and the 
performances were discussed and analysed. The swash motion and wave run-up for different 
input parameters were investigated from the combination of the laboratory experiment, numerical 
simulation and analytical calculation, and the effects of different bottom slopes and input wave 
parameters on the swash motion are discussed. Application to the prediction of the swash motion 
and wave set-up for water safety is also discussed. 
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A destructive meteo-tsunami occurred along the west coast of Korea on March 31, 2007. Four 
human lives were sacrificed and lots of ships and houses were damaged. The free surface data 
measured at the intake channel of Yeonggwang NPP showed that the first few waves are the 
incident waves generated from the sea, and the successive waves are the reflected waves from the 
other coastlines. Since the first and second wave groups enter the harbor successively, the duration 
of the incident waves could be long enough to give a resonance inside a harbor. Thus, the strength 
of the reflected waves is important to determine the wave resonance inside the harbor. A mega-
thrust undersea earthquake of Mw 9.0 occurred off the east coast of Japan on March 11, 2011. 
The tsunami generated by the 2011 East Japan Earthquake has left 15,891 human deaths, 2,584 
missing, and 6,152 injured in Japan. The wave forms measured at Tokai-Daini NPP of Ibaraki 
area are significantly different from those of other stations. The waves maintain their large wave 
heights for five hours. Kim et al. (2016) found based on the numerical simulation of 2011 East 
Japan Tsunami that the first three waves come from the tsunami source area, and the following 
three are the waves reflected from the Sendai Coast far north of Ibaraki Bay. Thus, the appropriate 
evaluation of reflected waves is one of the essential parts for the success of numerical simulation 
of tsunamis. For the investigation of the reflection of waves from the coastal areas, a series of 
numerical simulations are conducted for the 2007 Meteo-Tsunami in the west coast of Korea and 
the 2011 East Japan Tsunami. In the numerical simulations the reflectivity of a part of the land 
boundaries except for the study area is artificially adjusted to suppress or intensify the reflection 
of waves. From the simulation results it is found that the reflection of waves from a coastal area 
plays an important role for the resonance of the waves in a harbor located near the reflective area. 
In this study a practical way to deal with the appropriate reflection of waves along the natural 
beach or the developed area is proposed.
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In order to protect beach or mud coastlines, submerged breakwaters are built in the world widely. 
When the submerged breakwater is designed, one important issue having to be analyzed is 
wave overtopping of coastlines or coastal preventing structures since the wave overtopping is 
very dangerous for people or structures on the potential coastal zones with probability of wave 
overtopping appearing. In the present work, a 2-D numerical wave flume has been established 
based on Flow-3D software to investigate effects of relative submerged depth, incident wave 
steepness in front of submerged breakwater to wave length of deep water wave and slope of the 
beach and the submerged breakwaters themselves respectively. The numerical wave flume has 
been verified by the theoretical data of wave equation and wave frequency spectrum of physical 
experiment. The computational results fitted well with the theoretical data. The calculated values 
of the overtopping are in good agreement with the physical model test values under the conditions 
of random wave. The verified model has been used to calculate the wave overtopping under the 
different ratio of wave height to submerged depth, wave height to deep water wave length and 
slope of the beach. The results of numerical model test indicate that the wave overtopping without 
a submerged breakwater is much more than that with one for random wave approaching, which is 
similar as phenomena found in physical experiments. More details can be found in the following 
paragraphs.
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In the present work, a numerical modelling of the wave run-up on rubble mound breakwater is 
set up by integrating the CAD software and the CFD software FLOW-3D. The breakwater is 
modeled with the lower porous media and the upper movable armor block (dolosse), which is 
different from the current approach that treats the whole rubble mound breakwater as porous 
media and much more like the real world or physical laboratory testing. Flow of the fluid within 
the interstices among concrete blocks is evaluated by integrating the Reynolds averaged Navier-
Stokes equations. The computed results are compared with some similar experimental data to 
check the validation of the model. In various wave conditions, the wave run-up on the dolosse 
breakwater can be calculated by the movable dolosse model, which is compared with the wave 
run-up of the immovable dolosse model and the porous media model. The compared results show 
that the displacement of the dolosse will affect the wave run-up and the interaction between waves 
and the dolosse breakwater is important for the safety of the breakwater. The numerical results 
also are compared with the empirical formulas and can be of guidance for breakwater design. 
Therefore, the presented numerical modelling provide a more reliable approach to simulate wave 
run-up on rubble mound breakwater that can be supportive to the laboratory scale tests and be 
used in the breakwaters design with a significant minor cost.
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The Pearl River located in Guangdong Province, China is a network river with eight Estuaries 
which have different characteristics of tide. During the salt intrusion in the direction along 
every estuary under the action of tides, the stratification-mixing process between salt water and 
fresh water in the vertical direction is occur and change the hydrodynamic framework including 
vertical velocity and residual current. So it is scientific significance to research on stratification-
mixing mechanism under the influence of tidal dynamics at different gates. A three-dimensional 
baroclinic model covered the whole Pearl River Estuary is set up to simulate the hydrodynamics 
and the salt intrusion. The salt water intrusion and its influence on salt water stratification are 
described in detail in Hongqi gate. Simpson potential energy theory is used to investigate the 
stratification-mixing mechanisms with estuarine circulation, tidal straining and tidal stirring in the 
Pearl River Estuary. The intensity of stratification and the relationship between it and tidal range 
are discussed. The result shows that:(1)The irregular mixed semi diurnal tide in the Pearl River 
Estuary is dominated by M2 tide and the propagation characteristics of tidal wave have obvious 
differences in different gates of Pearl River Estuary; (2) The salinity in the east estuary is higher 
than in the west domain since the flood path is close to east under the influence of the Coriolis 
force and topography; (3)The salt water from Hengli river intrusion into Hongqi gate is obvious 
and can promote water mixing; (4)Tidal range and the stratification coefficient have a good 
negative correlation; The tidal strain circulation caused by periodic stratification-mixing, which is 
owing to the tidal straining, can promote the estuarine circulation.
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Recently, in Korea, natural disasters are caused by storms and floods in many cases. In addition, 
it is expected the damage of coastal areas in the rise of sea-level and the climate change. It 
is important to reduce the inundation risk by identifying the expected inundation areas and 
estimation of losses. In this study, the loss estimation of the Busan is evaluated around the 
Haeundae Beach due to the various scenarios. And the scenarios are varied with inundation 
height from the approximate highest high water (A.H.H.W.) which is announced by the Korea 
Hydrographic and Oceanographic Agency (KHOA). The geographic information system (GIS) is 
established around the Haeundae beach area for the loss estimation. The inundation loss estimation 
was utilized by the Multi-Dimensional Flood Damage Analysis (MD-FDA) which is suggested by 
the Ministry of Construction and Transportation (2006). Finally, the losses of the Haeundae beach 
areas are analyzed with flood areas, damages of buildings, economic losses due to the inundation 
heights. And the results are visualized with the GIS. Analyzed data can be utilized in the field of 
the mitigating the inundation risk and the policy of disaster prevention measures.
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Most natural sand beaches in the estuary barrier island are backed by vegetated sand ridges called 
coastal sand dunes, built up by dry beach sand blown inland and trapped by vegetation. Coastal 
sand dunes play a vital role in this process, stabilization of ground elevation, groundwater and 
development vegetation zone. To understand this role of coastal sand dune, it is necessary to 
investigate the characteristics of ground elevation, groundwater(level and salinity), and vegetation 
distribution in a foreshore area. This study investigated physical characteristics of ground 
elevation, groundwater, and accordingly vegetation line in a barrier island(Jinudo) of Nakdong 
River Estuary in Busan, South Korea. We measured the ground elevation, groundwater level and 
salinity at five observation points for 26 months from March 2012. Moreover, the vegetation line 
was monitored for 7 years from 2008. The correlation between the vegetation line and salinity was 
obtained by measurement data. These results can be explained by the existence of a coastal sand 
dune and a high freshwater level. In other words, the costal sand dune contributes to the storage 
of freshwater and reduces the influence of seawater in the target site. This study shows that the 
vegetation survives with the sandy ground level of 1.5 m, which is higher than the groundwater-
table, under the circumstances of a mild-slope beach(upper 1/400).
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Understanding long-term trends of wave climate is very important in investigate the causes 
characteristics of coastal erosion, large swell waves, rip currents and to design the coastal structure 
for preventing the coastal erosion. The purpose of this study is the characteristic analysis of wind 
data using numerical wave model and numerical model to the sensitivity analysis of the grid 
resolution(10, 5, 2km) and time step(60, 30, 10min), it presents a good value. The reanalysis wind 
data provided by ECMWF(European Centre for Medium-range Weather Forecast), NCEP(National 
Centers Environmental Prediction) and JMA(Japanese Meteorological Administration) are applied 
to the simulation, numerical model was applied SWAN(Simulating WAve Nearshore) Hindcasting 
wave data(model result) were verified with the observed data of wave buoys installed by Korea 
Meteorological Administration(KMA), Korea Hydrographic & Oceanographic Agency(KHOA) 
on offshore waters and Korea Institute of Ocean Science & Technology(KIOST) on costal area.
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Storms or heavy rainfalls generate elevated overtopping flows or rapid flows over bridges and 
roads along streams, rivers and coasts. Because people are not conscious how large the force 
of the flows are, they tend to underestimate it. To reduce loss of lives due to the water-related 
disasters, there is a need to raise the safety consciousness of the public. This study conducted a 
proto-type scale experiment to investigate a critical condition for which vehicle and pedestrian are 
swept away. The real scale test was designed to provide flow information with minimized scale 
effects. The experiments were carried out in a 3 m wide semi proto-type channel with a maximum 
flow rate of 10 m3/s that is capable of reproducing flood flows of the scale of real streams. For the 
vehicle test, a real sedan was put normally to the flows to simulate a relatively vulnerable case. 
For the pedestrian test, a male person walked across rapid flows. For a flood condition, flows were 
generated up to a water depth of 0.5 m and a flow velocity of 2 m/s, and a combination of the flow 
conditions were applied to find a critical condition. Experimental results from the tests will be 
provided and compared with theoretical approaches.
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Observation of shorelines and beach profiles is important to understand morphodynamics and 
to establish the strategy for coastal and shoreline managements. There are many different ways 
to measure the shorelines and the beach profiles but it is not easy to measure because of coastal 
obstacles and visitors during the swimming season. In this study, the UAV(Unmanned Aerial 
Vehicle) was used to collect the shoreline and the beach profile. The study site was Samchuk 
beach, located at Samchuk city on the east coast of Korea. The UAV equips DGPS and the area 
coverage is approximately 150,000m2 with the shooting overlapping percentage of 60~70%, the 
shooting elevation of 150m. RTK-GPS and DGPS were used to survey the beach topography and 
shoreline and to be compared with UAV survey results. Twelve ground control positions (GCP) 
were set every 50m and used for geometric correction of RTK-GPS survey data. The UAV data 
includes not only the aerial photograph but also point cloud (x,y,z location). The beach profile and 
shoreline were extracted from the point cloud. The results extracted from UAV were compared to 
in-situ data collected by RTK-GPS and DGPS.
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A reclamation project that the case of restricted available land and water resource is efficient 
project. However, the large-size reclamation project should be spent long term period and huge 
amount of expense. For this project term, project must be necessary for the departmentalization 
and detailed process control. Moreover, it is not easy that a management staff cannot check the 
field everywhere with the unaided eye. Therefore, in this investigation, the improvement plan with 
regarding to UAV application for process control of reclamation project. The spatial information 
collected by UAV can be used to check the accident occurred potentially and construction process. 
This information can be applied to schedule management for construction and making decision. 
UAV data have been compared with terrestrial surveying. Consequently, UAV have shown the 
advantage in terms of consuming cost and work duration control. 
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Recently, the digital based CCD camera started using to monitor the beach processes. The beach 
morphological change is caused by sea level rise as well as wave periods, wave heights, nearshore 
currents, undertow, and sediment supply from an estuary. By using traditional computer vision 
technique, we analysed wave transformation and direction through the surveillance video. The 
wave movement in a video clip contains an extreme discontinuity, especially a change in the 
shape of marine space. So our system extracted the contour of video patches in an each frame and 
then compares their shape using the seven Hu-moments. The Hu-moments constitute a measure of 
the similarity of the matrix form between video frames. The radial symmetric kernel was applied 
to the similarity matrix, which is able to express the wave period and tension, respectively. The 
wave period detected by the Hu-moments algorithm at the Gyoam beach in Gangwon province, 
Republic of Korea and was compared with the wave information collected by an acoustic wave 
gage (AWAC). The results of this study confirm that the CCD camera with Hu-moments algorithm 
is applicable to detect wave period with a slight bias and, consequently, to clarify the complex 
characteristics of wave distribution and its temporal change. 
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Covering Fly ash-Cement Mixture(FCM) onto sediment for remediation of contaminated sediment 
has been commercialized. Nevertheless, FCM sedimentation by deposition of new sediment could 
spoil the remediation system of FCM covering method. Hence, this study was carried out for 
examining the change of benthic environment along the deposition of new sediment which was 
piled up on FCM covered layer on contaminated sediment. The experiment was divided along the 
sedimentation steps. Period 0 which was prior to FCM covering onto sediment, period 1 which 
was immediately after covering FCM on sediment, period 2 that new sediment was piled into the 
void among FCM and period 3 that after new sediment was piled up on covering layer from 10 
to 15 cm. Concentrations of ammonia and phosphate in overlying water significantly decreased 
during period 1-2. In case of pore water of sediment in period 1, the concentration of phosphate 
and hydrogen sulfide were not different from control, while during period 2-3, these decreased 
significantly. This should attribute to suppress occurrence of controlling red tide by eutrophication. 
It is concluded that FCM covering onto contaminated sediment is effective to reduce nutrients 
in overlying water layer until period 2 and it also contribute remediation of benthic environment 
during period 2-3. Thus, it suggests that FCM is the substance which continuously act to 
improving contaminated sediment. Also, this remediation technology can contribute to promote 
waste reduction in society and to decrease cost of coastal sediment remediation by applying FCM 
in polluted coastal areas.
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Various types of spectrometry techniques have been used for determination of lead (Pb(II)) in 
water due to their low detection limits. However, there are not applicable to on-site measurements 
of Pb(II) as bulky equipment, and skilled laboratory staffs are needed as well. In this study, 
the coastal water samples were collected from different sites besides the two coastal industrial 
complexes in Korea. Their Pb(II) concentrations were determined using electrodeposited gold 
nanoparticles (AuNPs) onto a disposable screen-printed carbon electrode. The square wave 
anodic stripping voltammetry was used to improve the sensitivity of the Pb(II) detection level 
with less than 1 nM (0.2 μgL-1). The square wave anodic stripping voltammetric response for a 
high sensitivity of 4.5 μA μM-1, the Pb(II) concentration range of 5 nM-2.5 μM at the deposition 
time of 180 s and its detection limit was 0.917 nM (0.184 μgL-1)inadditiontogoodselectivity.These 
results indicate that there was no significant difference between our sensor and the conventional 
spectrometry method in precision and accuracy. The AuNPs based sensor has demonstrated long-
term stability for up to 7 days while being used in the continuous monitoring of 500 nM Pb(II) in 
seawater. An RSD value of 2.7% was obtained, and the sensor retained 93% of its initial activity 
after 7 days.
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Hydrogen sulfide which produced due to the activity of sulfate-reducting bacteria in anoxic 
condition is very toxic and consume dissolved oxygen in coastal area. Phosphate is a limit factor 
on occurrence of red tide. In our previous studies, it was found that Granulated Coal Ash(GCA) 
has an effect to improve the benthic environment of organically enriched coastal sediment by 
removing phosphate and hydrogen sulfide. This study investigated an optimal mixing ratio of 
GCA with coastal sediment for effective performance in remediation of the benthic environment. 
In this experiment, the sediments and GCA mixture with volume ratio of 0, 10, 30 and 50% were 
filled in container and benthic environment was monitored for 1 year. The removal of phosphate in 
the pore water of surface sediment by GCA for 12 months was 2.4, 5.0 and 6.0 mg/l at the volume 
radio of 10, 30 and 50% respectively. The decreases in the concentrations of hydrogen sulfide for 
1 month in the volume radio of 30% and 50% were ca. 25 mg/l and followed by in the volume 
radio of 10% was 23 mg/l, whereas it increased by 2 mg/l in the volume radio of 0%. The results 
of the present study revealed that benthic environment was improved effectively at the volume 
radio of 30 and 50%. And with considering the economic efficiency, we can conclude that the 
volume radio of 30% is the most efficient mixing ratio.
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Air nano bubbles catalyze chemical reactions and enhance the detoxification efficiency due to 
the generation of highly reactive OH radical while collapsing them , further those bubbles have 
high surface area which is negatively charged , therefore elector static repulsion occurs between 
bubbles and other negative charge species such as Colloids and natural organic materials, those 
repulsions cause for more turbulence in the membrane filtration process. Air nano bubbles 
shrink when they undergo low pressure stage to high pressure stage specially in pressure driven 
membrane filtration. Above unique properties of air nano bubbles can be used to control the 
fouling with a view to improve the membrane integrity and permeate flux. This is a non-chemical 
method which shows more advantages when compare with conventional membrane cleaning, 
such as low cost, capability to run the system longer and ecofriendly method. To check above 
properties, experiments were conducted using a spiral wounded RO membrane. The NaCl 
30000ppm solution was filtered and measure the permeate flux under 35 bar pressure condition. 
Results show the permeate flux increases with the air micro nano bubbles and the 30000ppm NaCl 
solution was filtered with and without air Micro nano bubbles under 35, 40,45 and 50 bar feed 
pressure. The significant difference of permeate flux improvement with air micro nano bubbles.
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The increasing focus towards the forwards osmosis (FO) membrane process in different fields 
promotes the systematic research on the FO membrane. However, the membrane fouling is still a 
challenge that hinders the application at commercial scale. It was suggested that air Micro-Nano 
bubbles (MNBs) due to their high mass transfer efficiency and other beneficial thermodynamic 
properties could potentially reduce fouling of FO membrane process. In this lab-bench scale study, 
FO system coupled with air MNBs is used to resist the fouling while to simulate fouling conditions 
Alginate, as an organic foulant was applied to the FO membrane flat sheet surface and atomic 
force microscope (AFM) was used for surface morphologies of virgin and fouled membrane in 
order to better understand the defouling and cleaning mechanism. Complete membrane clogging 
was achieved in less than 16 hrs. Membrane defouling (cleaning) was performed by directly 
feeding of air MBNs to the membrane cells. The surface of the FO membrane was effectively 
cleaned by air MNBs, as confirmed by the (AFM) images before and after the treatment. The 
permeate flux was recovered 99.8% (19 LMH) to its initial level in less than 2 mins cleaning with 
MNBs which specify that MNBs successfully unclogged the pores of the membrane through there 
produced shear force due to collapsing. The FO membrane and air MNBs system hold potential as 
an innovative sustainable and eco-friendly technology. 
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A two year time-series of Cs-137 concentration is presented from ocean surface observed at sites 
20km radius from Fukushima Daiichi Nuclear Power Plant (FDNPP). The data used in this study 
were publicly released by the Tokyo Electric Power Company (TEPCO) and are available on 
websites of TEPCO. Publicly released data on Cs-137 radioactivity in seawater near the power 
plant strongly suggest a continuing release of radionuclides to the sea. The Cs-137 radioactivity in 
the harbour water was substantially higher than that of seawater outside and remained relatively 
stable after June 2011. The consistent gradient of radioactivity between observed result at outer sea 
sites 20km radius from FDNPP indicates that radionuclides are still being released continuously 
from somewhere around the reactor housings. The relatively stable Cs-137 radioactivity of the 
harbour water cannot be explained without a continuous input of radioactivity into the harbour. 
Assuming a steady state, the continuous input to the harbour and hence the continuous release to 
the outer sea. 
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The Fukushima Daiichi Nuclear Power Plant (FDNPP) accident occurred on 11 March 2011, 
which caused the loss of cooling capacity in four of its six nuclear reactors and led to the release 
of radionuclides into the environment. It was expected that between 6 and 47 PBq of 137Cs 
(half-life 30.17yr) was directly discharged into the Pacific Ocean which which was subsequently 
transferred to the local coastal biota thereby elevating the concentration of this radionuclide in 
coastal organisms. In this study, the radioactive cesium levels in coastal marine biota from the 
southern Fukushima area were simulated using a semi-dynamic biological compartment model. 
The simulation derived the possible averaged radioactive cesium levels in organisms at each 
compartment area. In the studied area where the source was mainly the direct leakage of Cs-137 
effluent from the FDNPP. The delay of a Cs-137 increase in fish was explained by food chain 
transfer of Cs-137 due to the allometric biological half -life according to the weight of marine 
fish. Calculated averaged concentration of Cs-137 in the ocean surface and bottom sediments in 
the coastal box after accident is close to publicly released observation data by the Tokyo Electric 
Power Company (TEPCO). 
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Namgangdam had been constructed in 2000. Because Namgangdam is located in the plain of 
midstream unlike other dams in Korea, reservoir depth is shallow and water level fluctuation is 
small. Therefore, Salix subfragilis communities began to form in 2003 and their distribution area 
was 123,430m3 in Namgangdam reservoir, but these has been rapidly extended into 1,059,370m3 
in 2010. Because a big-scale Salix subfragilis communities generate a large amount of fallen 
leaves and its by-products and these give rise to eutrophication in dam reservoir, water quality 
is deteriorate in dry season. Also, the withered Salix subfragilis by self-thinning are change to 
driftwoods, and these bring on obstruction on dam operations. In Namgangdam watershed, high 
turbid water was flowed into dam reservoir during typhoon Bolaven(28th August, 2012) and 
Sanba(17th September, 2012), water level of dam reservoir was kept higher than average tree 
height for 60 days. As the results, Salix subfragilis communities were withered largely in lower 
area than water level(EL.41m). In order to find out the reason on withering phenomena of Salix 
subfragilis communities under this background, the relationship between operating water level 
and turbidity in Namgangdam reservoir were analysed and withering characteristics of Salix 
subfragilis communities were estimated by aerial photographs and field survey. The withering 
area of Salix subfragilis communities was calculated as 437,011m3 at the present time(2015) and 
the area of Salix subfragilis communities was reduced by approximately 41% compared with it of 
2010.
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Recently, water resources for producing drinking water have been diversified such as lake water, 
surface water, see water, etc. and contamination of water resources becomes worsen. Further, 
water quality standard for drinking water becomes strict worldwide but existing water treatment 
technology has limits. In order to satisfy intensified drinking water quality standard, water 
treatment facilities using membrane are being increased. These facilities are mainly operated with 
pressurized membrane filtration and submerged membrane filtration types but safety comparison 
assessment is required according to inflow load and season. Thus, DRF index based on fraction for 
the filtration resistance change rate of membrane is established and pilot plant assessment has been 
practiced for two years. Coping ability to high turbidity and stability of systems are compared 
with DRF value with 3 types of operation condition changes with/without recovery rate and 
coagulation pretreatment of two systems. As a result, DRF values of pressurized and submerged 
are each 35% and 69% under the condition of without/with the injection of a coagulant. Thus, 
submerged membrane filtration process shows more stable operation compared to pressurized 
membrane filtration process in a long term operation performance evaluation including the inflow 
of high turbidity. 
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Mixing/coagulation process and circulation coagulation inside pipe process were compared as 
the conventional processes in drinking water treatment process. Hollow fiber membrane used for 
this study is a microfiltration membrane of pressurized type with PVDF(Polyvinyliden florid) 
as material and pore size of 0.1㎛. In the mixing/coagulation process as the existing one, floc 
brokenness occurs by raw water pump impeller generated by coagulation and thus this study 
formed floc through circulation inside pipe. As a result of using the conventional process and the 
circulation coagulation inside pipe process, it was found that transmembrane pressure (TMP) was 
reduced by 10~20%. Water quality (DOC, UV254) was improved by 6% on average. As a result of 
measuring the flocculation index with PDA (Photometric Dispersion Analyzer), flocculation index 
was measured by 0.02 on average in the mixing/coagulation process and circulation coagulation 
inside pipe process by 0.12 on average. This suggests that the flocculation index in the circulation 
coagulation inside pipe process was relatively improved by 83.3% on average. Therefore, it can be 
determined that the circulation coagulation inside pipe process is more effective for improving the 
floc size than the conventional process and has a positive effect on water quality and membrane 
fouling reduction.

Poster Session

IWSS 2016•122

A study on the control of membrane fouling using 
circulation coagulation inside pipe in drinking water 
treatment process 

Chang-Ha Lee1, Hyungsoo Kim2, Ji-Young Moon3, Jihoon Kim2,c, Hyungsook Kim4

1Department of Civil and Environmental Engineering, Sungkyunkwan University, Republic of Korea
2Department of Water Resources, Graduated School of Water Resources, Sungkyunkwan University, Republic of Korea
3Korea water, Water Resources Corporation, Republic of Korea
4Department of Food and Nutriton, School of Human Ecology, Suwon University, Republic of Korea

IWSS-P1-10

Corresponding Author : jjtt23@skku.edu



1,4-dioxane is used in industrial water as a solvent in fabric manufacturing processes or as a 
stabilizer in paint, varnishes, lacquers and pesticides. Study on the process of decomposition of 
1,4-dioxane was known as the Advanced oxidation processes and UV light. As compared to other 
processes, including Advanced oxidation processes (AOPs), biodegradation has economic benefits 
effectively. Accordingly, Many studies have been conducted for the biological degradation 
of 1,4-dioxane. However, there is little research using the actual wastewater containing high 
concentration of organic substance. In this study, Industrial wastewater containing 1,4-dioxane 
was collected from a polymer manufacturing plant in Korea. Mixed strains were used in the both 
reactor. The industrial wastewater contained not only high concentrations of 1,4-dioxane(200mg 
/L on average) but also considerable amounts of other organic compounds (2500mg-COD/
L on average). Biodegradation efficiency of 1,4-dioxane was estimated and optimal conditions 
of reactor were obtained through the operation of lab scale plug-flow reactor. Pilot scale study 
was conducted to confirm the performance of lab-scale experiments and the applicability of the 
treatment system to the industrial wastewater. Optimum hydraulic retention time(HRT) was 
confirmed by 36 hours and decomposition efficiency of the 1,4-dioxane was to a level of 99.2%, 
50ppb. In a pilot scale, removal of 1,4-dioxane was 98.81% close to lab scale reactor.
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Submerged breakwaters are often used as a countermeasure to prevent beach erosion. For past 
decades, Anmok beach, located on the east coast of Korea, has been suffered from beach erosion 
due to the coastal structures and high waves. In 2014, a submerged breakwater installed near 
the erosion hot spot and the beach is being formed to salient beach behind the structure. The 
field monitoring has been carried out for past three years in order to investigate the change of 
beach morphology and shoreline before and after the breakwater construction. Wave gages were 
installed in the offshore location, in front of the breakwater and in the behind of the breakwater to 
investigate the wave height variation. A three-dimensional numerical model based on the Navier-
Stokes equation with a Large Eddy Simulation (LES) turbulence closure scheme (LES-WASS-3D, 
Hur et al, 2012) was employed to predict the hydrodynamics near the submerged breakwater. The 
model used the beach topography and the bottom bathymetry before the breakwater construction 
to predict the wave transformation, refraction and diffraction due to the installation of the 
breakwater. The model simulated the wave and nearshore current fields especially behind the 
submerged breakwater. The numerical results showed that the predicted wave and current fields 
could induce the sediment deposition behind the structure.
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The treated wastewater contains large quantities of particle components, the membrane process 
has problems. Therefore, the present study examined whether ozonation-coagulation precess 
can control membrane fouling in ultrafiltration and reverse osmosis. The variation in filtration 
resistance of ultrafiltration and flux decline rates of reverse osmosis were measured under various 
pre-treatment conditions. The ozone gas injection rate was figured out as 55 O3 mg/L/min. 
Poly aluminium chloride dose was figured out as 4 mg/L through a Jar-test. In the case of the 
ultrafiltration experiment, membranes made of PVDF with an MWCO of 150 kDa were used. And 
variation in filtration resistance according to the injection of ozone and coagulant were measured. 
In the reverse osmosis experiment, a BWRO membrane made of polyamide was used. The 
pressure of 13.9 kgf /cm2 was applied. According to the results of experiments, in the ultrafiltration 
experiments, filtration resistance increased up to 1.6E+12 m-1/hr when no pre-treatment was 
applied. Filtration resistance increased up to 3.7E+11 m-1/hr, 9.16E+10 m-1/hr, and 5.46E+10 m-1/
hr when the coagulant was injected, ozone was injected, and both ozone and the coagulant were 
injected respectively. In the reverse osmosis experiments, flux decline rates of 9.7%, 9.9%, and 
8.4% were shown when no pre-treatment was applied, ozone was injected, and the coagulant was 
injected respectively. The lowest flux decline rate of 5.9% was shown when both ozone and the 
coagulant were injected. Given these results, organic matter oxidation by ozone does not seem to 
have much effect on RO but the removal dissolved organic matter by coagulation seems to reduce 
RO membrane fouling. In addition, it can be seen that coagulation efficiency increased by ozone.
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The development of alternative water resources has been emerging as an effective measure to 
solve the phenomenon of drinking water resource depletion due to extreme weathers and increases 
in water consumption. Representative alternative water resource utilization methods include the 
seawater desalination process and the wastewater reuse process. In accordance with this trend, 
recently, studies have been actively conducted on the forward osmosis-reverse osmosis hybrid 
process that combined two technologies; the reverse osmosis desalination technology and the 
wastewater reuse technology using forward osmosis membranes. However, forward osmosis 
membranes are not yet commercially supplied. Therefore, many studies are still necessary to 
enable the commercialization of the forward osmosis process. Furthermore, the forward osmosis-
reverse osmosis hybrid process is a region-specific technology because wastewater treatment 
plants and seawater desalination facilities should be constructed together and mass balance has 
not been considered for cases where full scale plants are applied. In this regard, in the present 
study, the material balance of the forward osmosis-reverse osmosis hybrid process was determined 
based on the recovery rate of forward osmosis membranes and the scale was estimated. According 
to results, the recovery rate of the RO process can be increased to 68.33% in cases where three 
vessels are connected in series and the amount of wastewater that must be treated by the FO 
process was shown to be approximately 16,929 m3/d indicating that mass balance can be set and 
processes can be configured through stage arrangement simulations.
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1,4-dioxane is known to be the most widely used as a stabilizer of chloride organic solvent. 
Also, it is reported to be widely included in living materials such as kitchen cleaners, cosmetics, 
and even food additives. Because of its probable impact as human carcinogen, United States 
Environmental Protection Agency (USEPA) has defined it as a management object classifying 
as carcinogen group B2. In this study, we determined the biological kinetic coefficient of mixed 
consortium of bacteria which live on only 1,4-dioxane as the sole source of energy and carbon. 
Relatively low half-speed concentration (Ks =7.47mg 1,4-dioxane/L) and high cell yield (YT = 
0.434mgVSS/mg1,4-dioxane) were observed to suggest the high affinity of bacteria. Also, the rate 
of substrate utilization and microbial growth can be slowed down or speeded up by the presence 
of extra carbon source. The experiment was conducted to investigate the effect of normal carbon 
source in wastewaters such as glucose and THF(Tetrahydrofuran) which is structure analog of 
1,4-dioxane. The presence of dextrose did not showed any effects on 1,4-dioxane biodegradation 
while THF showed significant inhibition effects. Competitive inhibition is supposed to be the 
mechanism of the observed inhibitory effects. 
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The purpose of study was to provide meaningful resources to introduce effective marketing 
service strategies of water theme parks. This research investigated the relationship among service 
quality, customer satisfaction, loyalty and perception of safety at the water theme parks. For 
this purpose, 240 self-administered questionnaires were distributed to Seoul. The key findings 
are summarized as follow. First, service quality of water theme parks was positively related to 
customer satisfaction. Second, customer satisfaction was positively related to customer loyalty. 
Third, service quality was significantly positive relationship with customer loyalty. Fourth, service 
quality was positively related to the perception of safety. Fifth, the perception of safety was 
significantly positive relationship wish loyalty. 
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With increasing demand of marine leisure tourism activities, the need for measures to assess its 
socioeconomic impact is also rising. However, Korea’s marine leisure tourism sector has not 
compiled basic statistical data. This study aims to analyse tourism behaviours, total spending and 
economic impact of marine leisure tourism based on the survey to the general. The result of the 
behavioural survey on marine leisure tourism is as follows. First, Korean people visit the ocean 
approximately 157,550,000 times a year. Second, Korean people spend about KRW 23trillion and 
3.4 billion a year on marine leisure tourism. Finally, Korean consumer spending on marine leisure 
industry generates KRW 42.2 trillion of annual production inducement effect. It also produces 
added values amounting to KRW 16.6 trillion a year. The result of this study can be used as a 
basic research for enhancing the tourism service industry which leads to the promotion of marine 
tourism, leisure and sports industry and generating added value.
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Precipitation in Korea is concentrated on special monsoon season. More than 18 multi-purposed 
dams have been constructed from 1965 to manage water resources, resulting in securing 11 
billion-ton of water use and controlling 2.4 billion-ton of flood water. Recently, multi-purposed 
dams are confronted with a change from water control to water utilization in terms of leisure 
and recuperation based on increases of income, life-quality, recreation time, and concerning 
for water environment. Therefore, vitalization strategy, which reduce non-point pollutants and 
use water resource on lake, is essential to transfer a management plan around dam from passive 
to active against thoughtless developments of lodges and restaurants and illegal agricultural 
land. In this research, environmental-friendly vitalization strategy around existing dams were 
studied on Soyanggang & Chungju dams where have less environmental regulations and more 
natural resources than other multi-purposed dams. The process for making environmental-
friendly vitalization strategy includes following steps; 1) resource survey on sightseeing, regional 
products, and water use, 2) investigation of awareness for using water resource, 3) SWOT analysis 
for vitalization concepts according to dam types, 4) implementation strategy for governance 
containing regional stakeholders, 5) development of environmental-friendly vitalization scenarios, 
and 6) water quality modelling.
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An AELIS(Aquatic Environment Life-saving Integrated System) monitors to violate swimming 
boundary line and a person, who enter to water at night, in real-time in order to prevent swimming 
safety accident at the beach. It perceives automatically the danger, which is occurred at Safety 
lifeguard’s blind area. Moreover, it reduces the incidence of life accident and supports fast rescue 
when accident is occurred. AELIS perceives violation of swimming boundary line and night 
swimmer by realizing image awareness solution algorithm. It is possible to warning and respond 
in real-time, when dangerous situation in occurred. AELIS prevents beforehand a life accident, 
which occurs from swimming, by interlocking intelligent CCTV algorithm with GIS.
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Samsan-Bridge that connects Ganghwa-island and Incheon in the middle-west part of South Korea 
is making efforts to improve the island’s inconvenient accessibility from major cities within the 
country and the construction have been going on. Construction of bridge should be considered by 
external factors such as the wind wave, tide current, current and scour depth of pier in the seas. In 
order to get a value of scour depth around bridge pier, this study carried out numerical simulation 
using SADEM(SAnd Deposit and Erosion Model) on morphological change. Morphological 
changes are calculated by solving the conservation of sediment transport equation. The field 
measurement was performed to verify the numerical results on the Seokmo channel, Han River 
estuary located at South Korea. A 153×210 grid system with a coarse grid size of 22.8 km × 30 
km in the SADEM, the maximum steam velocities of 10, 50 and 100-year return period at ebb 
tide contributes sediments to keep moving Seokmo channel. The maximum depth of scour was 
calculated to be 9 m around center of bridges pier during flood ebb in 100-year return period due 
to upstream of the discharge of river flood. The results of numerical simulation is expected to be 
objective indicators of optimal design, construction and future maintenance in Samsan-Bridge.
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Nowadays, bridge structures are constructed and designed for the structural safety on demand 
of the design code. But coastal bridges are continuously deteriorated by many causes such as 
concrete spalling and exfoliation due to aging, faulty construction, and various deterioration 
factors. In this paper, the prior ranking algorithm is investigated for performing maintenance 
management of coastal bridges and composed of more reasonable algorithm with  studied on 
precedence priority ranking algorithm to achieve maintenance of bridge, composed so that get into 
more reasonable algorithm reflecting load capacity function and traffic of bridges. A full mark of 
Rating Index is 100 points and coastal bridges get high points as deficient degree of bridge is high. 
According to this, preferential target bridge is chosen.
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In Korea, the latest 2014-2015 drought caused water scarcity of multipurpose dams which supply 
living and industrial water and led to difficulty with water management. For drought mitigation, 
multipurpose dams have criteria for adjusting water supply. However, the criteria do not provide 
an outlook for changes in reservoir storage. This information on the outlook is needed for water 
supply administrators to determine the control volume of water supply and induce residents in 
the drought-affected areas to save water. Thus, we develop the probabilistic prediction model of 
storage (PPMS) considering the uncertainty of storage inflow and suggest a practical method of 
forecasting reservoir storage and supporting decision-making for water management incorporating 
probabilistic predictions of storage. The proposed model can forecast probabilities of lack of 
storage since it can evaluate the probability that reservoir storage is below the criteria in some 
future. Furthermore, the model can propose required water volume for achieving target storage 
as a specific probability because it can also estimate the probability of prior storage for meeting 
target storage. Because of these advantages, the PPMS can be used as a support tool for decision-
making and long-term planning in water management. Moreover, it can provide the local 
community with digestible information on drought forecast for attracting voluntary water saving. 
In this study, the application of PPMS was assessed as a tool for forecasting reservoir storage 
and supporting decision-making with a focus on the Chungju Dam located in Gangwon province 
where extreme drought occurred.
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In the winter East Sea (ES), high storm waves due to the East Asian monsoon and winter storms 
(extratropical cyclones) are often reported and causes large coastal damages along the coasts of 
ES. Since the high storm waves are a key factor in not only coastal damage and disaster but also 
the design of coastal and offshore structures, it is critical to estimate and forecast the storm waves 
accurately, taking into account the meteorological conditions and orographic and bathymetric 
effects. In 26th ~ 27th November 2015, an extratropical cyclone being developed to about 980 
hPa in its intensity at 21:00:00 27th November during its passage over the ES. High storm waves 
of nearly 5 m significant wave heights were observed along the east Korean coast and significant 
wave heights with nearly 10 m were recorded at Akita and Yamgata GPS buoys in Tohoku region 
in Japan. Offshore wave measurement sites at Donghae and Ulleungdo in Korea illustrate almost 
7 m significant wave heights. In this study, we have modelled the storm waves in November 2015 
by using an atmosphere (WRF)-wave (WaveWatch III) modelling system and validated with the 
observed wave heights and periods towards long-term hindcast and forecast of wave climate 
in the ES. The modelled meteorological conditions illustrated good agreements with observed 
surface winds and sea-level pressure. The calculated wave heights and periods also exhibit good 
accordances with observed wave characteristics both at Korean and Japanese measurement sites.
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During the recent decade, marine accidents and property damage due to high waves have 
frequently occurred on the east coast of Korea, especially during the winter season. One of the 
major characteristics of the waves is its suddenness associated with the rapid development of 
high waves from a calm state of sea. To represent such suddenness, in this study, the term ‘sudden 
high waves’ is introduced. To propose the criterion of sudden high waves, comparisons were 
made between the wave measurement data at Gangneung and Wangdolcho for eight years from 
2005 to 2013 and the record of marine accidents and property damage on the coast of Gangwon-
do Province and Gyeongsangbuk-do Province during the same period. It was found that most 
of the accidents occurred when  (where H and L are significant wave height and wavelength, 
respectively) was approximately greater than the top 20% or 83.0 m3/hr, which is therefore 
proposed as the criterion of sudden high waves. The used variable represents the rate of increase 
of the wave energy in one wavelength, including not only height and period but also suddenness 
of high waves.
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The ship evacuation system is being demanded to save both passenger and vessel by finding 
a safety route and region though the real-time analysis of vessel condition and maritime 
metrological environment when emergency situations occur such as fire, flooding, and broken 
balance. Grounding zone is important to prevent sinking of vessels and to minimize injured 
and casualties during accident by beaching ships on a safety zone as well as to avoid damage of 
vessels during normal shipping. In this study, we introduce a designation method of the dynamic 
intentional grounding zone (DIGO) in place around passenger ship for effective emergency 
evacuation in uncontrolled marine accident. The research area is the southwest coastal region of 
Korea including Mokpo and Jindo Island. In this region, there are many passenger ships between 
inland and islands, and it should be particularly careful in navigating because of many islands and 
reefs. DIGO is automatically calculated in three-dimensional space by combining hydrodynamic 
numerical model, shipping information (main route, position, draft, etc.), and marine environments 
such as water depth and sediments. The type of marine sediments in safety zone was defined as 
sand, silt, and clay in order to minimize the damage of vessel and passenger during the beaching 
on a zone. The water depth data with a resolution of 20 ~ 30 m was used to present more precise 
results, and the draft information of vessel was obtained from Automatic Identification System 
(AIS). As a result, the distance from vessel to DIGO was computed and this zone can be checked 
visually. The results of this study will be used to develop the ship evacuation system that supports 
the decision of captain in uncontrolled marine accident with a marine traffic model. 
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The south-eastern sea of Korea has often been damaged by storm surges and high waves due to 
the strong and directly typhoons. Typhoon Sanba occurred in September 2012, and intensified to 
a category 5-equivalent typhoon on the Saffir-Simpson Hurricane Wind Scale (SSHWS). During 
typhoon Sanba in Korea, there were heavy rains from the storm and flooding, thus losses by this 
typhoon reached US$347.5 million. In this study, the storm surge and wave due to the typhoon 
Sanba were simulated using the tide-surge (ADCIRC) and wave (STWAVE) models, which are 
coupled and based on the highly refined grid for the areas of interest for flexibly and accurately 
providing prediction of storm surge and wave against typhoon approaching. ADCIRC is widely 
used and verified model and STWAVE is an easy-to-apply and fast for nearshore wind-wave 
growth and propagation. We made an attempt to reproduce reasonably the storm surge and wave 
during the typhoon event using the coupled model, ADCIRC and STWAVE. We computed the 
wave properties and storm surge during Typhoon Sanba. This model system is capable to fast and 
accurately predicting the storm surge and wave in terms of right responses to disasters.
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Structural stability of an undersea concrete structure is estimated with much emphasis focused 
on the flow of waves and currents generally. In this situation, it is assumed that a structure does 
not move or does not reform such as a rigid body. However, a structural contact and interlocking 
among blocks should be considered in artificial reef blocks configurated with several blocks 
stacked side by side. With an emphasis on structural problems, structural stability of each block 
on macro view and stress concentration between blocks on micro view is investigated in this 
study. Each block is reviewed about floating problem using fluid-structure interaction (FSI) 
method in which the flow and vortex idealized by the computational fluid dynamics (CFD) 
interact with a movable and deformable structure. Finite element method is appled both CFD and 
structure element using Abaqus. Pressure and flow velocity is considered in CFD, and stress and 
deformation are calculated in concrete structure element. Interaction between fluid and structure 
is converged every segmented time, and influence each other to next segmented time calculation. 
Various changes in coast currents is considered to examine the worst situation to artificial reef 
blocks. And stress concentration of a block occurred at contact among blocks during repeated 
water flow, and possibility of fatigue failure is investigated.
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A new finite difference modeling system with fetched variable grid system has been developed 
in order to predict the typhoon induced surge over the Northwestern Pacific, which system has a 
benefit to avoid possible numerical errors which can occur by adopting nested grid system. The 
grid resolution ranges from 18.3km in open ocean to 100 m near the coastal areas of interest, 
which can resolve the complicated coastal boundaries with reasonable resolution in the Korean 
coasts. The total grid number is about 1,400,000 points and the model computation can be 
effectively carried out with efficient time interval satisfying 5-10 Courant numbers. This system 
has various benefits against regular finite difference grid system. The experiment for typical 
typhoons such as maemi in 2003 and Nari in 2007 have been carried out to show if the system 
works reasonably. During Maemi passage the surge peaks of eastern South Sea occured around 
21:00 (Sep.12, 2003), which is well compared with observations. The computed surge shows a 
generally well comparison with observations. The alternating positive and negative surges occur in 
the southern Korean coasts including Pusan area and also along the Japanese coasts of the Korea 
Strait, which results from the effect of the East/Japan Sea. Also the negative surge is generated and 
being expanded along the typhoon track in the shelf of the East China Sea (ECS), when typhoon 
approaches the ECS, and the negative surge propagates toward the Yellow Sea as a Kelvin wave. 
More details will be discussed in the workshop.
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Typhoons generate big swell frequently passing the East China Sea, wide continental shelfs 
shallower than 200 m. This swell propagates to Seas West and South of Korean Peninsula. The 
swell is the wave moved away from their area of origin are unrelated to the local wind conditions. 
When the wind becomes weak or drastically changes in direction, the wind waves are liberated 
from the local equilibrium with the wind, then the waves disperse to become swell. In order to 
understand the characteristic features of swell propagation in the south-west seas of Korea, the 
swell coming into the Yellow and East China Seas was studied. The experiments on the swell 
propagation with a ray-tracing technique and a coupled system of unstructured-mesh SWAN and 
ADCIRC. Advantages of this coupled system is the physics of wave-circulation interactions can 
be satisfactorily resolved and a large domain covering a deep ocean and shallow shelf can be dealt 
with seamlessly requiring no mesh nesting. This study discussed about the generation process of 
the swell and the results showing the swell reaches Seas West and South of Korea Peninsula at the 
case of typhoon Herb in 1996. Also the effect of wave-current interaction on wind wave and swell 
was discussed with the current-induced refraction and directional wave energy spreading induced 
by tidal currents through spectral analysis. 
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It is well known fact that unexpected human loss (4 dead and 2 injured) and property damage (> 
2 million dollars) on 31 March 2007 were attributed to meteotsunami propagated from Shandong 
which is located in the Eastern China according to a recent Korean Meteorological Administration 
(KMA) research. Criteria for meteotsunami arrival time in the Yellow Sea have a significant 
impact on human life and economic loss near coastal area because analysis of meteotsunami 
propagation is primarily dependent on the criteria for the arrival time. In this study, meteotsunami 
case on 31 March 2007, the most powerful meteotsunami case that was ever reported in Yellow 
Sea, was selected to find optimal methods for meteotsunami arrival time. It is hard to analyze the 
arrival time of meteotsunami that is commonly observed as non-stationary signal in time series 
without any specific criterion. To determine quantitative criteria for the arrival time, propagation 
direction of the meteotsunami was analyzed through the respective arrival time derived from 
absolute threshold and relative threshold of sea level oscillation in meteotsunami frequency 
band. Consequently, we can perform more appropriate propagation analysis which reflects spatial 
locality of each station when relative threshold methods were used. In particular, optimal method 
for meteotsunami arrival time is the relative threshold method which defines the arrival time when 
amplitude of the sea level oscillation exceeds 3-sigma, when considering further meteotsunami 
propagation warning system in Yellow Sea.
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Gwangyang Bay in the South Sea and nearby seas is appropriate for the propagation of marine 
microorganism that causes red tide because ocean current and tidal flow are not smooth due to 
“semiclosed bay” located between Yeosu and Namhaedo. This study treats satellite images (8 
times/day) observed from 2011 in eastern, western, and southern waters of Gwangyang Iron 
(POSCO) for analyzing the optimal location of seawater desalination plant and makes statistical 
analysis of Chlorophyll-a, TSS, and CDOM on a daily, monthly, and yearly basis. As a result of 
this study, the eastern seas of Gwangyang Iron showed a relatively low statistics in big data and 
no. 7 marine point was analyzed to have shown a significantly low concentration of Chlorophyll-a, 
TSS, and CDOM compared to intake point of seawater under operation.  Therefore, this study is 
expected to be actively utilized for selecting the optimal location of seawater desalination intake 
facility that minimizes the occurrence of red tide by utilizing “red tide observation system” in the 
feasibility study step before constructing initial seawater desalination facility. Also, the location 
selection of intake selected through red tide observation system is expected to be effectively 
applied for increasing the stability of operation management (O&M) and reducing the operation 
& management cost (O&M cost) as well as the initial investment cost of seawater desalination 
facility. 
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In 2014, the first desalination plant was constructed in Gijang, Busan in South Korea. This 
desalination plant boasts the largest fresh water throughout of 45,000ton/day in the world for 
the reverse osmosis method. Through filtration using membranes, various debris, inorganic 
matters, and salts are removed, and it is critical to remove them before they reach the membrane 
for efficient operation of the desalination process. Most desalination plants reduce membrane 
pollution by applying chemical cleaning techniques. Due to the influence of global warming, 
the amount of algae in the southern coast of the Korean Peninsula is increasing every year. This 
study was conducted to provide data for preventing the membrane damage of the desalination 
plant caused by the inflow of algae by monitoring and analyzing the amount of algae included 
in the seawater in real time. For this purpose, an algorithm for monitoring algae in real time was 
presented by analyzing images acquired from the COMS which is a ocean color remote sensing 
satellite. As a result of this study, the Chlorophyll-a algorithms YOC, OC4v4, and GOCI Standard 
for detecting algae in satellite images was found to be most appropriate for the target area of 
this study. The generation dates, locations, scopes, and duration of algae in the seas around the 
desalination plant were analyzed by applying the algorithm presented in this study. The findings 
of this study provided the basic data for real-time monitoring of the marine environment and for 
efficient operation of the reverse osmosis desalination plant. 
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Beaches are constantly affected by hydrodynamic forcing. Among various pressures, wave impact 
is the major reason for beach formation and erosion. For predicting such complicated phenomena, 
there have been several attempts to generate model coupling techniques, such as the model 
coupling toolkit. However, it is based on a structured grid system and has limitations in resolving 
fine grids, and so it is difficult to understand beach variations for the purpose of safe marine 
activities and predicting rip currents. Moreover, coupling and running the tests requires additional 
computational time to exchange adequate information between different models. In order to 
provide efficient coupling in beach morphological variations, we considered an unstructured 
ADCIRC+SWAN model and an orthogonal curvilinear XBeach model. While coupling these 
heterogeneous models, external Perl scripts are implemented to automatically convey a simulated 
extreme wave and tide condition every 10 min for the XBeach input. Even though computation 
burden slightly increases in coupling procedure, the overall task is optimized in parallelization; 
thus, it is scalable and depends on the machine capacity. Model application in hindcasting of 
typhoon Maemi attacking case in 2003 on the Haeundae Beach in Korea showed satisfactory 
beach variations. Moreover, through the sensitivity tests, we found that the wave height of 2 m 
behaves as a threshold value under the beach environment. Since the suggested scheme can be 
easily extended for real-time simulation, it is employed in the early warning system to provide 
beach safety for diverse aqua activities.
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Currently, Beachsaver ReefTM, Double-T, Prefabricated Erosion Prevention ReefTM, and 
other Submerged Narrow-Crested Breakwaters (SNCBs) have been developed and installed 
at US coasts, and there are continued site surveys on them (Stauble and Tabar, 2003). These 
structures have narrow crest width and depth making less effective for controlling waves than 
typical submerged breakwaters. It is, however, excellent in preventing sand from sliding on 
the beach and thus being lost to the offshore. In the result of monitoring Cape May Point, New 
Jersey where Beachsaver ReefTMand Double-T are installed as a part of the US Army Corps of 
Engineers National Shoreline Erosion Control Development and Demonstration Program, these 
submerged narrow-crested breakwaters are very effective for stabilizing the beach and reducing 
wave. And rip currents were observed at some of them. Meanwhile, a submerged breakwater is 
more effective with wider crest. But it will far reduce the economics if the crest width is blindly 
widened. As well, increased wave elevation at the rear of typical submerged breakwater causes a 
strong return flow through an open inlet resulting in lost sand to the offshore as well as scouring of 
the open inlet. Therefore, this study firstly studied the wave control through numerical simulation 
considering multiple SNCB. And then we have discussed the relationship between mean water 
level in the rear and flow velocity through the open inlet according to the opening ratio of multiple 
SNCB. Finally, it proposes shape and plane arrangement of multiple SNCB, which is effective for 
controlling wave and flow.
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Up to now, the gravity-type structure takes considerable part of the coastal disaster prevention 
system. Especially, wave energy dissipating concrete blocks are covering coasts around the world 
in order to protect them from the marine physical force including wave, tidal current, storm surge, 
and tsunami. There many positive effects of coastal structures but also unexpected problems of 
them. These problems can originate from the errors in planning, design, or installation of them 
but they are not convincing enough. So it is required to gradually recognize the adverse effects 
of widely-used gravity-type structures and take more flexible approaches. Therefore, this study 
considered a coastal disaster prevention technology using eco-/nature-friendly vegetation instead 
of present gravity-type structures. The vegetation is far less costly as well as can be grown on 
other site and then quickly transplanted to a required area. Before a numerical experiment, the 
existing experiment for vegetation surveyed the fluidic characteristics to directly interpret energy 
dissipation from the tsunami-vegetation interaction and then applied the drag coefficient by 
Reynolds number to a numerical model. And the experiment results were well-reflected in the 
calculation considering the hydraulic experiment for the deformation of solitary wave through 
the vegetation. With this, the verified and validated numerical model was used for a numerical 
simulation. In the result, it was able to analyze the energy dissipation and characteristics of 
tsunami attenuation according to the magnitudes of tsunami and the vegetation sizes. Finally, it 
discussed the applicability of vegetation to the tsunami, in terms of coastal disaster prevention.
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Harbor-related work (handling) is one of the vulnerable occupations to heatwave. When harbor 
workers are exposed to the high temperature thermal environment, it causes high risks of accidents 
by fatigue, decrease of concentration, and relief of wariness and they are vulnerable to heat related 
illness like heatstroke as well. This study calculated thermophysiological indices for harbor 
workers in summer using MENEX (Man ENvironment EXchange model) as a human heat balance 
model. These indices are Physiological Subjective Temperature (PST), Dehydration Risk (DhR), 
and Overheating Risk (OhR) depending on each stage of cargo work in harbor considering work 
environment (metabolic rate, clothing insulation) at Ulsan port during heatwave (4th ~11th August 
2013). As results, thermophysiological indices appeared high risk level as it is the high intensity 
operations which elevate metabolic rate. In addition, even though heatwave appeared only for 3 
days (above 33 degrees), PST’s high risk level lasted for 7 days during the study period. It shows 
that qualitative assessment to thermal-environment just by heat wave information and randomly 
restricting working time would be limited. It is important to consider work environment (i.e., labor 
intensity and work clothes) in determining the level of risk. This study is basic research to protect 
the health of harbor workers from increasing heatwave due to the climate change. Furthermore, 
it could contribute to enhancing safety (prevention of accident and heat-related illness) and work 
efficiency of harbor workers in summer. 
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A sinkable floating storm surge barrier is a new type structure for coastal disaster reduction 
against storm surges. This barrier usually lies down on the seabed and rises up as a seawall with 
its buoyancy when storm surge occurs. Sinkable floating-typed storm surge barriers consist of 
buoyant main body connected with foundation structure in the seabed by hinge. In this study, 
wave forces acting on the barrier are experimentally investigated. To evaluate wave reflection 
and transmission from this buoyant floating-typed storm surge barriers, hydraulic experiments 
were carried out by using regular and irregular wave conditions. Wave blocking capabilities of 
the sinkable floating barrier against surges were confirmed, and the characteristics of the barrier 
motion and wave pressure have been clarified changing wave condition. From the hydraulic 
experiments, it was found that this type of barrier is effective to the wave transmission as well 
as reflection. It is shown that a sinkable floating barrier placed at a bay mouth can be expected 
as a storm surge barrier. However, further detailed hydraulic and numerical experiments are 
also needed to evaluate accurate predictions of barrier motion under the wave-current combined 
conditions. 
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Recently, the number of electrical equipment is increasing and the kinds of loads are becoming 
various due to the development of information and communication equipment in our society. 
Moreover, the operators and users of the electrical load equipment are exposed to the risk of 
electric shock as the amount of electrical facilities increase. Therefore, it is necessary that the 
grounding system can optimize the load facility characteristics and secure the safety. This study 
analyzed the grounding system design of new industrial plants in the coastal reclamation area 
in Samcheok where the IEC 61936-based mesh ground system was applied. The resistivity of 
the main grounding conductor showed 1.99Ω that satisfies the maximum demanding ground 
resistivity of 2Ω. In the case of a ground fault in the system, the contact voltage and the voltage 
stride were 876.399 V and 305.556 V respectively, so that satisfied the accepted reference value as 
a safety grounding system. In addition, the results of the potential gradient and electric potential 
SPOT graph showed that the electric potential gradient was higher near the border and the center 
of the mesh when the electric current of 1,000A flew into the designed grounding electrode. In 
particular, the electric potential showed the highest value at the corners and junctions where 
the ground rods were installed. Therefore, it is necessary to lower the electric potential at these 
locations. Also, more in-depth researches are required about: (1) minimizing the impact on other 
facilities due to the electric potential rise when the excessive current or fault current caused by 
the lightening stroke to the ground electrode flow into the system; (2) the design method of safety 
grounding to minimize the risk of electric shock to a human body when the facility operators 
contact the charging part.
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In the present study, the standard of rip current occurrence levels has been accomplished by using 
the CCTV images monitored in the summer 2015, and the better forecasting accuracy has also 
been obtained with the improvement of NEarshore Rip current Prediction System of Haeundae 
(rip current predictive index) which was established in association with Korea Meterological 
Administration. The standard was established for four predictive levels, notice, watch, warning 
and danger. The predictive index limits in Haeundae Beach were determined through a matrix 
correlation analysis between observed and predicted rip current levels. Therefore, the better 
accuracy of rip current forecasting is expected in the summer 2016. And it is necessary to continue 
predictive studies for risk mitigation in the variety of coastal environment.
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This study estimated the volume and direction of the beach erosion and deposition using 
Geographic Information Systems (GIS) based on the prevailing wind and wave direction at 
Bongpo beach, which is located on the east coast of South Korea. Due to the breakwater extension 
caused deposition, the beach sand was accreted near the northern part of Bongpo beach and 
eroded near the southern part of the beach. Beach topography data was obtained by a real-time 
kinematic global positioning system (RTK–GPS), and the underwater bathymetry data near the 
shore was collected by using an echo-sounder four times for two years. The data set included the 
quantitative results of the erosion and deposition at the study site. The survey results showed that 
the relative height difference between the measured points was in the range of a maximum of 15 
m. The grid cells of raster functional surface types such as elevation, aspect, slope, and curvature 
are created based on this beach surface elevation. The eroded and accreted regions were extracted 
by the overlay function anlaysis, and the area and volume of the cut and fill were estimated. Then 
the results were used to determine the direction of the sand transport. The beach erosion pattern 
showed a steady tendency in the north-eastward direction. It appears that the sands are being 
transported northward along the coast by the longshore drift and by the sand supply from the 
south.
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This paper presents the findings from a study that involves the identification of rock existing in 
various forms on the seabed as well as extraction of boundary and area of rock mass based on 
the combination of bathymetry data and backscatter data acquired from multibeam echosounder. 
First, an optimal image processing algorithm of backscatter data was selected after reviewing and 
analyzing multiple existing algorithms. With reference to this, a software was developed that is 
capable of extracting rock mass boundary and area-wise segmentation based on mosaic images. 
The results are excellent considering the variability of external factors, including changes in sea 
floor topography, geometrical changes from subsidence, and movement of the deployed artificial 
reef caused by ocean currents and surface deposit on the seabed. Therefore, the findings of this 
study will be of great contribution to not only for rock mass extraction, but also for various sea 
floor explorations in the future. 
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In this research, we investigate the reason why the rate of sea level rise in Jeju island is 
particularly higher than the other area in Korea. According to a report from Korea Hydrographic 
and Oceanographic Agency (KHOA, 2013), the rate of sea level rise in Jeju (6.33 mm/yr) is 
almost three times larger than the rate of Korea south coast (2.46 mm/yr). We aims to study the 
cause of this phenomena by checking 3 categories: Firstly, GPS data, Secondly, Satellite data and 
Thirdly Tidal Observation data. Firstly, altemety data from satellie & gps data at Jeju tidal station 
are analyzed, to see if ground datum level is changed. The position 2.18mm/yr of the rate of sea 
level rise was acquired from the data of satellite orbit passing through near Juju and negative 
–1.64mm/yr rate is acquired from GPS data at Jeju tidal station. We confirmed that the tidal 
station of Jeju was sinking at the rate of 1.64mm/yr using the data from 2007 to 2015. Other GPS 
data near Jeju tidal station sank at the rate of 0.85mm/yr. It is analysed that the rapid sea level rise 
of Jeju might be caused by the sink of ground data level. Secondly, we investigate the influence 
of oceanic current(kuroshio) on the sea level rise at Jeju. Sea level rise caused by thermal 
expansion was analyzed using water temperature, salinity data from National Institute of Fisheries 
Sciences(NIFS). Thermal expansion caused by temperature rise in Jeju and high temperature 
water supplied from the Kuroshio current has influenced sea level rise. We concluded that this 
circumstance is relevant to long-term changes of PDO. The phenomenon flying off the trend of 
sea level rise occurred in 2005 and 2012. This is owing to Yellow sea bottom water expansion, 
Yangtze River spills and weather conditions.
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It is well known fact that unexpected human loss (4 dead and 2 injured) and property damage (> 
2 million dollars) on 31 March 2007 were attributed to meteotsunami propagated from Shandong 
which is located in the Eastern China according to a recent Korean Meteorological Administration 
(KMA) research. Criteria for meteotsunami arrival time in the Yellow Sea have a significant 
impact on human life and economic loss near coastal area because analysis of meteotsunami 
propagation is primarily dependent on the criteria for the arrival time. In this study, meteotsunami 
case on 31 March 2007, the most powerful meteotsunami case that was ever reported in Yellow 
Sea, was selected to find optimal methods for meteotsunami arrival time. It is hard to analyze the 
arrival time of meteotsunami that is commonly observed as non-stationary signal in time series 
without any specific criterion. To determine quantitative criteria for the arrival time, propagation 
direction of the meteotsunami was analyzed through the respective arrival time derived from 
absolute threshold and relative threshold of sea level oscillation in meteotsunami frequency 
band. Consequently, we can perform more appropriate propagation analysis which reflects spatial 
locality of each station when relative threshold methods were used. In particular, optimal method 
for meteotsunami arrival time is the relative threshold method which defines the arrival time when 
amplitude of the sea level oscillation exceeds 3-sigma, when considering further meteotsunami 
propagation warning system in Yellow Sea.
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Suyeong Bay is famous for residence of many people around Suyeong River and most attractive 
site, such as Haeundae and Gwangalli beach, however, was considerable damaged by Typhoon 
MAEMI in 2003. There are exposed to effects of global warming such as super typhoon, sea level 
rise and heavy rain. Especially, lowlands near river mouths because of the dual effect of flood 
from heavy rain and storm surge can be more severely damaged. Therefore, accurate predictions 
in terms of the interaction between river discharge and storm surge is important and developed to 
water safety for people. In order to numerical simulation with storm surge and flood, this study 
was applied by the Advanced Circulation model (ADCIRC), which is conditions of Typhoon 
MAEMI. The model grid must accurately represent the characteristics of the model and domain of 
the Suyeong River basin. Also unstructured gird was used, which was driven by tidal forcing at the 
open boundary and River discharge at the upriver boundary. The results of this study indicate that 
the influence of storm surge and river discharge is over 0.15m more than without river discharge. 
This study was examined for the vulnerability of river mouth by water elevation combined river 
discharge and storm surge. Interaction of river discharge and storm surge in coastal-inlet area is 
essential for assessment with water safety and useful to make safety index.
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Nowadays Korean peninsula faces serious beach erosions and sedimentation problems due to 
several causes including the construction of coastal structures and frequent high swells. Several 
types of beach erosion countermeasures are being devised in order to respond to such beach 
erosion but it takes a long time to complete the originally planned erosion countermeasures for 
various reasons. Actually, in the case of Wonpyeong Beach located in the eastern coast of Korea, a 
fishing port has been constructed on the north side of the beach which has led to beach erosion. As 
a measure to reduce erosion, the installation of five artificial reefs with large width was planned 
but only one of the these artificial reefs has been constructed and the remaining construction 
work is not being carried out due to some reasons including a lack of project fund. Therefore, 
the erosion control function which was originally planned is not working and the erosion is 
occurring continuously. In this study, the secondary beach erosion damages caused by a delay in 
the construction of erosion control facilities were reviewed and efficient construction phases were 
investigated.
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Small unmanned aerial vehicle (UAV) platforms is becoming low-cost, miniaturized hyperspectral 
imaging technology. The direct measurement of wave induce current is tested using image analysis 
techniques using sea dye maker and small unmanned aerial vehicle (UAV). Specially, rip currents 
are approximately shore normal seaward flows which are strong, localized and rather narrow. In 
this method, UAS at a region with frequent wave induced current occurrence, and images are 
continuously obtained in real time. This research investigates the development of wave induced 
currents using images in East coast of Korea. Since rip currents are developed by longshore 
currents, the observed longshore current variations in space and time can be used to detect rip 
current generation. Rip current recorded by UAV when the significant wave heights was 1.9m 
and the period was 6.0sec. The average velocity was 25cm/s. These remote sensing observations 
provide a more synoptic picture of the rip current flow field and allow the identification of several 
rip events that were not captured by the in situ sensors and times of alongshore deflection of the 
rip flow outside the surf zone. This study was conducted as part of the preliminary research for 
developing a method that can precisely measure the trend and velocity of wave induced current 
using small unmanned aerial vehicle (UAV) - based on single photo-photogrammetry. Quantitative 
estimation of wave induced current is also conducted by using average and variance image of 
wave induced current area. These efforts will contribute to reduce the hazards of swimmers and 
shoreline changes by prediction and warning of rip current generation.  
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Spaces with floors for human activities consist mainly of stairs and corridors like the inside of 
buildings. Among the spaces, an underground spaces or a cruise ship are vulnerable to inundation 
by flooding. For safety response against flooding, an evacuation system is very important during 
flood events. Because people tend to underestimate water-related disasters, there is a need to 
provide the public with a conscious way to cope with emergency. This study carried out a real 
scale experiment for evacuation conditions along stairs. For a practical purpose, water depth 
conditions were determined considering a human body part such as ankle, shin, and knee. 
Flow velocity along the stairs corresponding to the water depths was measured for hydraulic 
approaches. In addition, this study focused on the ability of a person depending on gender, shoes, 
and handrail. All tests were carried out for a male and a female. The test subjects were tested 
wearing shoes & heels, running shoes, slippers, and bare foots because shoes are likely to affect 
friction with a floor bottom significantly. Evacuation time was varied depending on the various 
conditions, which can be used for a disaster response manual for those kinds of space.
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Recent cities are becoming increasingly vulnerable to natural hazard because of rapid urbanization, 
installation of complex infrastructure. Furthermore, tsunami is one of the most destructive natural 
disasters that take very strenuous, costly and time consuming to recovery. The present paper 
provides an approach for assessing tsunami vulnerability at the urban catchment scale. Influencing 
factors for urban tsunami vulnerability assessment include urban structure, buildings, and critical 
objects. The priorities order of the alternatives were ranked by assessments results of MCDM 
methods as TOPSIS. ArcGIS is used to represent the spatial results to all criteria. The approach 
is applied to Busan, South Korea. As a result, the flood vulnerability ranking was derived and 
vulnerability characteristics of all spatial units were compared. In addition, the vulnerability 
index was developed by combining the results. The approach can be provided to quantifying 
vulnerability to manage urban tsunami vulnerability.
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Strong flows during flood events give damages on bridge piers over rivers, estuaries, and coasts. 
Accumulating debris significantly increases damages on piers. Although a debris mitigation 
system on a pier has been suggested, there is a lack of studies to show operability for practical 
use. This study compared three types of debris reduction device: fin, deflector, and sweeper. The 
debris fin was to create a parallel flow to lead debris accumulated on a bridge to pass through. 
The debris deflector in a shape of pile was installed at 1 m upstream to make a detour for debris. 
The debris sweeper is a screw-shaped cylindrical structure rotating by a magnetic force and was 
installed on a pier. Experiments were carried out for the three debris reduction devices with real 
woods with different stiffness. A pier model without the devices also were experimented for 
comparison. The debris deflector and sweeper showed a 4 to 5 times improved reduction ratio 
compared to the debris fin. Among the two efficient devices, the debris sweeper seems to have 
the merit of installation because the sweeper is attached on a pier while the deflector is installed 
further upstream.
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If surge waves and river floods occur simultaneously in river estuary, severe flooding combinations 
can cause damages in low-lying coastal areas. In rivers and urban areas, several hydraulic 
structures, like a dam and a detention basin, have been adopted as flood control facilities. Among 
them, a detention basin is a highly effective hydraulic structure that is available for a purpose of 
flood mitigation and ecological aspects. However, analysis of flood mitigation by a detention basin 
has been limited to river flood mitigation only. Thus, it is required to expand the applicability 
of a detention basin up to damage mitigation by estuary floods. In this study, various design 
factors such as the location, the weir height and the extent of detention basin were considered 
for experimental observations. The experiments were conducted in a 20 m long and 5.4 m wide 
channel. As the distance from the detention base to a target location became closer and the area of 
the detention basin area became lager, the decreasing rate of water depth was larger showing more 
effective flood mitigation. However, the flood mitigation effects by the detention basin were likely 
converged after a certain point. A numerical model was validated with experimental measurements 
that were performed to find optimum specifications of a detention basin. Based on the validations 
for a numerical model, it can be expanded to flood mitigation effects in estuary with consideration 
of surges and river floods simultaneously.
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Rip currents occur where alongshore gradients in radiation stress exist due to differential 
wave dissipation over shallow bars and deep rip channels. Rip currents can possibly maneuver 
swimmers into deep water, beyond seaward sand bars, posing an immense insecurity to beach 
visitors around the world. In Korea, rip currents are forecasted into four levels, notice, watch, 
warning, and danger. However, the numerical results are represented by current vectors which 
need in forecasting numerical results in four levels. The primary target of this study was to 
introduce an index which demonstrates a warning level of rip current. The index developed was 
based on numerical model which calculates utilizing wave and wind data, alongside with the 
forecasting information. The model simulated coastal flows and waves produced at every time step 
and grid point by means of a systematic interfacing of hydrodynamics and wave model. Moreover 
the simulation of surface and bottom currents is accomplished with the inclusion of mass flux 
term to a wave-averaged continuity equation. The result will show conditions of the beaches. This 
warning index will be combining with the numerical model for rip current anticipating system 
(HAECUM) to give rip current information for detail zone.
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Sea surface wind plays an important role in oceanic phenomena and coastal environment. There 
are many sources of meteorological data available, both global and regional, and they differ not 
only by spatial and temporal resolution, but also by the number of observations included in the 
reanalysis and method of data assimilation used. In this study, the performance of the weather 
research and forecasting (WRF) model and its variational data assimilation system (WRFDA) 
with two global reanalyses (ERA-Interim and NCEP FNL) used as initial and lateral boundary 
conditions has been assessed during the period from January to December in 2014. Both WRF 
model simulations using ERA-interim and NCEP FNL are in good agreement with observations, 
with correlation coefficients ranging from 0.81 to 0.88 and from 0.77 to 0.88 for wind speed, 
respectively. Both ERA-Interim and NCEP FNL are good choice for the model’s initial and 
lateral boundary conditions, while the ERA-Interim simulation showed better results for surface 
pressure, wind direction and speed. As a result, the ERA-Interim simulation shows better results 
for the significant wave height and mean wave period. The results of this study should provide 
some references for the improvement and development of WRF simulation, skill assessment of 
numerical weather prediction system and for further research. Furthermore, those can be useful 
for offshore and coastal researchers to estimate extreme sea states and design specific offshore and 
coastal structures.
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The 106-vehicle pileup on the Yeongjong bridge induced by the sea fog on the Gyeonggi Bay, 
Yellow sea on 11 February 2015 caused 132 casualties (3 dead, 129 injured). Visibility due to the 
sea fog was only 10 meters at that time. The damages caused by such sea fog is likely to occur in 
the maritime as well as the land located on the coast. The sea fog induced by various interactions 
between the atmosphere and ocean(e.g. micro-physics process) can lead to the human and material 
damages by severe lowering of visibility. As the Yellow sea around the Korean peninsula has the 
complicated shoreline by numerous islands and a Rias coast, the states of the atmosphere and 
ocean change near the coast at any time and sea fog often occur in this area. Sea fog in the Yellow 
sea islands during winter season is primarily known as steam fog which is formed when very 
cold and dry air with Siberian high moves over warmer water of the Yellow sea. We performed 
the synoptic weather analysis and numerical weather modeling to understand causes of the dense 
sea fog. Consequentially, the atmosphere on the Gyeonggi Bay was generally stable by stagnant 
high pressure system, and the minimum lift condensation level is about 200-300 meters, and the 
westerly wind blew with 3~6 m/s from open sea to coastal area. This means that sea fog generated 
in the open sea moved to coastal area and aggravated visibility in the bridge.
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Because of insufficient ocean observation data, there are difficulties in using of physics based 
data driven model in defining coastal marine environmental system. Due to the tough conditions 
of the sea, it is still no easy task to acquire continuous and quality-controlled sufficient 
measurement data. Nevertheless, ocean observation data is very significant to understand the 
oceanic phenomena and it provides ground truth for verifying any data-driven model and 
hydrodynamic numerical ocean models. Thus, we should be devised a method for deriving data-
driven statistical model (structural equation model) with latent variables which is one of optimal 
model for describing coastal marine environments. Standard practice in estimating a statistical 
model relies on frequentist method such as maximum likelihood which is largely affected by 
the number of sample. Bayesian method as an alternative way of the model estimation has some 
advantages owing to the availability of samples from the joint posterior distribution of the model 
parameters and latent variables and Gibbs sampling strategy for model fitting. In this paper, 
we present a comparative analysis for deriving a statistical model in aspect of the estimation 
methods: frequentist method and Bayesian method to define coastal marine environmental system. 
It is applied to Saemangeum coast which located in western coast of Korea Peninsula and has 
conducted land reclamation coastal development. The results are shown that how well the data-
driven model defines the ocean system and the possibility of to be used as a useful tool for 
sustainable coastal management in spite of insufficient ocean observation data.  
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A particle tracking simulation is applied to compute track of drifting object in search and rescue 
system (SAR). The accuracy of simulation primarily depends on wind and current data among 
various parameters. In this study, we examine the effect of wind and an optimal coefficient of wind 
to improve SAR. As a particle tracking simulator, we used the module embedded on MOHID. 
The wind and current generated from WRF and MOHID are used in simulation. To acquire 
experimental data in evaluating simulation, a field experiment was conducted using drift buoy near 
to Gageo island located on south-western coast of Korea Peninsula from June to December 2015. 
The drift buoy was designed to be easily moved by wind and current in the sea. The simulation 
was conducted in same period of field experiment and a location of drifting buoy was updated 
every 12 hours. In order to estimate an optimal coefficient of wind, we simulated iteratively on 
the different wind coefficients from 1 to 4% by increasing 0.5%. The wind speed was also divided 
to 20 sections from 0 to 10 m/s and extracted maximum Ta (acceptable duration, 1km) at each 
section. From the analysis, a relational equation wind coefficient = -0.0274wind speed + 0.4309 
was derived and Ta was increased from 5.7 to 6.8 hours. According to the result, we sure that wind 
coefficient is an important parameter to improve an accuracy of particle tracking simulation and 
the derived relation also can be helpfully used in drifting objects’ tracking simulation.
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In the view of security intervention, analyzing the aspects of purpose, subject, method, scale 
and disadvantage about it. Otherwise, it will use the method of literature material law, the expert 
interview, the field investigation, the mathematical statistics and the comparative law, combined 
with the help from the government education department, personnel training plan, the lifeguard 
committee, the administrative department of the swimming pool and the auxiliary function inside 
the swimming teaching(Include the four main factors in teaching, such as areas, teacher, student 
and something else.) and put forward some significant and referenced suggestions to the reality 
swimming teaching in college school about the security intervention.
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The Haeundae, located at the southeastern end of the Korean Peninsula, is a famous beach, which 
has an approximately 1.6 km long and 70 m wide coastline. The beach has been repeatedly eroded 
by the swell waves caused by typhoons in summer and waves originating in the East Sea in winter. 
The Korean government has been recently conducting beach restoration projects including beach 
nourishment (620,000 m3) and construction of two submerged breakwaters near both ends of the 
beach along with a five-year R&D project regarding the development of coastal erosion control 
technology. As a part of the project, we have been measuring waves and currents at a water 
depth of 22 m, 1.8 km away from the beach using an acoustic wave and current meter (AWAC) 
continuously for more than three years; we have also measured waves and currents near the surf-
zone in summer and winter. We have simulated wave-induced currents according to the seasons 
considering wave–tide interaction using a wave-current coupled model and comparing the results 
with analyzed longshore currents measured by the AWACs. In this study, the variability of wave-
induced currents was analyzed to understand the mechanism of coastal processes and sediment 
transport calibrating and validating the simulated results with observed waves and currents. We 
found that the cross-shore current near the middle of the beach during in summer arises mainly 
owing to the eddies generated by strong waves coming from SSW and S. In fall and winter, the 
longshore current, from the east, Mipo-port to the west, Dong-Back Island is developed owing to 
swell waves coming ESE and E.

Poster Session

IWSS 2016•169

Variability of wave-induced current considering wave–
tide interaction in Haeundae

Hak Soo Lim1,c, Hee Jun Lee2, Jae-Seol Shim1, Insik Chun3

1Operational Oceanography Research Center, Korea Institute of Ocean Science and Technology, Republic of Korea
2Marine Environment and Conservation Research Division, Korea Institute of Ocean Science and Technology, Republic of Korea
3Department of Civil Engineering, Konkuk University, Republic of Korea

IWSS-P3-18

Corresponding Author : hslim@kiost.ac.kr

Poster Sessions



The number of tourists goes to beaches in summer to enjoy sea bathing. There are many safety 
accidents in eastern coast due to topographic characteristics of the beach. Most accidents are 
caused by rip currents. Also, in summer, as many tourists enjoy beaches near the swash zone, 
people would be exposed to non-point pollutant sources, which are significantly harmful to 
health of visitors. The enterococci showed the best correlation to gastrointestinal symptoms in 
the relationship study between swimming-associated gastrointestinal illness and microorganisms. 
USEPA (U.S Environmental Protection Agency) demonstrated a direct relationship between 
the density of Escherichia coli and enterococci in surface waters and an increase in swimmer-
associated gastroenteritis. These reports suggest that E. coli and enterococci can be appropriate 
bacterial indicators compared to total coliform. Therefore, this study was attempted to evaluate the 
safety of the beach seawater, using the E.coli and enterococci as bacterial indicator. Enterococcus 
and E. coli were extracted along the beach profile during summer holiday season at Gyeongpo 
Beach located in the eastern coast of Korea. The study indicated that the source of pollution near 
swash zone, where people are crowded, is bigger than the dry beach and the near swimming zone. 
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Recently, the vulnerability of coastal zone has been increased by storm surge, wave heights 
under typhoon effects. The purpose of this study is to develop the framework of coastal 
vulnerability assessment with the basic framework of IPCC. Three coastal vulnerability indices; 
the CEI(Coastal Exposure Index), the CSI(Coastal Sensitivity Index) and the CAI(Coastal 
Adaptation Index), were developed to assess the CII(Coastal Impact Index) and the CVI(Coastal 
Vulnerability Index) numerically. Assessment of coastal vulnerability was applied to southern 
coastal region of Korea. The proposed CII and CVI is classified as 5 grades. Grade 1 means that 
the vulnerability is very low and grade 5 is very high. The validation of CII and CVI compared 
with the field observation and their applicability was confirmed. The CII with consideration of 
disaster exposures and damages was able to assess clearly which coastal regions were sensitive. 
The results of CII and CVI can easily used to determine where the vulnerable regions were. This 
assessment of coastal vulnerability will contribute to protect our coastal system include the lives 
and properties from typhoon in coastal zone of Korea.
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Tsunami can cause enormous loss of life and property in coastal community. Therefore, when 
designing protective coastal infrastructures against Tsunami, it is necessary to estimate Tsunami 
force on a vertical wall. This paper investigates Tsunami force on a vertical wall for wave 
(Tsunami) height and cross-shore location of vertical wall, using numerical model simulations 
for hydrodynamics. The numerical model is based on RANS (Reynolds-Averaged Navier-
Stokes) equation, k-epsilon turbulent closure, and VOF(Volume of Fluid) method to simulate 
hydrodynamic forces induced by Tsunami. First, the numerical model was validated with physical 
modeling data from large-scale laboratory experiment by comparing hydrodynamic parameters. 
Then, the numerical simulations were repeated for the combinations of 3 wave heights and 28 
cross-shore locations of vertical wall. For the fixed cross-shore location of vertical wall, Tsunami 
force was decreased in proportion to the wave height. For the constant wave height, Tsunami force 
was exponentially decreased as the vertical wall located further onshore. Finally, a predictive 
formula of Tsunami force on a vertical wall was suggested in terms of wave heights and cross-
shore locations of vertical wall using regression analysis from the numerical simulation results.
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Coastal erosion ratio in South Korea was about 44% of the national coast in 2014, and the coast 
around the East Sea showed very serious coastal erosion in the state 76%. Time-series aerial 
photographs and satellite images were used for monitoring of coastal erosion. Many preview 
studies on shoreline detection have used the visual interpretation methods which depend on the 
person and require a lot of time and money. This study aims to suggest an automatic shoreline 
detection algorithm for more accurate coastal erosion monitoring in the coastal region of the 
East Sea where belongs to Case 1 (open ocean) waters. This study uses one KOMPSAT-3A data 
provided high spatial resolutions from 0.55m to 5.5m and three KOMPSAT-2 data obtained from 
2012 to 2015. Shoreline detection algorithm is based on wetness and texture information obtained 
from satellite multispectral data. Dry sand, wet sand and water were classified by using threshold 
values of wetness and variance texture data. Geospatial method is also applied in this study to 
increase the shoreline detection accuracy. Although this study uses temporal KOMPSAT data, the 
same threshold values of wetness (more than -1.5 and less than 1.0) and variance texture (more 
than 0.1) are determined in this automatic shoreline detection algorithm. The shoreline in 2012 
shows high sea level compared with other years. For more accurate detection of shoreline, further 
study will try to relate satellite data with spectral properties obtained from ground hyperspectral 
data.
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The traditional coastal engineer structures such as the breakwater and sea dike can be coupled 
with the overtopping type wave energy converter, which not only keeps harbor basin calm but also 
absorb the wave energy to generate the electrical power. A multi-level overtopping breakwater 
(MOB) is proposed in this study to adapt the tidal level variation for the multi-function utilization 
including the conversion of wave energy. The MOB contains several reservoirs at different 
levels, which shares a common slope and operate at different tidal level to absorb wave waters. 
The multi-layer design is expected to run in more time for additional electrical power output. 
Apparently, the hydrodynamic performance of the multi-layer reservoirs has a significant on the 
overtopping wave energy absorption and conversion. Therefore, a numerical wave tank (NWT) 
based on the RANS equations and two-phase VOF model was established based on the CFD 
solver Ansys-Fluent. The NWT is capable of dealing with nonlinear wave motions including the 
wave climbing, overtopping, and breaking behaviors. The numerical model was also compared 
and validated with the experimental data. Several typical wave conditions and shape parameters 
were studied numerically, which will provide more information about the wave motions against 
the MOB and characteristics of overtopping discharges to the optimization of the structure and 
parameters.
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Seabed classification is the important part of current coastal research because it characterizes the 
seabed and its habitats. Seabed characterization makes the link between the classified area and 
the physical, geological, chemical or biological properties of seabed. This paper addresses the 
possibilities of the use of the hyper-spectral data obtained from a CASI-1500 airborne sensor 
to map the seabed covers around the coastal area of Geoje island, Korea. After radiometric, 
geometric and atmospheric correction for the raw hyper-spectral data, the classification was 
performed in three steps. Firstly, fourteen classes of seabed were identified using an unsupervised 
spectral angle mapping algorithm in combination with data collected by ground survey. Secondly, 
seabed mapping was performed for each class separately. Finally, an accuracy assessment of 
the seabed mapping results was performed using data from ground survey. The overall accuracy 
was 83% with a kappa coefficient of 0.76. The results indicated that the hyper-spectral data can 
help not only to classify the seabed material remotely and precisely, but also to construct the 
continuous geographical information for an effective management and conservation of the coastal 
area in Korea. 
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Nautical Chart (NC) is essential tools for marine navigation that depicts the configuration of 
the shoreline and seafloor such as bathymetry, locations of dangers to navigation, locations and 
characteristics of aids to navigation, anchorages, and other features. Because those features could 
be changed continuously according to the nature of a waterway and human activities, it is strongly 
prohibited to use the old or uncorrected NC for navigation. Therefore, the adequacy of NC is 
must for the safety of seaway before navigation. The general way to ensure the adequacy of NC 
is accessing the change in bathymetry along with the vessel traffic information in sea way. In 
recent, the update of bathymetry is commonly done by hydrographic surveying techniques such 
as multi-beam echo sounder (MBES) and airborne LiDAR bathymetry (ALB). These techniques 
provide both highly accurate and a dense coverage of depth measurements, however high cost 
and logistic challenges are required. In this study, we apply the satellite-derived bathymetry from 
Landsat imagery with Auto Identification System (AIS) data as vessel traffic information in order 
to evaluate the adequacy and completeness of information of NC in the coastal area around Inchon 
Bay, Korea. Based on the procedure in this study, it will be possible to identify the changes of 
bathymetric information in NC easily and apply a new effective and economic way to ensure the 
adequacy of NC without MBES or ALB surveying in the coastal area of Korea.
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In this study, the GIS-based red-tide estimating simulation to comprehensively analyze the 
occurrence and movement of red tide in the Littoral Sea was developed, and for analysis, the 
spatial-temporal synchronization of the color image by the oceanographic satellite and of the 
tidal current numerical model was performed. The major content of study was to estimate the 
movement of red- tide by linking the current direction and current speed to be estimated by the 
Regional Ocean Modeling System (ROMS) model with the concentration of chlorophyll-a of the 
seas around the Korean Peninsula to be observed by the Geostationary Ocean Observation Imager 
(GOCI) 8 times a day in the resolution size of 500 m. This methods, consisting of the spatio-
temporal matching, was estimated the movement of red-tide in the littoral sea. In the evaluation 
result, the red-tide from the southern sea of Korea maintained widely-low chlorophyll-a level for 
a significant amount of time and gathered in certain regions of littoral sea to bring a damage of red 
-tide.
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Bathymetry in shallow water around coastal area is an important issue for navigation and marine 
safety accident in recent. However, shipborne depth measurements observed by echo sounder 
are spatially limited and uneven in shallow water. The satellite altimetry-derived free-air gravity 
anomalies (SAFAGAs) are correlated with undulations of crustal density variations under the 
seafloor. In this study, shipborne bathymetry and the SAFAGAs were integrated to determine 
bathymetry in shallow water more accurate than only shipborne gridded bathymetry. The gravity-
geologic method (GGM) was applied to predict bathymetry in shallow water areas between 
Gogunsan Islands and Saemangeum Seawall with the SAFAGAs. Tuning density contrast between 
seawater and the seafloor topographic mass was selected from a range that stabilizes the root-
mean square difference by the check-points with the GGM. We predicted bathymetry using tuning 
density contrast in shallow water area outside of Saemangeum Seawall. Bathymetry predicted 
by the GGM was compared with depth measurements on the shipborne locations to analyze the 
bathymetry accuracy.
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Phase-averaged wave models such as WaveWatchIII or SWAN cannot in general deal with the 
diffraction of waves behind coastal structures or islands. Recently, Holthuijsen et al. (2003) 
improved their phase averaged wave model, SWAN, by considering the diffraction effects in 
the model. They allow the energy transfer between the directional spectral components. The 
directional turning rate, , is modified to account for the diffraction of waves using the mild 
slope equation. Using the diffraction-corrected SWAN Holthuijsen et al. (2003) showed that the 
wave energy penetrates in the shadow area behind the breakwater. For a successful simulation 
of the diffraction problem the grid size should be smaller than 1/10 of the wave length. This 
limitation on the grid size seems to be unrealistic to cover a large computational domain. For 
example, when the wave forecast is conducted for a typhoon approaching the study area, the 
computational domain involves usually an ocean wide area. Using the grid size of 1/10 of 
wavelength the computational effort and cost may increase incredibly high and, thus, the attempt 
will be discouraged. Thus, a practical way to deal with diffraction problem with relatively large 
grid size, e.g., 100 wave lengths, is indispensable. In this study, the performance of the SWAN 
model for the diffraction of monochromatic waves is tested with various grid sizes. When the grid 
sizes increases much greater than those recommended in the user manual, the diffraction effect 
disappears behind a breakwater. To improve the model performance the turning rate, , given by the 
SWAN model is artificially increased. As a result the diffraction effect appears in the wave field 
behind the breakwater. The appropriate amplification factor for the turning rate is found by trial 
and error for a given grid resolution, and an empirical formula to evaluate the amplification factor 
is proposed. The improved model is then applied for the prediction of wave climate in the coastal 
area protected by an offshore island.
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Sedimentation around Kunjang harbor in Korea has intensified at a rate of ~2.5 m per year 
due to the construction of an estuarine dam in 1990, which resulted in the tidal energy being 
blocked and a flood dominant environment. The constructions of several harbor facilities, such as 
parallelized flow guided dikes, breakwater, and sea walls, directly altered the tidal hydrodynamics. 
The resulting sedimentation, with a potential negative impact on safe navigation and hindrance 
to harbor access, should be managed through dredging or minimized through an appropriate 
engineering solution. In order to understand the sedimentation characteristics, archived data 
containing intensive depth measurements from 2011 to 2014 were studied to assess bottom shear 
stress variations. To investigate the correlation between sedimentation and depth change, first, 
zero-dimensional analyses were conducted in the target area, and once control volume changes 
were obtained, a shift was made to detailed 1- and 2-dimensional assessments of bottom stress 
variations. Our results showed that the shear stress around the vicinity of the outer harbor area has 
changed from 1.99  N/m2 to 1.04 N/m2 from 1993 to 2003. Moreover, the critical shear stress was 
evaluated at 0.6 N/m2, which is slightly higher than the normal value of 0.4 N/m2. Further, several 
alternatives for minimizing the continuing sedimentation were compared by taking the ADCIRC 
and EFDC models through maintaining sufficient shear stress values, as even maintenance 
dredging could abruptly alter tidal hydrodynamics. Our findings could help devise an efficient 
engineering approach to mitigate sedimentation in order to maintain safe navigation on the flood-
dominant estuarine harbor.
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Submerged and emerged vegetation near the coast has been studied in terms of the wave and 
current control by the energy dissipation. It is known that mangroves can contribute as a buffer to 
mitigate the damage not only from high waves but also from a tsunami. Researchers investigated 
the fluid resistance of the vegetation and estimated drag and inertial coefficients. Wu and Cox 
(2015) suggested the relationship between the Keulegan-Carpenter (KC) number and the 
vegetation drag coefficient through the laboratory experiments. The present study suggested the 
estimated drag coefficient from the experiments conducted by Wu and Cox (2015) and used the 
coefficient to modify three-dimensional model based on the Navier-Stokes equation (LES-WASS-
3D, Hur et al, 2012) with the porous body model. The modified model was used to simulate 
the experimental condition (Wu and Cox, 2015) and the numerical model results show a good 
agreement with the experimental results. This study also investigated the wave and current fields 
under the different conditions of the vegetation properties and incident waves. Then, the wave 
transformation and energy dissipation by applying the proposed drag coefficient under the wave-
current combined domain. The results showed that the modified numerical model by using the 
proposed drag coefficient in the present study precisely predicted the characteristics of the wave 
field in the wave-current combined domain. Therefore, the modified model with the estimated 
drag coefficient in this study can be suitable to simulate the wave transformation and energy 
dissipation by the coastal vegetation. 
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Since Perroud (1957) reported the existence of stem waves for the reflection of solitary wave 
incident obliquely on a vertical wall, Berger and Kohlhase (1976), Melville (1980) and Yue 
and Mei (1980) studied the stem waves using hydraulic or numerical experiments. On the other 
hand, Mase et al. (2002) performed both laboratory experiments and numerical simulations on 
stem waves for the case of unidirectional random waves. The comparison between the results 
from the hydraulic and numerical experiments does not give a favourable agreement. Moreover, 
the measured wave height distribution normal to the wall was not presented. In this study, 
laboratory experiments were conducted to investigate stem waves for unidirectional random 
waves. The measured wave heights were compared with the numerical simulations using REF/
DIF S developed Kirby and Özkan (1994). For the case of small amplitude waves no stem wave 
is developed, and the numerical solution agrees well with the measured data. However, for the 
finite amplitude waves the numerical solution gives no stem wave, while the measured data show 
clearly stem waves along the wall. In this study, a simple improvement on nonlinear dispersion 
relationship in REF/DIF S is made. As a result the numerical solution is significantly improved 
to give good agreements with the measured data. From this study it is found that the stem waves 
can also be developed for random waves, and the nonlinearity of incident waves is the controlling 
mechanism for the stem wave development along the wall.
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The spatial and temporal variation of wave spectrum under typhoon Sanba, which was the 16th 
typhoon originating in the northwestern Pacific Ocean in 2012, was observed. The typhoon Sanba 
passed through in the middle of Korean peninsula whereas most of typhoons passed the Straits of 
Korea (eastern side of Korean peninsula). This unique path of typhoon Sanba provided interesting 
features of wave conditions. For example, it was believed that wave heights were larger in the 
right side of the typhoon path because typhoons translation speed and rotational wind field were 
in the same direction (i.e., dangerous semicircle). However, observational evidence of wave 
spectrum under typhoon was rare because of the difficulty in measurement. In the presentation, 
wave spectrum analysis under extreme storm condition of typhoon Sanba will be given at the left 
and right side of the path of typhoon Sanba, including the information of significant wave height, 
peak period, and dominant wave direction. Wave measurements were obtained by directional 
wave rider buoys installed at Yeosu and Namhyeongjedo in Korea. Yeosu and Namhyeongjedo are 
located in each of the left and right of the path of the typhoon Sanba. The measurements provided 
distinguished wave conditions in each side of navigable semicircle and dangerous semicircle of 
the typhoon. Therefore it is possible to observe the spatial differences of the wave spectrum across 
the path of the typhoon, as well as temporal changes of wave spectrum as the typhoon evolves.
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Coastal ecosystem is important in the global ecosystem, water conversion, environmental clean-up 
and biodiversity conservation. They are critical habitats for thousands of species and act as buffers 
against pollution from upland drainage by improving water quality. Despite of the ecological 
importance, coastal ecosystem has been damaged from the reclamation and coastal use of various 
forms. Recently, coastal ecosystems are protected legally in many countries to preserve these 
ecologically important habitats. In addition, a number of studies has been conduct to restore or 
recreate of coastal ecosystem. However, it is very difficult to select major influence factors on the 
coastal ecosystem restoration. In this paper, as a basic research for the restoration and construction 
of estuary saltmarsh, to observe the habitat environment for reed, we observed sediment 
environment (Particle size, water content, pH, nutrient analysis (NH4-N, PO4-P)), ground water 
level, ground level, individual numbers of reed, maximum reed height. As a result of this study, 
sediment particle size and moisture content of soil on the study area not effected reed habitat, pH 
showed no difference in each site. NH4-N and PO4-P concentration also no difference in each site. 
Ground level of reed habitat area is higher than none reed habitat. However, ground water level of 
reed habitat area is lower than none reed habitat. As a results of analysing the influence factors for 
reed habitat in Nakdong estuary saltmarsh, ground water level and ground level is most influenced 
factor for reed habitat.

Poster Session

IWSS 2016•184

Characteristics of environmental factors for Reed of 
Jinudo in Nakdong Estuary

Sung Hoon Ryu1, In-Cheol Lee1 
1Department of Ocean Engineering, Pukyong National University, Republic of Korea

IWSS-P4-13

Corresponding Author : ilee@pknu.ac.kr



The highest waves along the Korean Peninsula are typically recorded in the summer or fall when 
swell waves are induced by typhoons from the East China Sea or the East Sea. High waves, 
accompanied by strong winds, cause severe damage along the western and southern coasts of 
the Korean Peninsula, especially when the surge coincides with high tidal energy. Recently, the 
southern coast of Korea has become vulnerable to increasingly frequent and strong typhoons 
approaching through the Yellow Sea and the East Sea, due to increased sea surface temperature 
in summers and sea level rise in response to global warming. During the fall, the swell waves 
induced by typhoons passing through Japan or the East Sea also cause severe beach erosion and 
coastal retreat along the East Sea coast. To understand the occurrence of abnormally high waves 
and the process of beach erosion along its southern and eastern coasts, the Korean government 
has initiated two projects: the coastal erosion control technology and the investigation of large 
swell waves since 2013 and 2014, respectively. As part of these projects, we deployed AWAC 
to measure waves and currents in the nearshore of the southern coast of Korea, near Haeundae, 
and along the eastern coast of Korea, near Uljin and Samcheok. Measurements were taken over 
almost two consecutive years since 2013. From the analysis of measured wave data for the late 
fall of 2014, we found that the highest wave at Uljin (Hs:6m) was recorded 80 minutes after the 
highest wave at Samcheok (Hs:4.6m),which is located further north along the coast. This was the 
possibility of resonant coupling between low frequency waves that propagated through the East 
Sea from the northeast, and high frequency waves induced by Typhoon Vongfong that propagated 
along the East Sea coast from the northwest.
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Since the 1970s, reclamation projects in South Korea’s west coast have been actively promoted 
because the area has optimal tidal and topographic conditions for the projects. Though the projects 
contribute for developing a huge industrial complex or a large agricultural area, tideland along 
the coast has been continually damaged so that there arise several environmental issues about 
pollutant purification function and habitats biodiversity of tideland. To address these issues, it 
is necessary to construct long-term temporal data for global and local tideland changes along 
the coast. In this study, we use Landsat MSS, TM images acquired from 1979 to 2010 to detect 
tideland. A new detection algorithm based on recently developed machine learning technique 
is proposed to consistently classify land and sea and tideland areas from lots of the images for 
different areas, at different times and under different atmospheric conditions. To this, time tables 
of low and high tide level and Landsat images acquired at these times are prepared. Then control 
parameters for the above classification are trained by a machine learning technique according to 
the reference field surveying data provided by the National Oceanographic Research Institute. We 
applied the proposed method into Landsat MSS, TM images acquired from 1979 to 2010 along 
the west coast of South Korea and obtained annual tideland change dataset. 
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Sea dyke was constructed in Yeoungsan River for water supply and flood control, which has 
since changed the lake environment. The residence time in Yeoungsan Lake increased due to 
the blocking by the dyke, and thermal stratification enhanced during summer-time. This thermal 
stratification has direct effects on the hypoxia frequency in bottom layer. And River discharge and 
wind dominantly affected flow structure and the thermal stratification. To determine effect of river 
discharge on the temporal variability of the flow structure and thermal stratification, current and 
density time series data were analyzed in Yeoungsan Lake. The flow structure was changed by 
discharge rapidly. The flow structure is complex, such as two-layer and inversed two-layer, after 
river discharge because river discharge and wind effects combined with to pography influences. 
Also, two-layer flow caused by river discharge influences vertical mixing and temperature at the 
bottom layer. Despite a large velocity shear, thermal stratification was strong enough to suppress 
vertical mixing most of the time. The flow structure and thermal stratification are shown to be 
dependent on river discharge in Yeoungsan Lake
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Due to natural and human-induced causes, coastal areas suffer degradation with continuous 
topographical changes in coast lines. Large scale and quantitative assessment of the above 
changes is necessary to develop accurate coast defence and management projects. Remote sensing 
techniques including satellite or airplane observations have been used for the purpose because 
the techniques are efficient for regular monitoring on large and long coastal areas. Nowadays, 
unmanned aerial vehicles (UAV) are used for earth observation in various fields because related 
techniques have greatly improved in recent years so that accurate high-resolution images can be 
easily acquired with low cost. In this study, the coast line detection with UAV images is used to 
monitor coast line changes of Yellow Sea, Rep. of Korea. Applying a recent geographic object 
based image analysis (GEOBIA), coast lines are automatically detected and converted into map 
objects. Then these lines are super-imposed over the cadastral map in Korea Land Information 
System (KLIS). The map is originated from field survey data for land registration process so 
that the coast lines in the map represent coast lines at that time of registration. Therefore, change 
detection and comparison of coast lines extracted from UAV and KLIS, topographical changes 
in coast lines were quantitatively assessed. From this result, it could be concluded that UAV 
technique can replace conventional field investigation with considerable advantage in the cost of 
the data acquisition and topographical accuracy.
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Sand beach change due to erosion and deposition is major concern not only coastal zone 
management but also beach safety management for water activity. In general, coastline which is 
one of the most important boundary lines many maps is useful for understanding. Unfortunately, 
coastline would be unavailable for residents and visitors use and interpretation because most 
of them have little to no experience on it instinctively. Topographic information on the beach 
change from foreshore to surf zone in terms of the bathymetric variability and circulation patterns 
is crucial to beach safety management. The purpose of this study is to obtain beach safety 
information from topographic change on drastic erosion, beach gradients and rip current zone 
using high resolution measurement. The volume of beach change, its geometric properties and 
estimates of eroded and deposited sand volumes were determined by elevation data with RTK-
VRS measurements. Finally, anyone using or creating content on beach topographic change as 
well as the life savers on all patrolled beaches were provided with digital topographic information 
map of their beach upon which they were notified the location of bars, throughs, rips, as well as 
the circumstances and location of any rescues. Utilization of topographic information will require 
accurate and optimum technologies for coastal zone and beach safety management of coastal 
regions. These promising technologies will hopefully provide better and more timely information 
to the general public.
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Safety is the eternal theme in the management system of the university natatoriums and life-saving 
is a very important task. In order to strengthen the management of the lifeguards in university 
natatoriums, this paper analyses the deficiencies of the management system of the lifeguards 
in university natatoriums based on the management mode and experience of some university 
natatoriums by use of literature review, questionnaire survey and mathematical statistics, with 
a hope to provide a reference for the management and cultivation system of the lifeguards in 
university n atatoriums. 
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With the use of the method of literature, logical analysis and investigation, this paper makes a 
study of the recent water safety accidents and then makes a conclusion that college students are 
the main subject of water accidents. Therefore, it is imperative to carry out water safety education 
in colleges and universities. After introducing the ways to popularize water safety education 
(from the perspectives of the government, the universities and the society), the connotation, 
the significance, the value and the current situation of water safety education, this paper mainly 
comes to a conclusion that our government should establish a database of students who die from 
drowning, classify the database and then grasp the development trend of the database. Moreover, 
the key is to master the distribution characteristics of the main body in the incidents and pay more
attention to the research of prevention and intervention of the incidents, rather than adopt remedial 
measures after the incidents.
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