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Abstract – A series of events triggered by tsunami eventually led to the Fukushima 
nuclear accident. For drawing lessons from the nuclear accident and applying to 
Shidao Bay nuclear power plant flood control construction, we compare with the 
state laws and regulations, and prove the design of Shidao Bay nuclear power plant 
flood construction. Through introducing the history of domestic tsunamis and the 
national researches before and after the Fukushima nuclear accident, we expound 
the tsunami hazards of Shidao Bay nuclear power plant. In addition, in order to 
verify the safety of HTR-PM, we anticipate the contingent accidents after" 
superposition event of earthquake and extreme flood", and analyse the abilities and 
measures of HTR-PM to deal with these beyond design basis accidents (BDBA). 

 
I. INTRODUCTION 

 
On March 11, 2011, a massive 9.0-magnitude 

earthquake occurred in eastern Pacific region of 
Japan and triggered a tsunami. In the Fukushima 
Daiichi nuclear power plant, the tsunami waves with 
the maximum wave height over 14.0 m crossed the 
sea breakwater which can only resist the waves with 
5.7 m wave height. The flood flooded the plant and 
marched into the interior of nuclear power plant, 
causing "station blackout, active residual heat 
removal system failure, hydrogen explosion by 
zirconium water reaction, loss of cooling and 
pressure", which led to a class seven nuclear 
accident.  

In the paper, flood control construction of the 
Shidao Bay nuclear power plant site is discussed by 
using the Fukushima Daiichi nuclear accident for 
reference, and accident anticipation and safety 
analysis of "HTR-PM superposition event of 
earthquake and extreme flood" are performed. 

 
II. FLOOD CONTROL DESIGN OF SHIDAO 
BAY NUCLEAR POWER PLANT SITE 

 
 
Shidao Bay nuclear power plant is located 23 km 

to the southeast of Rongcheng City, about 68 km to 
the south of Weihai City, about 120 km to the 

southeast of Yantai City, and about 185 km to the 
northeast of Qingdao City. At present, construction 
of one 200 MW unit of the HTR-PM demonstration 
project has begun, and four 1250 MW pressurized 
water reactor (AP1000) nuclear power units and six 
large-scale commercial advanced pressure water 
reactors are prepared to be constructed. 

 
II.A. Design Principles of Design Basis Flood 

 
As is ruled in the guideline of "Determination of 

Design Basis Flood on Coastal Nuclear Power Plant 
Site", the design basis flood of a coastal nuclear 
power plant site is flood which can be stood by the 
plant design. 

The coastal nuclear power plant site design basis 
flood should be composed by the following factors: 
the benchmark water level (determined by the 
astronomic tide and the sea level anomaly), extreme 
flood events (including the probable maximum 
storm surge, the probable maximum tsunami, the 
probable maximum seiche or combination of the 
three serious events), impacts of storms, and river 
floods. Reasonable combinations of the above 
factors should be taken into account for determining 
the design basis flood. 

As for the domestic nuclear power plants, the 
highest astronomical tide or the 10% exceedance 
probability astronomical tide level, sea level 
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abnormal rise, probable maximum storm surge 
elevation, and corresponding wave impacts of the 
probable maximum storm surge are usually adopted 
as combined factors of the nuclear power plant 
design basis flood.  

As is ruled in the guideline of "Determination of 
Design Basis Flood on Coastal Nuclear Power Plant 
Site", the wave impacts can be considered 
independently, or considered together with 
astronomic tides and extreme events(storm surge). 

 
II.B. Design of  the Design Basis Flood Level in 

Early Feasibility Study Stage 
 
In the early feasibility study stage (before the 

design of seawater intake and drainage projects), the 
design basis flood level of the Shidao Bay nuclear 
power site is presented in a manner of considering 
the wave impacts. "The 10% exceedance probability 
astronomical tide level of the Shidao Bay nuclear 
power site is 1.08 m, the probable maximum 
typhoon surge is 2.07 m, the plant site sea level 
anomaly is 0.15 m, and the 5-meter water depth 
maximum probable typhoon wave height is 5.95 m, 
so the design basis flood level is 
1.08+2.07+0.15+5.95*0.6=6.87 m [2]. Actually, after 
the general layout and the marine work arrangement 
are determined, the boundary of the Shidao Bay 
nuclear power plant site is not in the 5-meter water 
depth but in a position 2 m to 3 m above the shore. 
Considering that maximum probable typhoon wave 
height (H1/100) in the 0-meter water depth is only 
1.89 m, which is much less than the typhoon wave 
height (H1/100) in the 5-meter water depth, i.e., 5.95 
m. Therefore, the design basis flood level of 6.78 m 
calculated according to the 5-meter water depth is 
rather conservative. 

 
II.C. Actual Plant Site Flood-Control Water 

Level Required for Design Basis after Completion of 
Marine Work 

 
"The review comments on review report of 

design basis flood water level of Huaneng Shandong 
Shidao Bay nuclear power site" indicates that the 
design basis flood water level of the Huaneng 
Shandong Shidao Bay nuclear power site is 3.30 m, 
and the probable maximum storm wave impact is 
independently considered. According to seawater 
intake and drainage project design plans and relevant 
experiments after the completion of the projects and 
during the construction, including the wave 
mathematical model experiment of the entire sea, the 
wave overall physical model experiment and the 
wave cross section physical model experiment, a 
conclusion is reached that the design basis flood 
water level (the static water level) of 3.3 m is 
combined with the corresponding typhoon waves 
and then is superimposed with the maximum wind 

speed (51.0 m/s of a level 16 super typhoon ) of the 
storm surges, and under the condition of waves 
superposition with wind, the climbing top of non-
overtopping waves is +5.6 m, which is the most 
conservative actual flood control water level 
required for the design basis flood water level. 

 
II.D. Measures for Defensing the Design Basis 

Flood  
 
As is ruled in the guideline of "Determination of 

Design Basis Flood on Coastal Nuclear Power Plant 
Site", items important to safety must defense the 
design basis flood so as to guarantee their operation. 
Also, it is ruled that the following measures can be 
taken to reach the objective of defensing the design 
basis flood for the nuclear power plant: all items 
important to safety inside the nuclear power plant 
are built above the design basis flood level, and the 
storm impacts and possible accumulation of ice and 
detritus should be taken into account at the same 
time. If possible, the objective can also be 
accomplished by building the power plant in a high 
enough place or raising the floor elevation of the 
plant site. 

The floor elevation of the Shidao Bay nuclear 
power plant site is 7.2 m, which is higher than the 
actual flood control water level of 5.6 m of the plant 
site under the design basis flood condition. Besides, 
engineering measures and integrated flood control 
measures (such as conservative revetment designs, 
revetment rear drainage facilities and flood warning) 
are used as the auxiliary, which meets the NNSA’s 
requirements for sea area flood control.  

 
III. TSUNAMI ANALYSIS OF SHIDAO BAY 

NUCLEAR POWER PLANT SITE  
 

According to the existing historical data and 
observations records, the occurrence frequency of 
tsunami in China is very low. According to the 
statistics from 1904 to 1968, only two of 33 
earthquakes over 7 magnitude occurred in the 
coastal area of China triggered a tsunami. After the 
founding of China, a total of 4 coastal tsunamis 
triggered by earthquakes are monitor and recorded, 
which are the tsunami occurred in the middle of the 
Bohai Sea in 1969, the tsunami in Hualian waters in 
1986, the tsunami in the southern tip of Hainan 
Island in 1992 and the tsunami in the Taiwan Strait 
in 1994. Relatively speaking, China is not a tsunami-
prone country's. 

 
III.A. Researches on Tsunami before the 

Fukushima Nuclear Accident 
 
As is ruled in the "Determination of Design 

Basis Flood on Coastal Nuclear Power Plant Site", 
extreme flood events needed to be considered 



 
 
 

Proceedings of the HTR 2014 
Weihai, China, October 27-31, 2014 

Paper HTR2014-X-XXX 
 

 

include the probable maximum storm surge, the 
probable maximum tsunami and the probable 
maximum seiche. Among them, the seiche is usually 
included in the storm surge. As is explicitly 
stipulated in the nuclear safety regulation "Nuclear 
power plant siting safety provision" (HAF101), 
whether the possibility of tsunamis affecting the 
safety of the nuclear power plant exists in the plant 
site area must be evaluated in the plant site safety 
evaluation. But through analysis and calculation 
(shown in Table 1) of the flood control evaluation in 
siting of former coastal nuclear power plants, we 
conclude that the main extreme flood event of the 
coastal nuclear power plants is the probable 
maximum storm surge, because the elevation of the 
maximum storm surge is much larger than the that of 
the maximum tsunami. 

 
The name of 

the coastal 

Nuclear Power 

Plant 

The probable 

maximum 

storm surge 

elevation (m) 

The probable 

maximum 

tsunami 

elevation (m) 

Changjiang  3.71 <0.80 

Taishan 5.23 2.41 

Yangjiang 5.19 1.16 

Daya Bay  5.30 1.16 

Ningde 5.12 <0.50 

Fuqing 4.37 <0.50 

Sanmen  4.22 1.06 

Qinshan  5.44 0.53 

Tianwan 4.33 0.51 

Haiyang 3.96 0.23 

Hongyanhe  2.49 0.55 

Table 1: Comparison table of the maximum storm 
surge elevation with the maximum tsunami surge of 
the coastal nuclear power plant in China. 

 
III.B. Re-check Researches on Tsunami Sources 
of  Surrounding Waters in China after the 

Fukushima Nuclear Accident 
 

In order to learn experiences and lessons from 
the 3.11 Fukushima nuclear accident leaded by the 
earthquake-triggered tsunami, implement the 
requirements of the State Council of China for 
conducting a comprehensive safety inspection to all 
the nuclear power plants, and conduct re-check and 
demonstration on whether impacts of tsunamis 
triggered by earthquakes exist in coastal nuclear 
power plants, Ministry of Environmental Protection 
and Radiation Safety Center commissioned the 

relevant units to conduct re-check researches on the 
tsunami sources of the surrounding waters, and 
analyze medium-distance and distal source large 
seismic belts (Figure 1) in the Ryukyu Trench and 
the Manila Trench which are located in the plate 
subduction zones. The conclusions are as follows: 
• There are obvious differences in structural 

position between the Ryukyu Trench and Manila 
Trench and the place where the Japan 3.11 
earthquake occurred. 

• The structure scales of the Ryukyu Trench and 
the Manila Trench are much smaller than scale 
of the plate subduction zone where the 3.11 
earthquake occurred. 

• Tsunamis occurring in the Ryukyu Trench 
impact less and would not cause any disaster 
influences on the coastal nuclear power plants 
in China. 

• The Manila Trench has larger impacts on 
several nuclear power plants along the coast of 
Guangdong in China, the tsunamis caused by 
which may generate disaster impacts on the 
coastal area. 

 

 

Fig. 1: The diagram of the plate activity in Eastern 
waters. 

 
III.C. Shidao Bay Nuclear Power Plant 

Site and Tsunamis 
 

Shidao Bay nuclear power plant site is located in 
Shandong Rongcheng, and is impacted less by 
earthquakes caused by tectonic movements of the 
Ryukyu Trench. Fracture are not found in the site 
area, other unfavorable geological processes which 
influence foundation safety are not found, and 
unfavorable geological phenomena such as 
landslides, debris flows, holes, and underground 
mined-out areas are not found. 

The seismic basic intensity of the site area is the 
VI degree, and there are not seismogenic structures 
in the close regions. The site area strata are mainly 
divided into a quaternary system Holocene series 
marine deposit and an eluvial slope deposit layer. 
The lithology of the site area strata is mainly coarse 
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sand and silty clay. The underlying bedrock is 
Neoproterozoic Qingbaikouan metamorphic rocks. 
Middle and new generation gangue rocks are locally 
developed. The type of soil in the plant site area is 
medium hard-hard site soil, site classification of the 
buildings is the first class, and the plant site belongs 
to an anti-seismic favorable section.  

Seen from the above-mentioned analyses, the 
occurrence possibility of tsunamis triggered by 
earthquakes similar to the 3.11 earthquake is very 
low.  

 
IV. Hypothetical Accident Safety Analysis    

 
Although HTR-PM has sufficient design 

preparedness for the design basis flooding, the 
hypothetical accident caused by the superposition 
event of earthquake and extreme flood should be 
checked. Besides, by the learning from Fukushima 
nuclear accident we know that the station blackout, 
the active residual heat removal system failure, the 
hydrogen explosion induced by a zirconium-water 
reaction and the loss of cooling and pressure are the 
causes of the accident development. Since there is 
no hydrogen explosion existing in HTR-PM, the 
station blackout, the active residual heat removal 
system failure and the loss of cooling and pressure 
are used as the analogy analysis to demonstrate the 
safety of HTR-PM. In addition, considering the own 
characteristics of HTR-PM, the paper analyzes the 
following three hypothetical accidents: 
• The Superposition Accident of the Station 

Blackout and the Big LOCA, which equals to 
the superposition accident of the station 
blackout, the active residual heat removal 
system failure and the loss of cooling and 
pressure.  

• The superposition Accident of the Station 
Blackout, the Passive Residual Heat Removal 
System Failure and the Loss of Cooling and 
Pressure Accident, which bases on the 
consideration that the earthquake could cause all 
the passive residual heat removal system failure. 

• The Superposition Accident of the Reactor 
Building Flooded and the Big LOCA, which 
bases on the consideration of the seriousness of 
Large amounts of water into the graphite core. 

 
IV. A. The Superposition Accident of the Station 

Blackout and the Big LOCA    
 
As HTR-PM is designed with passive residual 

heat removal system (Figure 2), each reactor design 
is three mutually independent cooling column (3 × 
50%), two columns that can satisfy 100% of design 
capacity. Assuming that the reactor has lost the 
pressure which leads to the complete loss of helium 
to cool the reactor core, the temperature and pressure 
are elevated by residual heat. Without considering 

the time course  of the loss of pressure and 
protection system scram, and ignore the gas flow 
and heat transfer , only consider heat conduction and 
radiation heat transfer, This situation should be 
conservative. In this conservative case, the results 
show that the maximum temperature of the fuel 
element is below the safety limit, fuel integrity is 
unaffected, maximum temperature of the pressure 
vessel is not more than the design temperature; 
residual heat removal system is Operating within 
design limits. Thus, in the most severe LOCA which 
means the superposition accident of the 
instantaneous loss of pressure and the station 
blackout, the reactor will not cause uncontrollable 
consequences, and the reactor can be maintained in a 
safe condition. 

 

 
Figure 2   Schematic diagram of passive residual 
heat removal system 
1: Core;  
2: Pressure Vessels;  
3: Water cooled wall;  
4: Reactor compartment concrete wall; 
5: Outlet pipeline 
6: Expansion tank;  
7: Air cooler;  
8: Inlet pipeline;  
9: Air cooling tower 

 
IV.B. The Superposition Accident of the Station 

Blackout, the Passive Residual Heat Removal 
System Failure and the Loss of Cooling and 

Pressure Accident      
 
The greatest impacts of residual heat removal 

systems failure are the temperature of compartment 
concrete and Pressure vessel. In this accident 
conditions, the temperature of compartment concrete 
and Pressure vessel will exceed the design 
temperature. But reactor safety is really decided by 
the temperature and intensity of pressure vessel 
support. According to the analysis, you can get: 

In the region of the supporting flange, the 
temperature of the pressure vessel is lower than the 



 
 
 

Proceedings of the HTR 2014 
Weihai, China, October 27-31, 2014 

Paper HTR2014-X-XXX 
 

 

allowable temperature of steel. Allowable 
temperature of the metal in this case is much higher 
than the actual stress generated by the weight of the 
pressure vessel flange; 

Since the thermal bridge effect of the support, the 
temperature will exceed at the moment, a substantial 
decrease in the strength of concrete, but can be 
compensated by safety factor; 

The maximum temperature of the fuel element is 
below the safety limit, and the Accident will not 
cause the fuel damage caused massive release of 
radioactivity. 

In the design, HTR-PM passive residual heat 
removal system reserve a mitigation measure using 
fire-fighting water taken into the system pipe. Even 
larger earthquake caused cooling tower collapsed, 
resulting in the failure of passive residual heat 
removal system. As long as a residual heat removal 
system piping is not broken, it can be injected into 
the fire water and continue to take away the decay 
heat. 

 
IV.C. The Superposition Accident of the Reactor 

Building Flooded and the Big LOCA   
 
When the accident occurs, the following 

measures can ensure the reactor compartment, steam 
generator compartment and the core is out of water: 

Reactor compartment and steam generator 
compartment don't set air supply system, only set the 
exhaust system and the exhaust system used 
independently. Other related technology rooms don't 
set air outlet. The design prevents water entering the 
reactor compartment and steam generator 
compartment. 

The reactor compartment and the steam 
generator compartment hold 50 Pa negative pressure 
in normal operation, the atmosphere in the two  
compartments are independent, the external piping 
connected to the  compartment use the mechanical 
seals and electric seal. 

At the top of reactor compartment and the steam 
generator is open design, sealed from the top 
compartment lid and seal diaphragm during normal 
operation. 

At the -5 m and -12 m elevation of reactor 
compartment and steam generator compartment, 
manholes with diameter of 1200 mm are set using 
isolation blinds blocking during normal operation. 

At the -12 m of reactor compartment, special 
drainage floor drain use screw type cover plate 
during normal reactor operation. 

The elevation of the bottom of the reactor 
pressure vessel is approximately at -1.05 m, the 
bottom of the steam generator is at -10 m, the hot 
gas duct center tube is at 3.6 m. 

During operation the pressure in the reactor is 7 
Mpa, therefore, even if reactor compartment and the 
steam generator compartment result in a large 

number of water, the possibility of a lot of water into 
the core is extremely small. 

If we can strictly ensure the implementation of 
the above specifications, which can strictly enforce 
the technical requirements of the flood control 
capacity of nuclear power plants. When flooding 
occurs resulting in Reactor building flooded 
superposing large break LOCA, these 
implementations are able to prevent the core from 
flooding. 

 
V. CONCLUSION 

    
Through the above-mentioned analyses, 

conclusions are drawn as follows: 
• The floor elevation of the Shidao Bay nuclear 

power plant site is 7.2 m, which is higher than 
the actual flood control water level of 5.6 m of 
the plant site under the conservative design 
basis flood condition (completely without 
overtopping) after the power plant is built. 
Besides, engineering measures and integrated 
flood control measures (such as conservative 
revetment designs, revetment rear drainage 
facilities and flood warning) are used as 
auxiliary tools, which meets the NNSA’s 
requirements for sea area flood control. 

• The re-check researches on the tsunami sources 
of the surrounding waters carried out by the 
Ministry of Environmental Protection and the 
Radiation Safety Center shows that the tsunamis 
occurring in the Ryukyu Trench seismic belt 
nearby the Shidao Bay nuclear power plant site 
impact less and would not cause any disaster 
influences on the nuclear power plant. When the 
nuclear accident which is similar to Fukushima 
accident leading to the superposition accident of 
the Station Blackout and the big LOCA occurs, 
the temperature of fuel elements and pressure 
vessel shall not exceed the design temperature, 
the reactor can be maintained in a safe condition. 

• In the event of the superposition accident of the 
station blackout, the passive residual heat 
removal system failure and the loss of cooling 
and pressure accident, the temperature of fuel 
elements is still below the maximum 
temperature of the fuel element design limits, 
temperature and strength of concrete at pressure 
vessel support does not exceed the scope of the 
requirements to maintain the structural integrity. 
Therefore there will not cause serious harm to 
the safety of the reactor. 

• When the superposition accident of the reactor 
building flooded and the big LOCA" happens, 
by engineering design, reactor compartments 
and core can effectively prevent water 
penetration. 

• In the flood control design nuclear power plant 
in Shidao Bay should strictly abide by "General 
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technical requirements for nuclear power plant 
improvement action after Fukushima nuclear 
accident - improved flood control capacity of 
technical requirements for nuclear power plant": 
"At least there is a safe sequence of  residual 
heat removal system is available, prevent water 
getting access to premises uncontrolled(nuclear 
Island factory building, important auxiliary 
water pump house, emergency diesel generator 
room, additional diesel generator building and 
so on). These requirements can effectively 
alleviate the consequences of the accident. 

• On construction of flood control we need to pay 
attention to the relations of flood control and 
other general technical requirements, such as: 
ensure the habitability of main control room 
after beyond design basis flood (design basis 
flood level superpose "thousands of years of 
rain"); ensure the availability of mobile pumps, 
mobile emergency power when water level is 
above the level of the design basis flood. 

 In summary, in response to the beyond design 
basis accidents (BDBA), caused by the superposition 
event of earthquake and extreme flood, HTR-PM 
has high security. The implement of "General 
technical requirements for nuclear power plant 
improvement action after Fukushima nuclear 
accident - improved flood control capacity of 
technical requirements for nuclear power plant" 
could strengthen the capability of flood control at 
Shidao Bay nuclear power site. 
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