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1. Introduction 

 
In order to enlarge and to diversify the export market 

of APR1400, the EU-APR design was developed. The 

EU-APR design complied with the latest Revision D of 

the European Utility Requirements (EUR) aiming at the 

development of a standard design that can be built and 

licensed in Europe with minor changes. 

The EU-APR design adopts various advanced safety 

features for the improvement of risk. The risk associated 

with the nuclear power plant can be identified through 

the probabilistic safety assessment (PSA). 

Thus, this paper reviews the EU-APR design for 

safety features and suggests the safety enhancement idea 

to contribute to risk reduction using the LPSD Level 1 

and Level 2 PSA. 

 

2. Methods and Results 

 

2.1 Review of EU-APR Design 

 

The EU-APR design has innovative system 

configurations to enhance safety based on the APR1400 

design. For example, the mid-loop level control system 

(MLCS), the passive ex-vessel retaining and cooling 

system (PECS), the severe accident containment spray 

system (SACSS) and the containment filtered venting 

system (CFVS).  

The MLCS is considered to prevent uncontrolled 

RCS level drop event during the mid-loop operation for 

the EU-APR, which is not incorporated into APR1400 

type plant in Korea. As MLCS is adopted during the 

mid-loop operation for decay heat removal and 

inventory control, the total LPSD CDF was reduced to 

66% compared to the model without MLCS [7]. 

The PECS, SACSS, and CFVS are installed to 

prevent the emission of fission product to the outside of 

containment in the event of a severe accident. A brief 

description of the system function is as follows. 

 

• PECS: Retain the core debris and prevent both the 

molten corium-concrete interaction and basemat 

melt-through. 

• SACSS: Prevent the containment failure due to the 

over-pressurization and remove fission products 

from the containment atmosphere. 

• CFVS: Prevent the containment failure due to 

over-pressurization. 

 

In the EUR volume 2 chapter 1 and chapter 17, The 

Criteria for Limited Impact (CLI) should be applied for 

the Level 2 PSA as a risk metrics instead of the large 

early release frequency (LERF). The CLI is defined in 

EUR Volume 2 Chapter 1 appendix B [5]. It involves 

following four design targets. 

 No emergency protection action beyond 800 m 

from the reactor, 

 No delayed action at any time beyond about 3 km 

from the reactor, 

 No long term action at any distance beyond 800 m 

from the reactor, 

 Limited economic impact out of the plant. 

 

It is calculated that the above three mitigation 

systems reduce the cumulative frequency of exceeding 

CLI by 95.5% compared to those without [8]. 

 

2.2 Insight from EU-APR PSA Results 

 

As a result of the above analysis, the soundness of the 

EU-APR was improved through various safety features. 

Nevertheless, The EU-APR PSA results show design 

vulnerabilities as follows. 

The EU-APR uses common heat, ventilation and air 

conditioning (HVAC) systems to remove heat from 

safety injection (SI) pump rooms and shutdown cooling 

/ containment spray (SC/CS) pump rooms. If the HVAC 

system is not available, the temperature of SI pump 

room and SC/CS pump room would rise simultaneously. 

Thus, operation of shutdown cooling system (SCS) for 

decay heat removal is failed. And feed and bleed by 

safety injection for decay heat removal and inventory 

control is also failed. In order to complement the EU-

APR design vulnerabilities, two supplementary 

measures were examined and sensitivity analysis was 

performed. 

   

2.3 Sensitivity Analysis 

 

As a result of the minimal cutset review of LPSD 

Level 1 PSA of POS 1, 2, 14, and 15, the core damage 

frequency due to loss of SI and SC/CS equipment room 

cooling was about 0.5%, so it was excluded from 
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sensitivity analysis. Therefore, only POS 3 ~ 13 which 

has LPSD operation characteristics were analyzed.  

 

• Case 1: Recovery by operator action 

Apply to recovery action in which the operator 

installs a mobile fan cooler to cool the equipment 

room when the SI and SC/CS equipment room HVAC 

fails.  

• Case 2: Independent installation of HVAC system 

for SI and SC/CS equipment room cooling 

SI pump room and SC/CS pump room are equipped 

with independent HVAC system so that cooling 

ability would not be lost coincidentally for the same 

reason. 

 

For the case 1, the probability of operator recovery 

action failure is conservatively assumed to be 0.1. This 

value is commonly used as a screening value in human 

failure events. To carry out recovery action, the 

recovery procedure should be specified ahead of 

performing action. 

For the case 2, In order to model the independent 

HVAC system in the SI pump room and the SC/CS 

pump room, the existing HVAC system in the SI pump 

room was maintained and the SC/SC pump room was 

replaced by new HVAC system which is modeled on the 

same level as the existing HVAC system. In addition, it 

is assumed that another type of HVAC is installed. Thus, 

there is no common-cause failure between SC/CS pump 

room and SI pump room cooling system.  
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Fig. 1. Independent HVAC system modeling for sensitivity 

analysis case 2 

 
The sensitivity analyses results are shown in the 

below table. 

 
Table I: The decreasing rate of the fraction of  

CDF and exceeding CLI 

CASE Δ CDF Δ exceeding CLI 

CASE 1 -10.1% -10.9% 

CASE 2 -38.0% -25.5% 

 

According to the sensitivity analysis case 1, the 

fraction of the CDF decreases by 10.1% and the fraction 

of exceeding CLI decreases by 10.9%. In this case, an 

operator can recover room cooling by using mobile fan 

cooler, still SI and SC/CS pump are failed for the same 

reason yet. Furthermore, the probability of operator 

recovery action failure is not guaranteed. 

According to the sensitivity analysis case 2, the 

fraction of CDF decreases by 38.0% and the fraction of 

exceeding CLI decreases by 25.5%. In this case, even if 

one HVAC system fails, the other system is not affected. 

So, there is an option to mitigate before or after the core 

damage, which reduces the risk effectively. 

 

3. Conclusions 

 

As a result of the EU-APR PSA conducted last year, 

it was confirmed that the safety was improved compared 

to the existing APR1400.  

However, for the safety enhancement of the EU-APR, 

the result of the EU-APR PSA was reviewed and found 

the design vulnerability that the HVAC system cooling 

for SI pump room and SC/CS pump room is shared. 

This design feature would cause the loss of safety 

injection system and decay heat removal system 

coincidentally. Two methods are suggested to 

supplement this characteristic in this study.  

Firstly, an operator recovers a room cooling by using 

mobile fan cooler when the HVAC system is failed. 

From the result of sensitivity analysis case 1, the 

fraction of CDF decreases by 10.1% and the fraction of 

exceeding CLI decreases by 10.9%. 

Secondly, install an independent HVAC system and 

separate SC/CS pump room from the existing HVAC 

system.  From the result of sensitivity analysis case 2, 

the fraction of CDF decreases by 38.0% and the fraction 

of exceeding CLI decreases by 25.5%. 

According to the result of this study, installation of 

additional independent HVAC system is more effective 

way than operator recovery action after a loss of the 

HVAC system. 
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