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1. Introduction 
 

The containment building prohibits radioactive 
materials release and facilitates core cooling on the 
event of a postulated Loss of Coolant Accident(LOCA) 
in the Nuclear Power Plant(NPP). 

The process water discharged from the break and 
containment spray is collected to the sump area. 

The strainer with perforated screen is installed in 
sump area to prohibit the debris passing to downstream 
area and to protect the components of the Emergency 
Core Cooling System(ECCS) and the Containment 
Spray System (CSS). 

The strainer must supply sufficient net positive 
suction head(NPSH) to the ECCS pump and the CSS 
pump and prevent debris into the fuel regions in the 
recirculation mode.  

However, some fibrous material, particulates and 
some chemical products may be introduced into the 
ECCS and the reactor coolant system (RCS). This 
phenomenon could be harmful for long term core 
cooling (LTCC) when recirculating the cooling 
water(coolant) from the containment sump. During 
operation of ECCS to recirculate coolant from the 
containment sump, debris in the recirculating coolant 
may accumulate in the flow path within the fuel bundle 
causing resistance to flow for core cooling. 

The in-core downstream effect test was performed to 
measures the debris effects of fuel regions when the 
ECCS is operated the recirculation mode in CANDU. 

 
2. Methods and Results 

 
The CANDU plant is a horizontal fuel assembly type, 

and it is not adequate wholly application Pressurized 
Water Reactor Owners Group(PWROG) test protocol 
[1]. The debris preparation method uses this protocol 
and others use developed method for this purpose. 
 
2.1 Test Procedure  
2.1.1 Procedure 
The test procedure for in-core downstream test is 
outlined as following steps.  

1) Three fuel bundles are inserted into the test loop. 
2) Debris quantities are measured and verified. 
3) Pump is started, and the flow is set.  
4) Stabilize at a constant temperature ± 1oC. 
5) Start data acquisition system. 
6) Record the clean head loss. 
7) Add particulate debris to system, record the head 

loss. 

8) Add fiber in loop and at least two turnover times 
are allowed to pass between additions. Record the  
head loss. 

9) Add chemical precipitates and record the head loss. 
10) The Head loss is allowed to reach a predefined 

steady state for test termination. Record the final 
head loss and  terminate the test. 

 
2.1.2 Debris Preparation 
1) Particulate 
The particulate debris is represented by ground silica 

(SiO2) powder that is 10μm ±5μm in diameter. The 
NRC Safety Evaluation[2] identified particle size as a 
key parameter for the selection of representative debris. 
Specifically, it states that major contributors to head 
loss are the increasing smaller particles. 
2) Fiber 
Fibrous debris is represented by fiberglass insulation. 

The fiber length distribution for this test is listed below; 
● Fiber length < 500 μm       : 70% ± 10% 
● 500 μm ≤ Fiber length < 1,000 μm : 10% ± 10% 
● Fiber length ≥ 1,000 μm        : 20% ± 10% 

Typically above fiber distribution is based on strainer 
bypass test result. And total amount of bypassing fiber 
debris of test assumes 10.5 kg. The total number of fuel 
channel of CANDU reactor is 380 and there are two (2) 
heat transport system(HTS). Under the LOCA condition, 
one (1) HTS is isolated and other HTS is working by 
ECC system. The only 1/2 fuel assembly channels (190) 
are subjected to ECC flow. Therefore, the standard 
amount of fiber debris is 55.3g per fuel assembly.  
3) Chemical Products 
Generally, there are three (3) kinds of chemical 

products such as Ca3(PO4)2, AlOOH and NaAlSi3O8 
which may be generated in CANDU ECCS sump. 
The chemical products debris are prepared according 

to chemical products generation assessment result and 
WCAP-16530-NP-A[3] methodology. 
 

2.2 Test Parameters  
2.2.1 Parameters 
The CANDU reactor core has 380 fuel channels and 

they are distributed in 4 flow path. Each flow path has 7 
groups consisting of 95 fuel channels and Each group 
has 11 ~ 19 fuel channels [4]. 
In the Large Break Loss of Coolant Accident 

(LBLOCA) analysis, in case of the 100% reactor outlet 
header(ROH) break, the ECC recirculation flow rate of 
each group is generally 35~ 40kg/s [4]. 
To be conservatism, it is assumed that each group has 

same flow rate of 40 kg/s. Therefore, to get the single 
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