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ABSTRACT 

This report describes the ECN standard CONTAIN input model for the Dodewaard 
Nuclear Power Plant (NPP) that has been developed by ECN. This standard input 
model will serve as a basis for analyses of the phenomena which may occur inside the 
Dodewaard containment in the event of a postulated severe accident. Boundary 
conditions for specific containment analyses can easily be implemented in the input 
model. As a result ECN will be able to respond quickly on requests for analyses from 
the utilities or the authorities. The report also includes brief descriptions of the 
Dodewaard NPP and the CONTAIN computer program. 
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1. INTRODUCTION 

ECN uses a number of computer programs to gain a quantitative insight of the 
processes that take place inside a NPF during postulated transients or severe 
accidents. The most important computer programs at ECN are RELAP5/MOD2, 
RELAP/SCDAP, MELCOR and CONTAIN. The development of input models for 
Nuclear Power Rants (NPP) for these computer programs takes a considerable 
amount of time. In order to respond quickly on requests for analysis from the utilities 
or the authorities, ECN has decided to develop standard input models for both the 
two Dutch Nuclear Power Plants. 

This report describes the standard input model of the Dodewaard Boiling Water 
Reactor for the CONTAIN computer program. The CONTAIN computer program 
predicts the physical, chemical and radiological conditions following the release of: 
steam, water, hydrogen, and fission products from the primary system into the 
containment in case of a postulated severe accident [1]. Figure 1.1 gives a schematic 
representation of the various processes which might occur inside the containment 
building. 

Brief descriptions of the Dodewaard NPP and the CONTAIN computer program are 
given in chapters 2 and 3. The standard input model fot the Dodewaard NPP is 
described in chapter 4. Finally, chapter 5 presents some overall conclusions. 



6 

Rescrvor 

t Rntrvo* 

Orvct 
rftjcction 

o 
"5 

.X\\\\ WWV 

Filfrohon 
(gross) 

**UOkr»- undar^r. 

Figure 1.1 Ex-vessel containment phenomena. 
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2 . DODEWAARD PLANT DESCRIPTION 

The Dodewaard NPP is a BWR of the early General Electric (GE) pre-MARK l design. 
The plant has a gross electrical power rating of 58 MWe and has been operating 
since 1969. No jet pumps or recirculation pumps are installed, thus flow through the 
reactor core is established by natural circulation. 

The containment consists of three parts: an iron reactor room (drywell), a surrounding 
concrete biological shield and two pressure suppression tanks (wetwell). The pressure 
suppesskxi tanks serve to condense steam from the drywell in case of a primary 
system pipe-break, therewith reducing the pressure build-up inside the containment 
during this accident. Figure 2.1 shows a cross-section of the the reactor contaiment. 
In Table 2.1 some process parameters of the Dodewaard NPP under operating 
conditions are listed, together with containment volumes and initial temperatures. 

Table 2.1 Process parameters under operating conditions, containment volumes 
and initial temperatures. 

Proces parameter 

Thermal power 
Electrical power 
Turbine steam flow 
Steam temperature 
Steam pressure 

Temperature reactor chamber 
Free volume drywell 
Temperature wetwell 
Water mass in wetwell 
Free volume wetwell 
Total volume wetwell 

Plant data 

183 
58 
84 
564 
7.55 

333 
368 
309.05 
417000 
354 
774 

MW* 
MW. 
kg/s 
K 
MPa 

K 
m3 

K 
kg 
m3 

m3 
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1. biological shield 5. chimney 
2. reactor room 6. core 
3. steam dryer 7. control rod drive 
4. reactor vessel 8. pressure suppression tank 

Figure 2.1 Cross-section of the Dodewaard reactor containment. 



3 . BRIEF DESCRIPTION OF THE CONTAIN COMPUTER CODE. 

The CONTAIN 1.12 computer code is an integrated analysis tool for predicting the 
physical, chemical, and radiological conditions inside a containment building following 
the release of radioactive material from the primary system during a severe reactor 
accident. In addition the code is able to predict the source term to the environment. 
The code includes atmospheric models for steam/air thermo-dynamics, intercell flows, 
condensation/evaporation on structures and aerosols, aerosol behaviour, and gas 
combustion. It also includes models for reactor cavity phenomena such as 
core/concrete interactions and coolant pool boiling. Heat conduction in structures, 
fission product decay and transport, radioactive heating, and the thermal-hydraulic 
and fission product decontamination aspects of engineered safety features are also 
modelled. Figure 3.1 shows three bask phenomenobgical areas treated in CONTAIN 
and some couplings and feedback loops amomg them. 

More detailed information about CONTAIN 1.12 can be obtained from the 
CONTAIN manual (1]. 
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Figure 3.1 Three basic phenomenological areas treated in CONTAIN and some 
couplings and feedback loops among them. 



10 

4. CONTAIN INPUT MODEL FOR THE DODEWAARD NPP 

The neccessary data to obtain a standard CONTAIN input model of the Dodewaard 

NPP are-

Dimensions of the volumes 

(volume, height, elevation); 

Dimensions of the structures 
(area, thickness, compound!; 

Dimensions of the connections between the volumes 
(area, length, shape). 

For a specific CONTAIN analysis the standard input model will be complemented with 
boundary conditions e.g. initial conditions and sources describing the releases of 
steam, water, hydrogen, and aerosols. This additional data can be obtained from 
results of other computer programs or provided by the principal. 

The Dodewaard containment 
has been modelled as a 
system of 10 interconnected 
cells, similar to a previous 
input deck for the ZOCO-5 
code (2). In this input model 
the drywell is subdivided into 
8 cells. The wetwell and the 
connection between the 
drywell and the wetwell form 
the other two cells. Table 4.1 
shows the nodalization of the 
Dodewaard reactor system. 
Figure 4.1 illustrates this 
nodalization by a vertical 
cross-section of the reactor 
system. The surface area and 
the thickness of the structures 
inside the reactor system 
have been obtained from [3]. 
The dimensions of the cells 
and the dimensions of the 
connections have been 
obtained from plant drawings 
(4) and [5,6]. 

Figure 4.1 Nodalization of the Dodewaard reactor 
system 
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Table 4.2 presents the ceil connections. These have been visualized in a nodaiization 
sheme of the input model as shown in Figure 4.2. 

Connection j-01 which simulates the vacuum breakers, is a one way flow path in the 
direction of the drywefl. This flow path opens when the pressure in the wetweB 
exceeds the pressure in the drywell 
by more than 2 kPa. 

Connection j-02 simulates the vent 
pipes. Following a primary system 
pipe break, the drywefl wifl be 
pressurized and the water inside 
the vent pipes wil be expelled. 
The maximum drywefl pressure is 
reached at the time of the vent 
dealing. Therefore, careful 
modelling of the vent clearing 
process is essential for an accurate 
prediction of the maximum drywell 
pressure. In the subroutine 
describing the vent clearing of 
CONTAIN version 1.1 the 
acceleration term of the water 
inside the vent pipes has been 
neglected. ECN has modified this 
subroutine by implementing a 
model which takes this 
acceleration term into account, [7]. 

Connection j-09 simulates the 
explosion panels. These panels are 
modelled as a one way flow path 
in the upward direction. This flow 
path opens when the pressure in 
cell 7 exceeds the pressure in cell 
6 by more than 2.3 kPa. 
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Figure 4.2 Nodaiization scheme 10 cell 
inputmodel 
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Table 4.1 Nodalization of the Dodewaard 10 cell input model. 

Cefl No. Description 

01 Pressure suppression tank 
02 Domedrywefl 
03 Annular floor 
04 Concrete hods 1 & 2 
05 Middle partdryweH 
06 Upper part thermal shield 
07 Lower part thermal shield 
08 Concrete hods 3 & 4 
09 Lower part drywefl 
10 Connection drywel-wetweB 

Table 4.2 Connections of the Dodewaard 10 cell input model. 

No. 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 

Connection 

1...10 
1...10 
2...3 
3...4 
4...5 
5...6 
5...10 
6...7 
Ó...7 
6...8 
7...8 
8...9 

Remarks 

Vacuum breakers (2) 
Vent pipes (12) 

explosion panels 
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5. CONCLUSIONS 

The standard CONTAIN input model for the Dodewaard NPP can serve as a 
basis for the calculation of the containment response in case of postulated 
{severe) accidents. 

The complementary data which describe the accident scenario can easily be 
implemented into the input model. 
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