














SUMMARY

I. Project Title

Development of Computer Code for Level 2 PSA of CANDU Plant

II. Objectives and Importance

Following the accident at TMI, severe accident analyses have become one of the

important issues in the field of nuclear safety. As a result, substantial efforts have

focused on improving the understanding of the phenomena involved and developing

tools to predict accident consequences. Among others, the following computer codes

have been developed for this purpose: MELCOR from USNRC, MAAP from US

EPRI, ESCARDE from France, and THALES-2 from Japan. For the heavy water

reactors, however, only Canada has been active in developing the severe accident

computer codes and in performing experiments to validate the design basis accident

analysis code. Currently, MAAP-CANDU developed by Ontario Hydro is the only

code that can analyze the severe accidents for CANDU reactors.

Last year, KAER1 started the 3-year project of Wolsong 2,3,4 Level 2 PSA.

Therefore, a computer code like MAAP-CANDU became necessary for the severe

accident analysis. The first option considered for the project was to use the MAAP-

CANDU computer code. However, there were several short-comings in using MAAP-

CANDU: 1) The open documents could not prove the capability of the code in

analyzing the various accidents which should be considered for Level 2 PSA, 2)

KAERI needs a contract for MAAP-CANDU with Ontario Hydro, 3) The code needs

to be modified when it will be applied to the Wolsong plants since the code was

developed for Darlington plants in Canada which have a different containment

configuration from Wolsong plants, 4) The models adopted in MAAP-CANDU need to



be updated since MAAP4 was released as an upgrade version of MAAP 3.OB. Thus,

it was decided not to use MAAP-CANDU for Wolsong 2,3,4 Level 2 PSA.

The objective of this study, therefore, is to develop a computer code, ISAAC

(Integrated Severe Accident Analysis Code for £ANDU Plants), which could handle

the severe accident phenomena for Wolsong plants. The MAAP 4 computer code,

which is a fast running code with state-of-the-art models, has been used as a basis. It

was developed by Fauske and Associates, Inc. (FAI) and released by EPRI in May,

1994. Since the ISAAC code was designed to have the Wolsong-specific features

with the corresponding models on the MAAP 4 coding structure, it has the merits of

MAAP 4 as well as the capability to analyze the severe accident at the Wolsong plant.

In order to finish the project shortly, KAERI and FAI have worked together for a year

to develop the ISAAC code. Through the project, it is expected to enhance the

capability of code developement for the future.

III. Scope and Contents

Since the Wolsong plants are CANDU type reactor, an accident progression during

the severe accidents is different from that of typical pressurized water reactors. The

ISAAC computer code, therefore, should model Wolsong-specific features such as two

separated figure-of-eight primary loops, horizontal fuel channels, calandria, and special

safety systems which mitigate the severe accidents. The new features in ISAAC can

be categorized as following :

l) Primary Heat Transport System (PHTS) includes two figure-of-eight coolant loops

with heat sinks (28 fixed heat sinks and variable heat sinks for feeders), pressurizer.

steam generators U-tubes, and reactor coolant pumps. The PHTS module models

water/gas pressure and temperature, water level, break flow rates, and interfaces to

other systems.
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2) Core module describes the configuration of core (fuel channel, calandria tubes,

pressure tubes, fuel bundles, etc.). Also it models core behavior such as channel

heatup, oxidation, sagging and relocation of molten corium into the calandria.

3) Calandria module calculates the system pressure, temperatures of gas and

moderator, and heat transfer rates between calandria and water in the calandria

vault. Also it simulates the behavior of the corium pool collected in the calandria

bottom.

4) Special safety systems include emergency core cooling system (ECCS), dousing

sprays, moderator cooling system, shield cooling system, and over-pressure

protection system for the primary loop, calandria, degasser condenser tank, end

shields and calandria vault.

Besides the above, the Wolsong-specific features such as dousing tank, calandria vault,

and two end shields are defined as containment compartments by using the generalized

containment model in MAAP 4.

The ISAAC computer code has been tested to check its capability and applicability to

the several severe accidents including the station blackout sequence, large break loss of

coolant accident (LOCA), small break LOCA, steam generator tube rupture (SGTR),

and pressure tube rupture (PTR). The calculated results are described

IV. Conclusions and Recommendations

The ISAAC computer code, which could simulate the severe accidents at CANDU

reactors, has been developed for the Wolsong Level 2 PSA. It has the Wolsong-
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specific features such as two figure-of-eight primary loops, horizontal fuel channels,

calandria, special safety systems and other over-pressure protection designs.

The code has been tested for the various representative severe accidents. The results

were reasonable from the view point of accident progression and its phenomena.

Therefore, ISAAC can be said to have the basic capability to simulate the severe

accidents in the Wolsong plants.

To use ISAAC for the Wolsong project, it should be tested for the various Level 2

sequences to attain its stable running capability. In addition, the model parameters,

which are supplied by the user, should be refined from the code verification and

validation process. It is planned to compare ISAAC results with experimental results

available from AECL and analytical results from FSAR.
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