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ABSTRACT

Steam Generator Tube Rupture (SGTR) sequences in Pressurized Water Reactors are known to be one of
the most demanding transients for the operating crew. SGTR are a special kind of transient as they could
lead to radiological releases without core damage or containment failure, as they can constitute a direct
path from the reactor coolant system to the environment.

The first methodology used to perform the Deterministic Safety Analysis (DSA) of a SGTR did not credit
the operator action for the first 30 min of the transient, assuming that the operating crew was able to stop
the primary to secondary leakage within that period of time. However, the different real SGTR accident
cases happened in the USA and over the world demonstrated that the operators usually take more than
30 min to stop the leakage in actual sequences. Some methodologies were raised to overcome that fact,
considering operator actions from the beginning of the transient, as it is done in Probabilistic Safety Anal-
ysis.

This paper presents the results of comparing different assumptions regarding the single failure criteria
and the operator action taken from the most common methodologies included in the different Determin-
istic Safety Analysis. One single failure criteria that has not been analysed previously in the literature is
proposed and analysed in this paper too. The comparison is done with a PWR Westinghouse three loop
model in TRACE code (Almaraz NPP) with best estimate assumptions but including deterministic hypoth-
esis such as single failure criteria or loss of offsite power. The behaviour of the reactor is quite diverse
depending on the different assumptions made regarding the operator actions. On the other hand,
although there are high conservatisms included in the hypothesis, as the single failure criteria, all the
results are quite far from the regulatory limits. In addition, some improvements to the Emergency Oper-
ating Procedures to minimize the offsite release from the damaged SG in case of a SGTR are outlined tak-
ing into account the offsite dose sensitivity results.

1. Introduction

A Steam Generator Tube Rupture (SGTR) in a Pressurized Water
Reactor (PWR) can lead to an atmospheric release bypassing the
containment via the secondary system and exiting through the
Power Operating Relief Valves (PORVs) of the affected Steam Gen-
erator (SG). That is the main reason why SGTR historically have
been treated in a special way in the different Deterministic Safety
Analysis (DSA), focusing on the radioactive release more than in
the possible core damage, as it is done in the other Loss of Coolant
Accidents (LOCAs).

Ina SGTR event, the pressurizer pressure and level start to decrease at
the same time that the Main Feedwater (MFW) of the faulted SG is
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decreasing to compensate the extra mass flow from the ruptured tube.
In this phase of the transient, the operator can guess which SG is the
faulted one with this decrease in the MFW or via radiation monitors
(plant specific). The operators can start to manage the transient before
the SCRAM, decreasing the turbine load and therefore the reactor power.
They can also increase the charge flow and stop the letdown trying to
compensate the break flow of the ruptured tube. Once the reactor is
shutdown {manually o automatically), the operators have to identify
the faulted SG and isolate it stopping the Auxiliary Feedwater (AFW)
and closing the Main Steam Isolation Valve (MSIV) and the turbo-dri-
ven pump steam feed.

Once the faulted SG is isolated, the main goal is to stop the
faulted tube leak via primary and secondary pressure equalization.
Therefore, in a first step, the primary is cooled down via secondary
depressurization through intact SG PORVs or steam dump. Then,
the Reactor Coolant System (RCS) is depressurized to the faulted
SG pressure via Pressurizer (PZR) spray or PZR PORVs. Later, the






