Transactions of the Korean Nuclear Society Autumn Meeting
Changwon, Korea, October 30-31, 2025

CCP Evaluation for CANDU Pressure Tubes under Maximum Allowable Creep

Jae Yong Oh
“KHNP Central Research Institute, 70, Yuseong-daero 1312beon-gil, Yuseong-gu, Daejeon, Korea
*Corresponding author: jaeyongoh@khnp.co.kr

*Keywords: CANDU reactor, pressure tube creep, critical channel power, NUCIRC, thermalhydraulic analysis

1. Introduction

CANDU (CANadian Deuterium Uranium) reactors
account for a significant portion of the global nuclear
power generation capacity, owing to their unique
pressure tube design, which offers distinct advantages
in terms of fuel utilization and online refueling
capabilities [1,2]. However, the pressure tube design
also introduces unique challenges, particularly with
respect to maintaining long-term structural integrity
under prolonged exposure to high temperature, high
pressure, and intense neutron irradiation [3].

Among various degradation mechanisms affecting
pressure tubes, diametral creep deformation stands out
as one of the most critical phenomena that directly
impacts reactor safety and performance throughout the
plant’s operational lifetime. Creep in pressure tubes
occurs due to the combined effects of thermal stress,
mechanical loading, and irradiation-induced micro-
structural changes in the Zircaloy material. This
phenomenon manifests as gradual dimensional changes
in the pressure tube geometry, including diameter
expansion, length elongation and sagging, which can
significantly alter the thermalhydraulic characteristics
within the fuel channels.

The Critical Channel Power (CCP), which represents
the maximum allowable power or heat flux that can be
sustained in a fuel channel while maintaining adequate
thermal margins, is particularly sensitive to these
geometric changes.

The objective of this study is to quantify the effect of
maximum allowable diametral creep on CCP using the
NUCIRC (NUclear heat transport CIRcuit thermo
hydraulics analysis Code), to specifically investigate the
sole effect of maximum pressure tube creep on CCP
[4,5]. In this paper, all other potential aging factors,
such as fuel element elongation or pressure tube sag, are
excluded to isolate the impact of creep.

2. Methodology and Assessments

This paper depicts evaluation methodologies and
results for CCP values of generic CANDU reactors
under maximum allowable creep condition using
NUCIRC version 2.3.5 (NUCIRC 2.3.5) [4,5].
NUCIRC 2.3.5 is one of the code versions that include
the range of pressure tube diametral creep up to 6.8%.
Key assumptions and modeling are stated, followed by
the results and trend analysis.

2.1 Key modeling assumptions

In the present study, maximum allowable creep is
defined as the design limit diametral creep established
by the effective range of Critical Heat Flux (CHF)
correlation for modified 37-fuel elements (37M). For
the generic CANDU, this limit could be set at 6.8%
strain, representing the threshold beyond which
continued operation may compromise the thermal-
hydraulic safety margins of the pressure tube. Thus,
conditions and correlations for Onset of Significant
Void (OSV) and Two-Phase Frictional Multiplier
(TPFM) were applied according to 37M correlation
framework in NUCIRC.

In addition, all other aging degradation mechanisms
(fuel sheath defect, feeder resistance, steam generator
fouling, and etc.) were excluded.

2.2 Modeling

The evaluation was conducted using NUCIRC 2.3.5,
which allows modeling of pressure tube diametral creep
up to its design limit of 6.8%. In this investigation,
NUCIRC and NUPREP, the input pre-processor, are
employed for establishing model and calculating
thermalhydraulic conditions and CCP. NUCIRC and
NUPREP 2.3.5 can designate and apply the CHF, OSV,
TPFM correlation and correction factors within the
maximum allowable creep.

Figure 1 and 2 present the calculated creep
distribution profiles for 37M fuel channels in the
generic CANDU under maximum allowable creep
conditions. The red mark in Figure 1 indicates the
threshold of 6.8%, corresponding to the maximum
allowable creep condition.
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Fig. 1. Distribution of diametral creep in fuel channels under
maximum allowable creep condition.
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Figure 2 shows the axial creep profile along the
length from the inlet under the same condition.
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Fig. 2. Axial creep profile of maximum creep channel.

2.3 Results

The CCP modeling results of NUCIRC 2.3.5,
obtained by applying the conditions of Figure 1 and 2 as
well as the corresponding creep profile, are shown in
Figure 3 and 4. Figure 3 illustrates the estimated CCP
values map for all 37M fuel channels of the generic
CANDU under normal neutron flux shape case. A
comparative representation of the distribution for each
fuel channel under several different neutron flux shape
cases (Cases A, B and C) is presented in Figure 4.

The results indicate that CCP trends to be higher in
the central fuel channels and lower in the peripheral
channels, demonstrating a distribution pattern
independent of the creep profile shown in Figure 1.
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Fig. 3. CCP map under maximum allowable creep condition.
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Fig. 4. CCP distributions at various neutron flux shapes under
maximum allowable creep condition

3. Conclusions

This work tries to provide a clear, quantitative
evaluation of the impact of maximum pressure tube
creep on CCP in CANDU reactors using NUCIRC. The
results confirm that the general trend of CCP is not
significantly affected by only the maximum allowable
creep. It is therefore recommended that additional
analyses be undertaken on CCP-associated parameters
or other relevant factors, including Critical Power Ratio
(CPR), to ensure safety margin assessments.

The present work, in conjunction with a series of
related studies, is expected to provide a fundamental
safety margin assessment to support continued
operation of CANDU reactors with or without
refurbishment and replacement of pressure tubes.
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