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ABSTRACT

The Institute for Corrosion and Multiphase Technology’s 
(ICMT) FREECORP model was used as a basis for a produc-
tion tubing corrosion model, here called WELLCORP. The 
original FREECORP model was modified to account for non-
idealities in the gas and liquid phases. Additionally, improved 
solubility models for carbon dioxide (CO2) and hydrogen sul-
fide (H2S) were added. Results showed that the new model 
provides better corrosion predictions than the base model.
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INTRODUCTION

Carbon dioxide (CO2) and hydrogen sulfide (H2S) 
corrosion is a significant problem in oil and gas 
production and transportation (transmission and 
distribution) systems.1 Corrosion of the production 
systems has received significant attention because of 
the high CO2 and H2S content in the oil and gas pro-
duction fluids that can cause substantial damage to 
the downhole components. Modeling has contributed 
a great deal in understanding and mitigating the cor-
rosion problem.2 There are many corrosion models 

available.3 However, these models were designed for 
internal pipeline corrosion and are not meant for use 
in production tubing applications. Therefore, there is 
a need to develop better prediction tools—if possible, a 
mechanistic model, like what has been done for trans-
port pipeline conditions with the Institute for Corro-
sion and Multiphase Technology’s (ICMT, Ohio State 
University, Athens, Ohio) FREECORP.4

The objective of this research was to extend the 
current mechanistic model, FREECORP, to better 
predict general corrosion rates at conditions found in 
oil and gas wells by adapting the current FREECORP 
point model to create WELLCORP. Corrosion predic-
tion in WELLCORP will be improved by adding more 
accurate model physics to better simulate conditions 
found in gas well production tubing and by predict-
ing corrosion product layers using a thermodynamic 
calculation to determine the most stable product. The 
long-term goal is to create a line model using WELL-
CORP and to compare the results with field measure-
ments to quantify the accuracy of the model. This 
work, however, focuses on improving the underlying 
point model and comparing with experimental data.

RESULTS AND DISCUSSION

Changing the CO2 solubility model was the first 
improvement made. The base model, FREECORP, 
utilized a correlation for Henry’s law; but at the condi-
tions in gas wells, it can overestimate the CO2 concen-
tration. The WELLCORP model implements the Duan 
CO2 solubility model and Duan H2S solubility model.5-6 
In addition to the solubility model changes, the Pitzer 
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activity model has been added to account for non-ide-
alities in the aqueous phase, which are present in the 
brines produced by oil and gas wells.7-8 WELLCORP 
is intended for use with mild steels, so the model was 
compared with experimental corrosion rates carried 
out on C1018 (UNS G10180)(1) steel, FREECORP-cal-
culated corrosion rates, and the MULTICORP (ICMT’s 
transient mechanistic model)-calculated corrosion 
rates (Figure 1).

Corrosion rate results suggest that the improved 
model provides more accurate results than the 
FREECORP and provides similar results to MULTI-
CORP in the range of conditions tested. The model 
also predicts the most stable corrosion product using 
a single-point Pourbaix diagram calculation (Figure 
2). The calculated corrosion potential and pH are used 
as inputs for this calculation. The model was verified 
with the results of Tanupabrungson, et al., and Ning, 
et al.10-11

CONCLUSIONS

v  This work has demonstrated that the original 
model, FREECORP, has been improved with new 
physics and solubility models. WELLCORP com-
pared well with laboratory data taken on mild steel 
and showed an improvement over the base model 
FREECORP. Several new features were added, includ-
ing a thermodynamic calculation to determine which 
corrosion product will be present, an activity coef-
ficient model to correct for non-idealities in the aque-

ous phase, and a real gas equation-of-state to model 
non-idealities in the gas phase. An improved version 
of the FREECORP point model was used to create a 
line model, which can be used to model oil and gas 
production data and predict production tubing wall 
loss in systems using mild steels.
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FIGURE 1. Comparison between corrosion models and experimental 
data, at 60°C, pH 5.0, 1 m/s, 1 wt% sodium chloride (NaCl), C1018 
steel. Experimental data taken from Wang, et al.9

FIGURE 2. Example Pourbaix diagram for an Fe-H2O-CO2 system 
with a system pH of 5.0 and a corrosion potential of –0.5 V.


