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Wax Management Strategy Part 2: Wax 
Deposition Modeling  

Wax deposition modeling is essential to estimate the wax deposit thickness over time in support of wax 
management strategy development for susceptible systems. The objective of this GATEKEEPER is to 
provide a high-level overview of the model commonly used in the industry to estimate the wax 
deposition.  

Several mechanisms are considered when calculating wax deposition. These include wax mass transfer 
from the stream (𝒎̇𝒃𝒃𝒃𝒃), wax mass rate removed or prevented by shear (𝒎̇𝒔𝒔𝒔𝒔𝒔), mass transfer in the 
deposit (𝒎̇𝒂𝒂𝒂𝒂𝒂) and mass rate for the deposit growth (𝒎̇𝒈𝒈𝒈𝒈𝒈𝒈). The illustration of these mechanisms are 
depicted in Figure 1. The methodology introduced in this publication is incorporated in GATE’s in-house 
wax deposition simulator, PwaxTM. The step-by-step calculation of wax deposition modeling can be found 
below.  

Step 1: Obtain Stream’s Hydrodynamic Parameters 

Wax deposition is a thermal-hydraulic dependent phenomenon. Numerous hydrodynamic and thermal 
parameters such as in-situ flow rates of oil and gas, liquid holdup, flow pattern, flow regime, pressure and 
temperature are needed in this analysis. Multiphase thermo-hydraulic simulators can be utilized to 
provide these parameters. Since the wax deposit reduces the effective diameter of the pipe and acts as 
an insulator, thermal-hydraulic parameters need to be recalculated as the deposit grows. Pressure and 
temperature measurement in the flowline can be used in lieu of simulation results in the actual field cases 
or to calibrate the hydrodynamic model. 

Step 2 : Determine the Temperature at Stream-Deposit Interface (𝑻𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊) 

The temperature at the stream-deposit interface (𝑻𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊) needs to be calculated to determine the 
wax concentration at the interface. This dictates the driving force of wax deposition, the wax 
concentration radial gradient. A heat transfer model with overall heat transfer coefficient ( 𝑼′ ) 
incorporating both convective heat transfer film coefficient in the stream (𝜶𝒎) and conductive heat 
transfer coefficient of the wax deposit (𝒌𝒅𝒅𝒅𝒅𝒅𝒅𝒅) is required. Convective heat transfer film coefficient can 
be estimated using the Nusselt number (𝑵𝑵𝑵 ) calculated by the Sieder-Tate Correlation (1936) for 
turbulent flow while the conductive heat transfer coefficient of the deposit is calculated using the 
Maxwell Equation (1959). 

Step 3 : Calculate Wax Mass Transfer from the Stream (𝒎̇𝒃𝒃𝒃𝒃) 

The 𝒎̇𝒃𝒃𝒃𝒃 model predicts the wax mass rate coming out from the stream due to radial wax concentration 
gradient at the deposit-stream interface. The two industry standard diffusion models in estimating 
𝒎̇𝒃𝒃𝒃𝒃 are the equilibrium and the heat analogy model. PwaxTM uses both models while OLGA® Wax utilizes 
the later 4. Both models require Diffusion Coefficient (𝑫𝒘𝒘) and wax solubility curves (Figure 3). 𝑫𝒘𝒘 is  
calculated using the Wilke-Chang correlation (1955) to be consistent with the Matzain (1999) deposition 
model discussed in Step 4. An alternative model to predict 𝑫𝒘𝒘 is the Hayduk-Minhas correlation (1982).  
The wax solubility curve can be obtained through crude oil composition modeling or lab testing  (e.g. 
High Temperature Gas Chromatography measurements). 

Step 4: Calculate Wax Mass Rate Contributes to Deposit Growth (𝒎̇𝒈𝒈𝒈𝒈𝒈𝒈) 

Some fractions of 𝒎̇𝒃𝒃𝒃𝒃 may not contribute to the deposit growth due to the complex deposit aging 
mechanism and shear effects. Aging in the deposit occurs due to the counter-diffusion of trapped oil in 
the existing deposit to the stream and wax diffusion through the existing deposit layer. This mechanism 
leads to a harder deposit over time. A model developed to take these effects into account was 
introduced by Singh et al. (2000).  

Shear induced by the flow may remove some portion of the existing deposit or prevent wax deposition to 
some extent. The actual physical mechanism on shear effects is not well understood and is subject to 
further research. A semi-empirical model to cover these phenomena as well as any positive deposition 
rate not accounted for by the diffusion constant (𝑫𝒘𝒘) was developed by Matzain et al. (1999). The 
Matzain diffusion model is incorporated in both PwaxTM and OLGA® Wax 4.  

 

Figure 1: Wax Deposition Mechanism 
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Parameter Value 

Gas Specific Gravity 0.7 

Oil Gravity 35 API 

Gas-Oil-Ratio 550 SCF/STB 

Oil Molecular Weight 300 lb/lbmol 

Oil Thermal Conductivity 0.09 BTU/hr ft2 ˚F 

Wax Thermal Conductivity 0.15 BTU/hr ft2 ˚F 

Initial Oil Flowrate 8450 STBD 

Watercut 0 % 

Table 1: Fluid Properties 
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Wax Management Strategy Part 2: Wax Deposition 
Modeling  

It also covers the effects of flow regime and flow 
pattern (for wax deposition under multiphase flow). 
Using the conservation of mass, wax mass rate 
contribution to deposit growth can be calculated:  

𝒎̇𝒈𝒈𝒈𝒈𝒈𝒈 = 𝒎̇𝒃𝒃𝒃𝒃 - 𝒎̇𝒂𝒂𝒂𝒂𝒂 - 𝒎̇𝒔𝒔𝒔𝒔𝒔 

Step 5 : Calculate The Deposition Rate 

𝒎̇𝒃𝒃𝒃𝒃 calculated in Step 4 is used to determine the 
deposit thickness growth rate at a given time. 
Average wax density (𝝆𝒘𝒘𝒘) and trapped oil volume 
fraction in the deposit (𝑭𝒐)are required to perform 
this calculation. 

 

The deposition growth rate varies with time due to 
several factors: 

• As the incipient deposit grows thicker, it acts as 
an insulator and therefore increasing 𝑻𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 
and reducing the wax deposition driving force. 

• The wax deposit reduces the effective 
diameter of the pipe, resulting in a higher 
stream velocity. This leads to a more turbulent 
flow, so a higher shear force on the deposit is 
expected. It may also affect the flow pattern 
when the system is operating under multi-phase 
conditions. 

• The effective diameter reduction caused by 
the wax deposit also introduces additional 
pressure drop which may cause backpressure 
to the production wells and decrease the 
production flowrate.  

Step 6 : Calculate The Wax Thickness Over 
Time , δ(t) 

The deposit thickness over time can be determined 

by performing progressive calculation of  𝐝𝛅 𝒅𝒅 ⁄  by 

repeating Step 1-5 every ∆𝒕  and  integrating 

𝐝𝛅
𝒅𝒅 ⁄ (𝒕) in respect to time as follows:  

 

Single Well Tieback Example Case 

The methodology above can be applied to the 
hypothetical single well tieback case, introduced in 
Wax Management Strategy Part 1: Establishing 
Initial Wax Risk and shown in Figure 2. The wax 
solubility curve, which was previously generated by 
DSC analysis during the initial wax risk assessment, is 
shown in Figure 3.  

Results from PrhoTM are shown in Figure 4. These 
results were used as inputs to determine wax 
deposition thickness as a function of time in the  
flowline.  Initial results showed that a location 14 
miles away from the wellhead exhibited an 
elevated deposition risk.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At this location, PrhoTM predicts a single phase oil 
flow with 4,370 psi pressure and 92˚F temperature 
during the initial flowrate condition.  

Using this hydrodynamic data and the wax solubility 
shown in Figure 3, PwaxTM predicts  a substantial risk 
for wax deposition in the flowline – approximately 
0.75” per year. The simulation results can be found 
in Figure 5. 

The wax deposition has the following 
consequences: 

• Reduction of the effective diameter of the pipe 
• Introduction of additional pressure drop which 

may cause backpressure to the production 
wells and decrease the production flowrate. 

• Possible flow pattern disruption when the 
system is operating under multi-phase 
conditions. 

Development of a wax mitigation strategy is now a 
necessary requirement for the hypothetical 
production pathway. The deposit thickness over 
time prediction will be used as an input in 
developing wax deposition prevention and 
remediation activities such as: determining pigging 
frequency, chemical inhibition/dissolution viability, 
and insulation effectiveness.  All of these activities 
must be carefully considered and used where 
appropriate to design a robust, viable wax 
management strategy. This is the subject of the 
next GATEKEEPER in this series. 
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Figure 5: Deposit Thickness Over Time 
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Figure 3: Wax Solubility Curve 
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Figure 4: PT Profile of The Flowline 
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