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Lecture Six 

 

5.2 Static and Flowing Bottom Hole Pressure  

Often, the static or flowing pressure at the formation must be known in order to 

predict the productivity or absolute open flow potential of gas wells. The 

preferred method is to measure the pressure with a bottom-hole pressure gauge. 

It is often impractical or too expensive to measure static or flowing bottom-hole 

pressures with bottom-hole gauges. However, for many problems, a sufficiently 

precise value can be estimated from wellhead data (gas specific gravity, surface 

pressure and temperature, formation temperature, and well depth). Calculation 

of static (or shut-in) pressure amounts to evaluating the pressure difference 

equal to the weight of the column of gas. In the case of flowing wells, the gas 

column weight and friction effects must be evaluated and summed up.  

Several methods are available for calculating static and flowing pressure drop in 

gas wells. The most widely used method is that of Cullender and Smith. All of 

the methods begin with Equation 5-15, with modifications for flow geometry. In 

most cases the acceleration gradient is ignored. Since it is frequently necessary 

to calculate the static bottom-hole pressure in a gas well, this procedure will be 

presented first. 

5.2.1 Static Bottom-Hole Pressure  

For a vertical (θ = 90°, sin θ = 1), shut-in (v = 0) gas well, Equation 5-15 

becomes  

…………… (5-17) 
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Combining this with Equation (5.17), 

……….. (5.18) 

 

 Average Pressure and Temperature Method: 

 If Z is evaluated at average pressure and temperature in the in crement,  

 

 

………. (5.19) 

 

This equation holds for any consistent set of units. For conventional field units, 

…………. (5.20) 

 

Evaluation of Ž makes the calculation iterative, and the procedure outlined 

previously can be used.  

Example 5-2:  

Using the following data, calculate pws with Equation 5-20. 
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Solution: 

A good first guess for Pws can be obtained from  

 

This is not close enough to the estimated value of 5000 psia. Set the calculated 

value of Pws as the next estimated value and continue until convergence is 

reached. 

 

The calculation could also be made by estimating an initial value for Z and 

comparing calculated and estimated values until convergence on Z is obtained. 

 Cullender and Smith Method: 

 The method presented by Cullender and Smith takes into account the variation 

of temperature with depth and the variation of Z with pressure and temperature. 

From Equation 5-18,  
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The integral is written in short notation as 

 

Using a series expansion, the value of the integral is approximated by  

 

……… (5.21) 

 

The calculation procedure consists of dividing the well into two equal segments 

of length, H/2, finding the pressure pms at H/2 and using this value to calculate 

pms. Its can be evaluated from known surface conditions; that is, 

 

 

Example 5-3: 

 Work Example 5-2 using the Cullender and Smith method.  

Solution: 
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5.2.2 Flowing Bottom-Hole Pressure  

For a flowing well the velocity is not zero, and ignoring acceleration, Equation 

5-15 becomes, for a well inclined at an angle Ø from the vertical,  

…………..……. (5.22) 

 

Several methods have been presented for integrating Equation 5-22 depending 

on the assumptions made for handling temperature and Z-factor. Only the 

average pressure and temperature and Cullender and Smith methods will be 

discussed. 

 

  

Iws 

Iws 

Iws 
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 Average Pressure and Temperature Method:  

Substituting the expression for gas density in terms of p, T, and Z into Equation 

5-22 results in 

………..….. (5.23) 

 

Integration of Equation 5-23 assuming an average temperature in the flow string 

and evaluating Z at average conditions of pressure and temperature gives 

 

………… (5.24) 

 

 

 

 

 

The solution procedure is the same as for a shut-in well except for evaluation of 

the friction factor, which requires calculating a Reynolds number and estimating 

pipe roughness. Iteration is required since Z must be evaluated at p¯=(ptf+pwf)/2  

Dividing the well into several length increments and using the procedure 

described earlier will give more ac- curate results. Actually, any of the methods 

will give identical results if the well is divided into short enough increments.  

Convergence is sometimes obtained faster if iteration is performed on the Z-

factor rather than the unknown pressure. The procedure for this method is:  
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1. Estimate Z* (A good first estimate is 0.9).  

2. Calculate the unknown pressure using Equation 5-24 with Z = Z* 

3. Calculate the average pressure, p¯ = (Ptf + Pwf)/2.  

4. Evaluate Z at p¯ and T¯.  

5. Compare Z and Z*. If not close enough, set Z* = Z and go to Step 2. Repeat 

until abs(Z - Z*)/Z< 0.001 or any other tolerance preferred. When the tolerance 

is met, the pressure calculated in Step 2 is the correct value. 

Example 5-3a:  

Use the average pressure and temperature method to calculate the flowing 

bottom-hole pressure for the following directional well: 

 

Solution:  

In terms of mass flow rate, the Reynolds number is  

……………… (5.25) 

 

Where 
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 Cullender and Smith Method: 

Derivation of the Cullender and Smith method for flowing wells begins with 

Equation 5-23. The following substitutions are made for velocity: 

 

Which is constant for a given flow rate in a particular pipe size. Separating the 

variables gives: 

 

………… (5-26) 

 

Which is applicable for any consistent set of units. Substituting field units and 

integrating the right-hand side of Equation 5-26 gives:  

………….. (5-27) 
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………….. (5.28) 

 

 

Writing Equation 5-27 in short notation and dividing the well into two 

increments of length H/2 gives: 

 

 

……….. (5-29) 

 

The solution procedure is similar to that for the static case, but is more involved 

because of the more complicated definition of  I. For practical purposes, F can 

be considered a constant since the only variable in the Reynolds number used in 

evaluating f is gas viscosity. Viscosity is a function of pressure, but for 

simplification of the calculations it can be evaluated at T¯ and the known 

pressure.  

Example 5-4:  

The following data pertain to a flowing gas well. Use the Cullender and Smith 

method to calculate the flowing bottom-hole pressure. 
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Solution: 

 

 

 

5-14 
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