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Abstract - Swab and surge pressure is critical during oil drilling operations. The pipe’s axial movements inside the wellbore create 
pressure changes. The pressure drop becomes positive if the drill is lowered (tripping in) inside the borehole (known as the surge 
pressure). Also, if the drill moves upwards (tripping out), the pressure difference becomes negative (known as swab pressure). The 
speed of the movement of the drill determines the magnitude and intensity of pressure differences. If the ripping speed is too high, 
it causes higher pressure changes and can cause the fracturing well formation. On the other hand, if tripping speed is slow, it leads 
to slow operations (non-productive time). The scope of this paper is limited to a survey of four scholarly works. These four works 
present mathematical models on the swab and surge pressure changes.  
 
Keywords - Swab and surge pressure fluctuations; drilling for oil and gas; tripping in; tripping out; mathematical models for swab and 
surge 
 

I. INTRODUCTION 
 
This paper reviews four notable works on the swab and 

surge pressure models. Swab and surge are issues critical 
issues during the drilling operations for oil and gas. Swab 
and surge are the pressure changes due to lowering or 
pulling out the drill; see fig.1.  

If the drill is lowered into the pipe (tripping in), it causes 
increased pressure (swab). Also, if the drill is pulled out of 
the pipe (tripping out), the pressure change is negative 
(surge). The speed of the movement of the drill determines 
the magnitude and intensity of these pressure changes. For 
example, very high tripping speed corresponds to high 
pressure changes and can cause the fracture pressure of the 
well formation. On the other hand, slow tripping leads to 
slow operations causing non-productive time (NPT). 

Similarly, positive pressure changes can also cause 
damage to the well formation. When the drill is pulled out 
fast, it will cause negative pressure changes that can also 
cause (“kick” and “blowout”) damage. 

Due to the importance of swab and surge during drilling 
for oil and gas, literature study reveals numerous works on 
mathematical models for swab and surge pressure 
fluctuations. However, this paper focuses only on four 
notable works due to brevity. Therefore, the aim and scope 
of this paper are to review four notable works on swab and 
surge models. Sections II - V present the reviews of these 
works one by one. Finally, a summary of the findings is 
presented in section VI. 
 

 
 
 
 
 

II. COMPUTING SURGE AND SWAB PRESSURE IN 
HORIZONTAL WELLS [1] 

 
As the title suggests, Tang [1] describes a model that 

calculates the surge/swap pressure more accurately. During 
the development of this model, the authors were also 
analyzing what factors influence this pressure. The model 
presented in this work is purely mathematical, and so it has 
some assumptions (based on probability) on the drilling 
mechanics. The assumptions are: 

1) The annular space is rigid with smooth walls; no 
mass transfer is conducted between borehole annular 
space and formations, to put it another way, no 
drilling fluid enters the formations, and no formation 
fluid flows into the borehole. 

2) The vertical shaft sections are concentric annular 
spaces, while the inclined and horizontal sections are 
eccentric annular spaces. 

3) The drilling liquid is incompressible. 
4) The effects of borehole diameter expansion on the 

annular flowing section are overlooked. 
5) Since the inverted drilling tool combination is used 

in all the horizontal wells, typically only 1e2 drill 
collars are used at horizontal section; the main 
drilling tools are drill pipes and heavy weight drill 
pipes; the annular clearance is large, and the annular 
space is supposed to be laminar flow. 

6) A width-variable flat-plate flow model is used to 
approximately replace eccentric annular flow model, 
velocity profile for Bingham fluid through the slot. 

7) The drilling liquid is in Bingham flow pattern. 
8) The effects of cuttings bed on the eccentric annular 

flowing area in horizontal and inclined sections are 
disregarded. 

9) The effect of temperature on drilling liquid rheology 
is disregarded. 
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