Radial Flow of Incompressible Fluid
In a radial flow system, all fluids move toward the producing well from all directions. Before flow can take place, however, a pressure differential must exist. Thus, if a well is to produce oil, which implies a flow of fluids through the formation to the wellbore, the pressure in the formation at the wellbore must be less than the pressure in the formation at some distance from the well. The pressure in the formation at the wellbore of a producing well is known as the bottom-hole flowing pressure (flowing BHP, pwf ). Consider figure below, which schematically illustrates the radial flow of an incompressible fluid toward a vertical well. The formation is considered to a uniform thickness h and a constant permeability k. Because the fluid is incompressible, the flow rate q must be constant at all radii. Due to the steady-state flowing condition, the pressure profile around the wellbore is maintained constant with time.
[image: ]
Figure showing radial flow model.
Let pwf represent the maintained bottom-hole flowing pressure at the wellbore radius rw and pe denote the external pressure at the external or drainage radius. Darcy’s equation as described by Equation below can be used to determine the flow rate at any radius r:
[image: ]
where: 
v = apparent fluid velocity, bbl/day-ft2 
q = flow rate at radius r, bbl/day 
k = permeability, md 
μ = viscosity, cp 
0.001127 = conversion factor to express the equation in field units 
Ar = cross-sectional area at radius r 
The minus sign is no longer required for the radial system, whereas the radius increases in the same direction as the pressure. In other words, as the radius increases going away from the wellbore the pressure also increases. At any point in the reservoir the cross-sectional area across which flow occurs will be the surface area of a cylinder, which is 2πrh, or:
[image: ]
The flow rate for a crude oil system is customarily expressed in surface units, i.e., stock-tank barrels (STB), rather than reservoir units. Using the symbol Qo to represent the oil flow as expressed in STB/day, then:
[image: ]
where Bo is the oil formation volume factor bbl/STB. The flow rate in Darcy’s equation can be expressed in STB/day to give: 
[image: ]
Integrating the above equation between two radii, r1 and r2, when the pressures are p1 and p2 yields:
[image: ]



For incompressible system in a uniform formation, Equation above can be simplified to:
[image: ]
 Performing the integration, gives:
[image: ]
Frequently the two radii of interest are the wellbore radius rw and the external or drainage radius re. Then: 
[image: ]
Where: 
Qo = oil, flow rate, STB/day 
pe = external pressure, psi 
pwf = bottom-hole flowing pressure, psi 
k = permeability, md 
μo = oil viscosity, cp 
Bo = oil formation volume factor, bbl/STB 
h = thickness, ft 
re = external or drainage radius, ft 
rw = wellbore radius, ft 
The external (drainage) radius re is usually determined from the well spacing by equating the area of the well spacing with that of a circle, i.e.,
[image: ]
where: A is the well spacing in acres. 
In practice, neither the external radius nor the wellbore radius is generally known with precision. Fortunately, they enter the equation as a logarithm, so that the error in the equation will be less than the errors in the radii. 
The following equation
[image: ]
Can be arranged to solve for the pressure p at any radius r to give:
[image: ]
Craft and Hawkins (1959) showed that the average pressure is located at about 61% of the drainage radius re for a steady-state flow condition.
Substitute 0.61 re in Equation above to give:
[image: ]
Radial Flow of Slightly Compressible Fluids
Craft et al. (1990) used Equation 6-18 
[image: ]
to express the dependency of the flow rate on pressure for slightly compressible fluids. If this equation is substituted into the radial form of Darcy’s Law, the following is obtained:
[image: ]
where qref is oil flow rate at a reference pressure Pref. Choosing the bottom-hole flow pressure Pwf as the reference pressure and expressing the flow rate in STB/ day gives:
[image: ]
Where: 
co = isothermal compressibility coefficient, psi–1 
Qo = oil flow rate, STB/day 
k = permeability, md


Radial Flow of Compressible Gases
The gas flow rate is usually expressed in scf/day. Referring to the gas flow rate at standard condition as Qg, the gas flow rate qgr under pressure and temperature can be converted to that of standard condition by applying the real gas equationof-state to both conditions, or
[image: ]
Approximation of the Gas Flow Rate 
The exact gas flow rate as expressed by the different forms of Darcy’s Law.
 Equation of Approximation considered only under a pressure range of < 2000 psi. 
Then it can be written as:
[image: ]
where 
Qg = gas flow rate, Mscf/day 
k = permeability, md 
The term (μg z)avg is evaluated at an average pressure p that is defined by the following expression:
[image: ]
The above approximation method is called the pressure-squared method and is limited to flow calculations when the reservoir pressure is less that 2000 psi.
The average pressure pavg as given by

for applications when both P1 and P2 are more than 3000 psi.
(Again, this method is only limited to applications above 3000 psi. When solving for pwf, it might be sufficient to evaluate the gas properties at pi).
When the bottom-hole flowing pressure and average reservoir pressure are both between 2000 and 3000 psi, the pseudopressure gas pressure.
Note: This method (exact solution method ) applicable with all of pressure value.
[bookmark: _GoBack]




image6.png
n Py

J G oo | (G5) 0

n Py





image7.png
o [
Q, Jdr 0.001127kJ
—=———""|dp

27h | T 1o Bo
n Py




image8.png
0.00708 k h (p, —p;)

Q=" I (/)




image9.png
0.00708 kh (p, ~p,)
Q= B, /)




image10.png
712 =43,560 A





image11.png
0.00708 kh (p, ~py)
Q= Tnlre/r)




image12.png
| QoBeko ]y (1
P=Pui™ 1500708 Kkh| "\ 1




image13.png
Q,Bop, 0.611,
tr=0.611) = p, = py+ | — Dok
Platr =061r) =pr =Pur I 000708 kb | "\ rw

or in terms of flow rate:

(0, 000708 K bip, —puy)

5 (060
o Bo In( ==

since 1n(0.61 1, /r,) = In (i) —0.5, then:
Iy,
o.o(nosu.(p, —pi)





image14.png
4= Gus[1+¢(Prer —P)] (©18)




image15.png
i)

Qrer = ISR
we ()
Tw




image16.png
Q- %"‘“‘) {1+ Co(p. — pur)]

Te
pBactn (2




image17.png




image18.png
kh(p? —pi)

1422T (ug z) e (riw)

Q=




image19.png




image1.png
Pe

o

Center

of the well





image2.png




image3.png
q kdp
—_—0.001127-—
2nth pdr

v=

q
A




image4.png
q=B, Q,




image5.png
QB kdp
S = 00011275





