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ABSTRACT 

An express ion, to calculate 
downhole/bottomhole pressure in a 
flowing/shut-in well is derived. This 
relation also considers a well which 
may or may not be directionally 
drilled. Finally, an equation is 
developed to calculate an equivalent 
diameter for a well with multiple 
inside diameters for friction loss 
considerations. The pres sure 
calculations using these formulas are 
relatively fast since these equations 
do not require iterations. The 
estimates obtained by these methods 
are as good as those obtained by other 
methods currently available in the 
literature. 
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NOMENCLATURE 

Constant, defined in equations 

Inside pipe diameter, inches 
Equivalent diameter, inches 
Moody friction factor 
Total vertical depth, feet 
Length of the wellbore, feet 
Pressure, psia 
Flowing wellhead pressure, psi 
Shut-in wellhead pressure, psi 
Flowing bottomhole pressure, 
psi 
Shut-in bottomhole pressure, 
psi 
Steam flow rate, lbm/hr 

Constant, 0.01267 lbm/ft3 
Constant, 0.00212 lbm/ft3 - psi 
Constant, 3.35 x 10-6 
Well angle from vertical, 
degrees 
Density of steam, lbm/ft3 

(4) and (6) 

INTRODUCTION 

The calculation of downhole pressure 
from the measured wellhead data is 
routinely done by reservoir engineers 
and field engineers under flowing 
and/or shut-in conditions. The 
purpose of these calculations may vary 
from determining res ervo i r 
characteristics, well productivity to 
casing design. Iglesias et a1 (1983) 
utilize a wellbore computer model to 
compute bottomhole pressure for a 
given wellhead pressure and flow 
rate. Economides (1979). Grant et a1 
(1982) and Drenick (1986) calculate 
downhole pressure by assuming an 
average temperature and gas law 
deviati.on factor over the length of 
the wellbore and iterate the 
calculations until the assumed and the 
calculated values converge. 

This paper presents a general method 
to calculate downhole pressure in a 
vertical or directional hole under 
static or flowing conditions without 
using the iterative procedure. A 
simplified method to’ calculate 
bottomhole pressure, for a multiple 
inside diameter well, is also included. 

DOWNHOLE PRESSURE CALCULATIONS 

The flowing pressure gradient in a 
uniform diameter, directional well can 
be expressed by the following relation 
(Grant et al, 1982) 5. 

Equation (1) implies that the total 
pressure drop in a pipe over a small 
length interval is equal to the sum of 
the pressure drop due to friction and 
that due to elevation change. The 
density of the saturated or slightly 
superheated steam approximates a 
linear relation with the pressure in 
the range of interest. Using a least 
square fit, Economides (1979) obtained 
the following relations for the 
density as a function of pressure. 
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The values of and 6 , given in the 
nomenclature, suggest that the 
calculated steam density is within 
0.4% of the actual density in the 
pressure range of 100 psia to 500 
psia. However, in the larger pressure 
range of 50 psia to 700 psia, the 
error is less than 2%. 

Substitution of (2) in (1) and the 
integration of the resulting equation 
leads to the following expression. 

Where 

A further simplification of (3) and 
(4) can be made by substituting the 
values of d, p & y , as given 
below. 

Expressions (5) and (6) are general 
relations which can be used to 
calculate downhole pressure (p) at any 
depth, (4?) for a directional well at 
an angle, ( ) from vertical. These 
equations can be further reduced for 
special cases as follows: 

Flowing Vertical Well: For a vertical 
well, angle, ( @ ) becomes zero, 
measured length, ( 1 ) equals total 
depth, (H) and the downhole pressure 
(p) equals pwf. Under these 
conditions, ( 5 )  and (6) simplizy to 

C - 107.54 &I wz 
D5 

The bottomhole flowing pressure (pwf) 
can be calculated from (7) and (8) for 
the given values of the flow rate, 
casing inside diameter, total depth 
and wellhead pressure (ptf). 

Shut-in Vertical Well: For a shut-in 
well, (7) and (8) can be further 
reduced by substituting zero for flow 
rate. This implies that the value of 
constant, C in ( a ) ,  is zero. The 
resulting equation (7) is as follows: 

-5 
la972 )I10 H 

bws= - 6 + C6+ bts)e ( 9 )  

EQUIVALENT DIAMETER FOR MULTIPLE CASING 
SIZES 

If we consider a well which has N 
types of casings, each having a 
different diameter and a different 
length, then the total depth of the 
well is equal 50 the sum of the 
individual casing lengths open to 
inside of the well. Also the total 
frictional pressure’drop is the sum of 
the pressure drop in each individual 
casing. Assuming an equivalent 
diameter de, which allows the same 
pressure drop over the entire length 
of the well as that caused by all the 
N casings, then the following relation 
can be obtained from (1). 

Equation (10) can further be 
simplified by assuming that the 
friction factor is same in all the 
casings and that the effect of steam 
density ( G )  is similar on both sides 
of (10). The error introduced by 
these assumptions is quite’ small as 
shown in example 2. Under these 
assumptions, equation (10) simplifies 
to : 

de 

d *2. 
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The calculated values of the 
equivalent diameter (de) from (11) can 
be used in (5) to ( 8 )  for internal 
diameter to obtain the value of C 
under flowing conditions. This 
procedure is faster than calculating 
pressures in each individual string to 
arrive at the bottomhole pressure. 

1. 

2 .  

Bottomhole Pressure Calculation: 
Conside2 the following data for a 
flowing well as given in 
Economides ( 1 9 7 9 ) .  

ptf = 400 psia 
W - 100,000 lbm/hr 
D - 9 .625  inches 

H - 7500 feet 
fM 0 .0135  

Substitution of these data in ( 8 )  
and ( 7 )  results in the following 
values for C and pwf. 

C - 175 ,752 '  
pwf = 493 psia 

Economides (1979)  obtained the 
same value for pwf after several 
iterations. 

Bottomhole Pressure in a Geysers 
Well Completed With Multiple 
Diameter Casings. 
Consider the following data for a 
flowing well in the Geysers 
(Drenick, 1 9 8 6 ) .  

ptf = 153 psia 
W - 1 5 8 , 0 0 0  lbm/hr. 

Topmost Casing: 

Outside diameter = 16 inches 
Inside diameter, D1, = 15 .25"  

Length, 4 = 2000 ft. 

(assume a casing weight of 65 
lbm/ft) . 

Intermediate Casing: 

Outside diameter - 1 1 . 7 5  inches 
Inside diameter, D2, - 10 .88"  

(assume a casing weight of 65 
lbm/ft) . 

Length, 1 2  = 4000 ft. 

Bottommost Open Interval: 

Inside diameter, D3 - 10 .625"  
Length, 1 3  - 3000 feet 

Method A: In this method, we use the 
specifications of the topmost casing 
and the flowing pressure at its top to 
calculate its downhole pressure from 
( 7 )  and ( 8 ) .  This calculated downhole 
pressure becomes the pressure at the 
top of the second string. Using the 
specifications of this intermediate 
casing, its downhole pressure can be 
estimated in a manner similar to the 
topmost string. One can continue to 
use ( 7 )  and ( 8 )  until the bottomhole 
pressure is calculated for the liner 
or the open interval. For an assumed 
value of fM = 0.0135, one obtains: 

C1 - 4 3 , 9 4 1 ,  pwfl = 166 psia 

C3 - 267 ,654 ,  pwf3 300 psis 
c2 = 237 ,724 ,  pwf2 - 245 psia 

This bottomhole pressure of 300 psia 
compares with that of 310 psia 
(Drenick, 1986) calculated by the 
method of Economides ( 1 9 7 9 ) .  The 
actual measured pressure at this 9000 
foot depth is about 278 psia. The 
assumed friction factor and internal 
diameter of the casing may cause this 
discrepancy. 

Method B: In this method, we use the 
concept of equivalent diameter to 
calculate the bottomhole pressure from 
equations ( 7 ) ,  ( 8 )  and (11). The 
calculated values are as follows: 

de = 1 1 . 2 1  inches 

pwf - 302 psia 
C - 204 ,638  
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The calculated bottomhole pressure of 
302 psia by Method B compares with 
that of 300 psia by Method A.  The 
error introduced in Method B is quite 
small, about 0.7%. This suggests that 
the equivalent diameter method should 
be used to obtain reasonable estimates 
of the bottomhole pressure and to save 
a lot of calculating time. 
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