
Bottom Hole Pressure 
Analysis-Field Examples 

NORMAN LAMONT AND NORMAN McANNALLY 

The A tluntic Refining Company 

INTRODUCTION 

Bottom hole pressures have been measured 
for many years in the oil industry under flowing 
and static conditions. The principal uses were for 
productivity predictions and for predictions of fu- 
ture reservoir performance. More recently it has 
been recognized that pressure transients, which 
result from build-up, draw-down and interfer- 
ence tests, can provide much quantitative infor- 
mation about the well and the reservoir. Utiliza- 
tion of appropriate analysis techniques permits 
estimations of well damage, static reservoir pres- 
sure, permeability. reservoir size and reserves. 
Also, it is possible to determine the existence of 
barriers and boundaries, such as faults or fluids 
contacts, and to estimate the distance to them. 

Each year new techniques of analysis of pres- 
sure transients and new applications have been 
published in the literature because of the availa- 
bility of newer mathematical tools and digital 
computers. This trend will undoubtedly continue. 
giving the petroleum engineer in the future more 
opportunities to make money for his company 
through application of these techniques. How- 
ever, it is questionable that existing techniques 
are being utilized to maximum advantage, possi- 
bly because these are viewed by operations per- 
sonnel as being for laboratory use only. There- 
fore, several field applications of the use of pres- 
sure analysis are presented in this paper. The e- 
conomic aspects, although not stressed, are quite 
apparent. A brief review of the theory behind the 
applied techniques is presented. 

PRESSURE ANALYSIS 

The diffusivity equation in the form 

describes the pressure, p, at any point, r, in a cy- 
lindrical system at a given time. t, when a fluid 
of slight, but constant, compressibility, c, flows 

through the porous medium under non-steady 
state conditions. A solution for the case of the in- 
finite reservoir’ is r -7 
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wnere: pi = pressure at all r before start of pro- 
duction 

‘Prt =: pressuie at radius r at time t. 
* 

‘Ei t-x) = ---yq] du 
X 

and all quantities are in engineering units as de- 
fined in the nomenclature. 

gilI cr2 
\ of the Eli integral be- 

comes less than 0.01, Ei(-x) = In x + .5772 so 
the equation may be written with close approxi- 
mation as 

When considering the pressure transient at the 
well, Pr,, becomes F w at time t and r becomes 

rw 

PERMEABILITY 

Permeability is easily calculated from the non- 
steady state drawdown pressure in a well produc- 
ing at a constant rate because pressure is a func- 
tion of the logarithm of time, Eq. 3. The early 
transients do not behave logarithmically but 
these are usually of very short duration. The 



duration of the non-steady state lo~arithmic~ de- 
cline is ;I funcat ion of the size of the ~e~r~~oir. 

In this logarithmic, decaline region. the pres- 
sure-time (‘ur\‘e on semilog paper is a straight 
line of slope“m” whirh is ea9i.v determined by 
taking the p~‘css~ll~ decline per 10s c,,vcle. Eq. 3 
can be rearranged with con\,el,sion to base 10 
logarithm, to give 

n\ _-(2-303)(70.6)q/B 162.5 qlB or 
kh kh 

kh- _ 162.5 qbB 
m 

PI 

From this, permeability can be calculated if the 
thickness, h. is known. In like manner, build-up 
pressures can be used from ;I \vell that has been 
produced at a caonstant rate, (1, for a time tf prior 
to shut-in by rearranging Eq. 3, through the su- 
perposition theorem, 

p p 1625qbB .w’ i+ 
kh 

which gives, of course, Eq. 4 with the sign 
changed for m if m is measured on the straight 
line portion of the curve on the semi-log plot. 

These equations, although derived for slightly 
compressible fluids, can be applied to gas wells, 
provided the wells exhibit moderate drawdowns. 
The gas production rate must he evaluated, how- 
ever, at average reservoir pressure. flere a plot of 
the square of well pressure, Pw“, against loga- 
rithm of time, is more realistic for’ gas wells L’ li:q. 
4 becomes 

kh = 1637 ‘-+ FJ 

where q 
g 

- gas production rate, MCFPD at 14.7 
psi and 60°F. 

- m -: slope, psi’ per log cycle. 

DISTANCIS TO A HARRIER 

The presenc’e of a barrier close to a well is de- 
tected from build-up, drawdown or fall-off tests 
by a two-fold or greater change in slope of the 
pressure-time curve. The presence of a linear bar- 
rier, such as a fault, located at a distance, d, from 
the producing well interferes with the pressure 
transient after some time. Prior to this time, how- 
ever, the pressure transient acts as if the reser- 
voir is infinite so that the pressure decline (or 

build-up) with logarithm of time is a straight line 
of slope, m, as defined by Eq. 3. Then, the pres- 
sures vary from this relationship as the pressure 
transient reflects the presence of the barrier. E- 
ventually, a new straight line decline of slope 2m 
is established. If the barrier is non-linear, then 
the slope ratio may be somewhat larger or small- 
er than 2. 

The distance to the barrier can be estimated by 
use of the dimensionless time equation 

tD - 
0.000 264 kt 

ft4 C ll r2 
[I 7 

For the case of a linear barrier, Grady and 
Hamrkins” note t’r:lt extrapolation of the early 
and late straight line decline portions of the 
pressure logarithm of time plot results in an in- 
tersection at dimensionless time t Do= 1.78. The 
time t fx in hours after start of flow, where this 
intersection occurs. is used in Eq. 7 to calculate 
the distance cr=d) to the barrier. 

The selection of t fx ,corresponding to t ~~ = 
1.78, is illustrated in Fig. 4. For pressure build- 
up tests the intersection time after shut-in, t sx , 
obtained from the pressure-log time plot, is used 
in Eq. 7a for t fx 

.4no:her study hi Pixel. et al. 4, indicates that 
the linear boundary appreciably affects the draw- 
down cur\.e at dimensionless time t D = 0.4: that 
is, the pressures begin to deviate from the 
straight line decline of the ear1.v time. The dis- 
tance can be calculated by rearranging Eq. 7 and 
substituting t D = 0.4. 

d- 
( 

0.000264 k tf OS5 

) 
[ 1 7b 

0.4$ p c 

The selection of the real time t f corresponding 
to t D z 0.3 is illustrated in Fig. 4. This also can 
be used on build-up (‘ur\-es where t s is the time 
in hours whe1.e the pressures begin to deviate 
from the straight line relationship. 

RESERVOIR VOLI’MP: AND LIMIT 

Several methods ha\-c been de\%ed to estimate 
reservoir \rolume f?oni transient tests. Important 
limitations to all methods are the assumptions of 
icleal fluids, homogeneous rock properties and 
symmetric.al drainage boundaries. Since these are 
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rather critical in reservoir limits estimates, re- 
sults of such tests should be applied with good 
engineering judgment. 

In one method a drawdown test is conducted 
nn the well which is produced continuously at 
constant rate cl until a constant steady state pres- 
sure decline with time is reached. The rate of 
pressure decline dp/dt is measured and the vol- 
ume estimated by 

N = (l-S& 
ct dp/dt 

where dp/dt = psi/day 

q - STB/day 

[I 8 

N = Oil in place in stock tank barrels 
It is important that the producing rate be kept 
constant during the test. 

Another method utilizes ‘the build-up curve to 
estimate size from the time required for build- 
up. The well is produced for a sufficient time to 
reach steady state and then shut in and allowed 
to build up to a static value. The build-up curve 
is plotted and a pressure‘ggint, Pw,is determined 
at time, ts, on the straight line portion of the 
curve. The volume may then be calculated for 
semi-steady state by L 

N- 
2.415 x10-l,(l-Sw) ‘l t,’ 

Ct m 
Pal 

or, for steady state, by 

N- 
5.37 x 10-2 Cl-S,, q t s 

ct m l e 
Small errors in p or pe can .produce large er- 

rors in the calculated value of N. Also, Eq. 9 is 
based on a radial model and non-central location 
of the producing well can cause large errors be- 
cause the time required for pressure build-up is 
related to shape as well as size. 

An alternate method to the use of Eq. 9 is to 
utilize a curve fitting procedure. The dimension- 
less pressure bu$d-up curves for a radial drain- 
age area with a centrally located well are usually 
presented in terms of drawdown from p or p e as 
a function of dimensionless time, Fig. 1. The 
pressure drawdbwn at the well as a function of 
time is converted to dimensionless pressure ver- 

“PDW 
_ L!,& -pws),semisteady 

state, or 

e(pe- pws )pteady state [lOI 

Then plot Op Dw~~. log ta, on a sheet of trans; 
parent graph paper, using the same scales as the 
dimensionless pressure curves of Fig. 1. Overlay 
the actual plot to get a “best fit” match between 
it and one of the two dimensionless curves. Note 
the relationship between ts and tDes for this 
best fit. Then the volume can be calculated from 

N- 
2.4 x W2 (l-S,)9 ts C 1 11 

c mt Des 
This has the advantages of allowing one to see 

if the curve shape is correct for the assumption 
made for reservoir shape and of permitting small 
errors in final shut-in pressure to be. adjusted 
since the zero drawdown points do not have to 
coincide if there is good curve fit. 

FIELD EXAMPLES 

Case I - South Texas Well - Wilcox Formation 
The 11,200 ft Wilcox sand was tested with the 

open hole wireline formation test tool. Two cu ft 
of gas and 10,000 cc of filtrate were recovered in 
10 minutes through 0.020 in. choke at 8100 psi 
flowing pressure. Final shut-in pressure was 
8700 psi in one minute. After setting pipe, the 
zone was drill stem tested through perforations 
with the results shown on Fig. 2. The pressure 
build-up curve from the single shut-in test is 
plotted also. 

The straight line portion of the build-up curve 
is extrapolated as a short dashed line to infinite 
shut-in time (t,/ta + tf = 1). This gives a static 
reservoir pressure of 6825 psi. The permeability 
is estimated by Eq. 6 to be 

kh- 1637 ‘l C TZ 
m 

1637~738~0.028~660 x 1.1 

‘8 x lo6 
sus time by ‘5 

,/ -3 md-ft 

35 



The well capacity would be, assuming 320 acre 
spacing, in the order of 

0.703 kh pe2 - pw2 ) 

q= lOOO,NTZ In (0.607 re/Tw) 

0.703 x 3(682S2-20002) 
= lOO0 x 0.028~660~1.1 

ln~607x0.2 5J 

-525 MCFPD 

Since the initial pressure is known to be ap- 
?,roximately 8700 psi from the formation tester, 
we can infer either that the reservoir is very 
limited or that the thickness permeability pro- 
duct, kh. somewhat removed from the well bore 
is much lower than that indicated by the pres- 
sure build-up curve. If the latter is the case, the 
pressure huil+up curare would have to extrapo- 
late to the initial shut-in pressure somewhat 
as shown in Fig. 2. Then the maximum kh at 
some distance would be 
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FIGURE I 

DIMENSIONLESS BUILD-UP CURVES 
FOR CIRCULAR DRAINAGE AREA 

WITH CENTRALLY LOCATED WELL 

I I III 
I. INITIAL SHUT-IN PRESSURE = 6,700 psi 

FROM FORMATION INTERVAL TESTER 

2. FLOW TIME = 17 HOURS, IO MIN. ‘14” CHOKE 
GAS AND W.C. TO SURFACE IN 41 MIN. AT 1,175prl 

RAT HOLE MUD TO SURFACE IN 6 HRS.,2!5MlN. AT 650 psi 

6 HOUR TEST: 736 MCFPD AT 660 psi 
FINAL FLOW PRESSURE = 1,326 psi 

3. FINAL SHUT-IN PRESSURE = 6,148 psi IN 90 MIN. 

I IIIC 
INITIAL SHUT-IN 
PRESS. = 8,700 psi 

I 

FIGURE 2 ‘f + +s 

CASE I -WILCOX SAND-SOUTH TEXAS 
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8 ~18 
kh- 3.0~~~ - 0.5 md-ft 

The well capacity with no local improvement 
lrouId he about 90 MCFPD. 

The well was shut in for four days after run- 
ning completion assembly. After four days of pro- 
duction the well made 520 MCFPD at 225 psi tub- 
ing pressure. At the end of two weeks, produc- 
tion was 370 MCFPD with 200 psi tubing pres- 
sure. The well was then acidized preceded by 
Diesel oil. The well never cleaned up to the rate 
just prior to the acid job and was abandoned af- 
ter a period of time. 

Case II - New Mexico Well-Wolfcamp Formation 

The Wolfcamp formation was drill stem tested 
in open hole by the double shut-in method. The 

test data are listed in Fig. 3 with the pressure 
builti-up CYIIJ‘CS for initial and final shut-in times. 
The test shows a very definite indication of 
reser\.oir depletion with the extrapolated final 
shut-in pressure being 293 psi less than the ini- 
tial shut-in pressure. Also, the final pressure v’as 
constant for the last l(i minutes of the 40 minute 
shut-in period. The best possibility would be ;I 
small \,olu mc of rock of lii,sh pct~tne:tbilit~~ sur- 
rounded by 1.ct.y tight rock. As in Case I. the 
slope of the final part \\,oultI ha~rc to be man! 
tjmes that of the earl?. part of the build-up ctii’\.e 
in order lo extrapolate the pressure cur\ye to o- 
riginal reser\.oir pressure. 

The well was completed in the Wolfcamp with 
an initial potential of 2i2 ROPD with a flowing 
tubing pressure of 1925-1425 psi. The IveIl pro- 
duced about 2,000 barrels of oil and died. The gas- 
oil ratio had climbed and the shut-in bottom hole 

I. INITIAL FLOW TIME * 5 MIN. 

2. INITIAL SHUT-IN PRESS.r4.401 prl 
IN 30 MIN. 

A 

-INITIAL 
SHUT-IN 

3. FINAL FLOW TIME = IS MIN. 
GAS TO SURFACE IN 3 MIN. 

MU0 TO SUAFACE IN 5 MIN. 

OIL TO SURFACE IN 6 MIN. 
REC. 720 FT. OIL IN DRILL PIPE 

FINAL FLOW PRESS. l 3,137 prl 

4. FINAL SHUT-IN PRESSURE = 4,006 prl 

IN 40 MIN. 
PRESSURE FLAT AT 4,000 FOR LAST 

I6 MIN. OF TEST 

40, - 

LFINAL SHUT-IN 

‘8 

+t + ‘8 

FIGURE 3 
CASE 2 - WOLFCAMP FORMATION- NEW MEXICO 

OPEN HOLE DRILL STEM TEST 

, 



pressure had declined to 600 psi. In fact, the pres- 
sures, gas-oil ratios and production closely re- 
sembled the classic history of a solution gas drive 
reservoir. 

Case III - Permian Basin Well - Noodle Creek 

Formation 

The Soodle Creek limestone was drill stem 
tested in this well at the rate of 17 bbls of oil on 
one hour test for a new field discovery. Official 
potential was 408 BOPD on June 17, 1963. A 
three-day flow test was commenced in October 
followed by a 72 hour shut-in period. The pres- 
sure drawdown data are presented in Fig. 4. The 
large increase in slope between the early (tc < 5 
hours) and late periods indicate the presence of 
a nearby boundary or boundaries. The magnitude 
of the change suggests that several boundaries 
are influencing the pressure history. Analysis of 
the pressue build-up during the 72 hour shut-in 
period also indicates these points. 

Assuming the existence of a boundary, the dis- 
tance to it is calculated from Eq. 7b by using the 
time at which the deviation of the drawdown 
data from the early straight line begins, or t f = 
5.5 hours. This gives: 

0.000264x1000x 5.5 = 

0.4x0.2x3.1x lOx1D 

5,765 ft 

The permeability, 1~0 was caiculated from the 
build-up curve and other properties from core 
and fluitl analyses. 

Pressures taken in the last 12 hours indicate 
that a flattening of the slope may occur. This 
could be indicative of the marked change in mo- 
bility ratio at a considerable distance from the 
well. 

The slope of the pressure decline curve from 
36 to 60 hdurs (6 psi/day) indicates an oil-in- 
place volume from Eq. 8 of: 

N 0-hv) q P~2w9)~1112 Mg-.B 
- ct dq’dt -10x10-%6 

9”“~’ .-.- 
INITIAL SHUT-IN ,NRlOO 

I---- ..“.. 
- 72 HOURS 

fLOW PmIOO-72 l4OUlS 9’ .2 
I666 

PROOUCllON - 06 aOf0 a’ 
fINAL SHUT-IN fCRlO0 - 72 HOURS 

1662 

I I I11111 
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FIGURE 4 

CASE 3 - NOODLE CREEK LIME- NORTH PERMIAN 

PRESSURE DRAWDOWN TEST 



of course, the pressure decline rate may not be 
stabilizing so the in-place oil could be substant- 
ially higher. On the other hand, the leveling may 
be due to a water drive which would affect the 
slope used in our calculation. In which case, the 
reser\roir could be smaller than the calculated 
1112 MSTB. 

Drilling (see Insert, Fig. 4) has proven the res- 
er\roir to be of limited extent, Production history 
indicates that a rather active water drive is pre- 
sent in the reservoir. 

Case IV - Amsden Formation - Montana 

This well was the discovery well in the Ams- 
den dolomite in this field. The formation was 
cored from 6068 to 6108 ft. An open hole drill 
stem test recovered free oil. The well was com- 
pleted in May, 1955, as a flowing oil well. Aftei 
cleaning up, the well was produced at the rate of 

368 BOPD. The build-up curve is shown in Fig. 
5. From this and Eq. 4, the permeability to oil 
is: 

kc?- 
162.5 q /1 B L 620 md 

hm 

The pressures were converted to dimensionless 
drawdown pressures by Eq. 10 and are plotted as 
function of time in Fig. 6. This curve was placed 
on Fig. 1 where a best fit with the semi-steady 
state curve was obtained. Jndicated on Fig., 6 is 
the dimensionless time (t nel which matched the 
time ts of 10 hours. The volume of the reservoir 
was estimated from Eq. 11 to be 

N- 2.4x 10-2(1-.25)(368)(10) 
-6.8 x 16 bbl 

13x10-b x 14.7x0.051 

Subsequent drilling indicated a size of approxi- 
mately eight million bbl. Later, the reservoir was 
discovered to have an active water drive. 

2752. 

FIGURE 5 

CASE 4- AMSDEN DOLOMITE -MONTA<NA 
PRESSURE BUILD-UP 
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FIGURE 6 

CASE 4- AMSDEN DOLOMITE -MONTANA 
DIMENSIONLESS PRESSURE DRAWDOWN 

FIGURE 7 

CASE S- CADEVILLE SAND- NORTH LOUISIANA 

PRESSURE BUILD-UP CURVE 
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FIGURE 8 

CASE 5 - CADEVILLE SAND- NORTH LOUISIANA 
DIMENSIONLESS PRESSURE DRAWDOWN 

Case T’ - Cade\ille (Cotton I’alleIr Sand. Sort! 
I,ouisiana 

This retell was the discovery in the Cadeville 
sand through perforations at !)(i!)5-9709 ft in .July. 
1%55. The initial test was conducted at a flo\\- 
rate of 130 HOPI> on same choke size. The pres- 
sure build-up is plotted in Fig. 7 with other per- 
tinent data. From Eq. 4, 

k= 162.5x130x0.129 x 2.5 = 41 md 

9 x 18.5 

IXniensionless pressure drawdowns V-\pr,). con- 
\.erted by. means of JGl, 10 arc plotted as a fun<*- 
tion of time in Fig. 8. The best fit between Fig. 
X anti Fig. 1 M’;-~s selec,ted fat. semi-steady state 
\vith I [je x 0.003 for t E Y 1 hr 1vhic.h gi\-es an 
oil-in-p1wc.c \.olume from I%[, 11 of 

N 2.4x 1O-2 (0.8 5)(130) 1 I 
30.6 x@x 18.5 x 0.003 

=1.56 x lo6 bbl 

Subsequent drilling indicated the size to he about 
3.3 mjllion hbl. 
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/( - viscosity, centipoise 

Id - porosity 

B = formation volume factor 

c - compressibility, bbls/bbls/psi 

Ct - 
total compressibility of 

h- 
system, bbls/bbls/psi 
height of formation, ft 

k - permeability, millidarcies 

P - pressure, psi 

P- average pressure, psi 

pe = pressure at radius r e psi 

Pw’ pressure at well bore, psi 

PD = dimensionless pressure 

I- = radius, ft 

‘e - external drainage radius 

SW = water saturation 

t = time, hours 

tf- flowing time, hours 

ts’ shut-in time, hours 

tD’ 
dimensionless time 

b’ 
dimensionless shut-in 

T- 
time with respect to r, 
temperature, degrees Rankine 

Z- deviation factor for gas 
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