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THE SKIN EFFECT AND ITS INFLUENCE ON THE
'PRODUCTIVE CAPACITY OF A WELL

A. F. VAN EVERDINGEN, SHELL OIL CO., HOUSTON, TEXAS, MEMBER AIME

ABSTRACT

The pressure drop in a well per unit rate of flow is con-
trolled by the resistance of the formation, the viscosity of the
fluid, and the additional resistance concentrated around the
well bore resulting from the drilling and completion technique
employed and, perhaps, from the production practices used.
The pressure drop caused by this additional resistance is
defined in this paper as the skin effect, denoted by the sym-
bol S. This skin effect considerably detracts from a well’s
capacity to produce. Methods are given to determine quanti-
tatively (a) the value of S, (b) the final build-up pressure,
and (c) the product of average permeability times the thick-
ness of the producing formation.

INTRODUCTION

Equations which relate the pressure in a well producing
from a homogeneous formation with pressures existing at vari-
ous distances around the well are generally used within the
industry. The relation is quite simple when the fluid flowing is
assumed to be incompressible. It becomes somewhat more
complicated when the flowing fluid is considered compressible
so that the duration of the flow can be considered. In each case
the major portion of the pressure drop occurs close to the
well bore. However analyses of pressure build-up curves indi-
cate that the pressure drop in the vicinity of the well bore is
greater than that computed from these equations using the
known, physical characteristics of the formation and the fluids.
In order to explain these excessive drops it is necessary to
assume that permeability of the formation at and near the
well bore is substantially reduced as a result of drilling, com-
pletion and, perhaps. production practice. This possibility has
been recognized in the literature."**

A method to compute the pressure drop due to a reduction
of the permeability of the formation near the well bore, which
is designated as the skin effect. S, is given in the following
paragraphs. To start, equations normally used to describe flow
in the vicinity of a well are given without considering this
effect. These equations then are modified to include the effect
of a skin on the pressure behavior. Finally a method is given
to estimate the effect of the skin on the pressure and produc-
tion behavior of a well.

PRESSURE EQUATIONS

Incompressible Fluid Flow

If p; is defined as the flowing pressure in a well of radius
rw, the pressure at distance r from the well has been shown
to be:’

T A
Por=Po T 5w

The total pressure drop between the drainage boundary. r,.
and the well bore is given by

E I o(r/ry) . . . (1)
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Pt ==

'References given at end of paper.

Manuscript received in the Petroleum Branch office Sept. 24, 1952, Paper
presented at the Petroleum Branch Fall Meeting in Houston, Tex., Oct.
1-3, 1952.
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These equations are valid only if the flow towards the well
occurs in a horizontal homogeneous medium and the fluids are
incompressible. The assumptions imply that all fluid taken
from the well enters the system at r,, a condition rarely en-
countered in practice.

Compressible Fluid Flow, Steady State

A more realistic equation is obtained if it is assumed that
the compressibility, ¢, of the flowing fluids is small and has a
constant value over the pressure range encountered. After the
well has been producing for some time so that its rate has
become constant and steady state is reached, the pressures
throughout the drainage area are falling by the same amount
per unit of time, and the pressure differences between a point
in the drainage area and the well are constant. When these
conditions are met, the rate of production, ¢, from a well is
equal to whr'.cf(dp/dt), where dp/dt is the pressure drop
per unit time. The fluid flowing at a distance r from the center
of the well is equal to ¢ (r',—7*)/r’,. From the last equation
and from Darcy’s law it can be shown that

P(rb)—prZ——zzzh Un{r/re) =%) . . . (2)

The equation holds for a depletion-type reservoir of radius r,,
drained by a well located in its center, provided the compres-
sibility of the fluid per unit pressure drop is small and con-
stant, and no fluid moves across the boundary r,.

Compressible Fluid Flow — Nonsteady State

Table III of reference (5) shows the relationship between
the pressure at the well bore and the reduced time, 7 =
kt/ fucr®,.. The pressure-drop funetion, p,r,. represents the drop
below the original reservoir pressure, p,. caused by unit rate
of production (g, = qu/2rkh = 1) for several values of R,
the ratio of drainage boundary radius, r,, to well radius, r..
In most reservoirs the values of r./r, approach infinity, and
under these conditions the values of p., shown in Table I of
reference (5) can be used where p., then signifies the dif-
ference hetween the pressure in the well and the prevailing
reservoir pressure per unit rate of flow. The total pressure
drop below prevailing reservoir pressure amounts to py— pr =
(qu/27kh) p.:,. where the factor gu/27kh converts the cumu-
lative pressure drop per unit rate of production to cumulative
pressure drop for actual rate. ¢. For values of T > 100 the
per, function may be written (equation VI-15 of reference 5)
as

pery =% (In T + 0.809),
Using the time conversion T = kt/fucr’, the difference in
pressure between reservoir and well hecomes

Pr—pe == [In (kt/fucr,) +0.809] . . . (3)
drkh

If values for the physical constants of the formation and the
fluids are inserted, it is found that 7 exceeds 100 after a few
seconds of production (or closed-in time), so that the approxi-
mation becomes valid almost at once.

A simple relation hetween the pressure in the well and in’
the reservoir can also be derived by considering the well as a
point source"™® instead of a unit circle source. that is. by
using Lord Kelvins solution instead of the unit circle source
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solution.” The difference in pressure at the well bore and the
prevailing reservoir pressure then is

e
Anlch
and this expression also approaches Equation (3 closely
whenever the value of (fuer, /dkt) is smaller than 0.01 which
as stated before is the case a few seconds after the start of
production (or shut-in).

S T O Y0 S VN S (& 5

Pr—pPer = —

In all of the equations given so far it is assumed that unit
rate of production is obtained immediately upon opening the
well and, alternatively, that upon shutting-in the well the rate
of production from the formation ceases abruptly. The storage
capacity of the casing and tubing prevents this ideal condi-
tion from being obtained immediately in wells. Hence it ix
normally observed that the pressure builds up gradually so
that it takes from a few minutes up to several days (depend-
ing on the characteristics of the formation, the contained fluid,
and the storage capacity of the casing) before the observed
pressure-time relationship assumes the logarithmic relation
mentioned above.

Effect of Storage Capacity of Casing and Tubing

Two methods can be used to express the effect of the storage
capacity of casing and tubing on the flow equations given
above.

In both cases it is assumed that a well has been closed-in
ufficiently long for the pressure to attain substantially the
prevailing reservoir pressure. The well then is opened and ix
measured production ix corrected for the fluid obtained from
casing and tubing to obtain the cumulative production from
the formation proper. These corrections are derived from
observations of casing-head, tubing-head, and bottom-hole pres-
sures. and from a knowledge of the dimensions of casing and
tubing, and the weight of the oil and gas columns.

Method 1: The cumulative production from the formation
is plotted versus time, measured from the instant of opening
the well. and. in general. a graph is obtained similar to Fig. 1.

P Q, GUMULATIVE PRODUCTION
CORRECTED FOR UNLOADING OF CASING AND TUBING

— q, Rate = —=

t, TIME —

FIG. 1 — DETERMINATION OF RATE OF FLUID ENTRY INTO WELL BORE.
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rPRESSURE INCREASE , ATMOSPHERES — PER UNIT RATE OF FLOW( ‘z’qﬁn“\,f”
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FIG. 2— P, AND By, CURVES VS, LOG OF TIME.

which shows that the rate of production from the formation
can be closely approximated by a formula of the type

¢(l—¢ ), where hoth ¢ and a are constants evaluated from
the observations.

The rate of production, ¢, in cc/second at reservoir condi-
tions equals qu/2rkh reduced rates. The dimension of the
factor «, appearing in the exponent, is T '. Expressing the
time in reduced units T = kt/fucr’, causes the value of « to
change to afucr*/k = 8. The numerical value of the product
BT remains equal to at.

From reference (5) it is clear that if a unit rate of produc-
tion (qr, = gu/2nkh = 1) gives a pressure drawdown of p,

atmospheres, then the rate (1—e¢ " ) during the pressure
drawdown will result in a pressure drop, P, which is given
by the relation

— BT\ ’
P('r):.fé(l_g A P awandl” . o oL (5)
where p’., is the differential of the unit function p,, with
respect to time.
Using 4 (—Ei(~1T) for the pressure drop caused by

unit rate of production, it is found that Equation (5) has as
its explicit solution

Doy = per, — Se -pT [—InB =2y +Ind + Ei(BT)]
N ()]
where v = 0.57722 = Euler’s contant and
Ei(BT) = ﬁ'l; (e"/u)du, whose values are given in refer-

ence (7).

To analyze the complications encountered in the pressure
build-up curves of wells the point source solution is used. The
adoption of this solution instead of the correct unit circle
source solution. (which is more difficult to handle) is con-
sidered permissible as shown by the following table.

;(T) computed {rom: \I:)‘l’llr'ii U‘é}glﬁggle
B8=0001 T= 50 0.09354 0.09499
100 0.21247 0.21608

200 0.46799 0.47336

500 1.20915 1.21437

1000 2.19670 2.20112

2000 3.38670 3.38844
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Method 2: Observations on wells have also shown that the
amount of fluid, C, which can be withdrawn from (or stored
into) casing and tubing per atmosphere pressure difference is
a constant whose value can be determined with reasonable
accuracy. These values of C are expressed in cc/atmosphere
at reservoir conditions. In the system of reduced units used
throughout this work € = 2nfher* C. as previously discussed.”

If we denote the pressure-drop — time relationship which
would result from the relation of rate of production and un-
loading of casing as pr,, the rate of production in reduced
units from the formation will approach unity according to

(1-Cdp,/dT) . . . . . . (1)
and by the superposition theorem® the drawdown in a well
after opening will be equal to

P =S 0 [(1=Cdpew/dT |p' v dT . . (8)
which is Equation VIII-3 appearing in reference (5). Do
curves are shown graphically as Fig. 8 of the same reference.

As shown on Fig. 2, both pe+, and pr, when plotted versus

the log of time show some of the lag in pressure build-up so
characteristic in all pressure observations.

The Skin Effect

Although the pressure-drop function modified for the vari-
able rate of production prevailing immediately after closing-in
or opening-up of a well shows some of the characteristics of
the observed pressure build-up or drawdown curves encount-
ered in practice, agreement between these modified functions
and factual data leaves much to be desired. In general, the
pressure difference between prevailing reservoir pressure and
flowing pressure is larger than can be accounted for by allow-
ing for the variable rate in the manners explained above.
Better agreement can be obtained if it is assumed that the
permeability of the formation at and near the well bore is
substantially reduced as a result of drilling, completion and,
perhaps, production practices. Whatever may be the cause for
this reduction no reason can be found to assume that this
reduction is present beyond 20 ft around the bore hole and
probably not that far. The volume of the fluids contained in
such a cylinder is small compared to the volume of fluids
within the drainage area of a well. It may therefore be con-
cluded that any transient conditions set up in this cylinder
are of short duration and can be neglected in the analysis.
Hence the effect of a reduction in permeability in this cylinder
can be taken into account as an additional pressure drop,
proportional at all times to the rate of production from the
formation. For this reason the additional ‘pressure drop (per
unit rate of flow) near the well bore is considered to be
caused by a skin and denoted by S.

Under these conditions Equation (5) is modified further
to give

D= (7 BT, , BT
Py =S o (1—e® ) prondl + (1= s L. (9)
which has the explicit solution
T = 1,-8T .
Py =pery +S—5e P [Linp-2vy +ind + Ei(BT) + 2S]
e e (10)
. . -BT
It is easy to see that for large times when e becomes zero,
Equation (10) gives
pey = peny + S,

so that the entire pressure drop equals

Ap :2%; [py + S1= 43:}1/ [In (kt/fucr,) 4 0.809 + 28]
s e e . . .. (1D

which is the same as Equation (3) after allowing for the pres-
sure drop caused by the skin.
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Furthermore. the presence of a skin causes Equation (8)
to be modified to .

P = L= Cldpin/dT) ] p v d T’
+ (1-Cdper,) /dT)S . . . (12)
With the help of LaPlace transformations Per, can be ex-
pressed as the infinite integral

(1—e*") J,(u)du
1= w'CS + miCY, () + [4nCu’ I, (u) I }
e e (13)
which becomes identical with Equation VIII-11 of reference
(5) when S =0.

It can be shown that for large times, Equation (12) also
gives pur, = por, + S.

Both Equations (10) and (13) can be used to represent
with reasonable accuracy the entire pressure build-up in a
well, so that it is felt that all factors influencing the pressure
rise (or drop) have been taken into consideration. However,
it is not possible to determine the numerical value of the vari-
ous parameters entering the equations; to be precise, it is
not possible to determine from a pressure build-up curve, even
if it fits a theoretical curve neatly, the value of S and of the
time conversion k/fucr’,. Equation (11) gives, in a simpler
manner, all information useful in field operations which to

date has been extracted from the more complex Equations
(10) and (13).

— . C
P =1

ANALYSIS OF BUILD-UP CURVES

The pressure build-up curve of a well is obtained by meas-
uring the bottom-hole pressure in a flowing well. p:, together
with the subsequent pressure increases during a period of
sufficient duration following the shutting-in. It is assumed
that the well has been producing at a constant rate, ¢, during
a considerable time, . The pressure increase upon closing-in
is recorded as a function of the closed-in time. 6. and only
those pressure increases are used after the effects of storage

RATE OF PRODUCTION, q

L e R A—

+q +q

'\TIME OF SHUT IN
i

t L 3
I
i -q
' |

-100 . e
TIME —

FIG. 3. — SUPERPOSITION OF FLOW RATE FOR CLOSING IN A WELL.
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in casing and tubing have died down. In the formulas the
closing-in of a well is taken into account by superposing a
negative rate, g, so that the rate of withdrawing fluids from
the formation becomes zero, as shown on Fig. 3.

From Equation (11), and as shown in reference (6), the
pressure drop at any time (¢ + 8) caused by the production
is found to be

4;1;}; [In (¢+ 8) +in (k/fucr*,) + 0.809 + 25],
and the pressure increase caused by the superposed negative
rate q is

— 9% _[ins + In (k/fecr*.) + 0.809 + 2S7.

dnkh
The actual pressure decrease at time & after closing-in is given
by the sum of these two expressions

THE SKIN EFFECT AND ITS INFLUENCE ON THE
PRODUCTIVE CAPACITY OF A WELL

Table 1 — Reperforating Job

Before After

Perforated interval 6258-70 ft 6258-70 ft

h, producing interval 548 ecm 548 cm

Cumulative production 3956 B/D 5500 B/D

Production rate 96 B/ 60 B/D

Production time 41.21 days 91.67 days

t, production time 3.561,000 sec 7,920,000 sec

Shrinkage factor 0.795 0.795

q at reservoir conditions 222 cc/sec 139 cc/sec

Pressure increase per cycle 6 psi 4 psi

Py, flowing pressure 2060 psi 2502 psi

H, Viscosity 0.65 cp 0.65 ¢cp

f, porosity 0.219 0.219

¢, fluid compressibility 0.00017/atm 0.00017/atm
‘1, well radius 6.3 cm 6.3 cm

w?

- D5 = =_9* [In(t+35) —Ins] = 9*
Px—Ps = APs ki [n (¢t +3) —in 3] ymr
In [ (¢t + 8) /3] (14)

Equation (14) indicates that the pressure change is propor-
tional to a /n-function of (¢4 8)/8 and therefore forms a
straight-line relationship when plotted on semilog paper. Using
Equation (14) for the determination of the prevailing reservoir
pressure requires that ro/r, be essentially infinite. For the
determination of the average permeability and the skin factor
it is only necessary that the pressure build-up curves contain
a straight-line portion.

Some of this information has been presented in somewhat
different form™*® and is included here to present a complete
analysis of a pressure curve, including the skin effect.

Determination of Prevailing Reservoir Pressure

For infinite closed-in time (8 = o), In[(¢t + 8) /8] and Ap
become zero. Therefore the pressure read at In [t + 8) /3]
= 0 reflects the reservoir pressure, p:, which would prevail
at that point had no fluids ever been taken from the reser-
voir at that particular location. The relation affords a simple
means to determine reservoir pressures from build-up surveys
where the actual measured pressures are still considerably
below final shut-in pressures. It requires, however, that con-
tinuous measurements be made. So-called spot readings are
likely to be misleading, since the errors in such measurements

[ PRESSURE, psig
[

'S 1 395,600 sec.

° 8 + 35,940 sec. 83564 sec.
3 |336 sec.

2400

230
2 ‘\
.\
2100 ~_]
p, <2060 — T
(4] 0o 1000 10,000

{13178

*

FIG. 4 — PRESSURE BUILD-UP CURVE BEFORE REPERFORATING.
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(especially when made with different recorders) are apt to
exceed the relatively small pressure increases actually occur-
ring and thereby give an erroneous slope to the straight-line
portion of the build-up curves.

Determination of Average Reservoir Permeability

The slope of the straightline portion of the build-up
curve according to (14) is equal to gu/4xkh. When a plot on
semilog-log paper is used, the pressure increase per unit
rate of flow (g, = qu/27kh = 1), per 10-fold increase in
(t +2) /8 is equal to ¥4 {n 10 = 1.1513 atmospheres = 16.924
Ib. Hence if the pressure increases 40 1b per cycle, the well has
produced at 40/16.924 = ¢, = 2.36 unit rates = qu/2nkh.
When ¢ and 1 are known from other sources the average value
of kh can be found. If a reliable value of % is also available
an_average value of the permeability can be obtained.

Determination of Skin Factor

Equation (11) shows the pressure drop at the time of shut-
in to be

9E _{in t +In (k/fucr®,) + 0.809 + 2871 . (11)
dorkh

Ap{(sfm =

I—PRESSURE, psigQ.

2550
B 00,000 sec. 8=1927 sec. N 5 792 sec
I
2540 \
\
-~:::;;;—-—...____________-
2530
2520
?, xzsok
251 L4 iy
'
2500
2499
100 1000 10,000 100p00
(14818

FIG. 5 — PRESSURE BUILD-UP CURVE AFTER REPERFORATING.
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[ PRESSURE, psig

4500 < q
8 : 43,600 sec. <8 4912 sec -8 49 sec.
|
L SRS !
-y
\.\.
o, :
\ i
4300 \ 1
4100 |- —- \\ —
3900 b -—m e \J*
3700 — e \ﬂ
\ Py 3sre | —
o
\o\
350055 1000 10,000 100,000

1+ 3)/8

FIG. 6 — PRESSURE BUILD-UP CURVE BEFORE ACIDIZING.

Equation (14) shows the pressure drop at closed-in time &
to be

Apﬁ:lth In|(t+98)/8]. (14)

For values of & small compared to ¢, In[ (¢ + 8) /3] is essen-
tially equal to In t/9, so that Equation (14) can be modified to

[{nt—1Insd]. (14-a)

Ap, = _9¢
Ps dmkh

By subtracting Equation (14-a) from (11)
AD s, = DD, = 42;:/1, [Ind + In (k/fucr*s) +
0.809 + 257 . (15)

Since the left-hand side of this equation is the difference be-
tween flowing pressure and the pressure on the straight line
for time 8, and gu/27kh is the slope, a value of

In (k/fucr’y) 4 0.809 4 2S5 . (16)
can be found. If the radius of the well bore, the compressi-
bility of the fluid, and the porosity are inserted in the equation,
a value for § is obtained.

To obtain the above-mentioned objectives a definite straight-
line portion of the build-up curve should be available. This is
further shown by a consideration of Fig. 2 which shows that
the Dr, functions have a tendency to show a linear relation-
ship with In T before actually coinciding with the per, func-
tions. Therefore the duration of the pressure survey should
be considerably longer than the time required for the effects
of storage in casing and tubing to die down.

FIELD APPLICATIONS

Field experience shows that the productive capacity of a
well can be increased considerably by reducing the value of
(Yaolnk/fucr’s + S). Two examples are given to illustrate
this statement.

Reperforating

The effect of reperforating a well on the value of S is given
in Figs. 4 and 5; production, well, and PVT data are sum-
marized in Table 1.

As a well is seldom produced at a constant rate, the time, t,
before closing-in is approximated by dividing the cumulative

Vol. 198, 1953
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[ PRESSURE, psig.

4450

.8 :61,500 sec M-8 5,102 sec -8 <610 Sec T

.
4 400|— \— e -- T
i
4350~ - — i \ N -

4300 e e - .

4250 ‘ : < ]

4200

100 1000 100,000

(t+81/8

FiG. 7 — PRESSURE BUILD-UP CURVE AFTER ACIDIZING.

production before closing-in, by the rate prevailing at that
time. This approximation of ¢ becomes more reliable the longer
the well is produced at the constant rate, q. The following
information can be derived from the table and Figs. 4 and 5.

Before After
Reperforating Reperforating
Pr 2554 psi 2554 psi
Pr— Dt 494 psi 52 psi
14T a8 134 10 (k/jucrs) +S] 454 psi 24 psi
2nkh
%‘iﬁ (Vo ln (k/fucr's) ] 13 psi 8 psi
14.7 gp ¢ 441 psi 16 psi
2wkh
S 84.8 4.6
k 118 md 111 md

The curve shown is typical for a formation having high
values of 2nkh/u, as usually found in the Miocene sands
around the Gulf Coast. Under these conditions the pressure
increases per cycle are small, which stresses the necessity of
obtaining accurate data for determining the straight-line por-
tion of the build-up curve. The determination of S, also, is
highly sensitive to variations in the small values of qu/2rkh.
In extreme cases the straight-line portion of the build-up
curve approaches a horizontal line, and the entire pressure
increase after shut-in of the well is then an indication of the

Table 2 — Acidizing Job

h, producing interval
Production rate
Production time, sec
Shrinkage factor

q at reservoir conditions

Pressure increase per cycle

Py, flowing pressure

1, viscosity

f, porosity

¢, fluid compressihility
r,., well radius

Before

2103 cm
250 B/D
4,908,000 sec
0.88

523 cc/sec
77.6 psi
3534 psi
0.80 cp
0.039
0.0001/atm
6.03 cm

After

2103 cm
255B/D
6,096,000 sec
0.88

533 cc/sec
78.3 psi
4144 pst
0.80 cp
0.039
0.0001/atm
6.03 em

PETROLEUM TRANSACTIONS, AIME
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presence of a considerable skin effect, whose actual value,
however, cannot be determined.

It is evident that in the case discussed above the first per-
foration job was not efficient and that reperforation essentially
removed a large resistance which existed near the well bore.
Before reperforating, the entire pressure drop was 494 psi out
of which 441 psi or 89 per cent was caused by the skin effect.
After reperforating, these figures were 52 psi, 16 psi and 31
per cent respectively. Since the rate hefore reperforating was
96 B/D against 60 B/D after reperforating, the last set of
pressure figures given should be multiplied by 1.6 in order
to obtain a valid comparison.

Acidizing

An example of a well before and after acidization is given
in Figs. 6 and 7; the production data are assembled in Table
2. Pertinent conclusions follow.

Before After

Acidizing Acidizing

Du 4600 psi 4589 psi

Pr— Pt 1066 psi 445 psi

14.7 gr {6 In (k/fucr’y) + S] 519 psi — 112 psi
2rkh

18T a8 1310 (k) fuer )] 138 psi 140 psi
2nkh

147 qp g 381 psi — 952 psi
2nkh

S 5.6 -3
k 6.9 md 7.0 md

The presence of a negative skin may be questioned and is
shown here merely to illustrate the change resulting from
acidizing the well. It is probable that a negative value for S
reflects an increased effective well radius, r..

The above analysis shows that the value of S, is not the
most significant figure that can be obtained from this type of
information. It seems reasonable to suppose that acidizing
increases the permeability of the formation immediately sur-
rounding the well bore to such an extent that it becomes ex-
tremely large compared to its original value. This increase in
permeability for some distance around the well bore can be
regarded as increasing the effective radius of the well several
fold (without increasing the size of the bore hole). Hence,
acidization will cause not only the numerical value of S to
decrease but also the value of 1% In (k/fucr®,) to decrease
in the same operation, due to an increase in r,. Hence the
effectiveness of acidization can best be judged by comparing
the combined values of Y% In (k/fucr*,) + S before and after
acidization, without considering which of these two factors
contributes to the improvement. From this reasoning it follows
that acidization should be repeated whenever a sizeable de-
crease in the sum of these two factors can be expected.

NOMENCLATURE
Used in this Paper  Used in Ref. 5
Production time, seconds t T
Production time in
reduced units T t

Time well has been
shut-in, seconds
Permeability, darcys

Porosity, a fraction
Viscosity of reservoir
fluid, centipoises “w “

~ o
=
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Compressibility of the

reservoir flaid/atm. ¢ ¢
Radius of well, cm. I'w R,
Drainage radius of

well, cm. Ty RR,

Rate of fluid flow (ce/sec.,
reservoir conditions) q
Formation thickness, cm. h H
Rate of flow in
reduced units
Prevailing reservoir pres-
sure, i.e., well pressure

vy = qu/2mkh q. = gqu/2vKH

after infinite shut-in time Dx -
Pressure at drainage
boundary of flowing well p(s,) -

Flowing bottom-hole pres-

sure in the well at

time of shut-in ps -
Increase or decrease in

bottom-hole pressure at

time & after shutting-in

or opening-up a well Ap AP
Pressure decrease caused
by unit rate of flow pen P,

Pressure drop per unit rate
of flow caused by the

skin, dimensionless S -
The natural (Naperian)
log of a number In () -

Note: All terms in the equations used in this paper are in
the system of units associated with Darcy’s law, and the reader
is referred to suitable conversion tables such as shown in
reference (6) whenever production data are expressed in a
different system.
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