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ABSTRACT

For two boundary conditions, radius-—of-drainage
relationships are derived from pressure bullde~up analysis
for a single well,

The first boundary condition considers: a single well
i;:¢ar an infinite linear barrier in an otherwise homogeneous
and infinite reservoir. An actual fieldranalogyfwouldlbe a
well near an extensive linear fault. Another  approximation
for this idealized case would be a well:infafrelatively
thin reservoir near a highecontrast fluid~fluid contact,
or a reservoir exhiblting a sudden change in formation
properties, such as thickness, porosity, or permeability.

In the second case, a single well is assumed near a
linear and infinite pressure source in an otherwise

infinite and homogeneous reservolr. A fleld approximation

iv
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would be a well near a linear pressure-maintenance system
whereby the pressure at that boundary is-essentially
constant with time,

Theoretical pressure bulld-up curves were'plotted,‘the
points at which the effect of the boundary was felt were
graphically determined, and thenuthe.correlation.was made
to- arrive at equations for the radius- of drainage.

A conventional plot of build-up pressure as a function
of the logarithm of the ratio of total time to shut«in
time gives a straight line until the effect of a
discontinuity is felt by the test, Prior to the deviation
from the straight line, the equations' derived in this
study can be used to determine the radliuss of drainage.

This radius of drainage represents the distance within
which no discontinuity exists., It mayfbefconsidered the
distance to which pore space has been  proven. - Since the
points at which the effect of the boundary<was felt by

the well were graphically determined, accuracy is affected

by the scale of the drawing.
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INTRODUCTION

When a single well is placed on production, a radius
of drainage which increases with time results, Variations
of pressure transients with time show that for some flow
time the pressure drop is very small and it approaches
zero at some distance from the well bore. Even though
it appears that for a specific flow time the pressure
change has a value of zero at some distance from the
well bore, this is only relative. According to the
diffusivity equation, pressure change occurs everywhere
in the reservoir as soon as pressure changes in the well
bore. It was this apparent constancy of the pressure
at some point out in the reservoir that-led to the
concept of "radius of drainage."

The radius of drainage may be defined in many ways
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depending on the assumed conditions of flow and pressure.
For example, the radius of drainagefcanrbefdefined as
that point in the reservoir or aquifer beyond which the
change in pressure is only 1% of that at=the well bore,
or that point or boundary across which.flow is only l%
of the flow into the well bore,

Depending on their assumptions, many authors in the
field of transient fluld behavior derived different
radius-of-drainage equations, Before using these
equatlons, conslderable attention must be paid to the

assumptions on which the equations are based.

Previous Radius~of-Draina5evEquations

Van Poollen (1965) discussed thefpubli§hed-radiﬁs-
of-drainage equations and préééntédtauposéible new
equation, He emphasized the arbitrariness' of  these -
equations and pointed-out that since some. of the
assumptions made are not exactly accurate, the resulting
equations represent approximate;relationships'between
radius of drainage and time, Table 1 shows these

equations and the names of the authors: who developed them.
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For a detailed comparison of these equations, summary of
the assumptlons made, and references to the:original
authors, van Poollen's work (1965) is recommended.

The equatlions presented ianable:l{éelate:the*radius
of drainage (r) to permeability (k), porosity (¢),
viscoslity (mu), compressibility (c¢), -and time (t).
These equations may be grouped in the féliéﬁing eduaﬁioh:

1/2
r=Ack-t>/ (1)
$ uc

where A 1is a constant that differs from author to author.
A conven?ional plot of péessuré againstfthe'logarithm
of producing time gives a straight line until the effect
of 4 discontinuity is refledtéd’by the test. ' Prior to the
deviation from the straight line, these equations cah be
used to find the radius of drainage. One then has the
distance within which no discontinuity occurs, and
conhected'pore space has been‘proven\at-least'to that
distance. It must be noted here that the symbol t refers
to flow time for a draw-down test.
Equation (1) also applies to a conventionrpressure

bulld-up curve after a steady state condition in the
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immediately preceding production perilod has been reached,
The reason equation (1) applies 1s that pressure: bulld-up
curves have the same shape as draw=~down curves following
steady~state production periods., In'a pressure-maintenance
system, for instance, an essentially steady~state condition
can be reached and if the well 1s then shut in for a
period of time, the bulld-up curve resembles an inverted
draw-down curve and equation (1) can be used to find the
radius of drainage. Then the symbol t refers: to the

build-up time,

Detection of a Linear Fault

Horner (1951) discussed the detection of a linear
fault from pressure build-up data., He used the principle
of superposition and the method of images:to find the
distance to an infinite linear barrier in- an- otherwise
homogeneous and infinite reservoir. The' presence of such
a barrier affects the conventional pressure build-up curve
whereby the pressure drop, AP, Mis plotted against the
logarithm of the ratio of total time torshut-in time,

(& + e)e In this case and after a comparatively long
e
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shut-in time, the curve is characterized by two stralght-
line segments cénnected by a transition zone, - - Horner
extended these two straight-line‘segmentswandfconcluded
that the following equation is satisfied at the point of

intersection:

2 SRR T TR T T .
-Ep (2l o ln-z-(i-:—‘-?- (2)

where Ei is the éxpohentiallinbeggal.

: a o™
e o - -j s P

X

Knowing the reservoir and fluid properties included

in equation (2) and the value 6f°(ﬁ”::é) at the intersection
of the two straight-line segménts;'thewequabionfcan be
solved for the distance to the fault,

Davis and Hawkins (1963) show@d’that'whep‘(g-gﬁgd
is greéper than 30, the relationsbip in»equation (2) may
be simplified with,considerable_?agguraéyfﬁé'give:, N

¥ 1/2 .
a 122 (¢ " c) (3)

Standing (1964) extended the work of Davis and Hawkins
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oy
with a simplification which is valid.for_(e S e) greater

than 2. Hls equation is as follows:

1/2

0.4 :kjéu
a = 0.0122 (1 + =) (=) (4)

In equations (3) and (4) the ﬁniﬁs are as follows:
k = permeability in millidarcies |
¢ = ﬁérosity; a dimensionless fraction
c = cbmpressibility intpsi'l

a = distance to the barrier in feet

u = viscosity 1n dentipolses

b

*ikhere t and 6 are, respectively, flow time

and shut-in time at the intersection of the two

straight-line segments, in hours,

Purpose and Scope of Investigatibn

The equations shown in Table 1 are applicable to a
pressure build-up test only after a steady~state condition
has been reached. In Horner's method, a considerably
long shut-in time is required to establish the second

straight-~line segment with reasonable accuracy. ' It is
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often desirable to determine the radius of dralnage under
unsteady-state conditions and with short shut-in time,

A drill-stem test, where the sum of flow time and shut-in
time is usually in the order of half an hour to two hours;
is a good example of that situation.

The purpose of this investigatidn is to develop a
relationship for finding the radius of drainage from
pressure buildeup anélysis under unsteady-state conditions,

Two cases of reservoir boundary conditions are
considered,

Case 1:

The presence of an infinite linear barrier that
completely obstructs fluid flow in an otherwise infinite
and homogeneous reservoir is assumed., A field example
of this case would be the presence of an extensive linear
fault 4in a very large field. Another actual analogy would
be a well in a relatively thin reservoir near a high-~contrast
fluid=-fluld contact, or a reservoir exhibiting a sudden
change in formation properties such as thickness, porosity,

or permeability.



T 1079

Case 2:

The presence of an infinite linear pressure source
in an otherwise infinite and homogeneous reservoir is
assumed. A field example would be a linear and complete
pressure-maintenance system whereby the pressure at the

outer boundary 1is kept virtually constant with time.
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THEORETICAL ANALYSIS

A brief discussion of the theoretical concepts related
to this investigation will be presented. ' The equations
used in this study are based on the applicétionrof the
diffusivity equation, the principle of superposition,
and the method of images to pressure build-up. " Using
these equatlons, theoretical pressure build-up;cﬁrves are
plotted and analysed to determine radius~ofa=dralnage

equations.

The Diffusivity Equation

The equation governing the unsteady~state flow of a
single and slightly compressible fluid in- a homogeneous
porous medlum is expressed with pressure as a function of

radius and time:

10
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2% p

3 ¢

+

] I

N ®
The symbols and units are defined in the’ Appendix.,
Equation (6) is applicable to the fluid flow and it was
derived by many authors such as Muskat (19467, and Collins
(1961).
Equation (6) is commonly known as the diffusivity
equation and 1t is based on the following'éssumptions:
1. The reservolr 1s homogeneous, i.e., permeability
and porosity are constant and uniform.
2. The reservoir is horizontal with a uniform
thickness throughout.
3. The fluid is present in one phase and flow is
in-accordance with Darcy's Law.
y, The'density of the fluid obeys an exponential Law,
5., The viscosity of the fluid 'is constant.
6. The compressibility of the fluid is small and

constant,

7. The flow is radial into a common source or sink.
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For various boundary conditions, many solutions to the
diffusivity equation have been presented- in' the: 1iterature.
The solutions commonly considered in dealing with fluid
flow through porous media were presented' by Muskat  (1946),
Van Everdingen and Hurst (1949), and Horner (1951).

In a truely infinite system, which is the situation
considered in this study, the solution frequently used has
‘been referred to as the point-source solution or the Lord

Kelvin solutibn° This solution 1s:

e
= __49Bwu -¢ ycr
e S ()

r,t

Principle of Superposition and the' Method of Tmages

The diffusivity equation is a linear homogeneous
-equation and therefore, the principle  of superposition
applies to iﬁs solutiono_ In this type of equation, it is
possible to add two or more solutions and: obtain a net
effect with different boundary conditions,

The application of the principle of superposition
may be accomplished by the use of “image wells”, The

premise of image wells can be demonstrated by  considering

g el

12
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Case 1 (presence of an infinite linear barrier in an
otherwise infinite reservoir)., With the presence of an
extensive linear fault that completely obsfructs fluid
flow, the energy which would be supplied for production 1is
decreased. This decrease in energy must: be: supplied to
the well from the side on which the well is drilled. This
energy 1is equal to the energy that the well would draw
from the far side of the fault. Since the principle of
'superposition applies, the effect of this loss of energy
can be superposed on the effect of the loss: of energy on
the near side of the fault., This can be done: by assuming
an image well which 1is identical to the  actual well and
at the same distance from the fault. The net pressure
response is the sum of the response of the actual well and
the image well,

The reasoning for Case 2 (presence of  a' linear
pressure source) follows in a similar ménner.with one
exception, Since there 1is a gain.of'enérgy from the far
slde of the boundary, the image well is an injection well
instead of a production well.,

It must be noted that the observation point is at the

13
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actual well and that once the image well is used, the

boundary 1is no longer present.

Pressure Builddgg

The analysis of pressure bulld-up curves is based on
solutions to the diffusivity equation and the application
of the principle of superposition (Horner, 1951),

After producing for a time ¢ , a well can be shutein
for a time 6 to obtain data for pressure buildeup
analysis. Mathematically, the shut-in period - may be
considered as a production at a constant rate qB , and
a simultaneous injection at the'same‘rateb - The principle
of superposition is applied by adding the effect of
production for time (t + 6) to the effect of injection for
a time 6 ., This principle is described in Figure 1.

It can be seen from this graph that AP“t + 0 is the
pressure draw-down due to the constant rate’offproductién
qB since time zero, The pressure increase due to the
injection at the same rate which started at time t 1s
equal to AP'_

e
The total effect at time (t + ©) is:
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BPg 4 g = 8P'g 4 o ¥ B (8)

When this concept is applied to the pointesource
solution of the diffusivity equation, the following

pressure build-up equation results:

P, = P, = aP = =2.B ¥
W . " kh

2
- ¢ cr
- Ei [ uuk 5 = %} (9)

15
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| as
<} ’
. |- &P af
e
1=
0
a
' 0
z .
o
[
Q ’ '
® Al:’_o:Afzw-FAPe
3
3 + AP ~——— _ R
° T e
£
a. + qB + qB
e — — — — - — e e ——f — —— =
. O
m
o
° -« gqB
by b
o
] —_— Time

Figure 1
Shut-in Period Analogy

(After van Poollen, 0il and Gas Jour,, Nov, 1, 1965, p. 118)

16
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Equations Used

Case 1l: Presence of a Linear Barriler

Filgure 2a shows the method of images for one well

near a no=flow boundary.

EL////R_No-flow Boundary
3
Actual Vell Image Well
"production" “production"
G a < a o
Figure 2a

Method of Images

Case 1

If the principle of superposition is applied the

following build-up equation results:

2
- ¢ wer
- B w
- m Ap = “
Fo = Py P*" T kh {"i[uk(t+e)]
2
"OuCI‘w
- 4+ Ei [—$ p C (28)
Bl R

- Ei [t uc QZa) ]}
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The first two Ei terms in equation (9} are due to
the well itself while the second two EL' terms are due
to the image well,

When dimensionless time and dimensionless pressure

drop are introduced, equation (9) becomes

2

]

(aP) = = Ei [ ~

+ Ei [—X

J - BEi [ - U
e

]
a2 LA (t + SD

+ EL [%%] (11)

where

- 4k (t +86)

2
$ we a

(t + e)D
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Case 2: Presence of a Linear Pressure Source

Figure 2b shows the method of images for one well

near a constant-~pressure boundary.

//N_Constant-Pressure Boundary

E/

Actual Well Image Well
"Broduction" "injection"
O a > a <

-
-
I

3

Figure 2b
Method of Images

Case 2

By use of the principle of superposition and the
method of images, the buildup equation in terms of

dimensionless time and pressure drop is

2

(aP), = = EL [73 ]
a (t + e)D

+E1[2" ]+ EL [
a GD

-4
“]
(t + e)D

- Ei [%9.3 (12)
D



T 1079

The dimensiénless terms are as defined. in’' the case of

a linear barrier,

20
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METHOD OF INVESTIGATION

The method followed in this investigation 1s somewhat
similar to that presented by Hurst, Haynle, and Walker
(1961), Using equations (1ll) and (12} for Case 1 and
Case 2 respectively, theoretical pressure~buildu§ curves
are plotted., For different dimenslionless flow times and
an arbitrary distance to the boundary, a,set*of'thége
pressure bulild=-up curves 1is plotted whereby the ordinate
is dimensionless pressure drop (AP)Dlandfbhefabscissa is

t + 06

the logarithm of the dimensionless time ratio ( Yo

See Figures 3 through 10. A total of 26 different values
"is assumed for the dimensionless flow time. Flow times
range from 10 to 10,000, The distance to the boundary is
then varied and another set of build-up curves is obtained.,

The distances considered range from 50 to 2,000 units.

21
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Since within this range the curves are essentially identical
for each boundary condition, only sample curves are shown
in the Appendix. Sample curves have been photographically
reduced from a 15= by 20=in., grid to the present size.
In all calculations the value of r. is assumed to be 0.5
units,

The calculations were programmed in Algol for a
Burroughs B5500 digital computer, and the curves were

plotted by use of a Calcomp plotter., The flow diagrams

and a listing of the program are shown in the Appendix,
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ANALYSIS OF RESULTS

For the boundary conditions considered in this study,
the shape of thé curves 1in Figures 3 through 10 1is
characteristic of pressure build-up begavié;o It is seen
that for early shut-in times (for large values of E.%_EJ
the curves follow the logarithmic approximation to the
point=source solution and form straight lines., As soon
as the effect of the outer boundary is felt by the well,
the curves start deviating from the straight-line form.

When the ratio of approaches one, l.e., when

t + 6
o
shut=-in times are very large compared to flow times, all

the curves converge towards a zero pressure drop.
For each type of boundary, and within the range of

distances conslidered in this study, it is seen that the

curves virtually coincide for corresponding’flow times .

23
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-

regardless of the distance to the boundary, ' A very slight

deviation occurs at very large values of € 5 e o This

deviation is noticeable only when curves: for small distances
are superpoééd on curves for very large distances, Such
small deviation can be seen, for instance, when Figures 3
and 6 on the original 15=~ by 20-in. grid- are superposed

and placed on a light table.

Since in each type of boundary all curves for
corresponding'dimensionless flow times essentially coincide,
it seems reasonable to conclude that, withinvthe range of
distances investigated the points of deviation from a
straight line occur at the same values of ~C;¥§-20

to the inherent inaccuracy in determining such- points

» Due

graphically, readings were taken from all the sample curves
shown in the Appendix (Figures 3 through 10), For each
case of boundary condition, the readings were averaged

numerically and tabulated in Tables 2 and 3, For the

sake of simplicity, the values of (t';'e),at which the

curves deviate from being straight lines  were referred to

(t + 9)

as the "points of deviation" or simply
6 dev,

Especially in the case of a linear barrier,!some

24
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difficulty was encountered in determining the points of
deviation for large dimensionless flow times:. - This
difficulty is mainly due to the scale of the drawing.

Therefore, these curves were ignored.

25
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CORRELATION OF RESULTS

In trying to arrive at a radius-of=-drainage

relationship for each type of boundary condition, the

average values‘of_ (t : e) at the deviation points were
plotted against corresponding dimensionless flow times on
a logarithmic scale. See Figures 1l and 12, It can be
seen that the points fall approximately on a straight
line. An average straight line is drawn through' these
points., In drawing such a straight line emphasis is
placed on the polnts corresponding to small values of
dimensionless time, As mentioned earlier, the points of
deviation on these curves can be determined more accurately
than on those for large dimensionless flow time,

In each type of boundary conditions; an equation is

fitted to the straight line as follows:

26
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ro
~i

Case 1l:
From Figure 11, the slope = 0,890 and the intercept

to the vertical axis = 14,9,

Theref
ereiore 00890
t = 14,9 (?-i—%> (13)
D 0
but
t, = ———5u Kt by definition (14)
b ¢ c a Y
u

Equating (13) and (14) and solving for the distance a ,

it is found that

1/2
- k t s
a 0,518 °°899}
't + 0
$ uc < 8 4)
1/2
k ¢t
0.5 Tt + 6 (15)
¢uc (Te )

Case 2:
From Figure 12, the slope of the line = 1,015 and its
intercept to the vertical axis = 12,

Therefore,

1.015
tp = 12 (“ > 9) (16)
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but

ty = 4kt = by definition (17)

¢ ucCc a

Equating (16) and (17) and solving for the distance a ,

it is found that

.

a = 0,577 k t

0,6 [ k t ‘, (18)
t + 6
¢ wec (Tg )]
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CONCLUSION

For two cases of boundary conditions, approximate
radius=of~drainage equations have been derived from
pressure bulld=up,

In Case 1, whére a weli~was assumed- £o- be near a
linear and infinite barrier in an otherwise infinite and

homogeneous reservoir, the following equation was derived:

1/2
a & 0,5 [ LS t’t. o } (15)

¢ we (T )

In Case 2, where a well was assumed to be near a
linear and infinite pressure source in an ctherwise
infinite and homogeneous reservoir, the following equation

was derived:

29
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1/2
a 0.6 [ S } (18)

¢ we (T )

A plot of build=up pressure vs, the logarithm of

gives a stralght line untll the effect of a

(t;e)
discontinuity is felt., Prior to the time when' the curve
deviates from being a straight line, equatlons (15) and

(18) can be used to find the radius of drainage which is

the distance within which no discontinuity'existso

The radius~of=-drainage equations.presenbéd in Table 1
apply to pressure build-up curves only after a steadywstate
condition has been reached., Equations (15) and (18),
however, apply to pressure bulld-up under unsteady~state
conditions.

Equation (4), which is a simplification by Standing
(1964) to an equation originally presented: by Horner (1951),
can be used to find the distance to a linear barrier from
pressure build-up curves, This equation' has the same
variables as equation (15) which deals with.the same
' boundary conditions. To use equation (4), it is necessary

to find the point of intersection of two straight-line

30
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segments. Long shut~in time may be required to establish
the second straight-line segment accurately, Equation
(15), however, can be used to find the radius of drainage
at any point on the first straight-=line segment before
reaching the transition zone. The radius  of drainage then
represents the distance to which connected pore space has

been proven,
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APPENDIX

SECTION I

Nomenclature

Table 2 = Points of Deviation
Case 1 = Presence of a Linear  Infinite Barrier

Table 3 = Points of Deviation

Case 2 =~ Presence of a Linear Infinite Pressure
Source

32
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]

NOMENCLATURE

radius of drainage in centimeters

flow time in seconds, which is production time
prior to the build=up test

permeability in darcies

porosity; a dimensionless fraction
viscosity in centipoises

1

compressibility in atmospheres™

production or injection rate in cubic' centimeters
at standard surface conditions.

formation volume factor in reservoir units per
standard surface units

formation thickness in centimeters
pressure at time t and radius r , in atmospheres

initial reservoir pressure, or reservoir pressuré
at moment of completion of well, in atmospheres

pressure in the well during bulld-up, in atmospheres

33
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AP = pressure drop = Po - Pw’ in atmospheres

AP = dimensionless pressure drop

dimensionless flow time

well radius in centimeters

e
0

In discussing previous studles, 1t was-necessary to
use the units introduced by the original authors. ' In this
study, however, the symbols and their units are as
specified in the above nomenclature,: If a different set
of conslstent units is desired, proper conversion factors

should be introduced.
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TABLE 2
Case 1

"Points of deviation," from Figures 3 through 6

.t + 8
(T8 )dev,
t.
D A=100 Afﬁoo A=1000 A=2000 Numerical
Fig, 3 Fig, 4 Fig, 5 Fig, 6 Average
20 17 18 16 16 16,8
30 24 26 24 26 25,0
40 29 35 27 30 30,3
50 35 37 490 4o 38.0
60 47 49 b7 47 47,5
70 50 58 60 52 55,0
80 70 73 71 70 71.0
90 95 80 85 95 88,8
200 160 155 165 155 158,8
300 260 270 280 260 267.5
400 380 370 400 320 367 .5
500 580 430 470 450 482,5
600 700 570 700 600 642,5
700 950 680 950 700 820.0

900 1000 900 1000 950 962.5
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"Points of Deviation,"

TABLE 3

Case 2

from Figures 7 through 10

t + 6

. ( g dev,
D A=100 "A=500 A=1000 A=2000 Numerical
Fig., 7 Fig, 8 Fig., 9 Fig., 10 Average
20 15 15 15 15 15,0
30 24 20 . 24 25 23,3
ko 28 30 35 35 32,0
50 37 38 37 40, 38.0
60 52 55 46 4s k9,5
70 60 66 60 60 61.5
80 75 78 73 65 72.8
90 83 85 84 85 84,3
200 160 190 160 150 165
300 310 300 270 280 290
400 400 380 320 320 355
500 520 430 370 430 437.5
600 590 500 500 470 515
700 650 600 600 550 600
800 670 800 670 720 715
900 920 910 850 800 870
2000 1700 1850 1700 1700 1737.5
3000 2700 2600 2300 2300 2475
4000 3800 3800 3500 3500 3650
5000 4400 4600 4500 4600 4525
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SECTION II

ﬁigures 3 through 6 = Build=up Curves for Case 1
Figures 7 through 10 = Bulld=up Curves for Case 2
T = dimensionless flow time

A = distance to a discontinuity

t + 0
(6

} = dimensionless time ratio

APD = dimensionless pressure drop

Figure 11 = Radius of Drainage for Case 1

Figure 12 = Radius of Drainage for Case 2
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10

Figure 11,

Radius of Drainage

Case 1
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10
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Figure 12,
Radius eof Drainage

Case 2

Slepe = 0,577
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SECTION III

Flow Diagrams and Listing of Program

48
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START

I
(READ A, RW, TEEO, M, N)

[DELTA = 3,9/N]

[SEMILOGGRID]

TEE = 10
[0 = 0, 28]
®-
J=J + 1
S = 4
| K = 0, N-1]
(®
[k = K + 1]
vy
THETAD [K] = TEE [J3/10¢(5-1)
XID [K] = TEE [JJ + THETAD (K]
|S = S - DELTA]
3 2
M= 7
I ~ }
P[K] = LINESOURCE (X1DLK]J]) P[K] = FAULT (THETADLK])
- LINESOURCE (THETAD[K]) - FAULT (X1D[KJ])

)

TD [KJ = (TEE [J] + THETAD [KJ)/THETAD (K] |

¢

(_WRITE A, TEE [K]. THETAD [K], P [K], TD [K] )

Figure 13

Flow Diagram for Main Program
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| PLOTGRAPH (K, TD, PRES)|

[Tzz {J1l = TEE [J] + 10]

A

- \\~
<33§',J] = 1op>——1ie —(®)
i
‘ Yes

-

[ Tes [J) = TEE (JJ + 100

Figure 13 (Continued)

Flow Diagram for Main Program

L
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[PROCEDURE FAULT (TD)]

X1 = (RW)2/(a%2 TD)
X2 = (4/TD)

[P = ENGLF (X1) + ENTGLF (X2)]

[P = FAULT]

Y
EONTIRUEI

Figure 14

1

Flow Diagram for Procedure Fauwlt

[PRGCEDURE LINESOURCE (TD)]

:

X1 = (RW)2/(A2 TD)
X2 = (A/TD)

'

| P = -ENTGLF (X1) + ENTGLF (X2)|

[P = LINESOURCE|
[CONTINUE |

Figure 15

Flow Diagram for PROSEDURE‘BINBSOURCE
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[PROCEDURE ENTGLF (X)]

[TERM = SUN = -X |

[N =1, 10]
N = N + 1
TERM

| TERM = X (=)

SUM = sUM + TERM
N

Yes

No

[2 = 0.57721566 + LN (X) + SUN]
e“'x

1 = -(—;f—)[(o.zsoszl + 2.334733X + x2)/(1.68153u + 3.330657X + x2)]

- ®

[ENTGLF = z|
[CONTINUE]

Figure 16

Flew Diagram for PROCEDURE ENTGLF
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PROCEDURE PLOTGRAPH (STOPl, TD, P)

[LN10 = LN(10)]

12 = o, STOP1]

~2 =2 + lle

TD[Z] = (S/LN10)XLN(TD[Z])
P(Z] = 16 - /P[2]/

P[2] = 15|

<3TOP2 2 STOP,

[LYNE(TD, P, STOP2, 1)]

lCONTINUEI

Figure 17

Flow Diagram for PROCEDURE PLOTGRAPH
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