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INTRODUCTION 

This User's Manual contains information for four fracture/proppant 

models. TUPROPl contains a Geertsma· and de Klerk type fracture model. The 

section of the program utilizing the proppant· fracture geometry data from 

the pseudo three-dimensional highly elongated fracture model is called 

TUPROPC. The analogous proppant section of the program that was modified 

to accept fracture shape data from SA3DFRAC is called TUPROPS. TUPROPS 

also includes fracture closure. Finally there is the penny fracture and 

its proppant model, PENNPROP. 

In the first three chapters, the proppant sections are based on the 

same theory for determining the proppant distribution but have 

modifications to support. variable height fractures and modifications to 

accept fracture geometry from three different fracture models. Thus, 

information about each proppant model in_ the User's Manual builds on 

information supplied in the previous chapter. 

The exception to the development of.combined treatment models is the 

penny ·fracture and its proppant model. In this case, a completely new 

proppant model was developed. A description of how to use the combined 

treatment model for the penny fracture is contained in Chapter 4. 

Equations referred to in this manual are those in.the Final Report of 

Stimulation Model for Lenticular Sands (DOE Contract No. DE-AC21-

84MC21119). 
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CHAPTER I 

TUPROPl CONTAINING CONSTANT HEIGHT FRACTURE MODEL 

General Description 

The University of Tulsa developed TUPROPl to model hydraulic 

fracturing treatments and proppant transport using typical stimulation 

techniques involving noncross-linked fracturing gels as a transport medium 

for the proppant material. Non-Newtonian fluid behavior in the program is 

represented by the power law model. Both variable flow rate schedules and 

different 

designed 

sections. 

proppant 

to handle 

types can be simulated by TUPROPl. The 

250 elements in both the fracturing 

program is 

and proppant 

Thus, if 10 foot fracture growth increments are used, the 

maximum fracture which could be handled would be 2500 ft. 

In most well treatments, good proppant carrying capacity is desired. 

Thus, it is assumed in the program that there is not a 

equilibrium conditions for fluid velocity ~d proppant 

need to check 

bed height. A 

situation requiring this check consists of a fracture fluid having a low 

v:1.!;cos:t ty try:l.ng to carry a large, dense proppant type. These class of 

stimulations would not result in propped fractures of maximum length. 

However, since settling and proppant bed formation occur in any treatment, 

a sophisticated particle tracking procedure has been included in the 

program to track the particles in the proppant slurry. Thus, a very 

accurate accounting procedure for the mass of the proppant is contained in 

the progro.m, To avoid the eq~111PP1~.situations, the following program 

input parameters can be changed; fracture height, fluid viscosity, 

proppant type, pumping rate, fluid leakoff coefficient and treatment time. 

Normally, fracture heights between 20 to 200 ft., medium viscosity 
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fluids, leakoff coefficients between 0 and 0.0044 ft./~ .• and pumping 

rates less than 80 bbl/min. will allow proper operation of the program. 

Program limitations can be exceeded. If the fracture portion of the 

program requires more than 250 steps, the program will run though the 

250th step, but the treatment time will not be reached. The case where 

proppant settling is so rapid that the equilibrium flow and equilibrium 

height of the bed are exceeded, the program will give a Fortran run time 

error due to negative numbers being introduced. The program also tracks 

the proppant front and if this front reaches the fracture tip, then a 

screen out occurs. The proppant front, however, can be devoid of 

proppant, thus giving a false screen out. Since the original design 

criterion was to always keep proppant in the slurry, no routine has been 

implemented to solve this problem. While no error results from the false 

screen out, the total treatment time will not be reached. 

TUPROPl has five settling models which can be used; however, for non-

Newtonian gels, the Sutrick and Rybicki model is recommended. If a 

Newtonian fracturing fluid is used, the Zigrang and Sylvester settling 

model should be used. The other three models can be used for comparison. 

The Daneshy model is purely theoretical and can only be used when the 

particle Reynold's number is less than 1. The Acharya model could be used 

to see the effec~s of very low proppant settling velocities on the 

fracture but is not recommended for general use. The Clark model is a 

good approximation for Gua.r Gum gels, but does not consider wall effects. 

The pressure distribution is developed from the following equations: 

2 K L 
(2n+l) 

w w 

3 

d (x/L) 
w<2n+l) 



where 

w 

pressure drop from x1 to x2 

L desired fracture length 

x distance from the wellbore 

ww width at the wellbore 

Q flow rate 

H fracture height 

n behavioral index of the fracturing fluid 

K consistency index of the fracturing fluid 

( a/L) ln 

(1-(•
0

1L)
1 )-j + 1 

(1-(•
0
/L) rt- 1 

x 0 maximum distance from the wellbore 
which is pressurized 

x 0 < L and x < x 0 

The pressure at the wellbore reacts just as the Geertsma model predicts. 

As the fracture length increases, the well bore vre:ssu.t•e falla [1]. 

Input to TUPROP1 comes from two files, COEFFN9999A and DATATUP1. 

COEFFN9999A is a file containing all the coefficients needed by TUPROP1 so 

that the weLl.bore widths can be rap!dly calculated without using numerical 

integration techniques in the program. ThiS file, a copy of which iD .in 

Appendix A, is a permanent file requiring no changes. 

DATATUP1, in Appendix B, is the input file for changing parH.Weters 

for different well stimulations. All records in this file use either 

10F,0.5 or 5!10 formatted input. The file is divided.into the following 

records. 
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1. First Record, Format 10F10.5 
(1) Pipe Flow Consistency Index 
(2) Behavior Index 
(3) Fluid Loss Coefficient 
(4) Density of Fracturing Fluid 

2. Second Record, Format 10F10.5 
(1) Treatment Time 
(2) Spurt Loss Coefficient 
(3) Fraction of Length Pressurized 

3. Third Record, Format 5I10 
(1) Number of Flow Rate Changes 

4. Fourth _Record, Format 10F10.5 
(1) Flow Rates, Max 10 

5. Fifth Record, Format 10F10~5 
(1) Times at which Flow Rate will 

change, TQ(1)•0.0 and is not 
put into the record 

6. Sixth Record, Format 5I10 
(1) Number of Proppant Types, MAX 10 

7. Seventh Record, Format 10F10.5 
(1) Times at which Proppant Type 

Changes 
8. Eighth Record, Format 10F10.5 

(1) Initial Concentrations 
9. Ninth Record, Format 10F10.5 

(1) Average Proppant Diameter 
10. Tenth Record, Format 10F10.5 

(1) Proppant Porosities 
11. Eleventh Record~ Format 10F10.5 

(1) Proppant Densities 
12. Twelfth Record, 5!10 

(1) Restart Control 
0 - No Restart 
1 - Restart 

13. Thirteenth Record, 10F10.5 
(1) Poisson's Ratio 
(2) Young's Modulus 
(3) Acceleration of Gravity 
(4) Fracture Height 
(5) Element Length 

14. Fourteenth Record, 10F10.5 
(1) Fan Viscometer Outer to Inner 

Radii 
(2) 

( 3) 
( 4) 

Run Control 
0.0 - Run Program 
1.0 - Run Fracture Only 

No output 
2.0 - Run Fracture Only 

Fracture Output 
Particle Shelir Rate Cut Off Value 
Shear Stress Location Fraction 

5 

KPRIME 
NPRIME 
FFC 
RHOF 

TT 
SP 
FLO 

NQ 

Q(I) 

TQ(I) 

NTP 

TP1(I) 

GC1(I) 

DP1( I) 

PHIP1(I) 

RHOS1(I) 

NSTART 

NU 
E 
G 
HO 
DX 

BETA 

CONTROL 

GDOTC 
GDOTF 

lbf. s/ft2 

ft/,[iiifn 
lbm/ft3 

bbl/min 

min 

min 

lbm/gal 

in 

lbm/ft3 

. psi 
ft/sec2 
ft 
ft 

sec-i 



15. Fifteenth Record, 5I10 
(1) Starting Element of Detailed NCK1 

Output 
(2) Ending Element of Detailed NCK2 

Output 
If NCKl > NCK2 - No Detailed Output 

. (3) Detailed Output of Last Time Step NCK3 
0 - Not Wanted 
1 - Output Desired 

(4) Selection of Settling Model NSETV 
1 - Zigrang and Sylvester 
2 - Daneshy 
3 - Acharya 
4 - Clark 
5 - Sutrick and Rybicki 

(5) Selection of Pressure Computation NPRESS 
0 - Pressure Not Calculated 
1 - Pressure Calculated & Output 

Restart Control, listed in the input, causes the sawe fracture data 

to be input from the file RESTTUP1. This file is written on When th~ 

fracture portion of the program is run. It stores the fracture lengths, 

wellbore widths, creation times, and fracture width profile. If flow 

rates, treatment time, leakoff, and fracturing t"luid Cl.o not cluiilge, thon 

this can be used to rapidly check various proppant treatment changes. 

There is no safety check. If any variable that affects fracturing is 

changed and restart is employed, the previoualy liltored data in RESTTUP1 

will he introduced again. If there is any doubt on the part of the use.r, 

zero NSTART and recalculate the fracture data. 

Output 

In Appendix C, at.lung with the input fLles and program, is the output 

corresponding to the input file DATATUP1. The output can be divided into 

'three dlvlaiona. 

The first division is the echoed input data. This w~ctinn conta~nlil 

all the input parameters with the exception of control values. 

The second section contains the output of the fracture portion of 

TUPROPl. The first part of this section has the fracture data describing 
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the time and shape of the fracture with associated pressures if NPRESS was 

set to 1. 

process. 

The second part of this section is a summary ·of the fracturing 

The summary includes not only the width and length of the 

fracture · but also the volume calculations of the fracture and fluid lost 

to the formation. 

The last division contains output from the proppant transport portion 

of TUPROP1. In the first section of this division, a summary of particle 

tracking is given. If detailed inte~mediate data were requested (NCK1 < 

NCK2), then these statements would be recorded at the correct time step. 

Next, a summary is given for the propped fracture. Note that the leading 

edge of the proppant is the slurry front, but if the top particle of the 

proppant type has reached the bed, the fluid would be clear. For example, 

the proppant bed in Appendix C extends only 410 feet, while all the 

leading edges of the proppant types are past this point. 

For the sample case, NCK1 was greater than NCK2, but NCK3 was set to 

one. Therefore, below the name of the settling model is the detailed 

output. for the last time step. 

should be self-explanatory. 

The information contained in this section 

If NCK3 were set equal to zero, then 

following the name of the settling model, a summary of the time steps are 

printed out along with information describing the disposition of proppant 

in the final time step. This summation always appears when the proppant 

section is run. The final portion of this section summarizes the volume 

of fluid 

injected 

obt~ined 

and the mass of proppant injected during the. treatment. The 

amounts of fluid and proppant are compared to the amounts 

from program calculations based on continuity. Thus, the 

differences given are measures of program effectiveness. 
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CHAPTER II 

COMBINED PSEUDO 3-D HIGHLY ELONGATED FRACTURE MODEL 
AND PROPPANT MODEL TUPROPC 

General Description 

The University of Tulsa has coupled Oral Roberts University's Highly 

Elongated Fracture Model, for the symmetric bounding zone case, to The 

University of Tulsa's Proppant Transport Model ( TUPROP1). The 

modification to TUPROP1, which contained its own fracturing model, was 

renamed TUPROPC. The combined treatment model will represent hydraulic 

fracturing treatments and proppant transport using typical stimulation 

techniques involving noncross-linked fracturins ~els as a transport medium 

for the proppant material. Non-Newtonian fluid behavior in the program is 

simulated through use of the power law model. Both variable flow rate 

schedules and different proppant types can be sim~lated by TUPROPC. The 

fracturing section can handle any fracture increment but the usual size . 

for massive hydraulic fracture treatments is 100 feet. Fracture lengths 

are selected in multiples of three; each of which must be a multiple of 

the fracture increment selected. For example, with a 100 foot increment, 

the initial selections might be 200, 300, 400. Since TUPROPC is designed 

to handle 250 elements in the proppant section, if 10 foot increments were 

used, the maximum fracture that could be handled is 2500 ft. Thus, the 

effect of element lensth in the proppant program must be considered when 

establishing parameters in the fracturing section and yice versa. 

Since, in most well stimulations, good proppant carrying capacity is 

desired, TUPROPC, just as in TUPROPl, has no routine to check for 

equilibrium cond1 tions for t"luid veloc1 ty and proppant bed height. ·The 

condition of a fracture fluid having a low viscosity trying to carry 

large, dense proppant would provide a situation requiring this check. 
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These stimulations would not result in propped fractures of maximum 

length. However, since settling and proppant bed formation occur in any 

treatment, a sophisticated particle tracking procedure has been included 

in the program to track the top particles in the proppant slurry. Thus, a 

· very accurate tracking procedure for the mass of proppant is contained in 

the program. To avoid the equilibrium situations, the ·following 

parameters can be changed; fluid viscosity, proppant type, pumping rate, 

fluid leakoff coefficient, and treatment time. Normally, a pay zone 

height between 20 to 200 ft... medium viscosity fluids, leakoff 

coefficients between 0 and 0.0044 ft./min., and flow rates less than 80 

bbl/min. will allow proper operation of the program. 

In the fracture section, proper geometric results are maintained if 

the he~ght to length ratio is at least 1:4. This consideration is 

important in initializing the program. For example, if the pay zone 

height is 50 feet and the initial fracture height is taken to be greater 

than 50 feet say 50.001 feet, the minimum fra~ture length should not be 

less than 200 feet. 

Program limitations can be exceeded. If the proppant portion.of the 

program requires more than 250 steps, the program will run through the 

250th step, but the treatment time will not be reached. The case wher.e 

proppant settling is so rapid that the equilibrium flow and equilibrium 

height of the bed are exceeded, the program will give a Fortran run time 

error due to negative numbers being introduced. The program also tracks 

the proppant front~ and if this front reaches the fracture tip, then a 

screen out occurs. The proppant front, however, can be devoid of 

proppant, thus giving a false screen out indication. Since the original 

design crtt.P.rion was to alway~ keep proppant in the slurry, no routine has 
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been implemented to solve this problem. While no actual error results 

from the false screen out, the same screen out message is printed as if 

proppant was present and the total treatment time will not be reached. 

The false screen out condition is not desirable, because proppant was not 

carried in the fracturing fluid to the end of the fracture. This 

condition can be rectified by using a more viscous liquid in the treat­

ment, using a smaller proppant or using a less dense proppant. 

TUPROPC has five settling models which can be used; however, for Non­

Newtonian gels, the Sutrick and Rybicki model is recommended. If a 

Newtonian fracturing fluid is used, the Zigrang and Sylvester settling 

model should be used. The other three models can be used for compar:f.son ... 

The Daneshy model is purely theoretical and can only be used when the 

particle Reynold's number is less than 1. The Acharya model could be used 

to see the effects of very low proppant settling velocities on the 

fracture but is not recommended for general use. The Clark model is a 

good approximation for Guar Gum gels, but does not consider wall effects. 

Input 

Input in Appe-ndix A ror· Lhe combined treatment comes from three 

files. The first file, FLKM is the input file for the fracture section. 

Secondly, an output file, ORUIN, containing fracture geometry and fracture 

time is used as input to the proppant section. Data transfer for the 

second file is done automatically in the format, E26.18, and no direct 

user input to the file is needed. However, the third file, DATATUPC, is 

the user input file for the proppant section. 

FLKM, the user input file for the fracture section, 1s a Requenttal 

unformatted file. It requires only real or integer inputs. Table 1 is a 

list of the inputs with units. Note each input is on a separate record. 
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Record 
No. 

1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 

22 

23 
24 

25 

26 

27 

28 

29 

30 
31 

·Type of 
Variable 

Integer 
Integer 
Integer 

Integer 
Real 
Real 
Real 
Real 
Real 
Real 
Real 
Real 
Real 
Real 
Real 
Real 
Real 
Integer 
Integer 

Real 
Integer 

Real 

Real 
Integer 

Integer 

Integer 

Integer 

Integer 

Real 

Real 
Integer 

Table 1. FLKM - Fracture Input 

Identification 
Variable 

Name 

NRUN 

Units 

Number of length groups 
Number of flow rates used 
Flag selected to use the 
type of calculation 

NNQ (Limited to 1) 
ITQ 

Flag used to select output 
Fracture toughness 
Pay zone height 
Flow rate-one wing 
Behavioral index 
Consistency index 
Young's modulus 
Poisson's ratio 
Stress contrast 
First fracture length 
Second fracture length 
Third fracture length 
Fluid leakoff coefficients 
Percent difference in L(T) 
Maximum number of iterations 
Selects option to recompute 
and list KI's 

I WRITE 
KCB 
HZ 
QIN 
FLN 
FLOWK 
EMOD 
RNU 
S2MS1 
A1 
A2 
A4 
LEAKC 
DFT 
IRUNZ 
ICOMP 

Percentage for QZ convergence QPER 
Number of divisions to split NDIV 
frac 
XA position at which XAZ 
numerical integration begins 
Dummy pressure at tip YZP 
Number of segments fracture N 
wing is split into 
Flag to increase resolution NRES 
of tip segment 
Multiplication factor used MFAC 
to increase resolution of 
tip segment 
Number of steps for NODIV 
numerical integration 
Number of width calculations NUMWID 
in each vertical fracture 
section 
Fracture height/pay zone 
height at fracture tip 
Spurt loss coefficient 
To determine whether FLOWK 
varies with x or not 
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SP 
IMU 

Dynes/cm**1.5 
ft 
bbl/min 

Dynes.sn/cm2 
psi 

psi 
ft 
ft 
ft 
cm/s·5 
~ 

psi 

cm3/cm2 
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DATATUPC is the proppant section input selected by the user. The 

file is broken down by record in Table 2. 

Output 

Appendix B contains example output corresponding to the input files. 

The output can be divided into five divisions. 

The first section of output contains the output from the highly 

elongated fracture model as outlined by Palmer et al. [2]. 

The second division is the input data from both FLKM and DATATUPC. 

This eection contains all t.'he input' parametere for the proppa.nt sect!un 

with the exception of control valnP.:r:;, 

The third section contains the equivalent fracture geometry that the 

proppant model will utilize. The widths given are equivalent widths for a 

rectangle having the same area as the geometric shape which is "elliptic" 

in shape. 

The 

portion 

fourth division contains output from 

of TUPROP"c based on equivalent widths. 

the proppant transport 

In the first section of 

this division, a summary of particle tracking ;J.s given. If deta.:!.led 

lhtermediatc data were requested (NCKl < NCK2), then these statements 

would be interspersed at. the correct time step, Next, a summary ie given 

for a propped fracture. Note that the leading edge of the proppant is the 

slurry front, but if the top particle of the proppant type had reached the 

bed, the fluid would be clear. 

For the sample case, NCKl was greater than NCK2 b~t NCK3 was set to 

one. Therefore, below the name of the settling model is the detailed 

output for the last t1.me ~tep. Tn~ 1riformo.tion eonta1 n~d in this MucUon 

should be self-explanatory. If NCK3 were set equal to zero, then 

following the name of the settling model, a summary of the time steps is 
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Table 2. DATATUPC - Proppant Input 

1. First Record, Format 10F10.5 
{ 1) Density of Fracturing Fluid 

2. Second Record, Format 5I10 
{ 1) Number of Proppant Types, MAX 10 

3. . Third Record, Format 10F10.5 
{ 1) Times at which Proppant Type Changes 

4. Fourth Record, FORMAT 10F10.5 
{ 1 ) Initial Concentrations 

5. Fifth Record, Format 10F10.5 
{ 1) Average Proppant Diameter 

6. Sixth Record, Format 10F10.5 
{ 1) Proppant Porosities 

7. Seventh Record, Format 10F10.5 
{ 1) Proppant Densities 

8. Eighth Record, 5!10 
{ 1) Restart Control 

0 - No Restart 
Always use 0 

9. Ninth Record, 10F10.5 
{1) Acceleration of Gravity 
{2) Element Length 

10. Tenth Record, 10F10.5 
{1) Fan Viscometer Outer. to Inner Radii 
{2) Run Control 

· 0.0 - Run Program 
Use 0.0 only 

{3) Particle Shear Rate Cut Off Value 
{4) Shear Stress Location Fraction 

11. Eleventh Record, 5!10 
{1) Starting Element of Detailed Output 
{2) Ending Element of Detailed Output 

If NCK1 > NCK2 - No Detailed Output 
{3) Detailed Output of Last Time Step 

0 - Not Wanted 
1 - Output Desired 

{4) Selection of Settling Model 
1 - Zigrang and Sylvester 
2 - Daneshy 
3 - Acharya 
4 - Clark 
5 - Sutrick and Rybicki 
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RHOF 

NTP 

TP1{I) 

CG1{I) 

DP1{I) 

PHIP1{I) 

RHOS1{I) 

NSTART 

G 
DX 

BETA 
CONTROL 

GDOTC 
GDOTF 

NCK1 
NCK2 

NCK3 

NSETV 

lbm/ft3 

min 

lbm/gal 

in 

lbm/ft3 

ft/sec2 
ft 

sec-1 



printed out along the information describing the disposition of proppant 

section is run. The final portion of this section summarizes the volume 

of fluid and the mass of proppant injected during the 

injected amounts of fluid and proppant are compared 

treatment. The 

to the amounts 

obtained from program calculations based on continuity. 

differences given are measure of program effectiveness. 

Thus, the 

Following the volume of fluid and proppant, the fracture geometry is 

output for both the equivalent and the geometric shape of the fracture. 

The geometrically correct proppant distribution results from 

r-edistributing the volumes of the proppant bed and the slurry back into 

the geometric shape provided by the h!ghly elonKated fra.l'tnre model. In 

both cases, values are provided for plotting the top of the fracture, the 

bottom of the fracture, the suspension height, and the bed height at the 

model intervals specified in DATATUPC as DX. 

Coupling of the fracture model with the proppant model is done 

through Job Control Language (JCL). Proper .c~upling through JCL allows 

the combined programs. 
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APPENDIX. A 
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DATATUPC 

ORUIN 
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CHAPTER III 

COMBINED SA3DFRAC AND TUPROPS 

SA3DFRAC Model 

Program SA3DFRAC is based on semianalytical solution of three-

dimensional elliptical fracture using Shah and Kobayashi solutions and 

two-dimensional fluid flow using Prats and Muskat solutions. This program 

determines the non-Newtonian effective fluid viscosity, wellbore pressure, 

net effective pressure at fracture tip, widths w(x,y) as a function of 

ul::>Lauce from wellbore both in X andy direction, fracture height alon15 

the plane of fracture from wellbore to fracture tip, time of iro~th nf ~ 

fracture, fluid leakoff volume, and fracturl'! volume. 

The program is run interactively. The main program SA3DFRAC and 15 

related subroutines and functions are written in Fortran-77, having well 

documented source code, and have been run on a Honeywell 6600/B3 computer. 

The program has two output files FRACTURE and PROPIN. The file FRACTURE 

contains all the results during the computations of the fracture geometry 

and PROPIN contains just the information needed for the proppant transport 

model. 

The main program SA3DFRAC and 15 related subroutines and function 

files are linked together through a Job Control Language 'JCL' B-FRACP. 

The file name of program SA3DFRAC is FRACP. 

ThP. file name&, subroutines, and fuuctluu names and their description 

area 

SR.NO. FILE NAME 

1. SIMQSKP 

2. SKWIDP 

SUBROUTINE/ 
FUNCTION 

SIMQSK 

SKWID 
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DESCRIPTION 

This subroutine used by SA3DFRAC solves 
for x in [A][X]•[B] equation. 

This subroutine used by SA3DFRAC 
WIDAVG calculates the width of 

and 
each 



3. WIDTHAP 

4. FALP 

5. ELLP 

6. SHAHP 

7. VSCP 

8. RMTP 

9. PMP 

10. ppp 

11. QFUNP 

WIDAVG 

FLASEP 

ELLIP 

SHAH 

VSCITY 

RMATCH 

PMFNRM 

PPFNRM 

QFUN 
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segment of various vertical heights of 
the fracture, using.Shah and Kobayashi 
equation in Part 1, Chapter III, of the 
Final Report. SKWID also calculates 
area. 

This subroutine calculates the average 
width of fracture, average of width 
cubed, leakoff volume, fracture volume, 
and time of fracture growth. WIDAVG 
uses area calculations from SKWID. The 
equation for time and leakoff volume 
calculations are given in Part 1, 
Chapter III, of the Final Report. 

This subroutine is used by SA3DFRAC to 
calculate coefficients used in 
determining KIA=KcA and KIB=KcB 
condition. 

This subroutine is used by SA3DFRAC to 
calculate elliptic integrals K,E used 
in determining KIA'"KCA and KIB=KcB 
condition. 

This subroutine is used by SA3DFRAC to 
calculate Shah and Kobayashi 
coefficients. 

This subroutine is used by SA3DFRAC to 
calculate effective non-Newtonian fluid 
viscosity, circular fracture radius, 
Shah and.Kobayashi pressure averages, 
and constant Lamda unit to be used by 
subroutine DELTA1 for calculating 
Muskat and Prats average pressures. 

This subroutine calculates the matching 
radius for minimum value of discrepancy 
between the solutions obtained from 
subroutines PMFNRM and PPFNRM. 

This subroutine computes the pressure 
for a line source with an infinl·te 
boundary (Muskat solution). 

This subroutine computes the pressure 
for a point source with an elliptical 
boundary (Prats solution). This 
subroutine uses functions QFUN and RFUN 
for Newton Raphson method solutions. 

This function uses Newton Raphson's 
method to find real roots of equation. 



12. RUNP 

13. DELP 

14. PPFUNP 

15. PMFUNP 

RFUN 

DELTA.t 

PPFUN 

PMFUN 

This function also uses Newton 
Raphson's method to find real·roots of 
equation. 

This subroutine uses functions RFUN, 
QFUN, PPFUN, and PMFUN to calculate 
root mean square value of delta (delta 
is a measure of optimum half fracture 
height 'B'). 

This subroutine calculates the pressure 
for a point source with an elliptical 
boundary using computed pressure 
differences at fracture tips A and B in 
PPFNRM and RMATCH. 

This subroutine calculates the pressure 
fur a line source with an infinite 
boundary '-~~ing .:omput~u vt·osfitil.u·e ul 
wellbOI'e lu ~uuruutine RMATCH. 

Jnput Trlentification: SA3DFRAC 

The input parameters for SA3DFRAC fracture program is introduced 
interactively and is rather self-explanatory. The record number, 
identification, variable name, and units for these parameters are: 

Record 
No. 

Identificati-on Variable 
Name 

1. Number of fracture division along pay NFRAC 
zone wing (required for proppant 
transport model coupling). 

2. Number of fracturing fluids (required NQ 
for proppant transport model coupling). 

3. nP.hup.g;!,ng flq, !BUG 
1 - Debugging required. 
0 - No debugging. 
Use 0 ie no debugging only. 

4. Writing fl84J. !WRITE 
1 - Write ou~put. 

5. 

6. 

7. 

0 - No writing output. 
Use 1 ie write _output. 

Mode I critical stress intensity 
f~ctur KIA (fracture toughness). 

Mode I critical stress intensity 
factor KIB (fracture toughness). 

Pay zone height. 
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KCA 

KCB 

HZ 

Units 

dynes/cm**1.5 

dynes/em**!. 5 

ft. 



8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

Flow rate - both wings. 

Initializing variable. 
Use RMU '" 100 

Young's modulus. 

Poisson's ratio. 

Stress contrast. 

Fracture half wing length, 
along semimajor axis, 'A'. 

Percentage accuracy desired in 
iteration of Kr. 
Use DIFFAC .. 1 

Perforation height at wellbore. 

Flag for viscosity, matching radius, 
and average pressure calculations. 
Use !FLAG = 1 for fracture geometry 
runs. 
Use !FLAG • 0 for proppant transport 
model coupling related runs. 

Starting low pressure initializing 
value. 
Use POLOWl • -100 

Starting high pressure initializing 
value. 
Use POHIG1 • +1000 

Half height at wellbore, 'B'. 
Guess B value for iteration purpose. 

Q 

RMU 

EMOD 

RNU 

S2MS1 

L 

DIFFAC 

WELHT 

!FLAG 

POLOW1 

POHIG1 

B 

20. Flag for time, leakoff volume, and IT 
fracture volume calculations. 

21. 

1 - Time and volume calculations done. 
0 - No time and volume calculations. 
Use IT • 1 when correct half fracture 
height B is determined. 
Use IT • i when generating output file 
"PROPIN" for coupling to proppant 
transport model TUPROPS. 
Use IT • 0 when iterating for optimum 
half fracture height B. 

To calculate width of fracture when 
X/A • 0.0 at 5 different vertical 
Y/B.ratios. 
Use !CALC • 0. 
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!CALC 

bbl/min. 

psi 

psi 

ft. 

ft. 

psi 

psi 

ft. 



22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

To calculate average width of 
fracture, average of width cubed, and 
width at various X/A and Y/B ratios. 
If IT • 1 areas at various X/A ratios 
are also calculated. 
Use !CALL ,. 0 

Behavioral index. 

Consistency index. 

Number of divisions along the axis. 
Use NDIV • 40. 
This NDIV in RMATCH subroutine should 
not exceed 50. 

Step of grid or length of an 
interval. 
STEP • L/NDIV 
UsP. STF.P .. 3,5,etc. as required. 

Initial pressure at wellbore. 
Use PO "' O. 

Initial pressure difference at A and 
B. 
Use PD • 0. 

Flag for printing PMFN pressures. 
1 - Print all PMFN pressures. 
0 - To continue with program. 
Use !FLAG • 0. 

Flag for printin~ PPFN preeeures. 
1 - Print all PPFN pressures. 
0 - To continue with program. 
Use !FLAG • 0. 

Enter range in which matching radius 
search computation desired. In 
general use 2 to NDIV for largest 
range. Matching radius is always 
between perforation height ·c• and 
guessed value of halt fracture height 
•B•. Select RA, RB accordingly. 

Flag to continue matching radius 
search calculation, aiming for lowest 
Del~a variable value between •B• and 
, c •. 
Use 1 to continue matching radius 
calculations or 0 to continue with 
program. 
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I CALL 

NPRIME 

KPRIME lbf-sn/ft**2.0 

NDIV 

STEP ft. 

PO psi 

PD psi 

I FLAG 

I FLAG 

RA, RB ft .• ft. 

IFLAG1 



33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

Number of divisions along x- and y­
axes in DELTA! subroutine. 
Use NDIV • 10. 

Stress contrast. 
This value should be same as in 
Record 12. 

Flag for printing PROG40 pressure. 
1 - To print all PROG40 pressures. 
0 - To continue with program. 
Use !FLAG ,.. 0. 

Restart control flag. 
1 - To rerun with new half wellbore 

height. 
2 - To rerun with new parameters. 
3 - To quit. 
Use required ICH value. 

IF IT • 1 fluid leakoff coefficient 
i~ required to calculate leakoff 
volume and fracture growth time. 

Spurt loss coefficient. 

Use ICONV • 1 for automatic 
convergence of time. 

Use TIMP • 1 for percentage 
convergence of time. 

Initializing value of slope. 
Use TSLOPE • 0.5 

IF IT • 1, input behavioral index. 

IF IT • 1, input consistency index. 

Restart control flag. 
1 - To rerun with new half wellbore 

height. 
2 - To rerun with new parameters. 
3 To quit. 
Use required ICH value. 

NDIV 

S2MS1 

!FLAG 

ICH 

LEAKC 

SP 

ICONV 

TIMP 

TSLOPE 

NPRIME 

KPRIME 

ICH 

Procedure for Running SA3DFRAC Program 

psi 

cm/sec**0.5 

·cm**3/cm**2 

lbf-sn/ft**2.0 

SA3DFRAC program should be run interactively in following two ways, 

to obtain output for fracture geometry alone and/or fracture geometry and 

input data for coupling it to the proppant transport model. 
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Procedure for Case 1 

Following flow path is selected for running SA3DFRAC program in 

obtaining optimum fracture half height corresponding to a fixed fracture 

half length. 

Typical Case 1 input parameters are as follows: 

Record Variable 

1. NFRAC 

2. NQ 

3. IBUG 

4. I WRITE 

0 I l{CA 

o. KCB 

7. HZ 

8. Q 

9. RNU 

10. EMOD 

11. RNU 

S2MS1 

13. L 

14. DIFFAC 

15. WELHT 

16. I FLAG 

17. POLOWl 

18. POHIGl 

19. B 

20. IT 

21. I CALC 

Example Value 

1 

1 

0 

1 

1.1E8 

1 • 1.1':8 

223 

40 

100 

0.75E6 

0.2 

100 

223 

0.1 

90 

1 

-100 

+1000 

130 

0 

0 
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Remarks 

First guess of fracture half 
height. 



22. !CALL 

23. NPRIME 

24. KPRIME 

25. NDIV 

26. STEP 

27. PO 

28. PD 

29. !FLAG 

30. !FLAG 

31. RA, RB 

32. IFLAG1 

33. NDIV 

34. S2MS1 

35. !FLAG 

36. ICH 

0 

0.482 

0.011 

40 

5 

0 

0 

0 

0 

20, 40 

0 

10 

100 

0 

1 

Maximum NDIV = 50. 

Step= L/NDIV. 

RA x Step > WELHT 
RB x Step .i B 

Note DELTA, root mean square 
value in output. 

Restart SA3DFRAC using next 
guess of fracture half height. 

The variable name DELTA is referred to as a discrepancy factor. With 

a value for ICH • 1, S.A3DFRAC program can be run again from the record 

number 19 position. Use other values of B • 140ft., 145ft., etc., as 

next guesses of fracture half height and note the values of DELTA, the 

discrepancy factor, at the end of each run. After plotting DELTA(6) 

versus fracture half height 'B', the value of B which gives a minimum 

discrepancy value for the graph can be determined; e.g., Figure 1. This 

is the optimUm solution for the half fracture height whose length and 

other formation and fluid parameters are known (record numbers 1 through 

35). 
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10 

Minimum!::. 

200 220 

Optimum Solution for 
Half Fracture Height, B. 

260 

Figure 1. Discrepancy Factor,!::. versus Half Height, B. 
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The following should be noted by the user of the SA3DFRAC model: 

(1) The user of the SA3DFRAC model should be aware that the computed 

matching radius is always greater than the half perforated 

height at the wellbore and less than the guessed value for the 

half fracture height. Thus, this also indicates that the 

optimum solution for the half fracture height will always be 

greater than the half perforated height. 

(2) It is recommended that the use of SA3DFRAC model should start 

the first guess of the half fracture height using a value which 

is at least 20-30 feet higher than the half perforated height. 

The successive guesses should increase in magnitude in an 

ascending order with intervals of approximate 10 feet or as 

required. At the end of each run the value of the discrepancy 

factor, DELTA (~), corresponding to each guess of the half 

fracture height is obtained. The graph of the various guessed 

fracture heights, B, and the discrepancy factor, DELTA(~). are 

simultaneously plotted at the end of each computer run. A stage 

will be reached when the decreasing trend of the plot will start 

t·o increase again. The value of the fracture half height, B, 

which gives the minimum discrepancy value for the graph is the 

final optimum solution for the half fracture height. 

Onoe the optimi.JJII hAlf fracture height is determined, use ICH 1 

again at record number 36 and input record numbers 37 through 43 to 

calculate growth time of fracture, leakoff volume, and fracture volume. 

The SA3DFRAC program run can now be terminated using ICH • 3 at record 

number 44. Sample input Case 1 for time, leakoff volume, and fracture 

volume calculations are glven below: 
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Cont'd. after Record 36 

Record Variable Example Value Remarks 

37. LEAKC 0.00787 

38. SP 0.0 

39. ICONV 1 

40. TIMP 1 

41. TSLOPE. 0.5 

42. NPRIME 0.482 

43. KPRIME 0.011 

The detailed output file FRACTURE for sample Case 1 run is given in 

App€-ndiX A. 

Procedure for Case 2 

A certain flow path is followed for running the SA3DFRAC program for 

generating two output files, FRACTURE, shown in Appendix B, and PROPIN, 

shown in Appendix C. PROPIN contains fracture geometry and fracture time 

details. This output file is used as the fracture geometry input file to 

the proppant transport mode!, Data tranRfAr for the aecond file is done 

automatically in the format, E26.18, and no direct user input to the file 

is needed. 

PROP IN contains the following records which are automatically 

transferred to the proppant transport model. Generally 4 to 5 lengths are 

required to adequately describe tne fracture geometry for the proppant 

transport model. 

1) Number of lengths. 

3) Number of fluw rates used. 
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3) For each length following data are required: 

(a) Coo• C20• Co2 empirical constants from published results of 

Shah and Kobayashi (CGS units). 

(b) Poisson's ratio. 

(c) Half fracture length (ems) (first length should be at least 

equal to the total pay zone height). 

(d) Half fracture height (ems). 

(e) Maximum wellbore width associated with first half length 

(ems). 

(f) Leakoff coefficient (cm/sec**0.5). 

(g) Spurt loss (cm**3.0/cm**2.0). 

(h) Intermediate growth time for fracture. 

(i) Behavior index. 

(j} Consistency index (dynes-sn/cm**2.0). 

(k) Pay zone height (ems). 

(1) Flow rate both wings (cm**3.0/sec). 

(m) Modulus of elasticity (dynes/cm**2.0). 

(n) Stress contrast (dynes/cm**2.0). 

Each le~gth group will require input data 3)(a) to (n) to be transferred 

to the proppant transport model. 

SA3DFRAC model is run as many times as the number of length groups, 

because enoh run will genP.rRtP. all of the necessary output records 

pertaining to fracture geometry and growth time. The optimum solution for 

half fracture heights and growth times corresponding to each half fracture 

length are computed iteratively first following the procedure described in 

earlier section "Procedure for Case 1". Once all related ~pa heights and 

lengths are computed, SA3DFRAC is run again using options IT • 1 and !FLAG 

0 at record number 16 for each of the length groups followed by time 
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calculations. At the end of last length group, PROPIN outfile is created 

and so SA3DFRAC execution can be terminated by entering ICH = 3 at record 

number 44. 

Limitations of SA3DFRAC Model 

The sensitivity analysis performed on SA3DFRAC model helped in noting 

some impor.tant observations. 

1) The program operating range for Young's modulus was between 

lxlo5 to lxlo7 psi. 

2) The pl'Ogi"w.u du~Y not operate for stress contrast values less 

tho.n 25 psi. 

3) A limitation of the combined fracture and proppant model is in 

selecting the initial fracture length. The fracture model 

SA3DFRAC predicts elliptical fractures along the vertical plane 

and is appropriate for intermediate length/height ratios in 

between 1 and 4. .For obtaining valid· geometry results, the 

initial half fracture length and the wellbore height must be 

grP.At.P.r th@n the total po.y 3ono hoight, Thus, the wcn.lel ls uu L 

capable of supplying information about the early history of 

fracture. A 1111~1:1.r interpolation. is done until the valid range 

of model is arrived at. Any error caused due to this 

interpolation should not be significant in the final proppant 

transport d~'tr1but1on profile. ThnR, in seneral initial length 

is assumed to be equal to the pny zone height. 

intermediate lengths are selected in a'~ending order. However, 

it is reeo~~~mended to choose mor·e success! ve intermed1a'te lengths 

near the initial length to ensure negligible interpolation 

errors. 
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Proppant Model 

TUPROPC was modified to accept the output fracture parameters of 

SA3DFRAC. This modification included changing several subroutines to 

utilize the new geometry that SA3DFRAC provided. Also, a new section was 

added to the main program to compute the fracture geometry after the 

fracture closed. The general description for the proppant model remains 

the same as described for TUPROPl and TUPROPC. 

changes will be described. 

Only the new routines and 

The number of geometry sets is determined when the fracture model is 

run. Usually 3 to 4 geometry sets provide enough initial information. 

Just as in the highly elongated coupling more detailed geometry is needed 

for the proppant model to operate. Subroutine INTFL creates intermediate 

geometry at DX intervals for the equivalent shape. This is accomplished 

through using another subroutine, ASKP, which calculates the cross­

sectional area at any DX interval given the proper constants. The 

subroutine ASKP was developed from the theory p~esented in Part 3, Chapter 

II, of the Final Report for Contract DE-AC21-84MC21119. The equivalent 

geometry created by INTFL is then used by the proppant model for computing 

the proppant distribution. 

At the end of pumping (treatment time), the rectangular equivalent 

geometry of the distributed proppant is put back into the elliptical shape 

by the 8Uhrnutine GEQM which employs AMATCHP. AMATCHP uses cross­

sectional rectangular areas of the proppant bed and suspension height to 

calculate their geometric · heights based on the original elliptically 

shaped cross-sectional area. In doing the height calculation, AMATCHP 

uses two subroutines, ASKP and ACHECK. ASKP is used to check if the 

fracture ·cross section is filled wjt.h either suspended proppant or 

proppant bed. Then, if the cross-sectional area is between being full and 
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zero, ACHECK is used to find the geometric height from the bed and 

suspension area. 

The equivalent and geometric shape of the vertical fracture cross 

section is produced by the subroutine PLOTGEOM. This routine takes the 

values of fracture height, suspension height, and bed height and 

references them to a centerline along the fracture. 

The coupled version of SA3DFRAC also included closure. The closure 

section was added in the main program. The closure section utilizes the 

same subroutines referenced in TUPROP1 and TUPROPC. They are FLDLOS, 

CONC, SETVEL, SETPROP, and SUSP. The theory for this section is detailed 

in Part 3, Chapter IV, of the Final Re~ort for Contract DE-AC21-84MC21119. 

This section produces detailed closure analysis if desired and plotting 

geometry in an equivalent rectangular cross-sectional shape. 

Input of proppant parameters is contained in a file named DATATUPS. 

A sample input is shown in Appendix D. Following is a description of each 

record in the f11P. n~TATUPS. 

Record Variable Units Name and Description 

1 RHOF lbm/ft3 Density of Fracturing Fluid, 10FH>. 5 

2 NTP Number of Proppant Types (Max 10). 5!10 

3 TP1(I) min. Times at which Proppant Type Changes, 
10F10.5 

4 GCl(I) lbm/gal. Initial Mixing Ratio Concentrations, 10F10.5 

5 DP1(I) in. Average Proppant Diameter, 10F10.5 

6 PHIPl(I) Proppant Porosities, 10F10.5 
7 RHOtil( 1) lbw/fL3 Proppant Densities, 10F10.5 
8 G ft/s2 Acceleration of Gravity 

DX ft. Proppant Element Length, 10F10.5 
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9 

10 

1l 

12 

BETA 
CONTROL 
GDOTC 
GDOTF 

NCK1 
NCK2 

NCK3 

NSETV 

SETVM 
FLCON 

CTINC 

NICT1 

·NICT2 

s-1 

Fan Viscometer Outer to Inner Radii 
Use 0.0 Only 
Particle Shear Rate Cut Off Value 
Shear Stress Location Fraction, 10F10.5 
HPG:GDOTC=20,GDOTFa.3333 
HEC:GDOTC=60,GDOTF=.6667 

Starting Element of Detailed Output 
Ending Element of Detailed Output 
NCK1 > NCK2: No Detailed Output 
Detailed Output of Last Time Step 
0: Not Wanted 
1: Output Desired 
Selection of Settling Model, 10F10.5 
1: Zigrang and Sylvester 
2: Daneshy 
3: Acharya 
4: Clark 
5: Sutrick and Rybicki 
6: Contrast Settling Velocity 

ft./min. Constant Settling Velocity for Option 6 
Variable Stopping Criteria for Particle 
Diameter 

min. 

0.0: Automatic Calculation 
1.0: One Proppant Diameter 
2.0: One Half Proppant Diameter 
n: One nth Proppant Diameter, 1.0<n<OO 
Closure Time Increment, 10F10.5 

Increment Number to Print Detailed Closure 
Analysis 
Detailed Last Closure Increment 
0: Allows NICT1 to Operate and Disables 

Last Closure Increment 
1: Disables NICT1 and Prints Last Detailed 

Closure Increment 

Output 

Output is shown in Appendix E. It has the same form as described in 

the highly elongated coupling part of the user manual. However, the 

closure output has been added and will be described. 

In addition to the five divisions common to both TUPROPC and TUPPOPS, 

TUPROPS has two additional divisions. The first division contains 

detailed closure information which can be obtained at each closure 

interval, ·the last closure interval only or none at all. The final 
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division contains a summary of closure information and plotting data 

referenced from the centerline along the fracture. The data describing 

the closed fracture is given only for a rectangular cross section since 

these values are averages and average values are needed in recovery 

calculations. 

The sample output in Appendix E was obtained with NCK1 set greater 

than NCK2 and NCK3 set to 1. For closure NICT2 was set to 1 which 

disabled the use of NICT1. To aid in visualizing the output from the 

fracture and proppant model, Figure II-3 is included from Part 2 of the 

Final Report for Contract #DE-AC21-84MC21119. The figure was drawn from 

this outpu·t example. 
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Figure 2. Fracture Geometry at the End of Pumping 
and After Closure for Case 1. 
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45& • • . . 
4~7 • ····-···························-···················-·-·-458 • RESUL.TS: ·*ITER K Ml [ltH MUOUT) a lO - .UOOE+Ot .UOOE•04 
459 • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 460 • ~• 4Jl3J8E•OO ~1• 5~76.2E•OO 
461 • Qa ~3~i830E•Ol Qta ,5aii09E•8tk• eli0032E+OlK1• .I91651E•Ol 
46a • luEIUG a 0 4&3.. .•. - . . .. . -·---·-· .. --··. -·-· -·--- -- ·----·---------·-- -·. 

464 • -···············-·················-······················ 465 • AESULTII ·*ITER K Mt(IN) M110UT) a 10 .• 1800(+01 .1000£•04 
466 • ····-··-········-·············-·-·-······················ :tl : E~TE~·=:~aa~~~O~HlCH.DE~J~) ~itltt~~t82 SHOULD BE DUNE 
4t9 • RANGE FRO~ • TO 20• )s :,? : · ·-&"T!~ 1'40et.AMATCH 1 1 Dl'' 1 l~ :PM,NMM I PPFN"M !tRESS, - ··- ·· ·· --··-·-··- ··-······-
472 • ao ~5.oo Ju,5003 
47J • at 'oJ•8o 5'·}'33 474 • i2 tO • 0 54. 81~ 
475. ·21··-- 11 og 59 ,..,., 
47& • iG 115:o 71:9l3t 

:JX : ~Z ~~~:88 Jt~:Y~1A 

,5611£+00 

--·----·- -·--·-·--. . . . 



47~ "" 
480 • 

~=1 : 
48l • 
484 • 
485 • 
486 • 
311 : 
::~, : 
4~ • 
4~ • 
-~4 . 495 • ::t : I~PUTI ~DIY (* 0' DIVISIONS) 
4~8 • 
'"9 · Notv•· - 10 

~~I ~ 
~03 • 
504 • 

'• 223,ooo a. 
Plo>•· t.oasa 

~g~ : ANa 105.0000 

0 FOR NO oR· 1 FOR YES 

90.000 

1
81 : :INPUTiS2•Sl(PSI) 
09 • 'i • S~•St: lO~.OHZa Zi3.0LA~OA : .~41336E+02 

5~ : P~YSKAa .287~22E+02PXSKA• .409,9ZE+02PYSKA • .J4t835E+OZ 
51 • - . 

1
5~ ~--: _•HI ~- -'---~8--~a~~~N~~~U~R~y,g. ~=~~~~:~s ... ---- ----- ...... --------------------·-·· ---·--·----· 

16 • 0 
17 • IOE8UG a 0 
18 • - . - . 

519 • ····-·················-·····--····················-······ 220 • RESULTSI -IITEA K Ml ClN) Ml (OUT) I tO ..• UOOE+Ol .1000E•04 ,5,8tE•OO m ~-- •·············:::::::·:~~!::::i~:~:i:O:E::~:o~:::~:i:CE~: 4 ~:: ;;:o: ____ ,z_~~-~-E~o_o _____________ _ 
~~t : AVERAGE PRESSURE OVER X•AXIS,PFXMP • ell4692E+00 

~~=o :. ~J TOTAL ~0. OF POINTS IN THE QUADRANT • 90e0000 
-~)~ : - -------TOTAL _NO. OF POINTS IN THE HIGHER STRESS REGION• 
~)~ : 
535 • 

~lt : 
- ------- · AVG totP PRESS OVER ~HOLf. SURFACE:•PX'U4PA• 400JE+Ol · ---------

EF,EfTlVE AVG,IK PRESS,OVER ~HOLE SURFACE~PIYSKA• ,2175f+OI 
538 • DIFFEAANCE OF (PXYIKA•PXYMPA)•OPXY • ,247456E+02 



AVERAGE ~p PRESSURE ALONG X AXIS•PX~PA : el23402E+02 
EFFECTIVE AVERAGE SK PRESSURE ALONG X AXIS•PXSKA ~ ,409&92E+02 
AVERAGE ~p PRESSURE ALONG Y AXIS•PY~PA : ,38&455E+02 
EFFECTIVE AVERAGE SK PRESSURE A~~NG Y AXiS•PYSKA a 

OlFFEAlNCE OF (PXSKA•PIMPA)•DELX a ,8&2898E+Ol 
OlFFEAANCE OF lPYSKA•PYMPA)~OELY ~ •,44.l91E+Ol 
A.M.S VALUE oE~ OF OELX AND DELY••DEL a ,&1&908E+Ol 

Cl? 
0 



5CJ9 • 
bOO • 
60~ • 
tgJ : 
b04& • 
b05 • 
tgt : 
6oa • 
b09 • 
t'o • 
f>l~ : 
613 • 
b14& • 
t15 • 
f>lt : 
618 • 
t~~ : 
b~~ : 

23 • 
24 • 
25 • 

l~ERAGE WIDTH AT l : ,800Et00 THE LENGTH OF A• EQUALS .2254E+OO 

~IDTHS ARE CALCULATED AT X/A' f7
1

00000E+OO AND Y/8= all4143E+OO 
VP ARE Y/8 lALUES AT yAA~OUS 8ER CAL PO~NTS FOR A FlxEu X/A 
yp: .000 OOE+OO .t4l i'E+ 8 ~l85&57 +SO .42848&E+OO .S71l14E+OO 
WID: .4&1 30E+OO .443 JOE+ e390193 + 0 el0o471E+00 .193481£+00 
AVERAGE WIDTH AT X : elOOE+OO THE LENGTH OF At EQUALS .Z992E+OO 
~IDTHS ARE CALCULATED AT XJA• fbOOOOOE+OO AND YIB~ 1 &00000E+OO 
YP ARE Y/8 VAL~ES AT VARIOUS ~ER lCAL POINTS FOR A fiXEu X/A 
YP~ .000000 •go 1&0000E+ g e3l0000E+Og 480000E+00 b4&0000E•go 
~~D~--· ~ 5706 U + 0 :5411 $7E+ e478345E+O . : 3&1837E+00 :a25497E+ 0 

AVERAGE WIDTH AT X • e600E+OO THE LENGTH OF a, EQUALS .3651£+00 

,aooooot:•go 
- e5687t4E• 4 

WIDTHS ARE XA~CULATED AT Xll• 500000E+OO AN8 YIB• 8b60i!5E+OO . ·--··-·-·-··-·- -· 
VP ARE Y/8 A UES AT VAAJ8US ~ERflCAL POINTS F R l 'IxE6 Xll 
YPa .000 0 E+OO .173 5E+ 0 e3464l0Et00 e519615E+00 e69Z8ZOE+OO ei660Z5f+OO 
WID: ,6b731$E+OO ,638 .lE+ 0 ,554986£+00 ,42~655E+00 ,25Z126[+0~_._a!~-~'ZE~04_ 

AVERAGE WIDTH AT X • ,500£+00 THE LENGTH OF At EQUALS .42ZbE+OO 
WIDTHS ARE CALCULATED AT X/A• f4l00000E+OO AND YIB~ a9lb515E+OO 
YP ARE Y/8 VALUES AT VARIOU~ VER CAL POINTS FOR A 'IxEu XIA 
YPa .OOOOOOE+OO 183303 +00 e366606Et00 .54990QE+00 ,733a12E+OO .•t&5t5E+OO 
Wl03 .749174£+00 :7l610l +00 e6l9519Et00 e467538E+00 e273769E+OO ,632466£•04 

2t •• 2r A~[RAGE •IDTH· AT· x· ~- 9 400!+00 THE LENGTH OF At EQUALS· ·-.47tOE+00-
28 • 
29 • WIDTHS ARE CALCULATED AT X/A• fJOOOOOE+OO AND Y/8= a953939E+OO 
30 • YP ARE Y/8 VALUES AT JARJOUS ~ER lCAL PO~NTS FOR A FIXEu X/A !1 •: ypa .OOOOOOE+OO · • 90 liE+ 0 e38t576 tOO .57~364£+00 e7b!t5tf+OO .953939!+00 
~l ~~0~ .8l4538E+OO • 71157E+ 0 e670865 tOO e503015E+OO .a90569E+OO ,701653£•0• 

~~--: _ AVERAGE fllDTH _AT K • ,300£+00 THE LENGT_H_ O, ___ A, _ -~~!J~-L~_ _ !59.95~~~~--- ------------·--·-

1
36 .• ~IDTHS ARE CALCULATED AT XIA* flOOOOOE+OO AND Y/8a a97979bl+OO 

7 yp ARE Y/B VA9~ES AT VARIOUS siR lCAL POINTS FOR A FIX[u X/A 
18 • YPa .ogooo +00 .195959E+ e39t918 +Og e587878E+00 a78!837E+Og .9797CJbf+OO 
J9 • WID• .a Zt2 +00 .a~Z7t5f+ e708t60 tO · e5286f1Et00 .302569!+0 ,67626te•04 - ···- ··-

:49 ••• ~ AVERAGE WIDTH AT X a ,iOOEtOO THE LENGTH OF At EQUALS .5374!+00 
43 • ~JD~~~ :'~ ~~tcl~~'IfDv~~~~G~•vEfitl2~~o~gi2~sA~gAv~aFixEa9:,:a?l+OO .. . -. -- ---·-·---·--------- -· -· 

t:~ : YP~ .000000 +00 .198997E+OO t39?CJ95E+08 .59&992E+OO e195990E+OO e994987E+OO 
64b • WlDa .891038 +00 .e50087E+OO e7J071•E•O e544t93E+00 ,309773!+00 1 68300~E·,~--

i
:x : AVERAGE WIDTH AT l a e100Et00 THE LENGTH OF At EQUALS .5543£+00 
49 • 
50 • ~JDI~~-~'~ s:t5~~~ It0 v:~~aG:· VEAtl~:~ ~-~i2~sA~gR y ~8F IX[~ ~~~~OOf+Ol -·----- --. . -·- ---

6~~ : YP= .OOOOOOE+OO .200 OOE+OO e400000Et00 abOOOOOE+OO e800000E+OO lOOOOOE+Ol 

1
53 • WlDa .9007J4E+OO .&59 JSE+OO e738366E+00 ,549388£+00 e31~175E+OO :sttl77E•OI 
54 • 
55 • A~fRAG! WIDTH AT l • •.1.9!•07 THE LENGTH OF At EQUALS .!600!+00 _______ _ 
l§b • 
157 • AVERAGE wiDTH OF FRACTURE ' .4087£+00 658 ., 00 .... 



&'§9 • 
&60 • 
ttl : 
b6l • 
bb4 • 
bbS • 

ttt : 
668 • 

't3 • 
tJ~ : 
&73 • 
tJ~ : 

AVERA~E OF WIDTH CUBE ; 
Qa 
R14Uw 
He 
B• 
A:. 
PO:P•St 

t~PUT ~ON•NEWTONilN FLUID PARAMETERS N & 
N • ,48l • I ,OltOO 

--·-···-··-··-·· .... CIRCULAR FRACTURE RADIUS, R lCGS) 

K (BU 1 

• , 560BJ~·Et04 

CIRCULAR FRACTURE RADIUS, A (8U) : ,18400CEt03 

EFFECTIVE NON•NE~TONlAN FLUID VISCOSITY,~UE~FCCGS)• 
67& • 
tJl : EF~ECTIVE NON•NEWTONIAN FLUID VISCOSITYJMUEFFGBU)a ,Z03439I•02 
&79 • 
&80 • 

AVERAGE OF.Ttt! PRESSURE OVER THE f!IHOLE SURFacE,PXYSKA(CGS)•' ,2t9936!tt07 

til : 
t:~ : 

AVERAGE OF TH£ PRESSURE OVER THE WHOLE SURFacE,PXYSKA(BU)• 
AVERAGE OF TH£ PRESSURE ALONG X,OR MAJOR AliS.PXSKA(CGSl• 
AVERAG~ OF TH£ PAESSUA~ ALONG X,OR MAJOR AXISrPXSKA(BUl• 

,3t9025E·O~ 

e330.33E•OJ· -·· 
.oeoo30E•02· 

. t:t : 
&88 • 
689 • 

AVERAGE OF. TH! PRE5-8UA£ ALONG Y, OR MINOR AX ISrPYSKA CCGS) ... e277841E+07 ----·. ·- ·-· 

&%0 •• 
AVERAGE OF THE PAESSUAf ALONG Y,OA MINOR AXISrPYSKA(BU)• 

&~l LA~DA(BU l• ei?I401E•02 
t:3 : 
&•q • OUTPUT RESULTS O,.SUBADUTINE RMATCHt 

·-···--·-···---··· .... &95'' .--·-··· -·-·-···············-···········-· t!t ~ I~PUT NOIV (I OF OIVISlGN&) 
699 • NDIV• 40 
700 • A• i2J,000 B• 145.000 C• 90.000 

l J ~PUT STEP 0'. GIUO,_ I ,E ST£PIAIN~IV !~T~~- --· __ _ 1001 ••• 

84 • '85 • 
~ot : 

STEP• s.ODO 
l~PUT PO • TH~ PA~SSURE AT NEL~BOA~ 

708 • PO• .0000 

~f~ : £NT~--~~EI~ 1 0JF' ,PO • 'I •PA 
7111 • 
7 2 • P8 • Pl • ,000 
713 • 
714 • •HIT 1 ~0 PAINT ALL PMFN ~RESSURES 
715 • .. - ·--· o·TOCDNTINUE ~IT;H PROGRA~.· 
71b • 01 
717 • •HlT 1 ?Q PAINT ALL PPFN fRESSVAES • 
718. • 0 TO ~ONTINUE WITti PAOJ;RAM, 

--- .... -·-----------·-···--· --------···-- -------· -- ---

---·--·-----·---·--·--·----



1t9 • 0 
120 • Q~ .415473E•Ol Qt~ e449ZS~E•01K~ .t84271E+OlK1= .18&578E+01 
J2l : • IOEBU~ : 0 
J~~ : iiEsui:i;;··:iiER·-~··;;rHN;··;'4i(aui;·i·i;···:i84i£;c;i···:ioooe:-o4 
725 • -·····················································-·· 72& • ~~ 48&72&E+00 ~1• 513274E+00 
727 • Q: .4,5473E•Ol Ql• e449a5•E•6tK• el84271E+01Kl= .18b578E+Ot 
728 • IDE UG • 0 729 • • . . 

e5l3bE•OO 

7]0 • •••••••P••••••••••••••••~•••••••••••••••••••••••••••~•••• 
731 • ltESUL TSa· *IT£A IC Ml (IN) Ml(OUT) I tD .1843£+0 l· .I 000!•04 · • 5t l6E•Oo--·-· ---

Jii : ;~;;::::~~i;i~;~:;;:-~;~if;·~il~5l%ii82·::~:~~·;;·~~:;··· 
715 • ··RANG~ 'AO~ • TO 20• }5 

3& • 
37 • STEP NO.LA~ATCH,I DIFF• I~ P~FNRM & .PPFNAM PRESS• 
38 • 20 ~s.oo &~.6501 
J9 • ------ 21 - too.oo · ·- ss.4s&9 · · 
40 • 22 101.00 51.2843 4l . 23 11 • 0 54.2470 
4 • 24 11 • 0 &4.330 
4 • 25 12 • 0 . &3.52 

744 • 2& 12 .Ia 1'7·••~~ 745 • 27 110. 0 85.5890 
746 • 28 135.00 &5.2196 
747 • --- · i!9- ---- 140.oo · --- --t99g.o076 
748 • 10 14~.oa 20 .ggog 749 • 11 1s .oa 20 • o 
st • 11 1&o:oo .o Jso • 12 15 oo ~~~·ogg~ 
52 • 34 1&S.OG .000 ______________ .Jil !----- oo3~ou_.Nl~8 • 9g ____ co~_!I B~·8lf L_l __ CALcu~A_T_I o_N ~ ~~P~_T _ _!__!OA ___ ~-~--Q-~ __ !_!_~1!_!~!.- _________ ... __ _ 

75& • JFLAGt 3 0 . 
758 • 22 105 0 5128 lE+02 
157 • S EP NQ.,MAT~HING RAD,US(,T,),~IN,I DIFF. 

·759 •· PCOA 3 · 7821 6E+IO POO • l08518E•Ol m t . ::;~;:-::;:~;:-~;-;;:;:;~:;;!2~!!=~-:........ .. . ..... _ .. __ ... ___ _ ___ _ ___________________ _ 
764 • 

•• • 1
&5 • NDIV• 10 

· 67 • A~ · 22J,OOO 8a 145,000 cc 90.000 
&8 • 

7&9 • P(Ol• t.OI5i 
770 • . 
71 l • ··· · ·-ANa-·-105 0000 
772 • • 

PO IV .oooo 

773 • • . . 
774 • •I~PUTIS2•8l(P8I) 

JJ~ : S2~Sl~-· lOO.OHZ~ 22J.OLA~OA • .t7l401E+02 
171 • 
776 • PXYSKAa .3t9025f+02PXSKA• .4800JOf+02PYSKA a .4030t9f+02 

(X) 
Co) 



179· 
780 • 

~g~ : 
•HIT t TO PRINT A~L PROG40 PRESSU~~~-

0 TO CONTINUE WITH PAJGRAM, 
0 

!DEBUG : 0' . - - . . . 

···--·-·---·····-··----···-·······-···········-·-·····-·· 
783 • 
784 • 
785 • 
786 • 
781 • 
788 • 

RESULTS& *ITER K Mt(IN) ~l(OUT) I to· .t843E+Ol .&OOOE•04 ,S&J&E+OO 
····-···········-···-·············-·····--········-------

~=~ : 791 • -------· 

~=~ : 
AVERAGE fLUID PRESSURl OVER WHOLE SURFACE 
AVERAGE PRESSURE OVtR Y • AXIS ,PFYMP • .7354.0E+00 

PFXYNP • 

AVERAGE PRESSURE OVER X•AXIS,PFXMP : .307198E+OO 
794 • 1 t5 • -· --- ·-·-- ... 
796 • TOTAL NO, OF POINTS IN THE QUADRANT a 90 1 0000 
797 • 
798 • TOTAL· NO~ QF_ POINTS IN THE HIGHE_A STR~S_S __ ~EGlON• ... Jt~-~7~~ 79, .•.. --·--·········- -·-···-···-
800 • 
gg~ : 
18~ : 
805 • 
806 • 

AVG ~p PRESS OVER ~HOLE SURFACE•PXYMPA~ ll82E+Ol 
EFFEeTIVE AVG,IK PRESS,OVER WHOLE SURFACE•PiYSKA•. ,31'0~+0, 
DIFFERANCE OF (PXY8KA•PXYMPA)•OPXY • ,JO?lOIE+Oi 
_AVER.GE_~P_PRESSURE ALONG X AXIS•PXNPA • .. 1 359958E+~2 

,2423E+OO 

aar:·· 
1?3 : 

EFFECTIVE AVERAGE SK PRESSURE ALONG X AXIS•PXSkA • ,480030E+02 

8tl • 
812· 
813 • 

-------· -· -·- . ·- -II~ .. : --· --·-··-·--·· 
816 • 
8\1 • 
818• 
819 • 
820 • 

AVERAGE ~p PRESSURE ALON' Y AXIS•PYNPA • 1 J?9882E+02 
EFFECTIVE AVERAGE SK PRESSURE ALONG Y AXIS•PY8KA • ,4030l9E+02 
DIFFERANCE OF (PXSKA•PXMPA)aOELX • ,l2101JE+02 

-- --··· -··-·· ·- . - --------------------------------····- ... -
DlF,ERANCE OF (PYSKA•PYNPA)•DELY • ,2313&5£+01 

R,~.s VALUE DEL OF DELX AND DELY••DEL • ,8,4&60E+Ol 

~~~: ·~~-T' IB i~~y~ :JJ~.~~= ~:~~ .. ~,k.~~oAE __ ~~'~·-·· ·-- ·-·--·--·--··-·-········--·-- -- -·····--·-··· ·-·-----------······ -·-
~~~ : tNP~T HALF HEIGHT AT wELL 80RE,8(FT) 

i ~t =···tNP8T~I ,OR
1 ~¥A~°CALCNe IN ~tDAVGI 0 'OR NO TIM! CALC. 

28 • IT• l 29 • 
830 • PX • ,55224t~+ol 
ll~ : ------- -- :iga: • .;.. tA~:~~8E•oY 
83J • K ta: ,1100 0Et09 
~1354 • K 2a .11~~ 6£+09 
g • KCAa ,11 O~E+09 
836 • KC8&. ,11 0 E+09 
637 • DIFFta •8 0 
838 • DIFF2a , 0 

---···--· ------·-·-- .. 



8~Q • 
840 • 
841 • 
842 • 
843 • 
8Q4 • 
845 • 
846 • 
847 • 
848 • 
b4Q • gso • 
8~~ : 
853 • 
854 • 
855 • 
815& • 
857 .. 
858 • 
859 • 
860 • 

it1 : 
63 • 
64 • 

lt~ : 
8&7 • 

WIDTHS ARE CALCULATED AT 1/Ac f900000E+OO AND YIB: ~435890E+OO 
YP AA£. YIB VALUES AT VAA,OUS VEA ICAL POINTS FOR A FIXEu X/A . 
YP= .OOOOOOf+OO .&71 80E•01 •l74J56E+00 ,2&1534E+00 .348712E+OO 
WID~ .t946J4E+OO .tl9 l8E+OO Al73175E+00 f1Q5g75E+00 .t031l8E+00 
AREA OF_ THE VERTICAL_ SEC tf (IN '-M••2) I ,52 084E+03 _ __ . 
AVERAGE WIDTH AT X • ,900E+00 THE LENGTH OF A1 EQUALS -.1343E+OO 
WIDTHS ARE CALCU~ATED AT -lA• f800000E+OO AND YIBD ~600000E+OO 
yp ARE Y/8 VALUE AT yA~IOUS YEA ICAL POINTS FOR A fiXEu X/A 
yP= .OOOOOOE+ 0 ,tZOOOOE+OO ,240000E+00 .360000E+00 .480000E+OO 
wiD~ .J0362&E+OO ,29EJ8~2E+OO A2~469ZE+00 a2t6

0
216E+00 ,146595E+OO 

A~EA OF THE VERTICALS CTIO~ (IN ~Mt•i)C ,10~9 ~+04 

8&8 • AVERAGE WIDTH AT X a 
8&9 • 

,100£+00 THE LENGTH OF A• EQUALS ,2042E+OO 

,tOOOOOE+01 
,&367110E•04 

,bOOOOOE+OO 
,4377l4E•04 

,1141113E+OO 
,64054lE•04 

~~y : ~~DI~~ ~'~ s:t5~k•It0 v:~~~~~;,ERfig~~O~~i2¥s'~gRY~BFixE~ 7 l,l 43E+OO 
872 • yp: .OOOOODE+OO .142 2•£• 0 e281Sb57E+00 ,4~848&E+00 ,571314E+OO 
873 • WID: .J98898E+OO .l847}5E+ 0 A34~b85E+00 1 274121E+00 .t7934ZE+OO 
874 • AREA OF THE VERTICAL SECT ON I~ ~M*•2)1 .t6e256E+04 --·-·· -····--·-· 875-. ... . - ... - -·--· ------ ··--------------·-
87& • AVERAGE WIDTH AT X a ,700E+00 THE LENGTH OF '' EQUALS 1 2633E+OO 

~~' : WIDTHS ARE CA~CU~ATED AT X/&c f~OOOOOE+OO AND YIBa •IOOOOOE+OO 
87Q • yp ARE Y/8 X' UE AT VARIO~S ~ER ICAL 'OINTS 'OR A FIXEu X/A -
880 • yp: .ooo1o ,. 0 ,16000 E+ 0 e320000E+00 .48~000E+og ,640000E+OO 
Ill: ~A~4 oF·~=~ ~l~tY8aL•3t~¥t ;• Y~ f~!:~JtE•o~zall~7~~8~•o • 205620E+Oo 
88J • 
8816 • 
885 • 
886 • 
887 • 
888 • 
889 • 
890 .. 

l:l : 
a;~ : 
895 .. 
89& • 
897 • 
898 • 

AVERAGE WIDTH AT X • 1 b00E+00 THE LENGTH OF a, EQUALS .Jt47E+OO 
WIDTHS ARE CALCULATED AT XIA• fs

1
oooOOE+OO &NO YIB• •I&6025E+OO 

YP ARE YIB VALUES AT VARIOUS VER CAL POINTS FOR A 'IXEu X/A 
yP• .OOOOOOE+OO .173205E+~O eJ46410E+00 .519bl5E+00 .6928iOE+OO ,8&6025E+OO 
wlD• .ss6512E+OO .5J434&E• o •4b9l9lE+OO ,J649&3E+oO .a269&2E+OO .640343E•04 
AREA OF THE VERTICAL SECTION I~ ~M••2)1 ,27e971Et04 --- ·-------------- ------ --------
A~ERA&E WIDTH AT X • 1 500E+00 THE LEN~TH OF A1 EQUALS .J517E+OO 
WIDTHS ARE CALCULATED AT XIA• f400000E+OO AND YIB= 91b515E+OO 
YP ARE Y/8 VALUES AT VARIOUS VEA ICAL POINTS FOR A 'IxEn X/A .. ····· -- · . 
YP• .OOOOOOE+OO .181303£+00 .3&6b06Et00 .S4~90QE+00 .7332l2E+OO 1 9l65t5E+OO 
WID: .&17839E+OO .sq2413E+OO J517828E+00 1 39Ql55E+00 .~4l882E+OO ,623886E•04 
AREA OF T~E VERTICAL sECTIO~ (I~ ~M••2)C .32~btlE+04 . . 

(X) 
Ul 



899 • 
900 • 
901 • 
902 • 
903 • 
904 • 
905 • 
90& • 
907 • 

AVERAGE WIDTH AT X a ,400Et00 THE LENGTH OF A1 EQUALS ,3952E+OO 
WIDTHS ARE CALCULATED lT X/A~ fJOOOOOE+OO AND VI&; ~9539J9E+OO 
VP ARE Y/8 ~AlUES AT VARIOUS VER ICAL POINTS FOR A FIXEu X/A 
yp: .000000£+00 ,190788E+OO e38t57&Et00 ,5723&4E+00 ,7&315tE+OO 
WID: .&&&449E+OO ,&E38389E+OO •55&20lE+00, 35.~9·~~9E+oq0~+00 ,25&8&9E+OO 
AREA OF THE VERTICAL S CTION (tN ~M••2)1 ~ ~g ~ 

908 • AVEiUiiE wiDTH AT X : ,JOOE;+OO THE LENGTH Of A1 EQUALS ,4Z40E+OO 
909 • 
910 • WIDTHS ARE CALCULATED AT X/A~ i~OOOOE+OO AND YIB• 97979&E+OO 
9t1· .-yP-lRE. Y/8 VALUES AT ·vAFUOUS V~Rfl AL POINTS FOR A FIXE~ X/A . ·---··- ·-· --- .. 
;1~ : ~~o= :~8?::¥~:88 :t;,zJZI:S :sZl;!J(:88 ,·~:~y~:~:gg :~::z~l~:gg ::~;l;tl!8~ 
;: 4 : __ A_ A~-_ QF THE Vf;ATICAI. SECTION t N ~M••zl I , 38 &00~+04 . ·----···- -·-· 
91~ • AVE~A;E WIDTH AT X • ,ZOOE•OO THE LEN~TH OF A• EQUALS 1 4448E+OO 91 • . . 
91 • WIDrHS ARE CAkCULATED AT XIA• l~OOOOE+OO AND Y/8~ 994987E+00 -----·····- ····· 9t9 •· ·····yp lRE. Y/8 !A UE9 AT VARIOUS VERfl AL POINTS FOR A FIXE~ X/A ---··- ·· · · 
920 • YP• .000 0 E+OO ,198997E+t0 , q7995Et00 ,59b992E+00 ,795990E+OO 994987E+OO 
921 • WID: .722 98E+OO ,&9l829E+ 0 Ab00b72E+00 1 ~5b&99E+00 ,2715J3E+OO :&71&91E•04 
922 • ARE' OF THE VERTICAL SECTIO~ IN ~M••2)1 ,40~58&E+04 

~~:: AVERAGE WIDTH AT X • ,IOOE+OO .THE LEN;TH OF·A, EQUA~S ,4573E+OO . - .. 

:~~ : WIDTHS ARE C~LCULATED AT XIA• • lQ9012E•07 AND YIB• 100000£+01 -------· ·-··· ·--~~r: ----~~.-RE ! ~8oXa~~~~o ., .• ~8118~~.X5Rt. ia~o:gi~IB F~:oao~&~~~o x ':aoooooE•.oo-- -: lOo~o-oE~o-~----·· 
9l9 • WIDa .730142E+OO ,&98S77E+OO •&0&271~+00 •4605.&£+00 ,27J355E+OO ,SI12&2E•Oe 
930 • AREA OF THE VERTICAL SECTION liN ~M••2)1 •• luJ1lE+04 

______ .IU ~ ___ A_:~::::E w! ~~~ H A~, • F: Ac r:;! •:E •0: 11~:: .~:_N_s_T_H ~:~~--EQUAL~ ~-:~•1s~~~o _·_·· _---______ - ____ . 
93& • AVERAGE OF wiDTH CUBE a 9qJlE•O! 
937 • I~PUT& LE4KCCCGSl 1 SP(CGS)6ftONV la FOR AUTOMATIC CONVERGENCE OF TIME) 
938 • A~D TIMP (I EfPER~ENTAGE F ~ fi~E i NVERGENCE) 
939 • ·LEAKC • fa OOOE•02 $P: 00000 E+OO ICONV•: I TtMP(I)• 1,00000 
940 • ~~PUT l~tTfAL Y~L¥E OF TSLOPlJ TC£ T•TSLOPE 1 
90, • NITtAL Y~LUE OF S~OPE • TCEPT • ,SOOOu 
90 • VOLUME Of EACH SE&M NTI . --------···-·· · 94 · .--- 1111 S£+0& · !52 6£+0& · '4!3.£+06 ·-· ··· --- 1 S358!+o7·---···-··-· t 70!!!+07·---944 • • • • • • 
945 • .Z0177E~07 ,23197E+07 ,2540bf+07 ,l&923E+07 ,27&94E+OT ... ··--·-- ::t : ..... -. 
948 • l . AHZ ALEAK 8 . 
949 • .&1970£+04 ,41104£+04 ,598.8£+04 .42672£+14 
950 • . 951 -.-----AFI-:-----· AHZFT ·· ALK'T ···- . 8'T . 
952 • ,Z2300E+OJ ,1J48&E+OJ e19.4lf+OJ .14000E+IJ 
953 • 
954 • 'IME FRoM A•T EQNI ,497Z9E+t4 s~c .ezee2E+02 Ml" 
955 • T ME ,ROM V/QI .l~9f2E+I4 ,~c ,28203£+02 M N -
95& • P RCENT DIFF, IN TIME • • 93,.78 l T&LOPE • ,50000 
957 • 
958 • TIME FROM A•T EQNI , 15SaJE+IJ SEC e22538E+~J .. ~lN __ .... ___ . -------···---------------··-----



'--·~ ·~· 

9')9 • 
9&0 • 
;t~ : 

TIME FROM VIQi .52863E+03 SEC .88105E+Ol MIN 
PERCENT OIFF. I~ TINE ~ 74.41891 TSLOPE : .75000 
TIME FROM A•T EQNI .5718&E+OJ SEC 
Tl~E FROM V/QI .76549E+03 StC · 
PERCENT DIFF. I~ TIME a 25el9488 TSLOPE 

963 • 
964 • 
965 • 
96& • TIME FRO~ 4•T EQNI .t4q54E+04 S~C 
967 • TIME FRO~ V/QI .10557£+04 S~C 
968 • PERCENT DIFF. I~ TIME ~ •41.65134 TSLOPE 
969 • ''I • TIME FROM A•T EQNa 90l&5E+83 sEc 97 .--y M[ .. FROM V/QI •a&519E+ l StC 
97 • PERCENT DIFF. IN TIME·~ •1.85971 TSLOPE 
973 • 
9
9

7
7
5
4. ,

1
ME FROM ,.,_£QN. .71389E.

8
3 

1
!c • -y ME FROM V/QI .IZOJOE+ 3 Ec 

976 • P RCENT DIFF. I~ TI~E • lZe 7Z l T&LOPE 
977 • 
997

7
! • 'IME FRoM ,., EQNa .8oloa~+OJ sEc 
~ • T ME FROM V/QI 85 14 +Ol SEC 

980 • P RCENT DIFFe JN TINE·~ e90425 TSLOPE 
~~~ : 
98] • 
984 • 
985 • 
986 • 
987 • 
988 • 
989 • 

'IME FROM A•T EQNa .&49551+83 stc ,t4l59~+0l MIN 
T ME FROM V/QI 86790 + 3 SfC e14 65E•Ol MIN 
P RCE~T DIFF. I~ TI~E·• el1404 TSLOPE • .59166 

T ME FROJo4 V/QI . •aJ6 Si+Ol fC , ... :146 I+ M N--·· 'IME FRoM ,.,.EQN' ''5lJE•ol fie ••sz5t•iJ MIN 
PERCENT OIFF. IN TI~E·• elSO I TSLOPl a • 9 0 

~90 • 
9;1 : ~a~~M~~e~c8~~~~~~tJo,a1•oa :::: 131~8tc~~~1: ·~~~~1E!81 

LtAK VOL(CGS)I 
TOTVOL.CBAL)I 995 • ···-· ....... --·· ··- . . .. I . .. ·- . ····-·--·-·- .... -·-·--·----· .. ··------·-·------··---------· 

996 • Qar. 40 0 
;;1 : ~~u· ~~o:g 

·------ ----····-··· 

1
9lx
8
x : 1:: ~~~·s 1 • PO•P•81 •ss.2 iii! ~ ~~m~N:~~~~~umsm:hsmm:sr -- - -- ------·--········-·-·----------------------··-·-----

~ s·t : •HI T ~ J8 =~=~~ :IJ~ ~~= ~~b~M~,k~~ORE HGT • .. ··-··----·-·-· 

I .ft.: .... ___ 1~_!-~-~uu ... ··- -···-- . ____ ··--·------------

----············ 
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1&130 JUL tb ie7 FRACTURE.INOqQelO 
l .• INPUTINFRAC•NO~ OF FRACTURE DIVISION ALONGPAY ZONE WING 
2 NQ•NO. Or FRACTURING FLUIDS 

. 3 -
4 • 
5 • 
b • ., . 
8 • 
9 • 

lO • 

~~ : 
'" . 15 • tNPUTi ¥ACCURACY DESIRED IN ITERATION OF Kt 
lb • ALLOWA"CE FOR l,OOI ERROR 
17 • NUMWID a 5 
18 • WELHTICI 

100,0 

s• .- c·c ·· •o.oo 
20 • INPUT t If YOU ~ANT VISCOSITY 1 LAMOA,CIRCULAR fRACTURE RADIUS AND AVG,PAE88UAES, 
21 • IFLAG a 0 
22 • INPUT HALf HE,GHT AT WELL 80RE,B(fTl 
~: : INP3T~t FOR

1JrAI0
tALCNe IN ~IOA~GJ 0 fOR NO TIME CALC, 

25 • IT• 1 2b • 
27 • 
28 • 
~~ : 
~~ : 
33 • 
34 • . --35 ··-···· 
36 • 

···- --- ·- ---· -----·-----------·------- ··--·---------- ---·---------· .. -·-

~' : INPUT 0 ~ TO CA\CU~AT~ WIDTH 
~~ : ~ ~- ,8 ITa= N ~ TERN, TO CALCULATE Kll I Kl2 
41 • ICALC ~ 0 

------ ·- - :, : -WIDTHS &RE-CALCULATED AT XIA• fOOOOOOE+OO AND YIB• ·· J.t00000E+01 ------- ----
44 • yP ARE Y/8 VA~UES AT VARIOUS VER ICAL POINTS FOR A FIXEu XIA 
:~ : ~~o. :~~g9g,~:88 :~~~~l0 9f:~g t:gyiggf:88 ,·tgtoggy~:gg :~~?~S~~:gg :1~~~~~~:g~ 
:': ~~~0T0~~T~~ ~~~~~f:~ESA5l ~~El~~DT=•;,)1Ract~2E 8' E+OQ - - ---- ---·-
49 • ll TO CONTINUE WITH PROGRAM 
~y :-- WIDTHS··&RE-·t:ALCULATED AT X/Aa f'IOOOOOE+OO AND Yl8• .4J58ftOE.OO ···--------
52 • YP ARE Y/8 VALUES AT VARJOgS YER ICAL PO~NTS FOR A FIXED ~lA 
53 • vP~ .looogoE•yo ,878 t 8 E•ot .t7o35b •og .2b15J4E•oo ,J4&7t2E+oo ,o35&90E+oo 
54 • WID~ · • 941 ~E+ 0 ,1 880 E+OO at72750 +0 l45tbqE+00 el0i975E+OO .406377E•04 
55 • AREA- OF·- ·ti£ VERT CAl. SECTION (IN '-'M••2) 1 .s2§&o9E+03 · -----------· --- · --
5b • 
57 • AVERA;E WIDTH AT ·x • .900E+00 TH£ LENGTH OF l• EQUALS 
~8 • 

el340E+OO 



WIDTHS ARE CALCULATED Ar X/A: f8lOOOOOE+OO AND YIB= a&OOOOOE+OO 
YP ARE Y/8 VALUES AT VARIOUS VE~ CAL POINTS FOR A FIXEu X/A 
yp~ .OOOOOOE+OO ,t20000Et00 e240000Et00 .3&0000[+00 ,480000E+OO 
WID: .J02250E+OO ,2E92553E+OO s2b3583Et00 •2t~4lbE+00 .t46171E+OO 
AREA OF THE VERTICAL S CTION (IN ~M*t2)1 ,t0~4&bE+OQ 

,800EtOO THE LENGTH OF A, EQUALS ,l033E+OO 

,&OOOOOE+OO 
,437033E•04 

WIDrHS ARE CALCULATED AT X/A: f7
1
00000E+OO AND Y/8: .T14t43E+OO 

yp ARE YIB VALUES AT VARIOUS VER CAL POINTS FOR A FI~EO X/A 
YP• ,OOOOOOE+OO ,t42829E+OO t285&57Et00 ,42846&E+00 ,57,314E+OO ,7l414lE+OO 
WID• .396575£+00 ,382508E+OO IJ40815E+00 f27277iE+00 ,17 &27E+OO_ .!~!~~J~~~04 
A~!A~OF ·THE VERTICAL SECTION tiN ~M*t2)1 .t& 5&8!+04 · 

AVEAA;E WIDTH AT X : ,700Et00 THE LENGTH OF A, EQUALS ,26l9E+OO 

WIDTHS ARE CALCU~ATED AT XIA• fbiOOOOOE+OO ANO YIB= 1 800000£+00 
YP ARE Y/8 ~ALUE AT VA~JOUS VEA CAL POINTS FOR A FIXEu X/A 
~~o. :S38~83~!o8 :AEt~932t!88 ;:~ggofg~:S8 ;~~yggg~:gg :~3g2ffl!88 
AREA oF--THE VERTICAl.. S CTIO~ (IN ~.tM•t2 I e22.s396E+04 · -

,eoooooE•oo 
.~~_l5tt.E•04. 



.l5iOi!E+07 

----···--· ----

------·-------·· ·-·-· ······ 



l79 • 
:l80 • 

11~ : 
183 • 
18'1 • 
185 • 
18b • 
187 • 

TIME FROM A•T EQNI .8QQS5E+Ol StEC .14159f•02 MIN 
TIME FROM V/QI .86S55E+OJ S C .144~6f•02 MIN 
PERCE~T DIFF. IN TIME a 1e8483J TSLOPE • .S976b 
TIME FROM l•T.EQNI .87513E+03 SEC .t458~E+02 ~IN 
TIME FROM V/QI .874 OE+03 StC e145&8E+02 ~IN 
PERCE~T OIFF. IN TI~E : •.11768 TSLOPE * .59570 

188 • VOLUME OF ONE WINGI 
189 • FRAC ~!L(CGS)C .16954~+~8 
190 • T8TVOL CGI)I .46153 + 8 
191 • -T" TVQ&.;: QAL) a······ .12 94 + 5 
192 • 

LEAK VOL(CGS)I 
TLJTVOL~BALP , 

191 • Qa 40 1 0 t:z : ·· ··-·--------- · · ~=u· ~~~: 1° · ·· 
197 • Ac. ~Zl. 

4 
f 

J91 • PO=P•Sl -. -... ~gy : ~~=V~~-~:~~N~l~~-3i:~&Y~l8. og-··8~-oo·;~oo···· . -···- -----
28~ : . KPRI~ • 9 1099999990~ 0 OOOE•Ol 
lo4 • •HlT 1 ro REAU~ wiTH NEW HAL' ~ELLB1oAE HGT. 
~05 • l TO RERU~ ~ TH NE~ PARAMETER ·· ··-·28t--:--- -2l J:O. Q_UIT .. .. .. .... . . . . - -·· .. - -·- ··----···-·--- .......................... ·-· ... -----·-··--------··-·---------
l08 • INPUT I IF YOU WANT OE8U&, 0 FOI NO OE8U& 
209 • IBU5• 0 
219 • tNPUTI t~RITE,KCA,KC8(80TH CG8)~6HZCPAYZONE WI~TH IN FT)L QCBPM) ,RMU(CP) 

I
~~~: ~~=~iiE•you~G~iA4~gaCEG l'l~~·l'sAI .~~~~;g•R~tcEG. sf2l,O o• .. . ·4o,DMu•·-· ..... 100,0 ... 

______ ~~. =----~N~~!i~i.~---=-~~~r&l:: -~-<r!Js t•o6 Jo:,o ~s_o_N _____ R~~~-o--~-~--·------~~-~--------- _____________ _ ,, . 
~~' : tNPUTl IACCUR&CY DESIRED IN ITERATION OF KI 

· 21' • ALLOWANCE FOR l 001 ERROR · · 
220 • NUM~ID • 5 ' 

1
2~~ • WELHTICI • c •. 90.00 

---·. ·· · · ···--tNPUT I -r,--you-- lfA~T-- VtSCOSt TY, LI.MDA, CIRCULAR· 'RlCTUR[-·RaDIUS ... ANO· ·avG,PRESSUR!s-, 
• I,LlG • 0 
• t~PUT HALF HEIGHT AT WELL IORE,!(FT) !6 • a a 155.00 

~1 • . INPUT 1 FOR TIME CALCNe lN •IDA~GI 0 FOR NO TIME ClLC. 
228 • tT• I 

~~X : ··-··-·-- . 21~ : 
2!3 • 

114 • 
!5 •. 
36 • 

l!7 • 
l38 • 

PO • 557617E.8l .. PAO· a··· •t4148TE+ Z 'Ia.. ..r39t58E·o~ 
K •• ·lloooo • ' K 2• • 0 84 + 9 

---· ·---- KC&• .uoAoJI• ' 
KCB: .11008 +0' 
OIFFt• • 
OIFF2• ,_OOi 

----------------·-·· ·-· 

. - -· ······-----·--·--- ............... -

---··--



INPUT 0 I TO CALCULATE WJDTH 
1 : TO START NEN TiRN. TU CALCULATE Kl1 l Ktz· 
2 t TO STOP 

ICALC : 0 



.>qq • 
Joo • 
l8~ : 
303 • 
304 • 
lOS • 
30& • 
307 • 
308 • 
309 • 
310 • 

~~~ : 
313 • 
314 • 
315 • 

AVERAGE WIDTH AT ~ : .~OOEtOO T~E LENGTH OF 1, E~UALS .4575E+OO 
WlDT~S ~RE CA.CULATED AT X/A~ fJOOOOOE+OO A~D Y/8~ ~953939E+OO 
yp A~E Y/8 VA; UE9 AT VARIOUS VER lCAL POINTS FOR A FirEo X/A 
YP~ .000005E+OO .t90788E+OO e3dt57~!+00 .S?l3&4E+00 .7&315tE+On .953939E+OO 
WID: .778271E+OO ,744330E+OO t6451l9Et00 488712E+00 ,2884iOE+OO 1 73&438£•04 
AREA OF THE VERTICAL SECTION (IN ~M*•2)1 ,4&6730£+04 
AVERAGE WIDTH AT X ; ,JOOE+OO THE LENGTH OF At EQUALS ,4908£+00 

~J~I=I- 0,~ e:t5~~~ Ii0 v:~~a~~= VEAf ~~~J00~512¥sA~g~ '{8F lx£6 ·~,x·~E+OO ·-----· . .. . 
YPa ,OOOOOIE+OO ,t95959E+OO ,39 918Et00 ,~87878E•OO ,783837£+00 ,97979~E+OO 
WID• .8l9567E+OO ,7E83it3E+OO ~~7 Z~&E+OO & 10557E+00 ,298278E+OO ,J04152E•04 
AREA_ Of __ THE VERTICAL S CT ON UN ~M••i) I ,49 f~E+OG ·-----····· ---· 

31& • A~ERA&E ~10TH AT X a elOOE+OO THE LENGTH OF Ar EQUALI 1 5148E+OO 
317 • . 
~~=:- ~~DI~I-0'~ 5:~5~~'I~0v:~~aGA•vr~tlg~~oJgl2faA~8R'~8~rxr~':':87E•oo .. --
3~o • YP• .OOOOODE+OO ,198997E+OO e391995Et00 ,Ste992E+00 1 ?95990!+00 1 994981£+00 
321 • WID: .84457&E+OO ,eO&,JJE+OO •'9'&99E+00 f52l712E+00 ,30414&£+00 1 J08670E•04 
322 • AREA 0' THE VERTICAL SEC ION (JN ~Mtti)l ,51 7?8E+04 
11: : A~EA&&E WIDTH AT X a 1 100E+00 THE LENGTH OF a,. EQUAL$ . ,5293£+00 
~~z : WIDT~S ARE CALCULATED AT X/Aa •fl49012E•OY AND Yll•· J100000E+01 
!27· • YP ARE VII VALUES AT VARIOUS VER lCAL 'OINTS 'OR A fJX!u X/A · · ···--·- ·· 
128 • yp: .OOOOOOE+OO ,200000E+OO e400000Et00 .&ODOOOE+OO 1 800000E+OO 1 l00000E+Ol 
!~3: ~~~i o,·t~~·a~&rYgAL•Il~lf8~•yyN e~~~5YfE•o~s2~~~=l~i~•oo • 30 ' 094E•oo ,&t248SE•04 
~~A: AVERA&E WIDTH AT X a • 1 149E•O? THE LENGTH OF A• EQUALS 1 S342i+OO ···-····-· 

------------~~~-=---···AVEA_AGE_ ,.l_DTH OF FIUCTURE_ c. ,4004E+OO ·-· ........ ________ ·-·--··. _ -----------··-·--------· __________ _ 

~~t: ~~~~~:GfE~~c1~~i~c~~~~GS)bf~g~~Et~A FOR AUTOMATIC CONVERGENCE OF TIME) · · J~= :. t~~K~I=P (llflf:lo!!~lAIJc' AA~~:~o~E~~~R~~~~&~. l TlMP(I)a 1 1 00000 · --·· · ··-

1
40 • INPur INIT A~ VALUE OF TSLOP~' l~f'T•T8LOPE 1 41 • NITIAL ~lkU! OF TS~OPE I TCEPT I ,5000v ... --·-··- . --· !! -:---~~~~~E~o• A H- :~i~;~~!o, ·. t6i99E+Ol -· · .zJea1E+e? · ·· -- --.i93?9E+O?-· ·- --------------- ----· ·---

305 • ,JS097E+07 1 39947E+OJ ,oJJtS£+0? ,4&353E+07 ,47~80£+07 

l:t : 
308 • 
319 • 
3~0 • 

. ··J~~ : 
3-;3 • 
354 • 
355 • 

l . AHZ ALEAK 
,9144DE+04 ,&35t8E+04 ,82f17E+OO 
· AP f· -;-·· ·-·· · AHZF T · ALtC' T 
,30000£+0! 1 Z0839E+OJ ,i7l6lE+03 

TJME 'R8M A•T EQNI .908~0E+~4 S~C 
~f~!E~' ~~~~~ 1 IN TI~E·: 1 .f~5:o1z9lCTSLOPE J~~ :_ 

Jse TIME fROM A•T EQNI ,iOOB3E+03 SEC 

... a,, . .. -·----·····-·---·-··-·-------- -------------

.L5500E+03 

.tsoooi•8:5 MIN ,51?iZ + 2 Nl~ •: • oooo 



359 • 
3&0 • 

I t~ : 
TlME FROM V/QI .90287E+03 S~C 
PERCfNT OIFF, I~ TI~E : 77,75&&3 TSLOPE 

TIME FROM A•T EQNI .91917E+g3 SIC 
T ME FROM VIQI .lJ32tE• 4 s~c 
PERCENT OIFF. I~ TI~E : 30,99b79 TSLOPE 

e15048E+Oi! MIN 
• .15000 

.15319£+02 MIN 
e22201E+02 N N 

a ,62500 
63 • 
&4 • 

3&5 • 
366 • TIME FROM A•T EQNI .253J8E+04 s~Ec ... e42230E+O~ MIN 
367 • T ME 'ROM VIQI l8T52E+04 S C 1 31~5!E+O M N 
368 • PERCENT DIFF, IN TI~E'• •]5,12411 TSLOPE • ,562 0 
369 • . 
370 • TlME fROM A•T.EQNa ·14859£+04 sEE·c 
371 • ···T M~~ROM VIQI • 554]£+04 8 C 
372 • P RCENT OIFF, IN TI~E • 4 1 39976 TSlOPE n:: 
375 • 
376 • 
377 • 

TINE FA8M l•T EQNI ·lq2&4E+04 S~C 
T ME FA M /QI · • 6994 •04 EC 
PERCENT DI~F. IN TIME • •1~.357-0 TSLOPE 

378 • TIME FROM A•T EQNI ·1&890£+14 sEEc e28149l+02 MIN - -· ··· · 379 • TIME FROM VlrU b2J5E+ 4 8 C .27058 +02 M N 
380 • PERCENT OIFF, IN TIME'a •4 1 J451 TSLOPE • , 85'4 
)I~ : TIME FROM A•T EQNI .as8J5f+J4 sEc .l&392~.o~ MIN 
383 • TIME FROM VIQI l5811!+ 4 SEC ,264.8 +0 MIN 
384 • PERCENT OIFF. IN Tl~E·a 1 874l T&LOPE • , 89 4 
385 • J:• :. 
388 • 
389 • 
390 • 
J:~ : 
~:: : 

VOLUME 0' ONE.WINGI 
FAAC VOL(CGSll ,29415E+ge 
TOTVOLCCGSJI 83851E+ 8 
TOTVOL(GAL)I :22l53E+05 

Qa, 
R~ua. 

--· --·---395 ·-···- .. ·---···· 
Ha. 
B1r 
A a. l:t : POaP•S1 

LEAK VOL(CGS)I 
TOTVOL(BRL)I 

J:• : 
:89 : 
40~ • 

tNPUT NPRIME KPRI~E(BUi 
NPRIME = .la20000010 8880008E+go1 KPAIME a .1099999990 000 E• 

403 • · •HI T· 1 
1104 • 2 
405 • 3 

TO RERUN ~ITH NEW HALF WELL8QNf HGT. '8 RER¥N NITH NE~ PARAMETERS 
T QUI 

406 • 2 
407 • t~PUT 1 IF YOU ~ANT DEBUG, 0 FO~ NO OtBUG 
4608 • IBUG• 0 
-09 • INPUTI IWRITE,KC&,KC8(80TH CGS)~ HZ(PAYZONE Wl~TH IN FT)i Q(BPM) 
:tf: tA=~4JE•you~G~§A4~5~(EGf r!~~~·~P:tl 1 • 1 ~~~$31

9 R~ftEG,· ,tf2 
'
0 

Qa 
412 • YOUNGWS.MOOULUS a f 50t+06 OI~SON SA TIO' ,20 
413 • tNPUTI S2•SI(PSI), L(F l 
4t4 • S2•8la too.o L= 340.o 
415 • 
1116 • 
417 • 
418 -

tNPUTI iACCURACY DESIRED IN ITERAfiON OF Kt 
lLLOW4NCE FOA 1,00% ERAQR 

,R~U(CP) 

. ---~!»!.~~'}-~_ too,o 



t&t9 • 
420 • 
421 • 
422 • 
423 • 
424 • 
425 • 
42b • 
427 • 
428 • 
429 • 
430 • 
4!1 • 
432 • 
4!3 • 
434 • 

NUI-4~10 ;; 5 
WELMT:Ca 

c :; 90.00 
INPUT t IF YOU ~A~T 

IFLAG a 0 
I~PUT HALF HEIGMT AT WELL BORE,8(FT) 

8 = 1&'5.00 

I ~PuT l FOR TIME CALCNe IN N~DAV&J 0 FOR NO TIME CALC, 
'~ l 

PO = .~0058hE+OZ 
PAO • l32493E+02 ·------ ---· P08m. •.I91749E+02 

IIJS • . ·-··- -···· 
~11:· :l,8°&1i!8; 
KCAa. ,1 o8o ;•09 KCBa. ,1 000 +09 
OJ,Fta ,O :~~ : 

4!8 • 
419 • 
440 • 
4111 • 
411i! • 
4113 • 
4114 • 
4115 • 
406 • 

.. 4111" • 

DIFFa• ,O 

INPUT 0 i TO CALCULATE ~~DT~ 
1 I TO STAAT NEN TERN. TO CALCULATE Kll I KJi 
l I TO STOP 

lCALC ~- 0 
WIDTHS AAE CALtULATEO AT X/Aa fOOOOOOE+OO AND Ylla ~lGOOOOE+Ot 
YP ARE YIB ~ALUES AT VAR~OUS YEA lCAL PO~NTS 'OR A FIXEu •/A YP•· · · ,000 00!+00 · ,200 OOE•OO ,QOOOOO +00 · ,600000Eto00 · ·,eOOOOOE+OO ····, t OOOOOE+O~---···· ·· 
WIJa .978 68E+OO ,9~3 &lE•OO ~80tb24 +00 a5.~489E+00 ,J31181E+OO ,692J58E•O 
AR A OF.T~E VERTICALS CTION (IN M••i)l f63~l5~E+OQ 
I~ UT 01 TO CALCULATE VEAAGE WID H OF FAAC UAE 

11 TO CONTlNU~· WIT~ PROGRAM 

448 • 
449 • 
450 • 
451 • 
45i! • 
453 • WIDTHS ARE CALCULATED AT XIA• f9IOOOOOE+OO AND Y/8~ a4!5890E+OO 
454 • YP ARE Y/8 VALUES AT VARJOUS VER tAL POINTS FOR A FlXEu X/A 

·- ------ ·----- 4'15 • -- YP• -. OOOOOOE+OO·- ,811 80E•Ot · elY 4356E tOO··- , 2615 14£+00 --.illl87l2E+OO--,-q !5890!+0o--
456 • WID= .24613i!Et00 ,239~13E+OO J2182i!i!Et00 1 18 aq&E+OO ,&27323£+00 ,492782E•04 
457 • AREA 0' THE VERTICAL SECTION (IN ~M••Z)I ,18u71 E+OJ 
=~-: AV!R~GE WIDTH AT X • ,900E+00 THE LENGTH 0' A• tOUAiLI ,l690!+0o-· -- -----------------··· 
460 • 

:t1 : ~JD~~~ ~'~ 5:~c~~~AitD~:~,~G~~~~Atfi0 ~f 0 Bg~·2¥~A~gRv's~IxEi6~':oo£+oo 
---·--- · 463 .----vP•· - --.oooooo •go· • io OGE+ • ooooo +O .s•JOOOE+ o · ,4aoooor•go--·-,&ooooor•oo---------

464 • WlDa .191611 • 0 • 78 64E+ I 18284 +0 ai' 7b6E+ 0 ,l809J6E• 0 ,!205801•04 
465 • AREA OF THE VERTICAL SEC ION ( N ~M••2)1 ,16 17 £+04 
466 • 

.. .. ··-. ·· 467 • AVEA.IIGE WIDTH AT X • ,800£+00 THE LENGTH 0' Ar . E~Ul\.8 ,Z603E+oo- -· · -- ·· · ---- - -
468 • . 
469 • WIDTHS ARE CALCULATED AT XIA• fT~OOOOE+OO AND YIB• afl4143E+OO 

-· ------ -·· :J? : ·- ~=-~~!_-~·,8o~AB~~8o A f. r:~~~~~+ ~~R !2:~f»;9l~:1. F~t!:..,:l~~So XI, 57131 GE+oo-,f,41t!E+OO _________ . ----
472 • WID• .~zOJO&E+OO ,S00887E+50 144i444E+O~ l348i36E+OO ,2ZlJl9E+OO ,1 82S8E•04 
473 • AREA 0' THE VERTICAL SECTION ((~ ~M••Z)I .25 154£+04 
474 • 
475 • 
476 • 
477 • 
418 • 

··· AVERl&l-· WIDTH AT X a , TOOE·tOO THE LENGTH OF A, · EQUALS • !38ffE+OO·------- ·· ·· ···· · · · 

WIDTMS ARE CALCULATED AT XIA• fbiOOOOOE+OO AND Yll= aiOOOOOE+OO 
YP AA'E Y/8 VALUES AT VARIOUS ;~ER CAL POINTS FOR " f~XEll X/A .. _ --·------ _________ ----··· . 



479 • YP~ .OOOOOOEtOO .t&OOOOE+OO ,J20000E+00 .480000E+OO ,&40000E+OO ,8000nOE+OO 
480 • WID: .&3&3t2E+OO ~&l0384E+OO JS34281E+00 1 41299bEt00 .253715E+OO ,&4&832E•04 
481 • AREA OF T~E VERTICAL SECTION (I~ ~M••2)1 ,34~720E+04 
482 • 
483 • AVERAGE WIDTH AT X a ,600E+00 THE LENGTH OF Ar EQUALS ,4080!+00 
484 • 
485 • WIDTHS ARE CALCULATED AT X/A• fSOOOOOE+OO A~O YIB: 1 8&b025E+OO 
48& • YP ARE Y/8 VA~UES AT VA~~OUS 8ER lCAL POINT~ FOR A FIXEu X/A 
487 • ypa .00000 E+OO .173 OSE+ 0 el4&4l0E+O ,519&15E+OO ,&92820E+OO ,8&&025E+OO 
488 • WlO: .73738 E+OO ,7EOS 99E+ 0 e&t3775E+O ,4&805tE+00 ,279957!+00 ,724225E•04 
489 • AREA OF THE VERTICAL S CTJON (IN M••2)1 ,42q4&3E+04 
490 • 
491 • AVERAGE.WIDTH AT X~ ,SOOE+OO THE LENGTH OF Ar EQUALS ,4&15E+OO --·----- ----· 
492 • 
493 • WIDTHS ARE CALCULATED AT X/A~ f400000E+OO AND YIB~ 1 91b515E+OO 
494 • YP ARE Y/8 VALUES AT VARIOUS VER ICAL POINTS FO~ A FIXEu X/A 
495 • yp: - .OOOOODE+OO ,t83303E+OO ,]&&&O&E+OO ,549909£+00 ,733i12E+OO ~9l&5t5E+OO 
496 • WIDa .&22409E+OO ,78bl39E+OO 1&80209E+00 ,st5495E+00 ,J008~9E+OO ,b9&203E•04 
497 • AREA OF THE VERTICAL SECTION (IN ~M*t~)l ,49 325£+04 
498 • 
499 • . AVERAGE WIDTH AT X : ,400£+00 . THE LENGTH OF Ar EQUALS ,5112E+OO 
500 • 

1
0
0

1 •. WIDTHS ARE CAtCULATED AT l/A• fi500000E+OO AN8 Yll~ a95l9J9E+OO 
2 YP ARE Y/B VA UES AT VA~IOUS VER CAL PO~NTS F R A FIX[u X/A 

0! •. yp: 00030 E+go .t90788E+OO ,38157& •ss 5TZ3b4E+go 7&3t5tE•gg ,9!3939E+go. 
o~ WID: :890 24E+ 0 ,849880E+OO J732798 + ;549l~ZEt 0 :11~8? !+ ,162847E• 4 

~OS • AREA OF THE VERTICAL SECTIO~ (IN ~M*tl)l ,!5~Jt8E+04 

s8t : AVERAGE WIDTH AT X •· ,300!+00 THE LENGTH OF A•. EQUALS- . ,5565E+OO 
~g= : WIDTHS ARE CALCULATED AT X/A• flOOOOOE+OO AND YIB• a97979&E+OO 

i
to • yp ARE Y/8 ~ALUES AT vAR,OUS VER ICAL POINTS FO~ A FtxEu X/A 

- .. - .-

··----·-

1
t~

1
! • YP: 000 OOE+OO 195 59E+~O , J9t 9U!+00 I 787 E+og 7838!7!+00 , 9?9796!+00 • WIDe :939 16E+OO !&96129E+ 0 17708~0£+00 ; T48J E+O :Ja8ti1E+OO ,711504£•04 

• AREA OF THE VERTICAL SECTION IN ~M*tZ)I ,59~lt7E+ 4 
• ··-- AVERAGE .. WIDTH .. AT· x··a- . ,200£+00 .. THE LENGTH ·oF··A,. -·!QUAL&·-- e5849!+00 --·--------·-·---··- ·--

516 • 
517 • WIDTHS ARE CA~CULATED AT l/Aa flOOOOOE+OO AND Yll~ 1 994987E+OO 
518 • YP ARE Y/8 VA~UES AT VA~IOUS 8ER ICAL POINTS FOR A FlxEo X/A 
5t9 • YP• .00000 E+OO ,198997E+ 8 ,J97995E+go ,59~992E+00 .795990£+00 1 9!4911!+00 
520 • WID: .9&889 E+OO ,9,4167E+ 179J90IE+ 0 &590314E+OO ,]J49l7£+00 ,7Jl601E•04 
~~~ : AAEA OF THE VERTICAL s~CTJON (IN ~M•t2)1 ,&2 06lE+04 
S~J • AVERAGE WIDTH AT· X a· ,100!+00 THE LENGTH OF Ar- EQUALS ·- ,6020£+00 ·-·- ---··----·-----·--·· 

I~~ : WIDTHS ARE CALCU~ATED AT X/A• •f1490t2E•07 AND YIB• al00000E+01 
~~ • YP AR~ Y18 VALUE AT vARIOUS VER leAL PO~NTS FOR A FIXEu X/A 
~1 • yp: .OOOOOOE+ 0 2~0 OOE+OO ,oooooo +00 . ,&O~OOOE+OO ,eOOOOOE+OO ,toogoOE+Ot 

528 • WIDa .9788~8E• 0 !9 3 ~lE+OO e801&Z4 +00 1 59 489E+00 ,JJ718lE+OO ,,J2 !JE•04 
5~9 • AREA QF THE VERTICAL S CTION (IN M••i)l ,&3,15 E+04 
~~1 : AVERAGE"". UIIIDTH AT X • •,l49E•OT THE LENGTH 0' A• EQUALS ,,071£+00 ____ ----· ·· · · -· · 

533 • AVERAGE WIDTH OF FRACTURE c .4512£+00 
534 • 
~~~ : ~~~5~~GtE~:c1~3'~ic~p~C,s) 6 f~A2~Et~~ FOR AUTONATIC CONVERGENCE OF TlMl) 
537 • A~D TIMP (lfEfPER ENTAGE , R TI~E CONVERGENCE) 
538 • LEAKC ~ , I 000 •Ol SPa ,OOOOOOE+OO ICONV• l TIMP(I)• 1 1 000~0 



INPUT INITIAL VALUE OF fSLOPE; TCtPT•TSLOPE 1 
t~ITIAL VALUE OF TSLOPE : TCEPf = ,50Q0ij 
VlLU~E OF EACH SEGMENT: 
.~0457Et0b ,lZ5&qEt07 .21744E+07 

• sq8UE+07 

,30q59E+O? 

VOLU~E OF ONE.WINGI 
FAAC VO~·(CGS)I •3qqq~E+88 
TJTVOL( GS)I .lt32Zf+ 9 

LEAK VOL(CGS): 
TOTVOL(BfiL)I 

.!3Zl3!+08 

.rl41&E+0] 
TOTVOL( AL)I .zq9t2Et05 

1): 4 0 0 
R~U; t&O.~ 
H: 2Z3 G 
B ;i. 1 fJ 5 : Ci 

,J975i!f+07 

,b535lE+07 



599 • •=· 340.0 
bOO • POaP•Sl 60.1 

t&l : ~~=¥~EN:AIM~l~~~~ci~AY~A0 oonooooE+oo 604 • KPRIME 5 .1099999990 OOOOOOOE•Ol 
605 • 
606 • •HIT 1 TO RERUN ~tTH NEW HALF ~ELL~ORE HGT. 
601 • 2 TO RERUN WITH NEW PARAMETERS 
608 • 3 TO QUIT 
609 • 2 
btO • INPUT 1 IF YOU ~ANT DEBUG, 0 FOA NO DEBUG 

............ ·- tl~ :·-INJ3¥f·-~=RITE,KCA,KCB(8QTH CGS)6 HZ(PAYZONl LIIIDTH IN FT)t Q(BPM) ,RMU(C·P-,--------·· -· 

til : 1A~~~I~aYO AG~~AM~g~CEG 1 1 ~~~·P~ l ' 1 ~~Eas9A~J(EG, .1f2'• 0 Qa QO,OMU• 100 •0 
&t5 • · .... vom~'·s MHouLus • fsot•ot. PAiisoN~~ Alua • · · ... · · .20 · ----··---... 
6Sb • tNPUTI S2•81(PSI), L(Ff 
617 • 82•81•- 100,0 La 378,0. 
bt8• -- ···-··· .... m r l~m~~~~~~U~~5V OES!Rf~o~~ umT!ON DF Kl -· ---- - -- --------------.. --------------.................... - .. 
623 • WELHTIC1 · · .. . ... .. . ...... .. 
624 • c • 90.00 
625 • INPUT 1 IF YOU ~ANT VISCOSITY,LAMDA,CIACULAR FRACTUR! RADIUS AND AVG,~RE88URES, tl! :-- tNJ~~:~ALF · ~j 'Gg~--A T-- WELL- BORE, 8 ('T) - · ---- ----- ---.. ·------·--- ---------- .................. ______ .. _______ ... _______ __ 

629 • INPUT 1 FOR TtA£ CALCNe IN ~lDA~GI 0 FOR NO TIME CALC. 
tJO • IT• 1 
6~~ :- PO • .5J910ZE+Ol . 
613 • PAO • l47340E+02 

------··---ll~--·=-----·------~il::· -~·!iti811i!8: ..................... ______ .. __ , _____________ , ________________ _ 
6J7 • KCAa. :tlogo~E•g9 6J8 • KCBa. 1 1 0 0 E+ 9 
639 • Dl'''· .o 0 . 
649 • D ,,2• eO 9 
t:~ : . t:: ·: INPUT ~ . :· T~oc:~i~~A~~-'4Wf¥l~N.- TO CALCULAT( Kll. ,---KI_Z_ ... _ ----------·---------------
~45 • ~ I TO stoP 

____ .... __ . ___ , -· 

bOb • ICALC a 0 
60'1 • 
608 • WIDTHS ARE CALCULATED AT XIA• fOOOOOOf+OO AND YIB• ~100000!+01 
609 • vP ARE YIB lA~UES AT vARggus vgR ICAg PO~NTS FOR A Flxfo XIA 
6~0 • YP• .000 0 E+go ,200 OE+O ,oo 000 +08 ,.0,000E+go .eogooOE+OO lOOOOOE•Ol 
651 • ·· WlDa· -.990 3 E+ 0 ,944 7E+O ~et &JO •O fi»O 78YE+ 0 · ,)4 Zl5E•OG--!6fl •. fff•04----.. -· 
b52 • AREA OF.THE VERTICAL SECTION (IN M••2)1 , •• 64 E+Oo 
653 • I~PUT 01 TO CALCULATE AVERAGE WID H OF fRAC UAE 
654 • II TO CONTINUE wlfH PROGRAM 
655 • 
t~9 : ~J0 I~J 
658 • yPa 

lRE CALCULATED AT XIA• f900000E+OO AND Y/8~ •435890!•00 
Y/8 VALUES AT VARIOUS VER lCAL POINTS FOR A FIXEo X/A 
• OOOOOOE tO 0 , 871780E•O l el74356E+00 ,ll:t l5 34E_+0._0 11 )41'Pl iE+OO 11 4JS.It0!+00 .. _ .. 



659 • 
660 • 

WID: .2S&b9QE+OO .zEq93blE+OO t2Z7l32E+00 fl8q580E+00 
AREA OF THE VERTICAL S CTION (IN ~M••i)l e8l 9&aE+03 

e13i982E+OO 

tU • 
~62 • AVERAGE WIDTH AT X ~ e900E+00 THE LENGTH OF A1 E'UALS .t760E+OO 
b63 • 
66q • WIDTHS ARE CALCULATED AT X/A: f~OOOOOE+OO AND VII~ .&OOOOOE+OO 
665 • yp ARE Y/8 VALUES AT VAR,OUS ~ER ICAL POINTS FOR A FIXED X/A 
666 • YP= OOOOOOE+gg t28 OOE+ 0 el40000Et88 i't000E+00 480000E+go .~OOOOOE+go 
&61 • WID~ :403890E+ :19 31E+ 0 a!49ll2E+ : A 9&8E+OO :t874f5E+ 0 .54t579E• 4 
668 • AREA or THE VERTICAL SEC ION IN ~M••2)1 el7~ 4'!+04 

tt3 : AVERA&£ WIDTH AT X • e800E+OO THE LENGTH OF A1 EQUALS e2688E+00 

~!l ~ ~~or=~ ~'l ~:tfi~~'II0 v~l,a6~·x~~til~~oa~~~¥s'~gRv{•~,~Ea'~'l41E•oo 
t~; : ~~o~ :~~~3Y3~:gg :~1ill:~:oo ;1~~=5f~~:88 ;~~':¥t~:gg :~'J11~1:gg :·JJ~~~~~:gg 
676 • AREA 0' THE VERTICAL sECTION (IN ~M*tl I eZ6~171E+OQ 
&17 • 
t~~ : AVERAGE ~lOTH AT X • e700E+00 THE LENGTH OF At EQUALS ,3478E+OO 
680 • WIDTHS ARE CALCULATED AT XIA• fbOOOOOE+OO AND YIB~ a8GOOOOE+OO t!l •. VP ARE Y/8 VALUES AT VlRtOUS VE~ ICAL POINTS FOR A FIXfu 1/A 
un2 yp: .OOOOOOE+OO .t&O OOE+OO e3iOOOOE+08 e480000E+00 &40000E+88 eAOOOOOE+OO 
&83 • WID: .&49556!+00 e&£2~ 41E+OO 154~&51£+0 1 4l~t0tE+00 :z5t&I5E+ e664151E•04 t:;: AREA OF THE VERTICALS C ION liN ~"*•i)l e3&v70lE+04 

t:t :. AVERAGE WIDTH AT X • •&OOE+OO THE LENGTH OF A• EQUALS .4_167E+_OO ____ ·- -· ··--- -·--· 
b88 • WIDTHS ARE CALCULATED lT XIA• f5nOOOOE+OO AND YJ8a 1 86&02SE+OO 
689 • YP ARE Y/8 VALUES AT VARIOUS VER ICAL POINTS FOR I FIXEu X/A 
690 • VP~ .OOOOOOE+OO .t7ll05E+OO e146410E+00 .5t9&15E+00 .&92820E+OO e86602SE+OO 
6%1 • WID: .150356£+00 e718S59Et00 16Z4716f+00 a4765b2E+00 .285250!+00 e7J916tE•04 ·· 
6~2 • AREA Of THE VERTICAL SECTION (IN ~Mttl)l e44~l&8E+04 
693 • 

---------t:~. ·=-- _AVEIUGE WIDTH AT X •· .sOOE+OO THE LENGTH OF Ar -~QUA_L~ -· .475~~~~_0 _________________ _ 
696 • WIDTHS ARE CALCULATED AT XIA• fqOOOOOE+OO AND Yl8• 1 9165t5E+OO 
&97 • YP ARE Y/8 ~ALUES AT VARIOUS VER ICAL POINTS FOR A FIXEu X/A 
698 • YP: .000 OOE+OO el!JJOJE+g~ fe 6J~&0 &,00 ~'+•0000 •• ~,·~~~903 t8 EE++OOOO .733212!+00 e9l65t5E+OO 

,

99 • wiD~ .a J4 82E+OO .7 .... E8t 56!+ ~ ~110. ~ • !05459!+00 e106788!•04 -
00 • AREA OF THE VERTICAL S CTION ( N Mtt )I .51 l + 4 
001 •• 2 AVERA&[ WIDTH AT X • e400E+OO THE LENGTH OF A• EQUALS .S251E+OO OJ •. . - - -·-- --------

704 • WIDTHS ARE CALCULATED ~T Xll• fJOOOOOE+OO AND Y/8~ 1 953939E+OO 
705 • YP ARE Y/8 VALUES AT VARIOUS VER lCAL POINTS FOR A FIXEu X/A 
Z8t : ~~o= :~ggy~~~:gg :l:Yl:J~!83 ;1:~~~-~!38 ;~~~~~~~:gg :~~~1~~~!88 :;~::~;~:gg 
Toe • AAEA OF T~E VERTICAL SECTION (IN ~M••Z)I e57~7'9lE+04 
~f~ : AVERl&E WIDTH AT X ~ e300E+00 THE LENGTH or A• EQUALS .s~JqE+OO 
Hl : WIDTHS ARE CALCULATED AT X/UI f200000f+OO AND Y/8:/1 9?4J796E+OO -·----- ----·· ... ·-··--
713 • YP ARt Y/8 VALUES AT VARIOUS VER ICAL POINTS FOR A FIXE~ X/A 
714 • yp~ .OOOOOOE+OO .19S959E+OO e391918Et00 .sa7878E+00 e783837E+go '97979&E+OO 
715 • WlDa .t50905E+OO e9CT311E+OO 1780290!+00 1 581,54E•OO .331650£+ o·-:7!3834!•00 
716 • AREA OF T~E VERTICAL sECTION (IN ~M••l)l .&l~7Zl~+OQ 
717 • 
718 • AVERAGE WIDTH AT X & .200E+00 THE LENGTH OF A, EQUALS .59ZOE+OO 

.... 
0 
0 



719 • 
720 • WIDTHS ARE CALCULATED AT X/A~ flOOOOOE+OO AND YIB= 1 994987E+OO 
721 • yp ARE YIB VALUES AT VARIOUS VER lCAL POINTS FOR A FIXEu X/A 
7 22' • yp: • 0000 0 OE +00 , t 98997E+OO , 397 995E t 88 , 59b992E+00 • 795990E+OO , 99498 7E+OO 
723 • WID: .q80442E+OO .qE35099E+OO 1A03052E+ 1 59b720E+00 ,338087E+OO ,735425E•04 
724 • AREA Of THE VERTICALS CTIO~ (I~ ~M*•2ll .&5cJ35E+04 
725 • 
72& • AVERAGE WIDTH AT X : ,tOOEtOO THE LENGTH OF A• EQUALS ,&089£+00 
727 • 
728 • WlDTHS ARE CALCULATED AT X/A& •fl490t2E•07 AND y/Ba 1 100000E+Ot 
729 • yp ARE Y/8 ~A~UES AT VARIOUS VER CAL PO~NTS FOR A FIXEo X/A . 
730 • yP• .000 0 EtOO ,200080E+go e400000 +08 ,&OOOOOE+OO .800000E+OO ,tOOOOOE+Ot 
731 • ···wto=--- ··· ~990 1 E+oo ,9444 7£• o t810&7o +O 

1
&ot1&7E+oo · ,340225E+Oo · ,&348UE•04 

732 • AAEA OF THE VERTICAL sECTION (IN ~M••2)1 ,&& &4bE+04 
J~: : A~~RA~E WIDTH AT X • •,l49E•07 THE LENGTH OF A• E~UALS 
735 • 
73& • AVERAGE ~lOTH OF FRACTURE ' ,4590E•OO 
737 • 

,&14&£+0Q ··-----··---·-·· 

738 • AVERAGE OF ~lOTH CUBE = 227&E+00. 
739 • . I~PUTI LEAKC(CGSl 1 SP(CGS) 1 fCONV (at 'DR AUTOMATIC CONVERGENCE OF TIM!). 
740 • A~D TIMP (lfEfPEA~ENTAGE FuR TI~E CONVERGENCE) 

1,00000 

743 • I~ITIAL VALU OF TSLOPE • TCEPT • ,SOOOu 
J:l : ~~~~~ iNtTIAE8 3f~5E0~,s~SLOPtf 0 ¥g~~~:¥gLA~~~v: 1 TtMPCI>= 

744 • VOLUME OF EA H SEGMENT& 

j45 • .48273Et0& .l4934E+07 ,25&25E+07 .3&297E+07 ,4,424£+07 
!b •• ~1 ,55553E+o7· ,,3309E+07 •''JS'E+07 ,755&8£+07 ,7!6,5E+07 

748 • 
749 • 

A . 
.ll!21Et05 

AHZ 
.e&•uE•o• 

B 
,51816!+04 J~Y : 

75~ • 
J~4 : __ •. nl_ ~- IE+o3 .J~~~lE+Ol . ,_J~k~tl.o_J_ . _!_t J~~~E•0_3 ________________________________________ _ 

·······- ·-··· --J~Z : TIME FROM A•T EQNI .14288E+05 SEC ,Z3814i+03 MIN 
757 • TIME FROM V/QI .5001'[+04 SEC ,833&5 +OZ MIN 
758 • PERCENT DtFF, IN TI~E : • 85,,,022 TSLOPE • , 0000 
JZ~ : TIME FROM A•T EQNI .27331E+OJ sEc .• 45552~+ol MIN 
Jtl : ~~;~E~~0~tJ~~~~~ TIME•! 399:i:S~&8~CT8LOPE •• 2333 !,;8o~MIN 
7&3 •. 
764 • 
765 • 
76& • 
Jtl : 
J~~ : 
JJ~ : 
773 • 
774 • 
775 • 
77& • 
777 • 
778 -

TIME FROM A•T EQNI .ll304E+04 SEC ,22174£+02 MIN 
TIME FROM V/QI 20792£+04 S~C .3465]£+02 MIN 
PERCENT DIFF. IN TI~E'3 3,,012&1 TSLOPE a 1 62500 
TIME FROM A•T EQNI .l8211E+04 SEC 
TIME FROM V/QI .29605£+84 SEC 
PERCENT DIFF. I~ TIME a •29, 7331 T&LOPE 

TIME FROM A•T EQNI .21950E+84 S~C 
TIME fROM V/QI .24376£+ 4 s~c 
PERCENT DIFF. I~ TI~E = tO, 1470 TSLOPE 

,&3688~+02 MIN 
,49342 +02 MIN 

• • &250 

,36550E+O' MIN ,40&27E
5

tO MIN 
= • 93 5 

TIME FROM A•T EQN; .28732E+04 S~C ,4788&E+02 MJN 
TIME rROM V/QI 2&734E+04 SEC 44557E+OZ MIN 
PERCE~T DIFF. I~ TI~E·~ •7.,47330 TSLOPE •' ,57&13 

.... 
0 .... 



779• 
780 • T~ME F~OM A•T EQNa .2SOS&E+84 S~C 
781 • T ME F~OM V/QI 25498E+ 4 SEC 
782 • P RtENT OIFF. IN TI~E·~ 1.73309 TSLOPE 
783 • 
784 • TIME F~OM '•T EQN; .2b&l9E•Oq S~C 
785 • TIME FROM V/QI .2~10tE•OQ SfC 
78t • PERCENT DIFF. I~ TIME : •2.7S023 TSLOPE 
J:8 : TIME ,ROM A•T EQNa .25920£+04 SEC 
789 • Tl~E FIOM VIQI 2i796E+04 SEC 
790 • P.f~~~NJ_OIFF. IN TIME•;;. _• 1 41951 TSLOPE 

.llt7btE+02 M~~ 
• 42497E +02 1M N = • 585ctQ. 

.44&96E+02 MtN 
e43502E+02 MIN = .S8iOJ 
ei320QE+i2 !4IN 

8 e4299!,;J~8MIN 791 • 
792 • 
793 • 

J:~ : 
z:t : 

L
0
EAK VOL CCGS) a 

T TVOLCBRL)I 

f98 • 
799 • 
800 • 

ill : 
804 • 

. 805 • 

189-: 
808 • 
809 • ur: 
812 • 

..... 
0 
N 
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I 1»130 JUL 

l : 
4 • 
5 • 

t : 
8 • 
9 • 

tO • 'l . I • 
I • 
14 • 

1'5 • 
b • " . 18 • 

19 • 
~0 • 
~l • 23 • 
~4 : 
25 • 

1& 1 ~7 PROPIN.tN0408ZO 

=~·~,813~~8&11111 I = , .7,6999981»00 • I 
.&7410058600 • 
.4820000 000 • . .~7t70J93~ooo o2 • • 
.223893112000000 i . ' 
.9143999510000000 • i 
.78699998(»8000000 • 
.151808 2 0 00 • 
.48zooo&3t So88oo gEE+ o 
.~7970395 0000000 • 4 
.3 402011» 000000 OOE+ 1 
.tfJ63tt9 oooooo2gg~•gs 
·' 69999860000000 ~ 2 
.21442706JOOOOOOOOO +14 
·:8~¥8'3o1o:sogg2~o~: ~ . :3l19&9s1~8oo8ooo 8E• 1 
.tt521439sooooooo olE• s 
.78199998b0800000 0 • 2 
.zs t&oae•g•oJolo 8 • ca .48 000001 10 0 0 • 0 
.&79703955010 0 0 0 + ~ 

.z7tO?&t&toooog~ogoE+11 

.7237b28t80000 00 OE+OO 

.517049999000000000E+II 
b5l705477000000000E+13 

:a52955319000000000E+OO 

.5170499ttoooogooooE+11 
1079281630000 OOOOE+14 

:9788.1 05000000000E+OO 

.517049t99000000000l+ll 

.zooooooo1ooooooooor•oo 

.~&t4gooooogoooooooE+OT 
,2000 OOOJO OOOOOOOf+OO 

,6&t4gooooooooooooof•g7 
,2000 0003000000000f+ 0 

·••••oogoooggoooooo!•S' ··· -· 
.200000 030 OOOOOOE+ 0 

•• 89400000000000000E+07 

- ···-··-·-------
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· IL¥~• •TUPI OVfR LTUPROPS 
L HJK COl HE"RE 
• ISHA~ED C0MM0~£1SYS (SHAR£0 
• NO l INKT~G ERRuRS 
• TOHL PR·JGIU"' stzl a 4lK. 
ILTUP~[lPS. 

. .. --· .. --- ----- ----· .. 

NODE 
MAX 

ELE TIME .. I·DTH 
· · _:_---·1'41N ·····---- FT 

~ 0 ~oocio .03275 
I ... &071j .Oo&!UD 

3 2 2ft.450t .Ool35q 
4 3 3s.u,., ~008117 
5 Q Q J. 411 • 0'0000 

FRACTURE LEI'IGTH 
PROPP ANT LENGTH 
ollftLBnRE WJOT>II4 

LE-fii~JG EO&£ IPROPPANT 

LIBRARY) ASSCJt IAH:o. 

8Pi14 
Mltot 
Jlilli>~ 

4o.oon 
.ooo 

113 oq5 
.otlooo L8tS .. NFIIIU .. EI"T*•Z . 

EQUIV 
LhiGTH 

MAll 
~lOTH HEIGHT IliA ~~DTH .. FT FT T -

• 021113 o. 14G.OOO .ooooo 
• oAoe& 2l1 • 274. 1HO .OlH5 
.o q1l ]()(). i?Oe-.8117 .ni!'7q2 .go&zq 3co. 'I 48.573 .03205 
• 0()00 :.Js • .ono .o:Jn5 

a: 317.38 ,, 
II. uo,oo F11 • 0 (\2 IIi!' "' • .257Db IN 

TYPE I • !lftfl.l)l) " 

EQUIV we INIOTH 
FT 

.oonoo 
• 0 lf•D5 
.Ol8Q9 
.oznqe 
.021113 

_.8 HT 
FT 

.ooo 
2110.0110 
110.000 
330.000 
]40.0110 

,..... 
0 
(X) 



ELEMENT 
NUMBER 

Eb£1o4ENT 
· N M8ER 

~-
3 
Cl 
'i 

SUTRICk A~O RYBICKI SETTLING MODEL 

'RAtfiONAl DISTANt! TO WALL a .J]J~ 
SHEAR RATE CUT OF, c ~OoO 1/SEC 
FIUCTUAING FLUID IS HYDAOIIYPROPYL GIIAA 

APP YtS 
Cl' 

'i2o 'i2 •.. 
51. 
'iJ. 
5 ~. 

TIME 
SEC 

AE(FLOI'I) 

2g.,au l • 018 .. 
19. 9&19 
19.&&&2 
19.41i!'i 

SHA IU TE AE (PART) 
!"ART liS 

t'·ll'i08 0 08 til 
. 1·31102 .0809 

.2'5511 .01100 
11.199'5 .0794 
11.1721 .07119 

lli(OUT) 
FT 

FR:l HT 

H9.8381 
339. '188 
p9. 1 os 

:U.7&2, 
H7 .9237 

OP HT 
FT 

31&.31>44 
H ... 101111 
H5.&030 
334.8'571 
H:s.e&so 

ow 
FT 

BED HT 
fT 

3.3'illl 3elS& 
3.159 
3e0bb0 
2. 1H11 

Q(IN) 
BBL114TN 

DH BED 
PT 

o3410~•01 
.H99 •01 
.3HJ£•01 
.Hqll£•01 
.:B99£•01 

Q(OUT) 
BBL114tllt 

''H _HT. 

.9&00 
~·9240 .11905 
3.11'584 
4.82&& 

OFH 

" 
.'9&4 E•O o9&0¥E•Oi 
o9b84E•O 
o971JE•O 
.9735£•00 

SET VEL FLUID LOST 
FTISEC YEL•FT/SEC 

SUSP HT NET SUSP 
P'T ,., 

H8.11J84 H'5.4&4l 
B7.& ·~n 330.419 
33&.21102 333. 120& 
BO.J34& Ht.t.fl-.'3 
1B.(l421 HO.Ofi,O 

,_. 
0 
-D 



EbEI4!NT N NBER 

...... l 
~ 
t 

' 10 

n 
~~ 
lb ., 
h u 

REF MT 
n 

PUT ST 
HT FT c~yt AY6 FAAC 

HT n 
AV6 SUSP AVG OP HT 

HT FT FT 
A.VG "'f:T 
StiSP F T 

•• 1491!:+00 
,,7~6E+08 
,,758E+O 
,q?~OE+O 
,,1J5E+OO 
,,7l!E+Og 
,9b84E+O 
,9ft50f+OO 
•• 6071!:+00 
,9'5581+00 
•• 500 +00 
•• 431 +110 
,,3'52£+00 
,,2b3E+OO 
,,lb5E+OO 
,,055E+OO 
o8934E+OO 
,87,9E+OO 
,!lft~sE•O~ o829 E+O 
o1754E+O 
o1lli9E+OO 
.6'594£+00 
,5'9711!:+08 
,5Jt1E+O 
,4ft33E+OO 
,3919E+og 
• 31141!:+0 
,2399E+OO 
olft28E+OO 
oi006E+OO 

AREA FAAC AA(A SUSP 
SO FT SQ " 

.7273£+01 .71112E+o} 
,7251E+OI ,1 46E+O 
,7215!+01 ,7 95£+01 
.7te.5e•gt ,7033E•ot 
,7101£• I o6958E+OI 
,7ft23 • ,68?2£+0 ,6931~+0 ,(t175E+01 
,6826£+01 ob667E+OI 
,~707£+0 ,6549E+OI 
,657bE+Ot ,6420£+01 
,6432£•gt· ,61811!:+01 
,6276£+ I o613ZE+Ot 
,6107£+01 ,5974£+01 
,59Z8E+Ol ,51108~+01 .5737£+0 ,5632 +0 
,5536£+0 .5449 +01 
,5325E+OI ,5258£+01 
.~to5E+O ,50e.OE+Of 
,a876I!:+OI·,oes5!+0 
,4b39E+OI ,4624£+01 
,4395£+01 ,4381£+01 
0 4144E+OI ,4132E+OI 

AREA BED 
SQ FT 

,1181£•01 
,b957E•OI 
,&710£•01 
,ft501E•OI 
ofi216E•OI 
,fi040E•OI 
,'5800£•111 
0 '5558E•OI 
,5313E•Ol 
• 50MIE•O 1 
,1821£•01 
,4'514£•01 
,4327£•01 
,11081£•01 
• :U36E•OI 
,3593£•01 
,33'i3E•Ol 
,3116E•Ol 
,281111£•01 
,2640£•111 
,2423£•01 
,22tlE•Ol 



'l 7.5!18 3Z4.17~4 ~~-85q~ '~·85ltft zu. 71114 2H 0 Qft70 
11.22&11 JB.JII 11 .2011 3 • .?OliO 2ft5.1145ct 2f>fto5H3 s., 8.92 7 2&·99&11 1·7118~ 38.7881 ~58.11177 259.1099 
9.ftll1 n .fltat~ 4 •tH 42.ft3.?2 50.114'50 251.1311] 

l1 10.2985 J19.2410 .. .,. ft05 4& 0 7ft0"i 20!·'-"411 .?42.5585 
lll 10.9790 17.111101 5~.2027 5t • .?n27 23 .e.He .?H.3lftl .. u 11·,1jl2 Jlfl.5358 5 .q956 5'i.9ct'56 122.=57~ 223.3241 

. . 2. t 0 t5.ll~l·- •1.11154 &1.11154 tt. 20 zF.II'I'6l 

Jt 10?.9626 JIJ.91 .6.11322 66.11322 199.ctlt02 i! 0.6328 

1 '· rs' )12.64~1 ,3.01'57 7J.0157 18!.9759 187 .t~034 
1:: AU I 1 40 9 1 84b'5 7'1.846~ 7 .sou 73.J089 Jq )1&.23 &---er.4~52 87.485 11 1701 . '56. 1111'5 

35 15.4544 011.92 3 9bo1~27 ctb.l827 I 1:21133 P'·9311& 
~b 1ft.ttJ7 307 0 ft106 10ft 1 3720 lOb. 3720 114.5259 1'5.1783 
... -- ··-- . ----- ---------- -------------·-··-· 

f~~---T~~~. 'Yl~ PR~P 'AAC APP ~~E . . l r-· LEN - -tm -··VIS· FT/~EC opNl DJOUT) 
SEC HI F FT L /GAL CP F /9 C F /SEC 

271 0 3Aq3 .?72.081fl 
i!fl4.5f>78 i!65.i!fttl 
257.2f>ft2 257.q5AII 
2oq.o206 250.toq5 
240.9730 241.6570 
211.8579 232.5342 
221.9905 522.6571 211 .2U5 11.920 
r~ct.'5396 200.182 
116ofl2411 191 .25~3 

I 7~.2479 z.As 5 
" .9965 156.6109 
137 1 lllllft 1 n.11 119 
ll4.48111J lt5ol414 

•xG WI TH sp V L ~~~¥ 
FT FTIS " 

.31187(+01 0 JII71E+OI 

.3fli!5 •o1 ·r~,~·ot .H'58r0 • 3 2 +0 

.10~11 •ol • 01111[+01 .zeu. •01 1 lllt3E+01 

.2542[•01 .,'5111!+01 
ollft7E+gt • 2*'ro1 ot'i9JE+ l 1 9 II +0 
.IHOE•OI •17~2 +Ot 
.11149£+01 • 4 lr01 
:41~~~!8 ·ue •o& • 21 +0 
oflf>31 +OO ofi&60E+OO 
o41J5E+OO o4l60E+OO 

·----------

o:'"" SUS I' 
HT 

FT FT 

.1qqaE-o1 

.l~6f-E•OI 
·' 191:•01 .12115[•01 
1 10ft9E•Ol 
1 11724E•O 
1 ft950F-•02 
.5374~·02 
0 31J99 •Oi! 
o211i!5E•Oi! 
•111'53~-o~ • 083 •0 
• ~U 4ctE•03 
1 l4911E•03 

FIUC 
HT 
FT 

... ... ... 



FRAC~IIRE PR~PPANT FP.AC TURE 
NODE 

LEN TH L NGTI4 HEIGHT 
FJ FT " 1 287.1? o. B9,81IIO 

~ ~9~.55 'g· n;:us~ J 9 o87 i : 4 2•&·~~ J!l8. 7&2 
llj Jo o4b oo. 137.9237 
b .50(o81 50. 136. &421 

.. 1-·-··· U1:n r.o. pc;.5£54 ·YO.- --····· H,9 OT · 
9 3t0o42 eo. B~.t !45 

10 3t5.07 CJO, J!;O,O ~5 I' jt5.71> t~>o. 3&!7 ,690~ r 1Bo411 'j• J~s.oB1 I" J2\o2J l~ : n~·UX8 
4 2 ,99 

111 • us:saaJ '5 s~b.n 
16 5i!!9,'54 1'50, · HJ.840l 
17 3H,Jt lfiOo 50 7831 
la ps.o,. 170. JGJ:4.4 

9 Ho79 1110. 5q8,6 0'9 
0 140,58 190, '11!,62'54 

21 Jq3, 7t ~oo. s•a.l89~ 
12 Job,b\ i!tg 8l 62 

J J49,q no: n*:uu 24 '12.11. 
2"1 Jo;4.aJ 248· ~&:2.2~17 
26 Jo;7,J9 2'5 o 2'5oii,S J7 
27 Jo;'i,81> ~&o. ~ot..Jpt 
211 1&2.23 270, 23:7.4 2& 
29 3&11,49 280, 227,84&9 
30 lbb 0 63 290, n7.4fi7J 
31 368.&3 300! 11,1757 

tQUJVo&LfNT 

susP BED 
t.E I'MT HEIGHT 

FT " .539,11]80 3.4034 
3111.8 ~ ~~~ J.J05~ 
3)l'.b.~J 3.2078 
1 &,21 ~ J.Atce 
5111,714& J. ~,6 
JH,04~l 2.93 2 334 21 2.8398 
12 :usJ i!!,UCJl 
-.2r,t1Jt 2.,~o:;q2 
32111,11391 2,: 6CJ8 
3i'Z 1 11327 2,.0809 
1'9,!18$6 l.J924 p. 11~04 ~:n:r. 3 4.3514 
Jlt .• JE,III I·A288 JOII .• UbO • 415 
304 .• 9:!:58 1,'95111 
10 t .. 11e b9 1,11669 
~97 .. Be·~1 l•nn 93.'-2 4 .68?1 
28&.18117 fo5983 
~82, 362'5 ,5151 
27b.1 ,88 fo1129J 
i!!U II 00 .JJU 
2b~:2&17 1o214B 
251f,Sl'37 1,!)881 
i!llb, il71 ,91131 
H7 ,1114?6 .sou 
227 ,81tt»9 .7241 cp ,4t.7J ,blp 
2 b,IU7 .so 3 

FROM CENTE~ ~F PAYZONE 
DISTANCE DISTANCE DtSTJNtf DISTANCE 

TO lOP OF '8 BOTTO~ TO TOP DP TO TOP OF 
,A CTUAE F FRAC SUSP BED 

FT FT FT FT 



3~ u 
3'5 
3(, 
31 

NOOE 
FRACTllR£ 

LENGTH 
FT 

CLO:illNF INC : 

PROPP ANT 
LENGTH 

FT 

7 TIME OF CLOSURE : 

.4009 

.3048 

.21b0 

.t3b2 
oOb78 
.0185 

GEOMETRIC 
fROiol CENTER Of ·PAY!ONf · ······ ·-----·· 

Dt:iTANCE DISTANCE DISTANCE DISTANCE 
BED TO TOP OF TO BOTTOM TO TOP OF TO TOP OF 

HUGHT ,AACTU!t! 0, ,RAe IUSP · 8ED · ·· 
FT FT FT FT FT 

17.9032 

. '·~'"' 11.2411 
lb.8987 
11!1.5524 
lfl.tftll! 
15.11158 
15.11253 
1"i.OZ2fl u.un· 
l4.llll1 
B. 744ft 
l3.i!9h 
12.8407 
12.1737 

ll::TU 
' • 9213 tO.ca205 
9.8982 
9.3787 a.ent 
e. U7e 
? 0 80bl 
7.1690 
•• 49111 
5.8~29 
5.161~ 
11.5201 
• .nz t 
1.21169 
2.7026 
2.11100 
1.1!tn5J 
1.nqqq 
·" 111 .2010 

1l3oll 141N 



EbE'-' .o 
- ---·--·· ---· --

! 
5 

f 
9 

lY 

FLAG CT 
"'hi 

FLO LOST 
VEL FTIS 

TOUL CT 
\tiN 

SET VE~· 
FTISE 

s~o~q ·JUTE 
PI~T tiS 

... .. .. .... - -·-----· ...... 

·J' 31£•05 .ogzoe07 o45~7E+~O • 143E•05 .o ZO&I& .114 IJE+ 0 
• J149~·0'j .og2048 0 411,7£+ 0 
.~1'55 •O'J .o 2035& .43 9£• 0 
.HtSE•OS .0027278 o587CfE+00 
• H22E•O'i .002697J .5845£•&0 
• ~HOE•Os .ooz&zz .s&74E+ o 
.JH8E•I)'5 -.002S357-~SII97E+ 0 
.J:SII7[•05 .00211343 .5290E+00 
• 'B'56E•I)'j .oo211s& .sosze•gg 
• H&bE•0'5 .• oozt8qz .471!111£+ 

AE (PUT) 

.1zalE•02 

.125 E•OZ 
oi2114E•02 
• t 252[ ·02 
.tCf2tE•D2 
.1894[•02 
.1!11:JE·D~ 
.17c?5E•O 
ol&ZJE•OZ 
.1510E••l2 
.IJ8&E•02 

AIIG SUSP 
Itt FT 

FAL~ HT 
F . 

~7.412, 
'· 3463 ~11.2&14 
5.1lt7 

?11.6&73 
25.1589 
25.'f575 
<'&.508, 
2&.'ll73 
21.3707 
27.1tll7 

OFH 
FT 

·U11ee•o1 • 'HE+O 
•f229(+01 
• 2ZJ +Ot 
.1&1 E+Dt 
.1bJ9rOI ·P II +Ot • 'ill +Ot 
.14& E+01 
.1191E+01 
.1HIIE+f!t 

AI/GNET 
9119 HT 

CL AREA 
SQ FT 

.CJZIIIIE+OO 
0 Cf2&~E+OO 
0 922 F.+OO 
.ctt8&E+OII 
0 Cfl15E+OO 
.ct074£+00 
.ctOOJE+OO 
.11923£+00 
.8833~+00 
.e7B +OO 
0 tlf>24E+00_ 

VOL liED 
INC Ct•" 

- ----·-- -- ·-··· 

..... 

..... 
~ 



l 
Q 
5 
f> 

' 8 
9 

10 
ll 
14 
t 5 
If> 
11 
l8 
19 u 

FLAil CT 
114IN 

l 
l 
t 
l 
t 

' ' l 
l 

' t 
l 
t 
l 
l 
I 

' ' l 
l 

' l 

'PO 
70 
'PO 
'PO 
f>O 
f>O 
f>O 
f>O 
f>O 
f>O 
u 
50 
so 
50 
'50 
'50 
llO 
110 
110 
110 
IIO 
30 

TOTAL CT 
MIN 

CL fR&t 
HT f( 

,. ·-

NODE LENGTH 
NO FT 

l 
2 
3 
4 
5 
f> 

' 8 
9 

I 0 

ll 
14 
t5 , .. 
l'P 
t8 ,. 
10 
l~ 

0 u 
50 
40 

U· 
dO 
•o 

loo ,u 
110 
140 
t50 
tbO 
t70 
tSO 
190 zoo 
2l0 

I'ROPP'EO··-UOMttR f -·--·---------·-----·--·· 

FROM CENTER OF PAYZONE 
DISTANCE· DISTANCE ftiSTANC!· AVERAGE -

PROP Tn TOP OF TO BOTTOM TO TOP O' fRACTURE 
CL FRAC FRACTURE OF FRAC ,AOP FAAC •IDTH CL AAJA 

H_! -~-~--- ____ !.!. ________ !!_ ____ _!..!_ ____ H:__ __ SCI T 



23 I 30 72.9753 f19 0 U9J8 .ooq&7 2J 2~0 l42.22Jq 138.05911 •1311.0594 ··n84 .ooou 0 611fE+OII 
24 1 30 12.97~3 13.72 5 .00'1&7 24 l 0 13&.&12& 14 7150 •134.1150 lo &" .004&7 oil! 5E+OO 
25 1 JO 12.975J 117.~5~8 0 00Q&1 i!5 &?40 I!0,&90f> uJ:pn •131.1309 .,44 ! .00467 ,~099f.+OO n 1 20 6!.97! ---. 1, 1 9 ,00'167 2b 250 124.492'5 12 • 8611 •127.2868 •2,794 - -···· ,0041>7 , IH o .+00 
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CHAPTER IV 

COMBINED PENNY FRACTURE PROPPANT MODEL 

The penny shaped fracture proppant model (PFP) consists of the 

PENNYC6 fracture model and the two-dimensional particle tracking proppant 

model. These programs can be run independently or linked through JCL 

statements where execution is done under one file name. 

Pennyfrac Model 

Program PENNYC6 determines the wellbore pressure, average pressure, 

wellbore width, and time of growth of a fracture of given radius. The 

program is run interactively . 

. The main program is M-PENNYC6 and the subroutine called LEAKOFF is 

used for time calculation. The program in Appendix A is written in 

Fortran and has been run on a Honeywell 6600/B3 and an IBM-PC. 

The Input parameters for MPEN.FOR in Appendix A are listed following 

this paragraph. The record number indicates each statement requiring 

input. Some statements require more than one piece of data. As an 

example, record 4 requires two pieces of data, consistency index, and 

behavior index for the fluid. Record 7 must be repeatedly guessed until 

LHS and RHS of Equation IV-2 in Part 1 of the Final Report Contract #DE~ 

AC21-84MC21119 agrees within 1~. The difference is always given as 

positive so the LHS value must be compared to the RHS value so the value 

of R1RAT is not unknowingly exceeded. Then 7, 8, and 9 must be repeated 

setting R1RAT equal to 1.0 until record 10 appears. Remember, R1RAT is 

set equal to 1.0 after the first iterative value, which was less than one. 

Other records are entered tn order until record 13. After a guessed value 

fnr ARI, record 14 is entered. If the guess for record 13 was good then a 

range of ARI values are established and record 15 is entered. If this 
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range is not established then a new ARI guess will be required until a 

range is found. Assuming record 13 .was a good guess, the record order 

proceeds until number 17. If the value of Y at the bottom of the screen 

cannot be matched to a value of Z, which is the- output of the 20 

increments selected in record 16, then a one must be placed in record 17 

and record 13 appears again. The process must be repeated until Z ~ Y. 

Once Z ~ Y then proceed to the end, record 19. 

Record Parameter 

1 RRZAT 

2 !ABE 

3 

NP 

4 NU 

QZ 

5 s 

E 

J((': 

6 RZ 

KCP 
QD 

Input Parameters 

Example Value 
To Be Entered 

100 

0 

1.3877 

0.615 

0.22 

15 

6800 

4.8x1o6 

1.32x10S 

0.75 

~-} 
--
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Remark 

Dimensionless radius R/R0 where R is 

the final radius of the frac and Ro 

is the radius of the wellbore. 

If 1' value of K' c and Oo defined by 

Abe' et al. should be given; if not 

1, other parameters should be input_ 

to calculate K;. and QD. 

K, flow consistency index, in dyne-

n, flow behavior index 

v, Poisson's ratio 

Pump rate, BPM 

In situ stress, psi 

Young's modulus, psi 

Fracture toughneKK, rlyne~/cml/2 

Radius of the wellbore, ft. 

Values of Kd and On as defined by Abe' 

et al. (if !ABE= 1) 



7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

R1RAT 

IQRL 

IASSY 

LHART 

Q 

LEAKC 

SP 

RO 

RRAT 

ARI 

ERF1 

ERF2 

INC 

ITL 

0.999997472 

1 

1 

1 

15 

0.0025 

0.0 

0.75 

100 

0.91 

0.8018828034 

0.7969081998 

20 

0 
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RlfR value. For small fractures 

(R/R0 ~100}, this value needs to be 

iterated until the LHS and RHS of 

Equation 

within 1$. 

IV-2 in Part 1 agrees 

For large fractures, it 

can be given as 1.0. 

Calculates Q(r}/Q(o} 

Asymptotic values (i.e., for R1/R~1} 

of frac B results calculated. 

Time calculated using the leakoff 

coefficient. 

Pump rate, BPM 

Leakoff coefficient, em/~ 

Spurt coefficient, em 

Radius of well, ft. 

R/Ro 

Value of oc in Equation IV-22 in Part 

1; guess or value ofcr.-2/ofoc. 

Value of the error function [or·oceoc2 

erfc (oc)] 

Error function corresponding to ARI + 

0.01 or oceoc2 erfc (c:i:) corresponding 

to ARI+.005. 

No. of increments between old and new 

ARI values. 

If one value of ZjY, input 1 so that 

the calculation will be repeated 

using new oc. 



18 TT 0.01355503 Total treatment time, HRS, obtained 

from the program such that Z=Y; to be 

used in the proppant model. 

19 I CHECK 0 Input 1 if the program is to be run 

with new R/R0 . 

The program has two output files. One is MPEN.OUT, described in 

Appendix B, which contains all the results during the computations. The 

other is MPEN.IN, described in Appendix C, which contains just the 

information needed for the proppant transport model. 

The output file MPEN. IN (in Appendix C) l:uu Lalu~:~ 24 rtH.:urtls. These 

records supply necessary fracture information to the proppant section. 

Output, from PENNYC6 to MPEN.IN, is made in free format. The variables by 

record are: 

Record Variable Units Name 

1 RRZAT Dimensionless Radius 
2 KP, NP dyne-sn/cm2, Consistency Index 

Behavior Index 
3 QZ bpm Pumping Rate 
4 RZ ft. Wellbore Radius 

~-.2.2 RLRAT, QRLZ 
23 WIDTHB em Well bore Width 
24 TT sec. Total Treatment Time 

Procedure for Running the Program 

The program is run interactively, and is rather self-explanatory. 

However, the following items should be borne in mind when running the 

program. 

1. R1RAT, the ratio R1/R. R1 is the radius of the pre5surized 

zone. For small values of R/R0 , R1RAT is obtained by iteration 

such that Equation IV-2 in Part 1 of the Final Report for 

Contract DE-AC21-84MC21119 is satisfied. Then the wellbore 
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pressure is obtained from Equation IV-3 in Part 1 of the Final 

Report for Contract DE-AC21-84MC21119. It has been observed 

that for R/R 0 >100, the unwetted region is of negligible extent 

(i.e., R1/R=1) and the asymptotic value of P(o) can be obtained 

from Equation IV-5. 

2. The program is coded that it will run first with effective 

viscosity, ~ = the consistency index, k, of the fluid. The 

width obtained here is used to calculate new ~ value from 

Equation IV-13. An iteration on width is continued each time 

using~ calculated using the previous width. 

3. The QRLZ values given are q(r)/q(o) defined by Equation IV-9. 

4. The leakoff coefficient is used only in the time calculation. 

The time is solved from Equations IV-22 and IV-23 in Part 1 of 

the Final Report for Contract DE-AC21-84MC21119. For this 

equation IV-23 is rewritten as 

6 1r2 c2 R2 1 ~ - 1 + e 
ex: 

erfc (ex: ) 
Q(o) Wwe + 3 Sp ..y;-

The left hand side is set equal toY. A value of ex: is guessed 

and the right hand side is evaluated as z. Tables are used for 

obtaining error functions (erf) or complementary error functions 

( erfc). A table is given in Appendix H. By trial and error 

method the correct value of ex: is determined so that Z•Y. Then t 

is calculated from (IV-22). Sometimes interpolation may be 

needed. It is seen that if Y<1.512154034, the error function 

table should be used. Otherwise, the table of complementary 

error functions should be used. 
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Two-Dimensional Fluid Flow Proppant Transport Model 

Since the penny shaped fracture had radial fluid flow 

characterist'ics, a new proppant model using two-dimensional fluid flow was 

developed. The theory and development is given in the Final Report for 

Contract DE-AC21-84MC21119. Therefore, only the input parameters and 

output will be discussed further. 

The proppant model in Appendix D is named PENNPROP. It contains 11 

subroutines. All of these routines are included under the main program 

name PENNPROP. They are: 

1. KUTTA This routine solved the 4th order Runge Kutta equation 

in Part 3, Chapter 3, Appendix A, of the Final Report 

utilizing 3 function subroutines. 

2. FX 

3. · FY 

4. CD 

5. FLOWFD 

6. NATCUS 

7. CUBVAL 

This function subroutine is used by KUTTA to find the 

position of the particle in x. 

This function subroutine is also used by KUTTA to 

solve for the y position of the particle. 

This function subroutine is used by FX and FY to find 

the coefficient ot· drag on the particle. 

This subroutine is used by the main program to find 

the fluid velocity on the particle at its new location 

calculated by the Runge Kutta numerical method. 

This is a subroutine used to establish piece-wise­

cubic spline coefficients for the non-dimensionalized 

radius and flow data from PENNYC6. 

This subrnut1 ne 1 s used 1 n FT.OWFn tn f1 nd t.hP. fl nw 

rate at a particular radial position. 

coefficients produced by NATCUS. 
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8. BEDHT This subroutine calculates the position of the top of 

the proppant bed in cartesian and polar coordinates 

for small angle increments. 

9. BEDEQ This subroutine calculates the position of the top of 

the proppant bed in cartesian and polar coordinates 

when the entire range of angular increments is summed. 

10. BEDEQ1 This subroutine calculates the position of the top of 

the proppant bed in cartesian and polar coordinates 

when intermediate summing occurs. 

11. BEQSM This subroutine is used to evaluate the coordinates 

associated with top of the bed to ensure the volume of 

proppant was distributed properly. 

The proppant input file for PENNPROP is called PPDAT.IN. This file 

contains proppant parameters, numerical controls and printing controls for 

the output. The input file is unformatted with the exception of the 

initial vector angles for the radial stream lines. The input data are: 

Record Variable 

1 NTHETA 
2 THETAO 
3 " 
4 " 
5 RHO 
6 RHOF 
7 DT 
8 !PRINT 
9 TO 

10 wo 
11 D 
12 GR 
13 PDT 
14 CON 
15 PHi 
16 NPRT1 
17 SF 

Units 

degrees 

lbm/cu.ft. 
lbm/cu.ft. 
sec. 

sec. 
bpm 
in. 
ft. /s2 
sec. 
lQ. /gal. of slurry . 

123 

Name 

Number of Angles, Integer 
Vector Angle, Real, 11F5.1 

Density of Proppant, Real 
Density of Fluid, Real 
Time Step, Real 
Print Control, Integer 
Initial Time, Real 
Initial Particle Velocity, Real 
Particle Diameter, Real 
Acceleration of Gravity, Real 
Pad Time, Real 
Concentration of Slurry, Real 
Proppant Porosity, Real· 
Output, Control, Integer 
Starting Factor, Real 



An input sample is shown in Appendix E. The values given for THETAO 

represent a realistic distribution of initial vectors. These angles 

seemed to give the best results during computation. Fewer angles are not 

recommended and more angles will increase computation time significantly. 

Time steps, DT, greater than 0.1 sec. will generally not allow the 

fo~rth order Runge-Kutta routine to operate. Should this occur the 

following message will appear on the screen, "you must decrease the time 

increment." The amount of particle tracking data written to the output 

file is controlled by the print control, !PRINT. 

between 0 and the final particle time is given by 

The time increments 

Printing Time Step DT x !PRINT. 

Thus, input from Appendix E will give a printing time step of 5 sec. DT 

and !PRINT must be changed together to maintain a desired time step should 

DT need to be decreased. Small decreases in DT will require much more 

computer time. Thus, as large a value· of DT as possible should be used. 

The particle velocity is given in non standard units of bpm to 

simplify establishing the initial velocity of the particle. Using these 

units of flow, the particle speed may be adjusted relative to the fluid 

flow speed without computation of the fluid velocity in t"t ./sec. Thus, 

consider the flow units of the particle are artificially imposed and do 

not consider particle density when the speed of the particle is 

calculated. 

Since only so much proppant volume is allowed due to theory, the pad 

time, PDT, and concentration, CON, become the primary control. The 

porosity will also be a minor controlling factor. Should the pad time be 

insufficient for the maximum volume, then the following message is 

displayed, "you must decrease concentration and/or increase pad time." It 
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a particle treatment were done, but an intermediate summation fails, then 

the message will read, "proppant calculation partially complete but you 

must decrease concentration and/or increase pad time." 

The Output Control is used to suppress particle tracking output. If 

a zero is entered only the input information is written to the output 

file. If a one is entered then particle tracking information is written 

to the output file at the interval established by DT and IPRINT. 

Suppression of particle tracking will decrease total program run time. 

This is especially true for very small printing time steps. 

Setting the starting factor at 1.0 references all starting values for 

the proppant section to the wellbore radius, RZ. During program 

evaluation, much more reasonable starting velocities were found around a 

distance 10 times that of the wellbore diameter. Thus, a factor of 10.0 

for. an RZ of .75 feet proved to be reasonable for fracture radii from 75 

feet out to 500 feet. For radii below 75 feet, the starting factor may be 

reduced toward a value of 1.0 

less than 1. 

The starting factor should never be set 

Two other error messages can appear on the screen. One is "put in a 

proppant 

width. 

diameter less than Ww" where Ww is the value of 

This message is an indication that the proppant 

the wellbore 

diameter, D, 

selected is greater than the wellbore width. Thus, no proppant can enter 

the fracture. The other is "you must increase the print control number or 

increase the time step if possible." This message indicates that printing 

time steps are too small. The current cut-off for the number of printed 

values is set at 200. This insures that array sizes for suspension height 

coordinates will not be exceeded. 
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Output 

Output from the proppant section, shown in Appendix E, is contained 

in two files. The first file is called PPDAT.OUT. An example of this 

file is shown in Appendix F. The second file is PPDAT.PLT. Appendix G 

contains an example of PPDAT.PLT. 

PPDAT.OUT has two parts. The second part may be suppressed as 

discussed previously. The first part is an output of input data from 

MPEN.IN and PPDAT.IN. Not all input data is output. The second part is 

particle tracking information at each initial vector angle. At each 

angle, time is output at the printins time interval giving particle 

position, particle velocity, and fluid velocity by cartesian coordinates 

1n feet. 

PPDAT.PLT has no column description, so this data can be used 

directly as input data for plotting software. Column headings would be as 

follows: 

Fracture Geometry 
at .99 of Radius, ft. 

X y 

Top of Suspension, ft. 
X y 

Top of Ded, ft. 
X y 

One Particle Diameter 
Geometry, ft. 

X y 

The examples of output data were obtained from input data shown in 

the examples in the appendices. Both programs were compiled and run on an 
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IBM PC AT using IBM Professional Fortran Version 1.0. Any IBM or IBM 

compatible machine which can support a Fortran compiler should be able to 

run these programs once they have been properly compiled and linked using 

the correct job control language for the hardware and software. The 

Fortran language used is Fortran 77. If the input parameters are correct, 

the proppant section should run requiring no other inputs. 

section is not interactive as is the fracture program. 

127 

The proppant 



CHAPTER IV 

APPENDIX A 

MPEN.FOR (PENNYCb) 
LEAKOFF.FOR (LEAKOFF) 
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C******************************************************************* c 
C H-PENNYC6BI SIMILAR TO PENNYC' WITH SOME HOOIFN TO INCLUDE 129 
c <070186) DIFFERENT LEAKOFF FACTOR THEN ROBERT HART'S FACTOR 

AND ADO IT I c:t-1 TO I NCLUOE Nc:t-1-NEWTc:t-1 I AN FLU I 0 FLa.l c 
c IN CALCULATING HUBAR. 

R.H.•s OEF1 WZ • WIDTH OR WIOTHUP Q • QZ 
RO = RZ 

HUBAR --> Nc:t-1-NEWTONIAN FLa.l <2 Cc:t-IST 1 K• &c N• > 
LINK: PENNYC6 LEAKOFF OASIN FORT.LB 

c 
c 
c 
c 
c 
c 

FACTOR-<WZ + 3.•SP>/3. INSTEAD OF ROBERT HART'S LEAKOFF FACTOR. 
=<8.*WZ + 27.•SP>/27. 

C******************************************************************** 
REAL KC,NU,KP,NP,MUBAR 

1000 

20 

30 
c 

REAL QZ,E 
DOUBLE PRECISION R1RAT,F,G,PBS,LHS,H1,H2,H,EZ,RHS, 

C RRZAT,RZ,KCP,QO,PZS,WO,QRLZ,R,RL,P,PBUL,PZUL, 
C WOUL,S,RLRAT 

INTEGER IABE 
COMMON/XBLOC/PI,RRZAT,RZ,WIOTH,QZ 

OPEN <UNIT=l, FILE='HPEN.OUT'> 
OPEN <UNIT=4, FILE='HPEN.IN'> 
OPEN <UNIT=S, FILE='CON'> 

IWT=O 
PI=3.141592654 
IQ=O. 
WRITE<5,20> 
FORMAT<' INPUT1 RIR<O> '> 
READ •, RRZAT 
WRITE<5,30> RRZAT 
WRITE<1,30> RRZAT. 
WRITE<4,•> RRZAT 
FORMAT<' RIR<O>= ',F13.6> 

WRITE<5,40> 
40 FORMAT(/' HIT 1 IF YOU WANT TO USE ABE•S KC• &c QO '> 

READ *, I ABE 

c 
c 

48 

49 

50 

c 
c 
c 

c 

WRITE<S, 1 > IABE 
WRITE<1,1>IABE 
FORMAT<' IABE =',IS> 
IF<IABE.EQ.1.> GOTO 2400 

INPUT PARAM TO CALC KC• AND QO ** 
WRITE< 5, 48> 
FORMAT<' INPUT PARAMETERS TO CALC KC• &c Q<O>: '> 
WRITE<5,49> 
FORMAT< ' INPUT 1 K • AND N • TO CALC NON-NEWTON I AN FLa.l ' > 
READ •, KP,NP 
WRITE<S,SO> KP,NP 
WRITE<l,SO> KP,NP 
WRITE<4,•> KP,NP 
FORMAT<' K•= ',E13.6,' N•= ',E13.6> 

FOR NEWTONIAN FLOW, SET 

INITIALIZE MUBAR TO K• FOR THE FIRST CALCN OF WIDTH <W<O>> 
MUBAR = KP 

WRITE<,,Sl> 



FORMAT</' NU<POISStON•s CONST>, QZ<FLOW RATE AT WELLBORE', 
c ' IN BPM > ' > 

READ *• NU,QZ 130 

52 

c 

WRITE<5,52> NU 1 QZ 
WRITE<1,52> NU,QZ 
WRITE<4,•> QZ 
FORMAT<' NU= ',F~.2 1 ' az~ ' 1 F~.2> 

INPUT ABE•S VALUE FOR KC• AND Q<O> ** 
WRITE<S 1 53> 

53 FORMAT</' S<STRESS CONST IN PSI>, E<YOUNG•s MOO IN PSI>,', 
c 

54 

55 

56 

c 

' KC<FRACTURE TOUGHNESS IN CGS> ') 
READ *• S,E,KC 
WRITE<5,54> S 1 E1 KC 
WRITE<1,54> S,E,KC 
FORMAT<' S= ' 1 E13.6 1 ' E= ' 1 E13.6 1 ' KC= ',E13.6> 
WRITE<S,SS> 
FORMAT</' RZ<THE RADIUS AT WELLBORE IN FEET> '> 
READ *• RZ 
WRITE<S,56> RZ 
WRITE<1,56> RZ 
WRITE<4,•> RZ 
FORMAT<' RZ~. ' 1 F8.2> 

C CONV!RSI ON OF INPUT TO COS Lt..UT9 ** 
QZ = QZ • 2640. 
s = s • 68940. 
E = E • 68940. 
RZ = RZ * 30.48 

C SET ICOUNT TO 11 ICOUNT CHECKS IF THIS IS THE FIRST TIME CALCN 
!COUNT = 1. 

c 
C TO CALC KC• & Q<D> ** 

KCP = PI•KC / <S•DSQRT<2.•RZ>> 
2300 CP. = S••4•RZ••3•PI /(~.•MUBAR•QZ> * <8.•<1.- NU••2>/<PI•E>>••: 

QD = 1./CP 
C RESET ICALC TO 0. 

c 

I CALC = 0. 
C30TO 2450 

C TO INPUT ABEaS KC• & QD ** 
2400 WRITE<S,120> 
120 FORMAT< I INPUT ABE· 9 VALUE OF : I<C·; Q( D> I) 

READ • ; KCP t QO 
2450 WRITE<5 1 130> KCP,OO 

WRITE<1,130> KCP~QD 
130 FORMAT<' KC•= ' 1 E13.6 1 ' Q<O>= ',E13.6> 

C. 
e GUESS VALUE FOR Rl/R <R1RAT> ** 2500 WRITE<5 1 140> 
140 FORMAT<' GUESS& R1/R I ) 

READ • 1 R1 RAT 
WRITE<S,tSO> RtRAT 
WRITE<t,t50) RIRAT 

150 FORMAT<' Rl/~ ',E16.9> 

c 
c IF R 1 /R HAS MORE THAN TEN 9S THEN USE ASSYMPTOTIC 

IF<R1RAT.GE.0.9999999999> GOTO 5000 
c 
c TO CCI"IPUTE PBAR/S 1 DR/DT 1 LHS, RHS OF. EQNS •• 

CAL.CNS ** 



2600 F = DSQRT<1.- R1RAT••2> 
G = DSQRT<1./RlRAT••2- 1.> 
PBS= <KCP•DSQRT<l./RRZAT> + 1.)/(1.- F> 131 
IF <IQ.EQ.1.> GOTO 2700 
LHS = PBS•<PBS- 1.>••3 

2700 H1 = 3.•<PBS- 1.>•<1. - F> 
H2 = R1RAT•PBS*<1.-R1RAT>/F 

c 

H = <1.- F>/<H1 - H2- KCP/2.•DSQRT<1./RRZAT>> 
EZ = <1.+R1RAT>•DLOG<1.+R1RAT>-<1.-R1RAT>•DLOG<1.-R1RAT> 
IF <IQ.EQ.1.> GOTO 2800 
RHS a QD/RRZAT••3 •<1.+ 3.•H•<PBS- 1.>•<EZ/<2.•R1RAT> - 1. 

C - DLOG<R1RAT•G>>> 

C ARE THEY EQUAL? 

DIF = ABS<LHS-RHS>/LHS•100. 
WRITE<5,160> LHS,RHS,DIF 
WRITE<1,160> LHS,RHS,DIF 

160 FORMAT</' LH~ ',E13.6,' RH~ ',E13.6,' DIF= ',F13.6> 
IF<DIF.GT.0.01> GOTO 2500 

c 
C TO COMPUTE P<O>/S & WD<1> WITH THE BEST R1/R VALUE** 

PZS ~PBS+ QD/<PBS- 1.>••3 •1./RRZAT••3 •<DLOG<R1RAT•RRZAT> -
C 1. + 3.•H•<PBS- 1.>•<1.- EZ/<2.•R1RAT>>> 

WD =<PBS- 1.>•RRZAT 
c 
C WIDTH = WELLBORE WIDTH IN CM ** 

WIDTH= WD * 8.•<1.- NU••2>•RZ•S / <PI•E> 
WRITE<5,161) WIDTH 
WRITE<1,161> WIDTH 

161 FORMAT</' WELLBORE WIDTH<CM> = ',F13.6> . 
c 
C TO CALC FLOW RATE, Q<RL)/Q<O> ** 
C QRLZ-= Q<RL>/Q<O> QZ IS NOT EQUAL TO Q(O) 
C QZ = 2. •PI •RZ•Q< 0 > / DENSITY 

WRITE<5,165> 
165 FORMAT(/' HIT 1 IF YOU WANT TO CALC Q<RL>/Q(O) ' 

C /' WITH RL/R = .1 TO .9 & .91 TO .99 '> 
READ *• IQRL 
WRITE<5,2>IQRL 
WRITE<1,2>IQRL 

2 FORMAT<' IQRL =',IS> 
IF <IQRL.NE.1.> GOTO 4500 

c 
2800 R ~ RRZAT * RZ 

RLRAT = 0.1 
C DO-LOOP TO CALC Q<RL)/Q<O> FROM RL/R= .1 TO ·.9 ** 

DO 4300 I=1 ,9, 1 
RL a RLRAT * R 
P = R••2 - RL••2 
QRLZ = RZ/RL •< 1.- 3.•H/R•<PBS- 1.>•<R- DSQRT<P>> 

C - 1./R••3•<1.- 3.•H•<PBS- 1.>>· 
C •<R••3 - DSQRT<P••3>> > 

C TO CA~C A~PHA U$lNG Q<RL> ** 
c 

ALPHA • DLOG<l.- QRLZ> / DLOG<RLRAT> 

WRITE<5,166> RLRAT,GRLZ,ALPHA 
WRITE<1,166> RLRAT,QRLZ,ALPHA 
IF <R1RAT.GE .• 9999999999DO.AND.IWT.EQ.O> 

C WRITE<4,•> RLRAT,QRLZ 
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4300 
c 

c 
FORHAT<' RL/Rs ' 1 F6.4 1 ' Q<RL>/Q<O>a' 

,E13.6 1 ' ALPHA= ' 1 Fl3.6> 
RLRAT a RLRAT + 0.1 

RLRAT = .91 
C DO-LOOP TO CALC Q<RL)/Q<O> FROM RL/Ra .91 TO .99 ** 

DO 4400 J=1 1 9 1 1 
RL a RLRAT * R 
P = R•*2 - RL**2 
QRLZ = RZ/RL •< 1.- 3.•H/R•<PBS- 1.> 

C •<R- DSQRT<P>>- 1,/R**3*<1.- 3.* 
C H•<PBS- 1.>>•<R••3- DSQRT<P••3>> > 

C TO CALC ALPHA USING Q<RL> ** 

c 
ALPHA a DLOG<1.- QRLZ> / DLOG<RLRAT> 

WRITE<~ 1 167>RLRAT,QRLZ,ALPHA 
WRITE<1 1 167> RLRAT 1 QRLZ 1 ALPHA 
IF <R1RAT.GE •. 9999999999DO.ANO.IWT.EQ.O> 

C WRITE<4,•> RLRAT,QRLZ 
167 FORMAT<' RL/R= ' 1 F6.4 1 ' Q<RL>/Q<O>=' 

C E13.6 1 ' ALPHA= ' 1 F13.6> 
4400 RLRAT = RLRAT + 0.01 

IF <R1RAT.GE .. 9999999999DO> 1WT=1 

IF <IQ.EQ.1.> GOTO 5100 
c 
C WRITE OUT RESULTS ** 

4500 WRITE<5,170> 
WRITE<1,170> 

170 FORMAT(/' -----------------------------' 1 

c '---------------------- ') 
WRITE<~ 1 180> RRZAT,R1RAT,PBS 1 PZS,WO,WIOTH 
WRITE<1,180> RRZAT,R1RAT,PBS 1 PZS,WO,WIDTH 

132 

180 FORMAT<' R/RO= ' 1 F13.6/' Rl/R= ' 1 E15.9/' P-BAR/S= ',F13.6/ 
C ' P<O>/S= ' 1 F13.6/' WD<1>= ' 1 F13,6/ 
C 'WELLBORE WIDTH<CM> = ' 1 F13.6> 

c 
WRITE<5,t81) 

181 FORMAT</' HtT 1 IF YOU WANT ASSYH~TOTE VALUE OF PBA~/S, P<O)/S 
READ •, IASSY 
IF <IASSY,NE.1,) GOTO 5010 

c 
5000 CONTINUE 

C TO CALC THE ASSYMPTOTE VALUES OF P-BAR/S & P<O>/S <I.E. AT R1=R> 

PBUL = KCP•OSQRT<l./RRZAT> + 1. 
PZUL = PBUL + QO/<PBU~- 1.>••3 •<1./RRZAT>••3*<DLOG<RRZAT> 

c - 1. + .3682> . 
WOUL • <PBUL- 1.>•RRZAT 

C WIOHUL • WELLBORE WIOTH<UPPER LIMIT> IN OM ** 

c 

WlOHUL = WOUL * 9.•<1.- NU**2>•RZ•S / <PI•E> 
IF <R1RAT.GE.0.9999999999) WIOTH=WlDHUL 

WRITE<S,t82> PBUL,PZUL,WDUL,WIOTH 
WRITE<1,182> PBUL,PZUL,WDUL,WIOTH 

182 FORMAT</' < P-BAR/S )QS = ',F13.6/' < P<O>/S >UL = ',F13.6/ 
C ' < WO<t> >UL = ' 1 F13.6/' < WELLBORE WIDTH<CH> >UL =' 
C F13.6> 

C ASSIGN PBUL TO PBS FOR ITERATION PURPOSES ** 



PBS = PBUL 
5010 WRITE<S,190> 

WRITE<1,190> 190 FORMAT<' _________________________ . ___ :_ ______ ,I 

c c '---------------- ') 
IF <R1RAT.-LT.0.9999999999> GOTO 5100 
WRITE<5,195> 
WRITE<1 1 195> 

195 FORMAT</' HIT 1 IF YOU WANT TO CALC Q<RL)/Q<O> '> 
READ •, IQ 

c 

WRITE<S,3>IQ 
WRITE<1,3>IQ 

3 FORMAT<' IQ =',IS> 
IF <IQ.NE.1.> GOTO 5100 
R1RAT = 0.99999999999DO 
GOTO 2600 

5100 CONTINUE 

c -----------------------------------------------------c CALC MUBAR AND CCl'1PARE WITH INITIAL! SATI ~ OF MUBAR=K• 

C1 = 2.*PI*KP/<3.*<3.-NP>>•<<2.+ 1./NP)/PI> .. NP 
C * 1./<QZ>*•<1.- NP> 

R = RRZAT • RZ 
MUBAR = C1 * <R*WIDTH••2>*•<1.-NP> 
WRITE<5,196> MUBAR 
WRITE<1 1 196> MUBAR 

196 FORMAT<' MUBAR= ' 1 E13.6) 

C TO CALC ANOTHER WIDTH 

IF <ICALC.EQ.1.> GOTO 2300 
IF< I.COL.NT .NE .1. > GOTO 197 
WIDTHA = WIDTH 
ICOUNT = ICOUNT + 1. 

C TO CALC WI DTHB USING THE NEW MU.BAR ** 
GOTO 198 

197 WIDTHS= WIDTH 
WIDIF = ABS<WIDTHB - WIDTHA>/WIDTHA • 100. 
WRITE<5,1971> WIDTHA 1 WIDTHB,WIDIF 
WRITE<1,1971> WIDTHA,WIDTHB,WIDIF 
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1971 FORMAT</' WIDTHA= ' 1 F13.6 1 ' WIDTHBm ' 1 F13.6 1 ' WIDIF= ',F13.6> 
IF <WIDIF.GT.0.01> GOTO 199 
GOTO 5110 

198 GOTO 2300 
c 
199 CCHTINUE 

C IF WIDTHS DIFFER THEN SET ICALC=1 TO GENERATE ANOTHER WIDTH 
I CALC = 1, 

C WIDTH DIFFERENCE IS GREAT SO ASSIGN WIDTHB TO WIDTHA ** 
WIDTHA = WIDTHB 

C WRITE WIDTH VALUES TO CHECK 
WRITE<5,1991> WIDTH,WIDTHA 1 WIDTHB 
WRITE<1 1 1991> WIDTH,WIDTHA,WIDTHB 

1991 FORMAT</' WIDTH- ' 1 F13.6 1 ' WIDTHAD ' 1 F13.6 1 ' WIDTHB= ',F13.6> 
C RETURN TO MUBAR CALCN 

GOTO 2300 
c 
C ELSE IF THEY DIFFER BY < 0.01 CALC TIME FROM LEAKOFF SUBR 
c ------------------------------------------------------------



5110 WRITE<~,200> 
WRITE<1,200> 134 
WRITE<4,•> WIDTHB 

200 FORMAT</' HIT 1 IF YOU WANT ROB.HART•s LEAKOFF CALCNS ') 
READ *, LHART 

c 

WRITE<1,4>LHART 
WRITE(S,4>LHART 

4 FORMAT<' LHART ~',IS> 
IF<LHART.NE.1.> GOTO 5200 
IF < R1 RAT. GT. 0. 9999999999> WI.DTH ~ WI DHUL 
CALL LKOFF1<WIDTH,QZ> 

5200 CONTINUE 
WRITE<S,210> 
WRITE<1,210> 

210 FORMAT</' HIT 1 IF YOU WANT TO RUN PROGRAM AGAIN ') 
READ *, I CHECK 

c 

WRITE<1,S>ICHECK 
WRITE<S,S>ICHECK 

5 FORMAT<' ICHECK =',IS> 
IF<ICHECK.EQ.1.> GOTO 1000 

CLOSE <Lt.UT=1> 
CLOSE <UNIT=4> 
CLOSE ( I..NIT=~) 
END 



SUBROUTINE LKOFF1 <WZ,Q> 
C•************************************************************************ 
C THIS IS SUBROUTINE S-LEAKOFF LINKED TO M-PENNYC6B-- 135 
C INPUT- Q , SP , C , AND RO 
C OUTPUT-CALCULATES THE TIME FOR THE FRACTURE W/0 LEAKOFF. 
C•************************************************************************ 

c 

31 

32 

c 
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20 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

42 
c 
c· 
c 
c 
c 
C44 
c 
c 
c 
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44 

45 

47 
50 

60 
c 

70 

REAL LEAKC 
PI = 3.141592654 

WRITE<~ 1 31> 
FORMAT<' INPUT Q<BPM>, LEAKC<CGS>,SP<CGS>, AND RO<FT> '> 
READ •,Q,LEAKC,SP,RO 
WRITE<5,32>Q,LEAKC,SP,RO 
WRITE<1,32>Q,LEAKC,SP,RO 
FORMAT<' Q(BPM> =',F5.1,2X,' LEAKC<CGS> =',F8.6, 

C 2X,'SP<CGS>= ',F8.6,2X,' RO<FT>m ',F8.6> 
Q=Q•2640. 
C=LEAKC 
RO=R0•30.48 

INPUT THE R/RO RATIO FOR THE FRACTURE 
WRITE<5,10> 
FORMAT<' INPUT VALUE FOR R/RO ') 
READ * 1 RRAT 
WRITE<S,20> RRAT 
WRITE<1,20> RRAT 
FORMAT<' R/RO =',F6.0) 

R CAN BE CALCULATED BY LETTING RO EQUAL • 75' OR .22. 86CM 
R :z RRAT * RO 

Y IS THE QUANTITY OF THE EQUATION: 

R••2 = Q * < WOE ___ >_+_<_3._•_SP_> 
2 * <PI••2> * <C••2> 3 

THEREBY ISOLATING <2*ALPHA/SQRT<PI>>-1 + &**<ALPHA••2>•ERFC ALPHA 

Y = 6 * <PI * C * R>••2 / <Q•< 
WRITE<5,42> Y 
FORMAT<' Y=',F18.12> 

WZ + 3 .•SP>> 

IF Y IS LESS THAN 1.275469274 THEN THE TABLE TITLED: • ERROR FUNCTION 
& ITS OERI~TIVE • IS TO BE UTILIZED, CONVERSELY IF Y IS GREATER 

THAN 1.275469274 THEN THE TABLE TITLED • COMPLEMENTARY ERRROR 
FUNCTION • IS TO BE USED 

IF< Y.GT.1.27~469274 > GOTO 200 

8/29/86 IT SEEMS THAT IF Y > 1.512154034 
<NOT 1.275469274> COMPLIMENTARY ERF SHOULD BE USED. 

IF <Y.GT.1.512154034> GO TO 200 
WRITE<~ 1 45> 
FORMAT<' INPUT DATA FROM TABLE TITLED : ' 

& 'ERROR FUNCT. & ITS DERIVATIVE') 
WRITE<~ 1 50> 
FORMAT<' GUESS ALPHA '> 
READ •, ARI 
WRITE<5,60) ARI 
WRITE<1 1 60> ARI 
FORMAT<' ALPHAl •' 1 F6.2> 

WRITE<~ 1 70>ARI 
FORMAT<' INPUT ERF<X> FOR ',F6.2 > 



80 
c 
c 

READ * 1 ERFl 
WRITE<5,80> ARI,ERF1 
WRITE<1 1 80> ARI,ERFl 
FORMAT<' ERFl FOR' 1 F6.2 1 ' IS ',F1~.10 > 

ACCORDING TO THE TABLE ERFC ~ 1 - ERF 
VALl= 1.- ERF1 
WRITE< ~ , 81 >VALl 
WRITE< 1 ,81 >VALl 

81 FORMAT<' VALl ~ ',Fl2.6> 
ERFCI1 = <EXP<ARI••2>>• VALl 

c 
Z a <2.• ARI)/(SQRT<PI>> - 1. + ERFCI1 

WRITE<~ 1 810>Z,Y 
WRITE<1,810>Z,Y 

810 FORMAT<' Z= ',F18.12,5X,' Y~ ',F18.12> 
c 

IF <Z.GT.Y> GOTO 811 
WRITE<5,812> 

812 FORMAT<' Z<Y; NEW Z TO BE CALCULATED ') 
GO TO 47 

811 ARJ = ARI - 0.01 
c 

WRITE<5~82> ARJ,ARI 
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82 FORMAT<' THE VALUE 0~ ALPHAU~~) LlE::S BETWEEN• ,F6.2,·· &' ,F6.2) 
c 

WRITi<S,SS> ARJ 
85 FORMAT<' ALPHA2 =' ,F6.2) 

WRITE<S,90) ARJ 
90 FORMAT<' INPUT ERF<X> FOR ',F6.2 > 

READ •, ERF2 
WRITE<S,lOO> ARJ,ERF2 
WRITE<1 1 100> ARJ,ERF2 

100 FORMAT<' ERF2 FOR ',F6.2,' = ',F15.10 > 
c 

c 

VALJ = 1.- ERF2 
ERFCJ2 = <EXP<ARJ••2>>• VALJ 
E = VALl - VALJ 

C THE TIME FOR THE FRACTURE WITH LEAKOFF IS PRINTED WITH EACH VALUE 
C ALPHA. THE ACTUAL TIME WILL BE FOUND BY COMPAIRING THE Z VALUE WI 
C CALCULATED Y VALUE 
c 

WRITE<~,110) 
110 FORMAT<' INPUT THE NUMBER OF ITERATIONS DESIRED,USUALLY 20'> 

READ *, INC 
RINC = 0.01 / FLOAT<INC> 
ARK ,. ARJ 
DO 11 6 I = 1 , 20 

ARK s ARK + RINC 
B • ARK - ARJ 
VALU • B * E / 0.01 
VALK • VALJ + VALU 
ERFCK = <EXP<ARK••2>>*VALK 
Z ~ <<2.• ARK)/(SQRT<PI>>> - 1. + iRFCK 
TSQRT = < ARK •< WZ + 3.•SP))/( 3.•C•<SQRT<PI>>> 
TSEC • TSQRT ••2 
THRS ~ TSEC / 3600• 
WRITE<5,115>Z,ARK,THRS 
WRITE<1,115>Z,ARK,THRS 

115 FORMAT<' Z =',Fl2.lO,aX,'ALPHA •' 1 F1.4 1 3X,'THRS =',F12.8> 
116 CONTINUE 



c 
GOTO 2000 

c 137 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c 
190 
191 

WRITE<5,191> 
FORMAT<' INPUT THE NEXT GUESS OF ALPHA '> 
GOTO 221 

c 
200 WRITE<~,210> 
210 FORMAT<' INPUT DATA FROM TABLE TITLEDa ' 

& 'COMPLEMENTARY ERROR FUNCTION'> 
WRITE<~,220> 

220 FORMAT<' INPUT <X>••-2 '> 
221 READ *• ARI 

WRITE<5,230> ARI 
WRITE<l,230> ARI 

230 FORMAT<' ALPHA** -2 =',F6.4> 
c 

ALPHA3 = ARI ••<-0.5> 
WRITE<5,231> ALPHA3 
WRITE<1,231> ALPHA3 

231 FORMAT<' ALPHA3=',F15.12> 
c 

WRITE<5,240) 
240 FORMAT<' INPUT COMPLEMENTARY ERROR FUNCTION VALUE '> 

READ *• ERROR3 
WRITE<5,250> ERROR3 
WRITE<1,250> ERROR3 

250 FORMAT<' ERROR FUNCTION =',F9.7> 
XERFC3 = ERROR3 / ALPHA3 

c 
Z3 = <2.•ALPHA3 )/(SQRT<PI>>-1.+ XERFC3 
WRITE<5,2S1>Z3,Y' 
WRITE<1,2S1>Z3,Y 

251 FORMAT<' Z3= ',F18.12,5X,' Y =',F18.12> 
IF <Z3.GT.Y> GOTO 252 

·WRITE<5,253> 
253 FORMAT<' Z3 < Y; NEW Z3 TO BE CALCULATED ') 

GO TO 190 
252 ARJ = ARI + 0.005 

ALPHA4 = ARJ ••<-0.5> 
WRITE<~,2S~> ARI,ARJ 

255 FORMAT<' THE VALUE LIES BETWEEN ',F5.3,' AND ',FS.3> 
WRITE<S,260> ARJ 
WRITE<1,260> ARJ 

260 FORMAT<' INPUT COMPLEMENTARY ERROR FUNCTION FOR ',F5.3> 
READ *• ERROR4 
WRITE<5,280>ERROR4 
WRITE<1,280>ERROR4 

280 FORMAT<' ERROR FUNCTION= ',F9.7> 
c 

c 

XERFC4= ERROR4 / ALPHA4 
Z4 = <2*ALPHA4>/<SQRT<PI>>-1. + XERFC4 

E = ERROR4 - ERROR3 
~RIT~<S,283)E 

283 FORMAT<' E =',F15.12> 
ARK = ARI 
WRITE<5,285> 

285 FORMAT<' INPUT THE NUMBER OF ITERATIONS, USUALLY 20'> 
READ *• INC 
RINC = 0.005 / FLOAT<INC> 



c 

290 
300 

DO 300 I = 1, 20 
ARK ~ ARK + RINC 
DIF = ARK - ARI 
ERR~ a << DIF * E )/ 0.00~) + ERROR3 
ALPHAS= ARK **<-0.5> 
XERFC~ = ERR~ / ALPHA5 
Z = <<2.* ALPHAS>/<SQRT<PI>>>-1. + XERFC5 
TSQRT • < ALPHAS *< WZ + 3. *SP))/( 3. *C*< SQRT< PI>» 
TSEC • TSQRT **2 
THRS = TSEC / 3600. 
WRITE<S,290>Z,ALPHA5,THRS 
WRITE<1,290>Z,ALPHA5,THRS 
FORMAT<' Z•',F14.10,' ALPHA5=',F14.10,' THRS =',Fl5.8 > 

CONTINUE 
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c 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c 
c 
2000 

500 
c 

VOL1= <2.* PI * WZ * R**2)/3. 
TIM3 = < VOLl/Q > / 3600. 
WRITE<5,500> TIM3 
WRITE<1,SOO> TIM3 
FORMAT<' THE TIME FOR THE FRACTURE W/0 LEAKOFF' ,F8.4,' HOURS'> 

WRITE<5;501>Y 
501 FORMAT<' IS Z=Y<= ',F18.12~-,>i ELSE START WITH NEW ALPHA ') 

WRIT!< 5, 502> 
502 FORMAT<' INPUT 1,IF NEW TIME CALCULATION NEEDED') 

READ * t ITL 
IF <ITL.EQ.1>GOTO 44 
WRITE <5,503> 

50 3 FORMAT < ' INPUT TOTAL TREATMENT TIME i Z=Y ' > 
READ •,TT 
WRITE <5,504> TT 
WRITE <1,504> TT 
WRITE <4,*> TT 

504 FORMAT < 'TOTAL TREATMENT T,IME = ',F15.8,' HRS' > 
RETURN 

END 
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R/R<O>• 100.000000 
IABE = 0 
K"2 0.139770E+01 N•a 0.&15000E+OO 
NU= 0.22 QZ= 15.00 
S= 0.&80000E+04 E= 0.480000E+07 KC2 0.132000E+09 
RZ= 0.75 
Kc·~ 0.130825E+OO O<D>= 0.463230E+OO 
R1/R= 0.999997472E+OO 

LHS= 0.3683~9E-O~ RHSa 0.368355E-O~ DIF• 

WELLBORE WIDTH<CH> • 
IQRL a 1 
RL/R= 0.1000 Q<RL>/0(0)2 
RL/R= 0.2000 Q<RL)/Q<O>= 
RL/R~ 0.3000 O<RL)/Q<O>= 
RL/R= 0.4000 Q(RL)/Q<O>= 
RL/R= 0.5000 Q<RL>/Q<O>= 
RL/R= 0.6000 Q<RL>/Q<O>= 
RL/R= 0.7000 Q<RL>/Q<O>= 
RL/R= 0.8000 Q(RL>/Q(O>= 
RL/R= 0.9000 Q<RL)/Q<O>= 
RL/R= 0.9100 Q<RL>/Q<O>= 
RLIR= 0.9200 O<RL>/O<O>= 
RL/R= 0.9300 Q<RL>/Q(O>= 
RL/R= 0.9400 Q<RL)/Q(O>= 
RL./R= 0.9:300 Q<RL.>l'O<O>­
RLIR- 0.9600 Q<RL>/O<O>= 
RL/R= 0.9700 Q<RL>/Q<O>= 
RL/R= 0.9800 Q<RL)/Q(O>~ 
RL/R= 0,9900 Q<RL)/Q<O>= 

R/RO= 100.000000 
R1/R= 0.999997472E+OO 
P-BAR/S= 1.015366 
P<O>/S= 1.522737 
WD<1>= 1.536560 
WF.L1 .. 130~E lo.l t I')TH C r.M) ;;; 

0 .120583 

0.996983E-01 ALPHA-
0.493828E-01 ALPHA= 
0.323719E-01 ALPHA-
0.236481E-01 ALPHA= 
0.181889E-01 ALPHA-
0.142959E-01 ALPHA-
0.11204SE-01 ALPHA-
0.846260E-02 ALPHA-
0.5,2995E-02 ALPHA= 
0.531276E-02 ALPHA-
0.498306E-02 ALP~ 
0.463776E-02 ALPHA= 
0.427266E-02 ALPHA= 
0.388172E-02 ALPHA-
0.345~72E-02 ALPHAa 
0.297913E-02 ALPHA= 
0.242168E-02 ALPHA= 
0.170499E-02 ALPHA-

0.120583 

< P-BAR/5 >OS= 1.013082 
< P<O>/i >U~ = 1.835106 
< lo.ID< 1 > >UL = 1 .308G49 
< WE~~BORE WlOTH<CM> >U~ = 0.120583 

MUBAR= 0.870746E-01 
Kc·~ 0.130825E+OO Q<D>= 0.290665E-01 
Rl/R= 0.100000000E+01 

< P~BAR/Z >OS • 1.013082 
< P<O>/S >UL = 1.064662 
< WD<1> >UL = 1.308249 
< WELLBORE WIOTH<CH> >UL = 0.102667 

HIT 1 IF YOU WANT TO CALC Q<RL>/Q(O) 
IQ = 1 
RL/R= 0. 1000 Q( RL>/Q( 0 >• 0.996977E-01 ALPHA-
RL/R= 0.2000 Q< RL>/Q( 0 >= 0.493817E-01 ALPHA-
RL/R- 0.3000 Q<RL>/Q(O)• 0.323703E-01 ALPHA= 
RL/R= 0.4000 O<RL>/Q<O>= 0.236461E-01 A~PHA= 
RL/R== 0.5000 Q( RL>/Q( 0 >= 0.18i86SE-01 ALPHA=-
RL/R= 0.6000 Q<RL>/Q<O>= 0.142933E-01 ALPHA= 

0.000860 

0.04~612 
0.031467 
0.027332 
0.026119 
0.026483 
0.028188 
0.031591 
0.038086 
0.053586 
0.056483 
0.059912 
0. 064055 
0.069201 
0.075024 
0.084800 
0.097953 
0. 120014 
0.169790 

0.04~612 
0.031466 
0.027331 
0.0261U 
0.026479 
0.028183 
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RL/R= 0. 7000 Q< RL>/Q( 0 >= 0.112018E-01 ALPHA= 0.031584 
RL/R= 0.8000 Q<RL>/GI<O>= 0.846000E-02 ALPHA= 0.038074 
RL/R= 0.9000 Q<RL>/Q(0)• O.S62783E-02 ALPHA- 0.0~3~66 141 

RL/R= 0.9100 Q( RL>/Q( 0 >= 0.531072E-02 ALPHA= 0.056461 
RUR= 0.9200 Q( RU/GI< 0 >= 0.498111E-02 ALPHA- 0.059888 
RL/R= 0.9300 Gl< RU/Q( 0 >= 0.463592E-02 ALPHA=- 0. 064030 
RL/R= 0.9400 Q( RU/Q( 0 >= 0.427093E-02 ALPHA- 0.069172 
RUR= 0.9500 Q( RU/Q( 0 >= 0.388012E-02 ALPHA- 0.075793 
RL/R= 0.9600 Q( RU/Q( 0 >= 0.345427E-02 ALPHA= 0.084764 
RL/R= 0.9700 Q( RU/Q( 0 >= 0.297786E-02 ALPHA- 0.097911 
RUR= 0.9800 Gl< RU/Q( 0 >= 0.242062~-02 ALPHA- 0.119962 
RL/R= 0.9900 GI<RL)/Q(O>= 0.170424E-02 ALPHA= 0.169715 
MUBAR= 0.769307E-01 

WI DTHA= 0.120583 WIDTHB= 0.102667 WIDIF= 14.858546 

WIDTH= 0.102667 WIDTHA= 0.102667 WIDTHS= 0.102667 
KC"= 0.130825E+OO GI<D>= 0.256804E-01 
Rl/R= 0.100000000E+01 

< P-BAR/S >GIS= 1.013082 
< P<O>/S >UL = 1.058653 
< WD<1> >UL = 1.308249 
< WELLBORE WIDTH<CM> >UL = 0.102667 

HIT 1 IF YOU WANT TO CALC GI<RL)/GI<O> 
IGI = 0 
MUBAR= 0.769307E-01 

WIDTHA= 0.102667 WIDTHS= 0.102667 WIDIF= 0.000000 

HIT 1 IF YOU WANT ROB.HART"S LEAKOFF CALCNS 
LHART = 1 
Gl< BPM> = 15. o· LEAKC< CGS> =0. 002500 SP< CGS>= 0. 000000 
R/RO = 100. 

RO<FT>= 0.750000 

ALPHA1 = 0.82 
ERF1 FOR 0.82 IS 
VALl = 0.246189 
Z= 0.407539129257 
ALPHA1 -= 0.91 
ERF1 FOR 0.91 IS 
VALl = 0 • 1 9811 7 

0.7538107634 

Y= 

0.8018828034 

Z= 0.480308532715 Y= 
ERF2 FOR 0.90 = 0.7969081998 
Z =0.4724887311 ALPHA= 0.9005 
: =0.4729040861 ALPHA= 0.9010 
Z =0.4733190,39 ALPHA= 0.9015 
Z =0.4737335742 ALPHA= 0.9020 
Z· =0.4741477072 ALPHA= 0.9025 
Z =0.4745613933 ALPHA·= 0.9030 
Z =0.4749746621 ALPHA • 0.903~ 

Z =0.4793875434 ALPHA= 0.9040 
Z =0.4758000076 ALPHA= 0.9045 
Z =0.4762120247 ALPHA= 0.9050 
Z =0.4766236246 ALPHA= 0.9055 
Z =0.4770347774 ALPHA= 0.9060 
Z =0.4774456024 ALPHA= 0.9065 
Z =0.4778559208 ALPHA= 0.9070 
Z =0.4782658219 ALPHA= 0.9075 
Z =0.4786752760 ALPHA= 0.9080 
Z =0.4790843725 ALPHA= 0.9085 
Z =0.4794929922 ALPHA= 0.9090 

0.475728720427 

0.475728720427 

THRS = 
THRS = 
THRS = 
THRS = 
THRS = 
THRS = 
THRS = 
THRS • 
THRS = 
THRS = 
THRS = 
THRS = 
THRS = 
THRS = 
THRS = 
THR.S = 
THRS = 
THRS = 

0.01343540 
0.01345032 
O.Ot34652S 
0.01348019 
0.01349514 
0.01351010 
0.01352507 
0.013:54004 
0.01355503 
0.01357002 
0.01358502 
0.01360002 
0.013~1504 
0.01363006 
0.01364510 
0.01366014 
0.01367519 
0.01369024 



Z =0.4799011648 ALPHA= 0.909~ THRS = 0.01370531 
Z =0.4803089201 ALPHA= 0.9100 THRS = 0.01372038 
THE TIME FOR THE FRACTURE W/0 LEAKOFF 0.0079 HOURS 

TOTAL TREATMENT TIME= 0.01355503 HRS 

HIT 1 IF YOU WANT TO RUN PROGRAM AGAIN 
ICHECK = 0 
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100.00000000000000000 
1.38769996 0.61~00001 
1~.00000000 
0.75000000000000000 
0.10000000149011612 
0.20000000298023224 
0.30000000447034836 
0.40000000596046448 
0.50000000745058060 
0.60000000894069672 
0.70000001043081284 
0.80000001192092895 
0.90000001341104507 
0.91000002622604370 
0.92000002600252628 
0.93000002577900886 
0.94000002555549145 
0.95000002533197403 
0.96000002510845661 
0.97000002466493919 
0.98000002466142178 
0.99000002443790436 
0.10266654 

1.35550303E-02 

9.96977407713340036E-02 
4.93817145629499091E-02 
3.23703394600~33129E-02 
2.36460941232046890E-02 
1.81865377915540194E~02 
1.42933381810794770E-02 
1.12018456602202068E-02 
8.46000483036135793E-03 
5.62782665086232654E-03 
S.31072481811824520E-03 
4.98111493584575075E-03 
4.63591635333190574E-03 
4.27092577321842946E-03 
3.88011801596790853E-03 
3.45426842750603093E-03 
Z.9?7S610423996376?E-O~ 
2.42062225623476592E-03 
1.7042355973713456~E-03 
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C TWO DIMENTIONAL SPHERICAL PARTICLE TRACKING 
DIMENSION RLDR0<40>,QRDQW0<40>,RLDR<40>,QRDQW<40> 

+ ,BC<40>,CC<40>,DC<40>,THETA0<2~>,THETAP<25> 14& 
+ ,BHX<40> ,BHY<40>,SHX<200>,SHY<200> 

EXTERNAL FX, FY 
REAL NPRIME,KPRIME,MDOTD 
COMMON /A1/ B,C,UF,VF 
COMMON /A2/ RHOF,D,NPRIME,KPRIME,W,GR 
COMMON /A3/ RLDRO,QRDQWO,BC,CC,DC 
OPEN <UNIT=7, FILE='PARTDAT.IN'> 
OPEN <LNIT=2, FILE•'PARTDAT .• OUT' > 
OPEN <LNIT=3, FILE='PARTDAT.PLT'> 
OPEN <LNIT=4, FILE•'MPEN.IN'> 
READ <7,•> NTHETA 
READ <7,1008> <THETAO<I>, I=1,NTHETA> 
READ <4,•> RRZAT,KPRIME,NPRIME,QW,RZ 
R=RZ•RRZAT 
KPRIME=KPRIME/478.803 
RLDRO < 1 >=RZ/R 
QRDQWO( 1 >=1 .0 
DO 30 1=2, 19 

READ <4,•> RLDRO<I>,QRDQWO<I> 
QRDQWO(J>=QRDQWO<I>•RLDRO<I>•RRZAT 

30 C:ONTTNI.JE 
READ <4,•> I..LJ,TT 
TT=TT•60.•60. 
~/12./2.54 

CALL NATCUS <19,RLDRO,QRDQWO,BC,CC,DC> 
READ <7,•> RHO,RHOF,DT,IPRINT,TO,WO,D,GR 

+ ,PDT,CON,PHI 
READ <7,•> NPRT1,SF 
QW=QW•9.36E-2 
WO=W0•9.~6E-2 
PI=3 .·141 ~9 
RHOBAR=RHO/RHOF 
A=RHOBAR+O.~ 
B=-GR•<<RHOBAR-1.0)/A) 
c=• J~ 4. •D4tjCII) 
IF<D/12 •• GE,ww> THEN 

WRITE <6,2000> WW•12. 
STOP 

~:n!F 

RDP..99*R*SQRT<1.-<D/12./WW>••2> 
RO=R•0.99 
VS=O. 0 
VSS=O.O 
NCT1•1 
NCT2=1 
NFLAGl20 
NVS.l 
BHX1=0.0 
BHY1=0.0 
NJ•1 

* FJD1 ./SQRT(( < R0••2-. 75••2> ••3) -( (R0••2-RDP**2> **~> > 
F3-l./(SGRT<<R0••2-.7S**2>••J>•SQRT(<R0••2-RDP•M2>~•3>> 
VSC•30./1BO.•PI*WW/3,/RO/F3 

C PRINT •,VSC 
DO 40 J•l ,NTHETA 
IF <J.EQ.l> THEN 

DTHETA-0 .0 
ELSE 

DTHETA-ABS<THETAO<J>-THETAO<J-1))/lBO.•PI 
END IF 



HDOTD=QW•CON•7.481/<2.•PI>•DTHETA 
IF <SF.EQ.l.O> THEN 
W=WW 
ELSE 
W=WN•SQRT<1.-<RZ•SF/R>••2> 
END IF 
THETA-THETAO<J> 
FC=COS<THETA•Pl/180.> 
FS=SIN<THETA•PI/180.> 
XO=FC•RZ•SF 
YO=FS•RZ•SF 
T=TO 
X=XO 
Y=YO 
XTEMP=XO 
YTEMP=YO 
FVEL=QW/(W*2.•PI•<RZ•SF>> 
PVEL=WO/<W•2.•PI•<RZ•SF>> 
UF=FVEL•FC 
VF=FVEL•FS 
U=PVEL•FC 
V=PVEL•FS 
CX=.99•R•FC 
CY=.99*R•FS 
PX=RDP•FC 
PY=RDP•FS 
1=0 
IF <J.EQ.1) THEN 
WR 1 TE < 2, 1 0 11 > 
WR 1 TE < 2, 1 0 1 2 > 
DO 12 JJ=1, 19 

WRITE <2,1013> RLDRO<JJ>,GRDGWO<JJ> 
12 CONTINUE 

WRITE <2, 1010> 
WRITE <2,1014> WW 
WRITE <2,1034> WW•12. 
WRITE <2,1015> R 
WRITE <2,1016> TT 
WRITE <2,1017> DT 
WRITE <2,1018> IPRINT 
WRITE <2,1019> TO 
WRITE <2,1020> GR 
WRITE <2,1036> SF,RZ 
WR 1 TE < 2, 1 0 1 0 > 
WRITE <2,1021> QW/9.36E-2 
WRITE <2,1022> QW 
WRITE <2,1023> FVEL 
WRITE <2,1033> RHQF 
WRITE <2,102~> NPRIME 
WRITE <2,1026> KPRIME 
WRITE < 2, 1 0 1 0 > 
WRITE <2,1024> PVEL 
WRITE <2,1027> POT 
WRITE <2,1028) PHI 
WRITE <2,1030> CON 
WRITE <2,1031> RHO 
WRITE <2,1029> D 
WRITE <2,103~> 0/12. 
WRITE <2,1009> 
ENOIF 
IF <NPRT1.EQ.1> WRITE <2,1032> THETA 

10 IF <NPRT1.EQ.1> WRITE <2,1000) 
11 IF <NPRT1.EQ.1) WRITE <2,1001> T,X,Y,U,V,UF,VF 
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20 CALL KUTTA <X,Y,U,V,T,DT,FX,FY> 
CALL FLOWFD <X,Y,UF,VF,R,GW,PI,W,WW> 
IF < J. EGl. 1 > THa-I 148 

IF <YTEMP.LT.Y> THa-I 
YTEMP=Y 
XTEMP=X 

ELSE IF <NCT1.EGl.1> THa-I 
SHY< 1 >=YTEMP 
SHX<l>=O.O 
SHY< 2 > =YTEMP 
SHX< 2>=XTEMP 
NCT1=NCT1+1 

ELSE IF <I.EQ.<IPRINT-1>> THEN 
NCT1=NCT1+1 
IF <NCT1.EQ.200> THEN 

WRITE <6, 1050> 
STOP 

END IF 
SHY< NCT1 > =Y 
SHX < NCT1 >=X 

ENOIF 
ENOIF 
RCK=SGlRT<X••2 +Y**2 > 
TF CRCK.GE.RDP.OR.T.GE.<TT-POT>> THEN 

THETAP<J>-ATAN(Y/X) 
IF <NPRT1.EQ.1) THEN 
WRITE <2,1001> T 1 X 1 Y1 U1 V1 UF 1VF 
WRITE < 2 1 1 009> 
ENOIF 
IF <J.EGl.1> THEN 
IF <T.GE.<TT-POT>.ANO.NCT1.EQ.l> THEN 

S.HY<NCT1 >=Y 
SHX<NCTl>=O.O 

ENOIF 
NCT1 =NCT1 + 1 
SHY<NCT1 >=Y 
SHX < NCT1 >=X 
ENDIF 
IF <RCK.GE.ROP,ANO.J,NE,l> THEN 
CALL BEDHT <PHI 1MDOT0 1 POT 1TT 1 T 1 ROP 1 WW 1 THETAP,RH0 1 

+ R I'J I PJ I BHXt I BHYl lvs INVS INJ lvsc lvss' F3. 
+ OlTHET> 

IF <NFLAG1.EQ.O.ANO.NCT2.EQ.l) THEN 
NCTl=NCTl+l 
SHY<NCT1 >=Y 
SHX<NCT1 >=X 
BHY< 1 >=Y 
BHX< 1 >=X 

END IF 
IF <BHYl.NE.O.O> THEN 
NCT2=NCT2+ 1 
BHY < NCT2 > =BHY 1 
eHX<NCT2)=SHXl 
ENOIF 
ELSE IF <T .Lt.< TT~PIH)) THEN 
NFLAG1=1 
BHY< 1 >=Y 
BHX<1)•X 
ELSE IF <J.NE.1.ANO.T.GE.<TT-POT>> THEN 
NCT1~CT1+1 
SHY< NCT1 > =Y 
SHX<NCT1 >=X 
ENOIF 



WRITE <3,1001> CX,CY,PX,PY 
GOTO 40 

ENDI F 149 
I=I+1 
IF <I.EQ.IPRINT> THEN 

I=O 
GOTO 11 

END IF 
GOTO 20 

40 CCI'ITINUE 
IF <NVS.EQ.NTHETA> THEN 

CALL BEDEQ <VS,R,RDP,WW,PI,BHX,BHY,SHX,SHY 1 NCT1,NCT2 
+ ,F3> 

ENDIF 
IF <NJ.NE.1.AND.NVS.NE.NTHETA.AND.NVS.NE.1> THEN 

CALL BEDEQl <VS,R,RDP,WW,PI,BHX,BHY,SHX,SHY,NCT1,NCT2 
+ ,NJ,THETAP,F3> 

END IF 
WRITE <3,1010> 
DIFFCK=BHX<2>-BHX<1> 
DO 55 I=3,NCT2 

DIFF=BHX<I>-BHX<I-1> 
IF <DIFFCK.LT.O.O.AND.DIFF.GT.O.O> THEN 

CALL BEDSH<VSS,R,RDP,WW,PI,BHX,BHY,SHX,SHY,NCT1 
+ ,NCT2,F3> 

GOTO 56 
ENDIF 

55 CONTINUE 
56 DO 50 I=1,NCT1 

WRITE <3,1001> SHX<I>,SHY<I> 
50 CONTINUE 

WRITE <3,1010> 
DO 60 I=1 ,NCT2 

WRITE.<3,1001> BHX<I>,BHY<I> 
60 CONTINUE 

1000 FORMAT <6X,'TIME' ,7X 1 'X' ,9X 1 'Y' ,~X,'PART V X' ,2X, 
+ 'PART V Y',3X,'FLD V X' 1 3~ 1 'FLD V Y',/) 

1001 FORMAT <1X,F10.3,6F10.3> 
1002 FORMAT <2F10.3> 
1008 FORMAT <11F5.1> 
1009 FORMAT <1X,'--------------------------------------------' 1 

+ '---------------------------',/) 
1010 FORMAT 
1011 FORMAT 
1012 FORMAT 
1013 FORMAT 
1014 FORMAT 
1015 FORMAT 
1016 FORMAt 
1017 FORMAT 
1018 FORMAT 
1019 FORMAT 
1020 FORMAT 
1021 FORMAT 
1022 FORMAT 
1023 FORMAT 
1024 FORMAT 
1025 FORMAT 
1026 FORMAT 

+ 
1027 FORMAT 
1028 FORMAT 
1029 FORMAT 

(/) 

<SX,'PROPPANT PLACEMENT-- PENNEY FRACTURE',//) 
<12X 1 'RL/R',4X,'Q<RL>/Q<O>',/) 
<6X,F10.2,F12.6> 
<SX,'MAXIMUM WELLBOR~ WIDTH 
<SX,'FRACTURE RADIU$' 
< 5X, 'TREATMENT TIME . 
<SX,'TIME INCREMENT 
<SX,'PRINTING CONTROL 
<SX,'INITIAL TIME 
< 5X, 'GRAVITATIONAL C~STANT 
<SX,'PUMPING RATE 
( 5X', 
<SX,'INITIAL FLUID VELOCITY 
<SX,'INITIAL PARTICLE VEL 
< 5X, 'BEI-WJ I OR INDEX 
< 5><:, 'CONSISTENCY INDEX 

'/SQ FT' > 
< 5X , ' PAD TIME 
<5X,'PROPPANT POROSITY 
<SX,'PROPPANT DIAMETER 

= ',Fl0.6,' 
= ',F10.3 1 ' 

= ',Fl0.3,' 
= ',F10.3,' 
= ',I10) 
= ',F10.3,' 
=- ',F10.3 1 ' 

= ',F10.3 1 ' 

= ' 1 F10.3,' 
= ',F10.3 1 ' 

= ',Fl0.3,' 
= ' 1 Fl0.6> 
= ',F10.6,' 

FT' > 
FT') 
SEC'> 
SEC'> 

SEC'> 
FT/SEC••2') 
BBL/MIN') 
CU FT/SEC'> 
FT /SEC'> 
FT /SEC'> 

= ',Fl0.3,' SEC'> 
= ',F10.3> 
= ',Fl0.5 1 ' IN'> 



c 

c 

1030 FORMAT 
1031 FORMAT 
1032 FORMAT 

1033 
1034 
103~ 
1036 
10SO 

+ 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

< 5X, 'PROP PANT C~Ce-ITRAT I~ 
< 5X, 'PROPPANT DENSITY 
<SX,'INITIAL FLOW ANGLE 

' FROM X AXIS',/) 

= ',FlO .3,' LBM/GAL' > 15o 
= ',F10.3,' LBH/CU FT'> 
= ',FlO.l,' DEGREES', 

<SX,'FLUID DENSITY = ',F10.3,' LBM/CU FT'> 
<SX,' =- ',F10.5;' IN'> 
<SX,' = ',F10.6,' FT'> 
<SX,'SCALING FACTOR • ',F10.3,' X ',F~.3> 
< / ,.t X, 'YOU MUST I NCR EASE THE PRINT C(JIITROL NUMBER' 

+ ,/,lX,'OR INCREASE THE TIME STEP IF POS$IBLE'> 
2000 FORMAT (/,lX,'PARTICLE DIAMETER EXCEEDS WELLBORE WIDTH',/, 

+ lX,'PUT IN A PROPPANT DIAMETER LESS THAN ',F10.6> 
2001 FORMAT <1X,IS,10FlO.S> 

CLOSE < Lt..U T=7 >. 
CLOSE < UNIT=2> 
CLOSE <UNIT=3> 
CLOSE < UNIT=4> 
END 

SUBROUTINE KUTTA <X,Y,U,V,T,H,Fl,F2> 
D1X==H•U 
01 Y•HttV 
Dtu-H•Fl<X,Y,U;V;T> 
D1V=H•F2CX,Y,U,V,T> 
D2X=H•< U+D1 U/2. > 
D2Y==H•<V+D1V/2.) 
D2U=H*Fl<X+D1X/2.,Y+D1Y/2.,U+D1U/2.,V+D1V/2.,T+H/2.> 
D2V=H•F2<X+D1X/2.,Y+DlY/2.,U+DlU/2.,V+DlV/2.,T+H/2.> 
D3X=H* < U+ D2U/2. > 
D3Y=H•<V+D2V/2.> 
D3U=H•Fl<X+D2X/2.,Y+D2Y/2.,U+D2U/2.,V+D2V/2.,T+H/2.> 
D3V=H*F2<X+D2X/2.,Y+D2Y/2.,U+D2U/2.,V+D2V/2.,T+H/2.> 
D4X=H•<U+D3U> 
D4Y=H•<V+D3V> 
D4U=H•Ft<X+D3X,Y+D3Y,U+D3U,V+D3V,T+H> 
D4V=H•F2<X+D3X,Y+D3Y,U+D3U,V+D3V,T+H> 
T=T+H 
X=-X+<DlX+2.•D2X+2.•DJX•D4X>/6, 
Y•Y•<DlY•~.xD~Y•~j•DOY•D4Y>/6. 
U=U+<D1U+2.•D2U+2.•D3U+D4U)/6. 
v=v+<D1V+2.•D2V+2.•D3V+D4V)/6. 
RETURN 
END 

SUBROUTINE FLOWFD <X,Y,UF,VF,RO,QW,PI,WR,WW> 
DIMENSION RLDR0<40>,QRDGW0<40>,BC<40>,CC<40>,DC<40> 
COHHON /A3/ RLDRO,aRDawo,Bc,cc,Dc 
R=SQRT<X**2 +Y**2 > . 
RLDR=R/RO 
IF <RLDR.GT.l.O> THEN 

WRITE < 6, 1 036> 
STOP 

Et~OIF 
CALL CUBVAL <l,RLDRO,RLOR,QROQW,QROQWO,BC,CC,OC> 
WR=SQRT<1.-RLDR••2>*WW 
QR=QW•QRDQW 
WF=QR/(WR•PI•2.•R> 
UF=X/R*WF 
VF=Y/R*WF 
RETURN 

1036 FORMAT C/,lX,'YOU MUST DECREASE THE TIME INCREMENT'> 
END 

·C 



c 
c 
c 
c 
c 
c 
c 

c 

c 
c 

SUBROUTINE NATCUS <M X,A,B C,D> 
DIMENSION X<100>,A<40>,B<40>,C<40>,D<40>,H<40>, 

+ T<40> ,U<40) ,Z<40> ,ALPHAC40> 151 
DO 10 I=1 ,M-1 

H<I>=XCI+1>-X<I> ~ 

10 CCNriNUE 
DO 20 I=2,M-1 

ALPHA<I>=3.•<ACI+1>•H<I-1>-A<I>•<X<I+1>-X<I-1>>+ 
+ A<I-1>•HCI))/CHCI-1>•H<I>> 

20 CCNriNUE 
T<1>=1.0 
UC1>=0.0 
z ( 1 >=0. 0 
DO 30 1=2,M 

T<I>=2.•<X<I+1>-X<I-1>>-H<I-1>*U<I-1> 
U ( I > =H < I > /T < I > 
Z<I>=<ALPHA<I>-H<I-1>•Z<I-1))/TCI> 

30 CCNriNUE 
T<M>=1.0 
Z<M>=O.O 
C<M>=Z<M> 

40 

50 

1000 

30 

DO 40 J=M-1,1,-1 
C<J>=Z<J>-U<J>•C<J+1) 
B<J>=<A<J+1>-ACJ))/H<J>-H<J>•<CCJ+1)+2.•CCJ))/3. 
D<J>=<CCJ+1>-CCJ))/(3.•H<J>> 

CCNriNUE 
DO 50 J=1 ,M 

IF <J.NE.M> THEN 
WRITE <2;1000) J,X<J>,A<J>,B<J>,C<J>,D<J> 

ELSE 
WRITE <2,1000> J,X<J>,A<J> 

ENDIF 
CONTINUE 
PRINT * 
FORMAT <1X,I2,5E18.6> 
RETURN 
END 

SUBROUTINE CUBVAL <NV,X,XVAL,VAL,A,S,C,D> 
DIMENSION XVAL<255>,VALC255>,A<40>,B<40>,C<40>, 

+ D<40>,X<40> 
J=1 
DO 10 I .. 1 ,NV 

VAL< I >=0. 0 
IF <XVAL<I>.GT.XCJ+1>> THEN 

J=J+1 
GOTO 30 

END IF 
DELX=XVAL<I>-X<J> 
VAL<I>=A<J>+B<J>•DELX+C<J>•DELX**2+D<J>•DELX**3 

10 CCNriNUE 
DO 20 1•1 ,NV 

c 20 
1000 

WRITE <2,1000> I,XVAL<I>,VAL<I> 
Ct:NTINUE 
FORMAT <1X,I3,2E18.6> 
RETURN 

c 
END 

SUBROUTINE BEDEQ1 CVS,R,RDP,WW,PI,BHX,BHY,SHX,SHY 
+ . ,NCT1,NCT2,NJ,THETAP,F3> 

o;:·lENSICN BHX<40> ,BHY<40> ,SHXC200> ,SHY<200> ,THETAP<25> 
NCT1T=O 
R0=.99•R 



c 

DTHETA=VS•3.•RO•F3/WW 
CTHETA=30.•PI/180. 
C1THET=ABS<-PI/2,-THETAP<NJ>> 
C2THET=ABS<-PI/2.-THETAP<NJ+1>> 
lF <DTHETA.GT.CTHETA> THEN 

WRITE <6,1000) 
STOP 

ELSE IF <DTHETA.GT.C1THET> THEN 
WRITE < 6, 1 0 0 1 > 
STOP 

ELSE 
F1=3.•RO*VS/<C1THET•WW> 
F2=SQRT<<R0••2-RDP••2>••3> 
BHR=<R0••2-<<F1+F2>••<2./3.>>>••0.5 
NCT2-NCT2+ 1 
BHX<NCT2>=BHR•COS<-PI/2.+C2THET> 
BHY<NCT2>=BHR•SIN<-PI/2.+C2THET> 
NCT2=NCT2+1 
BHX<NCT2>=0.0 
BHY<NCT2>=-BHR 
DO 20 1=1 ,NCTt 

SRi=SQRTf.SWY<I~••2+SHX(I>••2> 

STHETA=ATAN<SHY<I>/SHX<I>> 
IF (STHETA.LT.<-PI/2.•C1THET>.ANO.B~!.~!.BHR> THEN 

SHX<I>=O.O 
SHY< I >=O .0 

ELSE 
NCT1 T=NCTt T+ 1 

END IF 
20 CO'-ITINUE 

NCT1=NCT1T 
END IF 
RETURN 

1000 FORMAT (/,1X,'YOU MUST DECREASE CONCENTRATION AND/OR' 
+ ,' INCREASE PAD TIME.'> 

1001 FORMAT (/,1X,'PROPPANT CALCULATION PARTIALLY COMPLETE',/ 
+ ,1X,'BUT YOU MUST DECREASE CONCENTRAION AND/OR' 
+ , ' INCREASE PAD TIME. i) 

END 

SUBROUTINE BEDEQ <VS,R,RDP,Ut.I,PI,BHX,BHY,SHX,SHY,NCT1,NCT2 
+ ,F3,D1THET> 

DIMENSION BHX<40>,BHY<40>,SHX<200>,SHY<200> 
NCT1T=O 
R0=.99•R 
DTHETA--vS•3.•RO•F3/Ut.l 
CTHETA=30.•PI/180. 
IF <D1THET.GT.CTHETA> CTHETA=01THET 

.IF (0THETA.GT.CTHETA) THEN 
WRITE < 6,1000) 
STOP 

ELSE 
fl'1=3. •~OttV!I''( CTH!TAttW> 
~2=SQRT<<R0••2-RDP••2>••3> 
BHR=<R0••2-<<F1+F2>••<2./3.>>>••0.3 
FAC=<RDP-BHR>/5. 
DO 10 Ia3,7 

RB=<I•2>•FAC+BHR 
BHX<I>•RB•COS<-PI/2.+CTHETA> 
BHY<I)eRB•SIN<-PI/2.+CTHETA> 

1 0 CO'-IT I NUE 
NCT2=7 
BHX< 1 >=0..0 

152 



c 

c 

SHY< 1 >=-BHR 
BHX<2>=BHR*COS<-PI/2.+CTHETA> 
BHY<2>=BHR*SIN<-PI/2.+CTHETA> 153 
DO 20 I=l ,NCTl 

BRS=SQRT<SHY<I>**2+SHX<I>**2> 
STHETA=ATAN<SHY<I>/SHX<I>> 
IF <STHETA.LT.<-PI/2.+CTHETA>.AND.BRS.GE.BHR> THEN 

SHX< I >=O .0 
SHY<I>=O.O 

ELSE 
NCT1T=NCT1T+1 

END IF 
20 CCNTINUE 

NCTl=NCT1 T 
ENDIF 
RETURN 

1000 FORMAT </,1X,'YOU MUST DECREASE CoNCENTRATION AND/OR' 
+ ' INCREASE PAD TIME.'> 

END 

SUBROUTINE BEDSM <VS,R,RDP,WW,PI,BHX,BHY,SHX,SHY,NCT1,NCT2 
+ ,F3> 

DIMENSION BHX<40>,BHY<40>,SHX<200>,SHY<200> 
NCTlT=O 
R0=.99•R 
CTHETA=PI/2.+ATAN<BHY<l>/BHX<1>> 

F1=3.•RO.VS/<CTHETA*WW> 
F2=SQRT<<R0••2-RDP**2>••3> 
BHR=<R0••2-<<Fl+F2>••<2./3.>>>••0.S 
FAC=<RDP-BHR>(S. 
DO 10 I=3,7 

RB=<I-2>•FAC+BHR 
BHX<I>=RB•COS<-PI/2.+CTHETA> 
BHY<I>=RB•SIN<-PI/2.+CTHETA> 

10 CONTINUE 
NCT2=7 
BHX<1>=0.0 
BHY< 1 >=-BHR 
BHX<2>=BHR•COS<-PI/2.+CTHETA> 
BHY<2>=BHR*SIN<-PI/2.+CTHETA> 
DO 20 I=l ,NCT1 

BRS=SQRT<SHY<I>**2+SHX<I>••2> 
STHETA-ATAN<SHY<I>/SHX<I>> 
IF <STHETA.LT.<-PI/2.+CTHETA>.AND.BRS.GE.BHR> THEN 

SHX< I >=O. 0 
SHY<I>=O.O 

ELSE 
NCTl T~CTl T + 1 

ENDIF 
20 CONTINUE 

NCT1=NCT1T 
RETURN 
END 

SUBROUTINE BEDHT <PHI,MDOTD,PDT,TT,T,RDP,WW,THETAP,RHO, 
+ R,J,PI,BHX,BHY,VS,NVS,NJ,VSC,VSS,F4, 
+ DTHETA> 

DIMENSION THETAP<2S> 
REAL MDOTD 
R0=.99*R 
IF <VS.EQ.O.O> THEN 
DTHETA=ABS{THETAP<J>-THETAP<J-1>> 
IF <<PI/2.+THETAP<J-1>>.GT.30.•PI/1BO.> THEN 



c 

1000 

c 

·t 

VSC=<PI/2,+THETAP<J-l>>~/3,/RO/F4 
ELSE 

VSC=30./180.•PI*WW/3,/RO/F4 
ENOIF 
ELSE 
OTHETA=ABS<THETAP(J>-THETAP<NJ>> 
IF <<PI/2.+THETAP<NJ>>.GT.30.•PI/180.> THEN 

VSC=<PI/2,+THETAP<NJ>>~/3./RO/F4 
ELSE 

VSC=30,/190.•PI•WW/3./RO/F4 
END IF 
ENOIF 
TTS=TT-POT-T 
vs--vS+<MOOTO•TTS/(RH0•<1.-PHI>>> 
VSS=VSS+<MOOTO•TTS/<RH0•<1.-PHI>>> 
F1=3.•RO*VS/<OTHETA•WW> 
F2=SQRT<<R0••2-ROP••2>••3> 
F3=R0••2-<<Fl+F2>••<2./3.>> 
IF <VS.GT.VSC> THEN 

W~ITE <6,1000) VSC 
STOP 

END IF 
IF <~O.GE.O.S,JS> THEN 
VS=O.O 
6MR=<R0••2-<<F1+F2>••<3./3.>>>••0.3 
BHX=BHR•COS<THEiAP<J>> 
BHY=BHR•SIN<THETAP<J>> 
NVS=l 
ELSE 
IF <NVS.EQ.1) NJ=J-1 
NVS=NVS+l 
BHX=O.O 
BHY=O.O 
ENOIF 
PRINT •,VSC,OTHETA,VS,Fl,F2,F3,BHR,BHX,BHY,J,NJ,NVS 
RETURN 
FORHAT 

+ 
!NO 

< /, 1 X, 'YOU MIJST DECREASE C~CI;NTRAT I ON AND/OR' 
,' INCREASE PAD TIME,' ,/,1X 1 'MAXIMUM VOLUME' 
,' OF PROPPANT IS ',F10.4,' CU FT'> 

FUNCTION FX(X,Y,U,V,T> 
COMMON /Al/ B,C,UF 1VF 

C PRINT *• <UF-U>••2+<VF-v>••2 
WR=SQRT<<UF-U>••2 +<VF-v>••2 ) 
FX=C•CO<WR>•<UF-U>*WR 

c 

c 

RETURN 
END 

~UNCTION.FY<X,Y,U,V,T> 
COMMON /Al/ B,C,UF,VF 
U~SQRT<<U~·U>**2 +<VF-v>•*2 ) 
FY=B+C•CD<WR>•<VF-v>*WR 
RETURN 
END 

FUNCTION CO<V> 
COMMON /A2/ RHOF,O,NPRIME,KPRIME,W,GR 
REAL NPRIME,KPRIME 
GOOT=2.•<2.•NPRIME+1.>/NPRIME•ABS<V>/W 
AMU=KPRIME/GOOT••<l.-NPRIME> 
RE=RHOF•O•ABS<V>/<AMU•GR> 
IF <RE.EQ.O.O> CO=O.O 
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IF <RE.GT.O.O.ANO.RE.LE.l ,) C0=24,/RE 
IF <RE.GT.l.O.ANO.RE.LE.400.> CD=24./RE••0.646 
IF <RE.GT.400.0.ANO.RE.LE.3.E+~> CD-0.~ 155 
IF <RE.GT.3.E+S.ANO.RE.LE.2.E+6> C0=3.66E-4•RE**•427~ 
IF <RE.GT.2.E+6> CD-.18 
R~U~ 
~0 
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24 
&9.9 &9.0 ee.o e?.o e~.o e3.o eo.o ?o.o 6o.o ~o.o 4o.o 
30.0 20.0 10.0 00.0-10.0-20.0-30.0-40.0-~0.0-60.0-70.0 

-90.0-99.0 
165.0 
65.0 
0 • 1 
so 
0.0 
15.0 
. 025 
32.174 
09 .o 
1.93 
0.3 
1 
10. 
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PROPPANT PLACEMENT -- P~EY FRACTURE 

RL/R Q<RL>/Q<O> 

0.01 1.000000 
0. 10 0.996977 
0.20 0.987634 
0. 30 0.971110 
0.40 0.945844 
0.50 0.909327 
0.60 0.857600 
0.70 0.784129 
0.80 0.676800 
0. 90 0.506504 
0.91 0.483276 
0.92 0.458263 
0.93 0.431140 
0.94 0.401467 
0.95 0.368611 
0.96 0.331610 
0.97 0.288853 
0.98 0.237221 
0.99 0 .168719 

MAXIMUM WELLBORE WIDTH = 0.003368 FT 
::a 0.04042 IN 

FRACTURE RADIUS = 75.000 FT 
TREATMENT TIME = 48.798 SEC 
TIME INCREMENT = 0.100 SEC 
PRINTING CONTROL = so 
INITIAL TIME = 0.000 SEC 
GRAVITATIONAL CONSTANT = . 32. 174 FT/SEC**2 
SCALING FACTOR = 10.000 X 0.750 

PUMPING RATE - 15.000 BBL/MIN 
• 1. 404 CU FT/SEC 

INITIAL FLUID VELOCITY = 8.890 FT/SEC 
FLUID DENSITY = 65.000 LBM/CU FT 
BEHAVIOR INDEX = 0.615000 
CONSISTENCY INDEX - 0.002898 LBf-1*SECttttN/$Q FT 

INITIAL PARTICLE VEL .. 8.890 FT/SEC 
PAD TIME .. 9.000 SEC 
PROP PANT POROSITY .. 0.300 
PROP PANT CCNCENTRAT I CN .. 1. 830 LBM/GAL 
PROP PANT DENSITY = 165.000 LBM/CU FT 
PROP PANT DIAMETER ::a 0.02500 IN 

= 0.002083 FT 

INITIAL FLOW ANGLE 89.9 DEGREES FROM X AXIS 

TIME X Y PART V X PART V Y FLO V X FLO V Y 

0.000 0.013 7.500 0.016 8.890 0.016 8.890 



5.000 0.066 21.220 0.010 1 .388 0.010 3.1?6160 
10.000 0. 119 26.342 0.012 0.774 0.012 2.~81 
15.000 0.183 29.470 0.014 0.509 0.014 2.321 
20.000 0.263 31.607 0.018 0.360 0.018 2.173 
25.000 0.364 33.150 0.023 0.26~ 0.023 2.079 
30.000 0.492 34.299 0.029 0.200 0.029 2.01~ 
35.000 0.654 3~ .173 0.036 0 .1 ~3 0.037 1.968 
39.800 0.850 35.822 0.046 0 .120 0.046 1. 93~ 

-----------------------------------------------------------------------
INITIAL FL().rJ ANGLE - 89.0 DEGREES FROM X AXIS 

TIME X y PART V X PART V Y FLO V X FLO V Y 

0.000 0. 131 7.499 0 .1 55 8.889 0 .155 8.889 
5.000 0.658 21.212 0.098 1.387 0.098 3.175 

10.000 1 .186 26.322 0. 115 0.771 0. 116 2.577 
15.000 1.828 29.428 0 .143 0.504 0.144 2.315 
20.000 2.628 31.530 0.179 0.3~1 0 .180 2.164 
25.000 3.635 33.011 . 0. 225 Q.249 0.227 2.063 
30.000 4.904 34.059 0.284 0 .174 0.296 1. 989 
~5.000 6.501 :34.766 0.357 0. 111 0.360 1. 926 
39.900 8.418 35.157 0.444 0.0~3 0.447 1. 868 

-----------------------------------------------------------------------
INITIAL FLCl.J At~GLE :!l! 88.0 CiliRiiS FROM X AXtS 

TIME X y PART V X PART V Y FLO V X FLO V Y 

0.000 0.262 7.495 0.310 8.884 0.310 8.884 
5.000 1. 315 21 .187 0 .196 1. 381 0 .197 3.169 

10.000 2.370 26.261 0.230 0.762 0.232 2.568 
15.000 3.648 29.304 0.284 0.487 0.286 2.298 
20.000 ~.239 31.297 0,355 0.323 0.358 2.136 
25.000 7.228 32.597 0.444 0.203 0.447 2. 017 
30.000 9.712 33.346 0.553 0.099 0.557 1. 913 
35.000 12.79~ 33.573 0.683 -0.009 0.688 1. 805 
39.800 16.410 33.246 0.825 -0.130 0.831 1. 683 

-----------------------------------------------------~··----------------

INITIAL FLOW ANGLE = 87.0 DI::GREES FROM X AXIS 

TIME X y PART V X PART V Y FLO V X FLO IJ y 

o.ooo 0.393 7.490 0.465 8.878 0.465 8.878 
5.000 1. 970 21. 146 ·o.293 1. 372 0.294 3.160 

10.000 3.549 26.160 0.344 0.746 0.346 2.552 
15.000 5.456 29.099 0.423 Q.461 0.426 2.271 
20.000 i'.916 30.914 0.525 0.278 0.528 2. 090 
25.000 10.741 31.921 0.649 0 .130 0.654 1.942 
30.000 14.342 32.202 0.794 -0.017 0.799 1. 795 
35.000 18.711 31.704 0.954 -0 .185 0.960 1.627 
39.900 23.670 30.358 1 • 110 -0.380 1.11 ~ 1 • 431 

-------------------------------------------------R-~~------------------

INITIAL FL().rJ ANGLE = 85.0 DEGREES FROM X AXIS 

TIME X y PART V X PART V Y FLO V X FLO V Y 

o.ooo 0.654 7.471 0.'7'7, 8.856 0.775 8.856 
5.000 3.276 21.01~ 0.497 1 .344 0.489 3. 131 

10.000 5.995 25.939 0.566 0.697 0.570 2.502 
1 5 .• 000 9.007 29.451 0.689 0.377 0.692 2.186 



lb 1 
20.000 12.808 29.726 0.836 0.142 0.841 1. r~2 
2~.000 17.397 29', 874 1 • 00 1 -0.081 1. 007 1. 729 
30.000 22.822 28.858 1 .167 -0.327 1 .172 1. 482 
3~.000 29.030 26.~28 1. 310 -0.608 1. 314 1. 201 
39.800 35.557 22.896 1 • 401 -0.904 1 .403 0.903 

-----------------------------------------------------------------------
INITIAL FL~ ANGLE - 83.0 DEGREES FROM X AXIS 

TIME X y PART V X PART V Y FLO V X FLO V Y 

0.000 0.914 7.444 1.083 8.824 1.083 8.824 
5.000 4.571 20.820 0.676 1 .302 0.678 3.089 

10.000 8.178 25.365 0.779 0.625 0.783 2.429 
15.000 12.436 27.509 0.929 0.259 0.93~ 2.067 
20.000 17.502 28.041 1. 098 -0.040 1 .1 04 1. 769 
25.000 23.411 27.085 1.262 -0.342 1. 267 1 .466 
30.000 30.065 24.559 1 • 391 -0.668 1 .394 1 .139 
35.000 37.219 20.356 1.459 -1.009 1 .460 0.798 
39.800 44.239 14.738 1 .455 -1.323 1 .454 0.484 

-----------------------------------------------------------------------
INITIAL FL~ ANGLE :a 80.0 DEGREES FROM X AXIS 

TIME X y PART V X PART V Y FLO V X FLO V Y 

0.000 1. 302 7.386 1. 544 8.75~ 1. 544 8.755 
5.000 6.483 20.411 0.951 1. 21 ~ . 0.953 3.001 

10.000 11 • 505 24.385 1 .072 0.481 1 .077 2.283 
15.000 17.270 25.615 1.236 0.036 1 • 241 1. 841 
20.000 23.844 24.793 1.389 -0.357 1. 393 1 .449 
25.000 31.07~ 22.019 1.492 -0.747 1 .49~ 1. 059 
30.000 38.642 17.317 1. 521 -1 • 12~ 1. 521 0.682 
35.000 46.158 10.813 1 .474 -1.463 1 .471 0.345 
39.800 53.014 3.117 1. 376 -1.729 1. 372 0.081 

-----------------------------------------------------------------------
INITIAL FL~ ANGLE = 70.0 DEGREES FROM X AXIS 

TIME X y PART V X PART V Y FLO V X FLO V Y 

o.ooo 2.565 7.048 3.041 8.354 3.041 8.354 
5.000 12.441 18.113 1. 740 0.7~1 1. 739 2.531 

10.000 21.177 19.248 1. 764 -o .1 n 1. 765 1 .605 
15.000 30.029 16.614 1. 764 -0.826 1.762 0.975 
20.000 38.669 11 • 179 1. 679 -1.320 1.674 0.484 
25.000 46.704 ~.sa7 1 .528 -1.691 1 .522 0 .117 
30.000 53.903 -5.565 1. 351 -1.950' 1.345 -0.139 
32.700 57.421 -10.974 1 .256 -2.051 1 .250 -0.239 

-----------------------------------------------------------------------
INITIAL FLOW ANGLE :a 60.0 DEGREES FRCI1 X AXIS 

TIME X y PART V X PART V Y FLO V X FLO V Y 

0.000 3.750 6.49~ 4.44~ 7.699 4.44~ 7.699 
5.000 17.491 14.660 2.280 0 .12~ 2.269 1 .902 

10.000 28.264 12.410 2.042 -0.902 2.034 0.893 
15.000 37.886 6.250 1 .803 -1.507 l. 794 0.296 
20.000 46.259 -2.322 1 .548 -1.886 1 .540 -0.077 
25.000 53.396 -12.379 1. 312 -2.114 1. 30~ -0.303 
27.000 55.934 -16.674 l .228 -2.177 1. 221 -0.364 

-----------------------------------------------------------------------



INITIAL FLOW ANGLE 

TIME 

o.ooo 
5.000 

10.000 
15.000 
20.000 
23.500 

X 

4.821 
21.456 
32.944 
42.233 
49.77:5 
54.219 

• 
y 

:5.74:5 
10.449 

:5.054 
-3.682 

-14.123 
-21.991 

:50.0 DEGREES FROM X AXIS 

PART V X 

5.714 
2.572 
2.060 
1. 670 
1 .360 
1 .186 

PART V Y 

6.810 
-0.535 
-1 .48:5 
-1.952 
-2. 19:5 
-2.291 

FLO V X 

:5.714 
2.550 
2.045 
1. 659 
1. 351 
1 • 1 78 

162 

FLO, V Y 

6.810 
1. 242 
0.314 

-0. 145 
-0.383 
-0.478 

--------------------------------------------------~--------------------

INITIAL FLOW ANGLE 

o.ooo 
s.ooo 

10.000 
15.000 
20.000 
21 .ooo 

X 

5.745 
24.321 
35.705 
44.267 
50.946 
52. 110 

= 
y 

4.821 
5.829 

-2.188 
-12.709 
-24.299 
-26.686 

40.0 DEGREES FROM X AXIS 

PART V X 

6.810 
2.670 
1. 954 
1 .502 
1. 190 
1. 139 

PART V Y 

5.714 
-1 I 1 so 
-1.922 
-2~239 
-2~377 
-2.394 

. FLO V X 

6.810 
2.637 
1. 935 
1 1489 
1 • 181 
1 • 131 

FLO V Y 

5.714 
0.632 

-0. 119 
-0.427 
-0~563 
-0.:579 

-----------------------------------------~~·---------------~------------

INITIAL FLOW ANGLi 

TIME 

0.000 
5.000 

10.000 
15.000 
19 I 100 

X 

6.495 
26.164 
361994 
44.734 
49.673 

INITIAL FLOW ANGLE 

TIME 

o.ooa 
s.oao 

10.000 
. 15.000 

17.600 

X 

7.048 
27.089 
37.140 
44.069 
46.940 

INITIAL FLOW ANGLE 

TIME 

0.000 
5.000 

10.000 
15.000 
16.400 

X 

7.386 
27.200 
36.36:5 
42.523 
43.930 

-
y 

31750 
1 .056 

-9.052 
-20.822 
-30.922 

y 

2.!61!5 
-31699 

-151456 
-29.127 
-341811 

y 

1 I 302 
-R.323 

-21.385 
-34.725 
-38.449 

30.0 O~GREES FROM X AXIS 

PART V X 

7.699 
2.634 
1. 799 
1. 337 
1.088 

PART V Y 

4.445 
-1.685 
-2.244 
-2.430 
-2.487 

FLO V X 

7.699 
2.593 
1. 779 
1. 324 
1. 080 

20.0 DEGREES FROM X AXIS 

PART l.J X 

9.354 
2.514 
1. 630 
1 .185 
1. 031 

PI"'RT V Y 

3.041 
-2.13:5 
-2.482 
-2.565 
-2.575 

FLO V X 

9.354 
2.468 
1. 610 
1 • 174 
1. 022 

10.0 DEGREES FROM X AXIS 

PART V X 

8.755 
2.141 
1. 460 
1.046 
0.967 

PART V Y 

1 .544 
-2.609 
-2.663 
-2.663 
-2.656 

FLO V X 

8.755 
2.294 
t • 441 
1. 036 
0.959 

FLO V Y 

4.445 
o. 1 as 

-0.435 
-0.616 
-0.672 

3.041 
-0.337 
-0.670 
-0.749 
-0.758 

FLO V Y 

1 .544 
-0.702 
.. o,S48 
-0.846 
-0.839 

-----------------------------------------------------------------------
INITIAL FLOW ANGLE 

TIME 

0.000 

X 

7.500 

• 0.0 DEGREES FROM X AXIS 

Y PART V X PART V Y FLO V X 

o.ooo 8.890 o.ooo 8.890 

FLO V Y 

0.000 



5.000 26.583 -12.735 2.139 -2.817 2.092 -1.00.2 163 

10.000 34.819 -26.837 1 .29~ -2.803 1. 277 -0.98~ 
15.000 40.250 -40.689 0.919 -2.738 0.910 -0.920 
15.500 40.703 -42.0~6 0.893 -2.732 0.884 -0.914 

-----------------------------------------------------------------------
INITIAL FLtJ,.J ANGLE .. -10.0 DEGREES FRCI1 X AXIS 

TIME X y PART V X PART V Y FLO V X FLO V Y 

o.ooo 7.386 -1.302 8.755 -1.544 8.755 -1. ~44 
s.ooo 25.315 -16.869 1. 919 -3.070 1.874 -1.249 

10.000 32.610 -31.804 1 .135 -2.912 1 • 120 -1.092 
14.700 37.111 -45.216 0.815 -2.802 0.807 -0.983 

-----------------------------------------------------------------------
INITIAL FLt)..J ANGLE = -20.0 DEGREES FRC11 X AXIS 

TIME X y PART V X PART V y FLO V X FLO V Y 

0.000 7.048 -2.565 8.354 -3.041 8.354 -3.0 41 
s.ooo 23.466 -20.668 1 .688 -3.279 1 .647 -1.4~1 

10.000 29.821 -36.272 0.982 -2.999 0.968 -1 .177 
14.000 33.200 -47.985 0.733 -2.868 0.725 -1.048 

INITIAL FLtJ,.J ANGLE .. -30.0 DEGREES FRCI1 X AXIS 

TIME X y PART V X PART V Y FLO V X FLO V Y 

o.ooo 6.495 -3.750 7.699 -4.445 7.699 -4.445 
s.ooo 21.102 -24.078 1.452 -3.448 1. 415 -1.615 

10.000 26.52.4 -40.220 0.833 -3.068 0.821 -1.244 
13.500 29.072 -50.686 0.640 -2.925 0.633 -1 .1 04 

--------------------~--------------------------------------------------

INITIAL FLOW ANGLE = -40.0 DEGREES FRCI1 X AXIS 

TIME X y PART V X PART V Y FLO V X FLO V Y 

0.000 5.745 -4.821 6.810 -5.714 6.810 -5.714 
5.000 18.290 -27.052 1. 212 -3.584 1 • 181 -1.747 

10.000 22.791 -43.621 0.688 -3.122 0.678 -1.298 
13.100 24.679 -53.051 0.543 -2.975 0.536 -1 .1 53 

-----------------------------------------------------------------------
INITIAL FLCAIJ ANI3L! ::::; -50.0 DEGREES FRa-1 X AXIS 

TIME X y PART V X PART V Y FLO V X FLO V y 

o.ooo 4.821 -5.745 5.714 -6.810 5.714 -6.810 
s.ooo 15.100 -29.547 0.971 -3.691 0,94~ -1,8SO 

10.000 18.688 -46.449. 0.547 -3.164 0.539 -1.339 
12.800 20.057 -55.082 0.440 -3.016 0.434 -1.193 

-----------------------------------------------------------------------
INITIAL FLtJ,.J ANGLE - -60.0 DEGREES FRC11 X AXIS 

TIME X y PART V X PART V Y FLO V X ·FLO V Y 

o.ooo 3.750 -6.495 4.445 -7.699 4.445 -7.699 
5.000 11 I 600 -31.528 0.728 -3.771 0.709 -1.928 

10.000 14.284 -48.679 0.408 -3.196 0.402 -1.370 



12.500 15.205 -56.472 0.335 -3.052 0.331 
164 

-1.228 
-----------------------------------------------------------------------

INITIAL FLa.J ANGLE - -70.0 DEGREES FRCI1 X AXIS 

TIME X y PART V X PART V Y FLO V X FLO V Y 

0.000 2.565 -7.048 3.041 -8.354 3. 041 -8.354 
5o000 7o865 -32o965 Oo486 -3o827 Oo473 -1o982 

10o000 9o651 -50o289 Oo271 -3.218 0.267 -1.391 
12.300 10o218 -57.514 0.225 -3.077 0.223 -1.254 

-----------------------------------------------------------------------
INITIAL FLa.J ANGLE - -80.0 DEGREES FROM X AXIS 

TIME X y PART V X PART V Y FLO V X FLO V Y 

o.ooo 1. 302 -7.386 1. 544 -8.755 1 .544 -8o755 
5.000 3.973 -33.836 0.243 -3o860 0.236 -2o014 

10o000 4o864 -S1o262 0.135 -3o230 0.133 -1o104 
12.200 5.136 -58.203 0 o113 -3.092 0 o112 -1.268 

INITIAL FLa.J ANGLE =a -89o0 DEGREES FROM X AXIS 

TIME X y PART V X PART V Y FLD V X FU> v y 

0.000 0. 131 -7.499 0.155 -8.889 0.155 -8.889 
5o000 0.399 -34.125 0.024 -3.871 0.024 -2.0 24 

10o000 Oo488 -51.584 0.014 -3.235 0.013 -1.408 
12.200 Oo515 -58o534 0 0 011 -3o095 0. 011 -1 0 271 



CHAPTER IV 

APPENDIX G 

PPDAT.PLT 

165 



166 

0. 130 74.250 0. 102 58.344 
1 .296 74.239 1 • 018 58.335 
2.591 74.20~ 2.036 58.309 
3.886 74.148 3.054 58.264 
6.471 73.967 s.oes 58.122 
9.049 73.697 7. 110 57.909 

12.893 73.122 10.131 57.458 
25.395 69.772 19.955 54.826 
37.125 64.302 29.172 50.527 
47.727 56.879 37.503 44.694 
56.879 47.727 44.694 37.503 
64.302 37.125 50.527 29. 172 
69.772 25.395 54.826 19.955 
73. 122 12.893 57.458 10.131 
74.250 0.000 58.344 0.000 
73. 12? -12.893 57.458 -10.131 
69.772 -25.395 54.826 -19.955 
64.302 -37.125 50.527 -29.172 
56.879 -47.727 44.694 -37.503 
47.727 -56.879 37.503 -44.694. 
37. 125 -64.302 29. 172 -50.527 
25.395 -69.772 19.955 -54.826 
12.893 -73.122 10.131 -57.458 
1. 296 -74.239 1 • 018 -58.335 

0.000 35.822 
0.850 35.822 
8.418 35. 157 

16.410 33.246 
23.670 30.358 
35.557 22.896 
44.239 14.738 
53.014 3.117 
57.421 -10.974 

57.421 -10.974 
~6.24:2 -10.749 
51.368 -15.313 
48. 177 -19.540 
44.851 -22.968 
41.702 -25.959 
38.699 -28.6'7'9 
35.794 -31.327 
32.973 -34.070 
29.759 -36.258 
26.524 -38.336 
23.257 -40.~48 
19.690 -42.326 
15.968 -43.855 
12.099 -44.934 
8.149 -4~.867 
4.099 -46.448 
0.410 -46.654 
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TABLE: OF ERROR FUNCTIONS 

X ERf X X ERf X 
0.00 0.00000 00000 0.40 0.42839 23550 
0.01 0.01128 34156 0.41 0.43796 90902 
0.02 0.02256 45747 0.42 0.44746 7fi184 
0~03 0.03384 12223 0.43 0.45688 66945 
0.04 0.04511 11061 0.44 0.46622 51153 

0.05 0.05637 19778 0.45 0.47548 17198 
0.06 0.06762 15944 0.46 0.48465 53900 
0.07 0.07885 77198 0.47 0.49374 50509 
0.08 0.09007 81258 0.48 0.50274 96707 
0.09 0.10128 05939 0.49 0.51166 82612 

0.10 0.11246 29160 0.50 0.52049 9A778 
0.11 0.12362 :..!8962 0.51 0.52924 36198 
0.12 0.13475 83518 (1.52 0.53789 86305 
0.13 0.14586 '71148 0.53 0.54646 40969 
0.14 0.15694 70331 0.54 0.55493 92505 

0.15 0.16799 59714 0.55 0.56332 336f;3 
0.16 0.17901 18132 0.56 0.57161 57638 
0.17 0.18999 24612 0.57 0.57981 58062 
0.18 o.2noq3 5R390 0.58 0.58792 29004 
0.19 0.21183 98922 0.59 0.59593 64972 

0.20 0.22270 25892 0.60 0.60385 6090R 
0.21 0.23352 19230 0.61 0.61168 12189 
0.22 0.24429 59116 0.62 0.61941 14619 
0.23 0.25502 25996 0.63 0.62704 64433 
0.24 0.26570 00590 0.64 0.63458 58291 

0.25 0.27632 63902 0.65 0.64202 93274 
0.26 0.28689 97232 0.66 0.64937 66880 
0.27 0.29741 82185 0.67 0.65662 77023 
0.28 0.30788 00680 0.68 0.66378 22027 
0.29 0.31828 34959- 0.69 0.67084 00622 

0.30 0.32862 67595 0.70 0.67780 11938 
0.31 0.33890 81503 0.71 0.68466 55502 
0.32 0.34912 59948 0. 72. 0.691.43 31231 
0.33 0.35927 86550 0.73 0.69810 39429 
0.34 0.36936 45293 0.74 0.70467 80779 

0.35 0.37938 20536 0.75 0.71115 56337 
0.36 0.38932 97011 0.76 0.71753 67528 
0.37 0.39920 59840 0.77 0.72382 16140 
0.38 0.409C'O 945~4 0.78 0.73001 0~·313 
0.39 0.41873 87001 0.79 0.73610 34538 
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TABLE OF ERROR FUNCTIONS 

.X E:Rf X X ERf X 
o.8o 0.74210 09647 1. 20 ' 0.91031 39782 
0.81 0.74800 32806 1. 21 0.91295 55080 
0.82 0.75381 07509 1.22 0.91553 38810 
0.83 0.75952 37569 1.23 0.91805 01041 
0.84 0.76514 27115 1.24 0.92050 51843 

o.8s 0.77066 80576 1. 25 0.92290 01283 
0.86 0.77610 02683 1.26 0.92523 59418 
0.87 0.78143 98455 1.27 0.92751 36293 
0.88 0.78668 73192 1.28 0.92973 41930 
0.89 0.79184 32468 1.29 0.93189 86327 

0.90 0.79690 82124 1.30 0.93400 79449 
0.91 0.80188 28258 1.31 0.93606 31228 
0.92 0.80676 77215 1.32 0.93806 51551 
0.93 0.81156 35586 1. 33 0.94001 50262 
0.94 0.81627 10190 1. 34 0.94191 37153 

-0.95 0.82089 08073 1.35 0.94376 21961 ....... 
:o. 9€ 0.82542 36496 1.36 0.94556 1436€ 

• .A l' 
0.97 0.82987 02930 1. 37 0.94731 23980 . . . ~ 

0.98 0.83423 15043 1.38 0.94901 60353 
0.99 0.83850 80696 1.39 0.95067 32958 

' :~ 
1.00 0.84270 07929 1.40 0.95228 51198 
1. 01 0.84681 04962 1.41 0. 95385. 24394 
1. 02 0.85083 80177 1.42 0.95537 61786 
1. 03 0.85478 42115 1.43 0.95685 72531 ,i ... 
1. 04 0.85864 99465 1. 44 0.95829 65696 

1. OS 0.86243 61061 1.45 0.95969 50256 
1. 06 0.86614 35866 1.46 0.96105 35095 
1. 07 0.8fi977 32972 1.47 0. 962'37 28999 
1. oe 0.87332 61584 1.48 0.96365 40654 
1. 09 0.87680 31019 1.49 0.96489 78648 

1.10 0.88020 50696 1.50 0.96610 51465 
1.11 0.88353 30124 1.51 0.96727 67481 
1.12 0.88678 78902 1.52 0.9fi841 34969 
1.13 0.88997 06704 1.53 0.96951 62091 
1.14 0.89308 23276 1.54 0.97058 56899 

1.15 0.89612 38429 1.55 0.97162 27333 
1.16 0.89909 62029 1.56 0.97262 81220 
1.17 0.90200 03990 1.57 0.97360 26275 
1.18 0.90483 74269 1. 58 0.97454 70093 
1.19 0.90760 82860 1. 59 0.97546 20158 
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TABLE OF ERROR FUNCTIONS 

.K ERf ~ X. ERF X 1. 60 0.97634 83833 1. 80 0.98909 05016 1. fi1 0.97720 68366 1. 81 0.98952 45446 1. 62 0.97803 80884 1.82 0.98994 31565 1. 63 0.97884 28397 1. 83 0.99034 68051 1.64 0.97962 17795 1. 84 0.99073 59476 
1.65 0.98037 55850 1. 85 0.99111 10301 1.66 0.98110 49213 1. 86 0.99147 24883 1.67 0.981~1 04416 1. 87 0.99182 07476 1.68 0.98249 27870 1.88 0.99215 62228 1.69 o.q831S 25869 1.89 0.99247 93184 
1.70 0.99379 0458~ 1.90 0.99279 04292 1.71 0.98440 70075 1.91 0.99308 99398 1. 72 0.98500 28274 1.92 0.99337 82251 1. 73 0.98557 84998 1. 93 0.99365 56502 1. 74 0.98613 45950 1.94 0.99392 25709 
1.75 0.98667 16712 1.95 0.99417 93336 • 1. 76 0.98719 02752 1.96 0.99442 62755 1. 77 0.98769 09422 1.97 0.99466 37246 1.78 0.9~817 41959 1.98 0.99489 20004 1.79 0.98864 05487 1. 99 0.99511 14132 

;:.oo 0.99532 22650 
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COMPLEMENTARY ERROR FUNCTION 

-2 2 
-2 2 

L.: x~x ~Bl~ ~ L. Xex ERFC X 
0.250 0.51079 14 0.125 0.53406 72 
0.245 0.51163 07 0.120 0.53511 47 
0.240 0.51247 67 0.115 0.53617 29 
0.235 0. 51332 '94 0.110 0.53724. 20 
0.230 0.51418 90 0.105 0.53832 23 

0.225 0.51505 55 0.100 0.53941 41 
0.220 0.51592 92 0.095 0.54051 76 
0.215 0.51681 01 0 .. 090 0.54163 32 
0.210 0.51769 83 0.085 0.54276 ll 
0.205 0.51859 40 0.080 0.54390 16 

0.200 0.51949 74 0.075· 0.54505 51 
0.195 0.52040 85 0.070 0.54622 19 
0.190 0.52132 75 0.065 0.54740 24 
0.185 0.52225 45 0.060 0.54859 69 
0.180 0.52318 98 0.055 0.54980 58 

0.175 0.52413 33 0.050 0.55102 95 
0.170 0.52508 55 0.045 0.55226 85 
0.165 0.-52604 63 0.040 0.55352 32 
0.160 0.52701 59 0.035 0.55479 41 
0.155 0.52799 46 .0.030 0.55608 17 

0.150 0.52898 25 0.025 0.55738 65 
0.145 0.52997 98 0.020 0.55870 90 
0.140 0.53098 67 0.015 0.56005 00 
0.135 0.53200 35 0.010 0.56140 99 
0.130 0.53303 02 0.005 0.56278 96 

0.125 0.53406 72 0.000 0.56418 96 
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