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c luding  i n j e c t i o n ,  product ion ,  forward, and  r eve r se  c i r c u l a t i o n  
w i t h  g a s  or l i q u i d ,  gas or l i q u i d  d r i l l i n g ,  and two-phase steam 
i n j e c t i o n  and product ion.  W e l l  completion w i t h  s e v e r a l  d i f f e r -  
e n t  ca s ing  s i zes  and cement i n t e r v a l s  can be modeled. The code 
allows v a r i a b l e s  such a s  flow rate to  change w i t h  t i m e  enab l ing  
a rea l i s t ic  t rea tment  of w e l l  opera t ions .  

T h i s  u s e r  manual describes the inpu t  requi red  t o  properly 
operate the code, Ten sample problems are included w h i c h  il- 
l u s t r a t e  a l l  the code opt ions .  C o m p l e t e  l i s t i n g s  of the Code 
and the output  of each sample problem are provided. 

*Work performed under  the ausp ices  of the U . S ,  D e p t ,  o f  Energy 
Con t rac t  DE-AC04-76DP00789. 

DISCLAIMER 
- 
L: 

d * This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thertof, nor any of thcir 
employees, makcs any warranty, exprcss or implied. or assumes any legal liability or mponsi- 
bility for the accuracy, completcnw. or uscfulnw of any information, apparatus. product, or 
process discld, or rcpmnts  that its usc would not infringe privately owned rights. Refer- 
ence herein to any spbcilic commercial product, process, or service by trade nme, trademark, 
manufacturer, or otherwise dots not ncccsdly  constitute or imply its endorsement, m m -  
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expresscd herein do not necessarily state or reflect those of the 
United States Govemmcnt or any agency thereof. 

~ i ~ ~ ~ : X ~ ~ %  0; TElj, ~ ~ ~ ~ ~ ~ € ~ T  EPLF;liT[D 



PREFACE 

Lf 
T h i s  U s e r  Manual is a n  e x t e n s i v e l y  r ev i sed  and updated 

v e r s i o n  of the "Advanced Wellbore Thermal Simulator-GEOTEMP2- 
U s e r  Manual", SAND82-7003/2 by R. F. Mitchell, p r i n t e d  i n  L 

.February, 1982, Since the issuance of t h i s  prev ious  report 
numerous c o r r e c t i o n s  and modi f ica t ions  have been made t o  the 
computer code, as w e l l  as t o  the U s e r  Manual, For t h i s  reason,  U 
th i s  updated U s e r  Manual f o r  GEOTEMPZ Vers ion  2.0 has been 
pub1 ishe d. 
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'b/ 1. INTRODUCTION 

GEOTEMP2 is a wellbore thermal simulator designed for geo- 
L thermal well drilling and production problems. The code in- 

cludes 
" 

1. r( 

2. 

3 .  

4. 

the following features: 

Fully transient heat conduction 
a. wellbore flowing stream 
b. formation 

Wellbore fluid flow options 
a. injection, production 
b. forward and reverse circulation 
c. inlet temperaturbhange 
d. flow rate change 
e. fluid properties change 
f. multiple fluids in wellbore 
g. air or nitrogen drilling 
h. two-phase steam injection/production 

a. casing size, weight, setting depth 
b. variable tubing area 
c. length of cement columns 
d. annulus packer fluids 
e. bottom-ho assembly for dr i 11 ing 

Drilling-pr ion histories 
a. changes low options with time 
b. effects of previous flow history 

Well completion option 

Figure 1 illustrates some of these features. In this figure, a 
drilling simulation suitable for GEOTEMP2 is sketched. For 
instance, the well being drilled has casings already set. In 
the annuli between these casings, packer fluids (annulus) and 
cement columns of various heights are circulating. The well is 
now being drilled below the production casing. Three different 
fluids are circulating in the wellbare at this time, A bottom- 
hole assembly is indicated on the end of the drill pipe. The 
fluids are being circulated forward through the drill pipe and 
out of' the annulus. All of the well completion-detail, well- 
bore fluids, and flow circulation illustrated in Figure 1 can 
be simulated with GEOTEMP2. 

The program is written in the CDC FORTRAN Version 5 language. 
This language complies with the American Natianal Standards 
Institute (ANSI) FORTRAN 77 language. 

I 
/ 
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Figure 1. Illustration of the casing options available 
in GEOTEMPZ for a drilling operation. 



W GEOTEMP2 is an  e x t e n s i v e l y  modified ve r s ion  of a previous  
wellbore s i m u l a t o r  ca l l ed  GEOTEMP ( 5 ,  6, 7) .  For use r8  famil- 
iar w i t h  the o r i g i n a l  code, the following l i s t  g i v e s  the pr in-  
cipal changes and a d d i t i o n s :  

1. Free  format inpu t  
2. Variable tubing flow area 
3.. M u l t i p l e  l i q u i d s  i n  the wellbore 
4. Deviated wellbore 
5 .  A i r  or n i t rogen  d r i l l i n g  
6. M i s t  d r i l l i n g  
7 . Two-phase steam produc t ion / in j ec t ion  

Details of the theory 0- incompressible flow o p t i o n s  
handled by GEOTEMP are p resen ted  i n  t h e  References 5 through 7 
w h i l e  the new add t i o n s  are t r e a t e d  i n  Reference 3. These 
de ta i l s  inc lude  the d e s c r i p t i o n  of the energy ba lances  per- 
formed on the w e l l  and surrounding so i l ,  including the v a r i o u s  
c o r r e l a t i o n s  used fo r  Nusse l t  number f o r  f o r c e d  and free con- 
vect ion.  For the flow equat ions,  d e t a i l s  on the de te rmina t ion  
of the v i s c o s i t y  of the f l u i d  are given. Also desc r ibed  are 
the s o l u t i o n  scheme and numerical  g r i d  employed. 

I n  GEOTEMP2 pr i s i o n  has been made i n  the f l o w  equa t ions  
so that the flow areas of the tubing may vary w i t h  dep th  i n  the 
wellbore. The e f f e c t  of v a r i a b l e  area on g r i d  formulat ion,  as  
shown i n  F igure  2, is t o  place rad ius  of the innermost g r i d  
p o i n t s  wi th in  the smallest t u  and the r a d i u s  of the next  
layer of g r i d  p o i n t s  o u t s i d e  of the l a r g e s t  tub ing  s i z e .  

M u l t i p l e  l i q u i d s  can e x i s t  i n  GEOTEMP2 s imula t ions .  L iquid  
, i n t e r f a c e s  are t racked  through the tubing and annulus as one 

l i q u i d  displaces another  . For example, t h i s  allows s imula t ion  
of cement'ing processes or changing the type  of d r i l l i n g  mud. 
However , GEOTEMP2 does n o t  attempt to  s imula t e  displacement  of 
Liquids w i t h  a gas r two-phase steam or v i c e  versa .  T h i s  
means that  i t  is n p o s s i b l e  t o  s imula t e  an  ope ra t ion  where . 
the type of d r i l l i n g  f l u i d  changes, e.g. mud going to a i r .  To 
accomplish this type ope ra t ion ,  m u l t i p l e  runs  must be made 
or the code must be m o  ied by the user .  

C o m p a r e d  t o  v e r t i c a l  w e l l s ,  d ev ia t ed  holes extend both the 
t r a v e l  t i m e  and d i s t a n c e  of f l u i d  i n  a w e l l .  Flowing f l u i d s  
are t h e r e f o r e  more s e n s i t i v e  to  surrounding temperatures  i n  
d e v i a t e d  holes than i n  v e r t i c a l  holes. The geometry of a dev- 

ables: t r u e  v e r t i c a l  dep th  t o  bottom-hole TVD, measured depth 
- t o  bottom-hole TMD, and depth to  d e v i a t i o n  DDVN. I f  i t  is 
* assumed that the w e l l  is vertical t o  the d e v i a t i o n  depth, the 

ia ted w e l l ,  i l l u s t r a t e d  i n  F igure  3, is de f ined  by three va r i -  

a n g l e  of d e v i a t i o n  is given by: 

w 
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Figure 2. Variable tubing sizes and the mathematical 
cells within the wellbore. 
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Figure 3. Geometry of a deviated well. 
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-1 TMD-DDVN 
0 = cos TVD-DDVN 

A deviated hole is then modeled by replacing the vertical  depth 
w i t h  the measured depth i n  g r id  generation, converting the un- 
d i s tu rbed  temperature gradient t o  the measured depth, and 
appropriately taking into account the angle i n  calculating 1 

pressure drops and densities. 

A major par t  of the new wellbpre thermal simulator is the 
gas-drill ing/mist-drill ing capability. Previously, one of the 
f e w  models available for gas dr i l l ing  applications was that 
developed by R. R. Angel i n  the 1950s(l) .  The GEOTEMP2 gas 
d r i l l i ng  simulator goes fah-beyond previously available 
analysis by including: 

1. The balance of aerodynamic drag and buoyancy forces on 

2. 
3.  The effects of m i s t  addition and water i n f l u x  

the cuttings 
A fu l ly  described bottom-hole assembly 

F i g u r e  4 i l l u s t r a t e s  the bottom-hole assembly used i n  the 
sample problem that i l lus t ra tes  gas d r i l l i n g  i n  this  manupl. 
The d r i l l  collar length, inside diameter, and outside diameter 
and the d r i l l  b i t  size and nozzle sizes can a l l  be specified 
and a l l  are important i n  simulating a i r  d r i l l ing .  More infor- 
mation is given i n  the sample problem section. 

Another major modification t o  GEOTEMP is the two-phase 
steam injection and production model. The empirical flow cor- 
re la t ions used to  develop the flow model were based on the 
Orkiszewski vertical  two-phase flow equations (8, 9). These 
correlations are based on f ie ld  data from over 200 wells and 
have been further verified by other measurements. The accuracy 
of the model is  considered to  be better than 10% for 
gas/petroleum two-phase systems. However, the correlations 
were not originally developed for steam/water systems and the 
accuracy for these may be lower. Furthermore, the correlations 
are  for upward ver t ica l  flow i n  pipes and so may break down i n  
steam injection or i n  severely deviated wells. The steam 
thermodynamic correlations use the equations of s t a t e  published 
by Keenan and Keyes ( 4 ) .  

I n  GEOTEMP2 the o u t p t  for the gas dr i l l ing  and two-phase 
flow cases has been expanded to provide flowing stream proper- 
t i e s  such as  densit ies,  flow velocit ies,  and pressures. The 
original se t  of four flow options has been expanded to ten t o  
accommodate the changes l i s ted  above. Rsference 3 includes 
detailed descriptions of the gas phase and multiphase flow 

'options added t o  GEOTEMP to  form GEOTEMP2. 
L 

L, 
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GEOTEMP2 w a s  designed p r i m a r i l y  for use  i n  p r e d i c t i n g  the 
behavior of geothermal w e l l s ,  but  it is f l e x i b l e  -enough t o  
hand le  many t y p i c a l  d r i l l i n g ,  product ion,  and i n j e c t i o n  prob- 
lems i n  the o i l  indus t ry  as w e l l .  However, i n  us ing  any code 
i t  is important t o  keep i n  mind the l i m i t a t i o n s  and assumptions 
that  the code conta ins .  The following is a l ist  of warnings t o  
the user :  

1. GEOTEMP2 does n o t  allow the modeling of g a s - f i l l e d  
annu l i  i n  product ion or i n j e c t i o n  problems. I n  gas or m i s t  
d r i l l i n g ,  no  r a d i a t i o n  losses are included i n  the energy 
balance.  Less s e r i o u s  is the assumption that  conduction occurs  
only  i n  the rad ia l  d i r e c t i o n  i n  the tubing  and cas ing  s t r i n g s .  

2. N o  attempt is made to  model f l u i d  flow i n  the forma- 
t i o n .  This could s i g n i f i c a n t l y  a l te r  the formation temperature  
nea r  the i n j e c t i o n  poin t  or the product ion  intake.  

3. The t i m e  step selector i n  GEOTEMP2 is very simple and 
is not  coupled t o  the change i n  temperature  each cell is exper- 
ienc ing .  Modif icat ion of GEOTEMP2 t o  inc lude  a more sophisti- 
cated t i m e  s t e p  selector may be required i n  c e r t a i n  s i t u a t i o n s .  

4. The Nusse l t  number c o r r e l a t i o n s  f o r  fo rced  convect ion 
i n  incompressible flow is f o r  t u r b u l e n t  f l o w  (see Reference 
7 ) .  The c o r r e l a t i o n  f o r  f r e e  convect ion is fo r  annu l i ,  b u t  is  
a lso used f o r  the innermost tub ing ,  w i t h  the r ad ius  used as the 
character is t i c leng  th . 

5 .  I n  the incompressible  flow op t ions ,  the d r i l l i n g  f l u i d  
may be s p e c i f i e d  as a non-Newtonian f l u i d .  However, the 
f l u i d ' s  v i s c o s i t y  is  assumed to  change w i t h  temperature  i n  the 
same way as the v i s c o s i t y  of water. The ratio of the f l u i d  
v i s c o s i t y  t o  the water v i s c o s i t y  is held cons t an t  w i t h  change 
i n  temperature.  GEOTEMP2 does not  allow any l i q u i d  w i t h  a 
d e n s i t y  less than  that  of water. GEOTEMP2 i n t e r n a l l y  
c a l c u l a t e s  the properties of the f l u i d  based on this  d e n s i t y  
(see the comment on the "FLUIDS" record). 

6. The empirical c o r r e l a t i o n s  f o r  two-phase steam/water 
f low are f o r  f low v e r t i c a l l y  upward. (These c o r r e l a t i o n s  may 
n o t  have an  accuracy of lo%,  as s t a t e d  above, f o r  i n j e c t i o n  
where flow is downward). A l s o ,  the code on ly  c o n t a i n s  the cor- 
r e l a t i o n s  for  l i q u i d  Reynolds numbers g r e a t e r  t h a n  6000. It is 
u n l i k e l y  that lower Reynolds numbers w i l l  be seen under m o s t  
ope ra t ing  cond i t ions  of geothermal w e l l s .  

7. GEOTEMP2 d e f i n e s  the undis turbed  geothermal g rad ien t  by 
one or t w o  l i n e a r  temperature  func t ions  given by the s u r f a c e  
temperature ,  the bottom hole temperature ,  and ( o p t i o n a l l y )  the 
temperature  a t  some in te rmedia te  depth. Non-1 i n e a r  temperature  
p r o f i l e s  r e q u i r e  some code modif ica t ion .  The format f o r  i npu t  
o f .  the temperature  data may be modified to add a separate t e m -  
p e r a t u r e  for  each v e r t i c a l  layer . 

-8- 



U Alternatively, a data statement containing the tempera- 
ture for each layer may be inserted into the main program. An 
example of this  method is given below. A new array variable, 
T T l ( K ) ,  must  be defined: 

Dimension TT1 (No. of Layers) 
Data T T l / L i s t  of temperatures for each layer/ 

I n  the main program, statement number 2 8  and the l ine  
immediately above should be modified by replacing the variable 
TT w i t h  T T l ( K ) ,  where K is the ver t ica l  layer number. 

i 

2 

The number of verti,cal layers i n  a given problem is 
four@ from 

No. of layers = INT(1.5 + TMD/DDEPTH) + 2 

where TMD is the to ta l  depth, DDEPTH is the ver t ical  height of 
each layer, and INT means to  take the largest integer corres- 
ponding to  the expression w i t h i n  the parentheses. Unless modi- 
f ied by the user, DDEPTH is set  a t  200 feet  by the code. 

I n  addition to  the geothermal gradient, the s o i l  properties 
for each layer may a l so  be changed. The s o i l  properties are 
defined i n  subroutine PROP. A data statement can be similarly 
used here a l so  to  inser t  different s o i l  properties for each 
layer . \ 

The remainder of th i s  introduction gives some general 
comments about the input data required t o  run this  program. 
Section 2 describes a l l  the data which are required by the 
program. I n  Section 3 the various options and necessary data 
are discussed. Section 4 contains a l l  the sample'problems r u n  
using the code. Each sample problem contains a brief descrip- 
t ion and may highlight points t o  note about the output. The 
input and output data for each problem are tabulated. 

There are two appendices to  this  report. The f i rs t  appen- 
dix l ists  addenda t o  the previously published research report 
(Ref 3). The second appendix lists and br ief ly  describes the 
subroutines contained i n  GEOTEMP2. A code l i s t i ng  is provided 
i n  a microfiche attached t o  the back cover of th i s  report. 
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1.1 GENERAL COMMENTS 

The inpu t  f o r  GEOTEMPZ d i v i d e s  i n t o  t w o  parts,  The f i r s t  
part c o n s i s t s  of the minimum information needed to  d e f i n e  a 
GEOTEMPZ problem and r e q u i r e s  the fol lowing sets of data: 

1. TITLE 
2 .  TUBING 
3. CASING 
4. WELLBORE 
5 .  TEMPERATURES 
6. FLUIDS 
7. I N I T I A L  FLUIDS 

The second part c o n s i s t s  of the c o n t r o l  records' and 
opt ions  that describe the flow i n  the wellbore during de f ined  
t i m e  periods. The fol lowing is a p a r t i a l  l ist of these opt ions :  

1. I n j e c t i o n  
2. Product ion 
3. D r i l l i n g  
4. A i r  d r i l l i n g  
5. M i s t  d r i l l i n g  
6. Steam product ion  

The  numerical  data recorded on the data records are given 
i n  " f r e e "  format. T h i s  means that the numbers are l i s ted  one 
a f t e r  another  and separated by c o m m a s .  The fol lowing example 
shows a typical  data record set and i l l u s t r a t e s  " f r e e "  format: 

The key word, d e l i n e a t e d  by a pair of apostrophes, is any word 
of 10  or fewer characters that w i l l  help the use r  i n  under- 
s t and ing  the input .  The key word is n o t  used by the program, 
and hence the order ing  of the input  is n o t  arbitrary. H e r e ,  
'TUBING' i n d i c a t e s  that  t h i s  d a t a  record  and the record 
immediately following con ta in  information about the w e l l  
tubing.  The number a f t e r  'TUBING' i n d i c a t e s  the number of 
d i f f e r e n t  s i z e  tubing i n t e r v a l s .  The second record g ives  the 
tub ing  i n t e r v a l  number, the tubing  i n s i d e  diameter ,  the tubing  
o u t s i d e  diameter ,  the tubing  i n t e r v a l  l e n g t h ,  and the cement 
column length .  The inpu t  data are read  from the f i l e  named 
TAPES, while ou tpu t  data are w r i t t e n  t o  f i l e  TAPE6. 

The  t e r m  record is  used here t o  denote  a s i n g l e  l i n e  or 
card of input  data. 
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2. REQUIRED I N P U T  

The records l i s ted  i n  t h i s  section are required for a com- 
plete description of a GEOTEMP2 problem. The required data 
records consist of: 

I. TITLE 
2. TUBING 
3. CASING 
4. WELLBORE 
5 . TEMPERATURES 
6. FLUIDS 
7 .  I N I T I A L  F L U I D S  

Each required data record w i l l  be explained i n  the following 
pages, with comments and examples. A general comment to  help 
understand the input format is  that the variable names given 
use the FORTRAN convention (i .e.  8 variables w i t h  names begin- 
ning with the l e t t e r s  I-N are integer variables, a l l  others are 
real variables). A decimal point is necessary for real  vari- 
ables t o  be properly interpreted on some computer systems: 
likewise, a decimal p i n t  used with an integer variable w i l l  
cause misreading . 
2.1 TITLE Record 

Data: 7 8  character t i tl e or identifying comment 

The TITLE record is used to identify the problem being run. 

EXAMPLE 

PRODUCTION SIMULATION: SOUTH MCGOO #3 

\ 
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2.2 TUBING Records L 
D a t a :  Record 1: ' T U B I N G ' , N I N T  

Record 2: INT,DI ,DO,ZC,DZ 

where: 

N I N T  = Number of tub ing  i n t e r v a l s  

INT = I n t e r v a l  number 

D I  = I n s i d e  diameter of tub ing ,  inches  

DO = Outside diamete? of tub ing ,  inches  

ZC = B o t t o m  of tub ing  i n t e r v a l ,  f e e t  
Top of i n t e r v a l  de f ined  by  b o t t o m  of prev ious  
i n t e r v a l  . 
The cement column ends a t  the b o t t o m  of the 
tubing  i n t e r v a l  s p e c i f i e d  by ZC. 

DZ = Length of cement column o u t s i d e  tub ing ,  f e e t  

Record 2 should be repea ted  for  each tubing  i n t e r v a l .  The 
t o t a l  number of Record 2 ' s  should equal  NINT.  

Provis ion  has been made f o r  the flow areas of the tubing t o  
vary  w i t h  depth i n  the wellbore. As many as 10 d i f f e r e n t  flow 
areas can be s p e c i f i e d  over depth  i n t e r v a l s  i n  the w e l l .  The 
top of the f i r s t  i n t e r v a l  is the sur face .  I n  the example shown 
b e l o w ,  t w o  tubing i n t e r v a l s  are s p e c i f i e d .  The f i r s t  i n t e r v a l  
( I N T = l )  ex tends  from the su r face  t o  a depth of 6000 f t .  w i t h  no  
cement column. The second i n t e r v a l  (INT=2) extends from the 
bottom of the f i r s t  i n t e r v a l  a t  6000 f t .  t o  a depth of 18950 
f t ,  A 100 f t .  cement column ( D Z = l O O )  ex tends  from a depth  of  
18850 f t .  t o  the bottom of the hole a t  18950 f t .  

EXAMPLE 
' T U B I N G ' ,  2 
1,1.995,2.875,6000. ,O. 
2,1.995,2.500,18950. ,100. 

-12- 



2.3 CASING Records 

D a t a :  Record 1: 'CASING'8NPIPE 
Record 2: ICASE,DI,DO, ZC,DZ, 

Where : 

NPIPE = Total number of cas ing  s t r i n g s  excluding tub ing .  

ICASE = Casing number 

D I  = Casing i n s i d e  d iameter ,  inches  

D o =  Casing o u t s i d e  diameter, inches  L-- 

zc  = Casing s e t t i n g  depth ,  f e e t  

DZ = Cement column l e n g t h  o u t s i d e  cas ing ,  f e e t  (see 
Figure  1). The cement column begins  a t  the 
b o t t o m  of cas ing  ICASE s p e c i f i e d  by the s e t t i n g  

I dep th ,  ZC. 

Record 2 should  be repea ted  f o r  each cas ing  i n  the w e l l .  The 
to t a l  number of Record 2 ' s  should equal  NPIPE. 

The cas ing  d a t a  records  (Record 2) must be ar ranged  i n  o rde r  of 
smallest d iameter  to l a r g e s t  d iameter  so that the completion 
w i l l  be properly nested.  The cas ings  are numbered consecu- 
t i v e l y ,  beginning w i t h  1. NPIPE must be at least  1 bu t  no more 
t h a n  4. I 

N o t e  that  a l l  cas ings  extend to  the sur face .  

EXAMPLE 

CASING' , 2  
\ 1,4. 6 70 ,5  .SOD, 23000. ,23000. 

2I6.435 7 .765,19100; ,200 -0 
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2 . 4 WELLBORE Record 

Data : 'WELLBORE' ,DEPTH, m8 TVD,DDVN,DIA 

Where : 

DEPTH = I n i t i a l  depth for d r i l l i n g ,  otherwise DEPTH = 
TMD, 

TMD = Total measured depth, feet  

TVD = True vertical  depth, feet 

DDVN = Depth a t  which is deviated, feet  

D I A  = Hole maximum diameter, inches 
(greater than the largest casing 0.D.) 

This record describes the well geometry. The well is assumed 
t o  have been dr i l led  ver t ical ly  to  the depth DDVN. A t  th i s  
depth, the w e l l  is deviated and d r i l l e d  at  an angle to  the t r u e  
depth TVD. The to t a l  length of the wellbore TMD is therefore 
greater than TVD for a deviated well and equal t o  TVD for a 
s t ra ight  well. This is i l lus t ra ted  i n  Figure 3, 

I f  the well is deviated from the vertical  by angle 0 a t  depth 
DDVN t o  a true ver t ical  depth TVD, then TMD can be evaluated 
from the following formula: 

TMD = DDVN + (TVD - DDW) s i n  0 

EXAMPLE 
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2.5 TEMP Record 
u 

.- 
. .. 

Data: ' TEMP' , TSUR, BHT, TD18 D 1  

Where: 
r; 

TSUR = The undisturbed surface temperature, OF 

BHT = The bottom-hole temperature, OF 

T D 1  = The temperature a t  depth D1,  OF 

D 1  = The depth c o r r e s w g  to  TD1, feet 

T h i s  record sets the i n i t i a l  temperature conditions and the * 

far-field or u n d i s t u r b e d  temperature. gradient. 

The bottom-hole temperhture BHT corresponds to  the depth TVD 
given on the WELLBORE record. 

GEOTEMP2 assumes linear temperature prof i les  i n  the undisturbed 
formation, as  depicted i n  Figure 5.  Two different geothermal 
gradients can be specified through use of the variables given 
on this  record. 

EXAMPLE 
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SURFACE TEMPERATURE - 
GROUND LEVEL 4 

TEMPERATURE 

INTERMEDIATE 
TEMPERATURE 

AND DEPTH 

BOTTOM HOLE 
TEMPERATURE 

I 

Figure 5. Illustration of the initial and boundary 
temperature profiles available in GEOTEMPZ. u 
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U 2.6 FLUIDS Record 

D a t a :  Record 1: 'FLUIDS',NFWID 

Record 2: ID ,DEN,PVIS ,YPT 

L 

b d  

Where : 

NFWID = N u m b e r  of f l u i d s  t o  be def ined  

I D  = The f l u i d  i d e n t i f i c a t i o n  number 

DEN = The f l u i d  d e n s i u b m / g a l  

PVIS = P l a s t i c  v i s c o s i t y ,  c e n t i p o i s e  

YPT = Y i e l d  p o i n t ,  l b f /100  f t 2  

The total  number of Record 2 d a t a  records  fol lowing Record 1 
should  be equal  t o  NFWID. The I D  numbers should be numbered 
consecut ive ly  s t a r t i n g  w i t h  1. 

The FLUID records  are used to  d e f i n e  the fo l lowing  properties 
of l i q u i d  systems such as  water-based d r i l l i n g  mud. The  
d e n s i t y  DEN must be g r e a t e r  t h a n  or equal  t o  tha t  of water a t  
s tandard  cond i t ions  (8.33 l b m / g a l ) .  The value of  heat capac i ty  
for a particular f l u i d  is determined from the s o l i d s  f r a c t i o n  
i n  the f l u i d .  It is assumed that a l l  f l u i d s  are de r ived  by  
adding so l id  t o  water. The solids f r a c t i o n  is computed as 
fo l lows :  

SF = 0.0798 x (DEN - 8-33) ,  f o r  8.33 < DEN < 10.3 
SF = 0.0318 x (DEN - 10.3) + 0.162, fo r  DEN > 10.3 

The heat c a p a c i t y  is i n  BTU/lbm°F and the thermal conduc- 
t i v i t y  is i n  BTU/hr  f t  OF are computed as: 

Cp = 1.0 - (0.777 x SF) 
k = 0.399 + (9.6 x SF) 

EXAMPLE 

-17- 



2.7 I N I T I A L  FLUIDS Record 

D a t a :  ' I N I T I A L  ' 8 IPF 8 IAF 

Where : 

IPF = I .D.  number of wellbore f l u i d  

IAF = I .D .  number of a n n u l u s  f l u i d  

T h i s  record is used t o  i n i t i a l i z e  the f l u i d s  i n  the w e l l .  The 
number IPF d e s i g n a t e s  the flu?i.Ltype that is i n  the w e l l  t u b i n g  
and annu lus  o u t s i d e  of the tub ing .  The number I A F  i n d i c a t e s  
the f l u i d  type used as a packer f l u i d  i n  a l l  the other a n n u l i  
(see F i g u r e  1). If a l l  the a n n u l i  are cemented t o  s u r f a c e ,  I A F  

w i l l  be ignored ,  however, a number must be e n t e r e d  f o r  IAF. 
N o t e  that  gas f i l l e d  a n n u l i  are n o t  allowed i n  GEOTEMP2 
( e x c e p t ,  of c o u r s e ,  when gas is used as the c i r c u l a t i n g  f l u i d ) .  

EXAMPLE 

' INITIAL' , 3 , l  
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3. CONTROL AND OPTION INPUT 

This section describes the control records and options used 
to produce GEOTEMP2 simulations. These records serve two major 
functions. First, they describe the flowing stream in the 
wellbore; and second8 they specify the time interval when the 
flowing stream data are to be used. As many sets of control 
records as desired can be stacked to describe the flowing 
history of a well. 

3.1 CHANGE Record 

The principal control record is called the CHANGE record. 
The CHANGE record has the f o w n g  format: 

'CHANGE'81FLOW81SEC81PF8TIN,vFR,DAYCH 

where : 

IFLOW = 1 for 
= 2 for 
= 3 for 
= 4 for 
= 5 for 
= 6 for 
= 7 for 
= 8 for 
= 9 for 
= 10 for 

liquid systems injection 
liquid systems production 
liquid systems forward circulation 
liquid systems reverse circulation 
gas system forward circulation 
liquid systems drilling 
gas systems drilling 
mist drilling 
steam production 
steam injection 

ISEC = 0 no secondary flow change 
= 1 read secondary flow record 

IPF = fluid I.D. number (see FLUIDS record) 

TIN = fluid inlet temperature, OF 

VFR = fluid volume flow rate, gal/min(gas flow rates 

DAYCH = defines the end of this flow period in days. 
Beginning is defined by previous 'CHANGE' 
record or is zero for first CHANGE record. 

Flow options 1-4 are completely defined by the CHANGE record 
and require no additional control records unless ISEC equals 1 

follow the CHANGE record). The secondary flow record will be 
discussed later. 

in SCFM) 

c (in this casel the SECONDARY FLOW record will immediately 

Flow options 5-10 will be discussed individually because of 
their special input requirements. k$ 
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3.2 FLOW OPTIONS 1-4 

The following examples illustrate how a CHANGE record is 
prepared for flow options 1-4 which are listed on the previous 
Page 

Flow option 1. 

Fluid #2 injected at 100 gal/min at 80 degrees F for 20 days 
starting at day 12: 

' ClmGE ' 8 1 # 0 8 2 # 80 # 100 8 32 
L- 

Note that DAYCB is cumulative time, not incremental time, 

Flow Option 2. 

Fluid #5 is produced at 2000 gal/hr (33.3 gal/min) for 1-1/2 
years. The bottom-hole temperature is 150 degrees F, 

'CHANGE',2,0,5,15O.r33.38547. 

Flow Option 3. 

Fluid #1 is circulated at 10 bbl/min (420 gal/min) for 8 
hours, Inlet temperature is 70 degrees F. 

Flow Option 4. 

Fluid #4 is reverse circulated for 4 days at 500 gal/min. 
Inlet temperature is 75 degrees F, 
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3.3 FLOW OPTION 5: Gas Forward Circulation 

F 

The 'CHANGE' record format is the same as for previous 
options, however, the IPF variable is given a different inter- 
pretation. I n  options 1-4 I P F  designated the f l u i d  I . D .  number 
defined i n  the FLUIDS records of the setup data. For the con- 
venience of the user, a l l  gas properties are defined internally 
and are not specified i n  the FLUIDS records. Two common gases 
used for gas d r i l l i n g  are defined i n  th i s  program: a i r  and 
nitrogen. They are selected by choosing IFLOW equal to  5 and 
by sett ing: 

IPF = 1 for air 
= 2 for nitrogen 

One additional datum is necessary to  define the gas flow. 
T h i s  is the inlet  or standpipe pressure. When flow option 5 is 
selected, the CHANGE record must be followed by the GAS record: 

' GAS ' , PSTAND 
where PSTAND i s - t h e  standpipe pressure in psia. I f  th i s  pres- 
sure is too low to  be consistent w i t h  the inlet  temperature and 
flow rate,  the program w i l l  automatically increase the pressure 
to an adequate value. 

EXAMPLE 

A i r  is being circulated a t  1000 standard cubic feet per 
minute. The in l e t  temperature is 6 5  degrees F and the stand- 
pipe pressure i s  50 psia. Circulate for two days. 
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3.4 FLOW OPTION 6: Drilling with Liquid Systems 

Option 6 is used to simulate the drilling of a well using 
water-based drilling fluids. Since GEOTEMPZ simulates the 
increase of well depth with time and allows daily shut-in 
periods during drilling, more control information is needed. 
Thus, a DRILL record is required following the CHANGE record in 
option 6: 

' DRILL ,IBH 8 HRC # DDCHG 

where 
IBH = 0 no bottom-h@te assembly change 

(requires BHA record) 
= 1 change bottom-hole assembly 

HRC = hours of circulation daily 
(hours of shut-in daily = 24.-HRC) 

DDCHG = drilling depth reached at time 
DAYCH, feet 

When IBH is set equal to 1, the bottom-hole assembly (BHA) 
record must immediately follow: 

'B~',DCL,DCOD DCID8BITD,BN1,BN2,BN3 

where : 

DCL = drill collar length, ft 

DCOD = drill collar outside diameter, inches 

DCID = drill collar inside diameter, inches 

BITD = bit diameter, inches 

BN1 = bit nozzle diameter, inches 

BN2 = bit nozzle diameter, inches 

BN3 = bit nozzle diameter, inches 

The bottom-hole assembly is initialized with no drill collars 
and with no bit attached to the drill pipe. The actual bottom- 
hole assembly is redefined every time the BHA record is used, 
but the BHA record does not have to be used with every DRILL 
record. 
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EXAMPLES : D r  i 11 ing 

S imula t e  a w e l l  being d r i l l e d  to a depth of 3000 f e e t  i n  three 
days.  D r i l l i n g  f l u i d  number 1 ( d e f i n e d  i n  FLUIDS) is t o  be 
used, w i t h  i n l e t  temperature 80 degrees  F. The w e l l  is norm- 
a l l y  - shut- in  8 hours each evening. The bottom-hole assembly 
consis ts  of 600 f e e t  of 6" d r i l l  collars,  a 9-7/8" b i t  wi th  t w o  
3/4" nozzles and one 1 /2"  nozzle.  C i r c u l a t i o n  rate is 300 
g a l l o n s  per  minute. 

,'CHANGE186,O,1,8Oe 8300. r 3 .  
'DRILL '  ,1,&5-3000. 
'BHA',600. ,6.0,2.5,9.88, -75, -75, -50 

A t  3000 f e e t ,  t o  
d r i l l  an a d d i t i o n a l  1000 f e e t .  The n i g h t l y  shut-in increased  
to  10  hours  because of equipment problems. The bottom-hole 
assembly w a s  no t  changed. The fol lowing is  the  complete simu- 
l a t i o n  from spud-in t o  4000 f e e t :  

t he  pene t r a t ion  rate slowed and it took 2 days 

'CHANGE' ,6,0,1,80. ,300. , 3 .  
'DRILL'  , l , 16 .  ,3000. 
'BHA',600. ,6.082.5,9.88, -75, -75, 050 
'CHANGE' ,6,0,1,80. ,300. ,5. 
'DRILL' ,0,14. #4000. 

Notice that  i t  w a s  no t  necessary t o  peat the bottom-hole 
assenibly information. The BHA record w i l l  only be needed when 
b i t ,  b i t  nozzles ,  or d r i l l  collars are changed. 

i 
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3.5 FLOW OPTION 7: G a s  D r i l l i n g  

Option 7 i s  used t o  s i m u l a t e  the d r i l l i n g  of a w e l l  w i t h  
a i r  or n i t rogen  as the d r i l l i n g  f l u i d .  A i r  d r i l l i n g  parameters 
are s p e c i f i e d  us ing  the GAS record  def ined  f o r  option 5 and the 
DRILL and BHA records  def ined  f o r  op t ion  6. These records  must 
be used i n  the following order :  

'CHANGE' # IFLOW,ISEC, IPF,TIN,VFR,DAYCH 
' GAS ' 8 PSTAND 
' DRILL'  # IBH, HRC, DDCHG 
' BHA' DCL, DCOD, DCID, BITD, BN1 BN2, BN3 ( O p t  . ) 

L 

. 

The variables i n  the CHANGE, GAS, DRILL, and BHA records  have 
been def ined  previous ly .  N o t e  that the u n i t s  f o r  VFR are SCFM 
i n s t e a d  of gal/min s ince  th i s  is a gas  system. The BHA record  
is op t iona l ,  as noted i n  flow option 6. 

EXAMPLE: A i r  D r i l l i n g  

The d r i l l i n g  example from o p t i o n  6 is repea ted  here, w i t h  the 
changes necessary  t o  replace the water-based f l u i d  w i t h  a i r .  
The  s tandpipe  pressure is given a s  50 psia. The  requi red  input  
is: 

The CHANGE record  now has flow option 7 des igna ted .  N o t e  tha t  
the volume flow rate is i n t e r p r e t e d  as SCFM rather than 
gal/min. A GAS reco rd  fo l lows  the CHANGE r eco rd  w i t h  a 
s tandpipe  pressure of 50 psia indica ted .  The  DRILL and BHA 
records  are unchanged. 

-2 4- 



W 3.6  FLOW OPTION 8: M i s t  D r i l l i n g  

As i n  o p t i o n  7, the m i s t  d r i l l i n g  op t ion  b u i l d s  on previous  
op t ions .  The inpu t  needed to  s p e c i f y  a m i s t  d r i l l i n g  s imula -  
t i o n  i s  the following set of records:  

'CHANGE',IFLOW,ISEC,IPF,TIN,VFR,DAYCH 
' GAS ' , PSTAND 
' MIST ' , VFRM 
' DRILL' , IBH, HRC, DDCHG 
'BHA' ,DCL,DCOD,DCID,BITDIBNl,BN2,BN3 

This  inpu t  d i f f e r s  from the op t ion  7 i n p u t  because of the 
a d d i t i o n  of the MIST record.  The parameter VFRM on the MIST 
reco rd  s p e c i f i e s  the rate a t  which water is added t o  the a i r  i n  
ga l lons  per minute. Again, the a i r  volume is s p e c i f i e d  i n  
SCFM. A l l  other v a r i a b l e s  are unchanged from previous  d e f i n i -  
t i o n s .  

EXAMPLE: M i s t  D r i l l i n g  

The gas d r i l l i n g  example i n  o p t i o n  7 is modi'fied by the 
a d d i t i o n  of 2 bbl/hr (1.4 gal /min)  of water t o  the a i r  t o  
c o n t r o l  minor water inf lux:  

'CHANGE' ,8rO,lr80. 8300. , 3 .  
'GAS',50. 
'MIST' 81.40 
'DRILL'  , l ,16.  ,3000. 
'BHA' ,600. ,6.0,2.5,9.88,.75, 075, 050 
'CHANGE' ,8,0,1,80o ,300. , 5 -  
'GAS' ,50 .  
'MIST',1,4 
'DRILL'  10,14. 14000. 

- 
- 

i i 
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3.7 FLOW OFTION 9: Steam Production 
c, 

The 'CHANGE' record format is the same a s  previous options, 
however, the IPF variable has no meaning i n  th i s  context since 
the produced f l u i d  is always steam, wet steam, or water. Set 
IPF  to  any number desired. It  w i l l  be ignored by the program. 

O n e  additional datum is required to  complete the descrip- 
t ion of two-phase steam flow. I f  the in l e t  f l u i d  is single 
phase, then the in le t  (bottom-hole) pressure must be defined. 
I f  the i n l e t  f l u i d  is wet steam, then the pressure is defined 
by the in le t  temperature. However, the "quality" of the steam 
must be specified. The required additional information is 
given on the STEAM record. 

If the mixture is wet steam, the STEAM record used is 

' STEAM' 8 1, QUAL 

where 1 i n d i c a t e s  w e t  s t e a m ,  and QUAL is the s t e a m  quali ty 
( r a t io  of the mass of the vapor to  the mass of the to t a l  m i x -  
tu re ) .  Note that QUAL must l i e  between 1 and 0. I f  the mix- 
ture is single phase, the following STEAM record is used: 

STEAM ' ,2, P I N  

where 2 indicates single phase and P I N  is the in l e t  pressure. 
I f  P I N  is  greater than the saturation pressure, the in le t  f l u i d  
is assumed to  be water, I f  P I N  is  less  than or equal t o  the 
saturation pressure, the inlet  f l u i d  is assumed to  be vapor. 

The volume flow ra te  used  i n  the CHANGE record is gal/min, 
When the in le t  f l u i d  is steam or w e t  steam, the volume flow 
ra te  is  defined to  be the volume flow ra te  of l iquid water a t  
standard temperature and pressure equivalent t o  the mass flow 
ra t e  of steam. 

The volume flow rates and bottom-hole pressures specified 
may not- be consistent, that is, the flow may be choked before 
i t  reaches the surface, I f  this happens, the program w i l l  
automatically e x i t  and pr int  a summary of the flow conditions 
that  caused the exit .  The printout w i l l  indicate i n  which in- 
terval the problem occurred, such as between K = y and K = X. 
The ground surface is K = 1, K is incremented every 200 fee t  
( i .e. ,  K = 2 i s  200 f t ,  K = 3 i s  400 f t ) .  I n  production the 
code calculates the pressures from the bottom of the hole to  
the surface: therefore, the pressure i n  this error printout i s  
that  a t  the bottom ( i n l e t )  of t h i s  interval, I f  the f r ic t ional  

. 
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W pressure drop term is dominant, the usual cause is an overly 
high flow rate. I f  the gravitational pressure drop is too 
large, the bottom-hole pressure is probably too low. It was 
decided not to  automatically adjust these parameters because of 
the complex nature of two phase flow. Manual correction of 

operator is ful ly  aware of the effects of the changes. 

. 
F - these d i f f icu l t ies  is more reliable, especially since the 

EXAMPLE 

Two-phase steam is produced, w i t h  i n l e t  quality equal to  0.80 
a t  the equivalent volume flow rate of 40 gallons of water per 
minute .  I n l e t  temperature is 200 degrees F. Circulate for two 
days . 1 

'CHANGE' ,9,0,1,200. ,40. ,2. 
'STEAM' ,l, -80 

The input for the same problem w i t h  s i n g l e  phase in l e t  condi- 
t ions and bottom-hole pressure of 2000 psia is: 

'CHANGE' ,9,0,1~200. 840. ,2.  
'STEAM', 2,2000. 
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3.8 FLDW OPTION 10: Steam Injection 

The  'CHANGE' record format is the same a s  previous options, 
however, the IPF variable has no meaning i n  th i s  context since 
the produced f l u i d  is always steam, w e t  steam, or water. Set 
IPF t o  any number desired, it w i l l  be ignored by the program. 

One additional datum is required to  complete the descrip- 
t ion of two-phase steam flow. I f  the i n l e t  f l u i d  is single 
phase, then the in le t  (wellhead) pressure must be defined. I f  
the i n l e t  f l u i d  is  wet steam, then the pressure is defined by 
the in le t  temperature. However, the "quality" of the Steam 
must be specified. The required additional information is 
given on the STEAM record. 

I f  the mixture is  wet steam, the STEAM record used is 

' STEAM' , 1, QUAL 

where 1 i n d i c a t e s  w e t  steam, and QUAL is the steam q u a l i t y  
( ra t io  of the mass of the vapor to  the mass of the to ta l  mix- 
tu re) .  Note that QUAL must l i e  between 1 and 0. I f  the mix- 
ture is single phase, the following STEAM record is used: 

'STEAM',2,PIN 

where 2 indicates single phase and P I N  is the i n l e t  pressure. 
I f  P I N  is greater than the sqturation pressure, the in le t  f l u i d  
is assumed to  be water. I f  P I N  is less  than or equal to  the 
saturation pressure, the i n l e t  f l u i d  is assumed to  be vapor. 

The volume flow ra te  used i n  the CHANGE record is gal/min. 
When the in le t  fluid is steam or wet steam, the volume flow 
ra t e  is defined to  be the volume flow ra te  of liquid water a t  
standard temperature and pressure equivalent to  the mass flow 
ra t e  of steam. 

L 

The volume flow rates  and bottom-hole pressures specified 
may not- be consistent, that is, the flow may be choked before 
i t  reaches the surface. I f  th i s  happens, the program w i l l  
automatically e x i t  and pr int  a summary of the flow conditions 
that  caused the e x i t .  The printout w i l l  indicate i n  which 
interval the problem occurred, such as  between K = x and K = 
y. The ground surface is K = 1. K i s  incremented every 200 
feet  (i.e., K = 2 is  200 f t ,  K = 3 i s  400 f t ) .  In  modeling in- 
jection the code calculates the pressures from the wellhead t o  
the bottom of the hole: therefore, the pressure i n  this  error 
printout is that a t  the top ( in l e t )  of th i s  interval. The 
f r ic t iona l  pressure drop term is the usual cause of choking i n  
this  situation. The cure is to  reduce the flow rate. An 

.. 

u 
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c 

al ternate  cure is to  increase the injection pressure, It was 
decided not t o  automatically adjust these parameters because of 
the complex nature of two-phase flow. Manual correction of 
these d i f f i c u l t i e s  is more reliable,  especially s ince  the 
operator is f u l l y  aware of the effects of the changes, 

EXAMPLE 

Two-phase steam is injected, with in le t  quali ty equal t o  0.80 
a t  the equivalent volume flow rate of 40 gallons of water per 
minute. I n l e t  temperature is 200 degrees F. Inject  for two 
days , 

'CHANGE' ,10,0,1,2000 ,400 82, 
'STEAM' 8 1 8  -80 

The input for the same problem w i t h  single-phase in l e t  condi- 
t ions and i n l e t  pressure of 2000 psia is: 

t 
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3.9 SECONDARY FTXlW Record 

The parameter ISEC on the CHANGE record has been defined 
previously: * 

ISEC = 0 no secondary flow change 
= 1 read secondary flow record - 

The purpose of the secondary flow option is t o  simulate the 
effect of f l u i d  i n f l u x  on the temperature and flow predictions 
i n  GEOTEMP2. Secondary flow may be selected w i t h  any flow op- 
tion: however, only i n  options 2-8 is the concept of secondary 
flow meaningful. Secondary flow is in i t ia l ized  a t  zero flow 
rate. To specify different secondary flow parameters, ISEC 
must be se t  t o  1 and the SECFLOW record added following a l l  
other records i n  a CHANGE record sequence. The SECFLOW record 
has the format 

where : 

ISF = f l u i d  I.D. number of secondary f l u i d  

TIN2 = in le t  temperature of secondary f l u i d ,  
degrees F. 

VFR2 = volume flow rate of secondary f l u i d ,  
ga l /min  . 

The secondary flow option is similar t o  the BHA record i n  that  
the secondary flow parameters remain unchanged u n t i l  a new 
secondary f l u i d  record is read. Thus8 secondary flow can be 
turned on or off as desired, b u t  the secondary flow record does 
not have to  be repeated for every CHANGE record sequence. 

, 
EXAMPLE: Secondary Flow 

The m i s t  d r i l l ing  example is repeated here w i t h  the addition of 
1 bbl/hr ( 0 . 7  gal/min) of secondary f l u i d  i n f l u x .  The f l u i d  
temperature is assumed to  be 100 degrees F and f l u i d  #2 defines 
the properties of the secondary flow. 
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Notice that SECFI;OW follows a l l  other option records i n  the 
f i r s t  change record sequence. The SECFLOW record is not 
repeated for the next CHANGE record sequence because the 
secondary flow parameters remain unchanged. 

‘t,i 
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4. SAMPLE PROBLEMS 
L 

Ten sample problems, i l lus t ra t ing  the use of the many flow 
options available w i t h  GEOTEMP2, have been assembled i n  this 
section. The problems are representative of r ea l  geothermal 
operations. The full input data and output are l isted in  each 
case. Each problem is introduced w i t h  some brief comments, and 
i n  some cases figures are included. 

A s  an aid t o  estimating the execution time for a given 
problem, the execution times for each of the ten sample prob- 
lems are given i n  Table 4.1. 

TABLE 4.1  Execution times for sample problems run  on a CDC 
CYBER 170  Model 8 5 5 .  

Problem No. Execution Time(s) 

1 2 .4  
2 2 .5  
3 2.7 
4 2 . 7  
5 4.8 
6 7.6 
7 9.8  
8 1 7 . 2  
9 1 2 . 4  
10 6.5  
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w 4.1 SAMPLE PROBLEM 1: Product ion w i t h  Flow R a t e  Change 

The fol lowing t abu la t ed  r e s u l t s  r ep resen t  the GEOTEMP2 - i n p u t  (Table 4.2) and output  (Table 4.3) f o r  f l u i d  product ion  
i n  a w e l l .  The f i v e  s t r i n g s  of pipe are descr ibed  i n  the out -  

- p u t  a f t e r  p r i n t i n g  the problem t i t le .  I n  t h i s  example, produc- 
t i o n  tub ing  is 4-1/2" and cas ing  i s  9-5/8" set a t  5000 f t ,  a 
13-3/8" in t e rmed ia t e  cas ing  is set a t  3000 f t ,  and a 20" sur- 
face  cas ing  is 1000 f t  deep. A 30" conductor pipe is set a t  
100  f t .  

* 

H o l e  d e v i a t i o n  and g r i d  data are p r i n t e d  next.  I n  th i s  
case, the w e l l  is v e r t i c a l .  

, The undis turbed  geothermal g rad ien t  i n  th i s  problem g ives  
tempera tures  of 70°F a t  the s u r f a c e  and 150°F a t  the bottom of 
the w e l l .  

F l u i d  properties are p r i n t e d  next. I n  t h i s  problem, only  
one f l u i d  type  is used. These va lues  apply to  both the flowing 
f l u i d  and the annular  f l u i d  above the cement columns. This 
f l u i d  has a d e n s i t y  of 10 lbm/gal, a p as t ic  viscosi ty  of 15  

are computed i n  GEOTEMP2 from these basic properties. 

The flow d a t a  and p r e d i c t e d  temperatures  are then  p r i n t e d  
for each t i m e  i n t e r v a l  s p e c i f i e d  i n  the input  da ta .  A t  t i m e  
ze ro ,  the flow cond i t ions  are def ined  by product ion  w i t h  i n l e t  
t empera ture  of 150°F and flow rate of  500 bbl /day  (15  
gal /min) .  These cond i t ions  are set  f o r  10 days,  a t  which t i m e  
the flow rate is changed t o  5000 bbl /day as shown by the data 
i n  Table 4.2. 

cp# and a y ie ld  po in t  of 5 l b f /100  f t  5 . Thermal properties 

The computed temperature  d i s t r i b u t i o n  is p r i n t e d  a t  the end 
of each t i m e  i n t e r v a l ,  i n  th is  case 10 days and 20 days.  Tem- 
p e r a t u r e s  are given a t  s i x  radial p o s i t i o n s ,  the tubing  and 
annulus  tempera tures  (as shown i n  F igure  2 ) ,  the temperature  a t  
the wellbore/soil i n t e r f a c e ,  the f i r s t  t w o  formation tempera- 
\ t u r e s ,  and the undis turbed  temperature .  These s i x  tempera tures  
are p r i n t e d  a t  every  depth l e v e l  i n  200 f t .  increments .  

The second column, r ep resen t ing  the tubing  c e n t e r l i n e ,  
g i v e s  the produced f l u i d  tempera ture  as the f l u i d  t r a v e l s  up 
the w e l l .  F lu id  e n t e r s  a t  150°F and cools to  1140F by the t i m e  
i t  reaches the sur face .  As the produced f l u i d  t r a v e l s  up the 
w e l l ,  i t  heats the annulus  and the surrounding formation. 

- Figure  6 shows the temperature  p r o f i l e  from the su r face  t o  
the bottom of the well. Three curves are plotted, one is the 
und i s tu rbed  temperature  d i s t r i b u t i o n ,  one g ives  the produced 
f l u i d  p r o f i l e  a f t e r  10  days w i t h  the lower flow rate, and the u i 
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t h i rd  curve is the f l u i d  temperature prof i le  af ter  2 0  days with 
the higher flow rate. Clearly, the increased velocity a t  the 
higher flow ra te  allows less  time for the surrounding tempera- 
tures to  affect  the flowing f l u i d  temperature. 

W 

TABLE 4.2 Input Data for Sample Problem 1 
c 
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T a b l e  4 . 3  Outout Oata f o r  SamDie ProbGem 1. 

SAMPLE PROBLEH ti? PSODUCTION WITH FLOW RATE CHANGE 

T U B I N G  C O N F I G U R A T I O N  
TUBING IDsTN.  OOcIN. TOPIFT. 

i 3.958 4.500 0‘ 

C A S I N G  P R O G S A M  
CASING ID, I N  00. IN 

I 8.681 9.625 

3 19.124 2 0 . 0 0 0  
4 2 9 . 0 0 0 ~  30 .000  

2 12.347 138375 

SASEVFf. CEHENTrFT. 
5 0 6 0 .  500 0.0 

OEFf!4, F T  CEMENT INTERVAL, FT 
5 0 0 0 ,  2200. 
3 0 0 0 .  2200. 
1 0 0 0 ,  1 O O O e  

1 0 0 ,  100. 

W E L L  G E O M E T R Y  

TOTflL DEPTH= 5000.  FT.  
BORE DIAYETEQ= 31.000 IN .  

NOTE: TRUE OEPTH=MEASURED OEPTH 

H E L L B O R E  F L U I O  P R O P E R T I E S  

F L U I D  TYPE NO. I 

DENSITY= 1 0 . 0  LBM/GAL 
PCASTTC V I S C O S I T Y =  15. CENTIPOISE 
YIELD POINT= 5 .  LBF/IOOFTZ 

W E L L B O R E  I N I T I A L  S T A T E  

F L U I D  B I I N  TUBIWG 9 TUBING ANNULUS 
FLUID # i IN CASING - CASING ltNNULI 

. 
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S E T W A R I A R L F S AT T f H E  = 0 .000  O d Y S  
FLOWING OPTION = PRODUCTION 

F L U I D  4 1 PROOUCEO 
FLU10 If 1 IN WELL 

W 
I N L E T  TEMPERATURE = 150. F 
FLOW RATE = 1 5 .  G A L I M I N  
T I M E  TO CHANGE O A T A  = 10.000 DAYS 

TIME = 1 0 . 0 0 0  DAYS ITERATIONS = 4 

T E M P E R A T U r i E  D X S T R I B U T f O N  

R I D I A L  P O S I T I O N S I  FEET 
OEPTH, FT .1 0 3  I. 3 2.5 4.3 50.0 

0. 114.3 
20 0. 119.4 
400. 121.6 
600. 123. R 
800-  12 5.8 

1000.  127.8 
120 0. 129.7 
1400. 131.5 
1600. 133.3 
1800. 135.0 
2000. 136.6 
2200. 138.2 
2400. 139.6 
2600. 141.0 
2808. 142.3 
3000. 143.5 
3200. 1 4 b . f  
3 4 0 0 .  145.7 
3600. - 146.7 
3600. 147.5 
4000. 148.3 
4 2 0 0 .  148.9 
44'0 0 149.4 
4 6 0 0 .  149.7 
4000. 149.9 
5000.  150.0 
5200. 153.2 
540 0 . 156 .4  

70 .0  T O =  0 70 .0  
107.3 03.8 7 Q .  1 
109.8 8 6 - 8  82.2 
112.2 89.7 65.3 

117.3 95.2 91- 2 

12i.7 10 1.1 970 2 
123.9 103.9 200.3 
125.9 106.8 103 .3  
127.9 109.7 106.3 
129.9 112.5 i OS. 3 
131.8 21 5.3 512.3 
133.7 i i R . 1  115.3 
135.6 120e6 118.2 
137.0 123.8 12f. 3 
138.7 126.6 124.2 
140.3 129.3 227.1 
141.8 132.0 130.0 
5 4 3 . 3  134.6 132.9 
144.6 137-3 $35. e 
145 . 9 139.4 t38.7 
147.1 i 4 2 e  4 541.6 
149.1 145.0  144.4 
149.1 147r 5 147.2 
1 5 0 . 0  150.0 150.0 
153.2 1 5 3 . 2  153.2 - 
156.4 156.4 156.4 

114.7 92.6 88.3 

119.5 98.1 948 2 

70 .0  
75.9 
79. 1 
82.2 
85.3 
88.4 
91.5 
94.6 
97. a 

100.9 
104.0 
107.1 
110.2 
113.3 
116.4 
119.5 
122.6 
125.7 
120.7 
131.8 
134.9 
137 .9  
140.9 
$44.0 
147. 0 
150.0 
1 5 3 . 2  
LSO. 4 

7 0 .  0 
73.2 
76.4 
79.6 
82.8 

89.2 
92.4 
95.6 
981 8 

102.0 
105. 2 
108.4 
111.6 
114.8 

121.2 
124.4 
127.6 
130.6 
134.0 
131.2 
140s 4 
143.6 
146.8 
150.0 
153.2 
156.4 

8 6 .  n 

118. a 
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S E T  V A R I A B L E S  A T T L H E -  10.000 OQYS 
FLOWING O P T I O N  = PRODUCTION 

FLUID # 1 PRODUCED 
FLUTO 4 I I N  WELL 

I N L E T  TEMPERATUPE = 150.  F 
FLOH SATE = 150,  GALYM'IN 
T I M E  TO CHANCE O A T A  = 20.000 DAYS 

TIME = 20.000 OAYS I T E R A T I O N S  = 4 

T E ! l P E R A T U R E  D I S T R I B U T X O N  

O E P f H s  FT 

0. 
2 0 0 .  
4 0 0 .  
6 0 0 .  
800 .  

1 0 0 0 .  
1200. 
1 4 0 0 .  
1 6 0 0 ,  
1800. 
2 0 0 0 .  
2200. 
2400. 
2600, 
2800. 
3000. 
320 a . 
340 o . 
360 0 
3 8 0 0 .  
4000m 
4200.  
440 0 
4600. 
4800. 
500 0 8 

5200. 
5400. 

R A O I A L  POSITIONSI FEET 
0 1  a 3  1 8  3 2. 5 4.3 

145.0 
145.9 
146.2 
146.6 
146.9 
147.2 
147.4 
147.7 
147.9 
1 4 4 .  2 
14R.4  
148.6 
148.8 
149.0 
i 4 q e I  
1 4 %  3 
149.4 
149.5 
1 4 9 r 6  
149.7 
149. 8 
149.9 
149.9 
1 5 L  0 
150rO 
150.0 
153.2 
156.4 

70.0 
128.6 
129.7 
130.7 
131.9 
133.3 
134.2 
135.2 
136.1 
137.0 
137.9 
138.8 
139.7 
140 5 
141.5 
142. i 
f42.9 
143.8 
144.6 
245.4 
146m2 
147 0 
147.7 
148.5 
149.3 
lSO.0  
153.2 
1 5 6 . 4  

7 0 . 0  
92.1 
94.5 
97.0 
9903 

101-3 
103.8 
106.3 
IUSo7 
ll.1. 2 
11307 
116, I 
11 8.6 
12i.u 
1230 3 
126.1 
i.28.5 
1318 0 
133- 4 
1358 8 
138.2 
1 4 0 0 5  
142.9 
145.3 
147.6 
150.0 
153.2 
156.4 

70.0 
9 4 . 6  
87.4 
90.2 
92-9 
95. 3 
q 8 a  1 

f00.9 
103.7 
1 0 6 - 4  
109.2 
i i i . 9  
114.7 
11784 

123. 0 
1 2 5 8 5  
1 2 8 . 5  
131.2 
133.9 
1368 6 
139.3 
142.0 
144.7 
147s 3 
150.0 
153.2 
156.4 

120.1 

7 0 . 0  
79.3 
82.3 
05.3 
88.2 
92.0 
94.0 
97.0 

1 0 0 .  0 
102.9 
105.9 
108.9 
1 l l . R  
114. 8 
117.7 
120.8 
123.1 
126.7 
129.6 
132.5 
135.5 
138.4 
141.3 
144.2 
147.1 
1 5 O e O  
153.2 
156.4 

5 0 8  0 

70.0 
73.2 
76.4 
79.6 
82, 8 
5 6 . 0  
89. 2 
92. 4 
95.6 
98.8 

102.0 
105.2 
10804 
111.6 
114.8 
118.0 
121.2 
124.4 
127.6 
13058 
1348 0 
137, 2 
140.4 
143.6 
146.8 
150.0 
15 3.2 
1560 4 
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4.2 SAMPLE PROBLEM 2: Injection w i t h  Flow Rate Change 
Li 

Results from GEOTEMP2 for a f l u i d  injection problem are 
presented i n  t h i s  section. A l l  conditions are precisely the 
same as  those for the production problem presented i n  the pre- 
vious section, except for the direction of flow. 

F l u i d  enters the well a t  the surface a t  a temperature of 
70°F and leaves the w e l l  a t  a depth of 5000 f t .  Injection ra te  
begins a t  500 bbl/day and increases t o  5000 bbl/day af te r  10 
days, continuing u n t i l  2 0  days. The second column of the out- 
put temperature dis t r ibut ion gives the injected f l u i d  tempera- 
ture profile. Figure 7 shows the profiles af ter  10 days and 20 
days. The effect of flow rate  is evident again as  it was for 
product ion . 
TABLE 4.4 Input Data for Sample Problem 2 
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T a b l e  4.5 OutrJut D a t a  for  SamDle Problem 2. 

bd SAMPLE PROBLEM 4l2t INJECTTON HXTH FLOW ?ATE CHBN6E 

T u B I N G -  c o N F E G u R T r o M - 
TUBING I D V I N .  O D 9 I N c  TOPIFTO BASE9 Ff. CEMENTrFTc 

1 3.958 4.500 O w  ' 5000 ,  5oua.o 

C A S I N G  P R O G R A M  
C 4s I N C  ID9 IN OD* IN_ OEFTH, FT  CEMENT INTERVAL* F T  
I 9.681 9,625 5 0 0 0 0  2200. 
2 12.347 13.375 3 0 0 0 .  2200. 
3 19.124 20.000 1 0 0 0 .  1000. 
4 29.aoo 30.000 1 0 0 .  100. 

W E L L  G E O M E T S Y  

TOTdL DEPTH= 5000. F T a  
BORE DfAMETFQ= 31*000 I N .  

NOTE 8 TRUE DEPTH=YE4SUSED DEPTH 

W E L L B O R E  F L U I D  P R O P E R T I E S  

F L U I D  TYPE NO. I 

OENSITY= 1 0 . 0  L B M f G A L  
PLASTIC V I S C O S I T Y =  15,  CENTIPOISE 
YIELO POINT= 5 .  LBF/IOOFT2 ' 

W E L L B O R E  I N I T I A L  S T A T E  

F L U I D  8 1 ffJ TUBING 9 TUBING ANNULUS 
F L U I D  # i IN  CASING - C A S I N G  ANNULI 
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S E T  V A R I A B L E S  A T T I M E =  O o O O O  D P Y S  
FLOWING O P T I O N  = I N J € C T I O N  

FLUTO 4 I INJECTED INTO TUBING 
FLUID iQ I IN WELL 

I N L E T  TFMPERATUSE = 708 F 
FLOW RATE = 15. G A L I W I N  
T I M E  T O  CHANCE DATA = 10.000 DAYS 

T I M E  = 1 0 . 0 0 0  DAYS ITERATIONS = 4 

, T E M P E R A T U R E  D I S T R I B U T I O N  

RPDIAL P O S I T I O N S ,  FEET 
DEPTH, FT b 1  8 3  1 s  3 2.5 4.3 

0. 
2 0 0 .  

6 0 0 .  
8110. 

1000. 
1200. 
14000 
1 6 0 0 ,  
1800. 
2000. 
2200.  
2400 .  
260 0 
2800. 
300Oe 
3200. 
340 0 
3 6 0 0 0  
3800. 
4 0 0 0 ,  
4200.  
4400. 
4600. 
4800. 
5 0 0 0 0  
520 0 
540 0 

4008 

7 0 . 0  
7 0 . 1  
70 .3  
70.6 
71.1 
71.7  
7 2 . 4  
73.2 
74.2 
75.2 
7 6 . 3  
7 7 . 5  
70. R 
8 0 . 2  
81.6 
83.2 
84.9 
86.6 
6 8 . 4  
90.3 
92.2 
94.2 
96.2 
98.3 

100.5 
102.7 
153.2 
156.4 

70.0 
70.8 
71.9 
72.9 
74.0 
7 5 e 2  
7 6 8 5  
77.9 
79.4 
81.0 
8206 
84.6 
86.4 
88.2 
90.0 
92.3 
94.4 
96.5 

100.9 
103- 1 
105m4 
i O 7 * 8  
l i O . 1  
112.5 
115.0 
153.2 
1 5 6 . 4  

98.7 

7 0 .  o 
7 2 . 5  
75.0 
77.6 
ao. 2 
82 .  R 
85,s 
88.2 
9 0 0 9  
9 3 e 6  
96.3 
99.. i 
101.9 
104.  7 
1 0 7 * 7  
1 1 0 * 2  
113. 0 
11509 
119.8 
521.7 
124.6 
127, 5 
130-4 
133*4 
136.4 
139-  3 
153.2 
156s 4 

70.0 70.0 
72 .9  73.0 
7 5 .  6 760 0 
7 8 . 5  79. I 
83. 3 820 1 
84.2 85.2 
87 .1  88.2  
90.0 91.3 
92.9 94.4 
95.9 97 .4  
98. e 100.5 

101m8 503.6 
104.8 1 0 6 . 7  
1 0 7 . 7  109.8  
130 .8  112.9 
113.6 116.0  
f16.6 119.1 
13.9-6 122.2 
122.7  125.3  
2 2 5 0 7  128.4 
128.7 131.6 
131 .8  134.7 
134.8 137.8 
1 3 7 . 9  141.0 
141.0 1 4 4 . 1  
144.0 1 4 7 . 3  
1 5 3 . 2  153.2 
156.4 156 .4  

5 0 . 0  

7 0 . 0  
73.2 
76.4 
79.6  
92.8 

89.2 
92.4 
95.6 
9 8 . 8  

102.0 
105.2 
1 0 8 . 4  
111.6 
114.8 
118.0 
121.2 
1 2 4 e 4  
127.6 
130.8 
1 3 4 . 0  
137.2 
140.4 
143.6 
146.8 
1500 0 
153.2 
156.4 

860 0 
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S E T  V A R I A B L E S  A T T I M E =  io8000 DPYS 
FLOWING O P T I O N  = INJECTXON 

F t U T D  # 1 INJECTED 3NTO TUeING 
F L U I D  # 1 IN WELL 

id 
INLET TEMPERATURE = 70. F 
FLOW RATE = 1500 G A L / M I N  * 

T I M E  TO CHANGE DATA = 2 0 ~ 0 0 0  D A Y S  

TIME = 200000 DAYS ITERATIONS = 4 

T E M P E R A T U S E  O ~ S T R I B U T I O N  

t 

PADIAL POSIT IONSV FEET 
. 3  1.3 2.5 4.3 5 0 . 0  
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4.3 SAMPLE PROBLEM 3: Forward C i r c u l a t i o n  w i t h  I n l e t  Temp 
Change 

R e s u l t s  fo r  forward c i r c u l a t i o n  w i t h  i n l e t  t empera ture  of 
70°F for  10  days, changing t o  100°F between 10  days and 20 
days ,  - are presented  i n  the fo l lowing  p r i n t o u t  (Table 4.7).  

unchanged from the product ion  and i n j e c t i o n  examples. Ci rcu la-  
t i o n  rate is 10 gpm. F lu id  e n t e r s  the w e l l  a t .  the su r face  and 
t r ave l s  down the tubing  a t  temperatures  given i n  column t w o  of 
the temperature  p r i n t o u t .  W i t h  i n l e t  temperature  of 70°F, the 
tempera ture  p r o f i l e  af ter  10 days i n d i c a t e s  that  the f l u i d  
reaches the b o t t o m  of the hole at  about 133.4"F, crosses over 
t o  the annulus ,  t r a v e l s  up the w e l l ,  and r e t u r n s  t o  the su r face  
w i t h  a temperature  of 72.4*F. A t  20 days,  a f t e r  c i r c u l a t i n g  
f o r  10 days a t  the increased  temperature ,  the bottom-hole tern- 

tempera ture  is 92.2"F. These r e s u l t s  i n d i c a t e  that  the flow 
rate is s l o w  enough to  allow the bottom-hole temperature  t o  
reach approximately the same value  f o r  the t w o  d i f f e r e n t  i n l e t  
temperatures .  N o t e  that the maximum c i r c u l a t i n g  tempera ture  
occurs i n  the annulus  above the bottom of the w e l l .  

I W e l l  completion, f l u i d  type ,  and geothermal g rad ien t  are a l l  

, pera tu re  is 132,9"F, near ly  the same as before ,  and the r e t u r n  

P r e d i c t e d  r e s u l t s  are p l o t t e d  in  F igure  8. These curves  
may be compared t o  those f o r  i n j e c t i o n  t o  determine the i n f l u -  
ence of the re tu rn ing  annulus  f l u i d  dur ing  c i r c u l a t i o n .  

TABLE. 4.6 Input  D a t a  fo r  Sample Problem 3 

SAMPLE PROBLEM #3: FORWARD CIRCULATION W I T H  INLET TEMP CHANGE 
'TUBING' ,1 
1,3.958,4.5,5000. ,O.  
'CASING' ,4 
1,8,681,9.6 25,5000. ,2  200. 
2,12.347,13.375,3000. ,2200. 
3,19.124,20. ,1000. ,1000. 
4,29. ,30. ,100. ,100. 
'WELLBORE' ,5000. ,5000. ,5000. ,5000. ,31. 
'TEMP' ,70. ,150. ,110. ,2500. 
' FLUIDS ' ,l 
1 , l O .  ,15. ,5. 
' I N I T I A L ' , l , l  
'CHANGE',3,0,1,70. ,100 ,100 
'CHANGE' , 3 , 0 , 1 , 1 O O .  ,100 ,200 

L 
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table 4.7 Output Data  f o r  Sample Problem 3.  

SAMPLE PRQBLfX Q 3 1  FORWLIRD CTRCULATION W /  I N L E T  TEMP CHANGE 

T U B I N G  C O N F Y G U R A T I O N  
TURING I D S  I N .  O D S T N .  TOPSFT. BbSESFTo CEMENTgFTo 

1 3.958 4oSUO 0 .  5 a u o e  500 0.0 

C A S ? N C  P R O G S A H  
CASXMG I D S  I N  009 I N  OEFTH, F T  CEMENT INTERVALS F T  

1 8 .681  '3.625 sooo. 2200. 
2 12 .347 13 .375 3 0 0 0 .  2200. 
3 1 9 0 1 2 4  2 0 . 0 0 0  1 o u o e  ~ 0 0 0 .  
4 29.000 3o.oou 1 8  0. 100.  

H E L L  G E O M E T R Y  

TOTAL DEPTY= 5 O O O o  F T o  
BORE DIAMETER= 31.000 r ~ .  

NOTE: TRUE OEPTH=HEASURFD DEPTH 

W E L L S O R E  F L U 1 0  P R O P E Q T I E S  

F L U I D  TYPE NO, 1 

D E N S I T Y =  1 0 0 0  L S M I G A C  
P L A S T I C  V I S C O S I T Y =  15. CENTIPOISE 
YIELD P O I N T =  5 0  C E F / l O O F T Z  

W E L L B O R E  f N . J , - T I A L  S T A T E  

F C U I O  f 1 IN T U R I N G  ri TUBING dNNULU5 
FLUID f 1 I N  CASING - C 4 S I N G  B N N U L I  

bi 
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S E T  V A R I A S L F S  ~ T T I ~ =  Om000 O l l Y S  
FLOWING O P T I O N  = FORWARD C I R C U L A T I C M  

FLUID d i INJECTED I N T O  T U B I N G  
FLU10 # 1 IN WELL bd 

I N L E T  TEMPERATURE = 70. F 
FLOW RATE = 10. GAL/HIN - 
T I M E  TO CHANGE O h T A  = l O c 0 0 0  DAYS 

TIME = 10.000 D a y s  ITERATIONS = 3 

T E M P E R i T U R E  D T S T Q X B U T I O N  

RADIAL POSTTTONSI FEET 
5 0 0 0  DEPTH, FT .I 83 1.3 20 5 4.3 

0 0  
2 0 0 .  
4 0 0 .  
6 0 0 .  
8 0 0 .  

1000. 

i t c o o .  
1600. 

2000. 
220 0 . 
2coo. 
260 0. 
280 O 
3000. 
3200. 
3 4 0 0 0  
3 6 0 0 .  

1 2 0 0 .  

1800. 

38000 

4200. 
4 4 0 0 .  

4 0 0 0 8  

7 0 0 0  72.4 708 0 
72.5 75.2 74. 0 
7 5 c 2  78.2 77. 1 
7 8 . 2  81.5 80,s  
81.4 84.9 81.5 
84.5 Ram3 8 6 . 8  
8704 91.5 90.0 

9 4 *  0 qa.7 c36.9 

99.1 , 1 0 4 8 5  102.9 
101.5 10701 1 0 5 0 8  

10607  112.5 111.9 

112.1 iis.0 118.0 
114.8 12O07 1210 0 
l f 7 . 6  123.4 124. 0 
120.3 125.9 127,O 

12506  30 86 132.8 
12709  32.4 135.5 
130.0 133.9 138.Q 

136.7 140.3 
1 3 2 0 9  134.6 1 4 2 0  3 
13384  t33.4 1430 9 
153.2 153.2 15302 
156.4 156.4 1 5 6 0 4  

90.6 94.9 9383 

96.9 101.9 990 8 

104.0 109.8  i a - S e 9  

109.3 115.2 11489 

123.0 1 2 8 0 4  12989 

7 0 0  0 
73.6 
76.8  
80.0 
03.2 
860 5 
8 g 8  7 
92. Q 
9603 
99.4 

1 0 2 0 s  
1 0 5 0 6  
108.7 
11108  
114.9 
518. 0 
221.1 
124.2 
127.3 
130.3 
13303 
13603 
1 3 4 0  1 
$41.6 

, 144.3 
14605 

' 153.2 
I5604 

70.0 
7 3 .  4 
7 6 0 6  
79. a 
83. o 
86m2 
89.4 
92.6 
950 3 
9 9 0 1  

102.2 
105.4 
1 0 8 0 5  
111m7 
1148 8 
l i 6 . 0  
121.2 
1 2 4 0 3  
127.5 
130.6 

1360 8 
139.8 
142.8 
145.6 
148.4 
253.2 
15604 

13387 

708 0 
73.2 
7684 
790 6 
82 .8  
860 0 

92.4 
95m6 
98. 8 

1020  0 
1050 2 
108. 4 

898 2 

111.6 

121.2 

1 1 4 0  8 
I 1 8 0  0 

124. 4 
127.6 
130.8 
1348 0 
137.2 
140.4 
143.6 
1460 8 

'15 00 O 
153.2 
1560 4 
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1 1  

S E T  V A R I A R C E S  A T T I M E =  1 0 I 0 0 0  DAYS 
FLOWING O P T I O N  = FORHdRO CIRCULATION 

FLUID .1F I INJECTED INTO T U E I N G  
FLUID dr 1 IN WELL 

INLET TEMPERATURE = 100, F 
FLOW RATE = 10. GACIMTM 
TIME TO CHANGE DATA = 2 O o O O 1 1  DAYS 

TIME = 20.000 DAYS ITERATIONS = 3 

T E M P E R A T U R E  D I S T S I R U T T O N  

OEPTHV Ff 

0. 
200. 
400, 
600 .  
800. 

1 0 0 0 .  
1 2 0 0 .  
1 4 0 0 o  
160 0 
1800 .  
2000. 
2200. 
240 0 
2 6 0 0 .  
2800. 
3 0 0 0 .  
3200. 
3400 .  
360 0. 
3800. 
4000. 
420 0 
4cCO 0 
460 0 
4800-  
500 0 
52000 
5400, 

81 

1 O O . O  
95.3 
92.7  
91.5 
91.3 
92.0 
93.4 
95.5 
97.4 
93.1 

1 O l . U  
103w1 
1 0 5 8  4 
107.8 
110e2 
112.8 
115.  4 
118.0 
120.6 
123.2 
125.6 
127.8 
129.8 
131.4 
132.5 
1 3 2 - 9  
153.2 
156.4 

RdDXAL POSXTfONSs FEET 
03 1. 3 2.5 

92.2 
90.9 
90.3 
90 .7  
91.8 
93.5 
95.7 
98.5 

101.1  
103.3 
105.6 
108 .0  
110.5 
1 1 3 0 1  
115.7 

120.9 
123.5 
126.0  
128.3 
i30m4 
132.1 
133.5 
134.2 
134.5 
132.4 
153.2  
156.4 

118.3 

7 0 =  0 
8 0 . 5  
82ri 
8 4 .  I 
86.3  
85.9 
91* 7 
9 4 0  8 
9 7 c 6  

100.4 
103.3 
106e2 
109.2 
1 1 2 e I  
l i 5 . 1  
118, I 
121,l 
12 4.0 
1 2 6 e q  
129.8 
132.5 
135.1 
137.5 
139e 8 
141.6 
143.0 
1 5 3 ~ 2  
156e4 

70 .0  
77.4 
79. 7 
82.2 
84.8 
07. 7 
90.7 
93.8 
96, R 
99.8 

102.8 
10508 
1 0 8 - 9  
111.9 
115.0 
118.1 
125.1 
124.2 
L27.2 
130.2 
133.1 
t 3 5 . Q  
138.6 
141.2 
143.5 
145.6 
153.2 
156.4 

4.3 

70.0  
75.2 
75.0 
80.9 
83.8 
86. R 

93. I 
96.2 
99.3 

102.4 
1 0 5 0  5 
108.6 
111.8 
114.9 
11810 
f21.2 
I 2 4 0  3 
127 .4  
130.4 
2 33.5 
136.5 
139.4 
142.2 
144.9 
147.5 
153.2 
156.4 

89.9 

50.0 

70.0 
73s 2 
76.4 
79.6 
82.8 
86.0 
89.2 
92.4 
95.6 
98.8 

102.0 
10502  
108.4 
111*6 
114.8 
118.0 
121.2 
124.4 
127.6 
130.8 
1340 0 
1 3 7 -  2 
240.4 
14306  
1460 8 
150.0 
153.2 
156.4 
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4.4 SAMPLE PROBLEM 4: Reverse C i r c u l a t i o n  w i t h  Secondary Flow W 

U s e  of the secondary flow opt ion  is demonstrated by the 
example problem i n  t h i s  sec t ion .  The w e l l  is c i r c u l a t e d  down 

b the annulus  and up the tubing  for  10  days, and then a second 
f lui 'd  j o i n s  the c i r c u l a t i n g  f l u i d  a t  the bottom of the w e l l  and 
the t w o  f l u i d s  t r a v e l  toge ther  up the w e l l .  As shown i n  the 
fo l lowing  input  d a t a  (Table 4-81, the SECFLOW record  is 
i n s e r t e d  w i t h  the CHANGE record i n  the l a s t  t i m e  i n t e r v a l ,  
namely between 10 and 20 days.  The d a t a  records  f o r  the t w o  
f l u i d  types  are l i s t e d  under the FLUIDS record.  The property 
d a t a  fo r  the t w o  f l u i d s  are p r i n t e d  i n  the output  (Table 4.9). 

Flow rate of the c i r c u l a t i n g  f l u i d  is 10 gpm. Flow rate of 
the secondary f l u i d  is 5000 bbl/day. This system can be used 
to  model c i r c u l a t i o n  of t r e a t i n g  f l u i d s  (such as cor ros ion  in- 
hibi  tors) i n t o  a product ion  stream, or f o r  modeling c i r c u l a t i o n  
of cement or heavy f l u i d s  for  w e l l - k i l l i n g  purposes. 

W i t h  the increased  flow rate i n  the tubing  s t r i n g ,  the t e m -  
pe ra tu re  p r i n t o u t  at  the end of 20 days shows that the tubing  
f l u i d  temperature  does no t  change much from top t o  bottom. The 
e f f e c t  on the annulus  tempera ture ,  however, demonst ra tes  a 
s t r o n g  in f luence  from the tubing .  The i n j e c t e d  f l u i d  shows a 
s i g n i f i c a n t  temperature rise i n  the upper s e c t i o n  of the w e l l .  

TABLE 4.8 Input  D a t a  fo r  Sample Problem 4 

SAMPLE PROBLEM #4: REVERSE CIRCULATION WITH SECONDARY FLOW 
'TUBING' ,1 

'CASING' ,4 

2,12.347,13.375,3000., 2200 . 
1 , 3 ~ 9 5 8 , 4 ~ 5 , 5 0 0 0 .  10. 

1,8o681,9.625,5000., 2200.  

3,19,124#20. ,1000. ,1000. 
4#29.,30. ,100. ,1000 
'WELLBORE' ,5000. ,5000. ,5000. ,5000. ,310 
'TEMP' ,70. ,150. ,110. ,2500. 
' FLUIDS ' 8 2 

2,8.34,15.,5. 
' INITIAL' ,l, 1 

1,10.,15o 85,. 

'CHANGE' 84,O,lr70. ,100 110. 
'CHANGE',~,~,~,~OO.,~OO~~OO 
' SECFIDW ' , 2,150. ,146. 
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Table  4.9 OutDut Data f o r  Sangfie ProbCem 4. 

SAMDLE PRORLEM W4t REVEDSE CIRCULATION W /  SECOhDPRY FLOW 

T U B I N G  C O N F T G U R A T I O N  
TUBIM;  T D q I N .  O D t f N .  TOPsFTL BASE9 FT- CEMENT,fTm 

1 3.958 4 .500 0. 5 0 0 0 .  0.0 

C A S I N G  P R O G R A M  
C A S I N G  ID, IN OD9 IN DEPTH, F T  CEMENT INTERVAL, F T  

1 9 e 6 9 L  9.'625 5 0 0 0 s  2200, 
2 12.347 13.375 3 0 0 0 e  2200. 
3 19*iz4 2 O m O O O  i o n o .  1 0 0 0 ,  
4 2 9 m O O Q  30 .000  in o. 100.  

W E L L  G E O M E T R Y  

T O T I L  DEPTH= 5000. FTa 
BORE DIAMETER= 31.000 IN. 

NOTE2 TRUE DEPTH=MEASURFD DEPTH 

H E L L S O R E  F L U I D  P P O P E R T I E S  

I FLUID TYPE NO* 

O E N S T T Y =  I O *  0 LBM/GAL 
P L A S T I C  V I S C O S I T Y =  55 .  CENTIPOISE 
YIELD POINT= 5 .  LBF/IOOFT2 

F L U I D  TYPE NO* 2 

DENSITY= 8.3 LBH/GAL 
PLASTIC VISCOSITY= 15* CENTIPOISE 
Y I E L D  POINT= f i e  CRFJlOOFT2 

W E L L B O R E  I N I T I A L  S T A T E  

F L U I D  # 1 I N  TUBSNG li T U B I N G  a N N U L U S  
FLUID C 1 IN CASING - C A S I N G  d N N U C I  

-50- 
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S E T  V A R I A B L E S  A T T I M E =  0 .000 DdYS 
FLOWING O P T I O N  = REVERSE C I R C U L A T I O N  

F L U I D  # 1 INJECTEO Iff10 A N N U L U S  
F L U I D  I I N  WELL 

INLET T E M P E R A T U R E  = 70, F 
FLOW RATE = I O .  CAL/MIN 
T I M E  TO CHANGE DATA = 10.000 DAYS 

LJ 

T I M F  = 1 0 . 0 0 0  DAYS I T E R A T I O N S  = I 

T E  M P E Q A T I J R E  O I S  T R I B U T  I O N  

R P O I A L  POSITIONS9 FEET 
DEPTH, FT .l . 3  I. 3 2.5 4.3 50.0 

a. 74.0 
200. 77.8 
400. 81.7 
6 0 0 .  85.2 
800 .  89.5 

1000. 91.9 
1200. 95.5 
1 4 0 0 .  99.3 
160 0. 103.3 
1 3 0 0 .  106.6 
2000.  109.0 
220 0. 111.6 
2400. 114.2 
260 0 116.9 
2 8 0 0 .  119.6 
3000. 122.2 
3200. 124.8 
3400. 127.3 
3600. 129.7 
380 0. 132.0 
4000. 134. I 
4 2 0 0 .  136.0 
440 0 137.5 
450 0 138.8 
4 8 0 0 .  139.6 
5000.  139.9 
5200. 153.2 
5400. 156.4 

70.0 
73.7 
77.5 
80.9 
84.0 
87.3 
90.7 
94.3 
98.0 

101.0  
103.3 
105 .8  
105.4  
111.1 
113.8 
116e6 
119.4 
122.2 
124.9 
127.5 
130.0 
132.4 
134.7 
136.7 
138.4 
139.8 
153.2 
156.4 

70. 0 70.0 70. 0 
7 3 . 4  73-3  73m2 
76, '8 76.6 76.5 
ao. I 70. 9 79.7 
83.2 83. 0 82.9 
8 6 . 5  86. 3 86.1 
89.7 89.5 89.3 
93, 1 ¶2. 8 92.6 
96.5 96. i 95.8 
99. 5 99.2 99.0 

kO28 4 102.2 102, I 
1 0  5.4 1 0 5 . 3  105.2 
108.4 108.4 108.4 
111.4 111.5 111.6 
114.5 514 .6  114.7 
117.5 3.17.7 117.9 

120.9 121.0 120.6 
123.6 124.0 124.2 
126m6 127.1 127.4 
129.6 130.2 130.5 
132. 6 133.2 133.6 
135,s l 36m3 136.8 
5 3 8 . 4  5 3 9 . 3  139.9 
141.1 142.2 143.0 
143.8 145.1 146.0 
1 4 6 t  4 14a .  o 149.1 
153.2 153.2 153.2 
t 5 6 s 4  1 5 6 - 4  156.4 

'I 

70.0 
7 3 - 2  
76.4 
7 9 . 6  
82.8 
8 6 .  o 
89.2 
92.4 
95.6 
98.8 

102.0 
105.2 
1 0  8.4 
111.6 
114.8 
118.0 
121.2 
124.4 
127, 6 
1 3 0 - 8  
134.0 
131 .2  
140.4 
143.6 
1 4 6 ,  8 
150.0 
153.2 
156,  4 
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S E T  V A R I A B L E S  A T T T M E -  10.000 D L Y S  
FLOWING O P T I O N  = REVERSE C f R C U L A f f C N  1 

FLUID 1 INJECTED I N T O  ANNULUS 
FLUID 8 1 fN  WELL 

SECONDARY FLOW 
FLUID XF 2 
INLET fEFPERATtJRE= 150. F 
FlOW RATE= 146. G A L t M I N  

INLET TEMPFRATURE = 1 0 0 0  F 
FLOW RATE = I O 8  G A L J Y f N  
T I M E  TO CHANGE DATA = 2 0 ~ 0 0 0  D A Y S  

TIME = 2 0 ~ 0 0 0  O A Y S  ITERATIONS = 4 

T E Y P E R A T U R E  D T S T R I B U T I O N  

Rf iOfAL POSITIONSI FEET 
DEPTH, F T  8 1  e 3  ' 183  20 5 4.3 50.0 

B o  

2000 
4008 
6 0 0 8  
8 0 0 8  

1000. 
1200. 
1400. 
1600. 

2000 .  
220 0 0 

I 260 0. 
280 0 

I 3000. 
32000  
340 0 
36008 
3 8 0 0 8  
40000 
420 0 . 
4400. 
460 0 
4 0 0 0 .  
5000. 
520 0 
540 0 8  

, 

1800. 

240 a 

141.2 
14284  
143.3 
144.0 
14486 
145.1 
145.6 
1k68  0 
146.k 
146.7 
147. I 
147.4 
147.7 
1480 0 
14803 
148.5 
1 4 8 0 7  
149.0 
1498 1 
149s 3 
149.5 
149.6 
14987 
149.8 
149.9 
149.9 
153.2 
156 .4  

1 0 0 ~ 0  
111.7 
119.9 
1250 I 
12885 

132.9 
134.4 
135.6 
136.7 
13707 
138.6 
139.5 
1 4 0 8 3  
141.2 
1 4 1 0 9  
I 4 2 0 6  
143.4 
144. I 
14488' 
1 4 5 * 6  
14683 
I 4 6 0 9  
147.6 
148.2 
1 4 8 0 9  
153.2 
156.4 

13180 

7 0 . 0  7 0 8 0  
8788 810 5 
9 3 8 0  85 .  9 
97.1 89.5 
100. I Q2.6 
102.2 95.2 
105.0 98.1 
107.6 i 0 l . U  
i i o e i  10388 
11285 106.€ 
1 i 4 e 9  1 090 3 

119e6  1 1 4 0 7  
121.9 117.4 

125.9 1 2 3 0  0 
129.2 1 2 5 0 7  
13.18 4 12883  
1 3 3 * 7  131.0 
1351 9 133. 6 
f388  2 136.3 
140.4 1 3 8 0 9  
142.6 141.5 
144eR 1440  1 
1 4 7 0  0 14087 
149.2 144.3 
153.2 15382  
156.4 1568  4 

117.2 112.0 

124.0 120.0 

70.0 
77.1 
8 0 - 9  
8483 

9083 
93.4 
968 5 
99.5 

10285 
10585 
10884  
11184 
114.3 
11702 

12382 

870 4 

120. s 

126.2 
1 2 9 8 1  
13280 
135.0 
1 3 7 0 9  
140.8 
143.7 
146.5 
14984 
1 5 3 0 2  
1560  4 

7 0 8 0  
73.2 
76.6 
7 %  6 
920 8 
86. 0 
89.2 
92.4 
950 6 
95. R 

102.0 
1 0 5 8 2  
108.4 
1118 6 
1 1 4 0 8  
118t 0 
121.2 
124.4 
127.6 
1 3 0 0 8  
134, a 
137.2 
140.4 
1430 6 
1460 R 
15080 
153.2 
1560 4 
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Li 4.5 SAMPLE PROBLEM 5: G a s  Forward C i r c u l a t i o n  w i t h  I n l e t  
Te mper a t ur  e Change 

Sample problem 5 is cons t ruc ted  t o  be the gas  flow ana log  
of sample problem 3. The volume flow rate of 327 SCFM w a s  
chosen t o  g ive  the same mass flow rate as the 10 g a l l o n s  per 
minute used i n  problem 3. Resu l t s  f o r  forward c i r c u l a t i o n  w i t h  
i n l e t  t empera ture  of 70°F f o r  10 days,  changing t o  100°F 
between 10 days and 20 days,  are presented  i n  the fol lowing 
p r i n t o u t  (Table 4.11). Well completion and geothermal g rad ien t  
are a l l  unchanged from the product ion  and i n j e c t i o n  examples. 
F l u i d  . e n t e r s  the w e l l  a t  the su r face  and t r a v e l s  down the 
tubing  a t  tempera tures  given i n  column t w o  of the tempera ture  
p r i n t o u t .  W i t h  i n l e t  temperature  of 70"F, the tempera ture  pro- 
f i l e  a f t e r  10  days i n d i c a t e s  that the f l u i d  reaches the b o t t o m  
of the w e l l  a t  about  147OF, w i t h  an  e x i t  temperature  a t  the 
s u r f a c e  of 70.7OF. T h i s  compares to 133.2"F a t  the b o t t o m  of 
the hole and 72.4"F e x i t  t empera tures  i n  the l i q u i d  f l o w  case. 
A t  20 days, af ter  c i r c u l a t i n g  fo r  10 days a t  the increased  t e m -  
p e r a t u r e ,  the bottom-hole tempera ture  is 149.9 OF, n e a r l y  the 
same as before ,  and the r e t u r n  tempera ture  is 83.5'F. These 
tempera tures  compare w i t h  132.9"F a t  the bottom of the w e l l  and 
92.2OF e x i t  f o r  the l i q u i d  flow case of example 3. The r e s u l t s  
i n d i c a t e  that the flow rate is l o w  enough t o  allow the bottom- 
hole tempera ture  to  ea& approximately the same value,  indepen- 
den t  of the i n l e t  t empera tures .  N o t e  that the maximum c i r c u l a -  
t i n g  tempera ture  occurs  i n  the annulus  above the b o t t o m  of the 
w e l l  i n  the l i q u i d  flow case b u t  a t  the bottom of the w e l l  i n  
the gas flow case. 

TABLE 4-10 Inpu t  D a t a  for Sample Problem 5 

SAMPLE PROBLEM 5 :  GAS EDFWAFtD CIRCULATION W I T H  INLET TEMP CHANGE 
'TUBING' ,1 
1,3.958,4.5,5000. ,O 
'CASING'  ,4  

2,12.347,1~.375,3000., 2200 
l a 8  681,9 625,5000. 2200 

3,19*126,20. ,1000. ,1000 
4,29.,30. ,100. ,100 
'WELLBORE' ,5000. ,5000. ,5000. #5000.,31 
'TEMP' ,70. ,150. ,110. ,2500 
' FLUIDS ' , 1 
1,lO. ,15. ,S  
' I N I T I A L ' , l , l  
'CHANGE',5,0,1,70.r327* , 1 O  
'GAS' ,50 
'CHANGE',5,0,lr100.,327.,20 
'GAS' ,50 
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T a b l e  4.11 Outout Data f o r  Samole Problem 5 .  

S A M P L E  PROBLEM # 5 :  GAS FORWARD C I R C U L A T I O N  H/ INLET TEMP CHANGE 

T U B I N G  C O N F I C U S b T f O N  
TURING I D + I N a  O D I I M c  TOPSFTa BASEIFT.  CEHENT,FTe 
I 3 . 9 5 8  4 . 5 0 0  0 .  5 0 0 0 .  5 0 0 0 . 0  

C ~ S I N G  P R O G R A M  
CASING LD, I N  009 I N  DEFTHI FT CEMENT I N T E R V A L ,  F T  

i 8.681 9.525 5 0 0 0 .  2200. 
2 12.347 13.375 3000, 2200. 
3 19,124 20.000 1000. 1000.  
4 29.000 3 0 e O O O  100. 100. 

W E L L  G E O M E T R Y  

TOTAL DEPTH= 5 0 0 0 -  F f a  
BORE O I A M E T E R =  3 1 . 0 0 0  T N .  

NOTE: TRUE OEPTH=MEASURED DEPTH 

W E L l B O R E  F L U I D  P R O P E R T I E S  

FLUID TYPE NO. I 

DENSITY= 1 0 . 0  LBM/GAL 
PLASTIC V T S C O S I T Y =  15.  C E N T I P O I S E  
YIELD P O I N T =  5 .  LBF/IOOFTZ 

W E L L B O R E  I N I T I A L  S T A T E  

FLUX0 i I N  T U B I N G  b TUBXNG ClNNULUS 
F L U I D  # I I N  C A S I N G  - C A S X N G  4NNULI 
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S E T  V A R I A B L E S  A T T I M E =  Om000 DLYS , 
FLOWING O P T I O N  = FORWARD C I R C U L A T I O N  

A I R  INJECTED I N T O  TUBING 
INLET TEMPEQ.ATURE= 70. 
FLOW RATE = 327. SCFtMIN 
T I M E  T O  CHISNGE DATA = 1 0 . 0 0 0  DAYS 

b) 

4 

T I M E  = 1.0.000 DAYS I T E R A T I O N S  = 1 

T E M P E R A T U R E  D I S T R I S U T I O N  

R d O f A t  P O S I T I O N S g  FEET 
OEPTHI Ff a i  . 3  i. 3 2.5 4. 3 50a0 

0. 
20 O m  
4 0 0 ,  
6 0 0 .  
R O O .  

1000. 
1200. 
1400. 
1600. 
1 8 0 0 .  
2 O U O a  
2200 .  
2400.  
2600. 
280 0 
3000.  
3200. 
3 4 0 0 .  
3600. 
3800.  

4 2 0 0 ,  
4400. 
460 0 
4800. 
5000.  
5 2 0 0 0  
5400. 

4oao. 

70.0 
72. 0 
7 4 . 9  
78.0 
81.1 
0 4 . 3  
9 7 - 5  
90.7 
93.9 
97 .1  

100.3 
103.5 
1 0 6 e 7  
109.9 
113.1 
116.3 
11q.S 
122.7 
1 2 5 . 9  
129. 1 
132.3 
135.5  
138.7 
141.4 
145.2  
147.0 
153.2 
156.4 

70.7 
73.5 
76.5 
79.6 
82. R 
86 .0  
89*2 
42.4 
95 a 6  
98.8 

102.0 

108.4 
111.6 
114.8 
i18.0 
1 2 1 . 2  
124.4 
127.6 
130.8  
134.0 
i 3 ? = 2  
140.4 
143.6 
147.0 
147.0 
153.2 
156.4 

105.2 

70.0 
73.3 
7 6 . 4  
79.6 
82.8 
8 6 s  0 
89.2 
92.4  
95.6 
98.8 
102,o 
105.2 
1 0 8 - 4  
111.6 
114.8 
l i 8 . 0  
12f. 2 
124.4 
f27s 6 
130- 8 
134.0 
137.2 
l 4 0 e 4  
143.6 
146t 8 
14% 3 
153.2 
156.4 

700 0 
73.2 
76.4 
79.6 
92. 8 
86.0 
89.2  
92s 4 
95. 6 
9 8 . 8  

102.0 
105.2 
1 0 % * 4  
111.6 
iir0.a 
118eO 
121.2 
124.4 
127.6 
130. a 
134.0 
1 3 f . 2  
540.4 
143*6 
146.8 
144.6 
153.2 
156.4 

70.0 
73.2 
76.4 
79.6 
82.8 
86.0 
89.2 
92.4 
95.6 
9 8 ~ 0  

102.0 
105.2 
108.4 
111.6 
114.8 
l l S . 0  
121.2 
124.4 
127-6 
130.8 
134e 0 
137.2 
140.4 
143.6 
146.8 
149.8 
153.2 
156.4 

7 0 .  0 
7 3 . 2  
76.4 
79.6 
R2. R 
86.0 
89.2 
92 .4  
95.6 
9Re0 

102.0 
105.2 
l U 8 .  4 
111.6 
114- 8 
118e0 
121.2 
124.4 
127.6 
130.6 
134.0 
137. 2 
140.4 
143.6 
146.8 
150.0 
153.2 
1 5 6 . 4  



DEPTH 
F T  

0. 
2 0 0,. 
400. 
6 0 0 8  
ROO. 

1 0 0 0 ,  

1 4 0 0 .  
15,oO. 
1800. 
2000. 
2200. 
2 4 0 0 .  
2600, 
2800m 
3 0 0 0 -  
3200 ,  
3400, 
3600. 
3800. 
4000s 
4200. 
4400- 
4 6 0 0 ,  
4800, 

1200. 

5 0 0 0 8  

G B S  8 H T S T  D R I L L I N G  
F L O W I N G  S T R E A M  P R C P E R T T E S  

PRESSURE 
PSI& 

50.2 
50.4  
50.7 
50- 9 
51. i 
51. 3 
Si- 5 
51.7 
52.0 
52.2 
52.4 
52.6 
52. 8 
53.0 
53.2 
53.4 
53.6 
53.9 
54. I. 
54.3  
54.5 
54.T 
54.9 
550 1 
55.3 

5a. o 

TEMP 
F 

to. 0 
72.0 
74.9 
7 8 . 0  
81.1 
$4. 3 
87.5 
90.7 
93.9 
97.1 

l o o m 3  
103.5 
106.7 
109.9 
113. i 
116.3 
119.5 
122.7 
125.9 
129. i 
132. 3 
135.5 
138.7 
141. 9 
145.2 
147.0 

T U B I N G  

DENS IT Y-LD W C f  VEL U C I T Y  
GAS 

a255 
e255 
0255 
0256 
e 2 5 4  
0254 

253 
253 

e252  
a 252 
a 2 5 1  
a 2 5 1  
a 2 5 1  
a 2 5 0  
a250 
mZ49 
249 

a 249 
a248 
-246 
-247 
247 
,247 
0246 
a246 
0 2 4 6  

WATER 
0 .000 
0 . 0 0 0  
O m  DO0 
0- 0 0 0  
n, 0 0 0  
O m  0 0 0  
0 .000 
rl. 0 0 0  

0 . 0 0 0  
0 . 0 0 0  
0.000 
O m  0 0 0  
0 . 0 0 0  
O m O O O  
0 , 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
O m  000 
O m  0 0 0  
0 , 0 0 0  
0 .000  
rJ.000 
0 . 0 0 0  
0 0  0 0 0  
O m  0 0 0  

o.aoo 

VilPOQ 
Om000 

0.oou 

0.000 
o.uo0 
0 .000 
Om000 
0 . 0 0 0  

0 .000  
0 .000 
0 . 0 0 0  

0 .000 
o.ou0 
0 .000  
Om000  
O m 0 1 1 0  
0 .000  
0 .oou 
0 0 0 0 0  
Om000 
0 ,000  

0.000 

o.oao 

0 ~ 0 0 0  

o.oao 

o.ooa 

0 ~ 0 0 0  

FTtSEC 
19.1 
19.1 
19.1 
19. I 
19.2 
19.2 
19.2 
19.3 
19.3 
19.3 
19.4 
19.4 
1¶*4 
19.5 
19.5 
19.5 
19.6 
19.6 
19.6 
19e7 
19.7 
19.7 
19.7 
19.8 
19.8 
19.8 

L 
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A N N U L  u s  
U E P T H  

FT 
PRES SURE 

P S I  A 
46.6 
4 6 .  9 
47.3 
47.6 
48.0 
48.3 
48. 7 
49.0 
4 9 . 3  
49. 7 
50.0  
5 0 . 4  
50.7 
si. 1 
51. 4 
51. R 
52.1 
52.5 
52. 8 
53.2 
53.5 
53.9 
54.2 
54.6 
54.9 
55.3 

TEMP 
F 

7 0 . 7  
73.5 
76.4 
79s 6 
82.8 
86.0  
R9.2 
92.4 
95.  6 
(35.8 
102.0 
105.2 

111.6 
1 1 4 .  R 
i 1 3 a  0 

i a a . 4  

, 121.2 
124e4 
127.6 
130.8 
1 3 4 0  O 
137.2 
140.4 
143.6 
147. 0 
L47.0 

DENSITY-L@M/CF 
H A T E R  VIIPCR 
o c o o o  0.000 
0 .000  0 .000 
0 , 0 0 0  0 . 0 0 0  
0 , 0 0 0  0 .000  
0 . 0 0 0  0 .000 
0.0'00 0.00n 
0 . 0 0 0  0.000 
0 , 0 0 0  0 .000  
o . u u 0  0.000 
0 ,uoo 0 .000 
0 . 0 0 0  0 ,000 
0 .000  0 ' 0 0 0  
0 .000  0.000 

O a U O O  Os000  
0 . 0 0 0  0.000 
0 .000  0 .000 
O a O Q O  0 0 0 0 0  
0 , 0 0 0  0 .000 
0.000 0.000 
0 , 0 0 0  O o O E O  
0 . 0 0 0  0.000 
0 . 0 0 0  o c o o o  
0,000 Om000 
0 . 0 0 0  0.000 
0 . 0 0 0  0.000 

o o o o a  0.000 

VELOC ITY-FT /SEC 
ROCKS GAS ROCKS 
0 ,oob 5.8 0.0 
0.000 5 .8  0 . 0  
0 . 0 0 0  5 .  8 0 . 0  
0 . 0 0 0  5 . 8  0 . 0  
0 0 0 0 0  5 .8  0. 0 
0 . 0 0 0  5.a 0.0 
0 .000  5 . 8  0. 0 
0 . 0 0 0  5 . 0  0.0 
0.000 5.8 0.0 
0 . 0 0 0  5 . 8  o m  0 
0 0 0 0 0  5 .8  0. 0 
0 .000  5.7  o m  0 
0 .000  5.7 Oa 0 
0 .000  5.7 01 0 
0.000 5.7 0.0 
0 .000  5.7 0.0 
0 0 000 5.7 0.0 
0 .000  5 .  7 0.0 
0 ' 0 0 0  5.7 00 0 
0 . 0 0 0  5 .7  O I  0 
0 . 0 0 0  5 .7  0, 0 
0.000 5.7 0.0 
0.000 5.7 0.0 
0 .000  50 7 00 0 
0.000 5.7  oc 0 
0 .000  5 .6  O r  0 

t A  S 
I 237 
0238 
a233 
.23R 
,239 

239  
8239 
e 2 4 0  
e240 
-240 
8240 
-241 
241 

0241 
242 

8242 
8242 
.242 

243 
0 2 4 3  
,243 
244 
8244 
e 244 
244 
8246 

0. 
200.  
400. 
6 0 0 .  

I 800. 
1 0 0 0 .  
1 2 0 0 .  
1400m 
f 6 O U m  
1 8 0 0 .  
2000. 
2200. 
2400. 
2 6 0 0 .  
2800.  
3000. 
3200. 
3 4 0 0 .  
3600. 
3 8  0 0'0 
4000. 
4 2 0 8 0  
4 4 0 0 .  
4 6 0 0 .  
48000 
5000. 

I 

-57- 



S E T  V A R I A A L E S  A T T I M E =  10u000 UQYS 
FLOWING O P T I O N  = FORWARD CIRCULATION 

AIR  INJECTED INTO TUBING 
I N L E T  TEMPERATURE= 100,  F 
FLOW RATE = 327. SCF/MIN 
TIME TO CHANGE DATA = 2 0 * 0 0 0  DAYS 

TIME = 20.000 DAYS ITERATIONS = 1 

T E M P E R A T U R E  D I S T R I B U T I O N  

RADIAL POSXTIONSt FEET 
DEPTH, FT .I .3 1.3 2.5 4.3 5 0 ,  0 

0. 
20 0. 
40U. 
6 0 0 ,  
R O O ,  

1uoo. 

140 0 
1 6 0 0 .  
180 0 . 
2 O O O r  
2200. 
2400.  
260 0 
2800. 
3000, 
3200. 
3kOO. 
360 0 
3800. 

120 0.  

.4000. 
4200. 
4400. 
460 0. 
4800. 
5000 .  

540 0 
52008 

100.0 8305 70 .0  70.0 
81.2 77.7 74.2 73.7 
77.9 77 09 76.7 76.6 
711.9 80 .I 79.7 79.7 
81.4 0 3 . 0  82. a 828 8 
84.4 860 i 66 .0  800 0 
87.5 89.2 89.2 890 2 
3 0 . 7  92.4 92.4 92. 4 
93.9 95.6 95.6 95.6 
97.1 9 8 . 8  98.8  '38s E 

100.3 102.0 102. D 102.0  
103.5 105.2 I O  5 , 2  105o2 
106.7 108.4 103.4 108.4 

116.3 118.0 1 l S . U  1 1 9 ~ 0  

109.9 I l i s d  111.6 111.6 
113.1 114.8 114. 8 114.8 

119.5 12102 121.2 125.2 
122.7 124.4 124.4 124.4 
125.9 127ef i  127.6 127.6 
129. 1 130.5 130.8 130.8 
13283  134, 0 134. 0 134. 0 
135.5 137.2 137.2 i.37. 2 
138.7 140.4 140.4 140. 4 
141. 9 143.6 143.6 143.6 
145.2 146.9 146, 8 14E.8 
146.9 ' 146.9 149e2  1 4 9 . 5  
153.2 153.2 153.2 153.2 
156. 4 1 c 6 . 4  1 5 6 . 4  2 5 € , 4  

70.0 
73.5 
76.5 
79.6 
820 8 
86.0 

92.4 
95. 6 
980 8 

102.0 
105.2 
108.4 
111.6 
114. 8 
118.0 
121.2 
124.4 
127.6 
130.8 
134.0 
137.2 
140.4 
143.6 
146.8 
149.7 
153.2 
156.4 

a9.2 

7 0 . 0  
73.2 
76.4 
79.6 
82.8 
860 0 
89.2 
92.4 
95, 6 
98.8 

102.0 
105.2 
108.4 
111.6 

118.0 
1 2 1 e 2  
1 2 4 - 4  
1270 6 

134. 0 
137.2 
140.4 
143.6 
146.8 
150. 0 
153.2 
156.4 

114. a 

130.a 
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G A S  B M I S T  D R I L L I N G  
F L O W X N G  S T R E A M  P R C P E Q T f E S  

DEPTH 
Ff 

00 
200. 
400. 
6 0 0 .  
8 0 0 0  

1 0 0 0 0  
1 2 0 0 0  
1 4 0 0 0  
1 6 0 0 0  
1800 .  
2'4 U Oe 

2200.  
24000 
26000 
2 8 0 0 0  
3 0 0 0 .  
3200. 
3 4 0 0 .  
3600. 
3800. 
4000m 
4200. 
44008 
4 6 0 0 ,  
4800. 
5 0 0 0 0  

PRESSURE 
Psr a 
500 0 
500  2 
50.4 
500 6 
50.9 
51.1, 
51.3 
51.5 
51.7 
51.9 
52.  I 
52.4 
52.6 
52' 8 
53.0 
53.2 
53.4 
53-  6 
53.8 
54.0 
54.2 
54.4 
54.6 
54. 8 
5500 
55.2 

TEMP 
F 

i o 0 0  0 
81.. 2 
? ? a  9' 
78.9 
R1.4 
9 4 . 4  
8 7 . 5  
90.7 
93.9 
97. i 

100m3 
103.5  
106.7 
109.9 
113.5. 
116.3 
129.5 
122.7 
125.9 
129.1 
1 3 2 . 3  
135.5 
13R.7 
141.9 
145.2  
146.9 

DENS I T  Y - i  B H/ CF 
G A S  WATER V P P O R  

a 2 4 1  0 0 0 0 0  0 . 0 0 0  
- 2 5 1  0 0 0 0 0  O o O O U  
a253 0 0 0 0 0  0 0 0 0 0  
0254 O m 0 0 0  0 1 0 0 0  

0253 0 , 0 0 0  0 . 0 0 0  
0 2 5 3  O e O O O  0 0 0 0 0  
4253 0 0 0 0 0  0 , 0 0 0  
0252 0 ,000  0 ,000  
e252 0 0 0 0 0  O e O O O  
*251 0 0 0 0 0  0 .000 
e251 0 , 0 0 0  O a O O O  
a251  O * O O O  0 0 0 0 0  
0250 O m 0 0 0  0 0 0 0 0  
0250 0 0 0 0 0  O c O O O  
0249 00000 0*0130 
a249 0 , 0 0 0  0 1 0 0 0  
a248 0 0 0 0 0  Os000  
0248 O e O O O  0 . 0 0 0  
- 2 4 8  0 , 0 0 0  0 0 0 0 0  
a 2 4 7  0 , 0 0 0  Om000 

.254 0 , 0 0 0  o O o o n  

a247 O e O O U  0 .000 
.246 0.000 O s o o o  
a246 O e O O O  Os000  
a246 0 0 0 0 0  O e O O O  
mP46 O m 0 0 0  0 0 0 0 0  

VELOCITY 
FT/SEC 
20.2 
1 9 0 4  
1 9 c 2  
19.2 
19.2 
19.2 
19.2 
19.3  
19 .3  
19.3 
19.4 
19.4 
1904 
1 9 0 5  
19.5 
1905 
1 9 0 6  
1906 
1 9 . 6  
19.7 
19.7 
19.7 
19.8 
19.8 
1908 
19.8 
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DEPTH 
Ff 

00 
200. 
400. 
6 0 0 0  
800. 

1 0 0 0 .  
.1200. 
1400. 
1600 .  
1800.  
2 0 0 0 .  

2400. 
2600s 
2800. 
3 0 0 0 .  
3200.  
3 4 0 0 .  
3600.  
3800.  
4 0 0 0 .  
4 2 0 0 .  
4400. 
4 6 0 0 .  
48000 
5000. 

2200. 

P R E S S U ~ E  
PSI A 
46.6 
46.9 
47.3 
4 f .  6 
470 9 
'48.3 
48.6 

' 49.0 
49.3 
40.7 

50.4 
50.7 
si. i 
51.4 
51.7 
52. I 
520 4 
52.8 
5s. I 
53.5 
53.8 
54.2 
54.5 
54.9 
55.3 

500 O 

TEMP 
F 

77.7 
77.9 
80. I 
133.0 
86.1 
89.2 
92.4 
95.6 

102.0 
105.2 
108.4 
11106 
114s 8 
118.0 
121.2 
124.4 
127.6 
130.8 
134.0 
137. 2 
14 0 0  4 
143.6  
146.9  
146. 9 

8 3 0 5  

980  8 

A N N U L U S  

Gas . 231 
0236 
0237 
0238  
, 2 3 6  
e239 
,239 
e239 
,240 
0 240 
e240 
e241 
241 

e241 
,241 
242 
c242 
0 242 
0243 
243 

e 2 4 3  
.243 
e 244  
0244 . 244 
- 2 4 6  

DENS I f Y - L @ M / C F  
WATER 
0 .000  
0 , 0 0 0  
0 , 0 0 0  
0 0 0 0 0  
00 0 0 0  
0 .000  
0 .000 
0 . 0 0 0  
0 .000  
0 , 0 0 0  
0 .000  
0 . 0 0 0  
0.000 

0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 , 0 0 0  
0 0 0 0 0  
0 .000  
0 . 0 0 0  
0 . 0 0 0  
0 , 0 0 0  
O e Q O O  
0,oou 
0 . 0 0 0  

I). o a o  

VAPOR 
0 0 0 0 0  

0 , 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 ,000  
0 .000  
0 . 0 0 0  
0 . 0 0 0  
o * o o o  
0 . 0 0 0  
0 . 0 0 0  
0 .000  
O o D O O  
o.uo0 
0 .000 
o.ou0 
0 0 0 0 0  
0 .000 
0 . 0 0 0  
0,000 
0 .000  
o * o o o  
0.oou 
0 .000  
0 . 0 0 0  

0.000 

R O C K S  
0.000 
0 . 0 0 0  
0.000 
0.000 
0 . 0 0 0  
0 .000  
0.000 
0 0 0 0 0  
0 .000 
0 . 0 0 0  
0 .000  
0 0 0 0 0  
0 .000  
o * o u o  
0 .000  
0.000 
O t O O O  
0 0 0 0 0  
0.000 
0 .000  
0 .000  
0 .000  
0 . 0 0 0  
0 . 0 0 0  
0.000 
0 .000  

VELOC I T  Y-FTJSE 
CAS ROCKS 
6.0 00 0 
5.9 0. 0 
5.8 0.0 
5.8 o m  0 
5. a 0. 0 
5.8 0.0 
5.  a 0.0 
50 8 00 0 
5.8 00 0 
5.8  o * o  
5.8  0.0 
50 8 0.0 
5.7 00 0 
5.7 0, 0 
5.7 0.0 
50 ? 0.0 
5.7 0. 0 
5 0 7  0 - 0  
5.7 oc  0 
5.7 0. 0 
so7 O e  0 
5 0 7  0.0 
5.7 00 0 
5.7 0.0 
5.7 0- 0 
5.6 0.0 



W 4.6 SAMPLE PROBLEM 6: D r i l l i n g  w i t h  Mul t ip l e  F lu ids  

D r i l l i n g  is modeled as a special a p p l i c a t i o n  of c i r c u l a -  
t i o n .  The depth of c i r c u l a t i o n  v a r i e s  w i t h  t i m e  and each day 
is d iv ided  i n t o  a c i r c u l a t i n g  and shut - in  period to  s imula te  
the a c t u a l  d r i l l i n g  procedure.  The c i r c u l a t i n g  and shut - in  
per iods  are s p e c i f i e d  as input  da t a  on the DRILL opt ion  data 
record (see Table 4.12). 

I n  the example presented  i n  this s e c t i o n ,  three d i f f e r e n t  
f l u i d s  are used i n  the d r i l l i n g  s imula t ion ,  namely mud, cement, 
and water which are def ined  as f l u i d s  1, 2 and 3 i n  the p r i n t -  
ou t .  N o t e  that i n t e r f a c e s  can e x i s t  as one l i q u i d  displaces 
ano the r .  The d r i l l i n g  is described w i t h  s i x  sets of CHANGE 
re cor ds . The s i x  sets inc lude  three d r i l l i n g  (depth 
p e n e t r a t i o n )  t i m e  i n t e r v a l s ,  each fol lowed by a cementing t i m e  
i n t e r v a l .  The d r i l l i n g  reaches 1000 f t  on day 3, 3000 f t  on 
day 9 ,  and the bottom of the w e l l  a t  5000 f t  on day 20. 

I n  this  example, 8 hours  per day is s p e c i f i e d  as the c i r c u -  
l a t i o n  pe r iod  while d r i l l i n g .  For cementing, 4 hours  per day 
is used. The remaining t i m e  of each day is the shut  i n  
period. The d r i l l i n g  ra te  is computed i n  GEOTEMP2 based on the 
d r i l l i n g  t i m e ,  depth, and hours  per day of c i r c u l a t i o n .  From 
the d r i l l i n g  rate, the depth of c i r c u l a t i o n  is computed a t  each 
t i m e  step i n  the numerical  procedure.  

A t empera ture  d i s t r i b u t i o n  is p r i n t e d  twice f o r  each t i m e  
i n t e r v a l ,  once at  the end of c i r c u l a t i o n  and once a f t e r  shut  i n  
on the last day of each t i m e  i n t e r v a l  (See  Table 4.13). The 
f i r s t  t empera ture  p r i n t o u t  i n  the example occurs  on day 3 and 
shows the d i s t r i b u t i o n  down t o  1000 f t  fo r  2.33 days (end of 8 
hours  of c i r c u l a t i o n ) .  The next  p r i n t o u t  occurs  a t  the end of  
s h u t  i n  on day 3. The t w o  p r i n t o u t s  on day 4 r ep resen t  the 
cement c i r c u l a t i n g  tempera ture  and w a i t  ing-on-cement (WOC) 
t empera ture ,  r e s p e c t i v e l y ,  f o r  the 20" cas ing .  Similar r e s u l t s  
are p r i n t e d  f o r  the other t w o  d r i l l i n g  i n t e r v a l s  and f o r  the 
cementing of the 13-3/8" and 9-5/8" cas ings .  

for each of the three cas ings  are p l o t t e d  i n  F igure  9 .  

\ 

The te'mperatures i n  the tubing dur ing  the cementing pe r iods  
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T a b l e  4.13 Output Data for Saraole Problem 6 -  

SAMPLE PROBLEN t 6 t  O R X L L I N G  WITH MULTXPtE FLUIDS 

T U B I N G  C O N F I G U R A T T O N  

C A S I N G  P R O G Q A M  
CASING IO, IN 00, IN 

1 8.681 90625 
2 12.347 130375 
3 1 9 0 1 2 4  20.000 
4 29.000 3 O o O O O  

BASE,CTo CEHENTsFTo 
5 0 0 0 0  0. 0 

DEFTHI FT CEMENT INTERVAL, F T  
5 0 0 0 -  2200- 
3 0 0 0 -  2208- 
1 Q O O o  1000.  

100.  100.  

W E L L  G E O M E T R Y  

TOTPL DEPTH= 5000.  FT. 
@ORE O I A M E T E S = ~  32,000 IN. 

NOTE: T R U E  C)EPTH=MEASUF?ED DEPTH 

W E L L Q O R F  F L I J I D  P R O P E R T I E S  

CENSITY= 1 0 - 0  LSMIGAL 
P t a s T i C :  VISCOSITY= 15. C E N T I W T S E  
v I E C C  POINT= 5 0  LSF/lOOFT2 

F L U I C .  TYPE NO. 2 

DENSITY= 15G-0 LBFIGAL 
PLBSf IC  VISCOSITY= 3 0 -  C E N T I P O I S E  
YIELU POINT= 5 0 0  L@F/lOUFTZ 

F L U I D  TYPE NO- 3 

DENSITY= 8 0  3 LBYIGAL 
PLASTIC VISCOSITY= 10 CENTIPOISE 
YIELC POINT= , 0 0  LBFIlOOFTi! 

W E L L B O R E  I N I T ~ B L  S T A T E  

F L U I D  # 1 IN TUBING 8 TUBING LlNNULUS 
F L U I D  f 1 I N  CASING - CASING dNNUl.1 

c. 
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S E T  V A R I A B L E S  ATTIME= o c o o o  DPYS 
FLOWING OPTION = FORWARD CIRCULATION 

FLUID t I INJECTED INTO TUETNG 
F L U I D  tF I I N  WELL 

XNLET TEMPEPATURE = 70, F 
FLOW RATE = 100. C A L I M I N  

W 

. T I M E  TO CHANGE DATA = 3 0 0 0 0  Days 

CIRCULATION T I M E  PEQ DAY = 8.0 HRS 
OEPTH TO CHANGE nAT4 = I O U O e  FT 

L 

GOTTOM HOLE ASSEM8LYX 
DRILL COLLAQSX 

D R I L L  B I T t  
LENGTH= 6 0 0 s  F T t  6 . 0 0 0  I N .  O a O * =  2.500 I N  

DIAMETER= 220 0 0 0  IN, N O Z Z L E  SIZES= 8750 0750 8750 I N  

TIME = 2.333 DAYS ITERATIONS = 5 
CONDITTONS SINCE LAST TIME STEPS 

FLOW RATE = I O O e  G A L / M f N  CIRCULATION DEPTH = 1 0 0 0 .  F T  

1 

W 

DEPTHS F T  

00 
2 0 0 .  
4.000 
6 0  08  
R O O .  

io000 
120 0. 
140 0 8 

T E M P E Q A T U Q E  D I S T R I E U T I O N  

RADXAL POSIT IONSt  FEET 
0 1  0 3  i. 3 286 40 5 5 0 8 0  

7 0 ,  o 
7 3 8 2  
7 6 0 4  
79.6 
52 .8  
560 0 
890 2 
92.4 

TIME = 3 , 0 0 0  DAYS ITERATIONS ='  6 
CONDITIONS SINCE LAST TIME STEP? 

FLOH RATE = 0. G A L / M I N  CIRCULATION OEPTH = 1 0 0 0 .  FT 

T E M P E R A T U R E  O I S T l ? I 0 U T I O N  
I 

RAOIAL POSITIONSI FFET 
DEPTH* FT 01 . 3  183 2.6 40 5 

0. 
200. 
4 0 0 .  
6008  
81108 

1000. 

1400. 
120 0 8 

7 0 w O  '70.0 70.0 7 0 0  0 700 O 

75.2 7 5 8 2  75.3 7 5 0 6  76.2 
72.7 72.7 72.9 72.8 73.  I 

77.9 77.9 7 8 0 1  78.5 79.4 
80.8 R i . 0  81.2 81. a 828 7 
8 4 . 0  8 4 8 2  84.5 85.3 85.9 
89.2 89.2 59.2 89.2 8982 
92.4 9284  92.4 92.4 92.4  
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S E T  V A R I A B L E S  A T T I M E -  3 .000  DAYS 
FLOWING OPTION = FORWARD CIRCULATION 

F t U f D  # 2 TNJECTEO I N T O  TUefNG 
F L U I D  i I N  WELL 

INLET TEMPERATURF = 70, f 
FLOW RAT€ = 100s GALIHIN 
TIME TO CHANGE D A f a  = 4.000 DAYS 
DEPTH T O  CHANGE D A T A  = 1 O O U o  F T  
CIRCULATION TIME PER DAY = 4.0 HRS 

BOTTCM HOLE ASSEMBLY 
DRILL COtLARSI 

OPXLL B I T :  
LENGTH= 6 0 0 .  FT, I . D . =  6 . 0 0 0  I N t  OmO.= 2.500 I N  

DIAMET€R= 22.000 IN,  NOZZLE SIZES= 0750 0 7 5 0  

FLUIDS I N  WFLL UPDATED AT TIHE= 3.056 D A Y S  
F L U I D S  IN TUf3ING 

FLUIQS I N  ANNULUS 
F L U I D  # 2 FROM 0 .  FT.  TO 1000m FTo 

FCUTO # 2 FROM 0. FTo  TO 1 O O U o  f T o  

T I M E  = 3,167 DAYS ITERATIONS = 
CONDITIONS S I N C E  LAST T I M E  STEP$ 

FLOW RATE = 1 0 0 .  G A L I M I N  CIRCULATION DEPTH = i O O O *  FT 

T E M P E R A T U R E  D I S T R I S U T I O N  

RADIAL P O S I T I O N S t  FEET 
DEPTHt FT .I 03 1.3 2.5 4 . 5  

0. 
200. 
400. 
600. 
800. 

1000. 
120 o . 
140 a . 

70.0 
7 0 . 5  
7 1 . 0  
71.5 

71.9 
89.2 
92.4 

7188  

71 .7  
72.2 
72.6 
72.6  
72.5 
71.9 
89.2  
92.4 

7 0 .  o 70.0 
7 2 . 5  72. 8 
7 3 .  4 75 .5  
74.1 78.4 
74.0 6 81.6 
74.9 84.9 
89.2 89.2 
92.4 92.4 

70.0 
73. 1 
76 .2  
79.3 
82.6 
85. 9 
89.2 
92.4 

TIME = 4 . 0 0 0  DAYS ITEQATIONS = 
CONDITIONS SINCE LAST TIME ET€P: 

FLOW RATE = 0. GALIMIN CIRCULATION DEPTH = 1 0 0 0 .  FT 

DEPTH, FT  

a. 
2nrJ. 
400. 
6 0 0 .  
R O O .  

1000. 
1200. 
140 0 

T E M P E R A T U S E  O I S T R I R U T I O N  

PaorAL POSITIONS, FEET 
.I , 3  18 3 2 .6  4.5 

70.0 
72.8 
7 5 . 3  
77.9  
8 0 . 7  
83.6 
89.2 
92.4 

70 .0  
72.8 
7 5 . 4  
7 8 . 0  
80.9 
83.9 
89. 2 
9 2 e 4  

70.0 
7 2 . 8  
75.4 
75.1 
81.1 
84. I 
89.2  
92.4 

70.0 
72.9 
75.6 
78.5 
$18 6 
84.7  
b?. 2 
42. 4, 

70. 0 
730 1 
76.1 
7 9 . 3  
82.5 
85.7 
89.2 
92.4 

0750 IN 

- 

5 

5 0 . 0  

7 0 , O  
73. 2 
7 6 . 4  
79.6 
82.8 
860 0 
89.2 
92.4 

6 

5 0 8 0  

70.0 
73.2 
76.4 
7 9 . 6  

82. 8 ir 860 0 
8 9 . 2  
9 2 . 4  
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S E T  V A R I A B L E S  A T T I M E =  4 . 0 0 0  O l Y S  
FLOWING , O P T I O N  = FORWARD CIRCULBTION 

FLUID 3 INJECTED INTO T u e I m  
F L U I D  # 2 I N  WELL 

INLET TEMP€RATURE = 7 0 ,  F 
ti 

FLOW R4TE = 100. CALIMTN . TIME TO CHANGE DATA = 9 . 0 0 0  O A Y S  
DEPTH TO CHANGE DATA = 3UOUa FT 
CIRCULATION TIME: PER uay = L O  HRS 

* 

S O T T C M  HOLE ASTEMQLY 3 
ORILL COLLAQSt 

DRXCL 8 I T t  
LENGTH= 6 0 0 .  FTI I .D.= 6 . 0 0 0  IN* UeD.= 2.500 I N  

DIAMETES= is. o o a  IN+ NOZZLE SIZES= e 7 5 0  .750 e 7 5 0  I N  

FLUIDS IN WELL UPDBTED AT TIME= 4.111 DAYS 
F L U I D S  I N  TUBING 

FCUIOS IN ANNULUS 
FLUID # 3 FROM O e  F f .  T O  1133. FT. 

F L U I D  li 3 FROY O e  FT, TO 1 1 3 3 .  FT. 

TIME = 8.333 D A Y S  ITEPATXONS = 
CONDITIONS SINCE L A S T  T I M E  STEPt 

FLOH RATE = 100. GAL/FlfN CIRCULATION DEPTH = 3 0 0 0 .  FT  

T E Y P E R A T U R E  D T S T P I B U T I O N  

RADIAL POSITIONSq FEET 
DEPTH, FT .l . 3  1.3 2.6 4.5 

Oe 7 0 . 0  73.9 70 .0  70.0 70.0 
zoo. 72.0  7600 7 4 a  0 738 3 73 .1  
4 0 0 .  74 .0  75.0 7 6 , 7  7 6 a l  76.1 
6 0 0 .  76.0 80.1 798 4 74. a 79. 2 
8 0 0 .  78.1 82.2 82. I 82.1 82.3 

1 0 0 0 .  80.2 84.3 84.6 84.8 85.4 
1200. 82.3 8603 87.2 880 0 88.7 
540 0 a 194.4 88.3 89.6 q l m  0 91.9 
1 6 O O o  86.4 90.1 92.0 94.1 95.1 
1800.  88.3  9i.a 94.3 97.1 98.3  

90.2 93.4 96.6 1 0 0 . 2  101.6 2000.  
2200.  91.8 94.7 9 R e 8  103.4 104.8 
2400. 93.3 95.7 100,8 106.7 108.2 
260 0 94.5 96.5 102.7  i i o o i  111 .4  
2800.  95.5 96 .8  I O  4,,5 113. a 114 .8  
3000.  96.0 96.0 10 A 0  5 11706 118 .0  
320 0 21.2 1 2 1 0 2  121.2 121.2 121.2 

124.4 124.4 124.4 124 .4  340 0 124 .4  . 

9 

5 0 . 0  

7 0 . 0  
73.2 
76.4 
79.6  
82. 8 
86.0 
89. 2 
920 4 
95.6 
98. 8 

1020 0 
105. 2 
1 0 8 . 4  

118. o 

Ill* 6 
114.8 

121.2 
1 2 4 0  4 
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TIME = 9 o O O O  DRYS 
CONOITIOYS SINCE L A S T  T I M E  STEP2 

I T E R A T I O N S  = 7 

L FLOW R A T E  = O o  t4L/MIN CIRCULATXON DEPTH = 3000. FT 

T E Y P E S A T U R E  D I S T R I B U T I O N  
- 

R A D I A L  POSITIONS,  FEET 
DEPTH, FT .I .3 1.3 2.6 4.5 50.0 

m 

0. 
200. 
400. 
6 0 0 .  
8 0 0 .  

1 0 0 0 .  
1200. 
1kO 0 . 
1600 .  

! 1 8 0 0 .  
2000. 
2200. 
240 0 

2800. 
3000. 
320 0 e 

3400. 

2600.  

7 0 . 5  
73.7 
76.4 
79.1 
8 1 . Q  
84.7 
8 7 . 8  
9 0 * 6  
93.6 
96 .5  
99.4 
102.4 
105.4 
10  8.4 
i11*6 
114.5 
121.2 
124.4 

7 6 . 4  
73.6 
76.3 
79.1 
81.9 
84.8 
87.8 
90 e 7  
93.6 
96.6 
99* 5 

132.5 
105.5 
108 .  6 
i1i.S 
114.8 
121.2 
124.4 

7 0 . 0  70 .0  
73s 4 73. 3 
7h,2 76.1 
79.1 7 9 ,  I 
82.1 82. I 
84.9 8 5 0 0  
8 8 ,  0 8 8 0 2  
91,o 91. 2 
94.0 94* 2 
97,o 97.3 

iOD.0 100.4 
1 0  3.1 103.5 
iOfi.2 106.8 
10 9.4 i l O . 1  
112.7 113=5 
116s 0 117.2 
121.2 121.2 
1 2 4 0  4 124.4 

70.0 
73. 1 
7 6 ,  I 
7 9 e 2  
82.3 
85.4 
88.7 
91. 8 
9500 
98.2 

101. 5 
1 0 4 - 7  
508.0 
11103 
11&.6 
117.9 
121.2 
124.4 

7 0 0  0 
73.2 
76 .4  
79.6 
820  8 
860 0 
89, 2 
92.4 
95.6 
980 8 

102.0 
105.2 
108.4 
111.6 

i l 8 . 0  
121.2 
124e4 

114. a 

S E T  V A R I A B L E S  A T T I M E =  9,000 DI lYS 
FLOWING O P T I O N  = FOPW4RO CIRCULATICN 

F L U I D  C 2 INJFCTED INTO TUEINC 
F L U I D  # 3 IN WELL 

I N L E T  TEMPERATURE = 7 0 ,  F 
FLOW RATE = 1 0 0 .  GAL/HIN 
T I H E  T O  CHANGE DATA = 1 O o O O O  DAYS 
DEPTH TO CHANGE O A T a  = 3 0 0 0 .  F T  
CIRCULATION T I M E  PER D A Y  = 4.0 HRS 

BOTTOM HOLE ASSEMSLY 3 
DRILL COLLARS t 

DRILL  B I T ?  
LENGTH= 6 0 0 ,  FT, I.O.= 6 0 0 0 0  INS O o D e =  2 ,500 IN 

DIAMETER= 1 5 0 0 0 0  IN1 N O Z Z L E  S I Z E S =  0750 e 7 5 0  0 7 5 0  I N  

F L U I D S  I N  WELL UPDATED AT TIYE= 9.056 DAYS 
FLUIOS I N  TURTNG 

F L U I D S  I N  ANNULUS 
F L U I D  # 2 FROM 0 .  FT. T O  3 0 0 0 .  FTo 

F L U I D  fl  3 FROM 0 .  FTe T O  295. FTo 
FLU10 C 2 FROM 295.  FTe TO 3 0 0 0 ,  FT.  

FLUIDS I N  WELL lJPDATED AT TIME= 90111 DRYS 
F L U I D S  TN TURING 

F L U I D S  I N  ANNULUS 
F L U I D  # 2 FROM O e  FT. T O  3000.  FTo 

F L U I D  2 FROM 0. FT ,  10 3000o F T o  

L 
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T I M E  = 9.167 DAYS ITERATfONS = 1 2  
C O N D I T I O N S  S I N C E  LAST TIME STEP? 

FLOW RATE = 100. G A L t M T N  C I R C U L A T I O N  DEPTH = 3 0 0 0 .  FT W 
T E M P E R A T U R E  D I S T R I B U T I O N  

QAOIAL P 9 S I T I O N S v  FEET 
DEPTH, FT .I .3 1.3 2.6 4.5 50.0 

e 

0. 
200. 
400. 
6 0 0 .  
R O O .  

1000. 
1200. 
140 0. 
160 0 . 
1800. 
2000. 
220 0. 
240 0 
2 6 0 0 .  
2 8 0 0 .  
3 0 0 0 .  
320 0 
340 0 . 

7 0 . 0  
71 .0  
73.7 
75.5 
77 .4  
79.2 

52.0 
34.5 
86.0 
8?,4 
88.7 
09.7 
90.6 
91.1 
91.4 

121.2 
124.4 

81.0 

76.0 
77.9 
79.7 
81.6 
83 .4 
85.1 
86.7 
88.1 
99.5 
90.6 
91.4 
92.0 
92.4 
92.4 
92.1 
91.4 
121.2 
124.4 

70.0 70 .0  
7 4 . 2  73.3 
7 6 0 9  76.2 
79.6 79.1 
82.4 82.1 
8 5 . 2  85.0 
8 9 c i  98.2 
90 .8  91.2 
93.6 94.2 
96.2 97.3 
98.9 100.4 
3.01.5 103.5 
104.1 t 06.7 
106.6 i i o .  a 
10901  113.5 
1130 5 117.1 
121.2 121.2 
124.4 124.4 

70.0 
7 3 . 2  
76.2 
79.2 
82.3 ‘ 

85.4 

91. 8 
95.0 
98.2 

101.5 
104.7 
108.0 
1110 3 
114.6 
117.9 
121.2 
124.4 

88.7 

T I M E  = 1 0 . 0 0 0  D A Y S  I T E R A T I O N S  = 7 
C O N D I T I O N S  SXNCE L A S T  TIME STEP3 

FLOW RATE = 0. G A L I M I N  C I R C U L A T I O N  OEPTH = 3 0 0 0 .  F T  

70.0  
73.2 
76.4 
79.6 
82. 8 
86.0 
89.2 
92.4 
95.6 
98.8 
102.0 
105.2 
108.4 
11106 
114.8 

121.2 
124.4 

iia. o 

T E M P E R A T U R E  D I S T R I  

R m r a L  POSITIONS,  FEET 
DEPTH, FT . I  03 1. 3 2. E 

0. 70.6 70.5 700 O 70.0 
200. 73.9 73.11 73.5 73.3 
400. 76.6 76.6 76.3 760 2 
6 0 0 .  79.3 79.3 79.2 790 2 
800. 82: I 82. i 82.2 92.2 

io000 8 4 e R  84.8 85s 0 85.1 
1200. 87.7 87.7  R R e  1 8 8 .  3 
1 4 0 0 .  90.4 90.5 91.1 91.3 
1 6 0 0 .  93.1 93.3 94.0 94.3 

* 1800. 95. 8 96.0 97-0 97.4 
2000. 98.5 95.7 100.0 1 0 0 0 5  
2200. i o 1 . 1  101.4 1 0 3 e O  103.6 
2F00. 1113.6 104.1 106. i 106.8 
260 0 106.4 106.8 109.1 110.0 
280 0. 109.1 1119.5 i12.3 113.3 
3000. 111.8 112.3 1 1 5 0 5  116.7 
3200.  121.2 121.2 121.2 121.2 
340 0 . 124.4 1 2 4 . 4  124.4 1 2 4 . 4  

- 

stis” 

B U T I O N  

70.0 
73.2 
76.2 
79.2 
82. 4’ 
85.4 
08.7 
91.0 
95.0 
98.2 

101.4 
104.6 
2 0 7 e 9  
l i i . 1  
114.5 
117.8 
i 21.2 
124.4 

50.0  

70 .0  
7 3 s  2 
76.4  
79.6 
82.8 
86.0 
8902 
920 4 
950 6 
9 8 0 8  

102.0 
105.2 
10804 
1110 6 
114.8 
118.0 
121.2 
124-4 
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S E T  V A R I A B L E S  A T T I N E =  10.000 DBYS 
FLOWING O P T I O N  = FORWAQD C I P C U L A T I O N  

F L U I D  fl 1 INJECTED INTO TURING 
F L U I D  tl 2 IN HELL 

INLET TEMPERATURE = 7 0 ,  F 
FLOW RATE = 100, GALININ 
TIME TO CHANGE OATA = 20.000 DAYS 
DEPTH TO CHANGE DATA = 5 0 0 0 a  F T  
CIRCULATION T IME PER O A Y  = 8 0 0  H R S  

SOTTOM HOLE ASSEMBLY: 
ORILL COLLASS t 

DRILL R I T ?  
CENGTH= 500m FT, ImO.= 6 . 0 0 0  IN, O * D . =  2.500 IN 

DIAMETER= 9.875 TNq NOZZLE SIZES= e750 0 7 5 0  a750 IN 
I 

I FLUIDS I N  WELL UPDATE0 AT TIM€= l O a i 1 1  DAYS 
F t U I O S  'IN TUBING 

FLUIDS I N  ANNULUS 
F L U I D  # 1 FROM 0 .  F T .  TO 3067. FTm 

F t l J I D  # 1 FROM 0 .  F T o  TO 30670 FTm 

T I M E  = 19.333 OAYS ITERATIONS = 1 5  
CONOlTfONS SINCE L A S T  TIME STEP8 

FLOW RATE = I O O m  G 4 t / M I N  CIRCULATION OEPTH = 5000. FT 

T E M P E R A T U S E  C I S T R I B U T I O N  

DEPTH, FT 
0 0  

2 0 0 0  
400. 
6 0 0 0  
8 0 0 ,  

1 0 0 0 .  
1 2 0  0 
1 4 0  0. 
1600. 
1800m 
2 0 0 0 .  
220 0 
2400, 
260 0 
280 0 c 

3 0 0 0 0  
3200. 
3400. 
360 0 o 
3800. 
4 0 0 0 .  
4200. 
440 0 . 
4600-  
4800. 
500Om 
5200. 
540 r) 

-1 
70.0 
71.9 
7 3 0 9  
75.R 
7 7 0 9  
79.9 
8 2 c  0 
8 4 0 1  
86.1 
86.2 
90.3 
92.4 
94.4 
96.4 
98.3 

100.2 
102.0 
103.7 
10 5.3 
106.7 
108. I) 
109.2 
I l O m l  

i 1 0 . 9  

111m6 
153.2 
156.4 

3.1184 

RADIAL P O S I T I O N S ,  FEET 
a 3  1 0  3 2.6 4.5 

76.8  7 0 . 0  7 0 . 0  70 .0  
78.3 75.1 73.9 73.5 
80.3 7787 7 6 0  8 76.5 
82.6 8 0 . 5  70 .7  79.5 
84.9 R3.2 82.7 82.6 
8 6 0 9  86.0 85.6 858 6 
88.9 8 8 . 8  88 .7  88.8 
91-0  91.6 910 7 91.8 
33.0 94.4 94. 6 94. 9 
95.0 97.2 9706 98.0 
96.9 99.9 100.6 1 0 1 ~ 1  
98.8 102.7 103.6 104.2 

l o o m 7  105.5 106.6 107.3 
102.4 1 0  8.2 109.6 I l O m  4 
104.1 i l i a  0 112.6 113.5 
105.7 112.7 114.9 116.3 
107.2 li 5.3 117.9 1 1 9 0 4  
108.5 117.9 120.9 122.6 
109.7 120.5 124, 0 125.9 
110.7 123.0 127.1 129.2 
I i 1 .5  125.6 130.2 132.5 
112.1 12Rm I 133.5 135.9 
112.4 130.6 136.9 139.4 
112.5 133.2 140.5 143.0 
112.2 136.1 144.5 146.5 
111e6 140.0 149.2 150aO 
153.2 153e2  153.2 153.2 
156.4 156c4 156.4 156.4 

5 0 . 0  
70,0 
73.2 
76.4 
79.6 
92.8 
86.0 
898 2 
92.4 
95. 6 
98.8 

1 0 2 . 0  
105.2 
1 0 6 e 4  
111.6 
114.8 
11800 
12102 
124.4 
127.6 
130.8 
1 3 4 . 0  
137.2 
140.4 
145.6 
146.8 
150a0 
153.2 
156.4 
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TIME = 20.000 D A Y S  ITEPATIONS = 9 
C O N D I T I O N S  SINCE LAST TIME STEP: 

FLOW R A T E  = 0. G A L / M f N  C f P C l J L A T T O N  DEPTH = 5000. FT bl 
T E M P E R A T U R E  D I S T R T B U T I O N  

QADIAL POSITIONSq FEET 
DEPTH, F T  01 .3 1. 3 2.6 4.5 5 0 . 0  

9. 

0. 7 0 . 8  7 0 .  S 708 0 70 .0  70.0 7 0 . 0  
200.  7 4 - 6  74.6 74.0 738 73.5 73.2 
4 0 0 .  77.3 77.3 76.9 76.9 76.5 76.4 
600.  R O . 1  80.0 79. R 70.7 798 5 79.6 
800 .  8 2 . 8  02.8 82.7 82.7 82.6 32.8 

1000. 85.6 85.6 85.6 85.6 85.6 8 6 . 0  
I 2 0  0 .  98.4 88.4 88.6 8 8 8 7  88.8 896 2 
1400. 91. I 91.2 91.6 95.7 91.9 92.4 
160 0. 93.9 93.3 94.5 94.7 94.9 95.6 
180 0 . 96.7 96.7 97.4 97.7 98.0 98.8 

102 .0  2000. 9984 99.5 100.4 1 0 0 8 7  101.1 
2200. 102.2 102.3 103. 3 103.7 104m2 105. 2 
240 0 104.9 10560 1 0 6 * 3  106.7 107.3 lOR.4 
2600. 10786 107.7 509.2 109.7 1108 4 111.6 
2800. 110.2 110.4 112. i i f 2 . 7  113.5 114.8 
3 0 0 0 .  112.8 112.9 114. 5 i i 5 . f  1t6.3 118.0 
3200. 115.4 115.6 117=4 138.1 119.4 121.2 
3 4 0 0 .  l l F l . 1  118.3 12Ue4 i21. 1 122.6 124-4 
3600. 120.8 l Z i . 0  123.3 124.2 12588 127.6 

129.1 130.8 3800.  123.5 123.7 126.3 127.3 
4 0 0 0 ,  126t I 126w4 129.4 130e4 132.4 134-0 
420 0 . 1 2 8 , R  123.5 13?85  133.7 135.8 137.2 
4400. 131.6 131.9 135.6 137.0 139.2 1 4  0.4 
4600. 134.4 134.7 139.0 140.5 142.7 143.6 
480 0 . 137.4 137.8 142m6 144.3 546.3 146.8 

148.7 149.8 150.0 5 0 0 0 .  140-8 141.3 146.8 
5200. 153.2 153.2 153.2 153.2 153.2 153e2  
540 0 156.4 156.4 156.4 Z56e4 156.4 156.4 

S E T  V A R I A B L E S  A T T I M E =  2 O e O O O  OAYS 
FLOWING OPT F C R W d R D  CfRCULATfCN 

f 2 INJECTED I N T O  TUBING 
FLUTO CC I IN WELL 

1NLEf.  TEMPERATURE = 70. f 
FLOW RATE = 100, GAL/MIN 
T I M E  TO CHANGE O A T A  = 21.000 OAYS 
DEPTH T O  CHANGE DATA = 5 0 0 0 .  F T  
CIRCULATION T I M E  PER DAY = 4.0 HRS 

BOTTOM HOLE ASSEMBLY t 
ORfLL COtLBRSt 

DRILL BfTt 
LENGTH= 6 0 0 .  FTr I.D.= 6 .000  IN? O.D.= 2.500 I N  

DIAMETER= (3.875 I N *  NOZZLE SIZES= m750 e750 .750 IN 
z 

W 
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FLUIDS I N  WFtL UPOATED AT TIME= 20.056 OAYS 
FLUIDS IN TUBING 

FLUIDS I N  ANNULUS 
F L U I D  # 2 FROM 0 8  FT8 TO 5 0 0 0 8  FTe 

F L U I D  tf I FROM 0 8  Ffo TO 2 8 6 3 0  FT8 
F L U 1 0  # 2 FROM 2 8 6 3 8  FT.  TO 5 0 0 0 .  FT8 

FLUIDS I N  WELL UPDATED AT TIME= 2 0 o l l i  DAYS 
FLUIOS I N  TUBING 

FLUIDS IN ANNULUS 
F L U I D  d 2 FQQM 0 s  FT8 TO 5 0 0 0 8  F T 8  

FLUfD t# 2 F R O M  0 .  F T .  TO 5 0 0 0 .  F T o  

TIME = 2 0 0 1 6 f  D A Y S  ITERATIONS = 1 3  
CONDITIONS SINCE LAST TIWF STEP: 

FLOW RATE = 1 0 0 .  G A L / M I N  CIRCULATION DEPTH = 5 0 0 0 8  FT 

T E Y P € R A T U R E  D I S T R I B U T I O N  

RADIAL POSXTIONS,  f EET 
DEPTH, FT .I -3 1 8 3  2.6 485 

0. 
200. 
400. 
6 0 0 0  
8 0 0 .  

1000 .  

1 4 0 0 8  
1 6 0 0 8  

2000.  

240 0 
26008 
2 8 0 0 0  
3 0 0 0 8  
32008 
3400.  
360 0 
38008  
4 0 0 0 .  
420 0 
4400. 
460 0 
4 8 0 0 8  
5000. 

540 0 8 

1200. 

1800. 

2200. 

5 2 0 0 8  

70. n 7784 708  0 7 0 . 0  7 0 8 0  

74.5 81.9 7 7 8 6  768 8 76.5 
76.8 848 2 80.5 748 7 7 9 8 5  
7 9 , i  96 .6  8 3 8 3  828 7 82.6 
81. 3 88.9 860 I 8 5 8 6  85.6 
83.6 91.2 8 9 - 1  8 8 8 7  888 8 
86.0  93.5 9189 9187  9589 
85.3 95.6 94c 8 940 7 94.9 
90.6 98.1 97.7 978 7 98. 0 
92.9 100.3 1 0 0 o 6  1 0 0 8 7  1 0 1 ~ 1  
9 5 8 2  1 0 2 8 5  10 3.4 4 0 3 8 7  10482  
9 7 8 5  104.6 10683 106.7 1 0 7 8 3  
9 9 8 7  10687 1 0 9 8 2  10987 11084 

1 0 1 8 9  108.7 112.0 1 1 2 - 7  1138 5 
1 0 4 . 0  1 1 0 8 5  1 1 4 8 3  1 1 5 - 1  11683 
1 0  6.1 112.2 1178  1 1 1 8 . 1  1 1 9 8 4  
1 0 8 . 0  113.8 1 1 3 . ~  1 2 ~  I 122.6 
109.8 I f .S.1 1 2 ~ 6  1 2 4 8  2 1258 8 
1 1 1 ~ 5  1 1 ~ 2  1258 4 127-3 12981 
113.0 1 1 7 e 1  1 2 8 . 1  130.5 1 3 2 8 4  
1 1 4 8 3  1 1 7 8 7  130.9 133.7 13588 
1 1 5 8 4  1 1 ~ ~ 0  1 3 3 8 7  137. 0 13982 
116.2 119.0 1 3 6 8 6  140.5 1 4 2 8 7  
1 1 6 8 8  117.7 1 3 9 8 6  1 4 4 .  J 146.3 
1 1 7 8 0  1 1 7 ~ 0  143.0 148.6 1 4 9 e 8  
1 5 3 8 2  1 5 3 8 2  1 5 3 8 2  153.2 1538 2 
1 5 6 8 4  156.4 I 5 6 0  4 1 5 6 8 4  15684 

72.2 7 9 8 6  748 8 7 3 8 9  738 5 

508 0 

7 0 8  0 
7 3 8 2  
7 6 8 4  
79.6 
8 2 8 8  
868 0 
59.2 
928 4 
95.6 
988 8 

102. 0 
1 0 5 8 2  
1 0 8 0 4  
1 1 1 e 6  
114.0 
118- 0 
121.2 
124.4 
1278 6 
1 3 0 8 8  
1348 0 
1378 2 
14084 
1438 6 
1468 8 

1 5 3 - 2  
156. 4 

1 5 0 8 0  
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TIME = 21sOOO D A Y S  ITERATIONS = 
CONDITIONS S I N C E  LAST T IME STFPt 

FLOW QATE = 00 CALIMIN C I R C U L A T I O N  DEPTH = 5 0 0 0 .  FT 

DEPTH, FT  

0. 
2000 
4 0 0 .  
6 0 0 .  
8 0 0 .  

1000. 
1 2 0 0 .  
140 0 a 
1600. 
1 8 0 0 .  
2000. 
2200. 
240 0 0  
260 0 
280 0 a 

3000. 
320 0 
3400. 
3600. 
3800. 
4 0 0 0 0  
4200. 
4400, 
460 0 . 
4800 .  
5000. 
5200. 
5400. 

T E M P  

a 1  

70.R 
76.7 
77.5 
80.3 
83.2 
86.0 
88.9 
91.7 
9406 
97.4 

1 0 0 a 2  
103.1 
1 0 5 0 9  
108.7 
111.4 
114.O 
116.8 
119.5 
122.3 
125*1 
127.5 
130.5 
133.3 
136.1 
13900  
I 4 2 0  2 
153.2 
156.4 

E R A T U R E  Q I S T R I  

RADIAL P O S X T T O N S I  FEET 
- 3  

7007 
74.6 
77.4 
80.3 
83.1 

88.9 
91.7 
94.6 
97.4 

I . O O . 3  
I 0 3 0 2  
106.0 
108.8 
111.6 
1 1 4 0 2  
1 1 6 0 9  
119.7 
122.5 
125 a 3 
128.1 
130.9 
133.7 
136.5 
139.5 
142.7 
153.2 
156a4 

85.9 

l a 3  2.6 

70.0 70. 0 
74.0 730 8 
760 9 760 8 
7909 790 7 
020 8 8207 
850 7 85.7 
88.8 88.7 
91,7 91.7 
94.7 94.8 
97,7 970 a 
100.7 100a8 
10 3 s  6 103.8 
106.6 106.8 
10966  1 0 9 0 8  
112. 5 112.8 
115. 0 1 1 5 0 3  
118.0 118.4 
120,¶ 521-4 
123.9 124.5 
1279 0 527.6 
13OaO 130.8 
1330 1 134.0 
136.3 137.3 
139.5 140.7 
143- 0 244.3 
146.8 14803  
153.2 153.2 
156.4 2 5 6 0 4  

,- 

B U T T O N  

700 0 
7305 
76.5 
790 6 
8206 
85.7 
880 8 
9 1 0 9  
95.0 
980 0 

101. i  
104 -  2 
107.3 
I 1 0 0 4  
1 1 3 6 5  
116.3 
1 1 9 - 4  

125.8 
129.1 
132.4 
135.7 
139.1 
142.5 
146. 1 
1 4 9 0 6  
153.2 
15604 

122.6 

7 

5 0 0  O 

7 0 0  0 
73.2 
7604 
790 6 
820 8 
860 0 
89.2 
92.4 
95.6 
980 a 

102.0 
105.2 
I O  80 4 
111.6 
114.8 
118- 0 
121.2 
124a4 
127.6 
1 3 0 0 8  
1 3 4 0  0 
I 3 7 0  2 
14 0.4 
143.6 
146.8 
150.0  
153.2 
156.4 
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4.7 SAMPLE PROBLEMS 7 and 8: A i r  and Mist D r i l l i n g  Lf 
Sample problems 7 and 8 are combined in  one s e c t i o n  because 

t h i s  allows a direct i l l u s t r a t i o n  of the e f f e c t  of water addi- 
t i o n  t o  a i r  d r i l l i n g .  The fol lowing problem is simulated f o r  
both a i r  and m i s t  d r i l l i n g :  

5" d r i l l  pipe 
8-3/4" hole diameter 
3 3/4" b i t  nozz les  
600 f t ,  6" d r i l l  collars 
90 f t / h r  d r i l l i n g  rate 

Water is added a t  t h e  rate of 2 barrels per hour i n  the 
m i s t  d r i l l i n g  case. The following t w o  cases are cons idered  
here: For sample problem 7 ,  the s imula t ion  is air  d r i l l i n g  
from the s u r f a c e  t o  9000 f t ,  For sample problem 8, the simula- 
t i o n  is exac t ly  the same to a depth of 3600 f t .  A t  th is  p o i n t ,  
m i s t  d r i l l i n g  is started and continued t o  9000 f t ,  

GEOTEMP2 au tomat i ca l ly  a d j u s t s  the s tandpipe  pressure i f  it 
is not  s u f f i c i e n t  t o  maintain the f l o w  ( i , e ,  i f  choked f l o w  is 
encountered)  , This c a p a b i l i t y  is i l l u s t r a t e d  i n  sample problem 
7 where the s tandpipe  p res su re  w a s  ad jus t ed  a t  each 'CHANGE' 
record i n t e r v a l ,  A word of cau t ion  is necessary  here. The 
code w i l l  c a l c u l a t e  a new s tandpipe  p res su re  u n t i l  it f inds  one 
t ha t  does not  produce choked flow, A comparison of the input  
pres- s u r e s  given by the 'GAS' record  w i t h  the p res su res  
c a l c u l a t e d  by the program is presented  i n  F igure  10, N o t e  the 
l a r g e  pressure increase  f o r  the ca l cu la t ed  p res su re  a t  a depth 
of 7200 f t ,  These c a l c u l a t e d  pressures are n o t  n e c e s s a r i l y  the 
minimum pres su res  which maintain the flow, For example, sample 
problem 7 can  be run w i t h  input  s tandpipe  p res su res  on the 
'GAS' record of 85, 100, 125, 160, and 180 p s i a  f o r  the f i v e  
d r i l l i n g  depths without  ob ta in ing  a choked f l o w  condi t ion .  The 
p re s su re  of 160 psia a t  7200 f t  is much less  than the 190 psia 
c a l c u l a t e d  by the code fo r  t h i s  depth. 

I n  a d d i t i o n  to  th i s  adjustment ,  the code w i l l  also i n c r e a s e  
the volume f l o w  rate i f  there is i n s u f f i c i e n t  l i f t i n g  c a p a c i t y  
f o r  the c u t t i n g s  i n  the annulus .  This modif ica t ion  is i l l u s -  
t ra ted  i n  the m i s t  d r i l l i n g  problem a t  d r i l l i n g  depths of 54008 
7200, and 9000 f t ,  Again caut ion  is advised s i n c e  these new 
flow rates, as i n  the  case of the s tandpipe  p res su res ,  are j u s t  
those found to s a t i s f y  the requirements  of the code and are n o t  
n e c e s s a r i l y  the minimum va lues  needed. 

S i g n i f i c a n t  increases  i n  the volume flow rate and the 
s tandpipe  pressure are needed w i t h  the a d d i t i o n  of m i s t ,  The 
downhole p re s su res  a t  the f i n a l  d r i l l i n g  depth  of 9000 f t .  f o r  
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both a i r  and m i s t  d r i l l i n g  are shown i n  F igure  11. B o t h  cu rves  
show a l i n e a r  p r e s s u r e  inc rease  down the tubing u n t i l  a depth . of 8400 f t .  A t  t h i s  depth the reduc t ion  i n  the i n s i d e  diameter 
from the tubing  to  the d r i l l  collar i nc reases  the f r i c t i o n a l  
losses8 r e s u l t i n g  i n  a pressure drop t o  the bottom of the 

A hole. The  e f f e c t s  of the d r i l l  collar on the p r e s s u r e  i n  the 
annulus  are most pronounced for m i s t  d r i l l i n g .  

w 

TABLE 4.14 I n p u t  Data for Sample Problem 7 

. 
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T a b l e  b.15 O u t w t  D a t a  for  Sample  Problem 7 .  

w SAMPLE PROBLEM t 7 t  &‘If? D R I L L I N G  

4 T U B I N G  C O N F I G U R 4 T I O N  
T U 6 I N G  ID, f N o  0 0 ,  I N 0  TOP,FTo BASE,FTo CEHENTqFT. 

1 4 0 4 0 8  5 0 0 0 0 ’  00 9 0 8 0 0  000 

C A S I N G  P R O G R d M  
CASING ID, I N  0 0 ,  l i d  DEFT” F f  CEMENT INTERVAL, F T  

i 8 .921  9 ,625 1 0 0 0  1 O O m  

W E L L  G E O M € T R Y  

TOTPL OFPfH= 9 O O O m  Ff. 
BORE DIPMETER= zu.ooo IN. 

NOTE:‘ TRUE DEPTY=MEASUQEO OEPTH 

W E L L S O R E  F L U I D  P Q O P € R T I E S  

F L U I C  TYPE NO. I 

DENSITY= 8.3 LSHICAL 
P L A S T I C  V I S C O S I T Y =  10 C E N T I P O I S F  
Y I F L C  P O I N T =  0 0  LBFI IOUFTE 

FLUIC TYPE NO. 2 

DENSITY= 90 3 C B H t t  AL 
P L A S T I C  VISCOSITY= 1 0 0  CENTIPOISE 
YTELO POINT= 30 LBFtlOOFT2 

W E L L B O R E  I N I T I A L  S T P T E  

FLUID Q 2 IN TURXNG t TUBING ANNULUS 
F L U I D  8 2 r N  CASIN - CASING BNNULI . 

* 

-77- 



S E T  V A R I A B L E S  5 T T I M € =  o * o o o  DAYS 
FLI)WINC OPTION = FORHARD CIRCULATION 

AIR INJECTED INTO TUBING 
INLET TEMPE?ATU‘?E= 8D. F 
FLOW PATE = 1 0 2 8 -  SCFIMTN 
T I Y E  TO CHANCE O A T A  = 2 s O O O  O A Y S  
OEPTH T O  CHANGE D A T A  = 1 8 0 0 ,  f f  
CIRCULATION TIME PFR OPY = 1 0 ~ 0  H R S  

ROTTCM HGLf  IISSEM9LY: 
DRILL COLt4QS: 

DRXCL R T T t  
LENGTH= 600.  F T r  I c O m =  2 .500 IN, C o o , =  6 0 0 0 0  I N  

DIAMETEP= 9.750 I N ,  NOZZLE S I Z E S =  0750 e 7 5 0  a 7 5 0  I N  

CHOKEO FLOW: STANDPTP‘F PRESSURE INCREASED T O  52 .1  P S I  

CHOKED FLOWt STANOPTDE PRESSURE INCREASE0 TC 6 4 . 3  P S I  

CHOKED FLOW: STANDPIPE PQESSURE INCQEASED TO 7 5 . 4  P S I  

CHOKEO FLOW8 STANDPIPE PRESSURE INCREASED TO 8 3 . 4  P S I  

T I N E  = 1,417 OAYS ITERATIONS = 3 
COMDXTIONS SINCE L 4 S T  T I M E  STF”: 

FLOW Q A T €  = 1 0 2 R a  SCFIMIN C X R C U L A T f O N  OEPTH = 1 8 0 0 .  FT 

T E ? 4 P E R A f U R E  O I S T R I J 3 U T I O N  

R A D I A L  P O S I T I O N S ,  FEET 
DEPTH, FT a 1  e 3  a 8  1.5 2.7 

0. 
200. 
400. 
6 0 0 .  
8 0 0 .  

1000. 
1200. 
140 0 
1600. 
1800. 
2000. 
22000 

8 0 . 0  
81.4 
83.2 
85 .1  
87.2 
89.2 
91.1 
93.2 
3 5 . 4  
96.9 

100.0 
102.0 

8 0 r 6  
82.3 
84.1 
86 .2  
85.3 
9 0 . 0  
91 .7  
94.0 
96.2 
a7.2 

10000 
102.0 

8 0 . 0  
82.1 
8 4 . 0  
86.0 
88.1  
90.0 
91.8 
94.0 
95,o 
9 7 * 6  

1 0 0 . 0  
102.0 

80.0 
82.1 
84 .  0 
8 6 . 0  

90.0 
92. (I 
94 .0  
96.0 
98.0 

1 O O m O  
10.20 0 

aa. o 

ao. o 
82.0 
840 0 
86.0 
880 0 
90.0 
92.0 
94.0 
96.0 
98.0 

100.0 
102.0 

50.0 

8 0 0  0 
8 2 . 0  
8 4 . 0  
860 0 
88.0 
900 O 
92.0 
94.0 
96. 0 
98.0 

1 0 0 0 0  
1 0 2 . 0  

L 
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G A S  t M X S T  C l R f t t X N C  
F L O W I N G  S T R E A M  P R C F E R T I E S  

DEPTH PRESSURE 
FT  PSI A 

0. s3*  4 
1 2 0 0 .  83.5 

40 O m  83.7 
6 0 0 .  83.8 
8008 84.0  

1200. 8 4 . 3  
1 4 0 0 .  75.6 
1 6 0 0 s  6 6 . 3  
18OOt 55.2  

1000. 548 1 

DEPTH PRESSUQE 
Ff PSIA 

200.  31.7 
400. 33.6 
6 0 0 .  35.7 

O m  29. a 

8 0 0 .  38.3  
1 0 0 0 .  418 1 
1200. 43. 0 
1400. 48.4 
1600. 51.5 
1 8 0 0 .  55.2 

TEMP 
F 

80.0 

93.2 

8 T . Z  
89.2 
S I .  1 

95.4 
96.9 

8184  

8 5 8 1  

9 3 8 2  

TEMP 
F 

80.6 
82.3 
84.1 
86mZ 
88.3 
90.0 
91.7 
94.0 
96.2 
97.2 

D E N S I T  Y-CBP/ CF 
GAS WATER VPPOR 
e417 O m 0 0 0  0.000 
a417 Om000 0,000 
84l.6 O m 0 0 0  0.000 
,415 0 8 0 0 0  O e O O O  

s 4 1 4  Om000  0 8 0 0 0  

-369 O m 0 0 0  0,000 

a414 O m 0 0 0  O a O O O  

a 4 1 3  0 0 0 0 0  0 . 0 0 0  

-323 O e O O O  0 0 0 0 0  
, 2 6 1  O m 0 0 0  0 , 0 0 0  

B N N U L U S  

VEL OCITY 
FTtSEC 
29.6 
29.6 
29.7 
2 9 e t  
29.8 
29.8 
29.9 

503.9 
119.0 
143.5 

ROCKS 
0821 

s956 
1.208 
l o 6 0 8  
2.964 
7.250 
1.385 
l e 7 3 8  
2.354 

8 8 0 0  

VELOC If Y-FT/ SEC 
GAS ROCKS 

32.2 583 
31.9 5. a 
30.2 4,8 
28.5  38 8 
26.7 2.9 
25.0 1.6 
24.0 06 

24.1 3 * 4  
22.5 2.5 

25.6 48 3 

TIME = 2.000 D A Y S  I T E R A T I O N S  = 2 
C O N D I T I O N S  S I N C E  L A S T  T IME STEP3 

FLOW RATE = 0 ,  SCF/HIN CIRCULATION OEPTH = 1800 .  FT 

T E M P E R A T U R E  D I S T R I B U T I O N  

RADIAL POSITIONS, FEET 
DEPTH* F T  -1 . 3  e 8  1 8  5 2.7 50.0 

c 

b$ 

0 .  80.1 80 .1  80.0 808 0 80 .0  
82.0 zoo. 81.8 82.0 8 2 .  0 d Z e  O 

4 0 0 8  83.7 83.9 8 4 . 0  R4.0 848 0 
600 .  85 .6  85.9 86.0 86.0 86.0 
8 0 0 .  87.7 87.9 88.0  888 0 880 0 

1 0 0 0 .  89.6 89.8 90 .0  90. I! 90.0 
1200. , 91.5 91. A 2 e  0 92.0 92.0 

1600 ,  95.8 95.9 96.0 96.0 96.0 
1 8 0 0 .  97.3 97 .? 98.0 988 0 98.0 
2000. 100.0 1 0 0 ~ 0  100.0 1 O O m O  1 0 0 . 0  
2200. ' -  1 0 2 . 0  102.0 102. 0 102.0 102.0 

140 0 93.7 93.9 48 0 94.0 9 4 8  0 

80.0 
82.0 
84.0 
86.0 
5 8 0 0  
90.0 
920 0 
9 4 8 0  
96.0 
98.0 

1 O O a O  
102. 0 
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G A S  FL M I S T  D R I L L I N G  

DEPTH 
F T  

0. 
2 0 0 ,  
400. 
600. 
8 0 0 .  

1 0 0 0 ,  
1 2 0 0 .  
1400. 
1600 .  
i f l o o .  

DEPTH 
FT. 

0. 
2 0 0 .  
4 0 0 .  
6 0 0 .  
8 0 0 ,  

1 0 0 0 .  
1 2 0 0 .  
1 4 0 0 ,  
1 6 0 0 .  
1 8 0 0 .  

S E T  

F L O H T  

PQE SSUF E 
PSXA 
14'7 
14. 8 
14. 9 
15.0 
15. i 
15.2 
15.3 
I 5 0  4 
15.5 
15.6 

PRESSURE 
PSI A 
14, 7 
14.8 
i 4 e  9 
15.0 
15- 1 
15.2 
15.3 
1s. 4 
15, 5 
15.6 

N G  S T R E A M  P R O P E R T I E S  

TEMP 
F 
60.1 
8 1 . 8  
RS.7  
8 5 . 6  
8 7 . 7  
89.6 
91.5 
93.7 
95. R 
97.3 

T U B I N G  

DENSITY-LBM/CF 
GAS WATER VPPCR 

- 0 7 3  O m 0 0 0  0 .000  
e 0 7 4  O a O O O  0 0 0 0 0  
0 0 7 4  0 . 0 0 0  0.000 
0 0 7 4  0 . 0 0 0  0 . 0 0 0  
0074 0 , 0 0 0  0 0 0 0 0  
8 0 7 5  O e O O O  0 . 0 0 0  
0075 0 . 0 0 0  Om000 
0075 0 .000  0 , 0 0 0  
0 0 7 5  0 0 0 0 0  0 . 0 0 0  
a 0 7 6  O e O O O  0 . 0 0 0  

d , N N U L  

TEMP 
F 

6 a . i  
52.0 ' 

83.9 
85.9 
97.9 

91.8 
93.9  
95.9 
97.7 

8 9 .  a 

GAS 
0 7 4  

0 074 
0 0?4 
0074 
s 0 7 4  
. 0 7 5  . 075 
OD75 

075 
e 076 

u s  

VELOCITY 
F T f S E C  

0.0 
0.0 
0.0 
0.0 
o s 0  
0.0 
0 0 0  
0 0 0  
0.0 
0.0 

DE N S I T Y - t  @M/CF 
w a i m  VPPOR ROCKS 
o.ooa 0 . 0 0 0  0 .000 
0 . 0 0 0  0 .000  0.000 
0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  
0 . 0 0 0  0 , 0 0 0  0 .000  
0 . 0 0 0  0 .000 0 . 0 0 0  
0 .000  0.000 0.000 
0 e 0 0 0  0 . 0 0 0  0 . 0 0 0  
0 . 0 0 0  0 , 0 0 0  o.ou0 
0 0 0 0 0  0 0 0 0 0  0 .000 
O e O O O  O e O O O  0 . 0 0 0  

V A R I A B L E S  A T T I M E =  2.000 OQYS 
FLOWING OPTION = FCRWPRD CZRCULATICN 

A I R  INJFCTED INTO TUBING 
I N L E T  TEMPEQATUQE= 80. F 
FLOW RATE = 1230. SCF/HIN 
T T Y E  TO CHANGE DATA = 4 . 0 0 0  DAYS 
OEPTH TO CHANGE DATA = 3 6 0 0 .  F T  
CIRCULATION TIME PEQ DAY = t o , o  HRS 

VELOCITY-FT/SEC 
GAS ROCKS 
0.0 0.0 
0.0 0. 0 
0.0 0- 0 
0.0 0.0 
0.0 0.0 
0 .0  0.0 
0.0 0 0 0  
0.0 o e  0 
0.0 0.0 
0.0 0.0 

BOTTOM HOLE ASSEMBLY: 
O R X L L  COLLAQSt 

DRILL  B I T %  
LENGTH= 600.  Ff, I.D.= 2,500 IN, C*D.= 6 . 0 0 0  IN 

DIAMETER= 8,750 IN, NOZZLE S I Z E S =  0750 0750 .750  I N  

CHOKED FLOW? STANDPIPE PRESSUPE INCREASED TO 6 5 , 4  PSI 

CHOKED FLOW: STANDPIPE PRESSURF INCREASE0 TO 93.9 P S I  

CHOKED FLOW; STANDPIPE PRESEURF INCREASED T C  9980 PSI 
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W 

W 

TIME = 3,417 D 4 Y S  I T E R A T I O N S  = 
CONDITIONS SINCE LAST TIME STEP8 

FLOW RATE ~ 1 2 3 0 .  SCFIMIN CIRCULATION DEPTH = 3 6 0 0 .  FT 

T E Y P E R A T U Q E  O I S T R ~ B U T I O N  

R A D I A L  POSIT'IONS1 FEET 
DEPTH, FT .l . J  e 8  1. 5 2.7 

0 0  
2 0 0 .  
400 .  
6 0 0 .  
R O O .  

1000. 
1200.  
1400. 
1600. 
1 6 0  0. 
eooo.  
220 0. 
2400. 
2600. 
2800. 
3000.  
320 0 . 
3400.  
3 6 0 0 .  
3800 .  
4 0 0 0 .  

F 

80.0 
81.4 
63. i 
85.0  
87.0 
89.0 
9 1 0 0  
93.0 
95.11 
97.0 
99.0 

101.0 
103.0 
105.0 
1070 O 
109.0 
111.1 
113.3 
114.8 
118.0 
120.0 

G A S  
L O W I N G  

DEPTH PRESSUQE TEMP 
FT FSI: a F 

0, 99.0 80.0 
200. 99. I 81.4  
400. 99.3 83. I 
600. 99.5 85. 0 
800.  9-9 c 6 87 .0  

1000.  99.8 89.0 
1200.  100.0 91.0 
1400. 100.1. 93.0 
1 6 0 0 1  100.3 95.0 
1 R O O .  1 0 0 e 4  97.0 
2 O O O e  100.6 99.0 
2200. 100.7 101.0 
2400. 100.9 103.0 
2600. 101.0 105.0 
2800. 10i.2 107.0 
3 0 0 0 .  101.3 109.0 
3200. 90.7 111.1 
3 4 0 0 .  79.2 113.3 
3600. 65.3 114.8  

- 80.6 80.0 8 0 0  0 80.0 
R 2 + 3  82.2 82. I 82.0 
84.2 84. I 84.0 84.0 
86.  I 86 .  1 @ 6 e  0 86.0  
88 .1  8 8 .  I R 6 . 0  88.0 
90.1 9 0 . 1  90.0 9 0 0  0 
92.1 920 1 92. 0 9 2 0  0 
94 .1  94.1 94.0 94.0 
96.1 96. I 96.0 96.0 
98.1 9 5 *  1 98.0 98.0 

100.1 l O O * l  100.0 1 0 0 0 0  

104.1 104.0 104.0 104.0 
106.1 106s 1 106.0 106.0 
108.0 109.0 I O 8 0  O 108.0 
109.8 109.9 1 1 0 . 0  110.0 
112.0 112. 0 112.0 112.0 
l i b e l  114s 0 1 1 4 . 0  114.0 
115.2 1150  6 i i o .  0 116.0 
118.0 118. 0 1 1 8 . 0  l i 8 . 0  
120.0 120.0 120.0 120.0 

; 102.1 I O Z O  0 102.0 102.0 

> 

Ti M I S T  D R I C L I N ~ G  
S T R E A M  P R O f E R T I E S  

T U B f N G  

DENS I T  Y-LBVJCF 
CAS WATER VBPOR 

-495 0.000 0.000 
0495 0.000 0.000 
0494 0.000 O e O O O  
0493 0,000 O t O O O  
s492 O t O O O  o.ou0 
m49t 0.000 0 .000  
m490 0.000 0.000 
,489 O e U O O  0 .000  
.4a8 0 .000  o . o c o  
,487 0 ,000  O e O O O  
e486 0.000 0 0 0 0 0  
a485  4J.000 0.000 
,454 0.000 0.000 
0483 0,000 o c o o o  
-482 O e O O O  0.000 
-481 0 .000  0.000 
0429 O e O O O  O e O O O  

0373 0,oou 0 .000 
0307 0 .000  0.000 

VEL OC I T  Y 
FT/SEC 

29.8 
29.9 
29.9 
3 0 . 0  

// 30.0 
30.1 
30.1 
30.2 
30.3 
30.3 
3 0 . 4  
30.5 
30.5 
30.6 
30.6 
30.7 
107.1 
123.1 
149.6 

3 

50. 0 

5 0 0  0 
92.0 
8 4 . 0  
86.0 
58.0 
90.0 
92.0 
94.0 
96.0 
90.0 

100.0 
102.0 
104.0 
106.0 
10u.0 
110 .0  
112.0 
114.0 
116.0 
118.0 
120.0 
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A N N U L U S  

DEPTH PRESSUPE 
F T  P S I  A 

00 27.6 
200, 2 8 .  8 
4 00. 30. i 
6 0  0, 31s 5 
8 0 0 0  32. 8 

1000 ,  34.2 
. I 2 0 0 0  35.7 
1400m 37.2 
1600. 36.9 
1800, 40.6 
20000 42.5 
22000 44.5 
2400. 46.8 
2600. 49.4 
2800s 52.6 
30000 56. a 
3200. 6 0 . 0  
3400 ,  62.6 
3600- 65.3 

TEMP 
F 

80.6 
820 3 
8 4 - 2  
8 6 -  i 
8 8 .  I 
40.1 
92.1 
94. i 
'36. L 
'38. i 

L O O . 1  
102. 5. 
104. i 
106.1 
1 0 8 m O  
109. 8 
112- 0 
114. I 
115.2 

DENS I T Y - L e H t C F  
GAS WATER VPPOR 
a137 Om000 00000 
a 1 4 3  0 .000  0 , 0 0 0  
,149 0 . 0 0 0  0 . 0 0 0  
8155 0.000 0 0 0 ~ 0  
0161 0 0 0 0 0  0 0 0 0 0  
0168 0,000 0 0 0 0 0  
a t 7 4  0 .000  0 , 0 0 0  
a 1 8 1  0,000 0 ,000  
* I 8 8  Om000 0,000 
0196 0.000 0 ~ 0 0 0  
0204 0.000 Om000 
e 2 1 3  0,000 O 0 O O 0  
0224 Om000 O m 0 0 0  
a235 0 0 0 0 0  O c O O O  
a249 0 . 0 0 0  O * O O O  
e265 0 0 0 0 0  0 .000  
a 2 8 3  0 0 0 0 0  0 ,000  
e 2 9 4  0 0 0 0 0  0 , 0 0 0  
a 3 0 7  0 0 0 0 0  O * O O O  

ROCKS 
,368 
,357 
a389 
0425 
,463 
,507 
0556 
-63.4 
a680 
0764 

862 
1.000 
1 0 1 7 1  
1.464 
1,881 
3,361 
1.015 
1.132 
1.281 

VELOCITY-FT/SEC 
GAS ROCKS 
39-9 11.9 
40.4 130 0 
3 8 0 8  i f 0  9 
370 2 100 9 
35,8 I O .  0 
34.5 90 i 
33.2 80 3 
3 1 0 9  70 5 
3007 60 8 
290 5 60 I 
28.3 5.4 
27.1 4.6 
25.9 40 0 
240 6 3.2 
2 3 0 2  2.5 
21.8 1.4 
25-  3 Sa 8 
24.3 50 2 
230 3 406 

' TIME = 4 , 0 0 0  D 4 Y S  ITERATIONS = 2 
C O N D I T I O N S  SINCE LAST T I M E  5TEPt  

FLOW R A T E  = O m  SCFIMIN CIRCULATION DEPTH = 3 6 0 0 -  FT 

T E M P E R A T U R E  D I S T R I B U T I O N  

RADIAL PCSITIONSt  FEET 
DEPTH, FT m i  r 3  a 8  1.5 2.7 

0 0  
200.  
400, 
6 0 0 ,  
800, 

1000 .  
1200.  
140 0 
1 6 U Q m  
1 B O O m  
2 O O O m  
2 2 O O m  
240 0 
2600,  
280 0 . 
3000. 
320 0 
340 0 
3 6 0 0 .  
380 0 
4 0 0 0 .  

8 0 - 1  
8 1 r 8  
83.7 
8 5 . 6  
87.6 
89.6 
91.6 
93.6 
95.6 
97.6 
99.6 

1 0 1 - 6  
103.6 
105.6  
107.5 
109.5 
111.6 
113.7 
115.3 
i i 8 e O  
120.0  

80. i 
62.0 
83 -9  
85.9 
8 7 . 9  
8 9 0 9  
91.9 
93-9 
95.9 
97.9 
99.9 

101.9 
103.8 
105.9  
107.8 
1 0 9 e A  
111.q 
113*¶ 
115.7 
1 t S . O  
L20,O 

80 .0  
82.0 
840 0 
86.0  
88.0  
9 O m O  
920 0 
940 0 
96.0 

100.0 
102eO 
1 0 4 - 0  
1 0 d m U  
1 0 5 0 0  
1 1 O e O  
112.0 
114.0 
116.0 
11800  
120,o 

98, a 

80.0 
82.0 
54r 0 
8 6 0  0 
88.0 
9 0 0 0  
92.0 
94.0 
96*  0 
9 8 0 0  

1 0 0 0 0  
102.0 
1 0 4 m O  
106.0 
1 0 8 m O  
1 l O m O  
1 1 2 m O  
114.0 
116.0 
1 1 8 m O  
1 2 0 m O  

800 O 
82.0 
84. 0 
86.0 
88.0 
900 0 
92. 0 
94.0 
96.0 
98.0 

100.0 
102.0 
1 0 4 e O  
106.0 
1 O B o O  
1 f O e O  
112.0 
114.0 
15600 
1 1 8 0 0  
1 2 0 m O  

5 O m O  

80.  0 
52.0 
8 4 . 0  
860 0 
8 8 - 0  
9 0 0  0 
92- 0 
9 4 . 0  
96.0 
98.0  

100.0  
1020 0 
IO40 0 
IO60 O 
1 0 8 0  0 
1 1 0 0 0  
112-  0 
114.0 

- 
116.0 
118.0 
12 O e O  

i 
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G A S  8 M I S T  D R I L L T N G  
F L O W I N G  S T P F A M  P R O P E R T ~ E S  

W 
T U B I N G  

= DEPTH PPESSURE 
FT PSXA 

~ 

0. 14.7 
200.  14.8 
4 0 0 ,  I 4 m 9  
6 0 0 0  15-0 
8 0 0 .  15. i 

1 O O O m  15.2 
1200. 15.3 
1400. 15m4 
1 6 0 0 .  15.5 
1800m 15.6 
2 0 0 0 m  15- 7 
2200, 15. R 
2400, 15.9 
2600. 16. i 
2 8 0 0 ,  16- 2 
3000, 16.3 
3200, 16.4 
3 4 0 0 .  16.5 
3600. -16.6 

TEMP 

80.  I 
s t .  8 
8 3 - 7  
5 5 m  6 
A706 
89* 6 
95- 6 
93.6 
95.6 
9 7 m 6  
99.5 

191.6 
103.6 
105.6 
197.5 
109.5  
111.6 
113.7 
115.3 

F 
DENS I T  Y- LEIM.(/ CF 

GAS WATER VPPOR 
0073 O w 0 0 0  0.000 
0074 0 , 0 0 0  0,000 

, 0 7 k  0 . 0 0 0  0 .000 
,074 rJ.000 O m 0 0 0  
,075 0 . 0 0 0  U I O O O  
mO75 0 . 0 0 0  O o O O O  
e 0 7 5  0 . 0 0 0  08DO0 

. o n  Om000 0 . 0 0 0  

0075 0 . 0 0 0  O m O O O  
m O 7 6  0.000 Om000 
-076 0.000 0.000 
a076 0 . 0 0 0  O o O O O  
m O 7 6  O c O O O  0 .000  
,077 0 . 0 0 0  O c O O O  
,077 O o O O O  0 , 0 0 0  
e o 7 7  0 .000  0 .000  

a078 0 .000 0.000 
e o 7 7  0 . 0 0 0  0 .000 

.078 Om000 O . O O O  

A N N U L U S  

DEPTH PRESSUliE TEMP 

0. 14, 7 80.1 
200, 540  8 82.0 

* 400. 140 9 83.9 
6 0 0 .  55.0 85.9 

1 O O O m  150 2 69*9 
1 2 0 0 .  15.3 91.9 
1400. 15.4 93*9 
1 6 0 0 ,  15.5 95.9 
1800. 150 6 97.9 
2000.  15.7 99m9 
2200m 15.8 101.9 
2 4 0 0 .  15.9 103.8 

2800 ,  16.2 107-8 
3000 .  56.3 109.8 
3200. 16.4 iI tm9 
3400. 56.5 11309 
3600. 16.6 115.7 

FT P S I  A F 

8 0 0 ,  150 1 a t .  9 

2600. 16.1 105m9 

I 

GAS 
074 
Of4 . 074 
.074 . 074 . 075 

075 
075 

w 075 
t 076 

076 
076 

0 0 7 6  
077 

.078  
ma78 

OENS I T Y - C @ M / C F  
WATER VAPOR 
o.oao o.ooo 

0.000 0.000 
O o O O B  Om000 

0.000 0.000 
0.000 0.000 
0.000 o c o o 0  

0 .000 0.000 
0.000 0 .000  
0 .000 O o O O Q  
0.000 O m O O O  
0 .000  0.000 
0 . 0 0 0  O m O O O  
0 . 0 0 0  Om000 
Ow000  Om000 
0 .000  Om000 
0 .000  0 .000  
a . o o o  O m O U O  
0 .000 o . u o r ~  

0 .000  o c o o o  

VELOCITY 
FTISEC 

0.0 
0.0 
0.0 
O m 0  
0. 0 
O m  0 
0.0 
0.0 
0.0 

01  0 
0 , O  
O m 0  
O m  0 
O m 0  
0.0 
0.0 
O m 0  
0.0 

0.0 

V E L O C I T  Y -FT ISEC 
ROCKS CAS ROCKS 
0 . 0 0 0  0 . 0  o * o  
0 .000  0 . 0  O m  0 
O m O O O  o e  0 08 0 
0 .000  0,o 0 - 0  
0 .000 0.0 0- 0 
0.000 o c  0 0. IJ 
0 . 0 0 0  O m  0 0.0 
0.000 0.0 0.0 
0 .000  0. 0 0.0 
0 .000  O m  0 8R 0 
0 .000 0.0 o m  a 
0 0 0 0 0  0 .0  0. a 
0 .000  0.0 O I  0 
o.ou0 0 .0  0 0  0 
0 .000  O m  0 0 1  0 
0.000 O m  0 0.0 
0 .000 0.0 0I 0 
0 . 0 0 0  0 .0  08 0 
O m O O O  0.0 0.0 
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S E T  V A R I A B L E S  a T ~ z r t ~ =  4.000 D # Y S  
FLOWING O P T I O N  = FCRWARD CIRCULATION 

A I R  INJECTED INTO TUBING 
I N L E T  TEMPERATURE= 800 F 
FLOW RATE = 1432. SCFIMIN 
TIME TO CHANGE O4TP = 6.000 DAYS 
DEPTH TO CH4NGE DATA = 5400. F T  
CIRCULATION TIME PER DAY = 10.0 H R S  

L' 

R O T T O M  HOLE ASSEMBLY 8 
DRILL c o L L n R s :  

LENGTH= 6 0 0 .  f T *  f c D . =  2.500 I N ,  O.O.= 6 0 O O U  TN 
DRILL FlITt 

DIAMETER= 8 . 7 5 0  IN, NOZZLE S I Z E S =  ,750 , 7 5 0  a 7 5 0  IN 

CHOKE0 FLOW: STANDPIPE PRESSURE INCREASED T C  a2.9 p s r  
CHOKED FLOW: STANDPIPE PRESSURE INCREASED T O  103.9 PSI 
CHOKED FLOW$ STANDPIPE PRESSURE INCREASED T O  123.3  PSI 
T I H E  = 5.417 DAYS ITERATIONS = 3 
CONOfTXONS S I N C E  LAST T I M E  STEP: 

FLOW RATE =1432c SCFIMTN C I R C U L A T I O N  DEPTH = 5400 .  FT 

T E M P E R A T U R E  D I S T R f 8 U T I O N  

RADIAL POSITIONSI FEET 
DEPTH* FT .l .3 08 1,s 2.7 

0. 
200. 
400. 
6 0 0 .  
8 0 0 .  

1 0 0 0 .  

1400. 
1 6 0 0 .  
1800 .  
2000.  
2200. 
2 4 0 0 .  
2600. 

1 2 0 0 .  

I 2800. 
3000. 
3200. 
340 0 
360 0 

40000 
4200. 
4400. 
460 0 
4800. 
5 0 0 0 e  
520 O 
540 0 0 

5600.  
5811 0 

1 3 8 0 0 .  

I 

80.0  80.6 
81.4 82.3 
83.1 64.2 
85.0 86.1 
8 7 . 0  80 .1  
89.0 90 0 L 
91.0 92.1 
93. 0 34. I 
95.0 96.1 
97.0 98 .1  
99.0 1 0 0 . 1  

1 O l . O  102.1 
103.0 104.1 
1 0 5 . 0  106.1 

109.0 1 1 0  0 1 
1 l l . U  112.1 
113.0 114.1 
115.0 116. I 
117.0 1i8.1 
119.0 1 2 0 . 1  
121.0 122.1 
123.0 124.2 
124.9 125 9 
126.9 127.8 
129.1 129.9 
131.2 132.0 
132.7 133.0 
136.0 136.0 
138.0 136.0 

107.0 108.1 

8 0 . 0  
82.2 
84.1 
8 6 . 1  
89 .1  
90.1 
92.1 
94.1 
960  I 
98.1 

1OQ*f 
102.1 
104.1 
106.1 
l O S . 1  
110.  I 
112.1 
114.1 
116. I 
118.1 
120.1 
122*1 
1 2 4 0  1 
125.9 
127. 9 
130.0 
132.0 
133.5 
1360 O 
138.0 

90.0  80.0 
82. i 82.0 
8 4 . 0  84.0 
86.  n 860 0 

90.0 90 .0  
92.0 92.0 
94.0 940 0 
96.0 9600 
98.0 98.0 

5 0 0 . 0  1 0 0 . 0  
102.0 102.0 
1 0 4 . 0  104.0 
106.0 106.0  
1 0 R . O  1 0 8 * 0  
1 1 0 . 0  110.0 
112.0 112eO 
114.0 114.0 
I 1 6 0  0 116.0 
118.0 1 l R . O  
120.0 120.0 
122.0 122.0 
124. 0 124.0 
126.0 126.0 
127.9 128.0 
130. 0 130.0 
132.0 132.0 
133.9 134.0 
136.0 136eO 

138.0 138.0 

88,  0 88.  o 

5 0 . 0  

5 0 . 0  
92.0 
84.0 
8 6 . 0  
80.0 
90. U 
9200 
94.0 
96.0 
980 0 

100w0 
102. 0 
1 0 4 . 0  
10600 

110.0 
112.0 
1 1 4 . 0  
116.0 
118.0 
120.0 
122w0 
124.0 
126.0 
1 2 8 0  0 
130. 0 
132.0 
134. 0 
136.0 

108. 0 

138.0 - L./ 



W 

. 
DEPTH 

FT 
.* 00 

200.  
400. 
6 0 0 0  
8 0 0 .  

I O O U I  
1 2 0 0 .  
1 4 0 0 .  
1 6 0 0 .  
1800o 
2 0 0 0 '  
2 2 0 0 .  
2600.  
260  0. 
2000.  
3000.  
3200s 
3 4 0 0 .  
3600, 
3800, 
4 0 0 0 0  
4 2 0 0 ,  
4400' 
4 6 0 0 .  

5 0 0 0 .  
5200. 
54.00. 

48008 

G A S  s M I S T  D R T L L I N C  
F L O W I N G  S T R E A M  P R O P E R . T I E S  

T U t 3 T N G  

PRESSURE TEMP DE NSIT Y- LB M/ CF V E L O C I T Y  
P S I  A F GAS HATER VbPOR FT/SEC 

123.3 8 0 . 0  0617 0 . 0 0 0  0 . 0 0 0  27.9 
123.6 81.4 8617 0 ~ 0 0 0  o * o o o  2709 
1 2 3 . 9  0616 U s 0 0 0  0 , 0 0 0  27.9 
124. ' 0615 0 .000 0 .000 27.9 
1240 m615' 0.000 O e O O f l  28.0 
1 2 4 .  0 6 t 4  0 . 0 0 0  0.000 28.0 
125.1 . h i 3  0 . 0 0 0  0 . 0 0 0  28.0 
125.4 0 . 0 0 0  0 0 0 0 0  2 8 . 1  
125.7 O m O O Q  0 . 0 0 0  28.1 
1258 9 97. a 8611 0 8 0 0 0  0 0 0 0 0  28.2 
126.2 BS. 0610 ' . O e O O O  O s 0 0 0  28.2 

8609 o m 0 0 0  0 8 0 0 0  2 8 0 2  126.5 fOi. 
126.8 103- 0 . 0 0 0  0 . 0 0 0  28.3 

28.3 
28. 3 

o . o o a  0.000 2 8 . 4  
0 . 0 0 0 '  0 . 0 0 0  2 8 . 4  
0 ' 0 0 0 ,  0 . 0 0 0  28.5 

m 3 ,  n.oolt 0.000 '26.5 
, 060  0.000 0.000 28.5  
~ 060 o8odb o.ooo 28.6 
,601 0.00 0 . 0 0 a  28.6 
06 Ue 0 0  0 . 0 0 0  28.7 
05 o s 0 0  0 . 0 0 0  2 8 - 7  

130.0 1 2 6 ~ 9  0598 0 , 0 0 0  0 . 0 0 0  2 8 . 1  
116.7 129.1 0544 o r 0 0 0  0 . 0 0 0  98 .2  
106.8 131.2 04611 00000 0.000 109.5 
93.2 132.7 ,424 0,000 Oe000 125.9 
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DEPTH 
F f  

oa 

2 0 0 .  
400,  
6 0 0 ,  

1 0 0 0 .  
1 2 0 0 ,  
1400, 
1600,  
1 8 0 0 .  
2 0 0 0 ,  
2 2 0 0 ,  
2100, 

2 8 0 0 .  
3 0 0 0 ,  
3200. 
3b00, 
3600,  
3800. 
4 0 0 0 0  
4 2 0 0 .  
4400.  
4 6 0 0 ,  
4800s 
5000,  
5200.  
5400, 

anom 

x a o ,  

PRESSURE 
PSI A 
32.0 
33 .1  
34,. 4 
35.7 
37.0 
3 8 . 3  
39.7 
41.0 
42.4 
43-9 
45, 3 
46 .9  
48-  5 
SO, I 
51.8 
53.7 
55.6 
57.7 
59.9  
62 .4  
65.1 
68.2 
71.7 
75 .9  
80.2 
86.2 
89.6 
93.2 

TFMP 

80.6 
82.3 
94.2 
86.1  
38.1  
90 .1  
9 2 . 1  
94, i 
96 .1  
9s. 1 

1 0 0 . 1  
102. I 
104 .1  
106. I. 
109. I 
110.1 
112.1 
114. i 
116 .1  
118 .1  
120 .  i. 
122 .1  
124.2 
1 2 5 . 9  
127. R 
123.9 
132.0 
133.0 

F 

A N N U L U S  

GAS 

0 165 
mi71 

8.76 
,182 
e l 8 8  
4 194 
e 2 0 0  
,206 
0212 
. Z l 8  
a 2 2 5  
e 232 
239 
e246 

254 
e 262 
e271 
,281 . 291 
i 316 
0331 
e 349 
,368 
e394 
m40 8 
.424 

8 t 5 9  

- 3 0 3  

DENS If Y-L @ M l C F  
WRTER 
0.000 
0 , 0 0 0  
0 .000 
0 , 0 0 0  
O m  0 0 0  
o * o o o  
0 .000  

0,000 
0 .000  
u * o u o  
0 , 0 0 0  
0 ,000  
0 , 0 0 0  
0 , 0 0 0  
0 . 0 0 0  
0 , 0 0 0  
0 .000  

0 , 0 0 0  

0 , 0 0 0  

o r  000 
0. 0 0 0  
0 , 0 0 0  
0 , u o o  
rJ,uoo 

o.noo 

0. o a o  

0, nu0 

0, o o n  

V A P O R  
0.000 

0 .000  
O a O Q O  
OB000 
O.OD0 
0 .000 

o * o o o  
o * o o o  
0,000 
0 , 0 0 0  
o * o o o  
OB000 
O r 0 0 0  
0.000 
0 . 0 0 0  
0 , 0 0 0  
0 . 0 0 0  

O I O O O  
0 . 0 0 0  

0 .000  
0 . 0 0 0  
0 , 0 0 0  
0 0 0 0 0  
0 . o o u  

o e o o n  

O,DOD 

o . o o a  

0 , 0 0 0  

POCKS 
e303 
0295 
e 314 

3 3 4  
,356 
a378 
a402 
,427 
, 455 
0 4 8 4  
,527 
.553 
593 

, 6 3 7  
a 6 8 8  . 7 4 5  
a 8 1 5  
0893 
* 995 

l e 1 1 2  
1,281 
1 .485  
1 a 8 4 5  
2.354 
4 ,344  
1 ,261  
1 , 3 9 5  
1 ,567  

GAS 
40.4 
4 t a 3  
39a9 

37B3 
36.2 
3 5 ,  I 
34.0  
33aO 
32-1 
3 i . f  
3 0 . 2  
29 .4  
2 8 a 5  
2 7 - 6  
2 6 - 8  
25.9 
25.1 
2 4 . 2  
23.4 
22.5 
21,5 
20.6 
19.5 
1 8 , 5  
21 .2  
2 0 e 4  
19.7 

38 .6  

VELOCITY-FT/SEC t j  

ROCKS 
14.4 
15.7 
14- 7 
1 3 , 9  

120 3 
Ill 5 
I D ,  8 
io. 2 

9. 6 
90 0 
80 4 
7 .8  
7.3 
607 
6. 2 
5 * 7  
5 s  2 
40 7 
4.2 
3.6 
30 I 
2-5 
2.0  
l a  I 
4*7 
4 . 2  
30 8 

i 3 0  0 I 
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TIME = 6,000 DAYS ITERATIONS = 2 
CONDITIONS SINCE LAST T I M E  STEP: 

FLOW RATE = 0, SCFIMXN C I R C U L A T I O N  OEPTH = 5 4 0 0 .  FT W 
T E Y P E R A T U R E  D I S T R I B U T I O N  . 

R A D I A L  P O S I T I O N S ~  FEE1 
OEPTHV FT -1  .3 m A  l e  5 2.7 50.0 

L 

0. 
2 0 0 .  
400. 
6 0 0 .  
000. 

1OOOe 
120 0 
1400. 
1600. 
1800. 
200 0 
2200.  
2 4 0 0 -  
2600. 
2 8 0 0 .  
3 0 0 0 .  
320 0 
340 0 
360 a 
3 5 0 0 .  
4000. 
4 2 0 0 .  
4400. 
460 0 
4 8 0 0 -  
5000.  
520 0 
5 4 0 0 -  
5600. 
5800 .  

00.1 

83.7 
65.6 
87.6 
8 9 - 6  
9f .6 
93.6 
95.6 * 

97.6 
94.6 

IOIeFi  
103.6 
105.6  
107.6 
109.6 
111.6 
113.6 
115.6 
117.6 
119.6 
121.6 
123.6 
125.5 
127.5 
129.6 
131.7 
133.3 
136.0 
i 3 8 . 0  

8i.a 
80.1 
R 2 , O  
83.9 
85.9 
87.9 
89.9 
9i.9 
93.9 
95.9 
97.9 
99.9 

101.9 
103.9 
105.9 
107.9 
109.9 
I I l e S  
113.9 
i I S e c !  
117.9 
119.8 
121.8 
123.9 
125.0 
127.8 
129.8 
131.9 
133.6 
136.0 
138.0 

80.0 80.0 
02.1 92. I 
8 4 . 0  84.0 
8 6 - 0  56.0 

90.0 90.0 
92.0 92. 0 
940 0 94.0 
960 0 96.0 

1uo.o 100.0 
102.0 102,o 
104.0  104.0 
1050 0 106e 0 
108. 0 1 0 8 . 0  
11O.D 110.0 
i12.0 112.0 
114.0 114.0 
iis. 0 5. I E .  0 
11~. o i i b e  fl 
i m a  120. 0 
122.0 122.0 
124e 0 124.0 
126.0 126.0 

88.0 88. o 

9 R . O  98. o 

128.0 1 2 8 0  0 
130.0 130m 0 
132,O 132- 0 
1340 0 134.0 
1360 0 1 3 6 0 0  
138.0 138.0 

80.0 
82.0 
84.0 
86.0 
88.0 
90.0 
92.0 
94. 0 
96.0 
9 8 . 0  

100. 0 
102.0 
104.0 
106.0 
IO8aO 
110.0 
112.0 
114.0 
1 1 6 e O  
118.0 
120.0 
122.0 
124. 0 
126.0 
128.0 
130. 0 
132.0 
134. U 
136.0 
130.0 

80.0 
82. o 
84.0 
86.0  
88. 0 
90.0 
92. 0 
94.0  
96.0 
98. 0 

100.  0 
192.0 
104.0 
106.0 
108.0 
110.0 
112e0 
114.0 
l t 6 e  0 
118.0 
520.0 
122. 0 
124.0 
126.0 
128s 0 
13000 
132.0 
134. 0 
136.0 
130.0 

. 
c 

W 
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G A S  B M I S T  D Q I L L T N G  

DEPTH 
F T  

0. 
200. 
400. 
600. 
8 0 0 .  

I O O O e  
1 2 0 0 *  
1400e 
1600. 
1800.  
2000m 
2200.  

2600. 
2 8 0 0 ~  
3000- 
32008 
3400.  
3 6 0 0 .  

2 4 0 0 .  

38 a 0. 
4 0 0 0 .  
4200. 
4 4 0 0 -  
t600- 
4 8 0 0 .  
5 0 0 0 .  
5200. 
S 4 0 0 e  

F L O W 1  

PRESSUQE 
PSI A 
14.7 
1 4 .  8 
14 .9  
15.0 
15.1 
15.2 
15. 3 
15.4 
15. 5 
1 5 e  6 
15.7 
15.8 
15. 9 
16.0 
16.2 
16. 3 
16. 4 
16- 5 
16.6 
L6.7 
16. 8 
16.9 
17.0 
17. 1 
17. 2 
17. G 
17- 5 
17. 6 

N G  S T R E A M  P R O P € ?  

TEMP 

80.1 
81. 8 
83.7 
8 5 . 6  
87.6 

F 

89.6 
91.6 
93.6 
95.6 
97.6 
99.6 
101.6 
1U3.6 
105.6 
107.6 
1090.6 
111.6 
113.6 
115-6 
117.6 
119.6 
121.6 
123.6 
125. 5 
127.5 
129. 6 
L31.7 
133. 3 

T U B I N G  

nENSTTY-LSW/CF 
GAS 

,973 
074 
074 
074 
074 
075 . 075 
0075 
075 
,076 
076 
076 

0076 
s 077 
0077 
077 . 077 

.07R 
07R . U 7 R  

8 0 7 8  
e079 . 079 
o 079 
007s 
079 . 0 8 0  

. O R 0  

WATER 
0.000 

0,000 
o m  000 
0.000 
0.000 
O m  000 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0. 000 
Q. 000 
0 . 0 0 0  
0.000 
0 . 0 0 0  
0 . 0 0 0  
0.000 
0,000 
0.000 
o m  000 

0.000 
b . 0 0 0  
0 , 0 0 0  

o e  000 
u . 0 0 0  

n. o o o  

n. o o o  

n.000 

o m 0  

VAPOR 

0.000 

O e O @ O  
0 . 0 0 0  
0,000 
r3.000 
o a o o o  
0.000 
0 . 0 0 0  
3 .000 

F a 0 0 0  
0 . 0 0 0  
0.000 
0 .000  
0.000 

0 .000  
o * o o o  
0.000 
0 .000  
0 . 0 0 0  
0 . 0 0 0  
0.000 
0 .000  
0 .000 
0.000 

0 . 0 0 0  

o.ono 

o.ono 

o,ono 

T I E S  

VEL OC IT Y 
FT/SEC 

0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
o a o  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

I 
. 
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A N N U L U S  

U E  PTH PRESSURE TEMP DENSITY-LBMICF VELOCITY-FT/ SEC 
FT P S I A  F GIIS WATER VAPOR ROCKS GAS ROCUS 

00 14. 7 8 0 .  1 ,074 0 . 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0  00 0 
2 0 0 0  140 8 02.0 a 0 7 4  0,000 U.000 0 0 0 0 0  0 0 0  0 .0  
4000 1409 83 .9  .a74 o.ooo 0 ~ 0 0 0  o.ooo 0.0 0.0 
6 0 0 .  15.0 85.9 a 0 7 4  O c O O O  O * O O O  0 ,000  0 0 0  00 0 
8 0 0 .  150 I 87. '3 007k 0,000 00000 0 0 0 0 0  0.0 Oe 0 

1 0 0 0 .  150 2 8909 r O 7 5  0 .000  0.000 0 . 0 0 0  0.0 Oe 0 
1 2 0 0 0  15. 3 9L. 9 .a75 o * o o o  o .ooo  O ~ O  00 0 Oe 0 
14008 15. 4 93.9 ,075 0 0 0 0 0  0 ,000  0 8 0 0 0  0.0 o* 0 
1 6 0 0 0  15. 5 95.9 ,075 0 ,000 0 0 0 0 0  0 .000 00 0 0- 0 
1 8 0 0 0  f5.6 97.9 l a 0 7 b  o * o o o  0.000 o c o o o  0 0 0  0.0 
2000:  15.7 94.9 075 O r 0 0 0  0.000 0.000 0 0  0 0.0 
2200. 15.8 i o t a  8076 60000  o - a o o  0.000 00 0 000  
2400. 15.9 10309 0079 O - D U O  O o O O O  0 , 0 0 0  0.0 0.0 
26000 16.1 105e9 0077 0,000 0.000 0.000 0.0 00 0 
2 8 0 0 .  16.2 107.9 e077 0 , 0 0 0  00.000 0 0 0 0 0  0.0 00 0 
3000.  16.3 109.9 0077 0 0 0 0 0  Or000 0 0 0 0 0  0.0 00 0 
3200. 1604 111.9 ,077 a.ooo O ~ Q U O  0.000 0.0 000 
34001 16.5 113.9 0 0 7 8  0 0 0 0 0  00000  O a O O O  0.0 08 0 
36008  16.6 155.9 e078 Om000 0.000 0 0 0 0 0  0.0 00 0 
38000 16.7 117.9 8078 f l e U D O  0 ~ 0 0 0  O o D O O  000 0.0 
40000 16.8 119.8 0071) u.000 0.000 0 0 0 0 0  0 0 0  0 . 0  
42000 16.9 ' .12t.8 .079 00000 o.oao 0 0 0 0 0  0 0 0  o c  0 
44000  17.0 123.9 .079 0 ,000 0 . 0 0 ~  0 .000  0 . 0  00 0 
460 Oe t7 .1  125.0 * ' * '07¶ D o 0 0 0  O e O O O '  0 0 0 0 0  00 0 00 0 
4 8 0 0 0  17.2 127.8 ea79 D e U O O  00,000 0 0 0 0 0  00 0 00 0 
5000.  17.4  129.8 --.'079 io*'OOO 0.000 0 0 0 0 0  0 0 0  0.0 
5200. 17.5 131.9 " -e080  OrOD0 O o O U U  0 0 0 0 0  0.0 00 0 
5 4 0 0 -  17.6 1 3 3 0 6  0 0 000  00 0 o c  0 

.i 

* 

I 

A R I A 3 L E S * r A l  TTME = 6.0'00 DAYS 
FLOWING OPTSON = FOR 

I A I R -  I N J E C T E D  I N T O  TUBING 
W E T  TEMPERATURE= .!$Om F 
COW RATE =.i16330 SCFfMIN 
3ME TO CHANGEiOATA = 
EPTH T O  CHA 
XRCUtA f I ON= 

OTTOM HOLE- ASSEMBLY 

1 -  * 

.~ c 

D R I L L  COLLARSt 

D R I L L  BIT8 .. 
.' LENGTH= 6 0 0 0  FTs 

0 DIAMETER= 80  7 5 0  -750 a750 0750  IN 

CHOKE0 FLOWS STANDPIPE PRESSURE XWCREASED TC f90.0 PSI 
f 
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TXME = 70417 DAYS I T E R A T I O N S  = 4 
CONDITIONS SINCE L 4 S T  TIME STEP? 

FLOW RATE = t 6 3 3 *  SCFIHIN C I R C U L A T I O N  OEPTH = 7200. FT 

T E M P  

DEPTH9 FT .l 

9. 
2 0 0 .  
40 0. 
6 0 0 .  
8 0 0 .  
1000. 
1200. 
140 0 
160 0. 
1800 .  
2000. 
220 0. 
2400, 
260 0 
260 0. 

3200, 
3400. 
3 6 0 0 .  
380 0 . 
4000. 
4200, 

3000. 

,4400. 
460 0 
4800. 
5000. 
5200. 
5400. 
560 0 
5800.  
6 0 0 0 .  
620 0 
6400. 
660 0 
6 8 0 0 ,  
7 O O U e  
7200. 
740 0 
7600. 

8 0 . 0  
81.4 
83.1 
8 5 . 0  
87.0 
89.0 
91.0 
93.0 
95.0 
97.0 
99.0 

101.0 
1 0 3 . 0  
io 5.  o 
109. o 

115.0 

107.0 

111.0 
113.0 

117.0 
119.0 
121.0 
123.0 
125 .0  
127.0 
129.0 
131.0 
133.1 
1350 1 
137.2 
139.2 
141.5 
143.5 
144.9 
147.0 
149.7 
150.9 
154.0  
256.0 

€ ! ? & T U ! ? €  O I S T R I  

RADIAL POS'CTIONS, FEET 
. 3  

80.6 

84.2 
86.1 
88.1 
9 0 . 1  
92.1 
94.1 
96.1 
9 6 .  1 
100.1 
102.1 
104.1 
106.1 
108.1 
1lU. l  
112.1 
114s 1 

8 2 . 3  

116.1 
115. i 
120.1 
122.1 
124. I 
125.1  
128.1 
1 3 0 0 1  
132.2 
134.2 
136.2 
138.3 
140.4 
142.8 
144.1  
145-5 
148.2 
S.50o4 
1510 I 
154.0 
156mU 

0 8  

80. 0 

R4. I 
860  1 
88. f 

82.2 

90. i 
92.1 
94.1 
9 6 0  I 
9r3. I 
100.1 
10 2.1 
104. 1 
106.i 
10 8 -  1 
110, I 
112. I 
1 1 4 0 1  
116- I 
119.1 
120.1 
122.1 
1 2 4 e l  
126. i 
128. I 
1 3 0 e I  
132.1 
1 3 4 0  I 
1368 1 
138.1 
140. 2 
I4204 

145.7 
14801 
150.2 
1% 6 
154.0 
1561 0 

144* a 

I. 5 

R O O  0 
82 .1  
5 4 .  0 
060 0 
R A .  0 
90.0 
92.0 
94.0 
96.0 
C8.0 

10000 
102. 0 
104.0 
1 0 6 . 0  
108.0 
110.0 
112,o 
114. 0 
116.0 
118e0 
120.0 
122.0 
124.0 
126. 0 
128.0  
130.0 
132-0 
134. 0 
136.1 
138 .0  
140. 0 
142e1 
144, 0 
145.9 
148. 0 
1 5 0 . 0  
151.9 
154,U 
156. 0 

B U T I O N  

2.7 

808 0 
820 0 
84.0 
86.0  
880 0 
9 0 0  O 
92.0 
94.0 
96.0 
980 0 

1 0 0 . 0  
102.0 

106.0 
108.0 
110.0 
112.0 
114.0 
116.0 
118.0 
120.0 
522.0 
124, rJ 
126-0 
128.0 
130.0 
132.0 
134.0 
136. 0 
L38.0 
140.0 
142.0 
144.0 
146. 0 
1 4 8 . 0  
150.0 
152.0 
154.0 
156.0 

1 04. a 

50.0 

30. 0 
82.0 
84.0 
6 6 s  0 
6 8 .  0 
90.0 
92.0 
94. 0 
96.0 
980 0 

100.0  
102. 0 
104.0 
106.0 
108. 0 
110.0 
112.0 
1140 0 
116-0 
iiol o 
120, o 
122.0 
124.0 
126.0 
1280  0 
1 3 0 . 0  
132.0 
1 3 4 0  0 
136.0 
1 3 8 0  O 
140.0 
1420 O 
144.0 
146.0 
148.0 
150.0 
152.0  
154.0 
1568 0 

. 
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G A S  s M I S T  D R I L L I N G  
F L O W I N G  S T R E a M  P Q U P E Q T X E S  

T U B I N G  
LJ 

DEPTH i 

FT 
0. 

2 0 0 0  
400. 
6 0 0 ,  
8 0 0 .  

LOOOe 

* 

1 2 0 0 ,  
1400. 
1 6 0 0 ,  
1800. 
2 0 0 0 .  
2200.  
24008 
2600. 
2800.  
3 0 0 0 .  
3200. 
3 4 0 0 .  
3 6 0 0 .  
3 8 0 0 0  
4 0 0 0 .  
42008 
4400. 
4 6 0 0 -  
4 8 0 0 -  
5 0 0 0 .  
5200. 
5400. 
5 6 0 0 .  

6 0 0 0 .  

64008  
66008 
6800. 

58008  

62ao. 

7 0 0 0 8  
7290.  

PRESSURE 
PSIA 

190.0 
1'30.9 
i91 .7  
192.6 
193.4 
194.3 
195- 2 
1%. 0 
196.9 
197.8 
19806 
199.5 
200. 4 
201.2 
202.1 
203.0 
203 .9  
204.7 
205.6 
206.5 
207.4 
208. 3 
209.2 
210.0 
210.9 
211.8 
212. 7 
213.6 
214.5 
215.4 
216.3 
217. 2 
210r i 
219. 0 
211s. 0 
203.2 
195 .0  

TEMP 
F 

8 U a O  
81.4 
83 .  i 
85.0 
8 7 . 0  
69.0 
91.0 
93.0 
95.0 
97.0 
99.0 

101.0 
103.0 
1 0 5 . 0  
107. 0 
1 0 9 0  0 
111. o 
1138 0 
115.0 
117.0  
119. 0 
12100 
123.0 
125.0 
f27.0 

131- 0 
133. I 
135.1 
137.2 
139.2 
141. 5 
143.5 
144.9 
147. 0 
149.7 
1500 9 

129. 0 

OENSI  TY- LRM/CF 
GAS HATER VAPCR 

,950 0 . 0 0 0  0 , n a o  
.952 0 . 0 0 0  o.no6 
.953 o.ooo 0 .000  

,955 o , n o o  o,ooo 
.wj 0 . 0 0 0  o.oao 

.954 0 .000  0 .000 

8957 o * o o o  0 ,000  
8957 0 . 0 0 0  0 0 0 b O  
,958 0 .000  0 . 0 0 0  
e959 0 , 0 0 0  0 0 0 0 0  

.960 0 . 0 0 0  o * o o o  
m961 0 0 0 0 0  0.000 
e962 O * O O O  0 .000  
09h3 0 0 0 0 0  0 . 0 0 0  
,963 0 . 0 0 0  0.000 
0964 0.000 0 . 0 0 0  
.965 0 . 0 0 0  0 .000  
,966 0 . 0 0 0  0 .000  
.9h7 o * o o o  0.000 
a 9 6 7  0 0 0 0 0  0.000 
-968 0.000 O e O O O  
8969 0 ~ 0 0 0  0.000 
0970 0 .000 0 .000 
0970 u.000 0.000 
.971 O m O O O  0.000 
,972 O m O O O  0 . 0 0 0  
0973 0 ,000  0 , 0 0 0  
0973 0 , 0 0 0  0 ,000  

a975 0 .000 0 .000 
8975 0 .000 0.000 
0976 O r 0 0 0  0 .000 
897% 0 .000  0 .000  
.939 0 . 0 0 0  0.000 
0 9 0 0  O o O O O  0 .000 
0862 0 .000  0.000 

.9ho n.uoo 0 .000  

.974 o , o a o  0 ~ 0 0 0  

V E L O C I T Y  
F f /SEC 

20.6 

20.6 
20.6 

20.5 
2 0 - 5  
20.5 
20.4 
20.5 
20 -5  
2 0 1 4  
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
2002  
20.2 
2 0 . 2  
20 .2  
20a2 
20.2  
20-1 
20.1 
20.1  
20.1 
20.1  
20.1 
64.9 
67.7 
70.7 

t 

W 
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A N N U L  u s  

DEPTH 
F f  

00 
200. 
4 011. 
6 0 0 ,  
8 00-  

10000 
L 2 0 0 a  
1 4 0 0 0  
1 6 0 0 a  
1 8 0 0 a  
2 0 0 0 0  
22000 
2400. 
2600- 
2800, 
3000. 
3 2 0 0 0  
3400, 
3 6 0 0 .  
3 8 0 0 0  
4 0 0 0 .  
4200. 
4400-  
4600. 
4800. 

I 5000.  
5200.  
54000 
5 6 0 0 0  
5800.  
6 0 0 0 0  
6200. 
64000 
66000 
6 R 0 0 .  
7 0 0 0 ,  
7 2 0 0 0  

PRESSURE 
PSI A 
55.6 
57.1 
56.5 
60.0 
6104 
63.0 
64.5 
66.1 
67.7 
69.4 
71.1 

740 6 
16. 5 
76.4 
80.5 
820 5 

72. a 

84.7 
870 0 
89.4 
S I .  9 
940 5 
97.3 

100.2 
103.4 
106.8 
1 1 0 0 5  
114.5 
119.0 
124. I 
129.9  
137.0 
142.9 
1420 8 
170.3  

195.0 
i a i . 7  

TEWP 
F 
80.6 
8 2 - 3  
84.2 
86.1 
8 8 . 1  
90. i 
92. I 
94. I 
96.1 
99. i 

10001 
102. I 
104. 1 
106.1 
108. i 
110.1 
112. 1 
114e I 
116.1 

1 2 0 . 1  
122.  I 
1240  1 
126. i 
1 2 8 . 1  
130.1 
132.2 
134.2 
136.2 
138.3 
140.4 
142.8 
144. I 
I 4 5 0  5 
148.2 
150.4 
151.1 

i 1 a . i  

GAS 
a 277 . 284 . 290 
0296 
0303 
8 309 
315 
322 
.329 . 335 
a 343 
0350 
0357 
a 365 
0 373 
0 3 R i  
,389 
0398 
- 4 0 8  
,417 
0427  
- 4 3 8  
e450 
462 

,475 
0489 
,504 
,520 
0539 
0 5 6 0  
0584 
,613 

639 
,637 
e756 
,804 
0 862 

DE NS I T  Y-l, BM /CF 
H i i f E R  VSPOS 
o c o o u  0 0 0 0 0  
0 0 0 0 0  u a o o o  
O a O O O  O o O O Q  
0 . 0 0 0  o a o o o  
0.000 0.000 
o a o o o  0 0 0 0 0  
o a o o o  0 . 0 0 0  
o a o o o  o a o o o  
D.000 0 a 0 0 0  
0 . 0 0 0  0 0 0 0 0  
1 ) a o o o  0 0 0 0 0  
o a o o o  o a o o o  

o a o o o  o a o o o  

0 . 0 0 0  0.000 
08000 rl.000 
0 , 0 0 0  0.000 

0 . 0 0 0  0 ,000  
0 0 0 0 0  o a o o o  
0 . 0 0 0  o a o o o  

0 . 0 0 0  0 0 0 0 0  
0 . 0 0 0  0.000 
0 0 0 0 0  0 0 0 0 0  
0 . 0 0 0  0 , O D O  
o a o o o  o a o o o  
0 . 0 0 0  0 . 0 0 0  
0 , 0 0 0  0 0 0 0 0  
o a o o o  0 0 0 0 0  
0,1100 0.000 
o a o o o  0 .000 
0 8 0 0 0  0 0 0 0 0  

0 0 0 0 0  0 . 0 0 0  
0 , 0 0 0  0.000 
0 . 0 0 0  0 0 0 0 0  
110000 0.000 

a.ooo o a o o o  

o a o o o  o,aoo 

u a o o  0 0 0 0 0  

ROCKS 
a 396 
, 379  
0 394 
0409 
a 425 
$42 

-460 
a478 
a498  
0519 
a541 
a 564 
,590 
0617 
a646 
a 677  
a713 
a750 
0792 
a837 
a 8 9 0  
.946 

1.015 
l a 0 8 8  
l e 1 8 1  
1.282 
1.418 
l a 5 7 0  
1,794 
2.057 
2.517 
3.122 
5-870 

140114 
30864 
5,434 
9 0 2 7 1  

VELOC ITY-FT /SE 
c4s ROCKS 

3 0 - 7  11.1 
12.2 3107 

31.0 1 1 0  8 
3 0 0 4  l i e 3  
29.7 10.9 
29.1 1 0 0 5  
28 .5  1 0 0  i 
27.9 9.7 
27.4 9 - 3  
26.8 8-9  
260 3 8.6 
25- 7 60 2 
25.2 70 9 
2 4 - 7  70  5 

. 

240 1 7 - 2  
2306 60 8 
23. I 60 5 
220 6 6 .  2 
220 I 50 9 
21.6 5 . 5  
21.1 5.2 
2 0 0 5  48 9 
20.0 40 6 
1 9 - 5  4.3 
190 0 3 - 9  
18.4 3.6 
17.9 3 - 3  
17.3 3 - 0  
16.7 206 
16. l 2.3 
15.4 1.8 
140 7 1.5 
14-  1 8 8 
1 4 0 1  e 3  
13.4  l e  5 
12- 6 1- I 
110 0 e 6  

. 
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T I M E  = 8 .000  DAYS ITERATTONS = 2 
CONDITIONS SINCE L A S T  TIWE STEP: 

FLOW RATE = 0 0  SCFJMIN CSRCULATTON CEPTH = 7200.  FT  u 
T E M P E R A T U R E  D I S T R I B U T I O N  

RADIAL POSITIONS* FEET 
DEPTHS FT 01 * s  0 8  s. 5 2.7 

00 80.1 R o e  1 8 0 s  0 
200. 81. 8 82.0 82. i 
400. 83.7 03.9 840 0 
6 0 0 1  8 5 . 6  85.9 85.0 
8 0 0 .  87 .6  87.9 880  0 

1000. S9r6 89.9 90.0 
1200. 91.6 91.9 92.0 
1400. 93e6 r93.9 94.0 
1 6 0 0 .  95 .6  95.9 960 O 
1 8 0 0 .  97.6 97.9 98.0 
2 O O O a  9 9 .  Fi 09.9 5 0 0 . 0  
2200. 101.6 . f01.9 102. 0 
2400. 103.6 103.9 1 0 4 e O  
260 0. 1 0 5 e 6  105.9 106. 0 
2800. 107.6 1 0 7 a 9  1 0 8 0  0 
3000.  109.6 FD9.9 i10.0 
320 0. 111.6 111.9 112.0 
340 a. 113.6 113.9 1140 O 
3 6 0 0 .  115.6 115.9 1160 0 
3800. 117.6 117.9 I l U .  0 
4 0 0 0 .  119.6 119.9 120.0 
4200. 121.6 121.9 122.0 
4400. 123.6 123.9 124.0 
460 0. 125.6 125.9 12600 
4 8 0 0 .  127.6 127.9 128eO 
5000. 129.6 129.9 130.P 
5200. 131.6 131.9 132.0 
5 4 0 0 0  133.7 133.9 134,U 
5600. 1 3 5 . t  135.9 136.0 
5800. 131.7 137 e 9  138.0 
6000. 139.a 140.0 14000 
6200. 142.0 142.1 142. f 
6400. 143.8 143.9 144.0 
6600. 145.4 145.7 1 4 6 - 6  

7000.  149.9 t 5 0 .  a t 5 0 . 0  
720 O 151.4 151a7 1 5 2 r  0 
7400. 154.0 1540 O 1 5 4 . 0  
760 0 1568 0 156.0 156s 0 

6 8 0 0 .  147.7 147.9 146. o 

a 

* 

W 

80.0 
8 2 . 1  
84.  0 
860 0 
8 8 0 0  
90.0 
920 0 
940 0 
96.0 
98.0 

100.0  
10200 
104-0 
106.0 
1 0 8 e O  
110.0 
112.0 
114.0 
116. C 
118.0 
1200 0 
122.0 
124.0 
226.0 
128.0 
5300  0 
132.0 
1 3 4 . 0  
136.0 
5380 0 
Z40.0 
$ 4 2 -  0 
144.0 
1460 0 
148.0 
150.0 
152.0 
154.0 
156.0 

80.0 
82.0 
84.0 
86.0 
88.0 
90.0 
92.0 
94.0 
96.0 
98.0 

100.0 
102.0 
104.0 
I 0 6 0  0 
108.0 
l i o . o  
112.0 
114.0 
116.0 
118.0 
120.0 
122.0 
124.0 
126.0 
128.0 
130.0 
132.0 
134.0 
136.0 
138.0 
140.0 
142.0 
I 4 4 0  O 
146mO 
1 4 8 0  0 
i50.0 
152.0 
154mO 
156.0 

50.0 

so. 0 
82 .0  
84. 0 
86.0 
8 8 .  0 
90.0 
92.0 
94.0 
96.0 
9 5 . 0  

1 0 0 1 0  
l ! I Z o O  
104.0 
106.0 

110.0 
112.0 
114e 0 
116e0 
118.0 
120.0 
122.0 

126-0 
128. 0 
1 3 0 0  (3 
1 3 2 1  0 
134.0 
136.0 
138.0 
140.0 
1 4 2 . 0  
1 4 4 . 0  
1460 O 
148.0 
150.0 
152.0 
f54.0 
156e0 

108.a 

1248 0 
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D E P T H  
FT 

0. 
200. 
4 0 0 .  
6 0 0 ,  
8 0 0 0  

10 0 0. 

1400. 
1600, 
1800. 
2 0 0 0 .  
2200. 
24000 
2 6 0 0 .  

I 2800.  
3000. 
3200. 
3400. 
36000  
3 9 0 0 .  
4 0 0 0 .  
4200. 
4400, 
4 6 0 0 ,  

I 

I 1200. 

4 8 0 0 .  
5 0 0 0 0  
5200 .  
5 4 0 0 0  
5600 ,  
5800 ,  

, 6 0 0 0 ,  
I 6200 .  

6 4 0 0 ,  
6600.  
6800. 
7 0 0 0 .  
7 2 0 0 0  

~ 

G A S  8 M I S T  O R I L L ~ N G  
F C O H f N G  S T R E A M  P R O P E R T I E S  

PRE S S U 9 E  
PSI A 
14.7 
14.8 
14.9 
15. 0 
15. i 
15.2 
15.3 
15.4 
15.5 
15.6 
15.7 
15.8 
15.9 
16.0 
16.2 
16. 3 
16.4 
16.5 
1 6 s  6 
16.7 
16.8 
16.9 
17.0 
17.1 
17. 2 
17. 3 
17.5 
17- 6 
17.7 
17.8 
17.9 
18.0 
18. I 
18.2 
-18.4 
18.5 
181 6 

TEMP 
F 

80.1 
81.8 
83.7 
8 5 .  6 
8 7 . 6  
89. 6 
9 L  6 
93.6 
3 5 . 6  
97.6 
99.6 

101.6 
103.6 
105.6 
107.6 
109.6 
111.6 
113.6 
115.6 
117.6 
119.6 
121.6 
1 2 3 s  6 
125.6  
127.6 
129. 6 
131.6 
133.7 
135.7 
137.7 
139.8 
142.0 
143. R 
145.4 
147.7 
149.9 
1 5 1 . 4  

T U B I N G  

DE FtS 1 T Y- L8 MI CF 
GAS WATER VPPOR 

0073 O o O O O  0 ,000  
*074  00000 0.000 
0074 u.000 0.000 
0074 0 . 0 0 0  0 . 0 0 0  
a 0 7 4  0 0 0 0 0  0 . 0 0 0  
,075 0 , 0 0 0  O o O O O  
,075 0.000 0.000 
0075 0.000 0,000 
0075 0,000 0 . 0 0 0  
,076 0.000 0.r)oo 
,076 0 , 0 0 0  0.000 
. U T 6  0.000 O o O O U  
0076 O o U O O  O o O O O  
,077 o , m o  0.000 
,077 0,ooo o.ooo 
,077 O s 0 0 0  O * O O O  
, 077  0 . 0 0 0  0 .000  
,079 0.000 0.000 
0078 0 , 0 0 0  00000 
, 0 7 8  00000 0 ~ 0 0 0  
mO73 0.000 0,000 

e 0 7 9  0 . 0 0 0  0 . 0 0 0  
,079 0 ,000 0 . 0 0 0  
0079 0 , 0 0 0  0 . 0 0 0  
-079 0 .000  0.oou 
, 0 8 0  U o O O O  0 .000 
0080 0 , 0 0 0  0.oou 
. e 8 0  0.000 0 .000  

,081 0 . 0 0 0  0 .000 
,081 0 .000  0.000 
-081 u.000 0.000 
a 0 8 1  0 , 0 0 0  O t O O O  
e 0 8 2  0 - 0 0 0  O m O B 0  

,082 0 , 0 0 0  0 .000 

,079 o .ooo  n.000 

.ofto D . O O O  0.000 

.ow o.oon 0 . 0 0 0  

VEL OC I T  Y 
FT/SEC 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

a. o 

. 
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A N N U L U S  

DEPTH 

00 
2 0 0 0  

i 4 0 0 0  
6 0 0 .  
8 0 0 0  

0. 1 0 0 0 .  
1 2 0 0 0  
14000 
1600 .  
f 8 O O o  
2 0 0 0 .  
22000 
2 4 0 9 .  
26000 
28000 
3 0 0 0 0  
3 2 0 0 0  
3 4 0 0 ,  
3 6 0 0 0  
3 8 0 0 0  
4 0 0 0 0  
4 2 0 0 0  
4 4 0 0 0  
4 6 0 0 0  
4800s 
5 0 0 0 0  
5200. 
5 4 0 0 .  
56000 
5500 .  
6 0 0 0 0  
6 2 0 0 0  
6400 .  
6 6 0 0 0  
6 8 0 0 .  
7 0 0 0 0  
7200. 

w FT 

S E T  

8 

c 

PRESSURE 
PSI R 
14. 7 
14 .8  
14.9 
is. n 
15.1 
15.2 
15.3 
1 5 . 4  
15. 5 
15 .6  
15.7 
15.8 
15.9 
16.1 
16.2 
I60 3 
160 4 
ibo 5 
I60 6 
16. 7 
16. 8 
16.9 
17.0 
17. I 
I ? .  2 
17.4 
17.5 
17.6 
170 7 
17.8 

18. o 
17.9 

180 1 
I 8 0 2  
180 4 
180 5 
18.6 

TEMP 
f GAS 

5 0 0  I . 074 
82.0 074 
8 3 . 3  . a74 
95.. 9 e 0 7 4  
9 7 . 9  8 074 
R 3 t  9 07s 
91.9 075 
93.3 075 
95.9 0075 
9 7 . 9  a076 
99.9 076 

1 0 1 . 9  075 
103.9 076 
105 .3  0 077 
107.9 0 077 
109.9 . 077 
Ill. 9 . Of7 
113.9 078 
115.9  . 078 

119.9 .07a 
1 1 7 . 9  0078 

121.9 0079 
123.9  079 
125.9 0 7 9  
127.9  0079 
129. 9 . 079  
131.9 0 O R 0  
1 3 3 . 9  0 080 
1135.9 - 0 8 0  
1 3 7 . 9  0 0 8 0  
1 4 0 0 0  0 0 8 1  

1 4 x 0 9  ,081 
145.7  -081 
5 4 7 . 9  0082 
150.0  . O R 2  
151.7 ,082  

162. I . o a t  

OE NS ITY-LBM/CF 
WATER 
0 0 0 0 0  
00 0 0 0  

0 0 0 0 0  

0 . 0 0 0  
0 0 0 0 0  
00 0 0 0  
0 0  0 0 0  
0 0 0 0 0  
0 . 0 0 0  
0 0 0 0 0  
0 0  0 0 0  
08 000 

0. o a o  

o o o a o  

o.oao 
0. o a o  
00 0 0 0  
0 , 0 0 0  
o w 0 0 0  
0 0 0 0 0  

0 0 0 0 0  
08 0 0 0  
0 .000  
0 .000 
0 0 0 0 0  
0 0  0 0 0  

0 0  0 0 0  
0 , 0 0 0  
0.000 

0 , 0 0 0  
0.000 
O a  0 0 0  
0 .000  
O C  0 0 0  

0. o a u  

0 .000  

VAPOR 
0 .000  
0 0 0 0 0  

0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 .000  
o * o o o  
0 . 0 0 0  
0 0 0 0 0  
0.000 
0 0 0 0 0  
0100Q 
0.000 
0 , 0 0 0  
0.000 
0 .000  
0 .000 
0 0 0 0 0  
o * o o o  
O E O O O  
0 .000  

0 0 0 0 0  
0.000 
0 . 0 0 0  
0.000 
0.000 
0 .000  
0 0 0 0 0  
o r o o o  
0.000 
0.000 
0.000 
0.000 
0 0 0 0 0  
0 0 0 0 0  

o.aoo 

o.ono 

ROCKS 
0 0 0 0 0  
o * o o o  
0 0 0 0 0  
0 0 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 .000 
0 .000  
0 0 0 0 0  
0 0 0 0 0  
0 . 0 0 0  
O r 0 0 0  
0 . 0 0 0  
0.000 
0 0 0 0 0  
0 0 0 0 0  
0 .000  
0 . 0 0 0  
0 . 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 . 0 0 0  
0 0 0 0 0  
0 . 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0.000 
0 0 0 0 0  
0 ,000 
0.000 
0 .000 

V A - R  f A B L E S 8,000 DRYS 
FLOWING O P T I O N  = 

INLET TEMPERATURE= 80, F 
A I R  INJECTED INTO T U B I N G  

FLOW RATE = 1935. SCFIMIN 
TIME TO CHANGE DATA = 1 0 1 0 0 0  OAYS 
DEPTH TO CHANGE DATA = 900D, F T  
CIRCULATION T I M E  PER DAY = 10.0 HRS 

BOTTOM HOLE RSSEMBLY t 
D R I L L  COLLAQSt 

VELOCITY-FTISEC 
G A S  
0 . 0  
0 .0  
0 0  0 
0 .0  
0 0 0  
0.0 
0 0 0  
0.0 
0 0  0 
0.0 
0 .0  
0 .0  
0 0 0  
0 . 0  
0 . 0  
0 . 0  
00 0 
00 0 
0 . 0  
0.0 
0 0 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  

0.0 
0 .0  
0.0 
0.0 

0.0 
0.0 

n. o 

0. a 

ROCKS 
00 0 
0 0 0  
00 0 
0.0 
00 0 
00 0 
0.0 
00 0 
0 0 0  
00 0 
0.0 
0.0 
0 0 0  
00 0 
0.0 
0 0  0 
0.0 

0.0 
0.0 
0 0  0 
0.0 
0 0 0  
o w  0 
0 0 0  
00 0 
O a  0 
0.0 
0.0 
0.0 
00 0 
0 - 0  
0.0 
00 0 
0- 0 
Qe 0 
0, 0 

O Q  0 

LENGTH= 6 0 0 .  FTI I o D o =  20500 IN* C O D . =  6.000 IN 

DIAMETER= 8.750 I R v  NOZZLE SXZES= e750 e 7 5 0  0750  I N  
DRILL BIT8 
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CHOKED FLOW8 S T A N D P I P E  PRESSURE I N C R E A S E D  TO 1 7 5 . 2  PSI 

TIME = 9,417 DAYS ITERATIONS = 3 
CONOXTTONS S I N C E  LAST T I M E  STEP: 

FLOW RATE =L835. SCF/MIN C I R C U L A T I O N  DEPTH = 9 O O O m  FT 

DEPTH, FT 

0. 
200.  
400. 
6 0 0 .  
8 0 0 .  

1000. 
1200. 

< 1 4 0 0 .  
1600. 
180 0 
2000. 
2200.  

I 240 0 
~ 250 0 e 

280 0. 
I 300  0 . 

3400. 
360 0 
3800 .  
4000. 

I 

I 

I 320 0. 

I 

I 

1 420 0 

I 4ao0. 
5000. 
5200 .  
5 4 0 0 .  

I 560 O 
5 8 0 0 .  
6 0 0 0 .  
6200. 
6400. 
6600- 
6 8 0 0 .  
7 0 0 0 .  
7200. 
740 0 
7600. 
7 6 0 0 .  
8 0 0 0 o  
82UO* 
840 0 
8 6 0 0 .  
8800.  
9 0 0 0 .  
9200. 
94.00. 

4400. 
460 0. 

I 

I 

T E M P  

.l 

5 0 . 0  
81.4 
93.1 
85.0 
86.9 
88.9 
90.9 
92.9 
9h.9 
96.9 
98.9 

100.9 
102.9 
104.9 
106.9 
108.9 
l l O e 9  
112.0 
114.9 
116.9 
l i R . 9  
120.9 
122.9 
124.9 
126.9 
128.9  
130.9 
1 3 2 0 9  
1 3 4 . 9  
136.9 
139.9  
140.9 
142.9 
144.9 
146.9 
148.9 
150.9 
153.0 
155.0 
157.0 
1 5 %  0 
160.9 
162.8 
1 6 4 . 9  
167.1 
168.6 
173.0 
174.0 

R A D I A L  P O S I T I O N S ~  F'EET 
.3 L8 I. 5 2.7 

8 0 - 7  
82.4 

86.2 
98.1 
90.1 
92.1 
94 .1  
96.1. 
98 .1  

1 0 0 . 1  
102.1 
104. 1 
1 0 6 o I  
108rl 
1 1 0 0 1  
112. I 
114- 1 
l i 6 . 1  
1 1 8 0 1  
120, i 
122.1 
124.1 
126.1 
1 2 8 . 1  
130.1 
132.1 
134.1 
136.1 
i 3 8 . 1  
1 4 0 - 1  
142.1 
I 4 4 0 1  
146.1 
148.1 
1 5 0 , l  
152.1 
154.1 
1!56. 1 
158.1  
1E0.2 
161.9 
163.7 
165.9 
166. 0 
16809 

174.0 

~ 4 . 2  

172.0 

80.0 
82.2 
84.1 
86 .1  
8 8 .  I 
9 0 0  1 
92.1 
94.1 
96. I 
98. 1 
10 0 - 1  
1 0  2* 1 
104.1 
1060 i 

1 1 0 . 1  
112.1 
114. I 
1 1 6 . 1  
11s. 1 
1 2 0 e 1  
1 2 2 - 1  

1 2 6 e l  
12 t lm l  
130. I 
132. 1 
134.1 
136. I 
138.1 
140.1 
142.1 
144.1 
1468 1 
1 4 R o  I 
150-  1 
152,; 
154. i 
156. i 
158. I 
16r).l 
16109 
16'3. R 
165.9 
167*9 
169.4 
172.0 
174.0 

108.  1 

1 2 4 8 1  

80.0 
62. I 
84. i 
86. [I 

90.0 
92.0 
94. 0 

96.0 
1 0 0 . 0  
1 0 2 . 0  
104.0 
106.0 
108.0 
110.0 
112.0 
l14m 0 
116.0 
118.0 
120.0 
1 2 2 0 0  
12k. 0 
126.0 
128.0 

88. o 

9o.o 

1 3 0 . 0  
t 3 2 0  0 
134.0 
i 3 6 . 0  
138.0 
140.0 
142.0 
144.0 
146.0 
l b 6 .  0 
1500 0 
1 5 2 e O  
t 5 4 . 0  
156.0 
1 5 8 . 0  
160.0 
162e 0 
153.9 
166.0 
167.9 
169.9 
1 7 2 .  C 
I740 0 

80.0 
82 .1  
84. 0 
86.0 
88.0 
90.0 
92.0 
94.0 
96.0 
980 0 

100 .0  
102.0 
104.0 
106.0 
108.0 
110.0 
112.0 
114 .  0 
1 1 6 0 0  
118.0 

122.0 
124.0 
126- 0 
128.0 
1 3 0 0 0  
132.0 
134.0 
136.0 
138.0 
140.0 
142.0 
1440 0 
146.0 
148.0 
150. 0 
152.0 
15400 
156.0 
1 5 8 . 0  
160.0 
162.0 
164.0 
166.0 
168.0 
170.0 
172.0 
i 7 4 e  0 

120.0 

. 
5 0 . 0  

80.0 
52. 0 
54.0 
Rh- 0 
98.0 
90. 0 
92.0 
94.0 
96.0 
9r,0 

1 0 0 . 0  
102.0 
1 0 4 =  0 
1060 0 
I n 8 .  0 
110.0 
112.0 
114. 0 
116- 0 
118.0 
1 2 0 . 0  
122.0 
124.0 
126.0 
128m0 
130-0 
132.0 
134.0 
136.0 
138-0 
140.0  
142.0 
1440 0 
146.0 
140.0 
150.0 
152.0 
154.0 
156.0 
158.0 
160 .0  
1620 0 
164.0 
166.0 

- 

iJ im. o 
1 7 0 ,  0 
172.0 
174.0 



G A S  L M I S T  O R f L t f N C  
F L O W I N G  S T R E A M  P R O P E R T I E S  

ld 

DEPTH PRESSUPE 
F T  I PSIA 

00 1 7 5 . 2  
200. 175.8 
4 0 0 .  176.4  
6 0 0 0  176.9 
8 0 0 0  177. 5 
1OOOc 178. I 
12000 178.7 
1400. 179% 3 
1 6 0 0 .  179.8 
I R O O O  180.4 

2200.  181.6 
2 4 0 0 .  182. 1 
26000 182.7 
2800.  103.3 
3000. 183.9 
3 2 0 0 0  184.4 
3 4 0 0 .  185.0 
3 6 0 0 8  185.6 
3800 .  186. 1 
4000. 186.7 
42000 187.3 
4400. 187. R 
460 0. 188.4  
4R000 189. 0 
5 0 0 0 ,  109.5 
52011. 190. i 
5400. 190.7 

. 5600-  191.2 
5800. 191*8 
6 0 0 0 s  192.3 
6200. 192.9 
64000 193.5 
6600. 194.0 
6800. 194.6 
7 0 0 0 s  195.1 
7 2 U O o  195.7 
74110. 196.2 
76 0 01 196.8 
7 8 0 O r  1% 3 
80UOe 597.9 
8 2 0 0 0  198.4 
8 4 0 0 .  1990 0 
8 ~ 1 0 ,  186.7 
8 8 0 0 0  174.2 
90000 160.5 

2000. 18i8 o 

T U B I N G  

TEMP 
F 

90.0  
81.4 
93. I 
u5.0 
860 9 
89.9 
90.9 
92.9 
94.9 
96.9 
98.9 

1 0 0 . 9  
102 .9  
104.9 
106.9 . 
LOR. 9 
110.9 
112.9 
114.9  
116. 9 
11Re9 
1 2 0 . 9  
122.9 
124.9 
126.9 
128.9 
130.9 
132.9 
134.9 
136.9 
138.9  
140 .9  
142. 9 
144.9 
146. 9 
1 4 8 0 9  
150.9 
153.0 
155.0 
157.0 
155.0 
160.9 
162.8 
164.9 
567.1 
168.6 

DE NSITY-LBMJCF VELOCITY 
GAS WATER VPPOR FT/SEC 

e876 0 0 0 0 0  O * O O O  25.1 
0877 08000 O o U O O  25.1 
,877 000011 o * o o o  25.1 
8877 0 , 0 0 0  0 ,000  25.1 
.877 o.ooo o.ono 25.1 
.e76 0.000 00000 25.1 
0876 0 8 0 0 0  0 . 0 0 0  25.2 
e876 0 . 0 0 0  0 .000  25.2 
e875 0 . 0 0 0  o e o c u  25 .2  
8875 0 .000  O E o O o  25.2 
,875 0 , 0 0 0  O e O O O  25.2 
e874 O a O O O  0.000 2 5 0 2  
.e74 0 ,000  0 . 0 0 0  25.2 
,873 0 . 0 0 0  0 . 0 0 0  2 5 . 2  
0873 0 , 0 0 0  0 0 0 0 0  258 2 
,873 n o o o o  0 ,000 25.2 
0872 0 .000  0 . 0 0 0  25.3 
,872 O a O O O  0.000 25.3 
,872. O a O O O  0 8 0 0 0  25.3 
0871 O e O O O  0.000 25.3 
,872 0 .000  0 0 0 0 0  25.3 
.a71 0.000 o * o o o  25.3 
0870 0.000 0.000 2 5 0 3  
.R70 0 , 0 0 0  0,000 25. 3 
e869 Ow000 0,000 25.3 
0869 O e O O O  0.000 250 3 
O R 6 9  0.000 0 . 0 0 0  25 .4  
a868 0 0 0 0 0  0 ~ 0 0 0  25 .4  
,868 0 0 0 0 0  O a O O O  25.4  
e868 0 . 0 0 0  0 0 0 0 0  25.4 
a867 OeOLFO 0 0 0 0 0  2 5 . 4  
0867 0 0 0 0 0  O t O O O  25.4 
0866 0 0 0 0 0  0 0 0 0 0  25.4 
a 8 6 6  0.000 O * O O O  2 5 8 4  
0866 0 0 0 0 0  0 . 0 0 0  25.5 
Bi365 0.000 0 0 0 0 0  25.5 
e 8 6 5  00000  01000 25.5 
0864 O c O O O  0.000 25.5 
e864 0.000 O e O O O  25.5 
-1164 O t O O O  O * O O O  25.5 
,863 0 .000  0.000 25.5 
,863 0.000 0.000 2 5 0 5  
m R 6 ?  0 .000  O m 0 0 0  25.5 
-807 0.000 0.000 84.9 
. f S 0  0 . 0 0 0  0 8 0 0 0  91.3 
0689' 0 , 0 0 0  0 .000  9903  
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A N N U L  u s  

DEPTH PRESSUSF 

0. 42. 0 
200. 43.2 
4000 44.5 
6 0 0 .  45. 8 
800. 47. i 

1000.  48.4 
1200. 49.7 
1400. 51.0 
1600. 52.3 
1 8 0 0 .  53.7 
2000.  55.0 
2200. 56.4 
2400. 57.8 
2600. 59.2 
2800. 60.7 
3000e 62.2 
3200, 630 7 
34 0 0. 65.2 
3600. 66. 8 
3800. 6 8 .  4 
4000. 70. I 
4,2006 710 8 
4400. 73.6 
4600s 75.4 
4800. 77.3 
5000. 79.3 
5 2 0 0 s  81.3 
5 4 0 0 0  83.4 
5600. 8 5 . 6  
5 8 0 9 .  6709 
6 0 0 0 .  90.3 
6200. 92.9 
6400. 95.5 
6600. 98.4 
6800. 101.4 
7 0 0 0 .  104.7 
7200. 108.2 
74008 112.1 
7600. 116.3 
7800. 121.2 
8 0 0 0 .  126.6 
8200. 133.2 
8400. 139.3 
8600, 14909  
a g o o m  155. i 
9 0 0 0 e  I 6 0 0 6  

F T  PSI a 

- 

TEMP 
F 

8 0 . 7  
82.4 
84.2 
86.2 
8 8 .  I 
90. I 
92. I 
94.1 
960 1 
95.1 

i O O . 1  
102.1 
104.1 
1os.i 
108.1 
11001 
112. I 
114. 1 
116. I 
118.1 
120.1 
122.1 
124. I 
125. i 
128.1 
130. I 
132. I 
134.1 
136. I 
135. I 
140. I 
142.1 
144. I 
146.1 
148. I 
150.1 
152. i 
154. I 
156. I 
158. I 
160.2 
161.9 
163.7 
165.9 
168. 0 
168.9 

GAS 
0209 
e 2 1 5  
e220 

226 
-232 . 237 . 243 
0248 . 254 
e259 

265 
e271 

277 
e 2 9 2  
e288 
e294 
e300 
e307 
,313 
319 

0 326 
,333 
,340 . 347 
,355 . 362 
e370 . 379 
s 387 . 397 
.COS 
e416 
0427  
, 4 3 8  

. 463 
e477 
0492 
0509 
.52!9 
e551 
e578 
060 3 
,646 
s 666 
m 6 8 9  

.45 0 

DENS ITY-LBMICF 
WATEQ VbPCQ ROCKS 
0.000 0 0 0 0 0  e257 
o.oao 0 0 0 0 0  ,250 
O e O O O  0.000 - 2 6 1  
0.000 0 0 0 0 0  0272 
O I O O O  0.000 ,283 
0 , 0 0 0  0.000 e 2 9 4  
0,000 o.ooo 0306 
0 0 0 0 0  0 0 0 0 0  0318 
0 0 0 0 0  0 0 0 0 0  0331  
9 .000 0.000 e 343 
0.000 0.000 0357 
n.ooo 0.000 0 3 7 0  

O e O O O  0 . 0 0 0  .399 
n o o o o  0 .000 0415 
r J c 0 0 0  0 0 0 0 0  0431 
0 0 0 0 0  0.000 ,449 
0.000 0 0 0 0 0  0567 
0 0 0 0 0  0.000 0486  
O ~ U O O  0.000 0506 
0 . 0 0 0  0.000 e528 
rJ,ooo 0 0 0 0 0  ,550 
0.oou 0.000 rn 575 
0.000 0.000 0 6 0 1  
0 , 0 0 0  0.000 0630 
0.000 0.000 ,659 
0 0 0 0 0  0 0 0 0 0  ,694 
o * o o o  0.000 0728 
0 . 0 0 0  0 0 0 0 0  e770 
o.uo0 0 0 0 0 0  0812 
0.000 0.000 0864 
0,000 0.000 e916 
0.000 0 0 0 0 0  e983 
0,000 0 0 0 0 0  1 0 0 4 9  
0.000 O e O O O  1.141 

0 . 0 0 0  0.000 8385 

01000 0 0 0 0 0  18230 
0.000 O o O U O  1.365 
0.000 0.000 1.493 
0 0 0 0 0  O e O O O  1 0 7 1 4  
O * O O O  0.000 1.926 
O e O O O  O o O t O  2.377 
0 .000  0 0 0 0 0  t, 2.823 
O e O O O  0.000 4.980 
0 .000  0.000 1.585 
O e O O O  0.000 1.728 
0,000 0,000 1.908 

VELOCITY-FTISEQ ROCKS 
G A S  

39.7 17.0 
400 9 18.5 
39. R 17.7 
38.8 17.0 
37.9 16.4 
37.0 150 7 
36.2 15.1 
35.4 140 6 
3406 14.0 
3 3 0 8  13.5 
33.1 13.0 
320 4 120 5 
3108  1 2 - 0  
310  I 110 6 
300 5 11. 2 
290 8 100 7 
29.2 I O *  3 
28.6 9.9 
280 i 9.5 
27.5 9.2 
26.9 80 0 
26.4 8. 4 
25.8 8.1 
25.3 7.7 
24.8 7.4 
2 4 0  2 7 - 0  
23. 7 687 
23.2 60 4 
22.7 6.0 
220 I 5. 7 

21.1 5.1 
20.6 4. 7 
200 0 4c 4 
19.5 40 1 
19.0 30 8 
18.4 3e4 
17.8 30 1 
170 2 2.7 
16.6 20 4 
15.9 It 9 
15.2 1- 6 
14.6 09 
16.6 3.7 

3. 4 16. 1 
15.5 30 1 

- 

21.6 50 4 

L, B TIME = 10.000 D A Y S  ITERATIONS = 2 
CONDfTIONS SINCE LAST T I M E  STEP: 

FLOW RbTE = 0. SCF/MIN CIRCULATION DEPTH 9 0 0 0 .  F T  
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T E M P E R A T U R E  D I S T R I  B U T I O N  

. 
PADIAL P O S I T I O N S ,  FEET 

OEPTHW FT e l  03 b 8  1.5 

0. 
200 .  
4008 
6 0 0 .  
8 0 0 .  

1 0 0 0 .  
1209. 
140 0 
1 6 0  0. 
1 8 0 0 .  
2 0 0 0 .  

2 4 0 0 8  
2600.  
2 8 0 0 .  
3000. 
320 0 
3400. 
3 6 0 0 .  
380 0 

2200.  

4000. 
4200. 
4400s 
460 0. 
4800. 
5 0 0 0 .  
5200. 

5 6 0 0 .  
5800 .  
6000.  
6200.  
6400-  
6600 .  
680 0 
7000 .  
72000 
74000 
7 6 0 0 0  
7 8 0 0 0  
8 0 0 0 .  

54008 

8 2 0 0 .  
64000  
8 6 0 0 0  
8800 .  
9000.  
920 0 . 
9400. 

80.1 d 0 . i  80.0 
81.8 92.0 82.  I 
83.7 83.9 84.0 
85.6 85b9 860 0 
67.6 87.9 R S . 0  
89 .6  89.9 909 0 
91.6 91.8 92.0 
93.6 93.8 94.0 
95.6 '35.6 96,  0 
97.6 97.4 98.0 
99.6 99.8 100.0 

l O l c 6  101.8 102.0 
103.6 103.8 104.0 
105.6 105.9 106. 0 
107.6 107.8 ion .  0 
109.6 109.8 110.0 
111.6 111.9 112.0 
113.6 113.5 1148 0 
115.6 115.8 116.0 
117.6 l f 7 . 9  I i S . 0  
1 1 9 * 6  119.9 120.0 
121.6 121.9 122.0 
123.6 123.9 124.0 
12 5.6 125.9 126.0 
127.6 127.9 129.0 
129.6 129.9 1 3 O e O  
131.6 131.9 132, 0 
13306  133.9 134.0 
135.6 135.9 136. 0 
137.6 137.9 138.0 
139.6 1 3 9 0  9 1400  0 
141.6 141-9 142.0 
L43.6 143.9 144, 0 
145.6 145e9 146s 0 
147.6 147.9 1h8.0 
149.6 1 4 9 c 9  1 5 0 . 0  
151.6 151.9 152.0 
153.6 153.9 1 5 4 0  0 
155.6 155.8 156.0 
157.6 157.8 158.0 
159.6 I 5 9 0 9  160.0 
161.5 161.8 162.0 
163.4 163.7 163.9 
165.5 165.8 166.0 
167.6 167.8 168.0 
16 9. 2 169.6 1690 9 
172.0 172.0 172.0 
174.0 17400 1 7 4 0  O 

ao. o 
82.1  
84 .0  
86. 0 
as. 0 
90.0 
92. 0 
94.0 
9 6 . 0  
98.0 

100.0 

104.0 
106-0 
l O R 0 O  
110.0  
112.0 
1149 O 
116.0 
110.0 
120.0 
122.0 
124, 0 
126.0 
128. 0 
13000 
132.0 
134.0 
136.0 
2 3 8 . 0  
140. 0 
542.0 
144.0 
146. 0 
148, 0 
150.0 
152.0 
154.0 
1 4 6 -  0 
1 5 8 . 0  
160.0 
162. 0 
164.0 

102. 0 

166.0 
168. 0 
170.0 
1720 0 
1 7 4 e O  

2 .7  

80 .0  
828 I 
84. o 
86, 0 
88.0 
90.0 
92.0 
94.0 
96. 0 
98. 0 

1 0 0 . 0  
102.0 

106.0 
1 0 8 . 0  
110,o 
112.0 
1 1 4 - 0  
116.0 
118.0 
120.0 

124, 0 
126.0 
1280 0 

1048 0 

122.0 

13080 
I 3 2 0  0 
134.0 
136.0 
136.0 
140.0 
142.0 
144.0 
146. 0 
148.0 
150.0  
152.0 
154.0 
156.0 
1 5 8 0  0 
160, 0 
162.0 
164.0 
166. 0 
168.0 
170 .0  
172.0 
174.0 

5 0 . 0  

80.0 
82.0 
84.0 
86.0 
5 8 . 0  
9 0 . 0  
92.0 
94.0 
96.0 
98. 0 

100.0 
102.0 
1048 0 
106.0 
108.0 
110.0 
11200 
114. 0 
1168 0 
118. 0 
i z o .  0 
122.0 
124. 0 
126.0 
1 2 8 - 0  
1308 0 
132.0 
134. 0 
136.0 
138.0 
140.0 
i 4 2 m  0 
144, 0 
146.0 
148. 0 
150.0 
152.0 
154.0 
156.0 
158, 0 
16ac0 
162- 0 
164.. 0 
1 6 6 e  0 
168.0 
17 00 O 
172m0 
17b0 



G A S  S M I S T  D R I L L I N G  

DEPTH 
FT 

0. 
200. 
400. 
600. 
800. 

10000  
1 2 0 0 .  
14000  
16'0 O 
1800. 

2200.  
2400. 
26000  
2800.  
3000. 
3 2 0 0 0  
3400- 
3600- 
3800. 
4000. 
4 2 0 0 0  
44000 
46000 
4 8 0 0 .  
5 0 0 0 0  
52000  
54000 
5600. 
58000 
6000. 
6200, 
6400. 
6600-  

2 0 0 0 .  

6800. 
7000. 
7200-  
74000 
7600- 
7 8 0 0 0  
80000 
% Z O O *  
8400. 
8600. 
8800. 
9000. 

F L O W 1  

PRESSURE 
PSI A 

14.8 
14.9 
15. 0 
15.1 
150 2 
150 3 
350 4 
15.5 
15.6 
150 7 
15.8 
1s. 9 
16.0 
16.1 
Sfio 3 
I60 4 
16.5 
16. 6 
I 6 0 7  
16. 8 
16. 9 
17.0 
I 7 0  1 
170 2 
17.3 
i7. 5 
170 6 
170 7 
17.8 

18.0 
i80 i 
38.2 
t8.4 
18.5 
18. 6 
18.7 
18.8 
I 8 0  9 
190 0 
19.2 
19.3 
19.4 
190 5 
19.6 

140 7 

if0 9 

N C  S T R E A M  P R C P E R  

T U B I N G  

TEMP 
F 

5 0 0 1  
81.8 
83.7 
85.6  
8 7 . 6  
89.6 
91.6 
930 6 
950 6 
97.6 
99.6 
10 i o  6 
103.6 
105.6 
107.6  
109.6 
111.6 
113.6 
1is.s 
117.6 
119.6 
121.6 
1230 6 
125.6 
127.6 
129.6 
13106 
133.6 
135.6 
137.6 
139.6 
141.6 
1430  6 
145.6 
14706 
149.6 
15106 
15306 
155.6 
15706 
159.6 
161. 5 
163.4 
1650 5 
16706 
169.2 

GAS 
.a73 
0 074 
.074 
0 074 
0 074 
0075 

0 075 
075 

0 076 
0 075 

075 
0 076 

077 
e 077 . 077 
-077 
,078 

078 
078 

0078 
078 

0079 
0079 

079 
0 079 
0080 
0080 
0080 
, 0 8 0  

083. 
0 0 8 1  
0 0 8 1  
e 0 8 1  
e082 
e082 
,082 
0082 
0081 
0 Oft3 
0083 
.083  
,083 
0084 
0 O R 4  . at34 
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WATER 
0 0 0 0 0  
0 . 0 0 0  

00  0 0 0  
0 0 0 0 0  
0 0 0 0 0  
00 0 0 0  
0 , 0 0 0  
0 0 0 0 0  

0.000 
00000 
0 * 0 0 0  
00000 
0.000 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 .000 
0 . 0 0 0  
0 0 0 0 0  
0 .000  
0 .000  
0 . 0 0 0  
0.oou 
O O b O O  
0 , 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0.000 
0 . 0 0 0  
0 .000  
0 0 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
Q e  0 0 0  
01 0 0 0  
O t  0 0 0  
0 ,000  
0 .000 
0 .000  
0 0 0 0 0  
0. 0 0 0  

0 , 0 0 0  

0. u a o  

V P P O R  
0 0 0 0 0  
0 .000 
o * o o o  
0 .000  
0 . 0 0 0  
0.000 
0.000 
0.000 
0.000 
0.000 

0 0 0 0 0  
0 .000 
0.000 
0 .000  
O.Obt3 
0 .000 
0.000 
0 . 0 0 0  
0.000 
0.000 
0.000 
0 .000  
0 . 0 0 0  
0 0 0 0 0  
O t O O O  
0 .000 
0 .000 
0 0 0 0 0  
0 .000 
0 . 0 0 0  
o e o o o  
0 .000 
0 0 0 0 0  
0.000 
O t O O O  
0 .000 
o e o o o  
0.000 
0 0 0 0 0  
0 .000  
0.000 
0 .000 
o c o o o  
0.000 
0 .000  

0 .000 

T I E S  

VELOCITY 
FT/SEC 

0.0 
0.0 
000 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
00 0 
0.0 
0.0 
0 0 0  
0.0 
000  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 0 0  
0.0 
0.0 
0 0 0  
0.0 
0.0 
0 0 0  
0 0 0  
0.0 
0 0 0  
0 0 0  
0.0 
0 0 0  
0 0 0  
0 0 0  

0. 0 
0.0 
0 0 0  
0 0 0  
0.0 
0.0 
0 0 0  

0.0 

. 
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A N N U L U S  

DEPTH 'u FT 
0. 

200.  
400.  
6 0 0 .  
ROO. 

1000. 
1200. 
1400. 
1 6 0 0 -  
i f t o o .  
2000. 

2400. 
2600. 
2800.  
3000. 
3200.  
3400. 
3600. 
3500 ,  
4 0 0 0 .  
4200.  
4400. 
4600. 
4 8 0 0 .  
5 0 0 0 .  
5200.  
5400. 
5 6 0 0 1  
5800. 
6000. 
6200. 
6 4 0 0 0  
,66 0 0 
6800.  
7000 .  
7200. 
7400.  
7600. 
7800. 
8 0 0 0 *  
8200. 
8400. 
8600,  

e 8 8  00. 
9 0 0 0 .  

. 

2201). 

PRESSURE 
PSI A 
14.7 
14.8 
14.9 
35. 0 
150 1 
1 5 s  2 
15.3 
15.4 
15.5 
15.6 
15.7 
15. 8 
15. 9 
16.1 
16.2 
16.3 
16.4 
16.5 
16.6 
16.7 
16.8 
16.9 
17.0 
170 1 
17.2 
17.4 
1 7 - 5  
1 7 s  6 
17.7 
17.8 
17.9 
28.0 
18. 1 
18.2 
18.4 
180 5 
18.6 
18.7 
18. 8 
18. 9 
19.0 
19.2 
19.3 
19.4 
19.5 
19.6 3 

TEMP 
F 

80. i 
82.0 
83.9 
85.9 
87.9 
$9.9 
91. 8 
93, R 
95.  8 
97.8 
99.8 

101.8  
103.8 
105.9 

109.8 
l l l m 9  
113 .8  
IiS. 8 
1 I7 .9  
i i 9 . 8  
121.8 
1 2 3 . 9  
i 2 5 . 9  
1 2 7 . 9  
129. 9 
131.9 
133.9 
135.  9 
137.9 
139.9 
l .41*9 
143.9 
145. 9 
147.9 
143. 9 
151.9 
153.9 
1%. 8 
157.8 
159.9 
161s 8 
1 6 3 . 7  
165.8 
167.8 
f69.6 

107.8 

DENS ITY-LBMICF 
C4S WATER VAPOR 

, 0 7 4  0.000 0 1 0 0 0  
,074 0.000 O s 0 0 0  
e074 0 , 0 0 0  0,000 
0074 0 ,000  0.000 
,074 0 .000  0.000 
.d75 0 . 0 0 0  0 .000 
a075 0 ,000  0 .000 
0075 0.000 0.000 
,075 0.000 01000  
,076 0 , 0 0 0  0.000 
a076 0 .000  0.000 
0076 0 . 0 0 0  0 .000 
0076 O o O O O  0.000 
0077 O o O O O  0.000 
8077 0 . 0 0 0  0.000 
a077 0 . 0 0 0  0.000 
- 0 7 7  0 . 0 0 0  0.000 
so78 O * O O O  0 .000 

,078 0 . 0 0 0  0.000 
0078 O o O O O  0.000 
go79 0.000 0.000 
e079 0 .000  O o O O O  
0079 O = O O O  0 0 0 0 0  

- 0 7 8  o , o a o  n.oao 

-079 O.D 'OO O e O O O  
. o n  o.aao  o.oaa 
0 0 8 0  O o O O O  O b 0 0 0  
0080 0 ,000  0 .000  
0080 0.000 0.000 
8080 o.uo0 0 .000 
. O B I  0.000 0 1 0 0 0  
0081 0.000 0.000 

0 0 8 2  0 ,000 0.000 
e082 0 .000  01000 
.082 0.000 O I O O O  
,082 0.000 0.000 
o Q 8 2  0 0 0 0 0  01000  
0082 0.000 0.OdO 
a 0 8 3  O o O O O  0 - 0 0 0  
,083 0.000 0.000 
0083 0.000 0.000 
0083 0 .000  0 .000  
0084 O e O O O  0 .000 
a 0 8 4  0.000 0.000 
on84 O e O O O  0 .000 

.OBI o,aoo 0.000 

ROCKS 
0 .000  
0.000 
0.000 
0 .000  
0.000 
0.000 
0.oou 
o c o o o  

0.000 
0.000 
0 .000  
0 .000 
0.000 
0 . 0 0 0  
0 .000  
0 .000  
0.000 
0.000 
0.000 
0 .000 
0 .000  
0 . 0 0 0  
0 .000  
0.000 
0 .000  
0 .000  
0 . 0 0 0  
0 .000  
0 .000  
0 .000  

0.000 
0.000 
0.000 
O I O O O  
0 .000  
0 . 0 0 0  
0 .000 
0.000 
0.000 
0.000 ' 

0.000 
0 .000  
0.000 
0.000 
0 .000  

0 ~ 0 0 0  

VELUCITY-FTISEC 
GAS ROCKS 
0.0 0.0 
0 - 0  0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 o e  0 
0.0 0. 0 
0.0 0.0 
0.0 0.0 
0.0 00 0 
0. 0 0. 0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0. 0 0. 0 
0.0 0.0 
0.0 0.0 
0.0 0. 0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0. 0 0. 0 
0 .0  0.0 
0.0 0.0 
0. 0 0. 0 
0.0 0.0 
0. 0 0.0 
0.0 0.0 
0.0 o m  0 
0.0 0.0 

0.0 0.0 
0.0 0.0 
o e  0 o m  0 
0 1 0  0.0 
0.0 0.0 
0. a 0- 0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 08 0 
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TABLE 4.16 Input Data for Sample Problem 8 

SAMPLE PROBLEM 8: MIST DRILLING 
'WBING',l 

'-CASING' ,1 
1,8.921,9,625,100. ,100. 
'WELLBORE' ,O. ,9000. ,9000. ,O. ,20. 
'TEMP' ,80. ,170. ,105.,2500. 
'FLUIDS', 2 

2,9.25,10., 3. 
' INITIAL', 2,2 
'CHANGE' ,7,0,1,80. ,1028. ,2. 
' GAS ' ,40. 
'DRILL' ,1,10. ,1800. 

'CHANGE' ,7,0,1,80. ,1230. ,4. 

'DRILL',0,10.~3600. 
'CHANGE' ,8,0,1,80. ,2000. 8 6 .  
'GAS' ,115. 
'MIST',1.4 
'DRILL' ,0,10. ,5400. 

'GAS' ,120. 
'MIST' ,1.4 
'DRILL' ,0,10. ,7200. 
'CHANGE',8,0,1,80.,2400.,10. 
'GAS' ,140. 
'MIST',l.4 
'DRILL' ,0,10. ,9000. 

1,4.408,5. #9000. 10. 

1,8.330,1.r0. 

'BHA',600.,6. ,2.5,8.75, 075,075, 075 

' G A S '  ,55. 

'CHANGE' ,8,0,1,80. ,22000 88. 
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Tabte 4.17 Output Data for SamDfe Problem 8 .  

SAMPLE PROBLEH P a t  HfSf D R I L L I N G  

T U S I N C  C O N F I G U R ~ T I O N  
TUBING I D I I N e  O D I T N e  TOPsFTo BASEwFTo CEflENTrFTo 

1 4.40~ 5 . 0 0 0  0. 9 0 0 0 0  0.0 

C A S I N G  P R O G R A V  
C 4s XNG XDr I N  009 I N  OEFfHr FT CEMENT INTERVALI Ff 

1 8.921 9,625 1 1 0 .  1 0 0 .  

W E L L  G E O Y E T R Y  

TOT4L DEPTH= 9000.  FT. 
@ORE DIAMETER= 2u.oou IN. 

W E L L S O R E  F L U I D  P R O P E R T T E S  

FLU10 TYPE NO. i 

T)ENSITY= 8 . 3  L R Y / G h L  
P L A T T I C  V I S C O S I T Y =  10 C E N T I P C I S E  
Y r E m  POINT= 0. L B F ' / I O ~ I F T ~  

D E N S f T Y =  9.3 LBHIGAL 
PLASTIC v rscosnY= i o .  CENT I P O X X  
YIELD POINT= 3 .  L @ F / I O O F T 2  

W E L L B O R E  I N X T I Q L  S T A T E  

F L U I D  t 2 IN TUBING L TUQfNG 8 N H U C U S  
FLUID C 2 I N  C A S I N G  - CASING l N N U t T  

L 
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S E T  V A R I A B L E S  A T T I M E =  0.000 O P Y S  
FLOWTNG OPTION = FORWARD CTRCULATION 

AIR INJFCTED I N T O  TUBING 
INLET TEMPERATUR€= 80. F 
FLOW 911TE = 1028, SCFtMIN 

W 

* TIME TO CHANGE DATA = 2eDOO OAYS 
DEPTH TO CHANCE D A T A  = 1800. F T  
CLRCULATTON TIME PE'? DAY = 10.0 HRS 

c 

B O T T O M  HOLE ASSEMBLY t 
DRILL C O L L A R S %  

ORILL B f T I  
LENGTH= 6 0 0 1  FTI T . D t =  2.500 IN, 0000= 6 . 0 0 0  SN 

OIAHETER= 8 .750  XN9 NOZZLE STZES= 0750 - 7 5 0  ,750 I N  

CHOKED FLOW: STANDPTPE PRESSURE INCREASE0 T O  72 .1  P S I  

CHOKED FLOW: STANDPIPE PRESSURE INCREASED TO 64.3 PSI 

CHOKED 'FLOW: STANDPIPE PRESSURE I N C R E A S E D  TO 7 5 0 4  PSI 

CHOKED FLOW8 STANDPIPE PRESSURE INCREASED TO 8 3 . 4  P S I  

TIHE = 1.417 o w s  ITERATIONS = 3 
CONDITIONS SINCE LAST T I M E  STEPZ 

FLOW RATE =1028r S C F I M I N  C f R C U t d T f O N  DEPTH = 1800 .  FT 

T E M P E R A T U R E  D I S T R I B U T I O N  

R A D I A L  POSIT IONS,  FEET 
DEPTH, FT .I e 3  a 8  1.5 2.7 5 0 . 0  , 

0. 
200 .  
4 0 0 ,  
6 0 0 -  
8 0 0 .  

i o t t o .  
l Z 0 U .  
1400. 
i6Dp 
1800.  
2D00. 
2200. 

I 

8 0 8 0  80.6 80.0 80.0 
81.4 82.3 82.1 82. I 
83.2 84.1 84.0 84. O 
85-1. 86.2 868 O 80.0 
8 7 0 2  88.3 88.1 98.0 
89.2 Q O . 0  90,O 90.0 
91.1 91.7 9 1 e 8  92.0 
93.2 94.0 94.0 94.0 
95.4 96.2 9 S e  0 95.0 

io000 100,u 100.0 100. 0 
102.0 1 0 2 . 0  5 0 2 1 0  102.0  

96.9 97.2 97.6 98. u 

800  O 
82.0 
840.0 
86.0 
88.0 
908 0 

940 O 
96.0 
988 0 

1 0 0 . 0  
102.0 

92.0 

80. 0 
8280  
54.0 
66.0 
88 .  0 
90. 0 
92.0 
94. 0 
968 0 
98 .0  

100 .0  
1 0 2 ~  0 

-105- 



DEPTH 
FT 

O m  

2 0 0 .  
400.  
600 .  
R O O m  

1 O O O m  
1 2 O O m  
14UOm 
1 6 0 0 ,  
1 6 0 0 m  

G A S  S. M I S T  O Q I L L X N G  
F L O W I N G  S T R E A M  P R O P E R T I E S  

PRESSURE 
PSTA 
83.4  
83.5 
83.7 
830 8 
84.0 
84.1 
8 4 - 3  
75.6 
6 6 . 3  
5 5 0 2  

DEPTH PRFSSURE 
FT P S I  A 

O m  29. R 
200. 31- 7 
4 0 0 .  33.6  
6 0 0 .  35.7 
8 0 0 ,  38m3 

100Om 41.1 
1 2 O O m  43.0 
1400.  48m 4 
1600 .  510 5 
i 8 0 0 m  55.2  

TEMP 
F 

80.0 
81- 4 
8 3 . 2  
8 5 0  1 
87.2  
89.2 
91.1 
93.2 
95.4 
96.9 

TEMP 
F 

80.6 
82.3 
84m 1 
8 6 . 2  
8 8 . 3  
9 0 0  0 
91.7 
94 .0  
960 2 
970  2 

T U B I N G  

DE hS I T  Y- L R M /  CF 
GAS WATER VAPOR 

0417 O = O O O  O m O O O  
0417 0,000 0,000 
0416 0 m O O O  O m O O O  
0415 O m O O O  0.000 
e414 0.000 O m O O O  
0414 0,000 0 0 0 0 0  
,413 o.oao 0 ~ 0 0 0  
0369 O m 0 0 0  O m O O O  
0323 O m O O O  O m 0 0 0  
- 2 6 7  0,000 O m O O O  

VELOCITY 
FT/SEC 

29.6  
29.6 
2 9 . 7  
2 9 . 7  
29.8 
29-9 
29.9 

103.9 
1 I 9 o O  
143.5 

A N N IJ L U S 

D E N S I f Y - L B M / C F  
G A S  WATER VAPOR ?OCKS 

e 1 4 9  O m O O O  O m O O O  ,821 
e l 5 8  0,000 O m O O O  a 8 0 0  
0166 O m 0 0 0  0 0 0 0 0  a956 
- 1 7 6  O e O O O  O m O O O  l a 2 0 8  
e 1 5 9  0 . 0 0 0  0 . 0 0 0  l a 6 0 8  
a201 O m O O O  O m O O O  2 , 9 6 4  
e 2 1 0  0 . 0 0 0  O m O O O  7 ,250  
0235 O m O O O  O m 0 0 0  1,385 
e 2 5 0  0 m O O O  0*000 10738 
0267 0,000 0,000 2.354 

VELOCITY -FT /SEC 
G A S  Q O C Y S  
32.2 5.3 
31.9 5 m 8  
300 2 4.8 
2 8 . 5  3m8 
26 .7  2m9 
2 5 0  0 l a  6 
24.0  06 
25 .6  4 - 3  
24.1 3.4 
2 2 0 5  2 m  5 

11 
* 

- -  

TIME = 2 m O O O  DAYS ITERATIONS = 2 
CONDIT?ONS SINCE LAST TIME STEP: 

FLOW RATE = O m  SCFiMIN CIPCULATION DEPTH = 1800. FT 

T E H P E R A T U R E  D I S T R I B U T I O N  

P A l 7 T A l  POSITIONSr FEET 
DEPTH9 FT m i  e 3  a 8  l m  5 2 0 7  

20  
4 0  
60  
80 

100 
120 
140 
16 0 
is0 
200 
220 

0 0  
O m  
O m  

O m  

O m  

O m  

0. 
O m  

O m  

O m  

O m  

O m  

80.1 
81.8 
83 .7  
8 5 . 6  
8 7 . 7  
89.6 
91.5 
9 3 0 7  
95.8  
9 7 . 3  

I O O m O  
102 .0  

80m1 
82mO 
8 3 - 9  
85.9 
87.9 
R 9 m 9  
91m9 
93.9 
95.9 
97.7  

I O O m O  
102.0 

8 0 . 0  
8 2 . 0  
84. 0 
86.0 
8 8 , O  
9 0 - 0  
92.0 
94.0 
9 6 m O  
98 .0  

1 o o e o  
1 0 2 m O  

8 0 m O  8 0 . 0  
8 2 0 0  82.0 
84. O 8 4 8 0  
86. 0 86.0 
88.0 88.0 
9 0 . 0  90-0 
92.0 92.0 
9 4 0  0 94.0 
96.0 96.0 
98.0 98-0  

100.0 i O O m 0  
102.0 10200 

50m0 

6 0 . 0  
82 .0  
9 4 -  0 
86.0 
88.0 
9 0 *  0 
92.0 
94.0 
96.0 
898m 0 
10 O m  0 
102m0 

J 
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G A S  b M I S T  D R I L L I N G  
F L O W I N G  S T R E A M  P R O P E R T I E S  

W 
T U B I N G  

* DEPTH PRESSURE 
FT P S I  A 

0. 14.7 
200. - 14.8 
40 0. if+. 9 
6 0 0 .  15.0 
8 0 0 .  15.1 

1 0 0 0 .  15.2 
1 2 0 0 .  15.3 
L400e 15.4 
1600 ,  15 .5  
1 8 0 0 .  15.6 

* 

DEPTH 
FT 

0. 
2 0 0 .  
4011. 
6 0 0 ,  
R O ( 3 .  

1 0 0 0 .  
1 2 0 0 ,  
1 4 0 0 .  
1 6 0 0 8  
1 8 0 0 .  

1 

PRESSURE 
P S I A  
14.7 
14.8 
540 9 
15.0 
15. I 
15.2 
15.3 
1 5 . 4  
15. 5 
15.6 

TEMP 
F 

80.5 
81.8 
63.7 
85 .6  
87.7 
89. 6 
91.5 
93.7 
95.8 
97.3 

DE N S I T  Y - L B N I C F  
CAS WATER VbPOR 

a074 rl.000 0,000 
,074 0 . 0 0 0  O o O O O  
0074 0 . o o u  0.000 
e074 0.000 0.000 
0075 0 8 0 0 0  0 .000 
, 075  0.000 0.000 
.?I75 0 8 U O O  O I O O O  
,075 0 , 0 0 0  0 ,000  
e 0 7 6  0 . 0 0 0  O.0D5 

- 0 7 3  0 . 0 0 0  o.000 

TEMP 

80.1 
82.0  
83.9 
85.  9 
87.9 
89.8 
91.8 
93 .9  
95.9 
97.7 

F 

A N N U L U S  

CAS . 074 
0074 
e 074 
074 
074 

* 075 
075 
0 7 5  
075 . 076 

D E N S f T Y - t @ M / C f  
WATER VPPOR 
0 . 0 0 0  0 , 0 0 0  
0.oou 0.000 

0 , 0 0 0  0 .000 
0 , 0 0 0  0 .000 
0 , 0 0 0  0 0 0 0 0  
0 .000  o.ou0 
0 . 0 0 0  0 . 0 0 0  

0 .000  0 ,000  

n.ooo o.ooo 

0 ,000  0.000 

VEL O C I T  Y 
FT/SEC 

0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

ROCKS 
0.000 
0.000 
0.000 
0.000 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
O t O O O  

VELOCIT Y-FT/SEC 
G A S  ROCUS 
0.0 0.0 
0.0 0. 0 
0.0 0.0 
0.0 0.0 
0.0 o m  0 
0 .0  0- 0 
0.0 0.0 
0.0 0.. 0 
0.0 011 0 
0 ,o  o m  0 

S E T  V A R I A B L E S  A T T I M E =  2.000 o m  
FLOWING OPTION = FORWARO CIRCULATION 

A I Q  INJECTEO INTO TUBING 
INLET TEMPERATURE= 80. F 
FLOW RATE = 1230 .  SCF/MfN 
TTME TO CHANGE OATd = 4 . 0 0 0  DAYS 
DEPTH TO CHANGE DATA = 3 6 0 0 ,  FT 

ULATION TIME PEP DA 

OM HOLE ASSE 
D R I L t  COLLARS8 

DRILL B I T S  
LENGTH= 6 0 0 8  FTs Ne U . D o =  6 . 0 0 0  I N  

* ETER= 8.750 .75o ,750 . n o  IN 

CHOYEn FLOWt STANDPIPE PqESSURE INCREASED T C  65.4 P S I  .. 

CHOKED FLOW2 STANOPfPE P R E S W R E  INCREASED TO 93.9 PSI W 
CHOKED FLOW: ST4NDPTPE PRESSURE INCREASED T@ 99.0 PSI 



T I H E  = 3,417 DAYS ITERATIONS = 3 
CONDITIONS SINCE LAST T I H E  STEP: 

FLOW RATE =1230.  SCF/MTN C T R C U L B T I O N  GEPTH = 3600 .  Ff 

T E Y O E R A T U R E  O T S T R T B U T I O N  

PAOIAL POSITIONSI FEET 
DEPTHS FT .l 03  a 8  I *  5 2.7 

0. 

400. 
60 08 
8 0 0 .  

11100. 
1200. 
1400. 
1 6 0 0 .  
1800. 
2000. 
2200. 
2400,  
2600. 
2 8 0 0 .  
3000. 
3200. 
3400. 
360 0. 
3800. 
4000. 

2 0 0 .  
R O . 0  

8 3 . 1  
85.0 
87.0  
89.0  
91.0 
93.0 
95.0 
97.0 
99.0 

io1.0 
103.0 
105.0 
107.  0 
1 0 9 . 0  
ill. I 
11383 
114. R 
118.0 
120.0 

81.4 
90.5 
92.3 
84.2 
86.1 
98.1 
90.1 
92.1 
04. f 
96.1 
98. I 

100.1 
102. i 
104.1 
106.1 
108.0 
109.8 
112.0 
114.1 
115.2 
114.0 
12000 

80 .0  
826 2 
86.1 
668 1 
88.1  
90.1 
92. I 
9 4 . 1  
96.1 
9 8 . 1  

100 .1  
102.0 
i04.0 
1 0 6 . 1  
108.0 
109.9 
112. 0 
51400 
115.6 
118.0 
120.0 

80.0 
82.1 
84.0 
860 0 
58 .0  
90.0 
92.0 
?4. 0 

98.0 
i O O . 0  
102.0 
104.0 
106, 0 
1 O R . O  
110.0 
1 1 2 . 0  
134.0 
116.0 
118,O 
120.0 

968 0 

80.0 
82.0 
84.0 
8 6 . 0  
88.0 
900 O 
92.0 
940 0 
96.0 
98.0 

100.0 
102.0 
104, 0 
106.0 

110.0 
112.0 
114.0 
116.0  
118.0 
120.0 

1oa.o 

G A S  !i M I S T  D R I L L I N G  
F L O W I N G  S T R E A M  P R C P E R T I E S  

T U B X N G  

DEPTH 
F T  

0. 
20 0. 
400. 
6000  
800. 

1000. 
1200 .  

1 6 0 0 .  
i8OOt 
2000.  

2 4 0 0 0  
26UOe 

i 4 a o .  

2200. 

2900, 
3 0 0 0 -  
3200. 
3400. 
3 6 0 0 .  

PRESSURE 
PSIA 
99.0 

99.3 
99.5 
998 6 
99.8 

500.0 
1 0 o . i  
100.3 
100.4 

990 1 

100.6 
100.7 
i oo .9  
101. 0 
101.2 
101.3 

900 7 
79.2  
65.3 

4 

TEMP 
F 

8 0 s  0 
8 1 m  4 
83.1 
85.0 
87.0 
89.0 
91.0 
93.0 
95.0 
97.0 
99. 0 

101.0 
103.0 
1 0 5 . 0  
10780 
1 0 9 0 0  
Ill. I 
113.3 
114 .8  

DENS I T  Y-LBM/ CF 
CAS WATER V P P O R  

.495 0 . 0 0 0  a.ooo 
0495 O e O O O  O o O O O  
0494 00000 o * o o o  
,493 0.000 0.000 
0492 0 .000  01000 
0491 08000 0.000 
,490 0.000 0.000 
8489 0 , 0 0 0  O * O O O  
,486 0 0 0 0 0  0 0 0 0 0  
,487 0.000 0.000 
,486 0 0 0 0 0  0 .000 

,484 0.000 0.000 
-4R3 O.0OU 0.000 

,461 0.000 0 0 0 0 9  
0429 O e O O U  0.0013 
0373 0 0 0 0 0  0.000 
0307 0 .000  0.000 

. a 5  0 .000  0 .000  

0482 0 8 0 0 0  o.of!o 

V E L O C I T Y  
FT/SEC 
29.8 
29-9 
29.9 
30.0 

. 30.0 
30.i 
30.1 
30.2 
30.3 
311.3 
30.4 
30.5 
30 .5  
30.6 
30.6 
30.7 

107.1 
123.1 
14906 

. 
5 0 . 0  

50.0 
82.0 
840 0 
86. 0 
88. 0 
90.0 

94.0 
q 6 r  0 
9 8 . 0  
10 00 0 
102.0 
104. 0 
106.0 
10r.0 
110.0 
112.0 
114. 0 
116- 0 
11800 
120.0 

920 0 

L 
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A N N U L U S  

00 
2 0 0 ,  
4 0 0 ,  
6 0 0 0  
R O O *  

1 O O O a  
12OOa 
1400- 
1 6 0 0 0  
1 8 O O a  

22000 
2400, 
2 6 0 0 0  
2 8 0 0 a  
3 0 0 0 .  
3200.  
3400. 
3600. 

2000. 

PRESSUSE 
PSI a 
270 6 
28.8  
30, I 
31. 5 
320 8 
34.2 
35.7 
37.2 
38.9 
& O m  6 
42. 5 
44.5 
46.8 
49.4 
52.6 
56.0 
6 0 s  0 
62 .6  
65.3 

TEMP 
F 

80 .6  
82.3 
84.2 
86.1 
88. 1 
9 O a 1  
920 1 
94,  I 
96.1 
98. I 
100.1 
1 0 2 . 1  
1 0 4 a l  
1 0 6 a l  
1 0 S e O  
1 0 9 . 8  
1 1 2 . 0  
1 1 4 a l  
115.2  

DENSITY-LRHICF 
GAS WATER VbPOR 

a137 0 0 0 0 0  01000 
a143 O e O O O  Om000 
a149 0 0 0 0 0  0 0 0 0 0  
a155 0 0 0 0 0  0 0 0 0 0  
0161 O a O O O  01000 
a168 0 0 0 0 0  0 .000 
a174 O a O O O  0 0 0 0 0  
a 1 3 1  Om000 U o O O O  
e l 8 8  Om000 O a O O O  
a196 0 . 0 0 0  Om000 
0204 0 . 0 0 0  O a O O O  
0213 O a O O O  0.000 
e224 00000 O a D O O  
8235 0 0 0 0 0  O I O O O  
e249 0 . 0 0 0  O a O O O  
a265 O e O O O  0 . 0 0 0  
,283 Om000 Om000 
e294 Urn000 0.000 
e 3 0 7  0.000 O a O O O  

ROCKS 
0 3 6 8  
a 3 5 7  
0 3 8 9  
0 4 2 5  
0463 
a507  . 556 
0614  
a680 
e764 
0 862 

1.000 
I o 1 7 1  
l o 4 6 4  
i . a a i  
3 0 3 6 1  
1.015 
l a 1 3 2  
1 0 2 8 1  

V E L O C I T  Y-FT/ SEC 
C a s  ROCKS 

39.9 110 9 
40.4 1 3 a O  
380 8 l l a  9 
37.2 1009 
35a8 1 0 0 0  

33a2 9.3 
310 9 7.5 
30.7 60 8 
29.5 6- 1 
28a3 5.4 
2 7 a l  40 6 
25.9 4.0 
24a6 3.2 
2 3 a 2  20 5 
21.8 1 . 4  
250  3 50 8 
24.3 5.2 
23a3 40 6 

34.5 90 1 

TIME = 4,000 DAYS ITERATIONS = 2 
CONDITIONS S I N C E  LAST TIME STEP3 

FLOW RATE = O m  SCFIMIN C I R C U L A T I O N  DEPTH = 3600, CT 

T ‘ E  Y P E R A T 0 R E 0 I S T R I B U . 1  I O  N 

R d D I A L  POSITIONS* FEET 
DEPTH9 F f  0 1  a 3  a 8  1.5 2a7 5 O a O  

00 
2 0 0 .  
400 .  
6 0 0 0  
800. 

1 O O O a  
1200;  
14000 
16000 
1 8 0 0 .  
2 U O O a  
2200. 
2400.  
2600. 
280 0 a 

3 0 0 0 .  
320Ua 
34000 
‘3600a 
380Oa 
4000a 

80 .1  
81.8 
83.7 
85.6 
87.6 
89.6 
91.6 
93.6 
95.6 
9 7 . 6  
99 .6  

101.6 
103.6 
1 0 5 7 6  
107.5 
104.5 

113 .7  
115.3 
118.0 
1 2 O a O  

111 .6  

8 0 0 1  
82.0 
83.9 
85.9 
87.9 
8909  
91.9 
S3.9 
95.9 
97.9 
991 9 

101.9  
103.8 
1 0 5 . 9  
107.8 
10908 
111.9 
113.9 
115.7  
118.0 
120.0 

8 0 1 0  
82.0 
‘840 0 
86.0 

9 0 0 0  
920  0 

88.0 

948 0 
960 n 
98.0 

l O O * O  
1 0 2 .  0 

106.0 
109.0 
I L O a  0 
112a 0 
114.0 
116aO 
118s 0 
1 2 0 0 0  

1 0 4 0  0 

80. O 

84.0 
860 0 
88. 0 
900 0 
92.0 
? 4 a  0 
960 0 
98aO 

1 0 0 0 0  

10400 
106. t 
508.0 
110.0 
11200 
1 1 4 . 0  
i 16.0 
1 1 8 a  0 
1 2 0 0 0  

82. o 

5 0 2 ~ 0  

80.0 
82.0 
84aO 
860 0 
888 0 
90.0 
92.0 
94.0 
96.0 
98.0 

1 O O a O  
1 0 2 0 0  
104.0  
1 0 6 a O  
108.0 
I l O a O  

1 1 2 a O  
1 1 4 . 0  
116aO 
i l 8 . O  
120.0 

80.0 
82. a 
84e 0 
86.0 
88.0 
900 0 
92.0 
9 4 . 0  
960 0 
98.0 

1 0 0 . 0  
1020 0 
1 0 4 0  0 
1U6.0 
1 0 8 0 0  
110,O 
112, n 
1 1 4 a  0 
i f 6 . 0  
1 1 0 0 0  
1 2 O a O  
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G A S  6 H T S T  O R I L L I N G  
F L O W I N G  S T R E A M  P R O P E R T I E S  

T U B I N G  

OEPTH 
FT 

0 .  
2 0 0 .  
400.  
6 0 0 0  
8 0 0 .  

1000, 
1 2 0 0 .  
1400. 
1 6 0 0 .  
1800. 
2 0 0 0 .  
2208. 
2 4 0 0 .  
2600. 
2800. 
3000- 
3200, 
3 4 0 0 .  
3600. 

PRESSURE 
PSI A 
14.7 
14.0 
1 4 s  9 
15.0 
1 5 s  i 
15.2 
15.3 
1 5 . 4  
15s 5 
15.6 
15.7 
15. R 
15.9 
1 6 s  1 
16. 2 
f6. 3 
16.4 
16.5 
160 6 

TEMP 
F 

80.1 
8 1 u  8 
83.7 
85.6 
B7.6 
89.6 
91.6 
93.5 
95.6 
97.6 
99.6 

193.6 
10 5.6 
107.5 
109.5  
l i I . 6  
113.7 
115e3 

101.6 , 

DENS I T  Y-LB M I  CF 
GBS WaTER VePOR 

a073 0 , 0 0 0  0 . 0 0 0  
a074 O o G O U  O . O ( I 0  
0074 O a O O O  O a O O O  

,074 0 .000  0 .000 
0075 0 , 0 0 0  0.000 
0075 0.oou 0 , 0 0 0  
,075 0,000 0.000 
. D 7 S  0 , 0 0 0  0.000 
- 0 7 6  0 . 0 0 0  O a O O O  
a 0 7 6  0 . 0 0 0  O a O U O  
a076 O o O O O  O o O O O  

.074  0 . 0 0 0  0 .000  

.OX a.ooa O e O O O  

. o n  o.oao o.ooo 
,077 o . o a o  o .000  

e 0 7 7  O a O O O  0 .000 

,077 Q a O O O  O * O O O  
,078 0 - 0 0 0  0 0 0 0 0  
a 0 7 8  O a O O O  O a O O O  

A N N U L U S  

OEPTH 
FT 

0. 
200 .  
400, 
6 0 0 .  
8 0 0 .  

100OI 
1 2 0 0 .  
1400. 
1600. 
1 8 0 0 -  
2000. 
2200. 
2 4 0 0 .  
2600.  
2800.  
3000. 
3200. 
3400. 
3600 ,  

PRES SUR E 
PSIA 
14* 7 
14.8 
14.9 
1s. 0 
15.1 
15.2 
IS. 3 
is. 4 
15.5 
150 6 
is. 7 
15s 8 
15. 9 
16. 1 
16.2 
16.3 
16. 4 
16.5 
16.6 

TEMP 
F 

828  0 
93.9  
85.9 
87 .9  
89.9  
91.9 
93.9 
95.9 
Q7.9 
99.9 
101.9 
103.8 
105.9 
107.9 
109.8 
111.9 
113.9 
115.7 

80.1 
GAS 
074 

,074 . 074 
0074 
a 074 
a075 

075 
075 
075 

a 076 
,076 

075 
076 

a 077 
a 077 
0 0 7 7  
0077 
,078 

0 7 8  

OENS I T Y - L E M I C F  
WATER V P P C R  
0 . 0 0 0  0 .000  
0 . 0 0 0  0 .000  
0 .000 o a u o o  
0 , 0 0 0  0 .000  
Q a O O O  O a O O O  
0 .000  0 .000 
0 , 0 0 0  o a o u o  
0 . 0 0 0  o .ou0 
0 ,000  0 .000 
0 . 0 0 0  0 .000  
O e O O O  O a O O O  
O . O O O  o.ooa 
0 , 0 0 0  O o O O O  
0 .000 O I O O O  
0 .000  0 . 0 0 0  
0 ,ooo 0 .000  
0 ,000  0 . 0 0 0  

0 , 0 0 0  o c o o o  

0 . 0 0 0  a.ooo 

VELOCITY 
FT/SEC 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o c a  

00 0 
0.0 
0.0 
0.0 
0.0 

VEL OC ITY-FT /SEC 
SOCKS G A S  ROCKS 
0 . 0 0 0  0 . 0  0 .0  
0 .000  0.0 0.0 
0 . 0 0 0  0. 0 0.0 
0 .000 0.0 0.0 
0 0 0 0 0  0.0 0 - 0  
o . o o n  0.0 00 0 
0 a 0 0 0  O e  0 0.0 
0 . 0 0 0  0.0 0.0 
0 . 0 0 0  0 .0  0.0 
O . O D 0  0.0 0.0 
0 . 0 0 0  0.0 o * o  
0.000 0. 0 0. 0 
0 .000 O e  0 0- 0 
0 . 0 0 0  0.0 0.0 
0 . 0 0 0  0.0 0.0 
0 . 0 0 0  0.0 00 0 
0 . 0 0 0  0.0 0.0 
0 . 0 0 0  0.0 0.0 
0 . 0 0 0  0.0 0.0 - 
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S E T  V A R I A B L F S  a T r ~ w =  4 , 0 0 0  DAYS 
FLOWING OPTION = FORWIRD CIRCULATION 

A?R INJECTEI) I N T O  TUBTNG 
MIST D R I L L I N G t  WATER ADDED AT l e 4  GPLYMIN 
I N L E T  TEMPERATURE= 8 0 .  F 
FLCW RATE = 2 0 0 0 .  SCF/M'IN 
TSME TO CHANGE O A T &  = 6 . 0 0 0  DAYS 

CIRCULATTON TIME PES DAY = L0 .0  HRS 
DEPTH TO CHANGF D A T A  = 5 4 0 0 .  F T  

BOTTOM HOLE ASSEMRLY Z 
D R I L L  COLLASS t 

DRILL BIT: 
LENGTH= 6 0 0 .  FT, f . D . =  2.500 I N ,  O e O e =  6.000 I N  

DIAMETER= 8.750 I N ,  NOZZLE SIZES= 0750 ~ 0 7 5 0  e 7 5 0  'IN 

C H O K E C  FLOW: STANDPIPE PRESSURE INCREASED TO 142.6 PSI 

C H O K E D  FLOW3 STANDPIPE PRESSURF INCREASED T O  1 7 2 e 4  PSI 

GAS FLOW RATE TOO LOU- INCREASED TO8 2100. SCF 

GAS FLOW RATE TOO COW- INCREASED TO: 2 L O R m  SCF 

GAS FLOW RATE TOO COHO INCREASED TO8 2 1 0 O e  SCF 

GAS F L O M  RATE TOO LOW- INCREASED TO: 2500.  SCF 

GAS FLOW PRTE TOO COW- INCRE4SEr) T O t  2 1 0 0 .  S C F  

GAS FLOW RATE TOO LON- INCREASED TO8 2 1 0 0 ,  SCF 

GAS FLOM RATE TOO LOW- INCR€ASED Tot  2100. SCF 

T I M E  = 5.417 DAYS ITERATIONS = 3 
C O M D I T I O N S  S I N C E  L A S T  TIME STEP; 

FLOW RATE = 2 1 0 0 o  SCFIMTN CIRCULATION DEPTH = 5 4 0 0 .  F T  
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DEPTH, FT 

0. 
2 0  0. 
4 0 0 .  
6 0 0 .  
8 0 0 .  

IUOO. 
1200. 
1400. 
160 0 
1800. 
2000.  
220 0 . 
2400. 
2600.  
380 0 . 
3000. 
'3200. 
340 0 
36008  
3800 .  
4000. 
4 2 0 0 .  
4 4 0 0 .  
460  0 
4800. 
5000e 
520 0 
5400. 
5 6 0 0 -  
580 0 

T E M P E R A T U R E  D I S T R T  

.I 

8O.U 
81.4 
8 3 . 1  
84.9 
86.9 
8 8 . 9  
911.5 
92.8 
94.8 
9 6 . 8  
98.8  

1 O O . R  
102.8 
104.8 
106.8 
108.8 
110.8 
112.8 
114.R 
116.R 
118.8 
120.8 
122.8 
124.6 
126.6 
128.8 
130.3 
132.6 
136.0 
138.0 

R A D I A L  P O S I T I O N S +  FEET 
03 

80 .7  
82.4 
84.3 
86.2 
88.1 
90.1 
92. I 
94.1 
96.1 
98.1 

100.1 
102.1 
104.1 
lOd.1 
108.1 
l i O . 1  
112.1 
114.1 
116.1 
118.1 
f20.i 
122.1 
124,O 
125 E 7  
127.7  
129.8 
131.8 
133.1 
136.0 
138.0 

8 8  

80 .0  
82.2 
84. 1 
86. I 
88 .1  
90.1 
92.1 
Q4e i 
96. 1 
98. 1 

1 0 0 .  I 
102,l  
104. I 
106. I 
1 O R . i  
110 .  I 
112. I 
114. I 
1168 1 

120.0 
122.0 
124.0 
125.8 
1 2 7 0  8 
129.9 
131, 9 
133.6 
136.0 
1 3 8 - 0  

i i a .  o 

1.5 

80. 0 
82. I 
840 0 
800 0 
88.0 
90,O 
92.0 
94, a 
96.0 
98.0 

100.0 
1102.0 
104.0 
106. 0 
1 0 8 . 0  
150.0 
112.0 
114.0 
116. 0 
118.0 
120.0 
1 2 2 e o  
L24.0 
125.0 
127.9 
1 3 O e O  
131.9 
i 33.9 
136, 0 
138.0 

B U T I O N  

2.7 

80-  0 
82.0 
8 4 . 0  
86.0 
88.0 
90.0 
92. 0 
94.0 
96.0 
98. 0 

100.0 
102.0 
104.0 
106. 0 
108.0 
110.0 
112.0 
114.0 
116.0 
1 1 R . O  
120.0 
122.0 
124.0 
126.0 
128.0 
130mO 
1 328 0 
1 3 4 0  O 
136. 0 
t 3 8 . 0  

L,P 
50.0 

a0.0 1 

82. 0 
84.0 
86.0 
88.0 
90.0 
92.0 
94. 0 
96.0 
98.0 

100. 0 
502. 0 
104.0 
106. 0 
108.0 
i 1 0 .  0 
112. 0 
114.0 
116. 0 
118.0 
120.0 
122. 0 
124e0 
126.0 
128. 0 
130.0 
132, 0 
134.0 
136e0 
138.0 
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C A S  t M I S T  O Q I L L I N G  
F L O W I N G  S T R E A M  P R O P E Q T I E S  

. OEPTH 
F T  

0. - 200. 
400. 
6 0 0 8  
8OO. 

1 0 0 0 .  
1200. 
1400. 
1600. 

2000. 

24000 

28000  
3000, 

i 8 0 0 .  

2200. 

2600. 

32on. 
3400. 
3600. 
3800. 
40008 
42000 
4 k O O o  
4 6 0 0 .  
4 8 0 0 8  
5000. 
5200. 
5400. 

PRESSURE 
P S I  A 

172.8 
1730 3 
173.7 
174.2 
I 7 4 0  6 
175.0 
1750 4 

1728 4 

1758 9 
176.3 
176. 7 
177.1 
I 7 7 0 6  
1780 O 
178.4 
1788 8 
179.2 
179.6 
180.0 
18004 
180. 8 
181.2 
181. 6 

182.3 

14605 
124.8 

1818 9 

1658 0 

T U  

TEMP 
F 

8 0 . 0  
8i.4 
(13. I 
848 9 
868 9 
8 8 8  9 
90.8 
92. 8 
948 8 
960 8 
988 8 

i o o .  a 

i a 4 . 8  
102.8 

106.8 
108.8 
110.8 
112.8 
114.8 
116.8 
LI8.  8 
120.8 
12208 

126.6 
128.8 

1328 6 

12C.h . 

1308 9 

S I N G  

DENS I T  Y-LSMf CF 
CAS WATER VPPOR 

8 562 0 6 1  .002 

8 852 061 e o 0 2  

860 8 0 6 1  .002  
0859 061 eo02 

a 862 8 061 8 0 0 2  

O R 6 1  0 6 1  8 0 0 2  

0 8 5 8  8 060  8002  . 857 8 060 8 0 0 2  
0 R56 0 6 0  8 0 0 2  . a55 e 0 6 0  e 0 0 3  
8854 c 059 * 0 0 3  

853 . 059 a 0 0 3  
8 857 8 059 e 0 0 3  

8 5 1  0 059 8 0 0 3  
850 . 058 ,003 

.a49 0058 a 0 0 4  
e 8 4 8  058 00  04 . 947 0 0 5 8  8 0 0 4  
8 846 8 057 0004 
~ 8 4 4  057 a005 

. 842 8 056 m O O 5  
841 s 056 t o o 5  

8840 0 056 8006 
OR39 8 055 , 0 0 6  

,670 . 0 0 9  e 0 0 7  

.a43 0 057 8 0 0 5  

8757 a 012 8006 

0569 , 0 0 7  8 0 0 7  

VELOCITY 
F T I S E C  

29.2 
29.2 
29.3 
29.3 
29a3 
2984 
2 9 0 4  
29.4 
2985 
29.5 
2 9 0 5  
29.6 
2906 
29.6 
29.7 
29.7 
29.7 
29.8 
29.8 
29.9 
29.9 
29.9 
30.0 
30.0 
3 0 . 0  

103.6 
117.1 
137.8 
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DEPTH 
FT 

0. 
2000 
4 0 0 .  
6 0 0 .  
R O O .  

1 0 0 0 .  
1 2 0 0 0  
1400.  
1 6 0 0 0  
1 8 0 0 0  
2 0 0 0 .  
2 2 0 0 .  

26000  
2800.  
3 0 0 0 0  
32000 
3400. 
3 h 0 0 e  
3 8 0 0 .  
4 0 0 0 ,  
4200,  
4400.  
4600. 
4800s 
5 0 0 0 0  
5 2 0 0 0  

2 4 0 0 .  

s4ao.  

PRESSURE 
PSI A 
54.4 
56. 2 
570 8 
59.5 
61.3 
63.1 
64.9 
66.8 
6 8 .  7 
70.  7 
72.8 
7 4 0  9 
77.2 
79. 5 
810 9 
84. 5 
8702 
90.0 
930 0 
960 3 
99- 6 
103, 5 
107. I 
108.8 
114.6 
1 1 8 0 7  
122. i 
I 2 4 0  9 

CL 

TEMP 
F 

6 0 . 7  
82.4 
840 3 
56.2 
8 8 .  i 
90.  L 
92. I 
94. I 
c16.1 
98s i 

10001 
1020 i 
1040 I 
1 0  6-  i 
LOA0 I 
110.1 
112r I 
114. I 
I 1 6 0  I 
1 1 8 0  1 
120.1 
122. i. 
124rO 
125.7 
127.7 
129. 8 

133. I 
1 3 1 -  8 

N N U L  

CAS 
a271 

279 
a287 
e294 
a 3 0 1  
0309 
a 317 

325 
,333 
0 342 
,350 
9359 
a 3 6 9  
c 379 
0389 
0411 0 
,411 
,423 
,435 
0 4 4 9  
,463 
. C 7 9  

494 
, 5 0 1  
a526 
0’342 

556 
9569 

u s  
DENSITY-LEM/CF 
WATER 

c 053  
a 0 5 2  
s 053 
a 054 
0 0 5 5  
0 057 
0 0 5 8  
0 059 

065. 
062 

0 064  
0 065 
e 067 

069 
0 0 7 0  
0 072 
e 074 
0 076 
c 078 
e 081 
0 083 
a 0 8 6  
0 089 
0 0 9 0  . 094 
0 076 

077 
,006 

V PPOR 
0 0 0 2  
0 0 0 2  
.a112 
.on2 

.oa2 
0 0 0 2  

.0@2 
e o 0 2  
so03 
0003 
e 0 0 3  
.a03 
0003 
, 0 0 3  
- 0 0 4  
a 0 0 4  
a 0 0 4  

e 0 0 4  
0 0 0 5  
e 0 0 5  
, 0 0 5  
, 0 0 5  
e 0 0 6  
, 0 0 6  
, 0 0 6  

c O O 7  
,007  

ROCKS 
445 

,352 
- 3 7 0  
m386 
a407 
a 424  
0 4 4 9  
0467 
.497 

. 554 
0573  
,622 
,641 
t 706 
,723 
a814 
0 824 
e 9 6 1  
.953 

1.183 
I o 1 2 3  
l e 7 0 0  
3 0 9 0 0  
1 0 1 6 5  
s903 
9 7 7 1  

8516 

0 7 7 1  

G A S  
3307 
340 6 
330 7 
32.8 
32.0 
31.2 
30.5 
29.7 
2900 
28.2 
27.5 
26.8 
26.2 
25.5 
24.8 
240  1 
230 5 
22- 8 
2202 
2105  
20.8 
20,l 
1 9 - 5  
19. 3 
18.4 
220 4 
2 l a  8 
21. 4 

9.8 
13. 2 * 

12, 5 
12-0 
11.4 - 
1009 
10.3 

90 9 
90 3 
9,o 
s a 4  
8- I 
70 5 
70 2 
6 -  6 
6.4 
5 -  7 
5 ,  6 
4.8 
4.9 
3.9 
4.1 
2. 7 
l e  2 
4.0 
6m5 
7 . 6  
7.: 6 
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TIME = 5.uao D A Y S  I T E R A T I O N S  = 2 
CONDITIONS SINCE LAST TIME STEP8 

FLOW RATE = 0, SCFIMIM CIRCULATION DEPTH = 5 4 0 0 8  FT LJ 
T E M P E Q A T U R E  O I S T ~ I B U T I O N  

RADIAL POSITIONS, FEET 
DEPTH, FT 8 1  83 8 8  1.5 287 508 0 

4 

8 0 . 5  8 0 s  1 8 0 . 0  
8 1 . 8  R2.U 02. t 
8387  83-9 840 0 
8 5 . 6  85.9 868 O 
8786 87.9 8 8 0 0  
0 9 8 5  8 9 - 8  9 0 e O  
91.5 9 1 8 8  928 0 
9385 93.8 9 4 8  0 
9 5 8 5  9588 9680  . 
9785 97.8 968 0 
9q. 5 9908 1 0 0 ~ 0  

105.5  105 .8  106.0  

1 0 1 8 5  101.8 1 0 2 0 0  
103.5 10388  1 0 4 8  0 

107.5 107.8 108.0 
109.5 10988 5.10. n 
13.185 i 1 i . B  1 1 2 0 0  
113.5 113 .8  1140 O 
115.5 1 1 5 . 8  156.0 

11985  1 1 9 a  8 120,o 
121.5 121.9  222.0 

12 5.4 1 2 5 . 7  126.0 

117.5 117.8 1 1 8 ~ 0  

123.5 12388  1248 0 

127.4 127.7 128.0 , 

129.5 129,a 1308 0 
13185 531 .6  1320 0 

136.0 136.0 136.0 
138.0 138.0 138,O 

133.2 133m6 3,3480 

8 0 8 0  8 0 .  0 
828 5 82.0 
848 0' 840 0 
96.0 86.0 
88.0 88.0 
96*  0 908 0 
92.0 928 0 
9 4 8 0  948 0 
968 0 968 0 
¶e. 0 98. o 

1 0 0 . 0  100.0  
1 0 2 . 0  102.0 
1 0 4 8 0  1048 0 
106.0/ 1 0 6 . 0  
108.0 108.0 
1 1 0 . 0  i i o 8 o  
112,o 112.0 

1168 0 116.0  
114.0 114.0 

i 1 8 a  0 118*0 
1 2 0 . 0  120.0 
122. o 122.0 
124.0 1 2k8  o 
126,o 126.0 
128.0 128.0 

134.0 134.0 

5.3080 1 3 0 0 0  
1 3 2 0 0  132.0 

1360 0 1368 0 
138.0 138.0 

808 0 
52.0 
840 0 
8 6 ,  O 
888 O 
9 0 8  0 
92.0 
948 0 
960 0 
988 0 

1 0 0 ,  o 
102, o 

1 0 8 ~ 0  

112, o 

116, o 

120.0  
122 ,  o 

1048 0 
1 0 6 . 0  

110m0 

1148 0 

118s 0 

124.  0 
126,0 
1288 0 
1308  0 
2328 0 
134.0 
1 3 6 e  0 
138,0 
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G A S  fi M I S T  D R I L L T N G  
F L O W I N G  S T R E A H  P R C P E R T I E S  

T U S L N G  

OEPTH PRESSURE 

08 14.7 
200. 14. 8 
400. 14.9 
6 0 0 .  15.0 

50011. 15.2 
1 2 0 0 .  15.3 
1 4 0 0 ,  is. 4 
1600s 15- 5 
1 8 0 0 0  15.6 
2000. 15.7 
2 2 0 0 0  15.8 
2400.  150 9 
2600. 16. 0 
2800.  16. 2 
3 0 0 0 .  16.3 
3200, 16.4 
3 4 0 0 0  16.5 
3 6 0 0 .  16. 6 
3800. 16.7 
4 0 0 0 ,  16.8 
4200. 16.9 
4400. I70 O 
4 6 0 0 .  17.1 
4 8 0 0 .  17.2 
5 0 0 0 .  17.4 
5 2 0 0 0  17. 5 
5 4 0 0 .  17.6 

FT P s r a  

8 0 0 .  1 s  1 

TEMP 
F 

8 U . i  
81.8 
83 .7  
8 5 . 6  
87.6 
89. 5 
91.5 
93.5 
95.5 
97.5 
99.5 

101.5 
103.5 
105.5  
107 ,s  
109.5 
i l i a  5 
113m5 
115.5 
117.5 
119.5 
121.5 
123.5 
1 2 5 . 4  
127. b 
129.5 
131. 5 
133.2 

DENSITY-LBPf CF 
GAS WATER VAPOR 

a073 0.000 0.000 
a074 O s O O O  0 .000  
0074 00000 0 .000  
,074 0.000 00000 
0074 0 0 0 0 0  0 .000  
a 0 7 5  O s O O O  0 . 0 0 0  
a075 0 0 0 0 0  0 . 0 0 0  
0075 0 0 0 0 0  0 . 0 0 0  
0075 0 . 0 0 0  0 , 0 0 0  
0076 Om000 rJ.000 
a076 O m 0 0 0  00000 
a075 0.000 00000 
e 0 7 6  O e O O O  O o O O O  

0077 O e O O O  0,000 
e077 0 , 0 0 0  0 0 0 0 0  
,077 O e O O O  0.000 
e077 0.000 00000 
0076 O * O O O  0.000 
0078 0 0 0 0 0  0 . 0 0 0  
a076  0 . 0 0 0  0 . 0 0 0  
a 0 7 5  f l . O O U  O s 0 0 0  
-079 D e 0 0 0  0 0 0 0 0  
,079 0 ,000  o.ou0 
0079 rJ.000 0 .000  
an79 o . 0 0 0  O . O U O  
e 0 7 9  0 .000  Om000 
e 0 8 0  0,000 0.000 
,080 0 , 0 0 0  0 0 0 0 0  

VEL OC I T Y  
FT/SEC 

0.0 
0.0 
0.0 
0.0 
0 0 0  
0 0 0  
0.0 
0.0 
000 
0.0 
0.0 
0.0 
0 0 0  
0.0 
0.0 
0.0 
000 
0.0 
00 0 
00 0 
0m0 
0 0 0  
0.0 
0m0 
0.0 
0 0 0  
00 0 
0.0 
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_. 

&/ DEPTH 
FT 

00 
e 2 0 0 .  

COO. 
6 0 0 .  
8 0 0 0  

1 0 0 0 0  
1 2 0 0 .  
1 4 0 0 .  
1600s 
I t 3 0 0 0  
2 0 0 0 .  
2200.  
2400. 
26000 
2 5 0 0 0  

3200.  
3400. 
3600. 
3 8 0 0 0  
4 0 0 0 .  
4 2 0 0 0  
4.4000 
4600.  
4800.  
5 0 0 0 .  
5200.  
5400.  

3 0 0 0 .  

TEMP 
F 

R O O  i 
82.0 
83 .9  
850  9 
87.9 
890 8 
91.0 
93.8 
95 .8  
9 7 0  8 
990 8 

101 .8  
103 .8  
105.8  
107,  8 
109.8 
111.8  
1 1 3 0  8 
115. 8 
117.8  
119. R 
i210 8 
123 .8  
1 2 5 . 7  
127.7  

1 3 l . R  
133 .6  

izs. a 

A N N U L U S  

OENS ITY-LE?Y/CF 
GAS WATER VPPOS 

-074  0 . 0 0 0  0 .000  
- 0 7 4  9 . 0 0 0  Us000 
0074 0 .000  0 . 0 0 0  
0074 0 0 0 0 0  O s 0 0 0  
0074  0 0 0 0 0  0 0 0 0 0  
0075 0 . 0 0 0  0.000 
007s 'J.000 0 ,000  
0075 0 . 0 0 0  0 0 0 0 0  
0 0 7 5  0 0 0 0 0  0 0 0 0 0  
0076 0 0 0 0 0  0 .000 
0076 r1.000 0 .000 
0076 O s 0 0 0  O c O O O  
0075 ' l .000 0 0 0 0 0  
0077 r ) . O O O  0 0 0 0 0  
0077 0 0 0 0 0  O c O O O  
0077 0 0 0 0 0  0 0 0 0 0  
0077 O e O O O  0 .000  
0078 Q o O O O  0 0 0 0 0  
0078 rJ.000 0.000 
,078  0 .000  O e O O O  
0078 0.000 0.000 
0079 0 0 0 0 0  0 0 0 0 0  
,079  n , o o o  0 ,000  
0079 0 ,000  0 0 0 0 0  
0079 0 . 0 0 0  0.000 
0079 O o O O O  0 0 0 0 0  
0 0 8 0  0 .000 0.000 
. O R 0  0 . 0 0 0  0.000 

R O C K S  
0 . 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 0  0 0 0  
0 0 0 0 0  
0 0 0 0 0  
0 .000  
0 0 0 0 0  
0.000 
0 .000  
0.000 
0 0 0 0 0  
0.000 
0 0 0 0 0  
0.000 
0 .000  
0 .000  
0.000 
0.000 
0 0 0 0 0  
0.000 
0 0 0 0 0  
0.000 
0 .000  
0 0 0 0 0  
0 0 0 0 0  
0.000 
0 0 0 0 0  

VELOCITY-FTISEC 
GAS ROCUS 
0 0 0  0. 0 
0.0 00 0 
0.0 0.0 
0.0 0.0 
0.0' 0.0 
0.0 0.0 
0.0 00 0 
0.0 0.0 
0.0 0. 0 
0.0 00 0 
0.0 0.0 
00 0 0.0 
0. 0 0.0 
00 0 0.0 
0.0 o s  0 
o c  0 0.0 
0.0 0.0 
0.0 0.0 
0.0 oc 0 
0.0 0.0 
o c  0 O a  0 
0 .0  0, 0 
0.0 0.0 
0.0 0.0 
0 0 0  00 0 
0. 0 0.0 
0.0 0.0 
0 0 0  0.0 

\ 
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S E T  V A R I A B L E S  A T T I M E =  6 0 0 0 0  DAYS 
FLOWING OPTION = FOSWAQD CIPCULATION 

A I Q  INJFCTED INTO T U 9 I N G  
M I S T  DRILLING: WATEQ ADDED AT '  1.4 G B L I M I N  
INLET TEMPEQATUSE= A O .  F 
FLOW RATE = 2200. SCF/MIN 
T I H E  TO CHANGE DATA = 8.000 DAYS 
DEPTH T O  CHANGE O A T A  = 7 2 0 0 .  FT 
CIQCULATION TIME PFR oay = 1 0 . 0  HRS 

E3OTTOM HOLE ASSEMBLY 
D R I L L  COLLAPS: 

DRILL BITS 
LENGTH= 6 0 0 .  F T g  I . D o =  2.500 I N 9  C.Do= 6 0 0 0 0  I N  

OTAMETERz 5 .750  IN, NOZZLE SIZES= 0750 a 7 5 0  0 7 5 0  XN 

CHOKE0 FLOW: STANDPXPE PRESSURE INCR€ASED TO 2 2 0 0 0  PSI 

GAS 

GAS 

GAS 

GAS 

GAS 

GAS 

GAS 

GAS 

GAS 

GAS 

GAS 

GAS 

GAS 

FLOW 

FLOW 

FLOW 

FLOW 

FLOW 

FLOW 

FLOH 

FLOW 

FLOH 

FLOW 

FLOW 

FLOH 

FLOW 

RATE TOO LOW- 

RATE TOO LOW- 

R A T F  TOO LUW- 

RATE TOO LOW- 

RATE TOO LOW- 

RATE TOO LOW- 

RbTE TOO LCW- 

RATE T O O  LOW- 

RATE TOO LOW- 

RATE TOO L O W -  

RATE TOO LOW- 

RATE T O O  LOW- 

RATE T O O  LOW- 

INCREASED T O 2  

INCRFflSEO TO: 

INCREASED Toa 

INCPEASED TO: 

INCREASED T o t  

INCREASED TO8 

INCREASED TO! 

INCREASED 102 

INCREASED T O I  

I N C R E A S E D  T O t  

INCREASED T O S  

INCREASE9 TO8 

INCREASED TO: 

2310. SCF 

2310. SCF 

2 4 2 6 ,  SCF 

2310. S C f  

24260 SCF 

23fUe SCF 

2426. SCF 

2310. SCF 

2426. SCF 

2310. SCF 

24260  SCF 

2310. SCF 

2426t SCF 
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TIME = 7,417 DAYS I T E R A T I O N S  = 13 
CONDITIONS SINCE LA5T TIME STEPS 

FLOW RATE =?426. SCFIMIN CIQCULATION DEPTH 'J 7200. FT W 

s 

DEPTH, F T  

0 8  
2 0 0 .  
k O O a  
6 0 0 8  
8 0 0 .  

1000s 
1200* 
1400. 
1600. 
1800. 
2000.  
220 0 . 
2400. 
2 6 0 0 ,  
2 8 0 0 .  
3000. 
320 0 a 

3600. 
3 8 0 0 .  
4 0 0 0 s  
420 O m  

4400. 
460 U a 

4800. 
5000a  
520 0 
5 4 0 0 .  
5600 .  
5 8 0 0 . '  
6 0 0 0 s  
620 0 e 
6400. 
6 6 0 0 -  
6800. 
7 0 0 0 a  
7 2 0 0 a  
7400 .  
760 0 . 

3400. 

T E M P E R A T U R E  D I S T F I B U T I O N  

R A D I A L  P O S I T I O N S +  FEET 
.I e3 a 8  1.5 

80.0 80.8 8 0 - 0  B o a  0 
81.4 82.5 82.3 82. i 
83 .1  84.3 84.2 84- I 
&Sa 0 86.2 86s 1 56.1 
86.9 88.2 888 1 8P. 1 
8 8 . 8  90.2 90.1 90.0 
9 O a 8  92.2 92. I 32.0 
92.8 94.2 94.1 94.0 
94.8 96.2 96.1 96.0 
'36.8 . 9 R 8 2  9ssi  9 8 a O  
90.8 100.2 1 0  rl. 1 1 O O a  0 

1OO.S 102.2 1 0  2. I 102.0 
102.8 104a2 104.1 104.0 
104.8 106.2 106- 1 L 0 6 e O  
106.8 l O R a 2  l O U . 1  i08.0 
S . 0 8 ~ 8  110.2 110. I 110.0 
l l O a 8  112.2 112.1 112.0 
112.8 114a2 1 1 4 s  I 114.0 
114.8 116.2 116.1 116.0 
116.8 l 1 R . Z  l l S e 1  116.0 
118.8 120.2 120.1 120.0 
1 2 O a . 3  122.2 122.1 122.0 
1 Z Z a R  124.2 124.1 124.0 

' 124.8 126-? 1 2 h * i  126.0 
126.8 128.2 128, I 1 2 8 . 0  
128.8 130*2 130.1 1 3 0 . 0  
1 3 0 a 9  132 . 2 1 3 2 e 1  132.0 
132.9 1 3 4 , l  134.0 
134.9 134,  I 136.0 
136.9 138s  i 138.0 
138.9 1400 O 139.9 
140.7 141t 8 141.9 
142.8 1 4 3 ,  I 143.9 
144.9 145e 9 145.9 
146.7 147.9 148.0 
148.7 1 4 9 0 7  149.9 
150.1 151- 3 151.9 
154.0 154.0 354.0 154- 0 
156.0 156.0 l 5 6 r  0 156.0  

2.7 

80.0 
82- 1 
84.0 
86.0  
88.0 
90.0 
92.0 
94.0 
9 6 m O  
98.0 

100.0  
102.0 
104.0 
106.  0 
108.0 
110.0 
112.0 
154.0 
116.0 
118*O 
120.0 
122. 0 
124.0 
126.0 
128eO 
130.0 
132.0 
134eO 
136.0 
138.0 
140.0 
142.0 
i44-0 
146s 0 
148.0 
150.0 
252.0 
154.0 
156.0 

5 0 . 0  

80.0 
82.0 
84s 0 
56.0 
88.0 
90.0 
92.. 0 
94.0 
96a 0 
98,0 

100.0 
102.0 
104.0 
106.0 
108.0 
110a0 
112.0 
114. 0 
116.0 
118.0 
120.0 
122.0 
124.0 
126.0 
128.0 
130.0 
132. 0 
1 3 4 - 0  
136.0 
138.0 
140.0 
142.0 
1448 n 
146.0 
148.0 
150s 0 
152a0 
154.0 
156.0 



DEPTH 
FT 

n. 
200. 
6 0  0. 
600. 
803 .  

1000. 
1200. 
1400, 
1 6 0 0 .  
1800. 
2000.  
22000 
2 4 0 0 0  
2600. 
2800. 
3 0 0 0 .  
3 2 0 0 s  
3400. 
36000 
3 8 0 0 ,  
4000. 
4 2 0 0 0  
4400. 
4600-  
4 8 0 0 0  
5 0 0 0 .  
5200. 
54000 
5600-  
5 8 0 0 .  
6 0 0 0 0  
6200. 
64000 
6600. 
6800.  

7 2 0 0 .  
7 0 0 0 e  

G 4 S  t H f S f  O R I L L I K C  
F L O W I N G  S T R E A H  P R O P E R T I E S  

PRESSUQE 

220.0 
220.7 
221.5 
222.2 
223.0 
223.7 
224.5 
225.2 
226.0 
226.7 
227.5 
228.2 
229.0 
229.7 
230 .4  
231.2 
231.9 
232.7 
233.4 
234.1 
234.9 
235.6 
236.3 
237.1 
237.8 
238.5 
239.3 
2 4 0 -  0 
240.7  
241.5  
242.2 
242. 9 
243.6 
244.4. 
227s 3 
209. 7 
190.2 

PSI a 

T U B I N G  

TEMP 
F 

50.0 
81. 4 
8 3 .  i 
9 5 . 0  
56.9 
8 8 .  R 

92; 5 
94. R 
96.8 
95.8 

100.8 

104.8 
106.8 
1 0 8 . 8  
110.8 
112- 8 
ilk. R 
116. 8 
l i f t .  8 
120 .8  
122.8 
124s 8 
L 2 6 .  8 
128. 8 
1 3 0 . 6  
132.9 
134.9 
136.9 
138.9 
140.7 
142 .8  
144.9 
146.7 
148.7 
150.1 

90,a 

102. s 

OEKS IT Y-LBMICF 
C1pS WATER VC\POR 

i m i n o  0 6 8  woo2 
1.101 068 0002 
1 .101  c 068 0 0 0 2  
I. 1 0  1 m 0 6 R  ,002 
1 , i o i  . 069 e o 0 2  
1.101 c 067 0 0 0 2  
i.101 o 067 ,002 
i.100 0 067 0002 
i.100 e 067 eo02 
1.100 067 ,003 
1.099 s 067 ,003 
1.099 066 , 0 0 3  
1.099 066 e 0 0 3  
1.098 0 066 8 O P 3  
f a 0 9 8  066 ,003 
I. 098 0 066 e 0 0 4  
1.097 065 0 0 0 4  
I. 097 065 e 0 0 4  
1.097 065 e 0 0 4  
1 096 8 065 ,005 
I. 096 064 e 0 0 5  
1,095 0 064 0 0 0 5  
1.095 8 064 e 0 0 5  
1.095 063 , 0 0 6  
1.094 q 063 0006 
1.094 0 063 0 0 0 6  
1.094 WOO7 
1.093 0 062 0 0 0 7  
1.093 062 a 0 0 7  
1.092 0 061 0 0 0 8  
1.092 061  0 0  C8 

1.092 0 060 m o o 9  
1,091 0 0 6 0  0009 
1.012 , 0 1 1  0 0 1 0  

0930 009 m o l 0  
.842 007 0 0 1 0  

1.092 e 061 8 0 0 8  

VEL OC I T  Y 
FT/SEC 

26.5 
26.4 
26.4 
26.4 
26.4 
26.5 
26.5 
26.5 
2605 
26.5 
26.5 
2605 
26.5 
26.5 
2 6 - 5  
26.5 
2605 
26.5 
26.6 
26.6 
26.6 
26.6 
26.6 
26.6 
26.6 
26.6 
26.6 
26.6 
26.6 
26.7 
26.7 
2 6 - 7  
26.7 
26.7 
R9.5 
9 7 0 3  

107e6 
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~ N N U L U S  

DEPTH PRESSURE 

0 0  
w FT 

2 0 0 0  
b 400. 

ROO. 
1 0 0 0 .  

1400. 

6008 

,1200.  

1600 .  
i R o a .  
2 0 0 0 .  
2200. 
2400.  
2600. 
2800.  
3OOOo 
3200. 
3400, 
3600. 
3 8 0 0 0  
4000.  
4 2 O O o  

46008 
4600. 
5000.  
52000 
5400. 
5600. 
5800 .  
6000. 
6200. 
64000 
6 6 0 0 ~  
6 8 0 0 c  
T O O O a  
72001 

44008 

PSI A 
69.4 
71.3 
73.0 
74. 8 
76.7 
78.6 
R O O  5 
82. 4 
84.5 
86.5 
8%. 7 
90.8 
93.1 

'37.8 
100.3 
102.9 
105.5 
108.3 
111.2 
114.2 

958 4 

11784 
120.7 
124.2 

131.7 
i 35.9 
140.3 
145.2 

156.2 
161- 9 
1648 2 
173.7 
180.6 
185.9 

1278 9 

15082  

1908 3 

TEMP 
F 

80.8 
52.5 
84.3 
86.2 
R R .  2 
90.2 
9 2 * 2  
94.2 

99.2 
100 .2  
102.2 
104.2 
106.2 
108.2 
110.2 
112.2 
114s 2 
116.2 
118.2 
120.2 

124.2 
126.2 
128. 2 
130.2 
132.2 
1 3 4 . 2  

9682 

122.2 

13682 
133.2  

141.6 
143.5 
545. R 
147.7 
1 4 9 - 6  
'150.5 

140.2 

G4S 
8 346 
8355 

362 
0370 
8377 
8385 
s 393 
0401 
.410 
0418 
e427 
8436 
8 445 
8455 
a465 
8475 
8485 
8 496 
,507 
8519 
8 5 3 1  
c 544 
a558 
,572 
0587 
a602 
0619 
637 

8 657 
e 678 
0702 
,726 
0734 
.774 
8 802  

842 
8823 

DENSITY-L@M/CF 
WaiER 

8 05R 
8 056 
0 057 
8 059 
0060 
8 061 
0 062 
0 063 
8 0 6 4  
rn 066 
a 067 
0 068 
8 0 7 0  

071  
c 072 
0 074 

075 
077  
079 
080  

0 082 
0 084 
c 086 
SO88 
a 0 9 0  

092 
8 095 

097 
. I O 0  
-103 
e 1 0 1  
. I 1 0  . 112 
117 . 095 

a 09'1 
w 007 

> 

VbPOR 
8002 
8002  
0 0 0 2  
,002 
0 0 0 2  
0 0 0 2  
m o o 2  
a 0 0 2  
*OC3 
e003 
,003 
,003 
e003 
,003 
8 0 0 4  
8 0 0 4  
e 0 0 4  
e004 
a 0 0 4  
0005 
8 0 0 5  
0005 
a005 
8 0 0 6  
e006 
-006 
a007 
e007 

O U O R  
e 0 0 8  
a 0 0 8  
m o o 9  
a 0 0 9  
,030 
0010 
0 0 1 0  

8 0 0 7  

r7 O C K S  
0 4 3 1  

372 
,387 
0400 

8360 

8417 
8431 
0449 
-465 
-486 
e503 
a 526 
.545 
e573 
a593 

626 
8648 
,689 
0713 

763 
,789  
,853 
a881 
m967 
0996 

1.117 
1.143 
1.325 
1.339 
I 646 
1.616 
2.331 
5.206 
1.760 
1.254 
l a 0 7 6  
1. 081  

VELOCITY-FTISEC 
GAS 
30.8 
318 7 
318 0 
30.4 
29.7 
29.1 
28.5 
28- 0 
27.4 
26.8 
26.3 
2587 
25- 2 
2487 
24.2 
23.7 
23.1 
22.6 
22.1 
21.6 
21. I 
20.6 
200 I 
19. 6 
19.1 
18.6 
18.1 
17-  6 
17.1 
16.6 
1 6 -  0 
150 5 
15.3 
14.5 

17, I 
16.7 

1785 

ROCKS 
1 0 0  2 
1 2 e  9 
1204 
1 2 0 0  
11.6 
11.1 
10.7 
10.3 
l O * O  

9.5 
9. 2 
6. 8 
Ro 5 
8 e  1 
7 , 8  
7.4 
7 r  I 
6 a 7  
6.5 
6, I 
5 - 9  
5.4 
5.3 
4.8 
4.7 
4. 2 
4. i 
3.5 
3.5 
2.8 
2.9 
2eo 
e 9  
20 6 
4 s  7 
50 5 
5.4 
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TIME = 8.000 D A Y S  ITERATIONS = 2 
CONDITIONS SXNCE L A S T  TIME STEP2 

FtOW RATE = O m  S C F / M I N  CIRCULdTfON OEPTH = 7200. FT 

DEPTH9 FT 

0. 
200.  
4 0 0 .  
6 0 0 .  
800. 

1 0 0 0 .  
1 2 0 0 .  
1 4 0 0 .  
160 0 
1 8 0 0 .  
2000.  
220 0 . 
2400. 
260 0. 
2 8 0  0 
3 O O O o  
3200. 
3 Q O O o  
3 6 0  0 
3 8 0 0 .  
4000. 
420 0 
4400. 
4600. 
4 8 0 0 .  
5000.  
520 0 
5 4 0 0 .  
5600.  
5800. 
6 0 0 0 s  
6200. 
6400.  
6 6 0 0 .  
6800.  
7 0 0  0 
720 0 
7400. 
7600.  

80.1 
8 1 . 9  
83.7 
85.6 
87.6 
89.6 
91.5 
93.5 
9 5 . 5  
97.5 
99.5 

101.5 
103.5 
105.5  
107.5  
I O  9.5 
111.5 
113.5 
155.5 
117.5 
119.5 
121.5 
123.5 
125.5 
127.5 
129.6 
131.6 
1 3 3 . 6  
135 .6  
137.6 
139.6 
242.4 
143.4 
145.5  
147.4 
149.4 
150.9 
154. 0 
156.0 

R A D T 4 L  POSITXONSI FEET 
03 a 8  i o  5 

808 1 
e2.1 
83.9 
85.9 
87.9 
89.9 
91.8 
93.9 
9509 
97.8 
99.8 

101.8 
103.8 
I n 5 0 8  
107.5 
109.8 
ill. R 
113. A 
1i5.8 
117*I1 
119.9 
121.5 
123.U 
125.8 
127.5 
129.5 
131.8 
133.8  
135.8 
137.8 
139cR 
141.7 
14387 
145.7 
147.7 
149.7 
151.4 
154. 0 
156.0 

80.0 
82. i 
84.5. 
86.0 
88 .0  
90.0 
92.0 
94.0 

98.0 
100.0 
102.0 

1068 0 
1 0 8 . 0  
110.0 
112.0 
114.0 
116.0 
1180 0 
120.0 
122.0 
124- 0 
126.0 
1288 0 
130aU 
132.0 
134.0 
136.0 
138.0 
140.0 
141.9 
143.9 
1 4 5 - 9  
1 4 8 - 0  
149.9  
I s l e 9  
154.0 
156.0 

96s 0 

104. o 

00.0  
82. i 
64. i 
86. 0 
88.0 
90. 0 
92.0 
94.0 
968 0 
98.0 

100.0 
102.0 
104-0 

10%. 0 
110.0  
112. 0 
1 1 4 - 0  
l i s 0 0  
i l 8 . 0  
120.0 
122. 0 
124.0 
I 2 6 8 0  
1 2 6 . 0  
130.0  
532-  0 
1 3 4 0  0 
136.0 
1388 0 
140. 0 
1 4 2 . 0  
143.9 
2 4 5 . 9  
148.0 
i49.9 
151.9 
154.0 
i56.0 

1 0 6 ~ 0  

2.7 

80.0 
82.1 
84.0  
86.0 
88.0 
90.0 
92.0 
940 0 
96.0 
9 8 0 0  

100.0 
102.0 
104.0 
106.0 
1 0 8 0  0 
110 .0  
112.0 
114.0 
116. 0 
118*0 
120.0 
122.0 
124.0 
126.0 
128.0 
130- 0 
132.0 
1 3 4 *  0 
I 3 6 0  0 
538.0 
140.0 
142.0 
144 .0  
1 4 6 . 0  
1 4 8 .  0 
150.0  
152.0 
1 5 4 . 0  
156.0 

5 0 . 0  

8 0 8 0  
82.0 
84.0 
960 0 
88 .0  
90.0 
92.0 
9BC 0 
9 6 8 0  
98 .0  

100.0 
1020 0 
104, 0 
106.0  
108.0  
I1 0.0 
112. 0 
114.0 
116.0 
118. 0 
120.0 
122.0 
124.0 
126.0 
128.0 
130t0 
132.0 
134.0 
1368 0 
138.0 
140.0 
142, 0 
144.0 
1 4 6 .  0 
148, 0 
150.0 
1 5 2 ,  0 
1548 0 
1568 0 

. 
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G A S  fi M I S T  D R I L L I N G  
F L O W T N G  S T R E P M  P R O P E R T I E S  

T U B I N G  
W 

. DEPTH 
FT 

0. 
2 0 0 .  
4 0 0 .  
6 0 0 .  
8 0 0 .  

io000 
1200. 
1 4 0 0 0  
1 6 0 0 .  
1 8 0 0 .  

2200. 
2400. 
2 6 0 0 0  
2 8 0 0 ,  

2 0 0 0 .  

3aoo.  
32 O 0 0  
3400. 
3600. 
38008 
COOO. 
42008 
44000 
46008 
48011. 
5 0 0 0 .  
5 2 0 0 0  
5 4 0 0 .  
5600.  
58008  
6 0 0 0 .  
62000  
6400 .  
6 6 0 0 ~  
6800,  
7 0 0 0 0  
7 2 0 0 .  

PRESSUFE TEMP DE hS I T  Y-LE M/ CF VELOCXTY 
PSI A F GAS HATER VPPOR F T / S E C  
14.7 80.1 .073 o.ooo 0 ,000  0 0 0  
140 8 81.9 . o n +  a.000 0.000 0.0 
140 9 83.7  .074 0 .000  0.000 0.0 
15.0 85.6 ,074 O e O O O  00000 0.0 
15. I 8 7 . 6  8074 0 0 0 0 0  0,000 0.0 
15. 2 89.6  .n75 n.ooo 0 . 0 0 0  0.0 
15. 3 9i. 5 . o f 5  a . 0 0 0  o.ooo 0.0 
150 4 93.5 0 0 7 5  0 . 0 0 0  0 ,000 0.0 
is. 5 95 .5  ,075 O.000 0 .000  0. 0 
158 6 970 5 e 0 7 6  0 . 0 0 0  0 , 0 0 0  0.0 
15, 7 99.5 8076 0 . 0 0 0  0 .000 0.0 

15.9 103.5 a076  0 , 0 0 0  0 .000 0.0 
16 .0  105.5 . o n  0.000 0 . 0 0 0  0.0 
16.2 107.5 ,077 00000 0 .000  0.0 
16.3 LO905 8077 0 .000  0 8 0 0 0  0.0 
16.4 111.5 ,077 0,000 0.000 0.0 
16.5 113.5 .07a u . o o o  o.ooo 0.0 
16.6 115r5  0078 0 .000  0.000 0.0 
16.7 117r5 -078 00000 0,000 0.0 
16.8  119.5 0 0 7 8  0 0 0 0 0  Ow000 0.0 

37.0 123.5 8079 0 , 0 0 0  0 ,000  0.0 

17.2 127.5 m O 7 q  0 0 0 0 0  O = O O O  0 . 0  
1 7 . 3  129.6 . o n  0.000 o . 0 ~ 0  0.0 
17.5 131.6 0080 0 .000 0.000 0.0 
17.6 133.6 . O R 0  0.000 0 .000 0.0 
17.7 135.6 .OR0 u.ou0 0.000 0 0 0  
17.0 137.6 ,080 O e O O O  0 0 0 0 0  0.0 
17.9 139.6 .os1 0,000 0.000 0.0 
18.0 141.4 0 0 8 1  0 8 0 0 0  0.000 0.0 
$801 143.4 8 0 8 1  0.000 0.000 0 0 0  
18.2 145.5 0 0 8 1  O e O f f O  O o O O O  0.0 
18 .4  147.4 0082 0 , 0 0 0  O c O O O  0 . 0  
i a . 5  1 4 9 . 4  e082 0 . 0 0 0  0 . 0 0 0  0.0 
18 .6  l S O . 9  . O R 2  0 0 0 0 0  0.000 0.0 

15.8 101.5 8076 0 0 0 0 0  0 .000  0.0 

16.9 121.5 8079 0 0 0 0 0  0.000 0.0 

17.1 125.5 ,079 Om000 O e O O O  0.0 
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A N N U L U S  

DEPTH 
FT 

08 
2 0 0 .  
4 0 0 -  
6 0 0 .  
8 0 0 -  

1 0 0 0 .  
12000 
I 4 0 0 0  
1 6 0 0 0  
1800.  
2000.  
2200m 
2400. 
26000 
2800.  
3000, 
3200, 
34000 
36000 
3 8 0 0 0  
4 0 0 0 0  
42000 
4400. 
4 6 0 0 .  
48008 
5 0 0 0 ,  
5200, 
5400, 
56000  
5 R 0 0 c  
6 0 0 0 .  
6200-  
6400, 
6 6 0 0 ,  
6 5 0 0 .  
7 0 0 0 -  
7200.  

PRESSURE 
PSTA 
14.7 
14.8 
14.9 
15.0 
1 5 s  1 
15.2 
15. 3 
25.4 
15.5 
15.6 
L5.7 
I50  8 
15.9 
16.1 
16.2 
1 6 e  3 
16.4 
16. 5 
16.6 
16.7 
168 8 
16. 9 
17.0 
170 1 
17.2 
17.4 
170 5 
1 7 s  6 
170 7 
17- 8 
17.9 
18.0 
18. I 
18.2 
18.4 
18.5 
18m 6 

TEMP 
F 
80.1 
92.1 
83.9 
85.9 
87.9  
89.9 
91.8 
93.9 
95.8 
9708 
99.8 
101.8 
103. R 
105.8 
107. U 
109. R 
111.8 
113.8 
115.8 
1170 8 
119.8 
i Z 1 . 8  
123.8 
125.8  
127 .8  
129.8 
131. R 
133.8 
1 3 S m R  
137.8 
139.8 
141.7 
143.7 
145.7 
14787 
149.7 
15i.4 

DENSITY-tBM/CF 
GAS WATER VAPOR 

0074 8 . 0 0 0  0 . 0 0 0  
-074 O c O U O  O m O O O  
0074 0 .000  O m O O O  
aO7b O m O O O  O m O O O  
0074 0 , 0 0 0  0.000 
e 0 7 5  O * O O O  0 .000 
0075 0 0 0 0 0  o m o o o  
,075 0 0 0 0 0  0 0 0 0 0  
,075 0 a O O O  O m O O O  
0076 0 . 0 0 0  Om000 
0076 0 0 0 0 0  0 0 0 0 0  
0076 O o O O O  O m O O O  
0076 9 ,000  0.000 
, 077  0 8 0 0 0  0.000 
0077 0 , 0 0 0  O o O O O  
,077 0 8 0 0 0  0 0 0 0 0  
,077 0 , 0 0 0  0 0 0 0 0  
0078 0 . 0 0 0  0.000 
0 0 7 8  O m O O O  O e O O O  
, 078  O m 0 0 0  O m O O O  
0 0 7 8  0 .000  O = O O O  
-079 0 . 0 0 0  0.000 

,079 0 ~ 0 0 0  o.ooo 

0079 0 0 0 0 0  0 .000 
,079 O m 0 0 0  0 * 0 0 O  

e 0 7 9  O * O O O  0 . 0 0 0  
, 0 8 0  0 . 0 0 0  0.000 
0 9 8 0  0 .000  0.000 
. O R 0  o m o o o  o m o o o  

m O 8 0  O m O O O  O o O O O  
, O R 1  o m o o o  0 .000 
- 0 8 1  0 , 0 0 0  0 .000  
. 0 8 1  o m o o o  0.000 
0 0 8 1  O m O O O  O m O O O  
,082 Om000 0 0 0 0 0  
0082 0 .000  0 0 0 0 0  
. O B 2  O o O O O  O m O O O  

ROCKS 
0 0 0 0 0  
0 .000  
0.000 
0 0 0 0 0  
0 0 0 0 0  
0 .000 
O m O O O  
O a O O O  
O m O O O  
0 .000  
0 , 0 0 0  
O m O O O  
O m O O O  
0.000 
O m O O O  
0 0 0 0 0  
0.000 

0.000 
0 .000  
0 0 0 0 0  
Om000 
0 .000 
Om000 
O m O O O  
0 0 0 0 0  
0 . 0 0 0  
0 .000  
Om000 
O m 0 0 0  

o m o o o  
o m 0 0 0  
0.000 
O m O O O  
0 .000  
0 .000  

OD000 

n . o o o  

VELOCIT Y-FT/SEC 
GAS ROCKS 
0.0 0. 0 
0.0 or 0 
0 0 0  O m  0 

0.0 0. 0 
0 0 0  O m  0 
0.0 O m  0 
00 0 0. 0 
0. 0 0.0 
0 0 0  0. 0 
0.0 050 
0.0  0m0 
0.0 0.0 
0.0 O m  0 
0.0 0.0 
0.0 00 0 
0.0 0 0 0  
0.0 0. 0 
O m 0  o m  0 
0.0 o m  0 
0.0 0.0 
0.0 0.0 
0.0 O a O  
0.0 o m  0 
0. 0 0.0 
0 . 0  0. 0 
0 .0  0. 0 
O m  0 o m  0 
0 .0 o m  0 
o m  0 o s  0 
0.0 O m  I! 
O m  0 0 1  0 
0.0 0.0 
0. 0 o m  0 

0.0 o* 0 
0 .0  0.0 

0.0 o m  a 

0 0 0  O D  0 
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S E T  V A R T A S L E ' - S  A T T I Y E =  8 .000  DAYS 
FLOWING OPTION = FORWARD CIPCULATTON - 

A S 9  INJECTED INTO TUBING 
M I S T  D R I L t I N G t  WATER bnnED AT 104 G P L I P I N  

FLOW RATE = 2 4 0 0 c  SCFIHIN 
T I V E  TO CHANGE OATA = 1 0 0 0 0 0  DAYS 
DEDTH TO CHANGE DATA = 9 0 0 0 0  F T  

w 
INLET TEMPE'?BTURE= 80, F 

. 

. CISCULATION TIME PEQ O A Y  = 10.0 HRS 

B O T T C M  HOLE ASSEHSLYt 
DRILL COLLARSt 

DRILL B I T 3  
LENGTH= 6 0 0 .  FTr T m D o =  2.500 I N ,  COD.= 6 0 0 0 0  I N  

DIAMETER= 8.750 I N 1  NOZZLE SIZES= 0750 0750 0 7 5 0  IN 

CHOKED FLOW: STANDPIDE PRESEURE INCREASED TO 2 4 0 0 0  P S I  

T I H E  = 9.417 DAYS ITERATIONS = 7 
CONOTTTONS SINCE LAST TTME STEP: 

FLOW RATE = Z 4 O O o  SCF/MfN CfRCULbfION OEPTH = 9 0 0 0 0  FT 

t 
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T E M P E R A T U R E  D I S T R I B U T I O N  

DEPTH, FT  

00 
2 0 0 .  
400. 
6 0 0 ,  
8 0 0 .  

1000. 
12080 
1400. 
160 0. 
1 8 0 0 0  
2 0 0 0 .  
2200. 
2400, 
2 s o u o  
2800.  
3000. 
32000  
3 4 0 0 0  
360 0. 
360 0. 
4000. 
4200. 
460 0 
4600. 
4800. 
5 0 0 0 8  
52000 
5400. 
560 0 
5800.  
6 0 0 0 .  
6 2 0 0 0  
640 0 0 

6600. 
680 O 
7000. 
72000  
740 O 
7600. 
780 0 0  
8 0 0 0 .  
8200. 
8600.  
860 O 
88000 

9200.  
94000 

~ I J O U .  

. f  

0 0 0 0  
0t.4 
83.1 
85 .0  
86.9 
48.9 
90.9 
92.9 
94.9 
96.9 
9809  

I O O S 9  
102.9 
104.9 
106.9 
108.9 
11009 
11209  
114.9 
116.9 
118.9 
1ZO.9 
122.9 
124.9 
126.9 
128.9 
130.9 
132.9 
1 3 4 0 9  
136.9 
138.9 
1 4 0 0 9  
14300 
145.0  
147e 1 
149.2 
15 1 0  4 
1 5 3 0 8  
156.8 
160.3 
161t5 
158.2 
1 5 8 0 6  
I 6 3 0 6  
166.6 
168.1 
172. 0 
174.0 

R 4 D f A l  P O S I T I O N S ,  fEET 
03 

80.9 
82 .5  
84.3 
8602 
88.2 
90.2 
92.2 
9 4 0 2  
96.2  
98.2 

100.2 
10202  
104.2 
106.2 
1 0 8 0 2  
110.2 
11202 
1 1 4 0 2  
116.2 
118.2 
120 0 2 
122.2 
1 2 4 0 2  
126.2 
129c.2 
130.2 
1 3 2 0 2  
I 3 4 0 2  
I 3 6 0 2  
138.2 
140.2 
1 4 2 m 2  
2 4 4 0 3  
146.3 
1 4 8 r 4  
150.5 
15208 
155.4 
1 5 8 0 7  
16202 
1 5 9 0 4  
157.5 
161.5 
I h S O l  
167e5 
I 6 8 0 4  
1 7 2 0 0  
174. u 

8 %  

8 0 0  0 
8 2 s  3 
8 4 - 2  
860 1 
8801 
9 0 0  I 
92. I 
940 1 
95, I 
90.1 

1 0  20 i 
1048 I 

10 5.1 
1 1 0 . 1  
112.1 
1 1 4 s l  
116- 1 
119.1 
1 2 0 0 1  
1 2 2 S l  
1240 1 
126.1 
1280 I 
1 3 0 8 1  
1 3 2 0 1  
134.1 
136. i 
I 3 8 0  1 
140.1 
1 4 2 0 2  
I 4 4 0 2  
1460 2 
1 4 8 0 2  
1500 3 
152e5 
154.7 
1570 4 
160.0 
159.5 
1 5 9 r 4  
1 5 2 r 7  
165e5 
I 6707  
164.2 
172.0 
174.0 

1 0 0 ~ 1  

106.1 

1.5 

ao. o 
820 i 
84. i 
860 l 
8 8 , l  
96. 0 
92.0 
94.0 
96.0 

1 0 0 . 0  
1 0 2 . 0  
1 0 4 0  0 
106 .0  
1080 0 
5 1 0 0 0  
112.0 
114.0 
if60 0 
118. 0 
1 2 0 0 0  
122.0 

58. o 

1 2 4 0  O 
1 2 i ~  o 
1 2 8 0 0  
13080  
132.0 
1 3 4 . 0  
1 3 6 0  8 
I380 O 
140.0 
142, 1 
1 4 4 0  1 
i 4 6 o 1  
1480 1 
150.1 
1 5 2 0 2  
L54.I  
156.1 
158.1 

161.5 
259.7 

1 6 3 0 7  
1 6 5 0 9  
1670 9 
169.9 
172.0 
1 7 4 0  O 

207 

80.0 
82.1 
8400 
860 0 
8 8 0 0  
9 0 0  O 
920 0 
940 0 
96.0 
980 0 

1 0 0 0 0  
102.0 
104.0 
106.0 
1 0 8 ~ 0  
110.0 
11200 
114.0 
116.0 
l i 8 .O  
1 2 0 0 0  
122.0 
1 2 4 0 0  
126.0 
128.0  
130.0 
I 3 2 0  0 
I 3 4 0  O 
136.0 
1 3 8 0 0  
140.0 
I 4 2 0 0  
1 4 4 0  O 
146. O 
I 4 8 0  O 
150.0 
152.0 
I 5 4 0 0  
156.0 
158.0  
1 6 0 0 0  
161.9 
164.0 
I 6 6 0 0  
168.0 
1 7 0 0 0  
17200 
174.0 

5 0 0 0  

5 0 . 0  
92.0 . 
548 0 
66.0 
8 8 0  0 
90 .0  
92-0 

3 6 . 0  

1 0  0 0 0  
102.0 
104.0 
irJ6,O 
108,0 
110.0 
112,0 
1 1 4 0  O 
116e0 
I t 8 0  0 
120.0 
122.0 
124. 0 
I260 0 
128e0 
130 .0  

c 

9 4 0  0 

9 8 8 0  

8 132.0 
1348 0 
136.0 
135. 0 
1 4 0 0 0  
142.0 
144. 0 
146.0 
148.0 
150.0 
152.0 
154.0 
156, 0 
1580  O 
1600u 
162.0 
164.0 
I660 0 
168s 0 
170.0  
1720 O 
I 7 4 0  0 

- 
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G A S  d M I S T  D R I t L f N G  
F L O Y X N C  S T R E A M  P R O P E R T I E S  

LJ 
T U R Z N G  

. OEPTH PRESSUQE TEMP DENS I T  Y-LEPI CF VELOCITY 
F T  Q S I A  i GAS W4TER VPPOR F'TISEC 

. 0. 240.0 9 0 . 0  1.200 c 075 0 0 0 2  24.0 
200.  241.0 81.4 I. 20 2 075 ,002 24. 0 
4 0 0 .  242.0 83.1 1.203 0 075 . 0 0 2  23.9 
600. 243.0 85.0 1,204 ,1175 e 0 0 2  23. 9 
8 0 0 .  244. 0 86.9 1.205 e 075 .002 23.9 

io001 245.0 88.9 1.205 0 075 m o o 2  23.9 
1200. 246.0 90.9 1.206 0 075 . 0 0 2  23.9 
1400. 247.0 92.  9 1.206 075 . 0 0 2  23.9 
1600. 248.0 94*9 1.207 e 074 .002 23.9 
1 8 0 0 .  249- I) 96.9 1.207 . 074 e 0 0 3  23.9 
2000. 250.0 98.9 1.208 . 014 SO03 23.9 
2200. 251.0 1 0 0 . 9  1.208 074 m O O 3  23.8 
2400. 252.0 102.9 1.209 . 074 0003 23.8 
2600.  253.0 104.9 1.209 c O7k e 0 0 3  23e8 
2 8 0 0 .  254.0 106.9 1.210 . 074 8003 23e8 
3000. 255.0  1 0 9 . 9  1.210 0 074 e 0 0 4  23.8 
3200. 256.0 110*9 1.211 073 e004 23.8 
3 4 0 0 .  257 .0  112.3 1.221 073 0 0 0 4  23.8 
3 6 0 0 .  25800 114.9 1.212 . 013 a 0 0 4  23.8 
3800. 259.0 116.9 1.213 0 073 e 0 0 5  23.8 
4000. 260.0 118.9 1.213 . 073 W O O 5  23.8 
4200. 261.0 120.9 l e 2 1 4  072 e 0 0 5  23.7 
4 4 0 0 .  262.0 122.9 1.214 072 8005 23.7 
4600. 263.1 t24.9 1.215 Of2 e 0 0 6  23.7 
6600. 264.1 126.9 1.2f5 072 e 0 0 6  23.7 
5000. 26501  128.9 1.216 071 e 0 0 6  23.7 
5 2 0 0 0  266.1 130.9 le216 . 0 7 1  0007 23.7 
5 4 0 0 .  267.1 1320.9 1.217 .a71 e 0 0 7  23.7 
5 6 0 0 -  1-217 - 0 7 0  e 0 0 7  23.7 
5800. 1.218 0070 e 0 0 8  23.7 
6000. 1.218 a70 8 0 0 8  23.7 
6200. 1.219 069 e008 23.6 
6400. 1.219 069 0009 23.6 
6600. 1.220 w 069 0 0 0 9  23.6 
6800. 1.220 e 068 e 0 1 0  23.6 
7 0 0 0 e  1.220 c 068 e o 1 0  23.6 

23c6 7200. 1.220 067 ' O i l  
7 4 0 0 .  1.220 e 067 0011 23.6 
7 6 0 0 .  1.219 0 066 e 0 1 2  23.6 
raooe 1.216 e 064 .013 23e7  - $ 0 0 0 .  1.219 e 064 e 0 1 3  23.6 
8200. 5.229 066 r 0 1 2  2 3 e 4  
8400. 202.5 3.58.6 1.233 066 a013 23.4 
8500r 268.2 163.6 1 0  161 . 010 , 0 1 4  77, L 
88001 253.9 166.6 1.094 c 007 80 15 81.9 
9 O D O .  238.5 168.1 l e  025 0 0 0 6  ,016 87.4 LJ 
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A N N U L U S  

DEPTH 
Ff 

0. 
200.  
400. 
6 0 0 .  
800. 

1 0 0 0 .  
1200. 
1400. 
1600, 
1 8 0 0 .  
2000. 
2200. 
2400. 
2600, 
2800.  

I 3000. 
3200. 
3400. 
3600. 
3 8 0 0 .  
4000. 
4200. 
4400, 
4600. 
4800. 
5000. 
5 2 0 0 .  
5400, 

~ 5600. 
5 5 0 0 .  
6000*  
6200. 

I 6400. 
6 6 0 0 ,  
6800. 

I 7000. 
7200. 

I 7400. 
I 7600. 

7800. 
8000. 
8200. 
8400. 

88000 
9000.  

I 

I 

, 

I 

I 

I 

I 

I 
I 

I I 8600.  

PRESSURE 
P S I  A 
07.0 
6 8 . 0  
70.5 
72.3 
74.0 
75. R 
77.7 
79. 6 
81.5 
R3.4 
85.4 
87.5 
89.6 
91.8 
94. 0 
96e4 
98.7 
llll. 2 

3 0 6 . 4  
109.1 
112.0 
114.9 
118.0 
121.3 
124.7 
128. 3 
132.0 
136.1 
140.4 
145.0 
149.9 
155.3 
161.3 
167.9 
175.5 
184.3 
194.9 
207.3 
214.4 
208.5 
190.3 
210.7 
222.9 
231.5 
238.6 

103.7 

TEMP 
F 

80.8 
82.5 
84. 3 
86.2  
8 8 . 2  
90.2 
92.2 
94. 2 
96.2 
98.2 

100 .2  
102.2 

106.2 
lDR.2 
110.2 
112.2 
114.2 
116.2 
1 l r j . Z  
120.2 
122.2 
124.2 
126.2 
128.2 
130.2 
132.2 
134.2 
136e2 
138.2 
140.2 
142.2 
144. 3 
146.3 
148.4 
150.5 
152.8 
155.4 
159.7 
162-  2 
159. 4 
157.5 
161.5 
165- 1 
1 6 L S  
165.4 

104.2 

GAS . 334 
,343 
e 3 5 0  
0357 
.365 
372 

.380 
,388 
.395 
a403 
,412 
.420 
,429 
.435 
e447 
,456 
,466 
m476 

.497 

e519 
,531 . 544 
e557 
e 5 7 0  
,585 
.€loo 
,616 
e633 
,652 
,672 
.694 
,718 
,745 

776 
8812 
.855 
e904 
,930 
,909 
e832 

915 
a 9 6 3  . 995 

1.025 

.4a6 

,508 

DENSITY-L@M/CF 
WATER VAPOR 

056 .ou2 
c OS4 a 0 0 2  . 055 0 0 0 2  
s 056 S O 0 2  

058 0 0 0 2  
8 059 c o o 2  
cO61 8 0 0 2  . 052 0003 

063 , 0 3 3  
8 064 0003 

057 8002  

c fJ65 8 0 0 3  
s 066 a003 

0 6 8  , 0 0 3  
069 8 0 0 4  

e 070 0004 
8 072 , 004  
s 073 e004 
8 074 a004 

076 00115 
077 . 0 05 . Of9 , 005  
081 0 0 0 5  . OR2 8 0 0 6  
084 e006 

c 086 .006 . 088 e 0 0 7  
e 0 9 0  e 0 0 7  . 093 *007 . 095 0 0 0 8  
* 098 ,000  . i o 1  e 0 0 9  

1 0 4  0 0 0 9  
107 c o o 9  . 115. 0 0 1 0  

0 13.6 e o 1 0  
e 121 e 0 1 1  
e 127 8012  . 1 3 4  e013 

137 0014 
0135 e013 
* 123 .012  
e135 0013 . 1 1 2  e015 . 115 0 0 1 5  

0 0 5  a 0 1 6  

QOCKS 
,392 
s332 
.344 
0357 
s370 

,397 
e 4 1 2  
e427 
0443 
0460 
0478 
0 4 9 7  
,516 
0538 
,560 
0584 
o b i 0  
0638 

667 
, 700  
0735 
,774 

816 
863 

.915 . 974 
1 0 4 0  
1.117 
1.204 
1.310 
1.433 
1.591 
1.782 
2.050 
2 399 
2.980 
3.886 
6.179 

13,241 
32.002 
79.084 
3.370 
2.116 
1,687 
1,710 

-3133 

V E L O C I T Y -  
GAS 

32.1 
33.0 
32.3 
31.7 
31.0 
30.4 
29.8 
29.2 
28.6 
28. 0 
27.5 
26. 9 
26.4 
25.9 
25. 3 
24. a 
24.3 
23.8 
23.3 
22- 8 
22. 3 
21.8 
21.3 
20. 8 
20.3 
19.8 
19.4 
18.9 
18 .4  
17.9 
17.4 
16. 8 
160 3 
15.8 
15. 2 
5.4. 6 
13.9 
13.2 
12.5 
12. 2 
12.5 
L30 6 
1 2 - 4  
14.5 
14. 1 
13.6 

F T / S L f  
POCKS 
11.2 
13.9 I 

530 5 
13.0 
12.5 
12.1 
li- 7 
110 3 
€00 9 
10.5 
10.1 
20 7 
90 3 
9.0 

80 3 
7 - 9  
7.6 
7.3 
609 
6- 6 
6. 3 
60 0 

5.4 
50 1 
4.8 
48 5 
4- 1 
30 8 
3-5 
3-2 

2.6 

1- 9 
1 0  6 
1.2 

- 8  
e 3  
e %  

s i  
1 0  4 
20 8 
30 5 
3.4 

a. 6 

58 7 

20 9 

20 3 



TXME = 10 .000  D A Y S  X T E R A T T O N S  = 3 
C O N D I T I O N S  S I N C E  LAST T I M E  STEPI 

FLOW RATE = 0. S C F / M f N  C I R C U L A T I O N  OEPTH = 9000. F T  
W 

T E M P E R A T U R E  O I S T R I B U T X O N  

f 

DEPTH, F T  

- 
. 
W 

c 0. 
20 O m  

400. 
6 0 0 .  
8 0 0 .  

1 0 0 0 .  

140 0 
160 0. 
1800. 
2000.  
220 0 
2400. 
2600. 
2 8 0 0 .  
3000. 
3200.  
3400. 
3600. 
3 8 0 0 .  
4000. 
4200. 
4400. 
460 0 . 
4800. 
5000.  
520 0 .  
5400. 
560 0 
5800.  
6000. 
6200. 
640 0 . 
6600. 
6800. 
7000.  
7 2 0 0 .  
7400. 
7600. 
7800.  

8 2 0 0 ~  
8 4 0 0 .  
R b O U a  
8800. 
9000. 
9 2 0 0 .  
9400. 

1200. 

8 0 0 0 .  

e l  

8 O I I  
81.9 
8 3 0 7  
85 .6  
87.6 
09.6 
91.6 
93.6 
95.6 
97.6 
99.6 

101.6 
103.6 
105.6 
107.6 
109.6 
111.6 
113.6 
115.6 
117.6 
119.6 
121.6 
123.6 
125.6 
127.6 
129.6 
131.6 
133.6 
135.6 
137.6 
139.6 
141.6 
143.7 
145.7 
147.7 
1 4 9 . 8  
151.9 
154.2 
156.9 
159.8 
560.4 
f59.5 
161.4 
164.9 
167.3 
168.9 
172.0 
174.0 

R d O I A L  POSITIONSI FEET 
a 3  

80.1  
02.1 
83.9 
85.9 
87.9 
89.9 
91.9 
93.9 
95.9 
97.9 
99.9 

101.9 
103.9 
105.9 
107.9 
109.9 
i l l c 9  
113.9 
115 9 
117.9 
119.9 
121.9 
123.9 
12509 
127.9 
129.9 
131.9 
133.9 
135.9 
137.9 
139.9 
141.9 
143.9 
145.9 
147.9 
15080 
152.1 
1540 2 
156.6 
159.0 
1 6 0 ~ 0  
560.5 
162.6 
1650 4 
167.7 
169.4 
f72e 0 
174.0 

a 8  

80.0 
82.1 
84.1 
860 0 
88.0  
90.0 
92.0 
94eO 
96.0 
98.0 

1 0 0 , o  
102.0  
104. 0 
1 0 6 . 0  
1 0  8.0 
110.0 
112.0 
114.0 
116.0 
118.0 
120.0 
122.0 
124.0 
126mO 
1 2 8 ~ 0  
1300 Q 
132.0 
134.0 
136,U 
1 3 R e O  
5 4 0 - 0  
142.0 
144. I 
146.1 
148. D 
150.1 
152.1 
154.0 
156.1 
1 5 9 - 1  
159.8 
161.7 
163.8 
1 6 5 0 9  
167e9 
169.9 
172.0 
174.0 

1.5 

80.0  
92s i 
94.1 
86.0 
88.0 
90.0 
9 2 . 0  
0 4 . 0  
96.0 
9 8 0  0 

100.0 
1 0 2 e o  
104.0 
106.0 
108.0 
i IO.0  
f f 2 . 0  
114.0 
116.0 
118.0 
120.0 
122.0 
124.0 
126.0 
128.0  
1 3 0 0 0  
132.0 
13400 
136.0 
138.0 
-140. 0 
142.0 
144.1 
246. I 
140.0 
3.50.1 
152. f 
1 5 4 -  0 
156. I 
158.1 
159.6 
161.7 
163.8 
166.9 
f67.9 
169.9 
172 .0  
174.0  

2.7 

80.0 
02. I 
84.0 
86.0 
88. o 
9 0 . 0  
92.0 
94.0 
96.0 
96.0 

100.0 
102.0 
104.0 
106.0 
108.0 
110.0 
112.0 
114.0 
116.0 
118.0 
120.0 
122.0 
124.0 
126.0 
1 2 8 0 0  
130.0” 
1320 O 
134.0 
136.0 
1 3 8 0 0  
140.0 
142eo 
144.0 
146.0 
148.0 
150.0 
152.0 
154.0 
156.0 
158.0 
159.9 
161.9 
16309 
166.0 
168.0 
170.0 
172.0 
174. fI 

50.0 

50 .0  
112.0 
840  0 
86.0 
58.0 
900 O 
920  0 
94.0 
’36. 0 
98.0 

100.0 
102.0 
104.0 
106.0 
108.0  
11 0.0 
112.0 
114.0 
116. 0 
118.0 
120.0 
122.0 
224.0 
126.0 
128. 0 
1 3 0 0  O 
132.0 
134.0 
136.0 
138.0 
140.0 
icz. 0 
144.0 
146.0 
148.0 
1 5 0 ~  0 
1520 O 
154.0 
156.0 
158.0 
160.0 
162.0 
5 6 4 0 0  
166.0 
168. 0 
1 7 0 . 0  
17290  
174.0 
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G A S  b M I S T  D R I L L I N G  
F L O W I N G  S T R E A M  P R O P E R T I E S  

T U B I N G  

DEPTH 
F T  

0, 
200. 
400. 
6 0 0 .  
ROO. 

1000. 
1200. 
1400. 
1600. 
1 8 0 0 .  
2000. 
22000 
2 4 0 0 0  
2600. 
2800, 
3000. 
3200, 
3400. 
3600s 
3500.  
40000 
4 2 0 0 ,  
44000 
4 6 0 0 ,  
4800. 
5 0 0 0 0  
5 2 0 0 0  

I 

54008 
5 6 0 0 0  
5 8 0 0 .  
6 0 0 0 .  
6200, 
64000 
6500.  
6 8 0 0 0  
7 0 0 0 .  
7200. 
7400, 
7600. 
78008 
8000. 

I 

, 8200.  
84000 
86011c 
8800. 

I 9000. 

PRE s su9 E 
FST A 
14.7 
-14.8 

15' 0 
150 I 
15.2 

15.4 
150 5 
15.6 
15.7 

I Q b  9 

f5b 3 

55. a 
15. 9 
16. 0 
16. I 
16. 3 
16.4 
16.5 
i6. 6 
16.7 
16.8 
16.9 
17.0 
17.1 
17.2 
17.3 
17. 5 
17- 6 
1 7 * 7  
17. a 
17.9 
18-  0 
18.1 
18. 2 

18- 5 
18.6 
18.7 
18. R 
18.9 
19.0 
19.2 
19.3 
19.4 
19.5 
19.6 

la. 4 

TEMP 
F 
80.1 
81.9 
83.7 
8 5 - 6  
$7.6 
R 9 a  6 
91.6 
93.6 
95.6 
97. 6 
99.6 
101.6 
103.6 
105.6 
107.6 
109.6 
111.6 
113.6 
115.6 
117.6 
119.6 
l ? t a  6 
123.6 
125. 6 
1 2 7 . 6  
129.6 
131.6 
133.6 
135.6 
137.6 
139.6 
141.6 
143.7 
145.7 
147.7 
149.8 
151.9 
154.2 
156. 9 
159. R 
160.4 
159.5 
161- 4 
164.9 
167.3 
168.9 

DE NS f T Y-LBMI CF 
GBS WATER V B P O R  
0073 0,000 0.000 
0074 0 ~ 0 0 0  Om000 
mu74 0 ,000  O o O O O  

,074 0 . 0 0 0  O I O O O  
,075 O o O O O  O o O O O  
,075 O o O O O  O e O O O  
,075 0 0 0 0 0  O e O U 0  
,075 O e O O O  0.000 
0076 00000 0,0011 

0076 0 ~ 0 0 0  O e O U O  
e 0 7 6  O e O O O  0 0 0 0 0  
0077 0.000 O e O O O  
,077 O o D O O  0.000 
,077 0 0 0 0 0  0.000 
0077 0 . 0 0 0  o c o o o  

0 0 7 8  O e O O O  0 0 0 0 0  
,078 O e U O O  0 0 0 0 0  

0074 0 8 0 0 0  0 8 0 0 0  

.n76 0 . 0 0 0  o o o u o  

,078 n . 0 0 0  0 ~ 0 0 0  

,078  o . a o o  0 ~ 0 0 0  

.079 0 . 0 0 0  O ~ O O O  
0079 0 0 0 0 0  00000 

,079 O e O O O  O8000  
,079 0 . 0 0 0  0 0 0 0 0  
0079 0 0 0 0 0  0 .000  

, 0 8 0  0 , 0 0 0  O o O O O  
,080 0 ,000  0 8 0 0 0  
a 0 8 0  U o U O O  O * O O O  
a 0 8 1  O * O O O  O t U O O  

.mo 0,000 O ~ O O O  

.091 0.000 a e o o o  
e 0 8 1  B e 0 0 0  O e O O O  
e081 O s 0 0 0  Om000 
-082 0 0 0 0 0  O o O O O  
O U R 2  0.000 0.000 
0082 0 , 0 0 0  0.000 
e082 O e O O O  0 .000 
.oFE2 0 0 0 0 0  0 0 0 0 0  
,082 0 0 0 0 0  O m 0 0 0  
0083 0 0 0 0 0  0.000 
.063 0 , 0 0 0  O e O O O  
, 0 9 4  0.000 0 0 0 0 0  

. O R 4  0.000 0 0 0 0 0  

.a84 0.0110 a.000 

, 084  O O o o o  0 ~ 0 0 0  

VE L oc I T Y 
FT/SEC 

0.0 
0.0 
0 0 0  
0.0 
0 .0  
0. 0 
0.0 
0 0 0  
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0. 0 
0 0 0  
0.0 
0.0 
0 0  0 
o * o  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
O m  0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 s  0 
0.0 
0.0 
0.0 
0 0 0  

0 8 0  

Ld 

bi 
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A N N U L U S  

0. 
200. 
4000 
6 0 0 .  
800.  

1 0 0 0 .  
1200. 
1400. 
1 6 0 0 0  
1 8 0 0 .  
2000. 
2200.  
2 4 0 0 -  
26000 

1 

2 8 0 0 .  
3000. 
3 2 0 0 0  
34000 
36000  
3 8 0 0 0  
4 0 0 0 ,  
4 2 0 0 .  
44001 
46000 
4 6 0 0 .  
5 0 0 0 0  
5 2 0 0 0  
54000 
5 6 0 0 .  
5 8 0 0 0  
6 0 0 0 .  
6 2 0 0 0  
64000 
6600. 
6800. 
7 0 0 0 0  
7200.  
74000 
7600. 
7 8 0 0 0  
8 O O O o  
8200. 
8400. 
8600. - 8800.  
9 0 0 0 ~  

PRESSUPE 
PSIA 
14.7 
14.8 
1 4 0  9 
158 0 
15. t 
15.2 
15.3 
15.4 
150 5 
15.6 
15.7 
15. 8 
15.3 
16, i 
16.2 
16.3 

l 6 .5  
260 4 

16. 6 
160 7 
16.8 
16. 9 
170 0 
17. I 
17.2 
17.4 
17.5 
17.6 
17.7 
17. 8 
17.9 
18.0 
10.1 
18.2 
180 4 
18.5 
18.6 
i8.7 
18.8 
I809 
19.0 
19.2 
19.3 
19.4 
19.5 
19.6 

TEMP 
1" 

60. I 
82.1 
83.9  
85.9 
87.9 
119.9 
91- 9 
93.9 
95.9 
9789 
99.9 

101.9 
10389 
105.9 
107.9 
109.9 
ill. 9 
113.9 
115.9 
117.4 
119.9 
121.9 
123.9 
125.9 
127.9 
1290 9 
131.9 
133.9 
1350 9 
137.9 
139.9 
141.9 
143.9 
145.9 
I 4 7 0  9 
150.0 
152- 1 
154.0 2 
156.6 
1590 O 
160.0 
160.5 
162.6 
165.4 
1670 7 
16904 

GBS 

074 
0 7 4  

0076 
07h 

0 075 
075 

0075 
0075 
SO76 
0 076 
0076 
a 076 
0 077 

077 
077 

e 077 
078 

0078 
0078 
0 078 
'079 
e 079 
.n79 
079 

0079 
. O R 0  . O R 0  

0 8 0  
0080 
0081 
0 0 8 1  
- 0 8 1  
e 0 8 1  
e 0 8 2  
0082 
0082 
0082 
e082 
0083 
,083 
0083 
0 0 8 4  
0 0 8 4  
0084 
0084 

074 

OENS ITV-LE?M/CF 
WATER V B P O R  
0 . 0 0 0  o * o o o  
0.000 o * o o o  

0 0 0 0 0  0 . 0 0 0  
u.000 0.000 
O e O O O  0 0 0 0 0  
0 . 0 0 0  O e O O O  
0 0 0 0 0  0 , 0 0 0  

0 , 0 0 0  o.oa0 
0 . 0 0 0  0 .000 
0.000 0 .000 
0 . 0 0 0  0.000 
0.000 0 0 0 0 0  
0 . 0 0 0  0 .000 
O e O O O  0 0 0 0 0  
O e O O O  O e O O O  
O e O O O  0 .000  
0.000 0 .000  
0 . 0 0 0  0 . 0 0 0  
0 .000  0 . 0 0 0  
O o O O O  O e O O O  
O e O O D  0.000 
0.000 O I O O O  
0 . 0 0 0  0 .000  
u . 0 0 0  0 .000 
0 .000  0.000 
0 0 0 0 0  0 0 0 0 0  
0 .000  0.000 
0 .000  0 .000  
0.000 0 .000  
0 . 0 0 0  0 .000 
0 . 0 0 0  0.000 
0 . 0 0 0  O I O O O  
0 . 0 0 0  0 .000  
0 . 0 0 0  0 .000  
0 .000  0 . 0 0 0  
0 . 0 0 0  0 .000 
0 .000  0 , 0 0 0  
0 0 0 0 0  0 .000  
0 . 0 0 0  0 .000  
0 .000 0 . 0 0 0  
0 .000  0.000 
0 .000  0 . 0 0 0  
0 . 0 0 0  0 .000  
0 0 0 0 0  0 . 0 0 0  

o.oao o.ooo 

a.ooo 0.000 

R O C K S  
o o o u o  

0 . 0 0 0  
0 . 0 0 0  
0 .000  
0 .000 
0.000 
0 .000 
0 0 000  
o . o a o  
0.000 
0 .000 
0 .000  
0 .000  
0.000 
0 . 0 0 0  
0 0 000 
0 . 0 0 0  
o .ou0 
0 0 0 0 0  
o c o o o  
0.000 
0 . 0 0 0  
0 .000 
0 0 0 0 0  
0 .000  
O L O O O  
0 .000  
0 .000  
0.000 
0.000 
0.000 
O e O O O  
0.000 
0 .000 
O I O O O  
0.000 
O c O O O  
0.000 
0 . 0 0 0  
O e O O O  
0 . 0 0 0  
0 . 0 0 0  
O e O O O  
0 . 0 0 0  
0 . 0 0 0  
0 8 0 0 n  

VELOCITY-FTISEC 
GAS ROCKS 
0.0 00 0 
0.0 0.0 
0.0 00 0 
0.0 0.0 
o s  0 00 0 
0. 0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0. 0 
0.0 0.0 
0.0 0.0 
0.0 0. 0 
0. 0 0.0 
0.0 0. 0 
0.0 Oe 0 
0.0 0. 0 
0.0 0 0 0  
0. 0 0.0 
0.0 0.0 
O e  0 o m  0 
0.0 0.0 
0. 0 0.0 
0.0 0.0 
0.0 08 0 
0. 0 0. 0 
0 .0  0. 0 
0. 0 00 0 
0. 0 0.0 
0.0 0. 0 
0. 0 0.0 
0. 0 0 1  0 
0.0 0.0 
0. 0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 O b  0 
0.0 o m  0 
0. 0 0.0 
0. 0 O b  0 
0.0 0.0 
0.0 0.0 
0.0 0s  0 
0.0 O E  0 
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4.8 SAMPLE PROBLEM 9: Steam Production 

Sample problem 9 simulates a well producing two phase 
steam, with a bottom-hole quality of 0.16 a t  the relat ively 
high rate of about 2908000 lbm/hr. The results show that the 
two phase flow is i n  the slug flow regime. A t  the surface, the 
quality of the steam is 0.22. 

TABLE 4.18 Input Data for Sample Problem, 9 

, 
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Tabts  4019 Outout Data f o r  Samofe P r o b t e m  9, 

SAMPLE PQORLEM #9: STEAM PRCDUCTTON~ WELL R R - I 3  

T U B I N G  C O N F I G U R A T X O N  
TUBING I D , I N o  OD, IN, TOP*FT.  BASEIFTO CEMENT.FTo 

2 60969 7,625 1459s  2 4 0 0 .  240 000  

i 

1 7 . R 2 5  8 0 6 2 5  0 0  1459. I 4 5 9 0 0  

C A S I N G  P R O C ? L \ M  
CASING I D 9  I N  009 TN OEPTY* FT CEMENT INTERVAL, F T  

1 12,347 13.375 5 0 0  500  

W E L L  G E O M E T R Y  

TOTAL DEPTH= 2 4 0 0 0  FT. 
BORE OIAMETFP= 3 1 0 0 0 0  T N o  

NOTE t TRUE OEPTH=HEASUREO DEPTH 

W E L L B O R E  F L U ~ D  P R O P F R T I E S  

FLU10 TYPE NO0 1 

DENSITY= 8.3  LBM/GbL 
PLASTIC VISCOSITY= 1 0  CENTIPOISE 
Y I E l O  POTNT= 00 LRF/IOOFT2 

W E L L B O R E  I N I T I A L  S f h T E  

FLUID t 1 IN TURING k, TUBING BNNULUS 
F L U f O  # 1 IN CASING - CASING ANNULI 

e 
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S E T  V A R I A R L E S  A T T I M E =  O o O O Q  DAYS 
FLOWING O P T I O N  = TWO-PHASE S T E A M  PRODUCTION 
S T E ~ R  C U A L T T Y  = .i60 
I N L E T  TEMPEQATUpE = 460. F 
FLOW RATE = 5RO. G A L I M f N  
TIME TO CHANGE DATA = 1 . 0 0 0  DAYS 

T I M E  = 1 . 0 0 0  DAYS I T E R A T I O N S  = 4 1 

T E M P E R A T U R E  D T S T R T B U T I O N  

R A D I A L  POSITTONSI FEET 
OEPTHI Ff  e 1  .4 1.3 2.4 3.9 50.0 

0 .  
2 0 0 .  
4 0 0 .  
6 0 0 .  
800. 

1 0 0 0 .  
1200 .  
1 4 0 0 .  
1 6 0  0 
1800.  
2 0 0 0 .  
220 0 . 
24UO. 
2600 .  
280  0 

398. z 
405. I 
411.2 
416cR 
422.0 
426.7 
431.2 
435.4 
439.5 
445.2 
450.4 
455.3 
460.0 
492.6 
525.3 

70.0 
335.0 
347.2 
359.0 
370.5  
381.7 
392.7 
401.4 
407.3 
420 R 
434. I 
447.2 
4 6 0 . 0  
492.5 
525 * 3 

708 0 
1748 a 
2 0 1 r O  
2 2 7 , l  
253. I 
278e9  
304.. ? 
328.5 

377,6 

432.5 
460 0 
492. 6 
5250 3 

350. o 
405. i 

70.  t' 70.0 
122.5 103.8 
153.  3 136.1 
184.0 168.5 
214.7 2 00.9 
2 458 3 233.3 
276. 0 265.7 
306.0 298.0 
335.2 3 3 0 . 2  
366.5  362.6 
3c7.7 395. i 
428.9 4278 5 
4600 0 460.0 
492.6 492.6 
525.3 525.3 

S T E A M  P Q O D U C T f O N  

F L O W I N G  S T R E A M  P R O P E R T I E S  

DEPTH 
F T  

0. 
2 0 0 .  
400. 
6 0 0 .  
800.  

1000, 
izoo. 
14000 
1600. 
5 8 0 0 s  
2 0 0 0 .  
220 0. 
240 0. 

PRESSURE 
PSI A 

242 .3  
262.0 

- 2 6 0 . 6  
298.4 
315.5 
3320 0 
34s. 2 
3648 0 
379c 5 
402.4 

445.9 
466.9 

4248 4 

TErP  
F 

398r2 
405.1 
411.2 
416a8 
422.0 
426.7 
431.2 
435.4 
439.5 
445.2 
450.4 
45503 
460.0 

D E N S  I T  Y -L B M /FT 3 
VAPOR C X O U I O  

e512  1.812 
.55U 2.015 

5 8 6  2.217 . h i 9  2 .417  
e 6 5 2  2.616 
e 6 8 2  2 .816  
, 7 2 2  3. o l e  

741  3,223 
e 7 6 8  3,432 

8 0 9  3 . 76s 
8 546 4m104 
e 882 4.453 . 917 10.813 

VEL OCTTY 
FT/SEC 
103.8 
94.0 
86.0 
79.4 
73.8 
68.9 
64.  6 
6130 6 
72.4 
66.5 
61-4 
57.0 
53.0 

7 0 . 0  
1 0 1 . 0  
133.6 
1660 3 
198.9 
231.5 
264.2  
296. a 
323.5  
362. I 
394.7 
4 2 7 * 4  
4 6 0 . 0  
492.6 
525.3 

SLUG 
SLUG 
SLUG 
SLUG 
SLUG 
SLUG 
SLUG 
SLUG 
SLUG 
SLUG 
SLUG 
SLUG 
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4 . 9  SAMPLE PROBLEM 10: Steam I n j e c t i o n  

i Sample problem 10  models a steam i n j e c t i o n  process. D r y  
steam (200  l b )  i s  i n j e c t e d  a t  about 258000 lbm/hr. The m i s t  
flow c o r r e l a t i o n s  are used i n  this example. 

1 

TABLE 4 . 2 0  Input D a t a  for Sample Problem 10 

. 
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T a b l e  4.21 OutDut Oata f o r  Sample P r o b t e m  I O .  

SAMPLE PSOBLEM # l o t  STEAM INJECTION 

T U B I N G  C O N F I G U R A T I O N  
TU81NC I D g f N o  O D V I N .  TOP, FT. BASE*FTm C E M E N T t F T o  

1 7 , 8 2 5  8 . 6 2 5  0. 145q. f459.0 

L 
a 

. 

C A S ~ N G  P R O G R A M  
C aS ING IDq  I N  OD, I N  DEPTH, FT CEMENT INTERVAL, FT 

1 1 2 . 3 4 7  13.375 50 .  50 .  

W E L L  G E O M E T R Y  

TOTAL DEPTH= 1459, FT, 
BORE DIAMETER= 3 1 . 0 0 0  'IN. 

NOTE? TRUE DEPTH=MEASUSED OEPTH 

W E L L S O R E  F L U I O  P R O P E R T I E S  

F C U I O  TYPE NO. I 

OENSITY= 8 0  3 LBM/GAL 
PLASTIC VISCOSITY= .I. CENTIPUXSE 
VIELO POINT= 0. LBF/ IOOFTZ 

W E L C B O R E  I N I T I A L  S T A T E  

FLUID t i I N  TUBXNG 4 TUBING BNNULUS 
F L U I D  # I IN C A S I N G  - CASING ANNULI 
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S E T  V A R I A B L E S  A T T I M E =  0.000 04YS 
FLOWING OPTION = TWO-PHASE STEAM I N J E C T I O K  
INLET PRESSURE = 200.0 PSIA 

U I N L E T  TEHPE9ATURE = 4 1 0 0  F 
FLOW R4TE = 500  G A l / M I N  
TIME TO C H A N G E  DATb = a 5 0 0  DAYS 

5 

* 
T I M E  = 0 5 0 0  DAYS I T E R A T I O N S  = 

T E M P E R A T U R E  D I S T R I B U T I O N  

RADIAL P O S I T I O N S *  FEET 
DEPTHS FT 02 04 i o  3 20 4 

0. 410.1 fOO,O 100.0 10000 
200. 381.4 307.0 223.9 184.6 
4 0 0 .  381.0 334.0 ~ 2 8 4 . 3  2 5 6 0 1  
6 0 0 .  380.5 360.7 339a6 327.6 
8 0 0 0  3 8 0 0 1  387.2 394.8 399.1 

1000. 379.7 388.1 396.9 402.0 
120 0 0 379.2 S58.9 3998 1 404.9 
f I c O O o  37808 3e9.7 401.2 4070  8 
160 0 412.3 412.3 412.3 412.3 
1 8 0 0 0  415.3 415 3 4 1 5 0 3  Q i 5 . 3  

S T E A M  f N J E C . T f O N  

309 

10000 
I7506 
2 5 0 0 4  
325.2 
39909  
403.0 
4 0 6 0 0  
409.1 
412.3 
4150 3 

F L O W I N G  S T R E A M  P R O P E P T I E S  

DEPTH PRESSURE T OENSXTY-LBHIFTJ VELOCITY 
Ff PSIA J F  V A P O R  C I O U I I !  F T I S E C  
0. 200.0 41001 .41? D o 0 0 0  49.9 

200. 199.1 381.b - 4 3 a  0 0 0 6  460 8 
4 0 0 0  i98. 1 381.0 .009  46.7 
6 0 0 .  197.1 3 8 0 0 5  . 011 46.7 
800.  196. i 38001 0 0 1 1  46.9 

i o a o .  195. I. 379.7 . 010 4702 
12110, 1940 1 379.2 s 427 e 0 1 0  47.6 
140 0 . 1.9 378.8  e 425 0 0 9  47.9 

4 

5 0 . 0  

100.0 
175.0 
2 5 0 . 0  
325.0  
4 0 0 0 0  
403.1 
406.1 
409.2 
412, 3 
41503 

M I S T  
M I S T  
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M I S T  
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M I S T  
HIST 

- i 37- 



REFERENCES 

1. Angel, R.R., "Volume Requirements for A i r  and Gas 
Drilling", T. P. 4679 Transactions, V o l .  210, SPE of AIME, 
(1957), 325-330 

2. Gould, Thomas L., "Vertical Two-Phase Steam-Water Flow i n  
Geothermal Wells", J. Pet. Tech. 8 ( A u g u s t ,  1974) ,  833-842 

3. Mitchell, R.F., "Advanced Wellbore Thermal Simulator - 
GEOTEMP 2-Rese arch Report 'I 8 SAND82-700 31 1, Sandia Nat i ona 1 
Laboratories. Feb., 1982. 

4. Keenan, Joseph H., e t  al.,  Steam Tables, 
Wiley-Interscience, New York, NY (1969) , 134-159 

5 .  Woley, G.R., "Wellbore and Soil  Thermal Simulation for 
Geothermal Wells - Development of Computer Model and 
Acquisition of Field Temperature Data; Part I Report", 
SAND79-7119, Sandia National Laboratories, March, 1980 

6. Vboley, G.R., "Wellbore and Soil Thermal Simulation for 
Geothermal Wells - Comparison of GEOTEMP P red ic t ions  t o  
Field Data and Evaluation of Flow Variables: Part I1 
Report " , SAND79-7116, Sandia National Laboratories, March, 
1980 

7. Wooley, G.R., "User's Manual for GEOTEMP, A Computer Code 
for Predicting Downhole Wellbore and Soil Temperatures i n  
Geothermal Wells: Appendix to  Part I Report", SAND79-7118, 
Sandia National Laboratories, March, 1980 

8. Orkiszewski, J., "Predicting Two-Phase Pressure Drops i n  
V e r t i c a l  P ipe" ,  Journal of Petroleum Technology, -June, 
1968, pp 829-838 

9. Chieriei, G.L., e t  a l . ,  "Two-Phase Vertical Flow i n  O i l  
Wells - -Prediction of Pressure Drop", Journal of Petroleum 
Technology, August, 1974, pp 92 7-938 

-138- 



Appendix A. 

The con t r ac to r  
'I Advanced W e 1  lbore 
by R. F. Mitchell 
w i l l  t r y  t o  poin t  

Cor rec t ions  and Addenda t o  the Research 
Report (SAND82-7003/1) 

report publ i shed  i n  February8 1982, e n t i t l e d  
Thermal Simulator GEOTEMPZ Research Report, " 
( 4 )  c o n t a i n s  s e v e r a l  errors. This appendix 
o u t  these errors so that there w i l l  be no 

unexplained i n c o n s i s t e n c i e s  among the code l i s t i n g ,  U s e r s '  
Manual and Research R e p o r t .  

The  on ly  major errors i n  the Research R e p o r t  are the 
reported r e s u l t s  of the a i r  and m i s t  d r i l l i n g  sample problems. 
Seve ra l  changes t o  the code have been made s i n c e  the publica- 
t i o n  of this document. Because of these changes, Figure 11 
(the temperature p r o f i l e  i n  the annulus)  i s  now known t o  be 
i n c o r r e c t .  However, the po in t  of th i s  f igu re  is to  show that  
the annulus  temperature is near the undis turbed  geothermal 
tqmperature.  The r e s u l t s  that GEOTEMP2 now give  show that the 
annulus  temperature  p r o f i l e  is even closer t o  the undis turbed 
p r o f i l e  than is shown i n  F igure  22 (see sample problem 7 i n  
this  u s e r ' s  manual). Also, because of the changes8 F igu res  l o ,  
13, 248 and 15 cannot be reproduced exac t ly .  It is important  
t o  reiterate tha t  GEOTEMP2 does n o t  attetipt t o  f ind  the minimum 
pres su re  necessary to  maintain flow nor  the minimum volumetr ic  
flow rate  t o  maintain l i f t i n g  capac i ty .  Running GEOTEMP2 w i t h  
randomly guessed values  of either q u a n t i t y  and al lowing the 
code t o  i n c r e a s e  the va lues  as necessary w i l l  n o t  r e s u l t  i n  
smooth curves as those shown i n  these four  f igu res .  It is 
s t i l l  t r u e  that  GEOTEMP2 is more conserva t ive  than  the Angel 
charts (1) because a s l i p  v e l o c i t y  for the c u t t i n g s  is 
included,  and, t he re fo re ,  a higher necessary  g a s  f l o w  is 
predicted. It is also t r u e  that adding m i s t  i nc reases  the 
necessa ry  volumetr ic  f l o w  rate and s tandpipe pressure .  

The Orkizewski  c o r r e l a t i o n s  or bubble ve o c i t y  repor ted  i n  
the research report are only  f o r  l i q u i d  Reynolds numbers 
g r e a t e r  t han  6000 ( 8 ) .  I n  the course of normal geothermal 
ope ra t ions ,  lower Reynolds numbers w i l l  n o t  be encountered. 
For example, a steam product ion w e l l  o f  r e l a t i v e l y  l o w  f l owra te  
might have 10,000 l b / h r  of steam and water flowing through a 
s ix- inch  pipe, The l i q u i d  Reynolds number i n  the tubing is 
de f ined  as: 

'7 . 

where m is the total  m a s s  f lowrate ,  is the hydrau l i c  pipe 
diameter, and is the v i s c o s i t y  of the l i q u i d .  A t  100°C, 
l i q u i d  water has a v i s c o s i t y  of 0.68 lb/ft/hr, and its viscos-  
i t y  dec reases  w i t h  i nc reas ing  temperature.  Therefore ,  the 
f l u i d  flowing i n  t h i s  w e l l  would have a l i q u i d  Reynolds number 
of  about  40,000. Note that lower Reynolds numbers can be 
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obtained w i t h  lower mass flow, larger pipe diameters or higher k; 
viscosity materials. T h i s  is important t o  remember i f  GEOTEMP2 
is going t o  be used to  model si tuations other than typical 
geothermal wells. 

A typographical error i n  Orkizewski's original paper is  
reproduced i n  the research report. Although no formal errata  
exists for the paper, Chieriei ( 9 )  mentions the mistake. Equa- 
t ion (48) i n  the research report should read: 

m 

v = + [a + (a2 + 13.59pw/pw~'5).5] for 3000 < N < 8000. 
Reb b 

The surface tension correlation given in  Appendix C of the 
research report (equation C-20) i s  incorrect. I t  should read: 

0 = 7.8609 x exp (-77.225/Ap), 

where the surface tension u n i t s  are i n  Newtons per meter. 

I n  the derivation of the compressible flow model, some 
assumptions are not stated explicit ly.  The integration of 
Equation ( 5 )  for the pressure drop due to  gravity yields  the 
exp res si on : 

AZ w = p v g cos0 - 1 1  Av 
where w is the pressure drop, p 1 ,  i s  the f l u i d  density a t  the 
c e l l  entrance, v2 and VI, are the velocit ies a t  entrance 
and e x i t  of the c e l l ,  respectively, Az is the ce l l  length, 

1 + B V / V l .  Using t h i s  l a t t e r  form and expanding the 
logari th gives: 

a nd . The t e r m  v2/V1 is equivalent t o  

F& neglecting the cubic term the pressure drop expression is 
simplified to: 

which is Equation ( 8 )  i n  the Research Report. However, no 
assumption was stated expl ic i t ly  concerning th i s  derivation. 
I n  expanding the logarithm, the condition, -1<c(v/v. 1. I, needs 
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t o  be fu l f i l l ed .  T h i s  is true when v2 5 2v18 which is 
probably observed for a l l  cases w i t h i n  the program. (Only 
when Az, i ,e. the ver t ical  grid size, is very large, would 
th i s  condition not be sa t i s f ied . )  

r̂  Finally, this equation for the gravitational pressure drop 
is combined w i t h  the other pressure drop terms to give a quad- 
r a t i c  expression for the ex i t  velocity, v2# whose solution is 
given by Equation (13) i n  the Research Report as: 

W 

I 

-b - (b2 - 4ac) 1/ 2 - 
v2 - 2a 

(The terms a, b ,  and c are defined i n  the Research Report). 
Only one root was taken since the second root yields a much 
higher velocity (producing supersonic flow) which is not 
physically reasonable. 

. 
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Appendix B - Desc r ip t ion  of Subrout ines  and Funct ions 

T h i s  appendix lists the 26 subrou t ines  and 18 func t ion  sub- 
programs conta ined  i n  GEOTEMP2. A b r i e f  d e s c r i p t i o n  is pro- 
vided of each subrou t ine  and funct ion.  More de ta i l  concerning 
the t rea tment  provided i n  a given subrou t ine  or f u n c t i o n  may be 
found -in the Part I report on the development of GEOTEMP ( 5 )  or 
i n  the Research Report f o r  GEOTEMP2 ( 4 ) .  

MA I N  

The MAIN subrou t ine  of program GEOTEMP2 cal ls  the subrou- 
t i n e s  which perform the c a l c u l a t i o n s  or other ope ra t ions .  T h i s  
s u b r o u t i n e  has three p r i n c i p a l  funct ions:  1) Defining the 
problem (casing, radial g r i d ,  w e l l  ope ra t ion ,  etc.) ,  the 
i n i t i a l  c o n d i t i o n s  ( t empera tu res ) ,  and properties of the 
f l u i d s ,  soi l ,  and cement; 2) Reading the CHANGE records and 
d i r e c t i n g  the program t o  the appropriate subrou t ine  and 
3 )  i t e r a t i n g  over  t i m e .  

READ 

All of the input  data described i n  s e c t i o n  2 is read i n  
this  subrou t ine .  These data are then w r i t t e n  onto  the o u t p u t  
f i l e  TAPEG. 

PROP 

The thermal properties of materials used i n  GEOTEMPZ are 
de f ined  i n  PROP. The d e n s i t y ,  s p e c i f i c  heat capacity, and 
thermal c o n d u c t i v i t y  of steel ,  cement, so i l ,  and the f l u i d s  are 
d e f i n e d  here. Al l  properties, except those of the f l u i d s  are 
treated as cons t an t s .  The s o i l  properties may be modified f o r  
each v e r t i c a l  layer using the procedure desc r ibed  i n  the I n t r o -  
duc t ion .  The s p e c i f i c  heat c a p a c i t y  and thermal c o n d u c t i v i t y  
of the f l u i d s  are ca l cu la t ed  using a c o r r e l a t i o n  based on the 
f l u i d  d e n s i t y  ( 4 ) .  

GRID 

Subrout ine  GRID g e n e r a t e s  the l o c a t i o n  of the mathematical 
nodes and cells  used t o  establish the energy ba lance  equa- 
t i o n s .  Ten r a d i a l  p o s i t i o n s ,  w i t h  an  exponen t i a l  d i s t r i b u t i o n ,  
are c a l c u l a t e d  us ing  a maximum r a d i u s  of 5 0  f e e t .  The cross- 
s e c t i o n a l  areas of each r a d i a l  c e l l  are c a l c u l a t e d  f o r  u se  i n  
the v e r t i c a l  heat conduction c a l c u l a t i o n s .  F i n a l l y ,  the 
v e r t i c a l  d i s t r i b u t i o n  of nodes is de f ined  w i t h  a cons t an t  in- 
crement of 200 f e e t .  
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COND 

This subrou t ine  c a l c u l a t e s  the thermal conductances i n  the 
radial d i r e c t i o n  between ad jacen t  nodes. Thermal r e s i s t a n c e s  

* are f i r s t  c a l c u l a t e d  using material properties and w e l l  geom- 
e t r y .  I n s i d e  the wellbore, s u r f a c e  convection r e s i s t a n c e s  are 
added f o r  flowing stream ( i f  applicable) and n a t u r a l  con- 

0 vect ion .  The r e s i s t a n c e s  are converted to  a to ta l  thermal con- 
duc ta nce be tween nodes. 

U 

- 

COEF 

Subrout ine  COEF c a l c u l a t e s  the c o e f f i c i e n t s  of the terms i n  
the energy ba lance  equat ions.  The c o e f f i c i e n t s  f o r  flowing 
c o n d i t i o n s  and s h u t  i n  are c a l c u l a t e d  separately f o r  the f i r s t  
three radial nodes of the wellbore. 

WELL 

The temperature  c a l c u l a t i o n s  are performed i n  t h i s  sub- 
rout ine .  Wellbore temperatures  are computed i n  the d i r e c t i o n  
of f l u i d  flow. The so i l  temperatures  are then c a l c u l a t e d  and 
the new values  are checked f o r  convergence. 

CONAN 

T h i s  sub rou t ine  c a l c u l a t e s  the e f f e c t i v e  thermal conduc- 
t i v i t y  of each of the annular  reg ions  i n  a w e l l .  

DWNFLX) 

T h i s  sub rou t ine  keeps track of the p o s i t i o n  of the l i q u i d  
i n t e r f a c e s  which are moving down when mul t ip l e  f l u i d s  are used 
i n  the wellbore. 

UPFLW 

T h i s  sub rou t ine  performes the same f u n c t i o n s  as IIWNFIX) b u t  
now f o r  the case of the l i q u i d  i n t e r f a c e s  moving upward. N o t e  
tha t  GEOTEMP2 does n o t  t rea t  displacement of  a gas  by l i q u i d  or 
v i c e  versa .  When gas or steam systems are used, these subrou- 
t i n e s  are n o t  c a l l e d .  

FPROP 

T h i s  sub rou t ine  is c a l l e d  f r  OND t o  c a l c u l a t e  the f l u i d  - (i .e.  l i q u i d )  properties at a given l o c a t i o n  i n  the wellbore. 

FLOW 

The Elowing stream and s t a t i c  properties f o r  a g a s  i n  the 
wellbore are determined i n  this  subrou t ine .  I n  a d d i t i o n ,  this 
s u b r o u t i n e  determines whether the g a s  flow has 'choked', i.e. 
there is i n s u f f i c i e n t  p r e s s u r e  to suppor t  the assumed mass flow 

h.i 
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rate. The code i n c r e a s e s  the s t andp ipe  p r e s s u r e  u n t i l  the con- 
d i t i o n  f o r  stable flow is s a t i s f i e d .  F i n a l l y ,  i n  the g a s  
d r i l l i n g  case, the gas f low rate  is  i n c r e a s e d  i f  there is 
i n s u f f i c i e n t  capacity for l i f t i n g  the c u t t i n g s ,  

VEXIT 

The e x i t  f low properties of a g a s  i n  a g iven  pipe element  
are determined i n  this subrou t ine .  

ACHNG 

T h i s  s u b r o u t i n e  c a l c u l a t e s  the change i n  the g a s  flow prop- 
erties ( p r e s s u r e ,  d e n s i t y ,  t empera ture ,  and v e l o c i t y )  due to a n  
a b r u p t  change i n  area w i t h i n  the t ub ing  or annulus .  

GPROP 

T h i s  s u b r o u t i n e  c a l c u l a t e s  the fo l lowing  gas properties a t  
a s p e c i f i e d  dep th  and tempera ture  i n  the wellbore: 

d e n s i t y ,  s p e c i f i c  heat capacity ( a t  c o n s t a n t  pressure and 
a t  c o n s t a n t  volume), thermal c o n d u c t i v i t y ,  v i s c o s i t y ,  and 
v e l o c i t y .  

NOZL 

T h i s  s u b r o u t i n e  is called by FLOW and checks f o r  choked 
flow i n  the b i t  n o z z l e s ,  It i n c r e a s e s  the s t andp ipe  p r e s s u r e  
i f  the flow is found t o  be choked. 

VSLIP 

The i n i t i a l  s l i p  v e l o c i t y  of the c u t t i n g s  w i t h  respect t o  
the f lowing gas is c a l c u l a t e d  here. 

VMIXT 

T h i s  s u b r o u t i n e  c a l c u l a t e s  the e x i t  f low properties for a 
g a s #  m i s t ,  and c u t t i n g s  mixture  g iven  the i n l e t  c o n d i t i o n s ,  

PSAT 

This subrou t ine ,  which is called from TUFAS, c a l c u l a t e s  the 
s a t u r a t e d  vapor  p r e s s u r e  f o r  two-phase steam flow a t  a speci- 
f i e d  temperature .  

DVSAT 

This subrou t ine ,  called from TUFAS, c a l c u l a t e s  the s a t u -  
r a t e d  vapor d e n s i t y  f o r  two-phase steam flow a t  a s p e c i f i e d  
t empera tu re  , 

-144- 



Ld 

c 

DLSAT 

This  s u b r o u t i n e ,  called from TUFAS, c a l c u l a t e s  the s a t u -  
rated l i q u i d  d e n s i t y  f o r  two-phase steam flow a t  a s p e c i f i e d  
t empera tu re  . 
STEAM 

Pressure, i n t e r n a l  ene rgy  and their f i r s t  par t ia l  d e r i v a -  
t i v e s  are calculated as f u n c t i o n s  of d e n s i t y  and t empera tu re  
f o r  both vapor and l i q u i d  phases. 

ESAT 

T h i s  s u b r o u t i n e  c a l c u l a t e s  the e n t h a l p y  of  the s a t u r a t e d  
v a p o r / l  i q u i d  system f o r  two-phase steam flow. 

KSAT 

The thermal c o n d u c t i v i t y  of the s a t u r a t e d  vapor - l iqu id  
system f o r  two-phase steam f l o w  is c a l c u l a t e d  i n  t h i s  
s ub ro u t i n  e. 

TUFAS 

T h i s  i s  the p r i n c i p a l  s u b r o u t i n e  which is used  t o  c a l c u l a t e  
the f lowing  stream properties f o r  two-phase steam flow. 

GMORK 

The b u b b l e  rise v e l o c i t y  and O r k i z e w s k i ' s  g a m m a  f u n c t i o n  
f o r  two-phase slug flow are c a l c u l a t e d  i n  th is  s u b r o u t i n e .  

The following are the f u n c t i o n  subprograms c o n t a i n e d  i n  
GEOTEMP 2. 

HTUB E 

T h i s  f u n c t i o n  c a l c u l a t e s  the f i l m  c o e f f i c i e n t  f o r  n a t u r a l  
convec t ion  i n  a tube .  

V I S C  

The f l u i d  v i s c o s i t y  is  de te rmined  by this f u n c t i o n .  

T h i s  f u n c t i o n  subprogram c a l c u l a t e s  the ave rage  properties 
for a n  a n n u l u s  w i t h  a cement /packer - f lu id  i n t e r  face. 
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CONV 

T h i s  f u n c t i o n  computes a surface f i l m  c o e f f i c i e n t  f o r  
fo rced  convec t ion  i n  a n  annu lus .  

CONVN 

T h i s  f u n c t i o n  c a l c u l a t e s  the f i l m  c o e f f i c i e n t  f o r  n a t u r a l  
c o n v e c t i o n  w i t h i n  the annu lus .  

KTUB E 

The t u b i n g  s i z e  a t  a g iven  depth is found i n  this f u n c t i o n .  

FRIC 

T h i s  f u n c t i o n  subprogram c a l c u l a t e s  the Darcy f r i c t i o n  
f a c t o r  f o r  gas f l o w .  

GVISC 

G a s  v i s c o s i t y  a t  a g iven  t e m p e r a t u r e  is c a l c u l a t e d  here. 

CD 

T h i s  f u n c t i o n  c a l c u l a t e s  the aerodynamic drag c o e f f i c i e n t  
for c u t t i n g s .  

SVVI s 

T h i s  f u n c t i o n  c a l c u l a t e s  the s a t u r a t e d  vapor  v i s c o s i t y  f o r  
two-phase steam flow. 

SLVI s 

T h i s  f u n c t i o n  c a l c u l a t e s  the s a t u r a t e d  l i q u i d  v i s c o s i t y  f o r  
two-phase steam f l o w .  

FR2P 

The Darcy f r i c t i o n  f a c t o r  f o r  two-phase f low is d e t e r m i n e d  
by this  f u n c t i o n .  

SURTN 

The s u r f a c e  t e n s i o n  f o r  water a t  a s p e c i f i e d  t e m p e r a t u r e  is 
c a l c u l a t e d  here. 

n 
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DENCR 

‘td This func t ion  subprogram determines the d e n s i t y  f o r  
two-phase flow given the temperature,  p ressure ,  and i n i t i a l  
guess  of the dens i ty .  

RLORK 
c 

The l i q u i d  f r a c t i o n  fo r  two-phase bubble  flow is found here. c 

HMIX 

T h e  two-phase heat t r a n s f e r  f i l m  c o e f f i c i e n t  is c a l c u l a t e d  
by this  funct ion.  

H2PR 

The c o n d u c t i v i t y  between the two-phase steam and the cen te r  
of the tubing-casing annulus is found. 

TSAT 

This func t ion  subprogram c a l c u l a t e s  the temperature of the 
s a t u r a t e d  vapor a t  a s p e c i f i e d  p re s su re  fo r  two-phase steam 
flow. 

c 
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1 ,  

PROGRAM GEOTEMP( INPUT, OUTPUT, TAPE5, TAPE6 1 
C 
C** * * * * *  GEOTEMPZ VERSION 2.0 [DECEMBER, 19841 . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

THIS PROGRAM COMPUTES THE TEMPERATURES I N  AND SURROUNDING A WELL 
AND I S  AN EXTENDED VERSION OF A PREVIOUS CODE NAMED GEOTEMP. 
IMPROVEMENTS TO THE CODE INCLUDE GAS AND MIST DRILLING 
AND TWO PHASE STEAM INJECTION AND PRODUCTION. 

THE FOLLOWING REPORTS PROVIDE THE DOCUMENTATION FOR THIS CODE: 

1 ) L. A. MONDY AND L. E. DUDA, "ADVANCED WELLBORE THERMAL 
SIMULATOR - GEOTEMP2 - USER MANUAL" , SAND84-0857, SANDIA 
NATIONAL LABORATORIES, NOVEMBER 1984. 

GEOTEMP2 - RESEARCH REPORT", SAND82-7003/1, SANDIA NATIONAL 
LABORATORIES, FEBRUARY, 1982. 

3 )  6. R. WOOLEY, "WELLBORE AND SOIL THERMAL SIMULATION FOR 
GEOTHERMAL WELLS - DEVELOPMENT OF COMPUTER MODEL AND 
ACQUISITION OF FIELD TEMPERATURE DATA; PART I REPORT", 
SAND79-7119, SANDIA NATIONAL LJWORATORIES, MARCH, 1980. 

2 )  R. F. MITCHELL, "ADVANCED WELLBORE THERMAL SIMULATOR - 

VERSION 2.0 OF THE CODE GEOTEMP2 CORRECTS SEVERAL ERRORS FOUND 
I N  THE ORIGINAL IMPLEMENTATION OF THE CODE. QUESTIONS Of? 
COMMENTS CONCERNING THIS CODE SHOULD BE DIRECTED TO: 

LEONARD E. DUDA 
SANDIA NATIONAL LABORATORIES 
( PHONE : (505 ) 844-2377 ) 

c****************************************************************************** 
C ISSUED BY SANDIA NATIONAL LABORATORIES, * 
C A PRIME CONTRACTOR TO THE * 
C UNITED STATES DEPARTMENT OF ENERGY * 
C++++++i+++++t++t++++++++++++++ NOTICE iiic++*+*+*++*++++++++w+++++++++++++++ 
C * 
C THIS CODE WAS PREPARED I N  THE COURSE OF WORK SPONSORED BY THE UNITED * 
C STATES GOVERNMENT. NEITHER THE UNITED STATES NOR THE UNITED STATES * 
C DEPARTMENT OF ENERGY, NOR ANY OF THEIR EMPLOYEES, NOR ANY OF THEIR * 
C CONTRACTORS, SUBCONTRACTORS, OR THEIR EMPLOYEES, MAKES ANY WhRRANTY, * 
C EXPRESS OR IMPLIED, OR ASSUMES ANY LEGAL L I A B I L I T Y  OR RESPONSIBILITY * 
C FOR THE ACCURACY, COMPLETENESS OR USEFULNESS OF ANY INFORMATION, * 
C APPARATUS, PRODUCT OR PROCESS DISCLOSED, OR REPRESENTS THAT I T S  USE * 
C WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS. * 
C * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

COMMON / B L K l /  TW(151,20),TWJ(151,21) 
COMMON /BLK3/ KDR,NZ,NZPl,TD,Z(151),ZC(l5),DZ(~5),TVD,DDVN 
COMMON /BLK8/ NR,RMAX ,R( 2 1  1 ,DR( 2 1  ), AR( 2 0  ) , R I  ( 15 ) ,RO( 15 ) 
COMMON /BLK4/ U( 151,20 1 ,Q( 151,2 ) 
COMMON /BLKG/ IFLOW,PI,DT,TINl,TIN2,FR1,FR2,FR3,NIT 
COMMON /BLKlZ /  VFR2 
COMMON /BLK11/ VFR,DDCHG,COSDVN 
COMMON /BLK 13/ DENFP( 5 1 ,  PUFF( 5 ) , YPFP( 5 ) , SHFPE 5 1 ,  CONFP( 5 ) , 

COMMON /BLK14/ TSUR,BHT,TDEPTH,DEPTHT 
@IPF, IAF, ISF 



W 

W 

COMMON /BLK17/ ZI( 10,2 ),NA( 10,2 ),NI(2 ),NOF 
COMMON /BLKl8/ DENG( 151,2),PRESS( 151,2),VGAS(151,2) 
COMMON /BLK19/ DEPTH,BITR,BITA,DCLRL,DCLRI,DCLRO,PSTAND 
COMMON /BLK20/ D C U T ~ 1 5 1 ~,VCUT~151~,~L~Q~151,Z~,DVAF~i5i,2~,0RT, 

COMMON /BLK21/ IREGM(151,3),QUALS,PSTEMlI2PH,ISKIP~15l,2~ 
DIMENSION BITN( 3) 
CHARACTER DUMMY*10 
DATA PI/3.1415927/ 
DATA TIME/O./,DTMAX/24./ 

& VFR3 

C 
C READ IN VARIABLES 
C 

CALL READ 
C 
C MATERIAL PROPERTIES 
C 

CALL PROP 
C 
C DEFINE GRID 
C 

C 
C INITIALIZE TEMPERATURES 
C 

CALL GRID 

COSDUN=( TUD-DDVN )/ ( TD-DDVN ) 
IF(ABS(TD-l . -ODVN).LT.r.BO.AND.TVD.EQ.DDVN) COSDVN=1.0 
DTDZl=(TDEPTH-TSUR)/DEPTHT 
DTDZ2=( BHT-TDEPTH )I( TVD-DEPTHT ) 
NR1 = NR + 1 
DO 28 K=l,NZPl 
UD=Z( K ) 
IF(VD.GT.DDVN)VD=DDVN+(Z(K)-DDVN)*COSDVN 
TT=DTDZl*UD+TSUR 
IF(VD.GT.DEPTHT)TT=TDEPTH+DTDZZ*(VD-DEPTHT) 
DO 28 I=l,NRl 
TWJ(K,I) = TT 

28 TW(K,I) = TT 
C 

DCRIM=DCLRI*24. 
DCROM=DCLR0*24. 
BITRM=BITR*24. 

C 
C 
C READ AND WRITE NEW FLOWING DATA 
C 
C IFLOW = FLOWING STREAM OPTION 
C 1 = INJECTION 
C 2 = PRODUCTION 
C 3 = FORWARO CIRCULATION 
C 4 = REVERSE CIRCULATION 
C 5 = FORWARD CIRCULATION COMPRESSIBLE 
C 6 = DRILLING, LIQUID SYSTEMS 
C (RESET TO IFLOW = 3 )  
C 7 = DRILLING, GAS SYSTEMS 
C (RESET TO IFLOW = 5 )  
C 8 = DRILLING, MIST 
C (RESET TO IFLOW = 5 )  
C 9 = STEAM PRODUCTION 
C 10 = STEAM INJECTION 



C TIN1 = INLET TEMPERATURE OF FLOWING FLUID, F 
C UFRP = VOLUME FLOW RATE OF FLUID, GPM 
C UFRP = GAS FLOW RATE, SCFIMIN GAS FLOW OPTIONS 
C 

UFR3P=0. 
UFRZP=0. 
UFR3-0. 
NFLOW-0 
DAY s-0.0 

I2PH-0 
TCHG = DAYCH*Z4. 
DDCHG10.0 
HRC-0.0 

6 RE~D~5,*,END=50,ERR=52~DUMMY,1FL0W,1SEC,1PF,T1N1,UFRP1DAYCH 

C 
C CHANGE CARD OPTIONS 
C 
C GAS FLOW OPTIONS (IFLOW 5,7,8) READ PSTAND 
C 

IF( (IFLOW-5)*( IFLOW-7)*( IFLOW-8).EQ.0)READ(5,+,END=50,ERR=52) 
& DUMMYIFSTAND 

C 
C MIST FLOW OPTION (IFLOW 8) READ UFR3P 
C 

1F(1FL0W.EQ.8)REA0(5,*,ENOo58,ERR=52)DUMMY1VFR3P 
UFR3=UFR3P*60./7.4805 

C 
C READ DRILLING PARAMETERS (IFLOW 6,7,8) 
C IBH = 0 NO BOTTOM HOLE ASSY CHANGE 
C IBH = 1 READ BOTTOM HOLE ASSY CARD 
C HRC = HOURS OF CIRCULATION DAILY 
C DDCHG = DEPTH REACHED AT TIME DAYCH 
C 

IF(( IFLOW-6)*( IFLOW-7)*( IFLOW-8).EQ.0)READ(5,*,END~50,ERR=5Z~ 
& DUMMY,IBH,HRC,DDCHG 

C 
C READ BOTTOM HOLE ASSY DATA 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

DCLRL = LENGTH OF DRILL COLLAR ASSEMBLY, FT. 
DCRIM = DRILL COLLAR I.D., IN. 
DCROM = DRILL COLLAR O . D . ,  IN. 
BITRM - DRILL BIT DIAMETER, IN. 
BITN(1) - BIT NOZZLE DIAMETER, IN, 

1F~1BH.EQ.1~READ~5,*,ENDP50,ERRP52)DUMMY,DCLRL,DCR0M,DCR1M,B1TRM1 
& ( BITN( K ) , K=1 , 3 1 

SECONDARY FLOW 

ISEC = 0 NO SECONDARY FLOW CHANGE 
ISEC = 1 SECONDARY FLOW CHANGE 

1F~1SEC.EQ.1~READ~5,*,END=50,ERR=52~DUMMY,1SF1T1N~,UFR~P 

VOLUME FLOW RCITE FT3/HR 

VFRZ=VFRZP*60./7.4805 

TWO-PHASE STEAM PRODUCTION/INJECTION 

IF( IFLOW. LT. 9 )GO TO 54 



bd 

C 
C IFLOW 9 TWP-PHASE STEAM PRODUCTION 
C IFLOW = 10 TWO-PHASE STEAM INJECTION 
C 

READ (S,*)DUMMY,ISTM,XXXX 
IF( 1STM.EQ. 1 )QUALS=XXXX 
IF( ISTM. EQ. 2 )PSTEM=XXXX 

TINK=(TINlt459.67 ) / I  .8 
CALL PSAT(PSTST,XX,TINK) 
PSTST=PSTST/6894,757 

IF( ISTM. EQ. 1 )PSTEM=PSTST 
IF( ISTM.EQ.l )GO TO 55 
IF(PSTEM.GT.PSTST)QUALS=0. 
IF(PSTEM.LE.PSTST)QUALS=l. 

IF( IFLOW.EQ.9 )IFLOW=2 
IF( 1FLOW.EQ. 10 )IFLOW=l 
NFLOWel 
UFR=UFRP*60./7.4805 
IZPHsl 

WRITE(6,104 )DAYS 
IF( IFLOW. EQ .2 )WRITE( 6,153 ) 
IF( IFLOW.EQ.l )WRITE(6,154) 
IF( 1STM.EQ. 1 )WRITE(6, 155)QUALS 
IF( ISTM.EQ.2 )WRITE(6,156 IFSTEM 
WRITE(6,116)TINl,UFRP,DAYCH 
CALL TUFAS 
GO TO 11 

54 CONTINUE 

C 

C 

55 CONTINUE 

C 

C 

C 
IF( IFLOW.EQ.6 )IFLOW=3 
IF( IFLOW. EQ. 7 )IFLOW4 
IF( IFLOW.EQ.8)IFLOW=5 
WRITE (6,104) DAYS 
IF ( IFLOW .EQ. 1 ) WRITE (6,108) 
IF (IFLOW .EQ. 2 )  WRITE (6,110) 
IF (IFLOW .EQ. 3) WRITE (6,112) 
IF (IFLOW .EQ. 5) WRITE (6,112) 
IF (IFLOW .EQ. 4) WRITE (6,114) 
IF( IFLOW.EQ.S.AND.IPF.EQ.l)WRITE(6,139) 
IF(IFLOW.EQ.S.AND.IPF.EQ.2)WRITE(6,140) 
IF(IFLOW.EQ.S.AND.IPF.EQ.3)WRITE(6,141~ 
IF(IFLOW.EQ.5.AND.UFR3.6T.0.01)WRITE(6,149~UFR3P 
IF(NFLOW,EQ.0.AND.IFLOW.LT.5)60 TO 34 
NI( 1 )=l 
NI(Z )=l 
NA( 1,l )=IFF 
NA( 1,2 )=IFF 
TDl=TD 
IF(DDCHG.GT.0.10)TDlPDEPTH 
ZI( 1,l bTD1 
ZI( 1,2 bTD1 
NFLOW=l 
IF( IFLOW. GT .4 )GO TO 47 
NFLOWe0 

34 CONTINUE 



C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

IF (IFLOW .LT. 1 .OR. IFLOW .GT. 5) WRITE (6,115) 
IF(IFLOW.EQ.1.OR.IFLOW.EQ.3)WRITE(6,130)1FF 
IF( IFLOW.EQ.2 )WRITE(6,132 )IFF 
IF( IFLOW. EQ. 4 )WRITE( 6 , 134 )IFF 
IF(NI(1).EQ.l.AND.NI(2).EQ.l)GO TO 45 
DO 46 JNT=1,2 
IF( JNT.EQ. 1 )WRITE( 6,124 ) 
IF( JNT.EQ.2 )WRITE(6,126) 
NIJ=NI( JNT) 
DO 46 INT=l,NIJ 
NNl-NIJ-INTtl 
ZTOP=0. 
IF(INT.6T.1)ZTOP=ZI(NNltllJNT) 

46 WRITE(6,128 )NA(NNl, JNT ),ZTOP, ZI( NN1 , JNT ) 
GO TO 47 

45 IF( NA( 1,l) . EQ . NA( I ,  2 ) )WRITE( 6,136 )NA( 1 , 1 ) 
IF( Ni3( 1 , 1 ) .NE. NA( 1,2 ) )WRITE( 6 , 138 )NA( 1 , 1 ) , NA( 1 , 2 1 

47 CONTINUE 
1F(1SEC.EQ.1)WR1TE(6,152)1SF1T1N2,UFR2P 
IF( IFLOW.GT.4)GO TO 35 
WRITE (6 ,116)  TINl,UFRP,DAYCH 
GO TO 36 

35 VFR=UFRP 
WRITE(6,117)TIN1,UFR1DAYCH 
GO TO 37 

CONVERT UNITS ON FLOW RATE, GAL/MIN TO FTS/HR 
60 MINJHR AND 7.4805 GAL/FT3 

36 VFR = UFRF*60./7.4805 
37 IF (HRC .GT. 0.) DRT 24.*([3DCHG - DEPTH)/((TCHG - TIME)*HRC) 

IF( HRC. LE - 0.0 )DRT=0. 0 
UFRC = UFR 
IF(DDCHG.LT.0.1 )GO TO 11 
WRITE(6,145)DDCHG,HRC 
WRITE(6,146)DCLRLlDCRIM,DCROM 
WRITE(6 , 147 IBITRM, (BITN( LL 1 ,LL=1,3 1 
DCLRI=DCRIM/24. 
DCLRO=DCROM/ZQ. 
BITR=BITRM/24. 
B ITA=0.0 
DO 9 LL=l,3 

IF(BITA.LE.0.0)BITA=3.14159*DCLR1**2 
KDR=DEPTH/( Z(2 1-Z( 1 ) )+1.5 
IF(KDR.LE. 1 )KDR=2 

9 BITA=BITAt3.1426*(BITN(LL)/24. )**2 

11 CONTINUE 

FORM WELLBORE CONDUCTANCES 

DELT = 0.01 
DT = DELT*DTMAX 
IF( IFLOW.GT.4)CALL FLOW 
CALL COND 
CALL COEF 

INCREMENT TIME 

IDRLLz0 
4 CONTINUE 



C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

IF (DDCHG .GT. 0.1) G.0 TO 8 

TIME INCREMENTS - NOT.DRILLING 
DT=DELT*DTMAX 
GO TO 12 

TIME INCREMENTS - DRILLING 
8 CONTINUE 

IF(HRC.GE.0.1 )GO TO 10 
HRC-0.0 
UFR=0. 
DRT=0.0 
IDRLL=3 

10 IF(IDRLL.GE.3)GO TO 16 

DRILLING 

DT=HRC/3.0 
IF( HRC . LE, 2.0 )DT=HRC/2.0 
IF( HRC.LE. I .  0 )DT=HRC 
IF(HRC.LE.2.0 )IDRLL=l 
IF( HRC. LE. 1.0 )IDRLL=Z 
VFR=VFRC 
IDRLL=IDRLL+l 
GO TO 12 

SHUT-IN 

16 

12 

VFR=0. 
IF(IDRLL.EQ.3.AND.IFLOW.GT.4)CALL FLOW 
IF( IDRLL.EQ.3 )CALL COND 
DT-8.0-HRCl3.0 
IF(HRC.6T.22.0)DT=lZ.-HRC/2.0 
IF(HRC.GT.23.0)DT=24.-HRC 
IF( HRC .6T. 22.0 ) IDRLL=4 
IF(HRC.GT.23.0 )IDRLL=5 
IDRLL-IDRLL+l 
IF( IORLL.EQ.6 )IDRLL=0 
IF(HRC.GT.23.9)HRC=24.0 
IF(HRC.GT.23.9)GO TO 8 

IF(TIME.GE.TCHG)GO TO 39 
IF(TIME+DT.GT.TCHG)DT=TCHG-TIME 
TIME = TIME + DT 
IF( DT.LT.O.O1 )DT=0.01 
DAYS = TIMEl24. 
DELT=l.Z5*DELT 
IF (DDCHG .LT. 0.1) GO TO 14 
DRLRT - DRT 
IF (UFR .tT. 0.1)  DRLRT - 0. 
DEPTH = DEPTH t OTkDRLRT 
KDRO = KDR 
ZCELLzZ(2 )-Z( 1 1 
KDR=DEPTH/ZCELL+1.5 
IF( KDR .LE. 1 )KDR=2 
NZ=KDR+ 1 
NZPl=KDR+Z 



IF (KDR .EQ. KDRO) GO TO 14 
IF( IFLOW.GT.4 )CALL FLOW 
CALL COND 
CALL COEF 

c 
C COMPUTE WELLBORE TEMPERATURES 
C 

14 IF(IFLOW.GT.4)GO TO 40 
IF(UFR.LT.1.0)GO TO 40 
IF( NI( 1 ) .EQ. 1 .AND.NI( 2 .EQ. 1 .AND. IPF.EQ.NA( 1,l ))GO TO 40 

c 
C UPDATE WELLBORE FLUID INTERFACES 
C 

UF=UFR*DT 
UFZ=0. 
IF( ISEC .EQ. 1 )UFZ=UFRZ*DT 
IF( IFLOW.EQ.2 )GO TO 41 
JFLOW=l 
IF( IFLOW. EQ. 4 )JFLOW=2 
CALL DWNFLO(UF,IPF,IFLOW,JFLOW) 
IF( 1FLOW.EQ. 1 )GO TO 42 

41 CALL UPFLOW(UF,UF2,IPF,IFLOW) 
42 CALL COND 

WRITE(6 , 120 )DAYS 
DO 44 JNT=l,Z 
IF(JNT.EQ.1 )WRITE(6,124) 
IF( JNT.EQ.2 )WRITE( 6,126 ) 
NIJ-NI(JNT) 
DO 44 INT=l,NIJ 
NNl=NIJ-INT+l 
ZTOP=O. 
IF( INT.GT.l )ZTOP=ZI(NNLtl,JNT) 

GO TO 43 

CALL COND 
CALL COEF 

43 CALL WELL 
IF ( TIME .LT. (TCHG-1.E-3) .AND. DDCHG .LT. 0.1) GO TO 4 
TLEFTsTCHG-TIME 
IF(IDRLL.EQ.0.AND.TLEFT.LE.23.99)GO TO 51 
IF(IDRLL.EQ.3.AND.TLEFT.LE.23.99)GO TO 51 
GO TO 4 

44 WRITE(6,128)NA(NN1,JNT~,ZTOPlZI(NN1, JNT) 

40 IF( IFLOW. GT .4 )CALL FLOW 

51 CONTINUE 
C 
C PRINT OPTION 
C 

GPM = UFR*7.4805/60. 
WRITE (6,101) DAYS,NIT 
IF (DDCHG .GT. 0.1.AND.IFLOW.LE.4) WRITE (6,122) GPM,DEPTH 
IF~DDCHG.GT.0.l.AND.IFLOW.GE.5~WRITE~6,l23~UFRlDEPTH 
WRITE (6,118) (R(1 ),1=1,5),R(NRl) 
WRITE ( 6 , 106 1 ( Z( K 1, ( TWJ( K , I ) , I=1,5 ) , TWJ( K , NRl ) ,K=l , NZPl 
IF( I2PH.EQ.0)GO TO 58 
IF( IFLOW. EQ .2 )WRITE ( 6 , 157 1 
IF(IFLOW.EQ.1 )WRITE(6,158) 
WRITE( 6 I 159 1 
DO 57 I=l,KDR 

\ 

57 WRITE( 6,160 )Z( I 1 ,  PRESS( I , 1 ) , TWJ( I, 1 ) , 
& DUAP( I, 1 ) , DLIQ( I , 1 )  , UGAS ( I , 1 ) , ( IREGM( I , J ) , J= 1 , 3 



58 CONTINUE 
IF( IFLOW.LT.5)GO TO 39 
WRITE( 6,142 1 
WRITE( 6 , 143 ) 
DO 38 I-1,KDR 
WRITE( 6,144 )Z( I 1 ,PRESS( I I 1 1, TWJ( I, 1 1,  DENG( I, 1 1, DLIQ( I, 1 ) , 

& DUAP( I, 1 1 ,UGAS( I , 1 ) 
38 CONTINUE 

WRITE( 6,150 ) 
DO 338 I=l,KDR 
WRITE ( 6,151 )Z  ( I ) , PRESS( I ,2 1, TW J ( I , 2 ) , DENG ( I ,2 1 ,  DLIQ( I ,2 ) I 

& DUAP( I , 2 ) , DCUT( I 1, UGAS( I ,2 ) , UCUT( I ) 
338 CONTINUE 
39 CONTINUE 

IF (ABS((T1ME - TCHG)/TIME) .LT. 0.001) GO TO 6 
IF(TIME.GE.TCHG)GO TO 6 
GO TO 4 

50 STOP 
C 
C INPUT ERROR 
C 

52 WRITE(6,148) 
STOP 

C 
C FORMAT STATEMENTS 
C 
101 FORMAT ( ///lX , "TIME =I' ,F10.3, I' DAYS" , 30X, 'I ITERATIONS 5'' , I3 1 
104 FORMAT ( "1"//2X,"S E T U A R I A B L E 5 AT TIME e", 

106 FORMAT (3XIF8.0,3X,5F9.1,4X,F9.1) 
108 FORMAT (10X,"FLOWING OPTION = INJECTION") 
110 FORMAT (10X,"FLOWING OPTION = PRODUCTION") 
112 FORMAT (10X,"FLOWING OPTION = FORWARD CIRCULATION") 
114 FORMAT (10X,"FLOWING OPTION = REVERSE CIRCULATION") 
115 FORMAT (//10X,"FLOWING OPTION INCORRECTLY DEFINED"//) 
116 FORMAT (10X,"INLET TEMPERATURE =",F6.0," F"/ 

& F10.3," DAYS") 

& 10X,"FLOW RATE =",F6.0," GAL/MIN"/ 
& 10X,"TIME TO CHANGE DATA =",F10.3," DAYS") 

& 10X,"FLOW RATE =",F6.0," SCF/MIN"/ 
& 10X,"TIME TO CHANGE DATA =",F10.3," DAYS") 

118 FORMAT (/17X,"T E M P E R A T U R E 
& "D I S T R I B U T I 0 N"//30X,"RADIAL POSITIONS, FEET"/ 
& 4X,"DEPTH, FT1',1X,5F9.1,4X,F9.1/) 

120 FORMAT(/" FLUIDS IN WELL UPDATED AT TIME=",F10.3,11 DAYS") 
122 FORMAT ( lX, "CONDITIONS SINCE LAST TIME STEP: " /  

117 FORMAT(10Xl"INLET TEMPERATURE=",FG.O," F"/ 

", 

& SX,"FLOW RATE =",F5.0," GAL/MIN", 
& SX,"CIRCULATION DEPTH =",F6.0," FT" ) 

& 5X,"FLOW RATE =",F5.0," SCF/MIN", 
& SX,"CIRCULATION DEPTH ="lF6.01" FT") 

123 FORMAT(" CONDITIONS SINCE LAST TIME STEP:"/ 

124 FORMAT( 18X, 'I FLUIDS IN TUBING" 1 
126 FORMAT( 18X, 'I FLUIDS IN ANNULUS" ) 
128 FORMAT(20X," FLUID #",12," FROM ",F7.0," FT. TO ",F7.0," FT.") 
130 FORMAT( 20X, " FLUID #'I ,I2, " INJECTED INTO TUBING" ) 
132 FORMAT( 20X , " FLUID # "  , 12, 'I PRODUCED" 1 
134 FORMAT( 20X, " FLUID #'I ,  I2 , " INJECTED INTO ANNULUS" ) 
136 FORMAT(20X," FLUID #",12," IN WELL") 
138 FORMAT( 20X, I' FLUID # I * ,  12, " IN TUBING"/ 

@20X , 'I FLUID # "  , I2 , " IN ANNULUS" ) 



139 FORMAT(ZBX," A I R  INJECTED INTO TUBING") 
140  FORMAT(ZBX," NITROGEN INJECTED INTO TUBING") 
1 4 1  FORMAT(20XI" FOAM INJECTED INTO TUBING") 
142 FORMAT(//17XI"G A S & M I S T D R I L L I N G " /  

& 1 0 X , " F L O W I N G  S T R E A M  P R O P E R T I E S " / / )  
143 FORMAT(27XI"T U B I N G"//ZX,"DEPTH PRESSURE TEMP",8XI 

& "DENSITY-LBM/CF" ,7X , 'VELOCITY " / 3 X ,  " FT"  , 9X, "PSIA"  , 5X , "F" , 8X , 
& "GAS WATER VAPOR" ,6X, "FT/SEC" 

144  F0RMAT(1X,F7.0,3X,F7.1,2X,F6.1,1X,3F8.3,5X,F6.1~ 
145  FORMAT ( 10X , "DEPTH TO CHANGE DATA =I' ,F6.0, " FT"/ 

& 10X,"CIRCULATION TIME PER DAY =",F6.1," HRS" / )  
146 FORMAT( 10X , "BOTTOM HOLE ASSEMBLY: " /12X,  "DRILL COLLARS: "1  

& 14X,"LENGTH=",F5.0," FT, I .D.=",F6.3," I N ,  O.D.=",F6.3," I N "  ) 
147 FORMAT( lZX, "DRILL BIT:"/14X,"DIAMETER=",F7.3," I N ,  NOZZLE", 

& I' SIZES=",3F7.3,"  I N "  ) 
148 FORMAT(/ /"*****+**** ERROR * * * * ~ * * * * * * " / / "  CHECK CHANGE OPTIONS") 
149  FORMAT( 10X, "MIST DRILLING: WATER ADDED AT" ,F6.1 I I' GAL/MIN" 
150 FORMAT(/Z7X,"A N N U L U S"//ZX,"DEPTH PRESSURE TEMP",12X, 

& "DENSITY-LBM/CF" ,10X , "UELOCITY-FT/SEC"/3X1 "FT"  ,9X, "PSIA"  ,5X , "F" , 
& 8X, "GAS WATER VAPOR ROCKS" ,5X , "GAS ROCKS" 

151 F0RMAT(1X,F7.0,3X,F7.1,2X,F6.1,1X,4F8.3,2F8.1~ 
152 FORMAT( 10X,"SECONDARY FLOW"/20XI"FLUID # " , I Z /  

& 20X,"INLET TEMPERATURE=",F6.0," F"/20XI"FLOW RATE=",F6.0, 
& "  GAL/MIN" ) 

153 FORMAT(10X,"FLOWING OPTION = TWO-PHASE STEAM PRODUCTION") 
154 FORMAT(10X,"FLOWING OPTION = TWO-PHASE STEAM INJECTION") 
155 FORMAT(10XI"STEAM QUALITY =" ,F6 .3)  
156 FORMAT( 10X , " INLET PRESSURE 5"  ,F8.1 , It PSIA"  
157 FORMAT(//17XI"S T E A M 
158 FORMAT(//17X,'S T E A M I N J E C T I 0 N " / / )  
159  FORMAT(8XI"F L 0 W I N G S T R E A M P R 0 P E R T I E S"// 

& 4X," DEPTH PRESSURE TEMP DENS1 TY -LBM/FT3 VELOCITY "1 
& 4X," FT PSIA F VAPOR LIQUID FT/SEC ' I )  

P R 0 D U C T I 0 N " / / )  

160  FORMAT~4X,F7.0,3X,F7.l,3X,F6.ll3X,F8.3llX,F8.3,F9.l,7X,3AZ~ 
200  FORMAT (20X,315,3F10.0) 
2 0 1  FORMAT(20XI5F10.0) 
202 FORMAT(20XI4F10.0) 
203 FORMAT ( A2 1 

C 
END 
SUBROUTINE READ 

C 
C THIS SUBROUTINE READS THE PROBLEM PARAMETERS 
C 

COMMON /6LK3/ K D R , N Z , N Z P l , T D , Z ~ l 5 1 ~ , Z C ~ 1 S ) , D Z ~ l 5 ~ , T U D , ~ D U N  
COMMON /BLK8/ NR,RMAX,R(Zl ),DR(21 ) , A R ( Z 0 ) , R I ( l S ) , R O ( I 5 )  
COMMON /BLKG/ IFLOW,PI,DT,TINl,TIN2,FRllFR2,FR3,NIT 
COMMON /BLKl l /  UFR,DDCHG,COSDVN 
COMMON /BLK lZ /  UFR2 
COMMON /BLK13/ DENFP( 5 ,PUFF( 5 1 ,  YPFP( 5 ) ,SHFP( 5 1 ,CONFP( 5 1, 

COMMON /BLK14/ TSUR,BHT,TDEPTH,DEPTHT 
COMMON /BLK16/ NPF,NTS,KZP 
COMMON /BLK17/ t I ~ l 0 , 2 ~ , N A ~ 1 0 , 2 ~ , N I ~ 2 ~ , N O F  
COMMON /6LK19/ DEPTH,BITR,BITA,DCLRL,DCLRI,DCLRO,PSTAND 
CHARACTER DUMMY*10 
DIMENSION T ITLE120)  

C 
C READ hND WRITE PROBLEM T ITLE 
C 

@IPF, IAF , ISF  



READ (5,212) TITLE 
212 FORMAT (20A4) 

WRITE (6,124) TITLE 
124 FORMAT ( "11'//lX,20A4// 1 

31 READ( 5, * )DUMMY ,NTS 
C 

C 
C READ TUBING PARhMETERS 
C 
C RI( J 1 = 1.0. OF TUBIN6,IN. 
C RO(J) = 0.0. OF TUBING,IN. 
C ZC(J) = BOTTOM OF TUBING INTERUhL,FT. 
C DZ(J) = CEMENT INTERVAL LENGTH,FT. 

READ(S,* ) (  J,RI( J ),RO( J ),ZC( J ),DZ( J ),I=1 ,NTS) 
DO 1 I=l,NTS 
IF(RO( 1 ).GE.RO( I ))GO TO 2 
RO( 1 )=RO( I ) 

2 IF(RI( 1 ).LT.RI( I ))GO TO 3 
RI( 1 ) = R I (  I ) 

3 J=I+S 
RO( J )=RO( I ) 
RI( J ) = R I (  I )  
ZC( J )=ZC( I ) 

1 OZ( J )=DZ( I ) 
WRITE( 6,101 ) 

101 FORMAT(///lX," T U B I N G C 0 N F I G U R A T I 0 N"/ 
&8X,"TUBING ID,IN. OD,IN. TOP,FT. BASE,FT. CEMENT,FT." f 

5 
103 

C 
C 

DT1=0. 
DO 5 J=l,NTS 
JJ=J+S 
IF(J.GT.l)DTI=ZC(JJ-l) 
WRITE(6,103 )J ,RI( J J  ) ,RO( J J  ) ,DT1 ,ZC( JJ ),DZ( J J  1 
FORMAT(9X,I2,ZX,2F8.3,F9.0,FI0.0,Fl0.1) 

C READ CASING PARAMETERS 
C RI( J 1 = ID OF CASING, IN 
C RO(J) = OD OF CASING, IN 
C ZC(J) = SETTING DEPTH OF CASING, FT 
C DZ(J) = CEMENT INTERVAL LENGTH ON CASING J, FT 
C 

32 READ(S,+)DUMMY,NCS 
If(NCS.EQ.0)GO 70 10 
DO 6 I=l,NCS 
READ( 5, * )J ,RI1 ,R01', ZC1 ,DZ1 
J=Jt1 
RI( J )=RI1 
RO( J bR01 
ZC( J )=ZC1 

6 DZ(J)-DZl 
202 FORMAT (20X,I5,4F10.0) 

102 FORMAT ( / / / l X , " C  A S I N G 
WRITE (6,102 ) 

P R 0 G R A MI ' /  
& 8X, " CASING', 6X,  " ID, IN", 4X, "OD, IN", 
& 6X,"DEPTH, FT",ZX,"CENENT INTERVAL, FT") 
00 66 I=l,NCS 
J=I+1 

66 WRITE( 6,104 1 I, RI ( J 1, RO( J ) , ZC ( J 1, DZ ( J 1 
10 CONTINUE 



1 0 4  FORMAT ~1X,I10,5X,ZF10.3,2X,Fl0.0,7XIFl0.0~ 
C 
C READ BOREHOLE GEOMETRY 
C 
C DEPTH = I N I T I A L  DEPTH, FT. 
C TD = TOTAL MEASURED DEPTH, FT. 
C TUD = TRUE VERTICAL DEPTH, FT. 
C DDUN = DEPTH OF DEVIATION, FT. 
C R ( 3 )  = BOREHOLE DIAMETER, I N .  
C 

33 READ~5,*~DUMMY,DEPTH,TD1TUD,DDVN,R(3~ 
210  FORMAT(20X,5F10.0) 

222 FORMAT(//" W E L L G E 0 M E T R YO'/) 

224 FORMAT( 10X," TOTAL DEPTH=",F10.0," FT . " /  

WRITE(6,ZZZ 1 

WRITE( 6,224 )TD, R( 3 1 

@10X," BORE DIAMETER=",F10.3," I N . "  1 
I F (  TD.GT.TUD )WRITE( 6,226 )DDUN ,TUD 

226 FORMAT(10X1" NOTE: DEVIATED WELL"/ 
@10X," DEPTH OF DEUIATION=",F10.0," F T . " /  
@10X," TRUE VERTICAL DEPTH=" ,F10.0," FT. " ) 

C 
'C COMPLETE CASING DESCRIPTION 
C 

38 IF(R(3).LESRO(NCS+1 ) ) R ( 3  bRO(NCS+l )+FLOAT(S-NCS) 
IF(NCS.EQ.4)GO TO 2 2  
DO 8 I I=NCS,3 
I=II+l 
J t I I t 2  
RO( J )=RO( I I t1  .1 
R I (  J )=RO(I )+.9 
ZC( J )=l .0 

8 DZ(J )=0 .0  
22 CONTINUE 

C 
C READ I N I T I A L  TEMPERATURES 
C 

34 
214  

288 
2 0 9  
11 

C 

READ (5,*)DUMMY,TSUR,BHT,TDEPTH,DEPTHT 
FORMAT ( 20X , 4F10.0 1 
I F  ( TUD . EQ . TD ) WRI TE( 6 , ZB8 
IF(  ABS( TO-DDUN 1 .LT. I .  )TD=TD+l. 
IF(ABS(DEPTHTI(TUD-DEPTHT)).LT~l. )DEPTHT=DEPTHT+f. 
IF(TUD.LE.TD)GO TO 11 
TUD=TD- 1. 
WRITE(6,209) 
FORMAT(//" NOTE: TRUE DEPTH=WEASURED DEPTH") 
FORMAT(//" NOTE: TMD INPUT SMALLER THAN TUD, SET TUD=TMO") 
CONTINUE 

C READ FLUID PROPERTIES 
C 
C DENFP(1) = DENSITY OF FLUID I,LBM/GAL 
C PUFP(1) = PLASTIC UISCOSITY OF FLUID I, CENTIPOISE 
C YPFP(1) = YIELD POINT OF FLUID I, LBF/100FT2 
C 

35 READ( 5 , * )DUMMY, NPF 
WRITE(6,107 1 

107 FORMAT(/// lX,"W E L L B 0 R E F L U I D P R 0 P E R T ", 
@"I E S") 

DO 9 I= l ,NPF 



READ(5,*)J,DENFP(J),PUFP(J),YPFP(J) 

WRITE(6,116)J 

WRITE( 6 , 117 )DENFP( J ) 

WRITE( 6 , 118 )PUFF( J 1 

WRITE( 6,119 )YPFP( J ) 

216 FORMAT(Z0X,I5,3F10,0,6A4) 

116 FORMAT(/lQX,"FLUID TYPE NO.",IS/) 

117 FORMAT(l0X,"DENSITY=",F6.1," LBM/GAL" ) 

118 FORMAT(10X,"PLASTIC UISCOSITY=",F5.0," CENTIPOISE") 

119 FORMAT(10XI"YIELD POINT=",F4.0," LBF/100FTZ") 
9 CONTINUE 

C 
C INITIALIZE FLUID PROPERTIES 
C IPF=PRIMARY FLUID # 
C ISF=SECONDARY FLUID # 
C IAF=ANNULAR FLUID # 
C TIN2mINLET TEMP FOR SECONDARY FLUID, F. 
C UFR24OLUME FLOW RATE OF SECONDARY FLUID, GPM 
C 

36 READ( 5 , * )DUMMY, IFF, IAF 
ISF=l 
UFR2=0. 
TIN2570. 

WRITE(6,218) 

WRITE( 6,219 )IFF, IAF 

204 FORMAT(20X,315,2F10.0) 

218 FORMflT(//lX,"W E L L B 0 R E I N I T I A L S T A T E " / )  

219 FORMAT(10X." FLUID #",12," IN TUBING & TUBING ANNULUS"/ 
@10X," FLUID #",I2," IN CASING - CASING ANNULI") 
DO 12 I=l,NPF 
IF( ( DENFP( I )-2 1. )* ( 8.32-DENFP( I ) ) . LT .O. )WRITE( 6,106 )I, DENFP( I 1 

106 FORMAT (/1XI10("+" ),2X,"CAUTION FLlJID",I3," DENSITY =" ,  
& F6.1," LBM/GAL",2X,10("+")/) 

12 CONTINUE 
C 
C INITIALIZE INTERFACE PARAMETERS 
C 

TDl=TD 
ZI(1,l )=TDl  
ZI( 1,2 bTD1 
NA( 1,l )=IFF 
NA( 1,2 )=IFF 
NI( 1 )=l 
NI(2 )=1 

C 
37 RETURN 

END 
SUBROUTINE PROP 

C 
C THIS SUBROUTINE DEFINES PROPERTIES OF THE FOLLOWING MATERIALS: 
C STEEL,CEMENT,WELLBORE FLUIDS'AND SOIL 
C 

COMMON /BLKS/ 
COMMON /8LK10/ DENST,SHST,CONST,DENC,SHC,CONC 
COMMON /BLKll/ UFR,DDCHG,COSDUN 
COMMON /BLKl2/ UFR2 
COMMON /BLKl3/ DENFP( 5 1, PUFF( 5 1,  YPFP( 5 ) , SHFP( 5 ) I CONFP( 5 ) , 

COMMON /BLK16/ NPF,NTS,KZP 

DENS( 150 1, SHS( 158 1 , CONS( 150 

@IPF,IAF,ISF 

C 



C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SOIL PROPERTIES 

DENS = DENSITY OF SOIL, LBM/FT3 
SHS = SPECIFIC HEAT CAPACITY OF SOIL, BTU/LBM-F 
CONS = THERMAL CONDUCTIVITY OF S O I L ,  BTU/HR-FT-F 

DATA DENS/l50*140./,SHS/150*0.30/,CONS/lS0*2.0/ 

STEEL AND CEMENT PROPERTIES 

DENST = DENSITY OF STEEL, LBM/FT3 
SHST SPECIFIC HEAT CAPACITY OF STEEL, BTUILBM-F 
CONST = THERMAL CONDUCTIVITY OF STEEL, BTU/HR-FT-F 
DENC = DENSITY OF CEMENT, LBM/FT3 
SHC SPECIFIC HEAT CAPACITY OF CEMENT, BTU/LBM-F 
CONC = THERMAL CONDUCTIVITY OF CEMENT, BTU/HR-FT-F 

DATA DENST/490./,SHST/0.1l/,CONST/26.2/ 
DENC= 104. 
SHC=0 * 2 0  
CONC=0.50 

C 
C FLUID PROPERTIES 
C 
C DENFP(1) = DENSITY 
C SHFP( I ) = SPECIFIC 
C CONFP(1) = THERMAL 
C 

DO 1 I= l .NPF 

OF FLUID I , LBM/GAL TO LBM/FT3 
HEAT CAPACITY OF FLUID I , BTUILBM-F 
CONOUCTIUITY OF FLUID I , BTU/HR-FT-F 

IF (DENFPU) .GT. 8 . 3 2 )  GO TO 2 
WRITE (6,102) I ,DENFP( I )  

102 FORMAT ( /2X, 10( " * "  )/5X, "FLUID TYPE=", 12, " DENSITY ="  , 
& F8.3 , "  LBM/GAL"/SX,"COMPARED TO l3.33 FOR WATER"/2X,10( " * " ) / )  

2 

4 
6 

1 

C 

IF (DENFPW .GT. 10.3) GO TO 4 
SF 0.0798*(DENFP(I  1 - 8.33) 
I F (  SF .LT .O. 0 )SF=0.0 
GO TO 6 
SF = 0.0318*(OENFP(I)  - 10.3) t 0.162 
DENFP( I )= DENFP( I )*7.484)5 
SHFP( I ) = 1. - 0.777*SF 
CONFP(1) = 0.399 t 9.6*SF - 
CONTINUE 
RETURN 
END 
SUBROUTINE GRID 

C THIS SUBROUTINE FORMS THE R-2 GRID 
C 

COMMON /BLK3/ KDR,NZ,NZP1,TD,Z~151~,ZC~15~lDZ~15~,TUD,DDUN 
COMMON /BLKG/ IFLOW,PI,DT,TIN1,TIN2,FRllFRZ,FA3,NIT 
COMMON /BLK8/ NR,RMAX,R(Zl ),DR(21 ) ,AR(ZB) ,RI ( lS) ,RO(15)  
COMMON /6LK15/ ATf+(10,2) 
COMMON /8LK16/ NPF,NTS,KZP 
COMMON /BLK19/ DEPTH,BITR,BITA,DCLRL,DCLRI,DCLRO,PSTAND 
DATA NR/lB/,RMAX/SO.O/,DDEPTH/200./ 

C 
C CHCINGE DIAMETERS TO RADI I ,  CHANGE INCHES TO FEET 
C 

K=NTSt5 
DO 2 I = l , K  



/ - -  

ad 

I 

I 

I 

LJ 

R I ( I )  = 
2 R O ( 1 )  = 

C 
C I N I T I A L I Z E  
C 

R I (  I )/24. 
RO( I )/24 .  

DRILL ING DATA 

DCLRLs-200. 
DCLRI=RI(K 1 
DCLRO=RO( K ) 
BITA=PI*DCLRI**Z 
BITR=RI ( 2 1 

C 
C SOIL  R A D I I  
C 

R( 1 )  = R I ( 1  )/2. 
R ( 2 )  = ( R I ( 2 )  + R 0 ( 1 ) ) / 2 .  
R ( 3 )  = R 1 3 ) / 2 4 .  
D R ( 3 )  = R ( 3 )  - R ( 2 )  
CR = 0.1 
DCR = 1.0 
N R l  = NR + 1 
N I T  = 0 

6 CR = CR f DCR 
N I T  = N I T  + 1 
DO 8 I=4,NRl  

DO 10 I=4,NR1 

I F  (RMAX ,GT. R ( N R 1 ) )  GO TO 6 
CR = CR - DCR 
DCR = DCR/l0.  
I F  (ABS(R(NR11 - RMAX)/RMAX .LT. 1.E-3) GO TO 12 
I F  ( N I T  .LT. 50) 60 TO 6 
WRITE ( 6 , 1 0 2 )  

8 DR( I ) = OR( 1-1 )*CR 

10 R ( 1 )  = R ( 1 - 1 )  + ( D R ( 1 )  + D R ( I - l ) ) / Z .  

1 0 2  FORMAT ( /2X ,10 ( " * " ) ,2X , "RADIAL  COORDINATES NOT CONUERGED",ZX, 
& 10( ' I *" )/  1 

12 CONTINUE 
C '  
C COMPUTE AREAS 
C 

DO 14 I= l ,NR 
R 1  - ( R ( 1 )  + R ( I + 1 ) ) / 2 .  
RR = 0. 
I F  ( I  .GT. 1 )  RR = R ( 1 - 1 )  
RZ = (RR + R ( I ) ) / Z .  

14 AR( I ) = P I * ( R l + R l  - RZ*RZ ) 
DO 15 I = l , N T S  
ATA( I ,  1 ) = P I * R I (  Ii5 1**2 

15 ATA( 1 , 2 ) ~ P I * ( R I ( 2 ) * * 2 - R O (  I+5 ) * *2 )  
C 
C DEFINE VERTICAL SECTIONS 
C 

KDR = 1.5 + ( T D  + l.)/DDEPTH 
NZ = KDR + 1 
N Z P l  = NZ + 1 
DO 4 K=l ,NZPl  

RETURN 
END 
SUBROUTINE COND 

4 Z(K ) = (K-1 )*DDEPTH 

C 



# 

I b2 
C 
C 

C 
C. 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

T H I S  SUBROUTINE DEFINES THE CONDUCTANCES BETWEEN CELLS. 

COMMON / B L K l /  TW(152,20),TWJ(151,21) 
COMMON /BLK3/ KDR,NZ,NZP1,TD,Z(151),ZC(l5),DZ(15~,TUDlDDUN 
COMMON /BLK8/ NRIRMAX,R(21),DR(21 ),AR(20),RI(15),RO(15) 
COMMON /BLK4/ U(151,20),Q(151,2) 
COMMON /BLK6/ I F L O W , P I , D T , T I N l , T I N Z l F R Z , F R 3 , N I T  
COMMON /BLK9/ 
COMMON / B L K l 0 /  DENST,SHST,CONST,DENC,SHC,CONC 
COMMON /BLK11/ VFR,DDCHG,COSDUN 
COMMON / B L K l 3 /  DENFP( 5 ) I PUFP( 5 ) , YPFP( 5 ) , SHFP( 5 ) , CONFP( 5 ) , 

COMMON /BLK5/ CAN(5) 
COMMON /BLK16/ NPF,NTS,KZP 
COMMON /BLKl9 /  DEPTH,BITR,BITA,DCLRL,DCLRI,DCLRO,PSTAND 
COMMON /BLK21/ IREGM~151 ,3~ ,QUALS,PSTEM, I2PH, ISKIP(1S1 ,2~  
DIMENSION R T I (  10,2 1 

DENS( 150 ), SHS( 150 ) ,CONS( 150 ) 

P IPF, IAF, ISF 

RESISTANCE TERMS 

DO 1 . I= l ,NTS 
R T I (  I, 1 ) = ALOG(RO( I t S ) / R I (  I +5 )  )/CONST 

1 R T I ( 1 , Z )  = ALOG( R(Z)/RO(1+5)) 
RT3=ALOG( R I (  2 )/R( 2 ) 1 
RT4 = AL06( RO( 2 ) / R I  ( 2 1 )/CONST 
RT5 = ALOG( R I (  3 )/RO( 2 ) ) 
RT6 = AtOG( RO( 3 ) /R I (  3 1 )/CONST 
RT7 = ALOG( R I  ( 4  )/RO( 3 ) ) 
RT8 = ALOG(R0(4)/RI(4))/CONST 
RT9 = ALOG(R1(5)/R0(4))  
RT10 = ALOG(R0(5) /RI (5 )  )/CONST 
RT11 = ALOG( R( 3 )/RO( 5 ) ) 
RT12 = ALOG( R( 3 ) /R I (  5 1 1 
RT13 = ALOG(R(3)/R1(4))  
RT14 = ALOG(R(3) /RI (3 ) )  

COMPUTE WELLBORE CONDUCTANCES 

DO 22 K=l,KDR 
ZKP = Z(KDR) 
I F  ( K  .LT. KDR) ZKP - ( Z ( K )  + Z ( K + l ) ) / Z .  
ZKM = Z ( 1 )  
I F  ( K  .GT. 1 )  ZKM = ( Z ( K )  + Z(K-1))/2. 

DETERMINE CASING STRINGS THROUGH CELL AT Z ( K )  

J=5 

JXJ-1 
IF(J.EQ.1 )GO TO 28 
GO TO 26 

26 I F  (ZKP ,LT. ZC(Jl-kB.1) GO TO 28 

28 I1  = 0 

AVERAGE TUBING GEOMETRY 

KZP=KTUBE( ZKP )-5 
RTl=RTI  ( KZP, 1 ) 
RT2=RTI(KZP,2) 
RIK=RI(  KZP+5 ) 
ROK=RO( KZP+5 ) 



C 
C 
C. 

C 

C 
c 
C 

C 
C 
C 

KZM=KTUBE( ZKM 1-5 
IF(KZP.EQ.KZM)GO TO 2 
ZMM=ZC( KZMtS ) 
PFl=( ZKP-ZMM I / (  ZKP-ZKM) 
PF2=( ZMM-ZKM I / (  ZKP-ZKM 1 
RTl=RTl*PFI+PFZ*RTI(KZM,l) 
RT2=RTZ*PFltPFZ*RTI(KZM,Z)  
RIK=PFl*RIK+PF2*RI(KZMt5) 
ROK=PF1*ROKtPF2*RO(KZMtS) 

TMT=TWJ( K, 1 1 
TMA=TWJ( K ,2 1 

2 CONTINUE 

TMM=TMA*( R( 1 )-RIK ) / (  R( 1 )-R( 2 ) )+TMT*(RIK-R( 2 ) I / (  R( 1 )-R( 2 ) ) 

SUM RESISTANCES 

36 R12 = RTl 
R23=1.E-20 
GO TO (10,12,14,16,18),5 

IF (DEPTH .GT. ZC(1)) R23 = RT14/CONS(K) 
GO TO 20 

IF (DEPTH .GT. ZC( 3 ) ) R23 = RT14/CONS( K 1 
GO TO 20 

IF (DEPTH .GT. ZC(4)) R23 = RT13/CONS(K) 
IF (DEPTH .GT. ZC( 3 ) ) R23 = R23 t RT7/CAN( 3 ) t RT6 
GO TO 20 

IF (DEPTH .GT. ZC(5)) R23 = RT12/CONS(K) 
IF (DEPTH .GT. ZC( 4 1 )  R23 = R23 t RT9/CAN( 4 ) t RT8 
IF (DEPTH .GT. ZC(3 1 ) R23 = R23 t RT7/CAN( 3 ) t RT6 
GO TO 20 

R23 l.E-20 
IF (DEPTH .GT. ZC(5)) R23 = RTll/CAN(S) t RT1O 
IF (DEPTH .GT. ZC(4)) RZ3 = R23 t RTS/CAN(4) t RT8 
IF (DEPTH .GT. Z C ( 3 ) )  R23 - R23 t RT7/CAN(3)  + RT6 

20 IF (DEPTH .6T. ZC(2)-1.) R23 = R23 t RTS/CAN(Z) + RT4 

10 CALL CONAN(Z,K,ZKP,ZKM) 

12 CALL CONAN(Z,K,ZKP,ZKM) 

14 CALL CONAN(3,K,ZKP,ZKM) 

16 CALL CONAN(4,K,ZKP,ZKM) 

18 CALL CONAN(S,K,ZKP,ZKM) 

IF(IFLOW.GT.4)GO TO 200 
IF(UFR.LT.1.0)GO TO 100 
IF( 12PH.GT.0)GO TO 310 

TUBING CIRCULATION-LIQUIDS 

CALL FPROP(DENF,PUF,YPF,SHF,CONF,ZKP,ZKM,1) 
UIS=UISC(TMT,O.,O.,RIKIUFR,PUF,YPF) 
Hl=CONU(UFR,UIS,DENF,SHF,CONF,0.,RIK) 
IF( IFLOW, LE. 2 )GO TO 300 

ANNULUS CIRCULATION-LIQUIDS 

CALL FPROP(DENF,PVF,YPF,SHF,CONF,ZKP,ZKM,Z) 
UIS=UISC(TMA,B. ,ROK,RI(2 ),UFR,PUF,YPF) 
H2=CONU(UFR,UIS,DENF,SHF,CONF,ROK,RI(2~) 
GO TO 41 

C 
C SHUT-IN TUBING-LIQUIDS 



C 
100 CALL FPROP(DENF,PUF,YPF,SHF,CONF,ZKP,ZKM,l) 

UIS=UISC(TMT,TMM,0.,RIK,DENF,PVF,YPF) 
DZLxZKP-ZKM 

C Hl=HTUBE(TMT,TMM,DZL,DENF,UIS,CONF,SHFrO) 
HI=HTUBE(TMT,TMM,0.,RIKqDENF,VIS,CONF,SHFg0) 
IF( IFLOW.LE.2 )60 TO 300 

C 
C SHUT-IN ANNULUS-LIQUIDS 
C 

CALL FPROP(DENF,PVF,YPF,SHF,CONF,ZKP,ZKM,2) 
VIS=VISC(TMA,TMM,ROK,R(Z),DENF,PVF,YPF) 
CNA=CONUN(UIS,DENF,SHF,CONFlROK,R(2),T~lTMM~ 
GO TO 42 

C 
C ANNULUS PRODUCTION-INJECTION CASES 
C 
300 CNA=CAN( 1 ) 

GO TO 42 
C 
C COMPRESSIBLE FLOW-TUBING 
C 

200 CALL 6PROP(DENT,SHT,SHTCV,CONT,UIST,UFT,K,l) 
CALL GPROP~DENA,SHA,SHACU,CONA,UISA,VFAIKIZ~ 
UFT=UFT+PI*RIK**2*3600.0 
UFA=UFA+PI*(RI(Z )**Z-ROK++Z )*3600.0 
IF(UFT.LT.1.0)GO TO 210 
H1=CONU(UFT,UIST,DENT,SHTrCONT,O.lRIK) 

C 
C COMPRESSIBLE FLOW-ANNULUS 
C 

HZ=CONV(VFA,VISA,DENA,SHA,CONA,ROK,RI(2)) 
60 TO 41 

C 
C COMPRESSIBLE CONVECTION 
C 

C 
C TUBING CONVECTION 1 

C 
C Hi~HTUBE(TMT,TMM,DZL,DENT,UIST,CONT~SHT,l) 

C 
C fiNNULLtS CONVECTION 
C 

218 DZLmZKP-ZKM 

Hl=HTUBE( TMT , TMM ,O. , RIK , DENT, UIST , CONT , SHT , 1 ) 

CNA=CONUN~UIS~,DENA,SHA,CONA,ROK,R~2~lTMA,TMM~ 
GO TO 42 

C 
C TWO-PHASE CONVECTION 
C 

310,CALL GPROP(DENT,SHT,SHTCU,CONT,UIST,UFT,K,l) 
UFT=UFT*PI*RIK+*2+3600. 
H1=CONU(UFT,UIST,DENT,SHT,CONTlO~,RIK) 
GO TO 300 

41 U( K , 1 )=2.0*PI/( 1. / (  Hl*RIK )tRTl t1. / ( HZ*ROK ) ) 
U(K12)=2.0*PI/(R23t1./(H2*ROK)) 
60 TO 22 

U(K,2 )=2.0*PI/(RZ3+RTZ/CNA) 

C 

42 U(K,1)=2.0*PI/( l./(HI+RIK )tRTltRT2/CNA) 



22 CONTINUE 
C 
C SOIL CONDUCTANCES 
C 

R1 = 2. *PI/ALOG( R( 2 )/R( 1 1 1 
R2 - 2. *PI/ALOG( R( 3 )/R( 2 1 1 
K1 = KDR t 1 
DO 30 K=Kl,NZPl 
U(K,l) = RL*CONS(K) 

30 U(K,2) = R2*CONS(K) 
DO 8 I=3,NR 
RR = Z.*PI/ALOG(R( It1 )/R( I ) )  
DO 8 K=l,NZPl 

RETURN 
END 
FUNCTION HTUBE(TF,TC,RI,RO,DEN,UIS,CON,SH,IND) 
G~4.17E8 

BETA=0.0085 
IF(IND.EQ.l)BETA=l,/(459.67+TF) 

C CHANGED SO THAT NUSSELT NUMBER H BASED ON RADIUS 
ZL= RO-RI 
GR=G*BET&+DEN**Z*ZL**3*ABS(TF-TC)/UIS**Z 
PR=UIS*SH/CON 
GRPR=GR*PR 

8 U(K,I) = RR*CONS(K) 

C FUNCTION HTUBE(TF,TC,ZL,DEN,UIS,CON,SH,IND) 

C IF(GRPR.GT.l.ES)H=B.l29*GRPR**.3333 
C IF(GRPR.GT.l.E4.AND.GRPR.LE.l.E9)HP8.59*GRFR*~.Z5 

C & SQRT( PR )*GR** .25 
C IF(GRPR.GE.0.l.AND.GRPR.LE.l.E4)H-.678*(0.952+PR)**(-.25)* 

H=0.59*GRPR**.25 
IF(GRPR.LT.0.1 IHs1.0 
HTUBE=H*CON/ZL 
RETURN 
END 
SUBROUTINE COEF 

C 
C THIS SUBROUTINE COMPUTES THE COEFFICIENTS. 
C 

COMMON /BLK2/ A (  151 ,20 1, B ( 15 1 ,20 ) , C( 151 ,20 ) , D ( 15 1,20 1, E( 151 ,20 ) , 

COMMON /BLK3/ KDR,NZ,NZPl,TD,Z~15l~,ZC~l5~,DZ~l5~,TUD,DDUN 
COMMON /BLK8/ NR,RMAX,R(21 ),DR(21 ),AR(20),RI(15),R0(15) 
COMMON /BLK4/ U(151,20),Q(151,2) 
CllMMON /BLK6/ IFLOW,PI,DT,TIN1,TIN2,FR1,FR2,FR3,NIT 
COMMON /BLK7/ F(151,3),G(151,3) 
COMMON /BLK9/ DENS(150),SHS(l50),CONS(iS0) 
COMMON /BLK10/ DENST,SHST,CONST,DENC,SHC,CONC 
COMMON /BLKll/ VFR,DDCHG,COSDUN 
COMMON /BLKl2/ UFRZ 
COMMON /BLK13/ DENFP(5),PVFP(S),YPFP(5 ),SHFP(S),CONFP(S), 

COM2MON /BLK15/ ATA(l0,Z) 
COMMON /BLK 18'/ DENG( S 1 , 2  ) , PRESS( 151,2 1, UGAS( 151,2 1 
COMMON /BLK19/ DEPTH,BITR,BITA,DCLRL,DCLRI,DCLRO,PSTAND 
COMMON /BLK20/ DCUT( 151 ),UCUT( 151 ),DLIQ( 151,Z ),DUCtP( 151'2 ),DRT, 

COMMON /BLK21/ IREGM(lS1,3),QUALS,PSTEM,I2PH,ISKIP~l51,2~ 

DENF=DENFP( IPF ) 

& QDOT( 151,3 1 

@IPF,IAF,ISF 

& UFR3 

C 



C 

9 

C 

SHF=SHFP( I P F  
SHFCU=SHF 
UFRUdFR 
IF(IFLOW.LE.4.AND.IZPH.EQ.0)GO TO 9 
IF(  IFLOW.LE.4 )GO TO 9 
CALL GPROP(DENF,SHF,SHFCU,CONFIUIS,VELIl,l) 
VFRV=UEL*ATA(1,1)+360%. 
CONTINUE 
FRMAS=DENF*UFRV 
FR1 = Z.*UFRU*DENF*SHF 
FR2 = 2. *UFRZ*DENFP( ISF )*SHFP( I S F  
FR3 = F R l  + FR2 
FFR = 0. 

C WELLBORE COEFFICIENTS 
C 

13 
14 

C 
C NO 
C 

15 
16 

30 

22 

DO 3 1=1,3 
I F ( I . L E . 2 ) A F = A T A ( l I I )  
IF(I.EQ.3)AF=PI*(R1(3)**Z-RO(Z)**Z) 
AP=PI*(RO( I ) * * Z - R I (  I )**2 
IF(  I .EQ.l  ) A P ~ P I * ( R 0 ( 6 ) * * 2 - R 1 ( 6 ) * * 2  1 
IF(IFLOW.GT.4.AND.I.LT,3)GO TO 13 
IF(IZPH.GT.O,AND.I .EQ.1)GO TO 13 
CALL FPROP(DENF,PUF,YPF,SHF,CONF,1Q.,B.,I) 
SHFCU=SHF 
60 TO 14 
CALL 6PROP(DENF,SHF,SHFCU,CONF,UISlUELIllI) 
CONTINUE 
HH=(DENF*SHFCU*AF+DENST*SHST*AP)/DT 
IFL 5 0 
I F  (I .EQ. 2 .AND. IFLOW .LE. 2 )  IFL = 1 
I F  (FR1 .GT. 1. .AND. I .NE. 3 .AND.-IFL .EQ. 0 )  GO TO 20 

FLOW CONDITIONS 

. U K I M l  = 0. 
KK = 2 
I F  (I .LE. 2) KK = 1 

I F ( I . G T . 2 ) 6 0  TO 3% 
Z l = Z ( K  
I l=KTUBE( Z 1 )  
AP=PI*(RO( I 1  )**Z-RI(  I 1  ) * * Z  
IF(IFLOW.GT.4.AND.I.LT.3)60 TO 15 
IF(IZPH.GT.0.AND.I.EQ.l)GO TO 15 
CALL FPROP(DENF,PVF,YPFISHF,CO",Z1+lO.,Z1-lO.,l~ 
S H F C U = S H F 
GO TO 16 

CONT I NUE 
HH=(DENF*SHFCU*ATA( 11-5,1 )+DENST*SHST*AP)/DT 
I F  (I .NE. 1 )  UKIMl  ~1 U ( K , I - l )  

C ( K , I )  = UKIM l /H  

QDOT(K,I 1-0.0 
E ( K , I )  = HH/H 
GO TO 3 

DO 22 K=KK,KDR 

CALL GPROP(DENF,SHF,SHFCU,CONF*UISgUEL,K,I) 

H e U ( K , I )  + UKIM l  + HH 

D ( K , I )  = U ( K , I ) / H  

C 
C FLOWING CONDITIONS 



C 
20 

4 

12 

17 

18 

IF( I.EQ.Z)GO TO 4 
FFR-FR 1 
IF( IFLOW. EQ. 2 )FFR=-FRl 
IF( IFLOW,EQ.4)FFR=-FRl-FRZ 
UKIM150. 
UK 1 IMl=0. 
GO TO 12 
FFR=FRl 
IF(IFLOW,EQ.3)FFR=-FRl-FRZ 
IF(IFLOW.EQIS)FFR=-FR1-FR2 
IF(KDR.EQ.(NZ-l))GO TO 12 
JJ=0 
IF( DEPTH. GT . ZC( 5 ) ) J J=5 
IF( DEPTH. GT , ZC ( 4 ) 1 J J=4 
IF( DEPTH. GT , ZC( 3 ) ) J J=3 
RR=R( 3 
IF(JJ.NE.O)RR=RI(JJ) 
AF=PI*(RR**Z-RO(G )**2) 
AP=0. 
IF( JJ.NE.B)AFaPI*(RO( J J  )**Z-RI( J J  )**2) 
HH=(DENF*SHF*AF+DENST*SHST*AP)/DT 
DO 2 Ke2,KDR 
Zl=Z(K 1 
Il=KTUBE( Zl ) 
AP=PI*(RO( I1 )**2-RI( I1 )**2) 
DV2=0.0 
DHUAP=B. 0 
IF(IFLOW.GT.4.AND.I.LT.3)GO TO 17 
IF(12PH.GT.0.AND.I.EQ.l)GO TO 17 
CALL FPROP(DENF,PUF,YPF,SHF,CONFIZ1tlO.,Z1-lO.,l 1 
SHFCUsSHF 
GO TO 18 
CALL GPROP(DENF,SHF,SHFCU,CONF,VIS,VEL,K,I) 
CALL GPROP~DKMl,SKM1,SKMICUICKMllUSKMl,UKMllK-llI~ 
IF(IZPH.GT.0)GO TO 18 
GlKM1~DENG(K-1,I)*UGAS(K-1,1)*3600. 
GlK=DENG( K I I )*U6AS( K , I )*3600. 
ARK=FRMAS/GlK 
ARKMl=FRMAS/GlKMl 
DUZ=FRMAS*(UKMl*UKM1-UEL*UEL )/(Z(K ) - Z ( K - l ) )  
DU2=DU2*3,9942E-5 
DMSL4lLIQ(K-l1I )*UGAS(K-l,I )*ARKM1-DLIQ(KtI )*UGAS(K,I )*ARK 
DHUAP=2000.*DMSL/(Z(K)-Z(K-I)) 
IF( I .EQ. 2 )DU2=-DU2 
IF( I. EQ .2 )DHUAP=-DHUAP 
CONTINUE 
HH=(DENF*SHFCU*ATA(Il-5,I)+DENST*SHST*AP)/DT 
HHKMl=HH 
1F(1FL0W.GT.4)HHKM1~(DKM1*SHFCU*fiTA(11-5,1 )+DENST*SHST*AP)/DT 
FRl=Z.*FRMAS*SHF 
FFRZFRL 
IF(I.EQ.l.AND.IFLOW.EQ.2)FFR~-FRL 
IF(I.EQ.l.AND.IFLOW.EQ.4)FFR~-FRl-FR2 
IF(I.EQ.Z.AND.IFLOW.EQ.3)FFR~-FRl-FR2 
IF<I.EQ.2.AND.IFLOW.EQ.S)FFR~-FRl-FRZ 
FR = FFR/(Z(K) - Z(K-1)) 
IF ( I  .EQ. 1 )  GO TO 6 
UKIMl = U(K,I-l) 
UKlIMl = U(K-1,I-1) 



I b 8  

- _  

W 

C 
C 
C 

C 

C 

6 H = FR t U(K,I) t UKIML + HH 
A(K,I) = (FR - U(K-1,I) - UKlIMl - HHKMl)/H 
C(K,I) = UKIMl/H 
D(K,I) - U(K,I)/H 
E(K,I) = HH/H 
F(K,I) 5: UKlIMl/H 
QDOT( K, I )=( DU2+DHVAP )/H 

2 G(K,I) = U(K-l,I)/H 
3 CONTINUE 

SOIL COEFFICIENTS 

DO 8 I=l,NR 
AREA = AR( I )  
UKIMl = 0. 
KK * 2 
IF ( I  .LT. 4) KK = KDR + 1 
DO 8 K=KK,NZ 
HH = DENS( K )*SHS(K )*AREA/DT 
DDZ = Z(K+1) - Z(K) 
CONl =I AREA*(CONS(K-l) t CONS(K))/(4.*(Z(K) - Z( 
CONZ = AREA+(CONS(K) t CONS(K+l) )/(4.*DDZ*DDZ) 
IF ( I  .GT. 1 )  UKIMl = U(K,I-l) 
H = CONl + CONZ + UKIMl -t U(K,I) t HH 
A(K,I) = CONl/H 
B(K,I ) = CONZ/H 
C(K,I) = UKIMl/H 
D(K,I) = U(K,I)/H 

8 E(K,I) = HH/H 

RETURN 
END 
SUBROUTINE WELL 

- 
C THIS SUBROUTINE COMPUTES T.HE TEMPERATURES IN THE WELLBORE 
C 

COMMON /BLKl/ TW(151,20),TWJ~l51,22) 
COMMON /BLKZ/ A (  151,20 ) ,B( 151,20 ),C( 151,20 ),D( 151,20 ),E( 151 , 20 ), 

COMMON /BLK3/ KDR,NZ,NZPl,TD,Z(151),ZC(1S),DZ(15),TUD,D~N 
COMMON /BLK8/ NR ,RMPtX, R( 2 1 ) , DR( 2 1 ) , AR( 20 1 , R I ( 15 1 , RO( IS 1 
COMMON /BLK4/ U~151,20),0(151,2) 
COMMON /BLK7/ F(151,3),6(151,3) 
COMMON /BLKG/ IFLOW,PI,DT,TIN1,TIN2,FRlIFR2~FR3,NIT 
COMMON /BLK11/ UFR,DDCHG,COSDUN 
COMMON /BLK13/ OENFP( 5 1 , PUFP( 5 ) , YPFP( 5 1, SHFP( 5 ) , CONFP( 5 ) , 
COMMON /BLKlS/ AlA5(10,2) 
COMMON /BLK21/ IREGM(1S1,3~,QUALS,PSTEM,IZPH,ISKIP(1511Z~ 

& (?DOT( 151,3) 

@ZPF,IAF,ISF 

C 
C INITIALIZE 
C 

NIT = 0 
DO 10 I=i,NR 
DO 10 K-1,NZPl 

10 TW(K,I) = TWJ(K,I) L J C  
C ITERATE 
C 

8 NIT = NIT + 1 



C 
C COMPUTE NEW TEMPERATURES 
C 

BIG = 0. 
DO 20 I=1,3 

gd C 
C CHECK FOR FLOWING STREAM 
C 

33 

34 

24 
C 
C NO 
C 

25 
27 
28 

Zl=Z(KDR) 
IF(IFLOW.GT.4.AND.I.LE.Z)GO TO 33 
IF(IZPH.GT.0.AND.I.EQ.l)GO TO 33 
CALL FPR0P(DENF,PUF,YPF,SHF,C0NF,Z1~10.,21-10.,1~ 
UFRU=UFR 
GO TO 34 
CALL GPROP(OENF,SHF,SHFCU,CONF,UIS,VEL,KDR,I) 
KB=KTUBE( Z( KDR ) )-5 
UFRU=VEL*ATA(KB,I)*3600. 
CONTINUE 
FRl=Z.*VFRU*DENF*SHF 
FR3=FRltFRZ 
IFL = 0 
IF ( I  .EQ. 2 .AND. IFLOW .LE. 2) IFL = 1 
IF(UFR.LT.1.0)GO TO 24 
IF(I.EQ.3)GO TO 24 
IF( IFL.EQ.l )GO TO 24 
GO TO 26 
CONTINUE 

FLOW CONDITIONS 

KK = 2 
IF (IFLOW .LE. 2 .AND. I .EQ. 1 )  KK = 1 
IF (IFLOW .GE. 3 .AND. I .LE. 2) KK = 1 
DO 28 K=KK,KDR 
TKIMl = Q. 
IF (I .6T. 1 )  TKIMl = TWJ(K,I-l) 
TOLD = TWJ(K,I) 
IF(I.GT.1)GO TO 25 
IF(IZPH.GT.O.AND.ISKIP(Kll l.EQ.1 )GO TO 27 
TWJ(K,I) 5 C(K,I)*TKIMl t D(K,I)*TWJ(K,Ltf~ t E(K,I)*TW(K,I) 
DIFF = ABS(T0LD - TWJ(K,I)) 
IF (DIFF .GT. BIG) BIG 5 DIFF 
GO TO 20 

C 
C FLOWING STREAM CALCULATIONS 
C 

26 JFLOW = Q) 
IF ( I  .EQ. 2 )  GO TO 2 
IF (IFLOW .EQ. 2 .OR. IFLOW .EQ. 4 )  JFLOW = 1 
GO TO 4 

IF( IFLOW.EQ.5 )JFLOW=l 

IF (JFLOW .EQ. 0) GO TO 6 

2 IF (IFLOW .EQ. 3) JFLOW = 1 

4 CONTINUE 

C 
C COMPUTE UP FROM BOTTOM 

IF ( I  .EQ. 2) GO TO 30 
TWJ(KDR,l) = TIN1 
IF (IFLOW .EQ. 4) TWJ(KDR,l) = (TWJ(KDR,Z)*FRl t TINZ*FRZ)/FR3 

w c  

~~ 



W 

Icd 

60 TO 32 

IF( IFLOW.LE.4)GO TO 32 
CALL GPROP(DENl,SHF1,SHFCU,CONFlfUISl,UELl,KDR,l~ 
CALL GPROP(DENZ,SHF2,SHFCV,CONF2,UIS2,UEL2,KDR,2) 
T G A S ~ ~ T W 3 ~ K D R , 1 ~ * S H F 1 - ~ U E L 2 * * 2 - U E L l * * 2 ~ * 1 . 9 9 7 l E - 5 ~ / S H F l  
TROCK=TWJ( KDRt1,l) 
TWJ(KDR,~)P(TGAS-TROCK)*DEN~*SHF~/DEN~/SHF~~TROCK 

DO 14 M=2,KDR 
K = KDR - M t 2 
TOLD=TWJ(K-l, I ) 
IF(I2PH.GT.Q.AND.ISKIP(K-l,l).EQ.1)GO TO 64 
TKIMl = 0. 
TT = G(K,I)*TWJ(K-l,I+l) 
IF (I .EQ. 1 )  GO TO 5 
TKIM1 = TWJ(K,I-l )*C(K,I) 
TT =: TT t F(K,I)*TWJ(K-l,I-l) 

IF (I .EQ. 1) GO TO 60 
TDIF TWJ(K,I) - TKIMl 
IF (ABS(TDIF/TKIMl) .LT. 0.001) TDIF = 0. 
TDIFF = TDIF - D(K,I)*TWJ(K,I+l) 
GO TO 62 

60 TDIF = TWJ(K,I) - D(K,I)*TWJ(K,I+l) 
IF (ABS(TDIF/TWJ(K,I)) .LT. 0.001) TDIF = 0 .  
TDIFF = TDIF - TKIMl 
AT=AT-QDOT(K,I) 
TWJ(K-1,I) e AT/A(K,I) 

30 TWJ(KDR,2) = (TWJ(KDR,l)*FRl t TIN2*FR2)/FR3 

32 CONTINUE 

5 TOLO = TWJ(K-1, I) 

62 AT = TDIFF - E(K,I)*(TW(K-l,I) t TW(K,I)) - TT 

64 DIFF ABS(T0LD - TWJ(K-1,I)) 
14 IF (DIFF .GT. B I G )  BIG - DIFF 

GO TO 20 
C 
C COMPUTE DOWN FROM TOP 
C 

6 IF (I .EQ. 1) TWJ(1,l) = TINl 
IF (I .EQ. 2) TWJ(1,2) = TINl 
DO 12 K=2,KOR 
TOLO=TWJ( K ,  I ) 
IF( IFLOW.6T. 1 )GO TO 68 
IF(I2PH.GT.0.AND.ISKIP(K,l).EQ.l)GO TO 66 

TKIMl = 0 .  
TT = G(K,I)*TWJ(K-l,I+l) 
IF (I .EQ. 1) GO TO 22 
TKIMl = TWJ(K,I-1 )*C(K,I) 
TT = TT + F(K,I)*TWJ(K-l,I-l) 

TWJ(K, I ) = A ( K ,  I )+TWJ(K-l, 1 )  

68 CONTINUE 

22 TOLD = TWJ(K,I) 

& t TKIMl t D(K,I )*TWJ(K,Itl) 
& t E(K,I)*(TW(K-l,I) + TW(K,I)) t TT + QDOT(K,I) 

66 DIFF = ABS(T0LD - TWJ(K,I)) 
12 I F  (DIFF .GT. B I G )  BIG = DIFF 
20 CONTINUE 

C 
C SOIL CALCULATION 
C 

DO 3 I=l,NR 
KK = 2 

I 7 0  



IF (I .LT. 4 )  KK = KDR t 1 
DO 3 K=KK,NZ 
TT = 0. 
IF ( I  .GT. 1) TT = C(K,I)*TWJ(K,I-l) 
TOLD = TWJ(K,I) 
TWJ(K,I) = A(K,I)+TWJ(K-l,I) t B(K,I)*TWJ(K+l,I) 

& t TT t D(K,I)*TWJ(K,I+l) t E(K,I)*TW(K,I) 
DIFF = ABS(T0LD - TWJ(K,I)) 

3 IF (DIFF .GT. BIG) BIG = DIFF 
C 
C CHECK FOR CONVERGENCE 
C 

IF (NIT .LT. 50) 60 TO 16 
WRITE (6,100 1 NIT,BIG 

100 FORMAT ( /ZX , 10( ' I * "  ) , 2X, '' TEMPERATURES NOT CONVERGED I' , 
& 2X,10{"*")/20X,"NIT =",I3,5X,"BIG =",E12.4/) 
GO TO 18 

16 IF (BIG .LE. 0.1) GO TO 18 
C IF( IZPH.GT.0)CALL TUFAS 

IF( IFLOW. LT. 5 )GO TO 8 
CALL FLOW 
CALL COEF 
GO TO 8 

18 CONTINUE 
C 
C UPDATE TWO-PHASE FLOW 
C 

C 
IF( 12PH.GT.O)CALL TUFAS 

RETURN 
END 
FUNCTION UISC(TEM1,TEM2,R1,R2,FRDlPUIYF) 

C 
C THIS FUNCTION COMPUTES THE VISCOSITY 0F.A FLUID. 
C TEMl = FLUID TEMPERATURE, OR TEMPERATURE AT R1 
C 'TEMZ = 0, OR TEMPERATURE AT R2 
C R1 = INSIDE RADIUS OF ANNULUS, FT. R1 = 0 FOR INSIDE A PIPE. 
C R2 = OUTSIDE RADIUS OF ANNULUS, FT. 
C PV = PLASTIC VISCOSITY, CENTIPOISE. 
C YP = YIELD POINT, LBFj100FTZ. 
C FRD = FLOW RATE, FT3/HR, OR DENSITY, LBMlFT3 
C THE FIRST OPTIONS ARE FOR FORCED CONVECTION, 
C AND THE SECOND OPTIONS ARE FOR NATURAL CONVECTION. 
C GRAU - GRAVITY ACCELERATION, FT/HRZ 
C BETA = UOLUMETEIC COEFFICIENT OF THERMAL EXPANSION, 1/F 
C UISW = VISCOSITY OF WATER FROM 30 F TO 300 F, LBM/FT-HR 
C 

DIMENSION UISW( 28 ) 
DATA GRAU/4.17E+8/,BETfi/0.0001/ 

C 
C POWER LAW EXPONENT AND COEFFICIENT 
C 

R600 = YP f 2.*PU 
R30O = YP t PV 
RGDR3=R600/R300 
IF(R1.GE.RZ )WRITE(6,100)Rl,R2 

IF( R6DR3. LE. 0.0 )WRITE( 6 , 200 )PU , YP 

EXP = 3.322*ALOG10( R6DR3 1 

100 FORMAT('***UISC ERROR***"/" Rl=",E15,8,".GT, R2=",E15.8) 

200 FORMAT("***UISC ERROR***"/" PU=",E15.8," YP=",E15.8) 



COEF = 5 .109*R300/ (510.9**EXP~ 
A = (3.*EXP + l . ) / (EXP*R2)  
I F  ( R 1  .GT. 0.01) A = 2.*(2.*EXP + 1. )/ (EXP*(R2 - R 1 ) )  

c 
NATURAL CONVECTION 

I F  (TEM2 .LT. 0.1) GO TO 12 
C 
C 
C 

APPROXIMATE FLUID VELOCITY TIMES VISCOSITY, LBM/HR2 
UTU = 8550. CORRESPONDS TO WATER AT 1 FT/SEC 

C 
C UTU = GRAU*FRD*BETA*ABS( TEM2 - TEMl ) * (  R2 - R 1 ) * * 2  

VTV = 8550. 
C 
C 
C 

SHEAR RATE TIMES VISCOSITY, POISE/SEC 

SRTU 1.148€-6+R*VTU 

VISCOSITY OF FLUID AT 70 F 
NOTE (241.92  LBM/FT-HR)/POISE 

UISC -- COEF+(SRTU*+(EXP - 1.)) 
UISC - 241 .92+(U ISC** ( l . /EXP) )  
GO TO 10 

c 
C 
C 

FORCED CONVECTION 

12 CONTINUE 
C 
C 

I C 
FLUID VELOCITY, FT/HR 

AREA = 3.1415927*(RZ*R2 - R l * R l )  
VEL = FRD/AREA 

C 
C 
C 

SHEAR RATE 

SR = UEL*A/3600. 
C 
C 
C 
C 

VISCOSITY OF FLUID AT 70 F 
NOTE (241.92 LBMIFT-HR)/POISE 

UISC = COEF*(SR**(EXP - 1. ) )  
UISC - 241.92*VISC 

C 
C 
C 

WATER VISCOSITY AT TEMPERATURE TEM 

14) TEM = TEMl 
I F  (TEM2 .6T. (3.1) TEM = (TEM1 t TEM2)/2. 
TEMC=( TEM-32.0 )/1.8 
UISWTR=.24192*241.4*10.**(247.6/(TEMC+133.15)) 
IF(TEMC.GT.300. ~UISWTR~.24192*(2843.02-6.4759*TEMC) 
IF(TEMC.GT.375.)VISWTRL.24192t(.407+TEMC+262.28~ 
UISWTR=VISWTR/1000. 
VISW70=2.3528 

C 
VISCOSITY OF FLUID AT TEMPERATURE TEM. C 

u c  
UISC=UISC*VISWTR/VISW70 
IF (  V I SC . LE. 0.0 )WRITE( 6 ,300 ) V I  SC 

300 FORMAT( "***UISC ERROR***"/" UISC=" ,E15.8) 



RETURN 
END 
FUNCTION CA(CAU,CAL,ZC,DZ,ZKP, fKM)  

C 
C THIS FUNCTION CHECKS FOR THE TYPE MATERIAL IN AN ANNULUS AND 
C AVERAGES THE CONDUCTIVITY FOR A CELL IF AN INTERFACE IS FOUND. 
C 

h./ 
IF ((ZC - D Z )  .LT. ZKP) GO TO 2 
CA = CAU 
RETURN 

CA = CAL 
RETURN 

CA CC/(ZKP - ZKM) 
RETURN 
END 
FUNCTION CONVN(VIS,OEN,SH,CON,RI,RO,TI,TO) 

2 IF ((ZC - DZ) .GT. ZKM) GO TO 4 

4 CC = CAU*(ZC - DZ - ZKM) + CAL*(ZKP - ZC + DZ) 

C 
C THIS FUNCTION COMPUTES 14N OVERALL CONDUCTIVITY OF A NATURALLY 
C CONVECTING FLUID INCLUDING EFFECTIVE CONDUCTIVITY OF FLUID 
C AND SURFACE COWECTION COEFFICIENT. 
C 

DATA GRAU/4.17E+8/,BETA/0.0005/ 
I C GRAV = ACCELERATION OF GRAVITY, FT3/HR 

C BETA = VOLUME COEFFICIENT OF THERMAL EXPANSION 
C 

BETA=.8005 
IF(DEN.LT.5.0)BETA=1./(459.67+TI/Z.0+TO/Z.0) 

C 
C PRANDTL NUMBER 
C 

C 
PR = SH*UIS/CON 

IF( PR.LE .0.0 )WRITE( 6,100 ISH, UIS,CON 
100 FORMAT("***CONUN ERROR***"/" SH=",E15.8," UIS=",E15.8, 

& CON=",E15.8) 
C 
C GRASHOF NUMBER 
C 

GR = ABS(T0 - TI)*GRAV*BETA*DEN*DEN 
GR = GR*( (RO - RI )**3 ) / ( U I S * V I S )  
IF(GR.LT.l.E-10)GR~l.E-l0 

C .  
C EFFECTIVE FLUID CONDUCTIVITY 
C 

CONEFF = 0.049*CON*((GR*PR)*+0.333)*(PR**0.074) 
IF (CONEFF .LT. CON) CONEFF = CON 
CONVN=CONEFF 
RETURN 
END \ 

FUNCTION CONV(UFR,UIS,DEN,SH,CON,RI,RO) 
C 
C THIS FUNCTION COMPUTES A SURFACE COEFFICIENT FOR FORCED CONVECTION 
C 
C VFR = VOLUME FLOW RATE, FT3/HR 

VIS = FLUID VISCOSITY, LBM/FT-HR 
DEN = DENSITY, LBM/FT3 C 

C SH = SPECIFIC HEAT CAPACITY, BTU/LBM-F 
C CON = THERMAL CONDUCTIVITY, BTU/HR-FT-F 

b c  



I74 
C RI, RO = INNER AND OUTER RADII OF ANNULUS, FT 
C CONU = SURFACE CONVECTION COEFFICIENT, BTU/HR-FT2-F 
C 
C PRANDTL NUMBER 
C 

C 
PR = SH*UIS/CON 

IF(PR.LT.0.0)WRITE(6,100)SH,VIS,CON 
100 FORMAT( "***CONU ERROR***"/" SH=" ,E15.8, 'I VIS=",E15.8, 

& " CON=",E15.8) 
C 
C REYNOLDS NUMBER 
C 

AREA = 3.1415927*(RO*RO - RI*RI) 
VEL = VFR/AREA 
RE 2 . * ( R O  - RI)*DEN*VEL/VIS 
IF(RE.LE.0,0)WRITE(6,200)RO,RI,DEN,UEL,VIS 

200 FORMAT("***CONU ERROR***"/" RO=",F8.3," RT=",F8.3," DEN=",F8.2, 
& " VEL=",F8.0," VIS=",E15.8) 

C 
C LOW PRANDTL NUMBER CONVECTION COEFFICIENT 
C 

IF (PR .GT. 50.) GO TO 2 
CONV = CON*0.023*(RE**0.8)*(PR**0.35)/(2.*(RO - RI)) 
RETURN 

C 
C HIGH PRANDTL NUMBER CONVECTION COEFFICIENT 
C 

2 F = 64./RE 
IF (RE .LT. 2000.) 60 TO 6 
IF (RE .GT. 4000.) GO TO 4 
F = 0.0077349 
F (64. + F*(RE - 2000.))/2000. 
GO TO 6 

4 F = 0.013 
IF (RE .LT. 349120.) F = 0.316/(RE**0.25) 

6 H 1.2 + 11.8*(PR - 1)*SQRT(F/8. )/(PR**0.333) 
H = F*RE*PR/(8.*H) 
CONU CON*H/(2.*(RO - RI ) 1 
RETURN 
END 
SUBROUTINE CONAN(J,K,ZKP,ZKM) 

C 
C THIS SUBROUTINE COMPUTES THE CONDUCTIVITY OF ALL THE ANNULI 
C NEEDED TO DETERMINE AN OVERALL CONDUCTANCE AT DEPTH LEVEL K. 
c 

COMMON /BLKS/ CAN(5) 
COMMON /BLK3/ KDR,NZ,NZPl,TD,Z(l51),ZC(l5),DZ(l!5),TUD,DDUN 
COMMON /BLK1/ T( 151,20 ),TWJ( 151,21) 
COMMON /BLK8/ NR , RMAX , R ( 21 ) , DR( 2 1 ) , AR( 20 ) , RI ( 15 ) , RO( 15 ) 
COMMON /BLK10/ DENST,SHST,CONST,DENC,SHC,CONC 
COMMON /BLKl3/ DENFP( 5 ) ,PUFP( 5 ) ,YPFP( 5 1 ,SHFP( 5 ) ,CONFP( 5 ), 

COMMON /BLK16/ NPF,NTS,KZP 
QIPF,IAF,ISF 

C 
C FACTORS FOR LINEAR INTERPOLATION OF TEMPERhTURES FROM T(K,2) TO T(K,3 
C 

TA = T(K,2) 
TB = (T(K,3) - T(K,Z))/(R(3) - R ( Z ) )  

C 



C LOOP ON THE NUMBER OF ANNULI NEEDED, J, AT LEUEL K .  
C 

DO 2 I = l , J  
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

C 

INTERIOR AND EXTERIOR ANNULI TEMPERATURES. 

ROC=RO( I ) 
I F (  I. EQ. 1 )ROC=RO( KZPt5  ) 
T I  = TA t TB*(ROC - R ( 2 ) )  
I F  (I .EQ. 1)  T I  = ( T ( K , l )  t T ( K , 2 ) ) / 2 .  
TO = T ( K , 3 )  
I F  ( I  .LT. 5 )  TO = TA t T B * ( R I ( I t l )  - R ( : 2 ) )  

VISCOSITY OF ANNULUS FLUID 

RR = R ( 3 )  
I F  (I .LT. 5 )  RR = R I ( I t 1 )  
V I S  = U I S C ~ T I , T O , R O C , R R , D E N F P ~ I A F ~ , P V F ~ ~ I A F ~ , Y P F P ~ I A F ~ ~  

CONDUCTIVITY OF ANNULUS FLUID AND OF CELL hT LEVEL K 

C A U = C 0 N U N ~ U 1 S , D E N F P ~ 1 A F ~ , S H F P ~ 1 A F ~ , C 0 N F P ~ 1 A F ~ , R 0 C , R R , T 1 , T 0 ~  
ZCM=ZC( I ) 
DZM=DZ( I ) 
I F (  I . G T . l  )GO TO 3 
ZCM=ZC( KZP+S 1 
DZM=DZ ( KZPt5  1 

3 CONTINUE 
2 CAN( I ) = CA( CAU I CONC ZCM , DZM, ZKP , ZKM 1 

RETURN 
END 
FUNCTION KTUBE(Z1) 

DETERMINES TUBING INTERVAL GIVEN DEPTH Z 1  

COMMON /BLK3/ K D R , N Z , N Z P 1 , T D , Z ~ 1 5 l ~ , Z C ~ 1 5 ~ , D Z ~ 1 S ) , T V D , D D V N  
COMMON /BLK16/ NPF,NTS,KZP 
K =6 

2 IF(ZC(K).GE.ZI)GO TO 3 
K = K t 1  
IF(K.LT.NTSt5)GO TO 2 
K=NTStS 

3 KTUBE=K 
RETURN 
END 
SUBROUTINE DWNFLO( UF I I6;F , IFLOW, J ) 

VF = VOLUME OF FLUID INJECTED 
Z (  I, J 1 = DEPTH OF INTERFACE I 
N A ( I , J )  = FLUID TYPE ABOVE INTERFACE I 
N I ( J )  = NUMBER OF INTERFACES 
IFF = FLUID TYPE INJECTED 

COMMON /BLK3/ KDR,NZIN'ZP1,TD,Z(151 ),ZC( lS),DZ(lS>,TVD,DDUN 
COMMON / B L K l l /  UFR,DDCHG,COSDVN 
COMMON /BLK15/ ATA( 10,.2) 
COMMON /BLK16/ NPF,NTS,KfP 
COMMON /BLK17/ ZI(10,2),NA(10,2),NI(Z~,NOF 
COMMON /BLK19/ DEPTH,BITR,BITA,DCLRLIDCLRI,DCLRO,PSTAND 



C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

NOF=0 
TD 1 =TD 
IF(DDCHG.GE..Ol)TDl=DEPTH 
IF(DDCHG.LT.0.1 )GO TO 15 
NIJ=NI( J )  
NUNF=0 
NTD 1-0 
DO 16 I=l,NIJ 
DTST=ZI( I, J )-TI31 
IF(DTST.GT.1. )NUNF=NUNFtl 

IF(NlJNF.EQ.0.AND.NTDl.EQ.0)GO TO 18 
IF( NTDl . EQ .0 )NTDl =NUNF 
ZI(NTD1,J )=TD1 
DO 17 I=NTDl,NIJ 
NN-Itl-NTDl 
ZI( NN, J )=ZI( I, J 1 

17 NA(NN,J)=NA(I,J) 
NI( J kNI( J )-NTDl+l 
GO TO 15 

18 ZI( l,J )=TDl 
15 CONTINUE 

NN=NI( J 1 
IF( IPF.EQ.NrS(NN, J 1 )GO T O  10 

16 IF(OTST+*2.LE.l.)NTDl=I 

NEW INTERFACE GENERATED 

NN=NNt 1 
NI( J )=NI( J )+1 
NA( NN, J bIPF 
ZI(NN,J)=0. 

CIRCULrSTE INTERFACES DOWN 

10 CONTINUE 
NIJ=NI( J )  
DO 2% I-1,NIJ 
VF 1=VF 

2 K=KTUBE( ZI( I, J 1 )  
A=ATA( K-5, J 
ZTRY=VFl/A 
IF(ZTRY.GT.(ZC(K )-ZI( I, J)) )60 TO 4 

3 ZI ( I, J )=ZI( I, J )tZTRY 
60 TO 5 

4 IF(K.GE.NTS+S)GO TO 3 
U F 1 4 J F l - A * ( Z C ( K ) - Z I ( I , J ) )  
ZI( I, J )=ZC( K )t. 1 
GO TO 2 

5 IF( ZI( I, J ).GT.TDl )NOF=NOFtl 
20 CONTINUE 

GENERATE INTERFACE AT BOTTOMHOLE 

IF(NOF.EQ.NI( J )  )GO TO 31 
IF(TD1-ZI(NOFt1,J).GT.l.0~GO TO 33 
ZI ( NOFt1, J )=TDl 
GO TO 34 

JJsNI( J )-NOF 
33 NIJ=NI(J) 



c 
C 
C 

C 
C 
C 
C 

C 

C 
C 
C 

IF(JJ.LE.0)GO TO 31 
DO 30 I=l,JJ 
II=NIJ-I+Z 
ZI(II,J)=ZI(II-l,J) 

30 NA( I1 , J )=NA( 11-1 , J ) 
31 JJ=NOFtl 

NA( JJ, J )=NA( JJ-1,J 1 
ZI( JJ, J )=TDl 
NI( J )=NI( J )ti 

34 IF(IFLOW.GT.1)GO TO 40 

RENUMBER INTERFACES FOR INJECTION CASE IFLOW = 1 

NI J=NI( J )-NOF 
DO 32 I=l,NIJ 
ZI( I , J )=ZI( ItNOF, J 1 

32 NA( I, J )=NA( ItNOF, J 1 
NI( J )=NI( J )-NOF 

40 RETURN 
END 
SUBROUTINE UPFLOW(UF,UFZ,IPF,IFLOW) 

UF = VOLUME PRODUCED 
VOF = VOLUME CIRCULATED BY SUB DWNFLO 

COMMON /BLK3/ KDR,NZ,NZPl,TD,Z(151),ZC(lS),DZ(l5),TVD,DDVN 
COMMON /BLK11/ UFR,DDCHG,COSDUN 
COMMON IBLK15/ FITA(18,Z) 
COMMON /BLK16/ NPF,NTS,KZP 
COMMON /BLK17/ ZI( 10,Z ),NA( 10,2 ),NI(Z ),NOF 
COMMON /BLKlS/ DEPTH,BITR,BITA,DCLRL,DCLRI,DCLRO,PSTAND 

J= 1 
UF 1-UFtUFZ 
RCP=VF/UFl 
TD 1 =TD 
IF(DOCHG.GT..0l)TDl=DEPTH 
K=KTUBE( TO1 )-5 
NCO-0 

RENUMBER INTERFACES IF DEPTH CHANGES 

IF( IFLOW.EQ.3)J=Z 
Jl=Jtl 
IF( J1.GT.Z )J1=1 

NIJ=NI( J 1 
NUNF=0 
NTDl e0 
DO 6 I=l,NIJ 
DTSTeZI ( I, J bTD1 
IF(DTST.GT.l.B)NUNF=NUNF+l 

6 IF(DTST**Z.LE. 1.8 )NTDl=I 
IF(NUNF.EQ.Q.AND.NTDl.EQ.0)GO TO 8 
IF( NTDl . EQ. 0 )NTDl=NUNF 
ZI(NTD1, J )=TI31 
DO 7 IZNTD1,NIJ 
NN=Itl-NTDl 
ZI(NN,J)=ZI(I,J) 

7 NA( NN , J )=NA( I, J ) 

IF ( ( 2 I ( 1 , J )-TD1)**2. LT 1 .0 160 TO 5 
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8 

9 

16 
5 

C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

NI( J )=NI( J )-NTD1+1 
GO TO 5 
IF( NA( 1 , J 1 .EQ.NA( 1 , J 1 )  )GO TO 16 
NI( J )=NI( J It1 
NIJ=NI( J ) 
DO 9 I=2,NIJ 
NN=NIJ-I+2 
ZI( NN, J )=ZI(NN-1 , J ) 
NA( NN, J bNA( "-1 , J ) 
N A ~ l , J ~ = N A ~ ~ , J l ~  
ZI( 1 , J )=TO1 
CONTINUE 
IF( IFLOW .LT.3 )60 TO 10 

ADD INTERFACES CIRCULATED BY DWNFLO 
RCP=RCP*ATA( K , J )/ATA( K , J 1 1 
NOF 1 =NOF 
IF(NA(1,l ).EQ.NA( 1,2))NOFl~NOFl-l 
IF(NOFl.LE.0)60 TO 13 
NI( J )=NI( J ItNOF1 
NIJ=NI( J )  
DO 1' I=1 ,NOFl 
NN=NIJ-I+l 
NA(NN,J)=NA(NN-NOFl,J) 

1 ZI(NN, J )=ZI(NN-NOFl I J )  
13 DI=TDl 

DO 12 I=l,NOF 

NA( NN , J )=NA( I , J 1 ) 
NNSNOFt.1-I 

DI=DI+(ZI(I,Jl )-ZI(I+l,Jl ))/RCP 
12 ZI(NN, J )=DI, 

RENUMBER INTERFACES FOR INJECTION SIDE 

NIJ=NI( J1 )+OF 
DO 14 I-1,NIJ 
ZI( I , J1 )=ZI( I+NOF, J1) 

14 NA( I, J1 )=NA( I+NOF, J 1 )  
NI( J l  )=NI (  J 1  I-NOF 
60 TO 20 

PRODUCTION 

10 IF( IPF.EQ.NA( 1, J ) )GO TO 15 
NI( J bNI( J )tl 
NzNI ( J )-1 
DO 11 I=l,N 
I IZNi-2-I 
NA( I I , J bNA( I I - 1 , J 1 

11 Z I ~ I I I J b Z I ~ I I - l l J ~  
Z1( 1 , J )=ZI(2, J )tUFl/ATA(K, J ) 
NA( 1 , J )=IPF 
GO TO 20 

15 ZI( 1, J )=Zit 1,J )tUFl/ATA(K, J )  

CIRCULATE INTERFACES 

20 CONTINUE 
NIJ=NI( J 1 
DO 30 I=l,NIJ 



UF3=UF 1 
K=KTUBE( ZI( I, J 1 )-5 

4 h=ATA(K, J 1 
ZTRY=UF3/A 
IF(K.LE.1)GO TO 2 
IF(ZTRY.GT.ZI(IlJ)-ZC(Kt4))GO TO 3 

2 ZI( I , J )=ZI( I, J 1-ZTRY 
IF( ZI( I, J ).LT.0. )NCO=NCO+l 
GO TO 38 

3 UF3~UF3-A+~ZI(IlJ)-ZC(K+4)) 
ZI( I, J )=ZC(Kt4 1 
KSK-1 
GO TO 4 

30 CONTINUE 
NI ( J )=NI ( J )-Ne0 
RETURN 
END 
SUBROUTINE FPROP(DEN,PU,YP,SH,CON,ZKP,ZKM,J) 

COMMON /BLK13/ DENFP(5),PUFP(S),YPFP(S),SHFP(S),CONFP(S), 

COMMON /BLK17/ ZI( 10,2 ),NA( 10,Z),NI(2 ),NOF 
NX J=1 
IF(J.LT.3)GO TO 4 
I=IAF 
GO TO 5 

4 NIJ=NI(J) 
2 IF(ZKP.LE.ZI(NIJ,J))GO TO 1 

NI J=NI J-1 
IF( NI J .LE .0 )NIJ=l 
IF(NIJ.EQ.1)GO TO 1 
GO TO 2 

C 

@IPF,IAF,ISF 

1 I=NA(NIJ, J )  
5 DEN=DENFP( I )  

PU=PUFP( I ) 
YP=YPFP( I 1 
SH=SHFP( I ) 
CON=CONFP( I ) 
IF(NIJ.EQ.1.OR.J.GT.Z)GO TO 3 
IF(ZKM.LE.ZI(NIJ,J))GO TO 3 
IF( ( ZKM-ZI( NI J, J 1 )**Z.LT. 1 .B )GO TO 3 
ZINTsZI ( NI J-1, J ) 
INT=NA(NIJ-l,J) 
D1=( ZKP-ZINT ) / (  ZKP-ZKM) 
DZ=( ZINT-ZKM ) / (  ZKP-ZKM 1 
DEN=DEN*DltDENFP(INT)*DZ 
PU=PV+DltPUFP( INT )*D2 
YP==YP*DltYPFP(INT)*DZ 
SH=SH*DltSHFP( INT )*D2 
CON=CON*DltCONFP( INT )+D2 

3 RETURN 
END 
SUBROUTINE FLOW 

C 
C COMPUTES FLOWING STREAM PROPERTIES 
C 

COMMON /BLKl/ TW( 151,20 ),TWJ( 151,21) 
COMMON /BLK3/ KDR,NZ,NZP1,TD,Z(151) ,ZC(15) ,DZ(15) ,TUD,DDVN 
COMMON /BLK8/ NR,RMhX ,R( 21 ), DR( 21 1 ,AR( Z B ) ,  RI( 15 1 ,RO( 15 1 
COMMON /BLKll/ UFR,DDCHG,COSDUN 



COMMON / B L K l 5 /  ATA(10,Z) 
COMMON /BLK17/ Z I ~ 1 Q , Z ~ , N A ~ l 0 , 2 ~ , N I ~ 2 ~ , ~ O F  
COMMON /BLK18/ D E N G ~ 1 5 1 , 2 ~ , P R E S S ~ 1 5 1 , 2 ~ , U G ~ S ~ 1 5 1 , 2 ~  
COMMON /BLKlS/  DEPTH,BITR,BITA,DCLRL,DCLRI,DCLRO,PSTAND 
COMMON /BLK20/ DCUT( lS l ) ,UCUT( l51  ~ , D L I Q ~ 1 5 1 , 2 ~ , D U A P ~ 1 5 1 , 2 ) , D R T ,  

& UFR3 
COMMON /S1/ DZ,UZ,DPD,PHI 
COMMON /S2/ DIAS,DENS,DELTA 
COMMON /S3/ G3,G4,D3,D4 
DATA DFTR/16.0184625/ 
DhTA PFTR/6894.757/ 
DATA UFTR/.3048/ 
DATA DELTA/l.S/ 
DATA DIAS/0.01/ 
DATA DENS/Z000./ 
DATA DLH20/1000./ 

C 
C I N I T I A L I Z E  PARAMETERS 
C 

IGAS=NA( 1 , 1 ) 
IF((IGAS-l)*(fGAS-Z).NE.0~GO TO 9 
GO TO (1,2),1GAS 

1 RG=287.06 
DSCF=1.2229 
GO TO 10 

2 RG=296.08 
DSCF=1.1828 
60 TO 10 

9 WRITE(6,1080 )IGAS 

& 'I UNDEFINED"/ ) 

1000 FORMAT(//" + t i t + + + + + + + + +  ERROR *++++++++*+++"//n GAS # : " , I 2 ,  

STOP 

10 UFRG=UFR 
1 2  Al=ATA( 1 , I )+UFTR++2 

IF(DCLRL.GE.Z(KDR))f3l=3.14159*DCLRI**2*UFlR**2 
UFRM=UFRG*UFTR*+3/60. 
G=UFRM+DSCF/Al 
G3=UFR3*DLH2O*UFTR*+3/3600./Al 
T1=(TWJ(lIl)+459.67)/1.8 
Pl=PSTAND*PFTR 
D l = P l / R G / T l  
U 1=G/O 1 

6659.80665 
DL5( Z(2 1-Z( 1) )*UFTR 
DHYD=2.+SPRT(A1/3.14159) 
ZDCL=( Z( KDR 1-DCLRL )+UFTR 

PRESS( 1,l )=Pl/PFTR 
DEPIG( 1 1 )=Dl/DFTR 
UGAS( 1 , 1 )=Vl/UFTR 

C 
1=1 

C WRITE(6,2200 )I ,PRESS( I , 1 ),DENG( I , 1 ),UGAS( I , 1 ),TWJ( I , 1 ) 
C2200 FORMAT(lX,I4," P=",E11.4,"  D=",E11.4," U=",E11.4," T=" ,E11.4)  
C 
C 
C SELECT STATIC OR FLOWING GAS 
C 

C 

C 

C 



C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

IF( UFRG. LT .l. 0 )GO TO 40 
D3=G3/U1 
CALL DUSAT(D4,DX4,Tl) 
IF( D4. GT. D 3  )04=O3 
G4=D4 *U 1 
DLIQ( 1,1)=( D3-D4 )/DFTR 
DUAP( 1,1 )=D4/DFTR 

DETERMINE FLOWING PROPERTIES IN TUBING 

1-1 
14 I=I+1 

TZ=(TWJ(I,1)+459.67)/1.8 
GCOS=GG 
IF( Z( I 1. GT , DDUN )GCOS=GG*COSDUN 
DL 1 =DL 

CHECK FOR AREA CHANGES 

ZT=Z( 1-1 )*UFTR 
ZB=Z( I )*UFTR 

DRILL COLLAR TO TUBING AREA CHANGE 

IF( ZT .GT. ZDCL )GO TO 15 
IF( ZB. GT . ZDCL )GO TO 16 

TUBING AREA CHANGE 
C 

16 

17 

15 

C 

C 

I 

Kl=KTUBE( Z( 1-1 1 )  
KZ=KTUBE( Z( I ) )  
IF(K1 .EQ.K2 )GO TO 15 
AZ=ATA(KZ-S,l)+UFTR**2 
DHYD2=2.*SQRT(AZ/3.14159) 
DLl=ZC( K 1  )*UFTR-ZT 
GO TO 17 
A2=3.14159*(DCLRI*UFTR)**Z 
DHYDZ=Z.*DCLRI*UFTR 
DL1-ZDCL-ZT 
TM=Tl+(TZ-Tl)*DLl/DL 
RE-DHYD*Dl*Ul/GUISC(Tl,IG4S~ 
FPD=FRIC(RE,DHYD,l)/DHYD*Dl*Ul*DL1/4. 
GPD=GCOS*DLl*( Dl+D3) 
CALL UEXIT(Pl,Dl,Ul,Tl,TM,FPD,GPD,IG~S) 
IF( 1GAS.GE. 100)60 TO 29 
CALL ACHNG(P1,D1,Tl,U1,Af,AZ,IGAS) 
IF( 1GAS.GE. 100 )GO TO 29 
DHYD4HYD2 
DLL=DL-DLl 
R€=DHYD*Dl+U1/GUISC(Tl,IG~S) 
FPD=FRIC(RE,DHYD,l)/DHYD*Dl*Ul*DLl/4. 
;PD=GCOS*DLl*(DliD3) 
CALL UEXIT(P1,D1,U1,Tl,T2,FPD,GPD,IGAS) 
IF( IGAS .6E. 100 )GO TO 29 

PRESS( I, 1 )=Pl/PFTR 
DENG( I, 1 )=Dl/DFTR 
UGAS( I, 1 )=Ul/UFTR 

CALL DUSAl( 04. DX4. T1) 



IF( 04. GT . D3 )D4=D3 
DLIQ( I, 1 )=( D 3 4 4  )/DFTR 
DUAP( I, 1 )=D4/DFTR 

C 
C 

C 
C 
C 

C 
C 
C 

C 

C 

C 

C 
C 
C 
C 

C 
C 
C 

WRITE( 6,2200 )I, PRESS( I, 1 ) , DENG( I 1 ) , UGAS( I, 1 ) , TWJ ( I, 1 1 
IF( I .EQ.KDRlGO TO 20 
GO TO 14 

CHECK BIT NOZZLES FOR CHOKED FLOW 

20 AZ=BITA*UFTR+*Z 
CALL NOZL(PllT1,D1,V1,A1,A2,1GAS) 
IF( IGAS. GE. 100 )GO TO 29 

AREA CHANGE: TUBING TO ANNULUS 

IK=2 
RIl=DCLRO*UFTR 
IF(Z(1 ).LE.ZDCL)RIl=RO(KTUBE(Z(I )))*UFTR 
ROl=BITR*UFTR 
IF(Z(I).GT.ZC(Z))GO TO 19 
IK=l 
ROt=RI( 2 )*UFTR 

DHYD=2.*(ROl-R11) 
CALL ACHNG(P1,Dl,TL,U1,A1,A2,IGAS) 
IF(IGAS.GE.100)GO TO 29 
Tl=(TWJ( I,2 )+459.67 )/1.8 
RI2ERI 1 
R02=R01 

PRESS( I , 2  )=RG*Tl*Dl/PFTR 
DENG( I, 2 )=Dl /DFTR 
UGAS( I 2 )=U1 /UFTR 

19 A2*3.14159*(ROl**2-RIl**2) 

CALL DUSAT(D4,DX4,Tl) . 

IF(D4.GT.D3)D443 
DLIQ( I ,2 )=(D3-D4 )/DFTR 
DVAP( I 2 )=D4/DFTR 

DCUT( I )=0. 
UCUT( I )=0. 
WRITE( 6,2200 11, PRESS( I, 2 1 ,  DENS( I, 2 1 ,UGA$( I, 2 ) , TWJ( I, 2 1 

DETERMINE INNER ChSING 

ICASE=l 

ZCS=ZC( ICASE )*VFTR 
RCS=RI ( I C M E  )*UFTR 
IF( t (  KDR 1. GE. ZC( ICASE ) )GO TO 22 
IF( 1CASE.EQ.S)GO TO 22 
GO TO 21 

21 ICASE=ICASE+l 

DETERMINE SOLIDS MASS FLOW RATE IF DRILLING 

22 ISOL=0 
G2=DRT*DENS*3.14159+BITR**Z*UFTR**3/Al/3600. 
IF(DRT.LT.0.01 )GO TO 28 
ISOL=1 



CALL USLIP(Dl,Tl,Ul,G2,GCOS,IGAS~ 
PRESS( I , 2  )=RG*Dl*Tl/PFTR 
DENG4 I , 2  )=Dl/DFTR 
UGAS( I, 2 )=Ul/UFTR 

CALL DUSAT(D4,DX4,Tl) 
IF( D4. GT. D3 )D4=D3 
DLIQ( I ,2 )=( D3-04 )/DFTR 
DUAP( I, 2 )=D4/DFTR 
DCUT( I )=D2/DFTR 
UCUT( I )42/UFTR 

C 

C 
C FLOWING PROPERTIES IN ANNULUS 
C 

28 r=r-i 
T2=(TWJ( 1,2)+459.67)/1.8 
GCOS=-GG 
IF( Z( I ) .GT.DDUN )GCOS*-GG*COSDVN 

ZT=Z( I )*UFTR 
ZB=Z( It1 )*VFTR 
Kl=KTUBE( Z( I ) 1 
KZ=KTUBE( Z( Itf 1 )  
ZTA=ZC(Kl )*UFTR 

C 

C 
23 ZM=ZT 

IAR=0 
IF(ZM.GT.ZDCL.0R.ZB.LE.ZDCL)GO TO 24 

C 
C AREh CHANGE: DRILL COLLAR TO PIPE 
C 

R12=RO( K2 )*UFTR 
ZM=ZDCL 
IAR-1 
GO TO 25 

C 

C 
C AREA CHAN6E:TUBING SIZE 
C 

RI2=RO(Kl )*UFTR 
ZM=ZTA 
IAR=l 

24 IF(ZM.GT.ZTA.OR.ZB.LE.ZTAIG0 TO 25 

C 

C 
C AREA CHANGE: OPEN HOLE TO CASING 
C 

25 IF(ZM.GT.ZCS.OR.ZB.LE.ZCS)GO TO 26 

IAR=2 
R02eRCS 
ZM=ZCS 

26 DLl=ZB-ZM 
C 

TM=Tlt(T2-Tl)*DLl/DL 
UISl=GUISC(Tl,IGAS) 
RE=DHYD*Dl*Ul/UISl 
FPD=FRIC(RE,DHYD,IK)/DHYD*Dl*Ul*DL1/4. 
GPD=GCOS*DLl*~DltD3) 
IF~ISOL.EQ.1~DPD=.5*CD~Dl,DENS,UISl,DIAS,l~*DELTA*Dl*PHI 

& *DLl/OIAS 



IF(ISOL.EQ.03CALL UEXIT(Pl,D1,U1,T1,TM,FPD,GPD,IGAS) 
IF(ISOL.EQ.1)CALL VMIXT(P1,Dl,U1,T1,TM,FPD,GPD,IGAS) 
IF( IGAS. GE .200 )GO TO 30 
IF( IGAS .GE. 100 )60 TO 29 
IF( IAR.EQ.0)GO TO 27 
A2=3.14159*(R02**2-R12**2) 
DHYDs2. *( R02-RI2 1 
GZ=GZ*Al/AZ 

C DZ=DZ*Al/A2 
CALL ACHN6(PL,Dl,Tl,Ul,Al,A2,IGAS) 
IF(ISOL.EQ.1)CALL USLIP(D1,Tl,V1,G2,GCOS,IGAS) 
IF(IGAS.GE.l00)60 TO 29 
ZB=ZM 
IF( IAR.EQ.2 1IK-l 
GO TO 23 

27 CONTINUE 
C 

PRESS( I ,2 )=Pl/PFTR 
DENG( I ,2 )=Dl/DFTR 
UGAS( I ,2 )=Ul/VFTR 

CALL DVSAT(D4,DX4,Tl) 
IF( D4. GT. D3 )D4=D3 
DLIQ( I, 2 I=(  03-04 )/DFTR 
DUAPt I, 2 )=D4/DFTR 
DCUT( I )=0. 
VCUT( I )=0. 
IF( ISOL.EQ.l )DCUT( I )=DZ/DFTR 
IF( 1SOL.EQ. 1 )WCUT( I )=UZ/UFTR 

WRITE( 6,2200 )I ,PRESS( I ,2 ) ,DENG( I ,2 1 ,VGAS( 112 ) ,TWJ( I ,2  ) 

IF( I .EQ. 1 )RETURN 
GO TO 28 

C 
C CHOKED FLOW 
C 

C 

C 
C 
C 

29 PINC=Pl/PFTR 
IF( PXNC .LE.5.0 )PINC=5.0 
IF(PINC.GT.100.0~PINC=l00.0 
PSTAND=PSTAND+PINC 
IGAS=NA( 1,l) 
WRITE(6,1001 IPSTAND 

1001 FORMAT(/“ CHOKED FLOW: STANOPIPE PRESSURE INCREASED TO“,F8.1, 
& ” PSI”/) 
GO TO 12 

C 
C INSUFFICIENT LIFTING CAPACITY 
C 

30 UFR=VFR*1.05 
IGAS=NA( 1 , l )  
WRITE( 6,1002 )VFR 

GO TO 10 
1002 FORMAT(/” 6AS FLOW RATE TOO LOW- INCREASED TO:”,F8.0,” SCF”) 

C 
C STATIC COLUMN 
C 

40 P1=14.7*PFTR 
Tl=(TWJ(1,2)+459.67)/1.8 
Dl=Pl/RG/Tl 



C 
DENG( 1,2 )=Dl/DFTR 
PRESS( 1,2 )-Pl/PFTR 
UGAS( 1.2 )=0.0 
DLIQ( 1,2 )=0.0 
DUAP( 1 ,2 )=0.0 W 

C 
DO 41 I=Z,KDR 
GCOS=GG 
IF( Z( I ) .GT.DDUN )GCOS=GG*COSDUN 
Pl=PltDl*DL*GCOS 
Tl=(TWJ( I ,2 H459.67 )/1.8 
Dl=Pl/RG/Tl 

C 

C 

O E M (  I, 2 )=Dl /DFTR 
PRESS( I,2 )=Pl/PFTR 
UGAS( I,2 )=0.0 
DLIQ( I ,2  1-0.0 
DUAP( 1,2 )=0.0 

41 CONTINUE 
- 

DEN6( KDR, 1 )=DENG( KDR ,2  
PRESS( KDR, 1 )=PRESS( KDR, 2 1 
UGAS(KDR, 1 )=0.0 
DLIQ(KDR,1)-0.0 
D W P (  KDR, 1 )=0.8 
DCUT(KDR b0.0 
VCUT( KDR )=0.8 

C 
DO 42 II=2,KDR 
IeKDR-IIt1 
GCOS=6G 
IF( Z( It1 ).GT.DDUN )GCOS=GG*COSDUN 
Pl=Pl-Dl*DL*GCOS 
Tl=(TWJ(I,l)t459.67)/1.8 
Dl-Pl/RG/Tl 

C 
DENG( I, 1 )=Dl/DFTR 
PRESS( I, 3 )=Pl/PFTR 
UGAS(I,l)=B.0 
DLIQ( I, 1 b8.0 
DUAP( I, 1 )=0.0 
DCUT( I )=0. 
UCUT( I )=0. 

C 

C 
C 
C 

kb 

42 CONTINUE 
RETURN 
END 
FUNCTION FRIC(RE,DHYD,IK) 

COMPUTES DARCY FRICTION FACTOR 

RR=.0080457/DHYD 
IF(IK.EQ.2)RR=.00305/DHYD 
A=.026*RR**.225t0.133*RR 
B=22.*RR**0.44 
C=-1.62*RR**0.134 
FRIC=AtB*RE**C 
FRIC=4.*FRIC 
FRICL=64./RE 



IF(FRICL.GT.FRIC)FRIC=FRICL 
RETURN 
END 
FUNCTION GUISC(T,IGAS) 

C 
C COMPUTES VISCOSITIES OF GASES 
C 

IF( IGfiS.EQ.3)GO TO 3 
IF( IGAS.EQ.2 )GO TO 1 
D=.552795+2.81089ZE2/T-l35083.40/T/T+39353086./T**3 

GO TO 2 
& -42.419387E8/T**4 

1 D=.579561+2.847486E2/T-l3.232490E4/T/T+37.106107E6/T**3 

2 GVISC=SQRT(T)/D*l.E-6 
RETURN 

3 GVISC-10. 
RETURN 
END 
SUBROUTINE U E X I T ~ P l , D 1 , U l , T l , T 2 , F P D , G P D , I G A S ~  

C 
C DETERMINES EXIT FLOW PROPERTIES FOR PIPE ELEMENT 
C 

C 

& -37.549675E8/T**4 

COMMON /S3/ G3,G4,03,D4 

G1=01 *U1 
G=G 1 +G3 
R=P 1 /Dl /Tl 
A=G+FPD+GPD/Ul/Z, 
B=-Pl-G*U1tFPD*U1-1.5*GPD 
C=R* T2 *G 1 

D=B*B-4.*A*C 
IF(D.LE.0.)60 TO 1 
U1=( -B-SQRT( D 1 ) / A J 2 .  
Dl=Gl/Ul 
D3=G3/Ul 
Pl=R*Dl*TZ 
Tl-TZ 
RETURN 

X=C/Pl 
Y =B+Pl 
B=-Z.*Y-4.*A*X 
C=Y *Y 
P2=( -B+SQRT( B*B-4. *C ) )/2. 
P1 =P2-P1 
IF(Pl.LE.35000.)F1=35000. 
RETURN 
END 
SUBROUTINE ACHNG(PL,D1,T1,Vl,A1,A2,16AS) 

C 

1 IGAS=IGAS+100 

C 
C COMPUTES CHANGE IN FLOWING PROPERTIES 
C DUE TO ABRUPT AREA CHANGE 
C 

' COMMON /S3/ 63,G4,03,04 
CP= 1004.0 
IF(IGAS.EQ.2)CP=1038.3 
cw=0.0 
IF(D3.GT.l.E-G)CALL DLSAT(D3AqXX1,T1) 
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C 

C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

IF(D3.GT.l.E-G)CALL STEAM~XX1,XX2,XX3,XX4,XX5,CW,D3f+,T1)  
R=Pl/Dl/Tl 

DMl=Dl*Ul*Al 
DM3=G3*A 1 
DMT-DMltDM3 

A=DMT-.5*DMl*R/CPA 
B=-Pl+A2-DMT*Ul 
C=R*DMl*(Tl+Ul**2*.5/CPA) 
DD=B*B-4.*A*C 
IF(DD.LE.0.0)GO TO 1 
V I A = (  -B-SQRT( DO 1 ) / A / Z .  
Tl~Tl+.S/CPA*(U1*+2-UlA**Z) 
Dl=DMl/A2/VlA 
D3=DM3/AZ/VlA 
Pl=R*Dl*Tl 
Ul=UlA 
A 1 =A2 
RETURN 

G=DM 1 /A2 
B=2.*G*V1-4.*G*G/D1 
C=( G*Ul)**2 
P2=( -B+SQRT( B*B-4. *C ) 112 
P1 =PZ-Pl 
IF(Pl.LE.35000. )P1=35000. 
RETURN 
END 
SUBROUTINE GPROP(DENF,SHF,SHFCU,CONF,VIS,UEL,K,ITA) 

1 IGAS=IGAS+lQ0 

THIS SUBROUTINE RETURNS THE FOLLOWING GAS PROPERTIES 

DENF = DENSITY, LBM/CF 
SHF = SPECIFIC HEAT CAPACITY, CP , BTU/LBM-F 
SHFCU SPECIFIC HEAT CAPACITY, CU , BTUILBM-F 
CONF THERMhL CONDUCTIVITY, BTUIHR-FT-F 
VIS VISCOSITY, LBM/FT-HR 
VEL = VELOCITY, FT/SEC 

COMMON /BLK1/ TW(151,20),TWJ(151,21) 
COMMON /BLK3/ KDR,NZ,NZPl,TD,Z(151),ZC(15),DZ(15),TUDlDDUN 
COMMON /BLKl7/ ZI(lB,2),NA(10,2),NI(2 ),NOF 
COMMON /BLK18/ DENG~151,2~,PRESS~151,Z~,UGAS~151,2~ 
COMMON /BLK20/ D C U T ~ 1 5 1 ~ , U C U T ~ 1 5 1 ~ , D L 1 Q ~ 1 5 1 , 2 ~ , D U A P ~ 1 5 1 , 2 ~ , D R T ,  

COMMON /BLK21/ IREGM(151,3~,QUALS,PSTEM,12PHlISKIP~15112~ 
& VFR3 

KPl=K+l 
IF( KP1.6T. KDR )KPl=KDR 
IF( 12PH.GT.8)GO TO 2 
IGAS=NAt 1 , 1 )  
DENF=( DENG( K , ITA )+DENG( KP1 , ITA ) ) / 2 .  
SHF=. 2398 
IF( IGAS. EQ. 2 )SHF=. 2480 
SHFCU=SHF/1.4 
TCELL=TWJ(K,ITA)+TWJ(KPl,ITA) 
TKEL=(TCELL/2.+459.67)/1.8 



C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 

VIS=GVISC(TKEL,IGAS)*.671971*3600. 
VEL=(UGAS(K,ITA)+UGAS(KPllITA) )/2. 

DETERMINE AVERAGE PROPERTIES FOR GAS-SOLIDS MIXTURE 

IF( 1TA.EQ. 1 )GO TO 1 
IF(UEL.LE.0.1 )GO TO 1 
CS=0.30 
DZ-(DCUT( K )+DCUT( KPl 1 )/2. 
U2=( UCUT( K )+UCUT(KPl) )/2. 
Dl=DENF+D2 
Gl=DENF*UEL+DZ*VZ 
SHFCU=(SHFCV*DENF+CS*DZ)/Dl 
SHF=(SHF*DENF*VEL+CS*D2*W)/Gl 
VEL=(DENF*VELtD2*UZ)/Dl 
DENFeD1 

1 CONTINUE 
PR= ,7368 
V I  s 141s 
IF( IGAS.EQ.3)UIS1=GUISC(TKEL, 1 )*.671971*3600, 
CONF=SHF*UISl/PR 
RETURN 

TWO-PHASE STEAM PROPERTIES 

2 Dl=( DUAP( K ,  1 )+DUAP( KP1,l) )/2. 
D2=( DLIQ( K I 1 )+DLIQ( KP1,l) )/2. 
DENF=Dl+DZ 
DlM=Dl*16.0284625 
D2M=D2*16.0184625 
Tl=(TWJ(K,l )+TWJ(KP1,1 ))/2. 
TlK=(T1+459.67)/1.8 
DE1~0.0 
DE2=0.0 
IF(D1M.GT.l.E-12.AND.DZM.GT.l.E-12~GO TO 3 
IF(DlM.GT.l.E-1Z)CALL STEAM(X1,X2,X3,X4,X5,DEllDlMlTlK) 
If(DZM.GT.l.E-1Z)CALL STEAM(X1,XZIX3,X4,X4,DEZ,D2M,TlK) 
GO TO 4 

3 CALL DUSAT(DlS,DDlS,TlK) 
CALL DLSAT( DZS , DQ2S , TlK ) 
CALL ESAT(X1,X2,DE1,DE2,D1S,D2S,DDlSlDD2SlTlK~ 

SHFCV=(Dl+DEl+D2*DE2)/DENF+2.38845E-4 
SHF~(D1*DEl~l.329+DZ*DE2)/DENF+2.38845E-4 
UIS=~SLUIS~T1K~*D2+SUUIS~TlK~*Dl~/DENF*.67l97l*3600. 
PR=. 7368 
CONF=SHF*UIS/PR 
VEL=( W A S (  K, 1 )+UGAS( KPL, 1 ) )/2. 
RETURN 
END 
SUBROUTINE NOZL(P,T,D,U,A1,A2,IGAS) 

4 CONTINUE 

THIS SUBROUTINE CHECKS FOR CHOKED FLOW IN THE SIT NOZZLES 
IF FLOW IS NOT CHOKED-RETURN TO FLOW 
IF FLOW IS CHOKED-IGAS INCREASED BY 100 AND P SET 
TO ESTIMATED STANDPIPE PRESSURE INCREASE REQUIRED 

CP=1004.0 
IF( IGAS.EQ.2 )CP=1038.3 
GO=D*V 



W 

C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

I C 

u 
i 

G=GO*Al/AZ 
Z=P/D/T 
A=.S/CP-l./Z 
B=D*T/G+U/Z 
C=T+.S*U*U/CP 
DD=B*B+4.*A*C 
I F (  DD .GE. 0.0 )RETURN 
Pl=SQRT( -4. *A*C )*Z*G-U*G 
P=P 1 -P 
IF(P.LT.35000.)P=3500@, 
IGAS=IGASt100 
RETURN 
END 
FUNCTION CD(DENl,DENZ,UISL,D2,IND) 

THIS FUNCTION COMPUTES THE DRAG COEFFICIENT FOR SOLID 
PARTICLES MOVING I N  A FLOWING STREAM BASED ON 
SWANSON'S CORRELATION. 

DENl*DENSITY OF THE FLUID 
DEN24ENSITY OF THE SOLID PARTICLE 
UISl=UISCOSITY OF THE FLUID 
DZ=THE AVERAGE PARTICLE DIAMETER 
IND=INDICATOR OF PARTICLE TYPE 

1 IRREGULAR QUARTZ 
2 CUBICAL GALENA 
3 SPHERICAL 
4 IRRECULAR KCL 
5 IRREGULAR SPHALERITE 

DIMENSION A(  5 ) ,B( 5 > 
DATA A/1.277,1.082,.942,1.878,1.022/ 
DATA B/2.80,3.11,3.27,2.56,2.18/ 

UN=4./3.*G*D2*(DEN2-DENl)/DENl 
UN=SQRT( UN ) 
CDl=A( IND I*( 1 .+6.93*8( IND ) *UIS l /D2/DENl /UN ) 
CD=CDl* *2 
RETURN 
END 
SUBROUTINE VSLIP(DENl,T,Ul,G2,GG,IGAS) 

' DATA G/9.80665/ 

I N I T I A L  S L I P  VELOCITY 

COMMON /S1/ DZ,UZ,DPD,PHI 
COMMON /S2/ D,DENS,DELTA 

GCOS=ABS( GG ) 
G l=DENl*U l  
VN=SQRT(4.*GCOS*D*(DENS-DENl)/DEN1/3.) 
UISl=GVISC(  T, IGAS ) 
CDl=CD(DENl,DENS,UISl,D,l) 
US=UN*SQRT( 1. /CD1) 
A=VS 
B=G2/DENS+Gl/DENl-US 
C=G2 /DENS 
PHI=( SQRT(B*B+4. *A*C )-B ) /2 .  / A  
U l E G l / (  1.-PHI )/DEN1 
UZ=Ul-US 
D l = G l  /U1 



C u 

DZ=GZ/UZ 
RETURN 
END 
SUBROUTINE UMIXT(Pl,Dl,Ul,Tl,T2,FPD,GPD,IGAS) 

COMMON /S1/ DZ,UZ,DPD,PHI 
COMMON /S2/ DIAS,DENS,DELTA 
COMMON /S3/ 63,64,D3,D4 

R=Pl/Tl/Dl 
61 -01 *U1 
GIG1 t63 
G2=D2*UZ 
D3=G3/Ul 
DENM=DltDZt03 
GPD=GPD/Dl 
FPD=FPD/Dl 

W10=GPD*DENM 
Wll=-.5*W10/U1 
W12=-.5*Wl0/U2 
F10=-FPD/G 
F1 l=F10*G 
FlZ=F10*G2 
F10=2.*F10*(G*UltG2*U2) 

A=DlUl*DUlP 
B=DlUl*UlP-D10*DUlP 
C=Gl*R*TZ-D10*UlP 
DTEST=B*B-4.*A*C 
IF(DTEST.LE.0.0)GO TO 100 
DUle( -B-SQRT( DTEST ) ) /2.  / A  
U1=U1+0Ul 
IF(Ul.LE.8.0)GO TO 280 
DV2=DU2U1*DU1+DU20 
UZ=UZ+DVZ 
IF(UZ.LE.0.0)GO TO 200 
01~61 /U1 
DZ=GZ/UZ 
D3=63/Ul 
PHI=DZ/DENS 
T 1 =T2 



P l = R + D l * T l  

RETURN 

Pl=DTEST/(B*DVlP-2.*A*UlP) 
IF(Pl.LE.35000.)P1=35008. 
RETURN 

RETURN 
END 
SUBROUTINE PSAT(P,DP,T) 

DIMENSION F( 8 ) 
DATA F/-741.9242,-29.72100~-11.55286,-0.8685635,.1034098, 

@ .439993,.2520658,.05218684/ 
DATA TC,PC/647.3,22120.0E3/ 

T1=3.382-0.01*T 
TR=TC/T 
Fl=F( 1 )+F( 2 )+T1 
FZ=F( 2 ) 
DO 1 I=3,8 
Fl*FI+F( I ) * T l * * (  1-1 

1 FZ=FZtFLOAT( 1-1 )*F( I ) * T l * * (  1-2) 
P=PC*EXP( .01*( TR-1.0 )*F1) 
DP=-. 01 * ( TR/T*Fl+ .81* ( TR-1.0 )*FZ )*P 
RETURN 
END 
SUBROUTINE DUSAT(D,DD,TDUM) 

T-TDUM 
IF(T.GE.647.0)GO TO 1 
I F (  T . L T  ,273.15 l T e 7 3 . 1 6  
TRs( T-273.15 )/374.12 
IF (  TR .GT. 1.0 )TR=1.0 
R1=460.330 
R20107.779 
X=2.6-.6*TR 
TRX=TR**X 
I F (  TRX . GT .l. 0 )TRX=. 99999 
R=SQRT( 1 .O-TRX )*(Rl-R2 H R 2  
CALL PSAT(P,DP,T) 
D=P/R/T 
D R ~ . 5 * ( R l - R Z ) / S Q R T ( l . - T R X ) ~ T R X * ~ X / T R - . 6 * 8 L O G ~ T R ~ ~ / 3 7 4 . 1 2  
DD=D*(DP/PtDR/R-l./T) 
RETURN 

1 DD-0.0 
D=317. 

C 

100 IGAS=IGASt100 

2 0 0  IG8S=IGASt200 

C 

C 

C 

RETURN 
END 
SUBROUTINE DLSAT(D,DD,T) 

DATA Tl,T2/273.15,647.29/ 
DATA 01,D2/1000,0,317.00903/ 
DATA Xl,X2/1.6160,.40873/ 

IF(T.GE.647.0)GO TO 1 
TR=( T - T l ) / (  T 2 - T l )  
I F (  TR. LE. 0.0 )TR=. 00001 
X=Xl*EXP(XZ*TR**S) 

C 

C 



TRX=TR**X 
SQX=SQRT( 1. -TRX 1 
D=DZ+( Dl-D2 )*SQX 
DD=.5*(D2-Dl)/(T2-T1)/SQX*X*TRX*(ALOG(TR)*X2*5.*TR**4+l./TR) 
RETURN 

1 D=317.0 
DD=0.8 
RETURN 
END 
SUBROUTINE STEAM(P,DPD,DPT,U,DUD,DUT,DSI,T) 

DIMENSION A( 7'10 1, C( 8 ) , AJ ( 7 ) , DAJ ( 7 ) , D2AJ ( 7 1 

DATA A/29.492937,-5.1985860,6.8335354,-0.1564104,-6.3972405, 
@ -3.9661401,-0.69048554, 
@ -132.13917,7.7779182,-26.149751,-0.72546108,26.409282, 
@ 15.453061,2.7407416, 
@ 274.64632,-33.302902,65.326396,-9.2734289,-47.740374, 
@ -29.142470,-5.1028070, 

@ 29.568796,3.9636085, 
@ 342.18431,-177.31074,0.0,0.0,0.0,0.0,0.0, 
@ -244.50042,127.48742,0.0,0.0,0.0,0.0,0.0, 
@ 155.18535,137.46153,0,0,0.0,0.0,0.0,0.0, 
@ 5.9728487,155.97836,0.0,0.0,0.0,0.0,0.0, 
@ -410.30848,337.31180,-137.46618,6.7874~83,136.87317, 
@ 79.847970,13.041256, 
@ -416.05860,-209.88866,-733,96848,10.401717,645.81880, 
@ 399.17570,71.531353/ 

@ 46.000,-1011.249/ 

@ -360.93828,-16.254622 ,-26.181978,4.3125840,56.3231'30, 

DATA C/1857.065,3229.12,-419.465,36.6649,-Z0.5516,4.85233, 

DATA TAC,E/1.544912,4.800/ 
DATA Rl.461511 

TA=1000./T 
D=DSI/1000. 
X=EXP( -E*D ) 

DM4-0,634 
AJ( 1 )=A(  1,l )+A( 1,2 )*DM 
DAJ( 1 )=A( 1,2) 
DZAJ( 1 b0.0 
DO 10 I=3,8 
AJ( 1 )=AJ( 1 )+A( 1, I )*DM**( 1-1 1 
D2AJ( 1 )=D2AJ( 1 )+FLOAT( ( 1-1 I * (  1-2 ) )*DM**( 1-3 1 

FX=X*(A( 1 ,'9 )+A( 1'10 ) * D )  
AJ( 1 )=AJ( 1 )+FX 
DAJ( 1 )=DAJ( 1 )+X*A( 1,10 )-E*FX 
D2AJ( 1 )=D2AJ( 1 )+E*E*FX-2. *E*X*A( 1,10 1 

10 DAJ( 1 )=DAJ( 1 )+A( 1, I )*FLOAT( 1-1 )*DM**( 1-2 ) 

DM-0-1.0 
DO 11 J=2,7 
AJ( J )=A( J ,  1 )+A( J ,2 )*DM 
D A J ( J ) = f i ( J , 2 )  
D2AJ( J b0.0 
DO 12 I=3,8 
AJ( J )=AJ( J )+A( J ,  I )*DM**( 1-1 ) 
D2AJ( J ) 4 2 A J (  J )+FLOAT( (1-1 I * (  1-2 ) )*DM**( 1-3 1 



C 

C 

C 

C 

C 

C 
C 
C 
C 
C 
C 

12 DAJ( J )=DAJ( J )+A(  J, I )*FLOAT( 1-1 )*DM**( 1-2 ) 
FX=X*( A (  J ,  9 )+A( J, 10 )*D 1 
AJ( J )=AJ( J )tFX 
DZAJ( J )=DZAJ( J )+E*E*FX-2. *E*X*A( J, 10 ) 

11 DAJ( J )=DAJ( J ) + X * A (  J ,  10 )-E*FX 

TMCsTA-TAC 
TMxTA-2.5 
Q=AJ( 1 ) 
DZQDD=DZM( 1 )  
DQD=DAJ( 1 ) 
DO 14 J=2,7 
Q=Q+TMC*AJ( J )*TM**( 5-2 1 
DZQDD=DZQDD+TMC+DZAJ( J )*TMC**( 5-2 ) 

14 DQD=DQD+TMC*DAJ( J )*TM**( J-2 1 

DQT=0.0 
DZQDT4.0  
DO 15 J=2,7 
DZQDT~DZQDT+DAJ1J)*TM**(J-3)* (TMtTMC*FLO~T(J-2))  

15 DQT=DQT+AJ( J )*TM**( J-3 )*( TM+TMC*FLOfiT( 5-2 1 )  

DZQTT=Z.*AJ(3 )+( 2. *TM+2. *TMC )*AJ( 4 )  
DO 16 J=5,7 

16 DZQTTaDZQTTt(2. *TM**( 5-3 )+TMC*TM**( 5-4 )*FLOAT( (5-2 )*( J-3) 1 )*AJ( J 1 

DPSI=C( 1 ) tC(  7 I * (  ALOG( T )-1.0 )-C(8 )/TA 
DZPSIe-C( 7 )*TA+C( 8 ) 

DZPSI=DZPSI+C( I )*FLOAT( (2-1 )*( 1-1 ) )*TEl**( 2-1 ) 
4 DPSI4 lPSI+C( I )+FLOAT(Z-I )*TA**( 1-1 ) 

DZPSI=-DZPSI/1000. 

P=D*R*T*~l.0+D*Q+D*D*DQD~*l.€6 
DPD=( R*TtD*R*T* ( 2. *Q+4. *D*DQDtD*D*DZQDD 1 I* 1800.0 
DPT=D*R+D*D*R*(Q-TA*DQT+D*DQD-DITA+DZQDT)*l.E6 
U=(R*T+D*TA*DQT+DPSI)*l000. 
DUT=(-R*D*TA*TA*D2QTT+DZPSI)*l@00.0 
DUD=(R*DQT+R*D*DZQDT)*1000.0 
RETURN 
END 
FUNCTION SUUIS(T1 

DO 4 1=3,6 

SVUIS = SATURATED VAPOR VISCOSITY PA-S 
T = TEMP KELVIN 
TC = TEMP CELSIUS 
D - DENSITY GM/CC 

TCeT-273.15 
U1=.407*TCt80.4 
IF(TC.GT.300. )GO TO 1 
CALL DUSAT( D, DD , T ) 
DID/ 1000. 
UZ=-D*(l858.0-5.9+TC) 
SUUIS=(Ul+VZ )*1 .E-7 
RETURN 

1 CALL DUSAT( D 1  ,DD,573.15 ) 
CALL DUSAT(DZ,DD,648.15) 
D2=DZ/1800. 
UV=-D1*88./1000. 



1-44 
VC=353.*D2+676.5*D2*0Z+E67.1*02**3 
SUUISp( Ul+UUt(  UC-VU )*( TC-300. )/75. )*  1. E-7 
RETURN 
END 
FUNCTION SLUIS( T ) 

C 
C SLUIS = SAT LIQ VISCOSITY PA-S 
C T = TEMP KELVIN 
C D = DENS KG/M3 
C 

TK=T 
I F (  T. GT .573.15 )TK=573.15 
SLUIS~241.4*10**~247.8/CT-l40.))*l.E-7 
I F (  T .LE. 573.15 )RETURN 
CALL DLSAT(D3,DD,573.15) 
CALL DLSAT(DL,DD,T) 
CALL DUSAT(DU,DD,T) 
SLUIS=SUUIS(T )*(D3-DL )/(D3-DU )+SLUIS*~DL-DU)/(D3-DU) 
RETURN 
END 
SUBROUTINE ESAT(El,E2,DEl,DE2,Dl,D2,DDl,DDZ,T) 
CALL STEAM(P,DPD,DPT,El,DED,DET,Dl,T) 
E l = E l t P / D l  
DP=0.0 
I F 1  T .LE. 647.2 )CALL PSAT( P , DP , T ) 
DEl~DED*DDl+DET+DP/Dl-P*DDl/Dl**2 
CALL STEAM(PlDPD,DPT,E2,DED,DET,D2,T) 
DP=0.0 
IF(T.LE.647.2 )CfiLL PSAT(P,DP,T) 
E2=E2+P/D2 
DE20DED*DDZ+DETtDP/DZ-P*DD2/D2**2 
RETURN 
END 
SUBROUTINE KSAT(CON,T,IND) 

c 
C IND * 1 VAPOR 
C IND = 2 L IQUID 
C CON WATT/M-K 
C T KELVIN 
C 

IF (  IND.EQ.1)GO TO 10 
I F (  IND.EQ.2 )60 TO 20 
WRITE( 6,100 1 

STOP 
10 CONTINUE 

TCsT-273.15 
CON1~17.6t5.87E-2*TCtl,04E-4*TC*TC-4.5lE-8*TC**3 
IF(T.LE.647.2 )CALL DUSAT(D,DD,T) 
I F (  T .6T.647.3 )D=317.0 
D=D/ 1000. 
IF(T.GT.647.2 )GO TO 30 
CALL PSAT( PSI DP , T 1 
IF(PS.6T.5.E7)60 TO 30 
I F (  TC.LE.O .0 )TC-0.01 
CON=(CON1+(103.51+0,4198*TC-2.77lE-5+TCwTC)*D+ 

RETURN 
2 0  CONTINUE 

TA=T/273.15 

100 FORMAT("KSAT ERROR IND OUT OF RANGE") 

8, 2.1482E14*D*D/TC**4.2)/1000. 



W 

! 

, 
1 

C 
C 
C 
C 

C 
C 
C 
C 

C 

C 

C 

C 
C 
C 

CON=-922.47+2839.5*TA-l800.7*TA*TAt525.77*TA**3-73.440*TA**4 
CON=CON/1000. 
RETURN 

CON=CON/1000. 
RETURN 
END 
SUBROUTINE TUFAS 

30 CON=39.44895+750.64429*D-564.34229*~*D+7%6.34375*D**3 

COMPUTES FLOWING STREAM PROPERTIES 
FOR TWO-PHASE FLOW 

COMMON /BLKl/ TW(l51,20),TWJ(151,21) 
COMMON /BLK3/ KDR , NZ , NZPl , TD , Z( 151 ) , ZC( 15 ) , DZC( 15 1,  TVD , DDUN 
COMMON /8LK6/ IFLOW,PI,DT,TIN1,TIN2,FRL,FRlIFR3,NIT 
COMMON /BLK8/ NR,RMAX ,R( 21 1 ,DR( 21 1 ,AR( 20 1 ,RI( 15 1 ,  RO( 15 ) 
COMMON /BLKll/ VFR,DDCHG,COSDUN 
COMMON /BLK15/ ATA(10,2) 
COMMON /BLK17/ Z1(10,2),NA~10,2),NI(2),NOF 
COMMON /BLK 181 DENG( 151 , 2 ) , PRESS ( 151 , 2 1, UGAS( 151 , 2 ) 
COMMON /BLK19/ DEPTH,BITR,BITA,DCLRL,DCLRI,DCLRO,PSTAND 
COMMON /BLK20/ DCUT( 151 ),NUT( 151 ),DLIQ( 151,2 ),DUAP( 151,2 ),DRT, 

COMMON /BLK21/ IREGM(151,3),QUALS,PSTEM,12PHlISKIP(15112~ 
COMMON /53/ G3,G4,D3,D4 
DIMENSION IFRNM(3,G ) 
DATA IFRNM/"LI","QU"I'~ID",'BU","BB","LE",USL","UG'~IU ' I ,  

DATA DFTR/16.0284625/ 
DATA fFTR/6894.757/ 
DATA UFTR/.3048/ 

& UFR3 

& ~ ~ ~ l I , l l ~ ~ l l , ~ ~ ~ l ~ , U ~ ~ ~ , . S T " , "  I1 ~~~ll,~pOll,llR ll/ 
I 

INITI6LIZE 

6358.0 
64~0.0 
D3-0.0 
04e0.0 
TSCF~288.15 
CALL DLSAT(DLSCF,DD,TSCF) 
FLM=UFR/60.*4.719474E-4*DLSCF 

KAR=1 
IF( IFLOW.EQ;2 )KAR=KDR 
KT*KTUBE( Z( KAR ) )-5 
AREA=ATA( KT I 1 )*UFTR*VFTR 

61-FLM*QUALS/AREA 
GZ=FLM*(l.-QVALS)/AREA 

Pl=PSTEM*PFTR 
Tl=(TINlt459.67)/1.8 
IF(Tl.6T.647.2)GO TO 2 
CALL PSAT(PSl,DP,Tl) 
IF(Pl.GT.PS1*1.0001)GO TO 1 
IF(P1 .LT.PS1*.9999 )GO TO 2 

TWO-PHASE FLOW 



CALL DLSAT(D2,DD9T1) 
CALL DUShT(Dl,DD,Tl) 
UNS=Gl/Dl+GZ/DZ 

GO TO 3 
C 

C 
C LIQUID FLOW 
C 

1 CONTINUE 
ChLL DLSAT(DZ,DD,Tl) 
DZ=DENCR(Pl,Tl,DZ) 
G2=Gl+G2 
G1=0.0 
Dl~0.0 
UNS=GZ/D2 
GO TO 3 

C 
C VAPOR FLOW 
C 

2 CONTINUE 
Dl=1.0 
IF(Tl.LE.647.2)CALL DVSAT(Dl,DD,Tl) 
Dl=DENCR(Pl,Tl,Dl) 
61 =Gl+G2 
G2~0.0 
D2=0.0 
UNS=Gl/Dl 

C 
3 CONTINUE 

IF(UFR.LT.1.0)GO TO 80 
I ND-0 
PRESS( KAR, 1 )=Pl/PFTR 
DLIQ(KAR,l)oGZ/UNS/DFTR 
DUAP(KAR,l)=Gl/UNS/DFTR 
UGAS(KAR,l)=UNS/UFTR 
DO 4 1=1,3 

4 IREGM(KAR, I )=0 
ISKIP(KAR,1)=0 

KN=KAR 
c 

C 
C TEST FOR TWO-PHASE FLOW 
C 

18 CONTINUE 
K=KN 
IND=0 
KNSK-1 
IF( IFLOW.EQ.1 )KN=Ktl 
IF( KN. EQ. 8 )RETURN 
IF(KN.GT.KDR )RETURN 
66.~9.80665 
DZ=( Z( K ) - I (  KN ) )*UFTR 
IF( DZ .LT. 0.0 )GG=-GG 
DZ=ABS( DZ ) 

C 
C CHECK FOR AREh CHANGES 
C 

KTl=KTUBE( Z(K ) )-5 
KTZ=KTUBE( Z( KN ) )-5 
IF(KT1.EQ.KTZ)GO TO 12 



12 

C 

90 

72 
74 

13 

14 

16 

C 

RA=ATA( KTl ,1 )/BTA( KT2,l) 
G l  =G1 *RA 
GZ=GZ*RA 
CONTINUE 
AREA=ATA(KT2,1)*VFTR*UFTR 
DHYD=2. *SQRT( AREA/PI ) 

Tl=( TWJ( K, 1 H459.67 )/I .8 
Pl=PRESS( K, 1 )*PFTR 
NCYC=4 
ICYC=1 
DZ=DZ/FLOAT( NCYC 1 
CONTINUE 
IF(Tl.GT.647.2)GO TO 52 
CALL PSAT(PSl,DPDT,Tl) 
GT=GltGZ 
IF(G2.LT.GT*l.E-12.AND.Pl.LT.l.00l*PSl~GO TO 50 
IF(IFLOW.EQ.1 )GO TO 72 
IF(Pl.GT.PSl*l.00l.AND.Gl/GT.LE.l.E-lZ~GO TO 40 
GO TO 74 
IF(G1.LE.GT*1.E-l2.AND.Pl.6T.0.999*PSl~GO TO 40 
CONTINUE 
IF(Pl.LT.PS1*.999.BND.GZ.GT.0.0)GO TO 13 
IF(P1.GT.PSl*l.0001.ftND.Gi.GT.0.0)GO TO 14 
GO TO 16 
Tf=TSAT( P1)  
PSl=Pi 
GO TO 16 
IF(Pl.LT.Z.Z12€7)TI~TSAT~Pl) 
IF( P1 .GE.Z. 21ZE7 )GO TO 42 
PSl=Pl 
CONTINUE 
IF(P1.GT.PSl*1.0001)GO TO 40 
IF(Pl.LT.PSl*.9999)GO TO 50 

TWO PHASE FLOW 

INITIAL VELOCITIES 

17 CALL DVSAT(Dl,DDl,Tl) 
CALL DLSAT(DZ,DDZ,TI) 
U1-G 1 /Dl 
V2=G2/D2 
VNS41tVZ 

C 
CALL ESAT(E1,E2,DE1,DEZ,Dl,DZ,DDl,DD2,Tl) 

C 
C 
C 

TEST FOR FLOW REGIME 

ITRAN-0 
GT=Gl tG2 
IF(G1/GT.LE.l.E-1Z)GO TCJ 20 
IF(G2/6T.LE.l.E-6)60 TO 26 
IF(Ul.LE.1.€-12)G0 TO 20 
SRTN=SURTN( T1) 
IF(SRTN.LE.l.E-G)SRTN=l.E-6 
UTG=Ul*SQRT( SQRT(DZ/ABS( 66 )/SRTN ) ) 
ELB~1.071-0.2228*VNS**2/OHYD/.3048 
ELS=50.+36,*VTG*VZ/Ul 



ELM=75 .+84. *( VTG*VZ/Vl I**. 75 
IF (  ELB. LT .O. 13 )ELB=0. 13 
IF(Vl.LE.UNS+ELB)GO TO 2 0  
IF(Vl.GT.VNS*ELB.AND.ELS.GT.VTG)GO TO 22 
IF(ELM.GT.VTG.AND.VTG.GT.ELS)ITRAN=l 
IF( 1TRAN.EQ. 1 )GO TO 22 
GO TO 26 

C 
C BALANCE OF MOMENTUM 
C 
C BUBBLE FLOW 
C 

20 RE=DZ*DHYD*VZ/SLUISITl) 
FRAC=FRZP(RE,WN,SN,DHYD,Z) 
RL=RLORK( U1, VZ ) 
DPFR=.5*FRAC/DHYD*D2*(VZ/RL)**Z*DZ 
DPGR=GG*(RL*(DZ-DL )+Dl )*DZ 
IFRG=2 
GO TO 30 

C 
C SLUG FLOW 
C 

22 

C 

GTeGl t62  
RE=DZ*DHYD*VNS/SLVIS(Tl) 
FRAC=FRZP(RE,WN,SN,DHYD,Z) 
CALL GMORK(T1,DHYDSD2,GT,VNS,GAM,VR) 
DPFR=.5*FRAC/DHYD*D2+VNS++ZI((VZtVR~/(UNS+VR)+GAM)*DZ 
DPGR=GG*( (GT+DZ*UR ) / (  UNSWR )+D2*GAM )*DZ 
IF(  ITRAN. EQ. 1 )GO TO 24 
IFRG=3 
GO TO 30 

C TRANSITION FLOW 
C 

24 PSF=(ELM-VTG)/(ELM-ELS) 
PMF=( VTG-ELS )/ ( ELM-ELS ) 
UOLFG=l. /( 1. + U Z / V l )  
RE=Dl*DHYD*Vl/SVVIS(Tl)  
SRTN-SURTN( T 1 ) 
IF(SRTN.LE.l.E-G)SRTNxl.E-6 
WN=( Ul *SLVIS(  T 1  )/SRTN ) * *Z*DZ/D l  
SN=SRTN/(Dl*U1**2*DHYD) 
FRAC=FRZP(RE,WN,SN,DHYD,3) 
DPFR=PSF*DPFR+PMF*.S*FRAC/DHYD*Dl*Vl**Z*DZ 
DPGR~PSF*DPGRtPMF*(UOLFG*Dl+(l.-VOLFG)*D2)*GG*DZ 
IFRG=4 
GO TO 30 

c 
C MIST FLOW 
C 

26 VOLFG=L./( l .+V2/Vl)  
RE=Dl*DHYD*U1/SUUIS(T1) 
SRTN=SURTN( T 1 )  
IF(SRTN.LE.l.E-G)SRTN=l.E-6 
WN=(Vl *SLVIS(T l  )/SRTN ) * * Z * D Z / D l  
SN=SRTN/(Dl*Vl+Ul*DHYD) 
FRAC=FRZP(RE,WN,SN,DHYD,3) 
DPFR=.S*FRAC/DHYD*Dl*Vl**Z*DZ 
DPGR=(UOLFG*D1+(1.-UOLFG~*DZ)+OZ*GG 
IFRG=5 



C 
3 0  PlA=Pl-DPFR-DPGR 

IF(PlA.LE.0.0)GO TO 34 
P l = P l A  
IF(Pl.GT.2.212E7)T2=647.2 
I F  ( P l  .LE. 2.2 12E7 )TZ=TSAT( P 1 )  
DTEM=T2-T1 

C 
C BALANCE OF ENERGY 
C 

PRMX=UZ/(UltUZ 
H2PH=HMIX(Gl,G2,Dl,D2,Tl,PRMX,DHYD) 
H2PH=H2PR(H2PH,DHYD,KT2,K,KN) 
TANN=( TWJ( K ,2 )tTWJ( KN,2 ) ) /2 .  
IF(K.EQ.1.OR.KN.EQ.1)TANN=2.*TWJ(2,2)-TWJ(3,2) 
TANN=( TANNt459.67 )/1.8 
QFLUX=4.*H2PH*DZ*(TltDTEM/2.-TANN)/DHYD 
DG2=-62 
IF(ABS(E2-E l  ).LT.0.0001 )GO TO 32 
DG2=(DTEM*(Gl*DE1+62*DE2~tGT*GG*DZ+QFLUX~/~El-E2~ 

C 
32 PF=l.Q 

IF(Gl-DG2.LE.0.0)PF=Gl/DG2 
I F (  62tDG2.LE.0.0 )PF=-G2/DG2 

T l=T l tDTEM 
Gl=Gl-D62*PF 
G2=62+D62*PF 

C A L L  DUSAT(Dl,DDl,Tl)  
CALL DLSAT(DZ.DD2,Tl) 
U l=G1 / D l  
U2=G2/D2 
UNS=Vl t U 2  

IF (  61. LT  .0,0 )G1=0.0 
I F (  6 2  .LT .0,0 I G 2 i 0 . 0  

TOLD-TWJ(KN,l) 
TNEW=T1*1.8-459.67 
TOLD=TNEW 
TWJ(KN,1)=.8*TNEW+.2*TOLD 
IND=1 
GO TO 60 

c 

C 

C 

C 

C 
C FLASHING FLOW 
C 

3 4  IF(P1-DPFR.LE.0.0)GO TO 70 
DPGR=Dl*GG*DZ 
PlIP1-DPGR-DPFR 
IF(Pl .LE.0.0)GO TO 7pI 
DTEM=(-G2*(El-E2)tQFLUX)/(Gl*DEltG2*DE2) 
T lST l tDTEM 
TS=fSBT( P1) 
IF (T1.LT.TS)T l -TS 
IFRG=5 
Gl=Gl+G2 
G2=0.0 
DL=DENCR(Pl,Tl ,Dl)  
D2r0 .0  



UNS=Gl /Dl 
GO TO 60 

C 
C LIQUID FLOW 
C 

40 
42 

43 

44 

C 

D2=OLIQ( K ,  1 )*DFTR 
Dl=0.0 
IFRG= 1 
G2=G1 tGZ 
G1==0.0 
UNS=G2/DZ 
RE=GZ*DHYD/SLUIS(Tl) 
FRAC=FRZP(RE,0.0,0.0,DHYD,2) 
DPFR=.S*FRAC*G2*UNS*DZ/DHYO 
DPGR=GG*D2*DZ 
PlA-P1-DPFR-DPGR 
IF(PlA.GT.0.0)GO TO 43 
CALL DUSAT(Dl,DDl,Tl) 
CALL DLSAT(O2,002,Tl) 
CALL ESAT(E1,E2,DEl,DE2,D1,D2,DDl,DDZ,T1) 
GO TO 34 
TZ=( TWJ( KN, 1 M 5 9 . 6 7  )/1.8 
IF(T2.GT.647.2)GO TO 44 
CALL PSAT(PS2,DPSZ,T2) 
IF(PlA.LT.PS2 )GO TO 44 
TleT2 
Pi=Pif?  
CALL DLSAT(D2S,DD,Tl) 
IF( D2. LT . D2S )D2=D2S 
DZ=DENCR(Pl,Tl,D2) 
UNS=G2 /D2 
GO TO 60 
PlB=PSl* ( PI A-Pl )-Pl*( PS2-PSl) 
PlB=PlB/(PlA-Pl+PSl-PS2) 
DZ=DZ*(PlR-PlB )/(PlA-Pl) 
Pl=PlB 
Tl=TSAT( P1) 
PSl=Pl 
60 TO 17 

C VAPOR FLOW 
c 

58 Dl=DUAP( K ,  1 )*DFTR 
60 TO 54 

52 02-8.0 
61 =G 1+G2 
G2e0.0 
IF(D1.LE.0.0)D1=Pl/461.50/Tl 
Dl=DENCR(Pl,Tl,DL) 

54 VNS=Gl/Dl 
IFRGe6 
RE=G1*DHYD/SUUIS(Tl) 
F R A C P F R ~ P ( R E , ~ . ~ , ~ . ~ , D H Y D , ~ ) / D H Y D  
DPFR=.S*FRAC*Gl*UNS 
DPGR=GG*Dl*DZ 
PlA=Pl 
Pl=Pl-DPFR-DPGR 
IF(Pl.LE.0.8)GO TO 70 
T1=( TWJ( KN, 1 H459.67 )/1.8 
Dl=DENCR(Pl,Tl,Dl) 



W 

UNS=Gl/Dl 
IF(Tl.GT.647.2)GO TO 60 
CALL PSAT(PS2,DPSZIT1) 
IF(P1.LE.PSZ)GO TO 60 
TlITSAT(P1A ) 
PSl=Plfl 
GO TO 17 

C 
C STORE CALCULATED VARIABLES 
C 

60 ICYC=ICYC+l 
IF( 1CYC.LE.NCYC)GO TO 90 
DLIQ(KNI1)=G2/UNS/DFTR 
DUAP(KN,l)=G1/UNS/DFTR 
DO 61 LL=1,3 

6 1 IREGM( KN , LL )=I FRNM( LL , IFRG 1 
VGAS( KN , 1 )-L"S/UFTR 
PRESS(KN, 1 )=Pl/PFTR 
ISKIP(KN,l )=l 
IF( IFRG.EQ.l )ISKIP(KN,l)=@ 
IF( IFRG.EQ.6 )ISKIP(KN,1)=0 

60 TO 10 
C 

C 
C ERROR HANDLING 
C 

70 Pl=Pl/PFTR 
DPFR=DPFR/PFTR 
DPGR=DPGR/PFTR 
TF=T1*1.8-459.67 
WRITE( 6 I 100 )K , KN, ( IFRNM( KK I IFRG ) I KK=l , 3 1 ,  P1 , TF, DPFR, DPGR 

100 FORMAT(/" TWO-PHASE PRESSURE LESS THAN ZERO"/ 
& " FROM K="l13181 TO K=i'l13," FLOW TYPE- ",3A2/  
& INITIAL PRESSURE=",F6.2," PSIFI TEMPERATURE=",F6.1," F"/ 
& FRICTIONAL PRESSURE DROP=",F8.2," PSIA"/ 
& " GRAVITATIONAL PRESSURE DROP=",F8.2," PSIA") 
STOP 

C 
C SHUT-IN TWO PHASE 
C 

80 PRESS(KAR,l)=Pl/PFTR 
DLIQ(KARI1)=D2*(1.-QUALS)/DFTR 
DUAP~KAR,lf-Dl*QUALS/OFTR 
UGAS(KAR,1)=0.0 
IF(KAR.EQ.KDR)GO TO 85 

C 
C INJECTION - SURFACE PRESS DEFINED 
C 

DD=Dl+D2 
DO 82 I=2,KDR 
DZ=( Z( I )-Z( I - i  ) )*UFTR 
Pl=P1+9.8066S*DD*DZ 
Tl=(TWJ(I,l)+459.67)/1.8 
DD=D€NCR(Pl,Tl,DD) 
IF(Tl.GT.647.2)GO TO 83 
CALL PSAT(PSl,DP,Tl) 
IF(Pl.LE.PS1 )GO TO 83 
DLIQ( I I 1 )=DD/DFTR 
DUAP( I , 11-10.6 
IFRG=l 



GO TO 84 
83 WAF( I, 1 )=DD/DFTR 

DLIQ( I, 1 )=0.0 
I FRG=6 

UGAS( I, 1 b0.0 
DO 82 K=1,3 

82 IREGM( I ,K )=IFRNM( K, IFRG 1 
RETURN 

84 PRESS( I, 1 )=Pl/PFTR 

C 
C PRODUCTION - BOTTOM HOLE PRESSURE DEFINED 
C 

85 

89 

87 

88 

86 

C 

DD=Dl+D2 
ISPR=Q 
DO 86 II=2,KDR 
I=KDR-II+l 
ISKIP( I, 1 I=@ 
DZ=( Z( 1+1 )-Z( I ) )*UFTR 
DPGR=9.8066S*DD*DZ 
T1=( TWJ( I, 1 H459.67 ) /1.8 
PS1-1 .E12 
IF(fl.GT.647.2)GO TO 89 
CALL PSAT(PSl,DP,Tl) 
IF(P1.GT.PS1.AND.P1-DPGR.GT.PSl)GO TO 89 
DPGRzPl-PS1 
ISPRZ.1 
CALL DUSAT(DD,DPD,Tl) 
Pl=Pl-DPGR 
DD=DENCR( P1, T I ,  DD ) 
IF( 1SPR.EQ. 1 )GO TO 
IF(P1 .LE.PSt E O  TO 
DLIQ( I, 1 )=DD/DFTR 
DUAP(I,1)=0.0 
I FRG- 1 
GO TO 88 
DUAP( I, 1 )=DD/DFTR 
DLIQ( I, 1 )=8.0 

87 
87 

TWJ(1,l )=TSAT(P1)*1.8-459.67 
ISKIP( I, 1 )=1 
IFRG=6 
PRESS( I, 1 )=P 1 /PFTR 
UGAS( I, 1 b0.0 
DO 86 K=1,3 
IREGM( I, K )=IFRNM( K , IFRG 1 
RETURN 
END 
FUNCTION FRZP(RE,WN,SN,DHYD,IK) 

C DARCY FRICTION FACTOR FOR TWO PHASE FLOW 

C IK = 1 COMMERCIAL STEEL 
RR=.0000457/DHYD 

C 
C IK = 2 64LUANIZED IRON 

IF(IK.EQ.2)RR=.000152/DHYD 
c 
C IK = 3 DUNN AND ROS MIST FLOW E/D 

IF(IK.NE.3)GO TO 1 
IF(WN.GT.0.005)RR=174.8*SN*WN**0.302 
IF( W N  .LE. 0.005 )RR=34. *SN 



kv, 

C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 

C 

C 
C 
C 

I F (  RR .GT .O. 5 lRR50.5 
I F (  RR. LT. 1. E-3 )RRz1 .E-3 

A~.026*RR+*.225+0.l33*RR 
B=22.*RR**0.44 
C=-1.62*RR**0.134 
FRIC=AtB*RE**C 
FRZP=4.*FRlC 
FRICL=64./RE 
IF(FRICL.GT.FR2P)FRZPPFRICL 
RETURN 
END 
SUBROUTINE GMORK~T,DHYM,DZM,GTM,UNSM,GAM,VR) 

1 CONTINUE 

THIS SUBROUTINE CALCULATES ORKIZEWSKI'S GAMMA FUNCTION 
AND BUBBLE RISE VELOCITY UR 

T = TEMP KELVIN 
DHYM = HYDRAULIC DIAMETER M 
DZM = L IQUID OENSITY K6/M3 
GTM = TOTAL MASS FLUX DENSITY KG/M2-S 
UNSM = NO S L I P  VELOCITY M/S 

1 

CALCULATE ENGLISH UNIT EQUIVALENTS 

DHYD=DHYM/.3048 
DZ=DZM/16.01845 
GT=GTM/4.882428 
UNS=UNSM/.3048 

UIS=SLUIS(T )*1000.0 
RE=1488.*DZ*DHYD*UNSrVIS 
ENB=1488.+DZ*DHYD/UIS 
Dli!-SQRT( DHYD ) 

COMPUTE BUBBLE RISE VELOCITY 

VB=5.6745*D12 
VB14B*(0.546+8.74E-6*RE) 
UB21VB*(8.350+8.74E-6+RE) 
ALF=UB*40.251+8.74E-6*RE) 
UB3~.S*(~~FtSQRT(ALF*ALF+13.S9*UIS/D2/Dl2)) 
UR=UB 1 
IF(UB2*ENB.GE.8000.0)VRIVB2 
IF(UB3*ENB.6T.3088.0.AND.UB3*ENB.LT.8000.0)UR~UB3 
UISLG=ALOG10(UIS) 
DHLG=ALOG10( DHYD 1 
IF(UNS.GT.10.0)GO TO 1 
6AM=0.0t30*UISLG/DHYD**(l.38)-0.681 

IF(GAM.LE.-0.065*UNS)GAMP-B.06S*UNS 
GO TO 2 

& t0.232*ALOGl0(UNS)-0.428*DHLG 

1 GAM=0.045*UISLG/DHYD**(0.799)-8.705-0.888*DHLG 
& -0.162*ALOG10( UNS 1 

GTEST=UR*( GT/D2-VNS ) / (  URtUNS I N N S  
IF(GAM.LT.GTEST)GAM=GTEST 

RETURN 
END 
FUNCTION SURTN( T ) 

2 UR=UR* .3048 



C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 

SURFACE TENSION FOR WATER 

SURTN = SURFACE TENSION N/M 
T = TEMP KELVIN 
V I S  VISCOSITY PA-S 

IF(T.GT.647.28)GO TO 1 
DUISC=( SLUISt T )-SUUIS( T ) )*1 .E6 
IF(DUISC.LE.l.E-3)DUISCS1.E-3 
SURTN=78.609*EXP(-77.225/DUISC)*.@@l 
RETURN 

1 SURTN-0. 
RETURN 
END 
FUNCTION DENCR(P,T,D) 

COMPUTES DENSITY CONSISTENT WITH PIT 
DENSITY NEAR D TO I N I T I A L I Z E  

M=O 
N=O 
CALL STEAM(PTEST,Xl1X2,X3,X4,XS,D,T) 
I F (  ABS( P-PTEST )/P. LT. 1. E-3 )GO TO 1 
I F (  PTEST. GT, P )GO TO 2 

PTEST<P 
C 

4 

9 

C 

Dl=D 
P 1 =PTEST 
D2=Dl 
D2=D2*1.10 
IF(M.6T.50)D2=D2*1.50 
CALL STEAM(PZ,X1,XZIX3,X4,X5,DZ,T) 
LF(P2.GT.P)GO TO 3 
M=M+1 
IF(M.6T.200)GO TO 8 
0 1 4 2  
PlpPZ 
GO TO 4 

C PTEST>P 
C 

2 

5 

C 

D2=D 
PZmPTEST 
Dl=D2 
Dl=Dl*. 90 
IF(M.6T.50)Dl=D1*.50 
M=M+ 1 
IF(M.GT.200)GO TO 8 
CALL STEAM(P1,Xl,X2,X3,X4,X5,Dl,T) 
IF(P1.LT.P)GO TO 3 
D2=D1 
PZ=P 1 
60 TO 5 

C SPLIT INTERVAL 
C 

3 D=DZ-(DZ-Dl ) * (P2-P) / (PZ-P1)  
CALL STEAM(P3,Xl ,X2,X3,X4,XSrD,T)  



C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

c 

N=N+l 
IF(N.GT.100)GO TO 7 
IF(ABS(P-P3)/P.LT.l.E-3)GO TO 1 
IF(ABS(D-Dl )/D.LT.l.E-5)60 TO 1 
IF(P3.GT.P)GO TO 6 
Pl=P3 
Dl=D 
GO TO 3 

6 P2=P3 
D2=D 
GO TO 3 

8 D=.S*(Dl+DZ) 
7 WRITE(6,100)T,D,D1,D2,P,Fl,PZ 

100 FORMAT(" WARNING-DENSITIES UNRELIABLE: T=",F6.0/ 
& I' D=",E11.4," Dl=",E11.4," DZ=",E11.4/ 
& 'I P=",E11.4," Pl=",E11.4,'' P2=",E11.4) 

1 DENCR=D 
RETURN 
END 
FUNCTION RLORK(V1,UZ) 

ORKIZEWSKI'S RL FUNCTION FOR BUBBLE FLOW 

VNS=Ul+UZ 
UBUB=:.2438 
UNR=UNS/UBUB+l. 
VlR=Ul/VBUB 
RAD=VNR*UNR-4.+UlR 
IF(RAD.LE.l .E-12)RAD=l.E-12 
EG=.S*(UNR-SQRT(RAD)) 
RLORK=l.-EG 
IF(RLORK.tE.1.E-LZ)RLORK~l.E-l2 
RETURN 
END 
FUNCTION HMIX(G1,G2,Dl,D2,Tl,F2,DHYD) 

FILM COEFFICIENT DETERMINED BY SIMILARITY ANALYSIS 

CONMX = THERMAL CONDUCTIVITY OF MIXTURE 
CPMIX = HEAT CAPACITY OF MIXTURE 
GMIX 
USMIX = VISCOSITY OF THE MIXTURE 

= MASS FLUX DENSITY OF THE MIXTURE 

CALL KSAT(CONl,Tl,l) 
CALL KSAT( CON2, T1,2  1 
CALL STEAM(Xl,X2,X3,X4,X5,DEl,~l,Tl) 
CALL STEAM(Xl,X2,X3,X4,X5,DE21Di!lTl) 
P1=l .-P2 

CONMX=Pl*CONltPZ*CON2 
CPMIX=Fl*DEltPZ+DEZ 
GMIX=Gl +G2 
U S M I X = P 1 * S U U I S ~ T l ~ t P 2 + S L U I S ~ T l ~  

RE=GMIX*DHYO/USMIX 
PR=USMIX*CPMIX/CONMX 

HMIX=0.023*CONMX*RE**0.80*PR**0.35/DHYD 
RETURN 



207 

w 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 
C 
C 

C 

C 
C 
C 

C 
C 

C 
C 
C 
C 

C 

END 
FUNCTION HZPR(HZPH,DHYD,KTZP,K,KN) 

THIS FUNCTION COMPUTES THE OVERALL CONDUCTIUITY 
BETWEEN THE TWO-PHASE STEAM AND THE CENTER OF THE 
TUBING-CASING ANNULUS 

HZPR = WATT/M-K 

COMMON / B L K l /  TW(151,20),TWJ(1S1,21) 
COMMON /BLK3/ KDR,NZ,NZPl,TD,Z(lSl ) ,ZC( 15) ,DZ(  lS),TVD,DDUN 
COMMON /BLK8/ NR , RMAX , R( 2 1 ) , DR( 2 1 1 ,  AR( 28 ) , R I  ( 15 ) , RO( 15 
COMMON /BLK10/ DENST,SHST,CONST,DENC,SHG,CONC 
COMMON / B L K l 3 /  DENFP(S),PVFP(S),YPFP(S),SHFP(5),CONFF(5), 

@IPF, IAF, fSF 

KTP=KT2P+5 
R l * R I (  KTP ) 
R2=RO( KTP ) 
R3=R( 2 1 
A21=ALOG( R2/R1)  
A32=t?LOG(R3/RZ) 
CONZl=CONST*1.?30735 

I F  ( .5*( Z( K ) t Z ( K N  } ).GT.ZC(KTP )-DZ(KTP )GO TO 18 

CONVECTIN FLUID I N  TUBING-CASING ANNULUS 

Tl=.S*(TW(K,l)tTW(KN,l)) 
TZ-.5*(TW(K,2)+TW(KN,l ) )  
VISA=UISC( T1, T2 I R1, R2, DENFP( I A F  ) , PVFP( IAF ) , YPFP( I A F  ) ) 
HANN=CONUN(UISA,DENFP( IAF ),SHFP( IAF),CONFP( IAF),RZ,R3,Tl ,TZ ) 
HANN=HANN*1.73073$ 
Rl=DHYD/2. 

HZPR=H2PH/(1.+H2PH*Rl*(AZl/CONZI+A32/HANN)) 
RETURN 

CEMENT I N  ANNULUS 

10 CON32=CONC*1.730735 
Rl=DHYD*.5 
HZPR=H2PH/(1.+H2PH*Rl*~A21/CON2l+fi32/CON32~~ 
RETURN 
END 

FUNCTION TSAT( P 1 

COMPUTES SATURATION TEMPERATURE I N  KELVINS AS A FUNCTION 
OF PRESSURE I N  PASCALS 

DIMENSION B( 5 ) 
DATA 8/1.0158658,.53542626,.070704624,-.26191199,0.10003160/ 
DATA A/- .45800227/ 

IF(P.LE.0.0)GO TO 2 
AP=AL06(P)/AL06(22.120E6) 
F=A 
DO 1 I = 1 , 5  



F=F+8( I ) * h P * * I  

TSAT=472.5944/(1.73010-F) 
N=O 

DP-P-PS 
I F (  ABS( DP/P ) . LE. 1. E-5 )GO TO 4 
DTEM=DP/DPS 
TSAT=TSATtDTEM 
N=N+ 1 
IF(N.GT.10)GO TO 4 
GO TO 3 

4 RETURN 
2 TSAT=l00. 

RETURN 
END 

1 CONTINUE 

3 CALL PSAT(PS,DPS,TSAT) 




