
INFORMATION TO USERS

This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.

The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction.

1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity.

2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame.

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal "sections with a small overlap. If necessary, sectioning is 
continued again -  beginning below the first row and continuing on until 
complete.

4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.

5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.

Xerox University Microffiims
300 North Zeeb Road 
Ann Arbor, Michigan 48106



!' '3
} 77-1857 I

I

TIAB, Djebbar, 1946- 
ANALYSIS OF MULTIPLE-SEALING-FAULT SYSTEMS 
AND CLOSED RECTANGULAR RESERVOIRS BY TYPE 
CURVE MATCHING. 1

The University o f Oklahoma, Ph.D., 1976 I
Engineering, petroleum f

Xerox University Microfiims, Ann Arbor, Michigan 4S106

0  1 9 7 6

DJEBBAR TIAB

ALL RIGHTS RESERVED



THE UNIVERSITY OF OKLAHOMA 

GRADUATE COLLEGE

ANALYSIS OF MULTIPLE-SEALING-FAULT SYSTEMS AND CLOSED 

RECTANGULAR RESERVOIRS BY TYPE CURVE MATCHING

A DISSERTATION 

SUBMITTED TO THE GRADUATE FACULTY 

in p a r t i a l  f u l f i l l m e n t  o f  the requirements f o r  the

degree o f  

DOCTOR OF PHILOSOPHY

BY

DJEBBAR TIAB 

Norman, Oklahoma 

1976



ANALYSIS OF MULTIPLE-SEALING-FAULT SYSTEMS AND CLOSED 

RECTANGULAR RESERVOIRS BY TYPE CURVE MATCHING

APPROVED BY ^

DISSERTATION COMMITTEE



A C K N O W L E D G E M E N T S

The author  wishes to  express his ap p r e c i a t i o n  to  

Dr.  Henry B. Cr i ch lo w,  D i r e c t o r  o f  the School o f  Petroleum 

and Geologica l  Eng inee r ing ,  who supervised t h i s  study and 

made va luab le  suggest ions .  The author  a lso  wishes to thank 

Dr.  Donald E. Menzie ,  P ro fessor  o f  Petroleum and Geological  

Eng ineer ing ,  Dr.  Ma r t i n  E. Chenever t ,  Associa te  Professor  

of  Petroleum and Geologica l  Eng ine er in g ,  and Dr.  Mark Town

send, P ro fessor  o f  Chemical Engineer ing and M a te r ia l  Science ,  

f o r  being members o f  the D i s s e r t a t i o n  Committee and t h e i r  

he lp fu l  comments.

The School o f  Petroleum and Geo log ica l  Engineer ing  

of  the U n i v e r s i t y  o f  Oklahoma fu rn ish ed  f i n a n c i a l  support .

111



ABSTRACT

Thus f a r ,  i f  a m u l t i p i  e-boundary s i t u a t i o n  is  sus

pected in a hydrocarbon r e s e r v o i r ,  about the best  one can 

hope to do is  obta in  an es t imate  o f  the d is tance  to the  

nearest  boundary.  A lso ,  a l though a wel l  in a closed r e c 

ta ng u la r  dra inage area presents a very important  f low prob

lem in convent ional  r e s e r v o i r  e n g i n ee r i ng ,  no comprehensive 

method e x i s t s  in the l i t e r a t u r e  to  determine the lo ca t i o n  

of  the wel l  w i th  respect  to each o f  the sea l in g  boundaries  

of  the drainage area .

This study presents a new technique f o r  i n t e r p r e t i n g  

the pressure t r a n s i e n t  behavior  o f  a wel l  located  in var ious  

m u l t i p i  e - f a u l t  systems and w i t h i n  closed re c t a n g u la r  r e s e r 

v o i r s .  The technique i s  p r i n c i p a l l y  based on the systemat ic  

use o f  the t ime r a t e  o f  change o f  dimensionless wel l  p res 

sure.  This func t i on  was s y s t e m a t i c a l l y  employed to explore  

the c h a r a c t e r i s t i c s  o f  drawdown and bui ldup wel l  pressure  

behav ior .  A useful  a p p l i c a t i o n  of  the t ime d e r i v a t i v e  o f  

dimensionless wel l  pressure f u n c t i o n ,  as opposed to the con

vent iona l  approach which employs the pressure i t s e l f  as the  

s i g n i f i c a n t  f u n c t i o n ,  i s  the generat ion o f  i n t e r p r e t i v e  

drawdown and bui ldup type -curve  p l o t s .  Type-curve p lo ts

i  V



V

generated in t h i s  manner can be used to match drawdown or  

bui ldup curves based on the t ime r a t e  o f  change of  f i e l d  

pressure data to determine several  e s s e n t i a l  r e s e r v o i r  pa ra

meters such as p e r m e a b i l i t y ,  p o r o s i t y ,  drainage a rea ,  and 

d istance to surrounding sea l ing f a u l t s .

The main r e s e r v o i r  systems considered in t h i s  study 

are:  (a )  two perpend icu la r  sea l in g  f a u l t s ,  (b)  three pe r 

pend icu la r  sea l ing  f a u l t s ,  and (c )  bounded rectang les  whose 

sides are in i n t e g r a l  r a t i o s :  1:1 (s q u a r e ) ,  2 : 1 ,  4 : 1 ,  8:1

and 16 : 1 .  A l a rg e  number o f  t y pe -curve  p lo ts  and c o r r e s 

ponding numerical  data in the form o f  t a b l es  are inc luded.
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ANALYSIS OF MULTIPLE-SEALING-FAULT SYSTEMS AND 

CLOSED RECTANGULAR RESERVOIRS BY TYPE 

CURVE MATCHING

CHAPTER I

INTRODUCTION

1.1 L i t e r a t u r e  Survey

The concept o f  ana lyz ing  p r es su re - t im e  data from a 

producing or s h u t - i n  o i l  or  gas wel l  to ob ta in  i n - s i  tu r e s e r 

v o i r  rock p r o p e r t i e s ,  such as p e r m e a b i l i t y  and p o r o s i t y ,  

was f i r s t  ap p l i ed  in 1933.  A c l a s s i c  study by Moore,  S c h i l -  

t h i u s ,  and Hurst^ in t h a t  year  presented a s o lu t io n  to the  

d i f f u s i v i t y  equat ion in terms o f  Bessel fu nc t ions  f o r  a con

s t a n t  r a t e  wel l  and a constant  pressure we l l  in an i n f i n i t e
2

r e s e r v o i r .  In 1935,  Theis presented in groundwater  h y d r o l 

ogy l i t e r a t u r e  the l i n e  source exponent ia l  i n t e g r a l  so lu t io n  

to  the d i f f u s i v i t y  equat ion and i t s  l o g a r i t h m ic  approxima

t i o n  a t  l a r ge  t imes .  He a lso  employed a semi - log graph 

which i s  commonly known as the Horner p l o t  in the petroleum
3

i n d u s t r y .  S h o r t l y  a f t e r w a r d s ,  Muskat developed a method 

to determine the eventual  s t a t i c  pressure o f  a we l l  in a



closed c i r c u l a r  r e s e r v o i r .  E lk ins^  demonstrated in 1946 

the use of  the l i n e  source s o lu t io n  in i n t e r f e r e n c e  t e s t i n g  

between w e l ls  in an o i l  f i e l d  to determine i n t e r - w e l l  rock 

p r o p e r t i e s .  Arps and Smith® presented a method to determine  

s t a t i c  pressure by p l o t t i n g  r a t e  o f  change of  wel l  s h u t - in  

pressure versus s h u t - i n  pressure.

The preceding p u b l i c a t i o n s  l a i d  the foundat ion  f o r  

two important  papers in 1950.  One paper by Horner® summa

r i z e d  methods f o r  an a ly z in g  t r a n s i e n t  pressure data f o r  a 

constant  r a t e  we l l  i n  an i n f i n i t e  r e s e r v o i r  and in a closed  

r e s e r v o i r .  The second paper by M i l l e r ,  Dyes and Hutchinson^  

presented the behav ior  o f  a constant  ra t e  wel l  in a c i r c u l a r  

r e s e r v o i r  w i th  no - f low  and constant  pressure cond i t ions  at  

the drainage boundary o f  the r e s e r v o i r .
3

Although Muskat had demonstrated the a p p l i c a t i o n  

of  the method of  images under s t e a d y - s t a t e  f low condi t ions  

to s imula te  l i n e a r  no - f low  and f low boundaries near a w e l l ,
c

Horner presented in 1951 an a p p l i c a t i o n  o f  the method to 

de tec t  the presence o f  a s e a l in g  f a u l t  near a we l l  from 

pressure data under t r a n s i e n t  f low co n d i t io n s .  Horner a lso  

presented a method to c a l c u l a t e  the d is tance  to the f a u l t
O

from bui ldup pressure da ta .  Dolan,  E inarson,  and H i l l

app l i ed  the technique to data from d r i l l - s t e m  t e s t s .  Davis 
9and Hawkins gave an equat ion to determine the d i s tance  from 

drawdown pressure da ta .  Gray^® reviewed these methods and 

discussed t h e i r  l i m i t a t i o n s .



B i x e l ,  L a r k i n ,  and van Pool len^^ considered a more 

general  problem: a wel l  l ocated close to a l i n e a r  d iscon

t i n u i t y  across which h y d r a u l i c  d i f f u s i v i t y  changes. They 

gave a method to c a l c u l a t e  the d is tance to such a d iscon

t i n u i t y .
12Evrenos and Rejda employed superpos i t ion  techniques  

to s imula te  var ious combinat ions of  l i n e a r  boundaries of  

i n t e r e s t  in gas storage systems,  and showed how a match 

between the ac tua l  t e s t  data w i th  var ious hy po the t ic a l  model 

cond i t ions  can be used to a r r i v e  at  a probable co n f i g u r a t io n  

of  boundary co n d i t io n s .
13Overpeck and Holden considered the e f f e c t  of  r e s e r 

v o i r  an iso t ropy  on f a u l t  d e te c t i o n  and showed t h a t  the d i s t 

ance c a l c u l a t e d  could d i f f e r  by as much as 20 percent  wi th  

those obta ined by assuming an i s o t r o p i c  medium. They gave 

a procedure f o r  imaging when the p r i n c i p a l  p e r m e a b i l i t y  axes 

are a t  some angle o ther  than 0® or 90® to the f a u l t  boundary.

Rodgers and McArthur^^ employed a minimum standard  

d e v ia t io n  technique between observed pressures and a l e a s t  

squares s t r a i g h t  l i n e  f i t  to determine boundary c o n f i g u r a t io n  

Prasad^^ presented a procedure to compute t r a n s i e n t  p re s 

sures f o r  a we l l  between two se a l i ng  f a u l t s  i n t e r s e c t i n g  

at  any angle .

Park Jones^® in 1961 drew a t t e n t i o n  to the poss ib le

use of  r a t e  o f  change of  wel l  pressure wi th  t ime in d e t e c t -
17ing r e s e r v o i r  boundar ies .  Van Pool len presented graphs 

of  t ime r a t e  o f  change o f  we l l  pressure dur ing drawdown fo r



4

various wel l  l o ca t io ns  between f a u l t s  i n t e r s e c t i n g  at  90° 

and 36° .  Although t h i s  approach y i e l d s  i n t e r p r e t a b l e  draw

down behav io r ,  i t  has not been wide ly  used.
1 8Witherspoon,  e t  a l . considered the e f f e c t  o f  a 

l i n e a r  no - f low and f low boundary and presented the dimension-  

less pressure behavior  caused by a constant  r a t e  producing  

wel l  a t  an observat ion wel l  some d is tance  away. They d i s 

cussed techniques to analyze drawdown t e s t  data .

For a wel l  between two sea l ing  p a r a l l e l  f a u l t s ,
19Ramey, Kumar, and Gu la t i  presented dimensionless pressure

data a t  the wel l  and four teen other  points  in the r e s e r v o i r .

These authors also presented a d e t a i l e d  study of  constant

pressure f low cond i t ions a t  the r e s e r v o i r  boundary.
20Matthews,  Brons and Hazebroek extended Horner 's  

determinat ion  of  s t a t i c  pressure f o r  bounded c i r c u l a r  r e s e r 

vo i rs  to the general  case of  a wel l  in almost any p o s i t i on

w i t h in  a l a r ge  v a r i e t y  of  bounded drainage shapes. L a t e r ,
21 22Brons and M i l l e r ,  and D ie t z  developed o ther  pressure

bui ldup i n t e r p r e t i v e  methods f o r  these closed shapes. These

studies  were fo l lowed by a l a rge  number o f  p u b l i c a t io n s  on

wel l  t e s t  i n t e r p r e t a t i o n  in bounded r e s e rv o i r s  o f  var ious

geometr ical  shapes such as a c i r c l e ,  square,  r e c t a n g l e ,

rhombus, e l l i p s e ,  and r i g h t  and e q u i l a t e r a l  t r i a n g l e .  Mat-
23thews and Russel l  summarized the p r a c t i c a l  aspects o f  the  

f in d in gs  o f  these studies  in a monograph.

The Matthews-Brons-Hazebroek func t ion  may be used 

to obta in the dimensionless pressure only a t  the w e l l ,  however.



24For t h i s  reason,  Ear lougher ,  Ramey, M i l l e r  and Mue l le r  

used superpos i t ion  to produce a t a b u l a t i o n  o f  the dimension-  

less pressure drop func t i on  a t  several  lo ca t io ns  w i t h i n  a 

bounded square ( i n f i n i te - sq uar e  a r r a y ) .  These authors also  

demonstrated t h a t  the i n f i n i te -square  a r ray  may be used to

generate f low behavior  f o r  any r e c t a n g u la r  shape whose s i t e s
25are in i n t e g r a l  r a t i o s .  In 1973,  Ear lougher  and Ramey

presented ta b l es  of  the dimensionless pressure at  the wel l

and a t  several  o ther  l o c a t i o n s  w i t h in  a v a r i e t y  o f  closed

r ec tang les  wi th a wel l  producing a t  a constant  r a t e .

Tiab^^ and Tiab and Kumar^^’ ^® studied the behavior

of  the t ime r a t e  o f  change of  dimensionless pressure (pg)

f o r  a l i n e  source wel l  and i t s  a p p l i c a t i o n  to i n t e r f e r e n c e
27a n a l y s i s .  These authors showed t h a t  the p^ fu nc t ion  can

be displayed as a f a m i l y  o f  curves on one graph f o r  var ious
28r ^ . They also showed t h a t  f o r  a wel l  between two p a r a l l e l  

se a l i ng  f a u l t s  a lo g - l o g  p l o t  o f  t ime r a t e  o f  change o f  wel l  

pressure versus t ime provides a unique behavior  to de tec t  

and determine the d is tance to each o f  the two f a u l t s .

1 .2  Statement o f  Problem

Pressure t r a n s i e n t  t e s t i n g  has been e x t e n s i v e l y  ap

p l i e d  to determine h e t e r o g e n e i t i e s  (s e a l i n g  f a u l t s ,  f r a c t u r e s ,  

sudden change in rock c h a r a c t e r i s t i c s  such as p e r m e a b i l i t y  

and p o r o s i t y ,  e t c . )  in  petroleum r e s e r v o i r  systems, ground

water  hydrology and other  t echn o lo g ic a l  areas where the  

l o c a t i o n  of  boundaries around a borehole is  e s s e n t i a l .



6
Methods to d e t e c t  and lo ca te  one sea l ing  f a u l t  (or  no - f low  

boundary) in the v i c i n i t y  o f  a producing o i l  or  gas wel l  by 

the convent iona l  we l l  pressure data were developed.  Such 

methods, however,  do not show i n t e r p r e t a b l e  c h a r a c t e r i s t i c s  

in the presence o f  m u l t i p l e - bo u nd ar y  s i t u a t i o n s .  Thus f a r ,

i f  a m u l t i p i  e-boundary s i t u a t i o n  is suspected (w i th  the
2ftexcept ion o f  an i n f i n i t e  s t r i p  ) ,  about the best  one can 

hope to do i s  ob ta in  an es t imate  of  the d is tance  to the  

nearest  boundary.  Furthermore,  a l though a wel l  in a closed  

re c t an g le  presents a very important  f low problem in conven

t i o n a l  r e s e r v o i r  e n g in e e r in g ,  no systemat ic  method e x i s t s  

in the l i t e r a t u r e  to determine the lo c a t i o n  o f  the wel l  

with respect  to each o f  the sea l ing boundar ies o f  the r e c 

t a n g u la r  r e s e r v o i r .

1 .3  Ob je c t ive s  of  Study

The purpose o f  t h i s  study i s  to develop a systemat ic  

tool  f o r  i n t e r p r e t i n g  the behavior  o f  t r a n s i e n t  pressure  

f u n c t i o n s ,  p r i n c i p a l l y  the d e r i v a t i v e s ,  due to a constant  

r a te  wel l  l o ca t ed  ( 1 ) between two pe rp en d ic u la r  sea l in g  

f a u l t s ,  ( 2 ) between th re e  pe rp en d icu la r  se a l in g  f a u l t s ,  and

( 3 ) anywhere in s id e  a closed rec ta ng le  whose sides are in  

i n t e g r a l  r a t i o s  o f  ( a )  1:1 ( s q u a r e ) ,  (b)  2 : 1 ,  ( c )  4 : 1 ,

(d)  8 : 1 ,  and (e )  16 :1 .  For t h i s ,  t ype - cur ve  p l o t s  based 

on the t ime r a t e  o f  change o f  dimensionless we l l  pressure  

w i l l  be presented f o r  we l l s  loca ted  in these o i l  r e s e r v o i r  

systems.
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Type-curve p l o ts  generated in t h i s  manner w i l l  be 

used to match the r a t e  o f  change o f  wel l  pressure drawdown 

(bu i ld up)  data f o r  de t e r mi na t ion  o f  p e r m e a b i l i t y ,  p o r o s i t y ,  

drainage a r ea ,  and number and l o c a t i o n  o f  boundar ies.

1 .4  Organ iza t ion  of  Study

The next  chapter  presents the mathemat ical  basis of  

drawdown and bui ldup wel l  t e s t i n g .  For t h i s ,  the c o nt in u 

ous l i n e  source s o lu t io n  of  the d i f f u s i v i t y  eq ua t ion ,  and i t s  

f i r s t  two d e r i v a t i v e s  wi th respect  to t ime are s y s t e m a t i c a l l y  

discussed.  The t h i r d  chapter  discusses the use of  the th eo 

rem o f  superposi t ion  to generate  no - f low  boundaries e x i s t i n g  

in var ious o i l  r e s e r v o i r  systems o f  i n t e r e s t  to t h i s  study.

Chapter  four  considers a wel l  between two l i n e a r

se a l i ng  f a u l t s  i n t e r s e c t i n g  a t  a r i g h t  an g le .  The f i f t h

chapter  deals wi th  the case o f  a wel l  between th ree  perpen

d i c u l a r  sea l ing  f a u l t s .  Chapter  s i x  discusses the pressure

behavior  o f  a wel l  a t  var ious l o c a t i o n s  in s i de  a r ec ta ng u l a r  

r e s e r v o i r .  The general  conclusions reached by t h i s  study  

are presented in the seventh chapte r .



CHAPTER I I  

THEORY

The pressure t r a n s i e n t  an a lys is  technique presented  

in t h i s  study is  based on the d i f f u s i v i t y  equat ion descr ib ing  

the f low o f  f l u i d s  through porous media.  This p a r t i a l  d i f 

f e r e n t i a l - t y p e  equat ion i s  g e n e r a l l y  w r i t t e n  in c y l i n d r i c a l  

coordinates  as:

+ 1  M  = iwc 92 (2 1)
gy.2 r  9r k at ' ^

This equat ion i s  obtained by combinat ion of  the  m at e r ia l  

balance equat ion and D 'A rc y ' s  f low equa t ion .  The assump

t i o ns  i m p l i c i t  in the use of  the d i f f u s i v i t y  equat ion are as 

fo l l o w s :  ( 1 ) the porous medium is  i s o t r o p i c ,  h o r i z o n t a l ,

homogeneous, uni form in th ic k n e s s ,  and has constant  permea

b i l i t y  and p o r o s i t y ;  ( 2 ) a s ing le -phase  f l u i d  i s  present  and 

occupies the e n t i r e  pore volume; (3 )  v i s c o s i t y  and compres

s i b i l i t y  o f  the f l u i d  remain constant  at  a l l  pressures;

(4 )  the wel l  complete ly  penet ra tes  the fo rm a t i o n ,  and g r a v i t y  

forces  are n e g l i g i b l e ;  and (5 )  f l u i d  dens i t y  i s  governed by 

the equat ion :

p = P q  exp[c(p  -  Pq) ]  ( 2 . 2 )

8



where is the value of  p a t  some re fe rence  pressure ,

and c the c o m p r e s s i b i l i t y .  Applying the d i f f u s i v i t y  equat ion

in cases where these assumptions do not hold w i l l  obviously

r e s u l t  in e r r o r s .

To obta in  a dimensionless form o f  Equation 2.1 van 
29Everdingen and Hurst  made the fo l lo w in g  t rans fo rma t io ns :

= p -  ( 2 . 3 )
w

t .  = p (2.4)

PgfrQ.tg) = [Pj - P(>",t)] (2 .5)

A f t e r  these t rans format ions  are made, the d i f f u s i v i t y  equa

t i o n  can be w r i t t e n  as:

This dimensionless form of  the d i f f u s i v i t y  equat ion  

is  e s s e n t i a l ,  as a s in g l e  so lu t io n  can be used f o r  a p p l i c a 

t i o ns  of  d i f f e r e n t  p o r o s i t y ,  p e r m e a b i l i t y  and f l u i d  p roper 

t i e s .  Several  s l i g h t l y  d i f f e r e n t  so lu t ions  of  Eqs. 2.1 or
302 .6  are presented in the petroleum l i t e r a t u r e .  The s o l u 

t i o n  most convenient  to the needs of  t h i s  study is  t h a t  f o r  

the case of  f low in to  a wel l  a t  a constant  vo lumet r ic  r a t e  

of  product ion and located in a porous medium of  i n f i n i t e  

r a d i a l  e x t e n t .  This s o l u t i o n ,  which descr ibes a c l a s s i c a l  

f low problem, is  r e f e r r e d  to by many names: Lord K e lv in ' s
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29 2po in t  source,  Theis s o l u t i o n ,  and the continuous l i n e

31source s o l u t i o n .

2.1 The Continuous Line Source Solut ion

For a constant  r a t e  w e l l . w i t h  a v a n i s h i ng ly  small  

radius ( r^  0 ) in an i n f i n i t e  system, the cont inuous l i n e

source so lu t ion  to the d i f f u s i v i t y  equat ion in dimensionless  

form is :

Pd <''d ’ ‘ d > = -  f  c'
r o ' ( 2 . 7 )

where Ei symbol izes the exponent ia l  i n t e g r a l  and is de f ined  

as :

- E i ( - x )  = 1  e ‘ “ du . ( 2 . 8 )
Jx

A mathematical  fo rm ul a t io n  of  the boundary cond i t ions and 

d e r i v a t i o n  o f  t h i s  l i n e  source s o lu t i on  is presented in 

Appendix A.
32Mu el le r  and Witherspoon i n v e s t i g a te d  the v a l i d i t y  

of  t h i s  so lu t io n  in the  case o f  a f i n i t e  wel l  bore ra d ius .  

They concluded t h a t  the l i n e  source so lu t ion  is  an e x c e l l e n t  

approximat ion w i t h in  one percent  f o r  a l l  values of  r^ when 

( t o / r o ^ )  _> 50,  and f o r  r^ >_ 20 when ( t p / r p ^ )  >_ 0 . 5 .  There

f o r e ,  f o r  most rp and tp encountered in w e l l - t e s t  a n a l y s i s ,

Eq. 2 .6  can be used to determine dimensionless pressures in
0

an i n f i n i t e  r a d i a l  system. This is  ev iden t  from Fig .  2 . 1 .

For small  values of  the argument,  the exponent ia l  

i n t e g r a l  fu nc t i on  may be approximated,  w i t h in  less than one
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FIGURE 2.1 A l o g - l o g  graph of  and (p^ x r^)  vs ( t ^ / r ^ )  f o r  a 

l i n e  source we l l  in an i n f i n i t e  medium.
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percent  f o r  ( t g / r g  ) ^  70,  by a l o g a r i t h m ic  fu nc t ion  as 

fo l  1ows:

. 2 -

-E i D
4 t D

In D
4t , - 0 .5772

D
+ 0.80907 ( 2 . 9 )

where the number 0 .5772 is  r e f e r r e d  to as E u l e r ' s  constant  

Equation 2 . 7  can then be w r i t t e n  as:

1 [
Pd ( ' 'd ’ * d > = - "

33

4 t D
+ 0 .5772

In 2 + 0 .80907
• ■ -

( 2 . 1 0 )

I t  is  emphasized again t h a t  Eq. 2 .10  is an a p p r o x i 

mation to Eq. 2 .7  wh i le  the l i n e  source s o lu t io n  i s  i t s e l f  

an approximat ion f o r  pressure behav ior  due to a f i n i t e  radius  

wel l  bore in an i n f i n i t e  r e s e r v o i r .

In t h i s  s tudy ,  the continuous l i n e  source s o l u t i o n ,  

Eq. 2 . 7 ,  i s  used as a fundamental  b u i ld i n g  block to s imulate  

a number o f  useful  so lu t ion s  f o r  f low i n t o  we l l s  from f i n i t e  

and s e m i - f i n i t e  r e s e r v o i r  systems by means o f  the theorem 

of  s u p er po s i t i on .

Tabu la t ions  of  the dimensionless pressure drop a t  

the wel l  ( i . e . ,  r^ = 1 ) as wel l  as f o r  o t he r  r^ have been 

presented by several  au thors ,  in c lu d i ng  van Everdingen and 

H u r s t , C h a t a s , ^ ^  Mortada,^^ Katz ,  e t  a l . Wi therspoon,
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e t  a l . J   ̂ Ramey, e t  a l . J   ̂ and Edwardson, e t  a l . Ti ab^®

presented the dimensionless pressure data in both graphica l
-  3 8and t a b u l a r  forms f o r  10 '  l  tp £  10 , and 1 i  Tp j< 30.

2 .2  F i r s t  D e r i v a t i v e  o f  the Line Source Solu t ion

The continuous l i n e  source s o l u t i o n ,  Eq. 2 . 7 ,  i n 

volves an exponent ia l  i n t e g r a l  fu nc t ion  which i s  de f ined in 

terms o f  an i n t e g r a l .  The f i r s t  d e r i v a t i v e  o f  the Pp- func-  

t i o n  would t h e r e f o r e  re q u i r e  the use o f  the L e i b n i t z  r u le  

f o r  d i f f e r e n t i a t i o n  under the i n t e g r a l  s ig n ,  as shown in  

Appendix B, or

2 -
( 2 . 11 )

aPn 1
= Po = 2 t -  exp'0

*̂ 0

A comparison of  Pp-data c a lc u la t e d  using t h i s  equa

t i o n  w i th  those f o r  a f i n i t e  radius we l lbore  (F ig s .  2 .2  and 

2 . 3 )  i n d i c a t e s  t h a t  the l i n e  source s o lu t i on  o f  Eq. 2.11 is  

an e x c e l l e n t  approximat ion w i t h in  less than one percent  when 

tp >_ 250 and w i t h i n  2 .5  percent  when tp ^  100,  a t  rp = 1.  

However,  a t  rp = 30,  Pp is  a good approximat ion w i t h in  one 

percent  f o r  tp ^  50.

Equat ion 2.11 can be rearranged in the fo l l o w i n g  form:

’  2 ( t p / r p 2 )
1

4 ( t p / r p 2 )
( 2 . 12 )

I t  is  e v id e n t  t h a t  t h i s  equat ion i s  a fu nc t ion  o f  the r a t i o
2

t p / r p  on ly .  This provides the basis f o r  the type curve
2 2shown in F ig .  2 . 1 .  A l o g - l o g  graph o f  (P|J x rp ) vs ( t p / r p  )
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—  F in ite  radius wellbore  
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FIGURE 2 .2 Pq vs tg a t  Tjj = 1 for  a constant rate well  in an 
i n f i n i t e  reservoi r .
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—  F in ite  radius wellbore
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FIGURE 2 . 3 : Pp vs tp f o r  rp > 1 f o r  a constant  r a t e  we l l  in an 
i n f i n i t e  r e s e r v o i r .
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is  shown in F ig .  2 . 4  f o r  va r ious  r ^ . This f i g u r e  in d ic a t e s

th a t  the l i n e  source s o lu t io n  i s  a good approximat ion f o r
? 2 t p / r g  > 0 .5  when r^ > 10 and f o r  t ^ / r ^  > 0 .05  when r^ > 30.

Th er e f o re ,  f o r  p r a c t i c a l  purposes Eq. 2.11 can be used to

compute pg f o r  tp > 250 a t  r^ = 1 and f o r  tp > 50 f o r  a l l

rjj > 30.  These r e s u l t s  are o f  cons iderab le  importance in

i n t e r f e r e n c e  t e s t i n g  between we l l s  and between o i l  f i e l d s

in a common a q u i f e r  and are t r a i t e d  in more d e t a i l s  by Tiab  
27and Kumar.

In view o f  the above d i sc u ss io n ,  the r a t e  o f  change 

with t ime o f  the dimensionless wel l  p res sur e ,  i . e . ,  r^ = 1 , 

i s  given by

1 ( 2 . 1 3 )

f o r  values o f  t^  > 100.  The exponent ia l  term is  c lose to 

un i t y  f o r  such values o f  t p ,  and t h e r e f o r e  Eq. 2 .13  i s  ap

proximated by

= <2 . M )

A lo g - l o g  graph of  Pg^ versus tg would y i e l d  a s t r a i g h t

l i n e :

log Pg^ = -  log tg -  0 .30103  ( 2 . 1 5 )

wi th a slope o f  - 1 .  This i s  ev iden t  in  F ig .  2 .5  f o r  tg  > 100.  

In terms of  rea l  pa rameters,  the r a t e  o f  change of  pressure  

with t ime is given by Eq. B. 8  o f  Appendix B:
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2 2(Pq X Tp) VS ( t g / r g )  f o r  a constant  r a t e  we l l  in  
an i n f i n i t e  r e s e r v o i r .
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FIGURE 2 .5 Time Rate o f  Change o f  Dimensionless  
Well Pressure vs Dimensionless Time 
f o r  a Well  in an I n f i n i t e  R e s e r v o i r .
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exp <t)ucr 
■ 4k t ( 2 . 1 6 )

which appl ied  to wel l  po ints  f o r kt
Opcr

Y  > 100  y i e l d s
w

I p:w 4irkh ( 2 . 1 7 )

A lo g - l o g  graph of  |p^| versus t  would also y i e l d

a s t r a i g h t  l i n e :

log | p / |  = - log t  + log _9JL
4ïïkh ( 2 . 1 8 )

I t  i s  ev iden t  t h a t  Eq. 2 . 1 5 ,  in dimensionless quan

t i t i e s ,  i s  s i m i l a r  to Eq. 2 . 1 8 ,  in rea l  parameters.  This  

s i m i l a r i t y  permits us to apply the typ e - cur ve  matching t e c h 

nique to determine format ion c h a r a c t e r i s t i c s  such as the kh 

and (j)C products.

This completes the discussion on the f i r s t  d e r i v a 

t i v e  o f  the dimensionless p ressure ,  the behavior  of  the 

second d e r i v a t i v e  i s  discussed next .

2 .3  Second D e r i v a t i v e  o f  the Line Source So lu t ion

The second d e r i v a t i v e  wi th respect  to t ime of  the  

l i n e  source so lu t ion  is obtained by d i r e c t  d i f f e r e n t i a t i o n  

of  Eq. 2 . 1 1 ,  as shown in Appendix C:

2 %
9tn^

1
2 tn

_ L
4t, -  1 exp 4t , ( 2 . 1 9 )

or

PAfr,
Pi) 4t , -  1 (2. 20)
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In view of  the discussion in previous sect ions r e 

garding the approximat ion of  the f i n i t e  we l lbore  so lu t ion  

by the l i n e  source s o l u t i o n ,  i t  is est imated t h a t  equat ions  

2.19  and 2 .20  are v a l i d  a t  a l l  r^ ^  50 when t^ ^  250,  and
3

a t  rg = 1 when tp ^  10 .

The second d e r i v a t i v e  o f  the dimensionless pressure  

a t  the w e l l ,  i . e . ,  rp = 1 , is

p" exp
I 4t ,

( 2 . 2 1 )

3
f o r  t_ 2  10 . For such values of  the exponent ia l  term

is very close to u n i t y ,  wh i le  

Eq. 2.21 can be approximated by

- l ]  = - 1 , t h e r e f o r e ,  
^^0 ^

or

IPowl = ^  <2-23)

A lo g - lo g  graph o f  |Pp^| versus tp would y i e l d  a 

s t r a i g h t  l i n e :

log I pJ^I = -2 log tp -  0 .30103 ( 2 . 2 4 )

wi th  a slope o f  - 2 .  This is ev iden t  in F ig .  2 . 6 ,  where the
2 3Straight  l ine i s  obtained for  tp > 10 ( rather  than tp > 10

as in d i ca te d  e a r l i e r ) .

In terms o f  rea l  parameters,  the second d e r i v a t i v e

o f  pressure wi th  t ime is  given by Eq. 7 of  Appendix C:
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H  = P" =
at

JJL
4ïïkh

*ucr
4k t -  1 exp (j)ycr 2 ,

4k t

which,  app l i ed  to wel l  p o i n t s ,  i . e . ,  r  = r ^ ,  f o r

y ie l d s

qy
4irkh

kt

( 2 . 2 5 )

>  1 0 '

(j)ycrw

( 2 . 2 6 )

or

log p" = - 2  log t  + logw
_gjL_
4irkh ( 2 . 2 7 )

The s i m i l a r i t y  o f  Eq. 2 .24  ( i n  dimensionless p a ra 

meters)  w i th  Eq. 2 .27  ( i n  rea l  parameters)  a l lows us to use 

t ype -curve  matching techniques to determine the kh and oc 

prod uc ts .

From comparison o f  equat ions 2 .24  and 2 .27  f o r  p^ 

with equat ions 2 .15  and 2 .18  f o r  Pg, i t  i s  ev id e n t  t h a t  the 

second d e r i v a t i v e  y i e l d s  no a d d i t i o n a l  in fo rm at io n  over and 

above t h a t  o b t a i na b le  from the f i r s t  d e r i v a t i v e .  F u r t h e r 

more, Pg requ i res  more computat ional  t ime .  In t h i s  s tudy ,  

however,  pg has been s y s t e m a t i c a l l y  computed and ta bu l a te d  

s o l e l y  f o r  the sake o f  completeness.

2 . 4  Mathemat ical  Basis f o r  Well  Test ing ( I n f i n i t e  R es ervo i r )

Fundamental ly ,  a change in wel l  producing r a t e  from 

a c e r t a i n  value c o n s t i t u t e s  a "wel l  t e s t . "  A change in wel l  

ra t e  causes a p e r t u r b a t i o n  in the r e s e r v o i r  system. The 

t r a n s i e n t  response of  the r e s e r v o i r  to such a p e r t u r b a t i o n  

can be measured and used to determine var ious r e s e r v o i r
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parameters such as the kh and <|)C products ,  skin a t  the w e l l ,  

the number and types o f  boundar ies ,  among o the rs .

There are two kinds o f  wel l  t e s ts  which are commonly 

used f o r  t h i s  purpose: ( 1 ) a drawdown t e s t  consis ts  in pro

ducing a we l l  a t  constant  r a t e  and r e s u l t i n g  pressures are  

measured a t  the we l l  or  a t  some o ther  observa t ion  w e l l ,  and 

( 2 ) a bui ldup t e s t  is obtained by sh ut t i ng  in a producing  

wel l  and measuring pressures at  the wel l  u n t i l  i t  bu i lds  up 

to  the average or  s t a t i c  r e s e r v o i r  pressure.  In the f o l l o w 

in g ,  the concept o f  skin is b r i e f l y  discussed.

2 . 4 . 1  Skin Factor
30Van Everdingen and Hurst  pointed out t h a t  f low  

r e s t r i c t i o n s  near a we l l  cause an a d d i t i o n a l  pressure drop.  

This can be thought  o f  an an " i n f i n i t e s i m a l  skin" on the  

surface o f  the sand face a t  a w e l l .  The f lo w in g  wel l  p res 

sure p^^ in the presence o f  a skin s can be r e l a t e d  to the  

dimensionless pressure as fo l l o w s :

- Pwf) '  Pd<''d’ ‘ d>  ̂ : ( 2 - 28)

where the dimensionless skin f a c t o r  s is given by

» = "Pskin (2 -2 8 )

where &p is  the a d d i t i o n a l  pressure drop due to skin at  the  

wel 1 .

2 . 4 . 2  Drawdown Well Test  Ana lys is

The dimensionless we l l  pressure a f t e r  a f lowing t ime  

tp f o r  a wel l  in an i n f i n i t e  r e s e r v o i r  is  given by Eq. 2 .10
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f o r  Tp = 1 :

Pd ( 1 . ‘ d > = Pow = T  f ' "  *D ^ 0 -80907]  ( 2 . 3 0 )

f o r  tp > 70 which i s  always s a t i s f i e d  under normal wel l  

t e s t i n g  co nd i t ion s .  Eq. 2 .30  impl ies  th a t  a p l o t  o f  Pp^ 

versus logar i thm of  tp would y i e l d  a s t r a i g h t  l i n e  o f  slope  

1.1513 (= ^  X 2 .3026 )  per log cycle as shown in F ig .  2 . 7 .

The f lowing wel l  pressure in presence of  skin s 

is  obtained by s u b s t i t u t i n g  Eq. 2 .30  in to  Eq. 2 .28 :

^  (P,  -  P „ f )  = f  [ I n  tp + 0 .80907 + 2s]  ( 2 . 3 1 )

which in o i l  f i e l d  un i ts  y i e l d s :

kh (p.  -  p^f )  = Y [ I n  + 0 .80907 + 2s]

or

P»f '  Pi -  [ lo g  t  + log ^ ,  -  3 . 23  + 0 .8 78 s ]

( 2 . 3 3 )

Thus a graph o f  p .̂  ̂ versus actual  f low ing  t ime produces a 

s t r a i g h t  l i n e  on a semilog graph o f  slope m (abso lu te  v a lu e ) :

m = TG2 - 6 ^q%B ( 2 . 3 4 )

from which the kh product  is  determined as

kh = ^ ( 2. 35)

Eq. 2 .33  can be f u r t h e r  used to determine the skin s as shown
19by Ramey, e t  a l . :
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FIGURE 2 . 7 : Dimensionless Well  Pressure vs Dimensionless  
Time f o r  a Well  in an I n f i n i t e  R e s e r v o i r .
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Pi " Pi hr k-  log ------------- + 3 ,23 ( 2 . 3 6 )

where is the value o f  a t  one hour f low ing  t ime and

is es t imated by e x t r a p o l a t i o n  o f  the s t r a i g h t  l i n e  obtained  

on the semilog graph.  The pressure drop across the skin at  

the sand face i s  given by

APgkin  ̂ 0 .87(m)s ( 2 . 3 7 )

This completes the discussion on commonly used equa

t io ns  f o r  i n t e r p r e t a t i o n  o f  wel l  pressure da ta .  We next  

consider  the equat ions employing the f i r s t  d e r i v a t i v e  o f  

f low ing we l l  pressure.

2 . 4 . 2 . 1  Pg^j-Func t ion

The t ime r a t e  o f  change o f  dimensionless f low ing  

wel l  pressure f o r  a wel l  in  an i n f i n i t e  r e s e r v o i r  is  given  

by Eq. 2 .15

log Pg^ = -  log tjj -  0 .30103

f o r  tj j  > 100.  In o i l f i e l d  u n i t s ,  t h i s  equat ion y i e l d s  the  

fo l lo w in g  from Eq. 2 .1 8 :

70 .6  quBTog \ p ^ f \  = -  log t  + lo g [  ■ J ( 2 . 3 8 )

where p^^ i s  in p s i / h r  and t  in hours.  Thus a p l o t  o f  mea

sured p^^ versus t ime on a lo g - lo g  graph can be o v e r l a i d  on 

the type curve o f  F ig .  2 .5  and-a match po in t  lo c a te d .  The 

value of  dimensionless p^^ and tp is read corresponding to  

measured p^^ and t  f o r  the match p o in t .  The i n t e r p r e t i v e
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equat ions to determine kh and (j)C products are r e s p e c t i v e l y  

der ived from Eq. B.16 and Eq. B.14 of  Appendix B in  o i l  f i e l d  

u n i t s :

kh = 141 .3  qyB Pdw

I Pwf I
D ( 2 . 3 9 )

and

(j)C =
qB

26 .856 r^^h
Pdw

|Pwf I
( 2 . 4 0 )

These two parameters are o f  s i g n i f i c a n t  importance since  

they provide an a d d i t i o n a l  measure of  the ca pac i ty  o f  the  

f low system ( k h ) ,  which i s  needed to p r e d i c t  d e l i v e r a b i 1 i t y  

and the r e s e r v o i r  volume parameters (<()c), which i s  used to  

p r e d i c t  reserves in p la ce .

Equat ion 2 . 3 8  provides an a d d i t i o n a l  method to c a l 

c u la te  the kh produc t .  For f lo w ing  t ime of  one hour ,  Eq. 

2 .3 8  becomes:

’ “9 IPwfllhr = '09
70 .6  QpB

kh

or

kh = 70 .6  qyB

I Pwf11 hr
( 2 . 4 1 )

where 1 s the t ime r a t e  change o f  wel l  pressure a t

one hour f low ing  t im e .

2 . 4 . 2 . 2 &Dw-Funct ion

In view o f  Eq. 2 .2 4  and Eq. 2 . 2 7 ,  one can p l o t  the  

second d e r i v a t i v e  o f  the f l o w i ng  we l l  pressure p^^ versus
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t ime on a l o g - lo g  graph which can be o v e r l a i d  on the type -  

curve of  F ig .  2 .6  to determine both the kh and (j>c products  

from equat ions presented in Appendix C. The kh product is  

der ived  from Eq. C.16:

f | p 5 „ l l
kh = 141.3 qpB

Pwf
( 2 . 4 2 )

w h i l e  the *c product  is  obta ined from Eq. C . l l :

IPowl ° ^
26 .856 r,, h(|)C w

qB wf ( 2 . 4 3 )

or

(j)C = _gB. flPSwll
26.856 r ,  h w 'wf

( 2 . 4 4 )

where p^^ = p s i / h r ^ ,  r^ = f t ,  h = f t ,  c = p s i " \  q = STB/D,  

t  = hrs.

Note t h a t  the skin f a c t o r  s does not occur in p^^ 

and p^^ versus t ime equat ions.  This is  normal since s is

constant  f o r  a given wel l  f o r  the dura t ion  o f  the t e s t  and

t h e r e f o r e  t ime r a t e  o f  change o f  s i s  zero .

2 . 4 . 3  Bui ldup Well  Test  Ana lys is

The dimensionless we l l  pressure a f t e r  a s h u t - in  t ime  

Atjj i s  obta ined by employing su per po s i t ion  in t im e ,  which 

i s  discussed in d e t a i l  in Chapter  4 ,

141 . 3̂ q u B  (Pi  " Pws^ " + s ]  -  CPD(i"0„ . A t p )  + s]

PDs ” Ppw^^D ^ Atn)  -  Pnw(Atn)Dw' D ( 2 . 4 5 )
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This equat ion is g e n e r a l l y  used to study the charac

t e r i s t i c s  o f  bui ldup graphs and to der ive  i n t e r p r e t i v e  equa

t i o n s .  The three most w ide ly  used p l o t t i n g  techniques in

pressure bui ldup an a lys is  a re :  Horner graph,^ M i l l e r - D y e s -
7 3 38Hutchinson graph,  and Muskat graph.  Ramey and Cobb,

23and Matthews and Russel have presented in d e t a i l  the basis  

f o r  these graphs,  and t h e r e f o r e ,  they w i l l  not be discussed  

h e r e .

2 . 4 . 3 . 1  P p . -Funct ion

The t ime r a te  of  change of  the dimensionless bui ldup  

wel l  pressure is obtained by d i f f e r e n t i a t i n g  Eq. 2 .45  wi th  

respect  to dimensionless s h u t - in  t ime Atp:

PDs '  Pdw<‘ d ^ Atg) -  P6w (a to )  ( 2 . 4 6 )

where Pp^ is  ca lc u la te d  from Eq. 2 .13  f o r  a wel l  in an i n f i 

n i t e  r e s e r v o i r .  Figure 2 . 8  presents Pp  ̂ as a fu nc t ion  of

dimensionless s h u t - in  t ime Atp f o r  var ious producing t imes.

The behavior  o f  Pp  ̂ on F ig .  2 .7  is  best  understood by con

s id e r in g  two t ime domains f o r  i n t e r p r e t a t i o n  purposes:

(1 )  Atp << t p : When s h u t - i n  t ime is  much less than

the producing t ime ,  Eq. 2 .46  y i e l d s :

log IPq s I = -  log Atp -  0 .30103 ( 2 . 4 7 )

This is shown in Appendix D. Thus a p l o t  o f  IPq j I versus 

Atp on a lo g - l o g  graph y i e l d s  a s t r a i g h t  l i n e  o f  slope - 1 .

Such a c h a r a c t e r i s t i c  is  seen f o r  tp = 10^ up to Atp = 5 x 10^,
C 0

and f o r  tp = 10 up to Atp = 5 x 10 . T h e r e f o r e ,  the con

d i t i o n  of  Atp << tp seems to be s a t i s f i e d  from F ig .  2 .7
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FIGURE 2.8: Time Rate o f  Change of  Dimensionless  
Well Shut - in  Pressure vs Dimensionless  
Shut - in  Time f o r  a Well in an I n f i n i t e  
Reservoi  r .



31

when Atp £  0 .05  t p .  In terms o f  rea l  parameters ( o i l f i e l d  

u n i t s )  Eq. 2 .47  becomes:

log p;s log i t  + log ( 2 . 4 8 )

Hence, a p l o t  o f  the t ime r a t e  o f  change of  wel l  s h u t - in  

pressure ,  p^^, versus s h u t - i n  t ime on a lo g - lo g  graph y i e l d s  

a s t r a i g h t  l i n e  o f  slope - 1 .  I f  t h i s  p l o t  o f  f i e l d  data  

points is o v e r l a i d  on the typ e - cur ve  o f  F ig .  2 . 7 ,  a match 

po int  would give the kh and cjic products using the fo l l o w i n g  

equat ions der ived  in Appendix D:

kh = 141.3  qiiB
riPnDs
p ' *̂ ws

AtD
At ( 2 . 4 9 )

<j)C = M .
26 .856 r ,  h w

Ds
P ' "̂ ws

( 2 . 5 0 )

For a s h u t - i n  t ime of  one hour ,  Eq. 2 . 4 8  becomes

log(p^s^lhr " °̂"kh *̂^
or

kh _ 70 .6  quB 

(Pws^lhr
( 2 . 5 1 )

where (Pws) ih r  ^^ the t ime r a te  o f  change of  s h u t - i n  wel l  

pressure a t  one hour.

(2 )  Atp >> t p : When s h u t - i n  t ime is  much longer

than producing t im e ,  Eq. 2 .46  assumes the f o l l o w i n g  form,  

as shown in Appendix D.

log |P|Jj|  = - 2  log 4 tp  + l o g ( t g / 2 ) ( 2 . 5 2 )
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T h e r e f o r e ,  a s t r a i g h t  l i n e  o f  slope -2  i s  obta ined on a lo g -  

log graph o f  IPpgl vs.  At^.  Such a s t r a i g h t  l i n e  i s  shown 

in F ig .  2 . 8  f o r  tp = 10^ when Atp > 5 x 10^,  and tp = 10^
3

when Atp > 5 X 10 . T h e r e f o r e ,  the co n d i t io n  o f  Atp >> tp 

i s  s a t i s f i e d  when Atp >_ 5 t p .  In o i l f i e l d  u n i t s ,  Eq. 2 . 5 2  

becomes :

log pĵ g = -2  log At + log t + log ( 2 . 5 3 )

I f  the s t r a i g h t  l i n e  o f  slope -2 is  o v e r l a i d  on the ty pe -  

curve o f  F ig .  2 . 8 ,  kh and <i>c products are then determined  

from Eqs. 2 .49  and 2 . 5 0 ,  r e s p e c t i v e l y .

2 . 4 . 3 . 2  Pp_- F u n c t i o n

The second d e r i v a t i v e  o f  the dimensionless s h u t - i n  

wel l  pressure is given by d i f f e r e n t i a t i n g  Eq. 2 .45  twice  

wi th  respect  to dimensionless s h u t - in  t ime Atp:

PDs °  Pdw^Pq + P*D> -  Pdw' pPd ’ ( 2 -5 4 )

where Pp^ is  computed from Eq. 2.21 f o r  a we l l  in an i n f i n i t e  

r e s e r v o i r .  A p l o t  o f  Pp^ versus Atp on a l o g - l o g  graph f o r  

var ious  producing t imes i s  shown in F i g .  2 . 9 .  Pp^ behaves 

d i f f e r e n t l y  in two separa te  t ime domaines as presented in 

Appendix E.

(1 )  Atp << t p : When dimensionless s h u t - i n  t ime is

much sm a l le r  than dimensionless producing t i m e ,  Eq. 2 .54  

y i e l d s  :

log Ippgl = -2 log Atp -  0 .30103 ( 2 . 5 5 )

or in oilfield units
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FIGURE 2 .9 Second d e r i v a t i v e  of  dimensionless wel l  
s h u t - in  pressure vs s h u t - i n  t ime f o r  a 
wel l  in an i n f i n i t e  r e s e r v o i r .
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log I p; ^ !  = -2 log At + log ( 2 . 5 6 )

which r e s u l t s  in s i m i l a r  i n t e r p r e t i v e  equat ions as obtained  

f o r  These are presented in Appendix E.

(2 )  Atp >> tg :  When dimensionless s h u t - in  t ime is

much longer  than dimensionless producing t ime ,  Eq. 2 .54  

y i e l d s  :

log Ipggl = -3  log Atp + log tp ( 2 . 5 7 )

or in o i l f i e l d  un i ts

log IpJsI  = - 3  log Atp + log t  + log ( 2 . 5g)

which also r e s u l t s  in s i m i l a r  i n t e r p r e t i v e  equat ions ( p r e 

sented in Appendix E) as f o r  Note,  however,  t h a t  a

p l o t  of  p^g versus At on a lo g - lo g  graph y i e l d s  a s t r a i g h t  

l i n e  of  slope -3 .

In summary, t h i s  chapter  has presented the behavior  

of  the continuous l i n e  source s o lu t io n  and i t s  f i r s t  two de

r i v a t i v e s  wi th  respect  to t ime.  A range of  t ime and r a d i i ,  

under which the l i n e  source s o lu t i on  becomes a good a p pr ox i 

mation to a f i n i t e  radius wel l  bore ,  has been e s ta b l i s h e d .

I t  i s  ev i de n t  t h a t  the second d e r i v a t i v e  y i e l d s  no a d d i 

t i o n a l  in fo rmat ion  over t h a t  ob ta i nab le  from the f i r s t  dé r iva  

t i v e .  T h e r e fo re ,  f o r  the sake of  p r a c t i c a l l i t y ,  the an a lys is

of  the second d e r i v a t i v e  w i l l  not be pursued here ,  as i t

requ i res  excessive computer p l o t t i n g  t ime .  However, i t s  

values are s y s t e m a t i c a l l y  t a b u la te d  along wi th values of  the  

f i r s t  d e r i v a t i v e .
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F i n a l l y ,  t h i s  chapter  has presented the mathematical  

basis f o r  wel l  t e s t i n g .  I t  is  observed t h a t  analys is  of  

p^^ and p^g lead to new i n t e r p r e t i v e  techniques which are  

s impler  and more useful  than c u r r e n t l y  used techniques based 

on the pressure func t i on  i t s e l f .



C H A P T E R  III

GENERATION OF BOUNDARY CONDITIONS

In a m u l t i p l e  we l l  r e s e r v o i r ,  the pressure at  a po in t  

i s  simply the sum of  pressure c o n t r i b u t i o n s  due to a l l  the  

we l l s  a t  t h a t  p o i n t .  More i m p o r ta n t l y :  the pressure d e r i v a 

t i v e  a t  a po in t  i s  a lso the sum o f  pressure d e r i v a t i v e s  due 

to a l l  the w e l l s .  Consequent ly ,  we can put we l l s  a t  c e r t a i n  

l o ca t i o n s  to generate  a desi red  boundary c o n d i t io n .  This  

i s  known as the p r i n c i p l e  of  s u p e r p o s i t io n ,  which i s  prob

ab ly  the most powerful  too l  a v a i l a b l e  in desc r i b i ng  the  

s i n g le  phase f low of  a compressible f l u i d  in any type o f  

i dea l  r e s e r v o i r .  The so c a l l e d  "image" wel l  method is  s imply
3

another  a p p l i c a t i o n  of  s u p e r p o s i t io n .  Muskat used t h i s  

p r i n c i p l e  to s imulate  the e f f e c t  o f  no - f low  and f low bound

a r ie s  under steady s t a t e  f low  co n d i t io n s .  Horner® app l ie d  

t h i s  method to study pressure bui ldup behavior  f o r  a wel l  

close to a se a l i ng  f a u l t  boundary under t r a n s i e n t  f low con

d i t i o n s .

3.1 P r i n c i p l e  o f  Superpos i t ion

A common mathemat ical  d e f i n i t i o n  of  superp os i t ion  

i s  t h a t  any sum o f  s o lu t io n s  to a l i n e a r  p a r t i a l  d i f f e r e n t i a l

36
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equat ion Is a lso a s o l u t i o n .  To understand the physical  

aspect  o f  the p r i n c i p l e  o f  su perpos i t ion  and i t s  a p p l i c a t i o n  

f o r  s im u la t ing  the e f f e c t  o f  boundar ies ,  such as se a l i ng  

f a u l t s ,  consider  an i n f i n i t e  porous medium which conta ins  

two we l ls  (A and B) "2b^" un i ts  o f  length a p a r t .  Let  dŷ  

and dg be,  r e s p e c t i v e l y ,  the dis tances from wel l  A and wel l  

B to a po in t  F ( x , y )  w i t h i n  the r e s e r v o i r ,  as shown in Fig.

3 . 1 .

The c l a s s i c  approach to der ive  the pressure a t  po int  

F would be to w r i t e  the d i f f u s i v i t y  equa t io n ,  de f in e  two 

i nner  boundary cond i t ions to inc lude product ion o f  both w e l l s ,  

and de f ine  the i n i t i a l  and ou te r  boundary co n d i t io n s .  But 

the p r i n c i p l e  o f  superp os i t ion  o f f e r s  a much s imp le r  approach.  

The pressure a t  po in t  F i s  s imply the sum o f  the pressure  

drop caused by wel l  A a t  a d is tance  dŷ  and the pressure drop 

caused by Well  B a t  a d is tance  dg. Thus we can use Eq. 2 .5  

to w r i t e  the pressure p a t  po in t  F ( x , y )  o f  F ig .  3 . 1 ( a ) :

[P] " P] = Pq ^^AD’ ^D^ Pd ^*^BD’ ^D  ̂ ( 3 . 1 )qy

or

P  ̂ Pi " 2 % ï  ( P̂d (^AD**D^ Pd (^BD**D^^

where: dŷ g = dy^/r^

^BD

Let  now the po int  F ( x , y )  l i e  on the pe rp end icu la r  

b i s e c t o r  o f  the l i n e  segment connect ing the two w e l ls  (F ig .  

3 . 1 ( b ) ) .  Thus dŷ  and dg w i l l  be eq ua l ,  and the dimensionless
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(a)

F(x ,y)

2  b B

C b )

F(x ,Y)

A 2 b B

FIGURE, 3 . 1 :  Pressure at  any po int  in the r e s e r v o i r
caused by two we l l s  producing at  a 
constant  r a t e  w e l 1 .
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pressures at  each wel l  w i l l  be equa l .  Consequent ly ,  the  

pressure g rad ien t  in any d i r e c t i o n  through the point  F caused 

by each wel l  ac t ing  alone w i l l  be e x a c t l y  the same, but  

opposi te in s ign.  Thus the net pressure g r ad ie n t  along the  

perpend icu la r  b i s e c t o r  w i l l  be zero and f l u i d  connot cross 

the l i n e .  This l i n e  is  g e n e r a l l y  r e f e r r e d  to as a "no- f low  

boundary" which could be a sea l ing  f a u l t .  Thus, the p res 

sure d i s t r i b u t i o n  f o r  one wel l  producing a t  constant  ra te  

q located  a t  a d istance b^ from a l i n e a r  sea l ing  f a u l t  is  

s i m i l a r  to the pressure d i s t r i b u t i o n  f o r  two we l ls  producing  

a t  constant  ra te  q each,  both w e l l s  s t a r t i n g  to produce at  

t ime ze r o ,  and spaced 2b^ un i ts  o f  length a p a r t .  This is  

shown in F ig .  3 . 2 .

3 .2  Well Between Two Perpendicu la r  Sea l ing Faul ts

Consider a wel l  between two l i n e a r  sea l ing  f a u l t s ,  

or no - f low boundar ies ,  i n t e r s e c t i n g  a t  a r i g h t  angle in an 

otherwise i n f i n i t e  system. Let  the wel l  be at  a d istance  

b^ from one f a u l t  and b^ from the o ther  perpend icu la r  f a u l t  

as shown in Fig.  3 . 3 ( a ) .  Then, l o c a te  two image we l ls  at  

the same distances b^ and by on the o ther  side of  the bound

a r ie s  as shown in Fig.  3 . 3 ( b ) .  F i n a l l y  the two image we l ls  

are also imaged g iv ing  a common t h i r d  image w e l l .  Th e r e fo re ,  

three image we l ls  are requ i red  to s imulate  the pressure be

hav ior  o f  a real  wel l  between two pe rpend icu la r  sea l ing  

f a u l t s .
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a) REAL SYSTEM

Real (producing)  Well

Sea l ing Fau l t

b) IMAGE SYSTEM

Real Well

•< r

Image Well

FIGURE 3 . 2 :  Generat ion o f  a l i n e a r  sea l ing
f a u l t ,  or no - f low  boundary.
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a) REAL SYSTEM

Real (producing)  
Well

Y

b) .IMAGE SYSTEM

2 b ,

2  b

Image WellReal Well

Y

FIGURE 3 .3 Generat ion o f  two pe rp end icu la r  
s ea l in g  f a u l t s .
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3 .2 .1  Distance to Image Wells

The d istances from the rea l  we l l  to the th re e  image 

wel ls  are given by:

r ,  = 2b,  ( 3 . 3 )

’Ty = 2by ( 3 . 4 )

-•xy = 2 -^ b /  + b /  ( 3 . 5 )

where r^ = d is tance  to the image wel l  across f a u l t  x 

r^ = d is tance  to the image wel l  across f a u l t  y 

~ d is tance  to the t h i r d  image f a u l t .

I f  the dimensionless d is tance  is  de f ined as a m u l t i p l e  

of  , then Eqs. 3 . 3 ,  3 .4  and 3 .5  r e s p e c t i v e l y  become:

""Dx = = 1 ( 3 . 6 )

""Dy = f y / b x  '  2^0

roxy “ f x y /b x  = 2 b , / l  + y /  ( 3 . 8 )

where

yp = b y / b ,  ( 3 . 9 )

Computer programs, which r e q u i r e  the d is tance  b^ 

and seven values of  dimensionless i n t e g r a l  r a t i o  y ^ : 1 ,

1 / 2 ,  1 / 4 ,  1 / 8 ,  1 / 1 6 ,  1 /32 and 1 / 6 4 ,  were developed to ta b u 

l a t e  Pg, Pg and pg, and p l o t  only  type -curves  o f  p^. This  

approach is  s y s t e m a t i c a l l y  app l i e d  in genera t ing  the t h r e e -  

f a u l t  system and r e c t a n g u la r  r e s e r v o i r s ,  which are discussed  

in  l a t e r  s e c t i o n s .
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3 . 2 . 2  Dimensionless Time

For reasons to be discussed in the fo l l o w i n g  ch apt e r ,  

the dimensionless t ime de f ined by Eq. 2 .4  can be modi f ied  

such t h a t  the we l l  bore radius ( r ^ )  i s  replaced by a d is tance  

of  i n t e r e s t .

Let  tg ^ ,  t g ^ y '  and tg^^ be dimensionless t imes based

r e s p e c t i v e l y  upon b , b and the product  b b .X y " y

kt
'DA <|)ycb,

w ( 3 . 1 0 )

kt fb.
Dby *ycb, 2 " ^DA ( 3 . 1 1 )

Dbb
kt

*DA (b^by) ( 3 . 1 2 )

3 . 2 . 3  Pressure Behavior  a t  a Point

The dimensionless pressure behavior  a t  a po int  be

tween the two s e a l i n g  f a u l t s  i n t e r s e c t i n g  a t  a r i g h t  angle  

i s  given by the sum o f  pressure c o n t r ib u t i o n s  due to the rea l  

wel l  and the th re e  image w e l l s :

PD^^D'^g)  ̂ PdR^’̂ DR’ ^DA^ %n=l PDI^^DI^n^'^DA^ ( 3 -1 3 )

or

Pd^*^D’ ^DA  ̂  ̂ " 2

■ ( r / b  l^l

Ei « d a .
+ Ei 1

+ Ei

DA

2

+ Ei ( y \ )
2i

'DA

'DA

(3 .1 3 a )
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The t ime ra te  o f  change of  dimensionless pressure i s  obtained  

by d i r e c t  d i f f e r e n t i a t i o n  of  Eq. 3 .13 :

PdR^'^DR’ ^DA  ̂ ^n = l Pd I^ ’̂̂ DI *^DA^ ( 3 . 1 4 )

or

Or 'D'^DA'  2 t DA
exp

( r / b ^ y
4 t DA

+ exp
'DA

exp
2 i

DA
+ exp

'DA

(3 .1 4a )

where

r^p = dimensionless d is tance  from the real  w e l l ,

DI

r / b x -

= dimensionless d is tance  from the image w e l l ,

r i / b x -
In the above equat ions p̂ j  ̂ and p^j are c a lc u l a t e d  by using 

Eq. 2 . 7 ,  and Pj p̂ and PjJj by Eq. 2 .1 1 .

3 .3  Well Between Three Perpendicula r  Sea l ing  Faul ts

In t h e o r y ,  one needs an i n f i n i t e  number of  image 

wel ls  to s imu late  c o r r e c t l y  the pressure behavior  o f  a wel l  

l ocated in a m u l t i p l e  sea l ing f a u l t s  system. But ,  f o r  most 

p r a c t i c a l  purposes,  only a f i n i t e  number o f  we l l s  need be 

considered.  This f i n i t e  number should,  however,  be l a rge  

enough such t h a t  the pressure c o n t r i b u t i o n  due to the l a s t  

s er ie s  of  image we l ls  is  n e g l i g i b l e .

Consider  a wel l  producing a t  a constant  r a t e  located  

between three se a l i ng  f a u l t s  i n t e r s e c t i n g  a t  r i g h t  angles.
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This system can be s imulated by two ( i n f i n i t e )  l i n e s  of

image w e l l s .  The f i r s t  l i n e  is generated as i f  the re  were
2 f5

only two p a r a l l e l  f a u l t s  ( F i g .  3 . 4 ) .  This author  studied  

t h i s  case and generated the l i n e  o f  image we l ls  as fo l lo w s :

( 1 ) the f i r s t  p a i r  o f  image we l l s  is  obtained by d i r e c t l y  

imaging the rea l  wel l  on each boundary,  ( 2 ) successive pa i rs  

o f  image we l ls  are generated by imaging the we l l s  o f  the p r e 

vious p a i r ,  and (3 )  the g r id  o f  images i s  expanded u n t i l  the 

pressure c o n t r i b u t i o n  due to the l a s t  se r ie s  o f  image we l ls  

i s  n e g l i g i b l e  a t  a po in t  o f  i n t e r e s t .  The second l i n e  of  

image we l l s  is  obta ined by simply imaging the f i r s t  l i n e  on 

the t h i r d  se a l i ng  f a u l t ,  which i n t e r s e c t s  the two p a r a l l e l  

f a u l t s  a t  r i g h t  angles .  This i s  shown in F ig .  3 . 5 .

3 .3 .1  Distance to Image Wel ls

Assuming the rea l  wel l  to be a t  the o r i g i n  in Fig.  

3 . 4 ( b ) ,  the d istance  to image w e l ls  o f  the f i r s t  l i n e  can 

be ca lc u la te d  as fo l lo w s :

""xe '  2 ""x

'■xo " -  T)Wx + ^»x ( 3 -1 5 )

Tx„p = 2 (n -  1 )W, + 2 b^

where

n = a p o s i t i v e  i n t e g e r ,  1 ,  2 ,  3 ,  • • •  

b^ = d is tance to the nearest  o f  the 2 p a r a l l e l  bound

a r ie s

a„ = d is tance  to the o ther  p a r a l l e l  boundary,  -  b^
X A  A



46

a) REAL SYSTEM

b) IMAGE SYSTEM

'•xop %

0 0 o o o o o o o o o o o

FIGURE 3 .4 :  Generat ion of  two p a r a l l e l  sea l ing
f a u l t s .
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a) REAL SYSTEM

b) IMAGE SYSTEM

O O  0 0  0 0  O O  C O  . 0 0  O O

O O O O 0 0 o o o o o o

FIGURE 3 .5 :  Generat ion of  th re e  perp end icu la r
sea l in g  f a u l t s .
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= d is tance between the two p a r a l l e l  boundar ies ,  

on the x - a x is  

r^g = d is tance  to image we l l s  when n i s  even

* x̂o ” d is tance  to image we l ls  when n is  odd

*^xop ~ d is tance  to image we l ls  when n is odd on the 

othe r  side of  the s t r i p

The second l i n e  shown in F ig.  3 . 5 ( b )  has (N + 1) 

image we l ls  and the d is tance  can be c a l c u l a t e d  using the  

fo l l o w i n g  set  o f  equat ions:

'■ly '  ^"y

^ ixe = ( i y  + 4 ) “ - '

r . x .  = ( i y  ^ 4 ) -

^ixop = <4 '  4 p ) “ - '

where

r j y  “ d is tance  to image wel l  o f  rea l  we l l  on the  

y - a x i  s

’̂ I x e ’ *^Ixo* r%xop  ̂ d is tance to image we l ls  o f  the  

second l i n e ,  where the subscr ip ts  are as de

f in e d  above.

by = d is tance  to the t h i r d  f a u l t  which i n t e r s e c t s  

the two p a r a l l e l  boundaries a t  r i g h t  angles.

I f  dimensionless d is tance  is de f ined  as a m u l t i p l e  

of  d is tance W^, the two sets o f  Equat ions 3 .15  and 3 .16  

would become, r e s p e c t i v e l y :
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roxe '  fxe/Wx ' 2n

’’Dxo ” r x o / " x  = 2 (n - 1 ) + *Dx ( 3 . 1 7 )

*"Dxop " *'xop^'^x = 2 (n -  1 ) +

and

' D l y  = '■ ly/“ x =

'"Dlxe “ r i x e / " x  = 

rp ixo  = r i x o / " x  “ 2 "

xCboy +

x^^Dy

„ 2 ] 0 . 5

( ( n - 1 ) + = o x ) ^ ] “ - '

( 3 . 1 8 )

roixop = '■lxop/“ x = 2«xO>Dy + ( ( n - 1 ) + b g , , ) 2 ] ° -5

where

*DX = * x / " x ( 3 . 1 9 )

^Dx " bx/W* ( 3 . 2 0 )

^Dy = by/W, ( 3 . 2 1 )

3 . 3 . 2  Dimensionless Time

The dimensionless t ime de f ined by Eq. 2 .4  can be modi

f i e d  such th a t  the wel lbore  radius ( r ^ )  is replaced by a d i s t 

ance of  i n t e r e s t  such as , b^, b^ and the product  b^b^.

k t
'DA (j)ycW,

w ( 3 . 2 2 )

kt
'Db. <j>ycb,

2 ■ ^DA ( 3 . 2 3 )

kt
'Db. (j)yCb,

2 '  *DA ( 3 . 2 4 )
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2 ,

k t
^Dbb " owcb^by " ‘‘̂ DA

3 . 3 . 3  Pressure Behavior  a t  a Point

"x
bx^y'

( 3 . 2 5 )

The pressure c o n t r ib u t io n s  due to the rea l  wel l  and 

the two i n f i n i t e  l i n e s  o f  image we l ls  at  any po int  ins ide  

a t h r e e - p e r p e n d i c u l a r - s e a l i n g - f a u l t  system can be expressed  

by the fo l l o w i n g  equat ion :

Pd *'"d ’ *Da ' °  + E i [ - b p y / t p ^ ] )

-  " E1 [ - w 2 (bg^ + " ^ ) / tD A ]>

-  E i [ . w 2 [ b g y  + ( ( n - l )  +  a p x ) Z ] / t p A ]

+ E 1 [ - [ 2 ( n - l )  + bp j | ]^ /4 tp^]

+ E1[ -W^[b^y+ ( ( n - 1 ) + b p ^ ) 2 ] / t p ^ ] }  ( 3 . 2 6 )

where k = 1 , 2 , 3 , ' - " .

A s i m i l a r  expression f o r  the t ime r a t e  of  change of  

dimensionless pressure can be w r i t t e n  by simply d i f f e r e n t i a t i n g  

Eq. 3 .26  wi th  respect  to t ^ ^ ,  or :

Pd ( ' ' d >*DA> " 2 t % : ' * * P [ - r D R / 4 t D A ]  + e x p C -b p . / t p A ] )
'DA

+ %%=2 k ( = * P [ - " ^ / t D A ]  ^ 4 x p [ - w 2 ( b 2 y 4 n 2 ) / t p A ] }

+ 2 t ^  %%=2 k . l ' = * P [ - [ 2 ( " - 1 ) + * D x ] ^ /4 t 0 A ]
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+ e x p [ - W ^ [ b ^ y + ( ( n - 1 ) + a p ^ ) ^ ] / t p ^ ]

+ e x p [ - [ 2 ( n - l )  + box^^^^toa]

+ exp[ -W^[b^y + ( ( n - 1 )  + b p j , ] 2 / t p ^ ] }  ( 3 . 2 7 )

Pgi  ̂ and ppj a r e ,  o f  course,  c a l c u l a t e d  by using Eq. 2 . 7 .

3 .4  Well Ins ide  a Closed Rectangle

The pressure behavior  in t h i s  system can be generated  

by an i n f i n i t e  number o f  i n f i n i t e  l i n e s  o f  image w e l l s .  

However,  as mentioned e a r l i e r ,  only a f i n i t e  number of  image 

w el ls  need be considered.  Let  N be the number o f  image we l ls  

needed along the x - a x i s ,  and M the number needed along the  

y - a x i s ,  then the t o t a l  number o f  images necessary to descr ibe  

the behavior  o f  a bounded s i n g l e - w e l l  system is  M x N.

Note t h a t  in the case o f  a square,  M = N. In the case o f  a

r e c t a n g l e ,  however,  M must be increased as the r a t i o  W :WA y
increases from 2: 1  to 1 6 : 1 ,  where W and W a r e ,  r e s p e c t i v e l y ,A y
the long and shor t  sides o f  the r e c t a n g l e .  The number o f  

image w e l ls  along the x - a x i s ,  N, in i n v a r i a b l e  as long as

«X i
F igure 3 .6  presents p a r t  o f  the ( i n f i n i t e )  image net  

requ i red  to generate  the c o n d i t i on  o f  zero f low across the  

ou te r  boundary in a 2 : 1  r e c t a n g l e .

3 .4 .1  Distance to Image Wel ls

The d is tance  to image w e l ls  o f  the l i n e  c o in c id in g  

with  the x - a x i s  i s  c a lc u la t e d  by simply using the se t  o f
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a) REAL SYSTEM

A

w ,

b) IMAGE SYSTEM
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FIGURE 3 .6 Rectangular  dra inage system 
showing wel l  and pa r t  o f  the  
i n f i n i t e  image ne t .
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equat ion 3 .1 5 .  As to the d is tance  to images of  the l i n e  on 

the y - a x i s ,  the fo l l o w i n g  equat ions are used:

"ye = 2 m"y

ryo = 2(m -  l )Wy + 2ay ( 3 . 2 8 )

"yop ° ■ l )Wy + 2 by

The d is tance  to image we l ls  on l in es  p a r a l l e l  to the 

x - a x is  (not  in c l ud in g  images on the y - a x i s )  are given by 

th ree  sets o f  equa t ions.

(1 )  m is  even,  i . e . ,  m = 2j , where j  = 1 , 2 , 3 , " " '

"Ee = ' "ye  '

"Eo = ' " y e  + ' 3  29)

rp = ( r^  + r^Eop ' ye xop'

( 2 ) m is odd on the p o s i t i v e  side o f  the y - a x i s ,  

i . e . ,  m = 2 j  -  1 .

"Oe = ' "yo  +

"Oo " ' "yo  + " « ) “ • '  '3  30)

"OOP = ' " yo  + " L p ) ” - '

(3 )  m is  odd on the nega t ive  side of  the y - a x i s ,  

m = 2 j  - 1 .

"OPe = ' "yop + " L ) “ - '

"OPo " ' "yop + " x o ) ° ' ^  ' 3 - 3 1 )

"OPop ~ ' "yop ^ "xop)
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To obta in d imension!ess d i s t an ce s ,  Eqs. 3 . 2 9 ,  3.30

and 3.31 can be d iv ided  by the drainage area A = x W^, or:

= 2 [mZWy2 +

''dEo “ ZbnZWyZ + ( (n - l )W j ,  + ( 3 . 3 2 )

•'DEop ° + ( (n - l ) Wj ,  + b J ^ ] “ '®/A

•"ooe ° 2[((m-l)Wy + + n^W^^]°'®/A

Cdoo ” 2 [ ( ( m - l ) W y  + ay)2  + ( (n-Dw^^ + a ^ ) ^ ] “ '^ /A ( 3 . 3 3 )

'•dOop '  2 [ ( ( m - 1 )Wy + Ay)^ + ( ( n - l ) W ^  + bj^)2]<>-5/A

I-Dope = 2 [ ( ( m - l ) W y  + by ) 2  + n^W^^]° ’ 5/A

' 'doPo = 2 [ ( ( m - l ) W y  + by)2 + ( ( n -1  )W^ + aj^)^]“ -®/A (3 .3 3a )

rpOPop = 2 [ ( ( r a - 1 )Wy + b^ ) 2  + ( (n-1 )W^ +

The two sets o f  equat ions 3 .15  and 3 .28  are also  

made dimension!ess by making them m u l t i p l e s  o f  the drainage  

area as fo l lows:

roxe = 2 tiW^/A

*̂ 0 x0  ̂ 2 [ { n - l ) W ^  + a^ ] /A  ( 3 . 3 4 )

roxop '  2 [ ( n - l ) W ^  + b^] /A

'"Dye = 2mWy/A

Ppyo “ 2[ (m-1)Wy + a y ] / A  ( 3 . 3 5 )

'"Dyop = 2[(m-1)Wj,  + b^] /A
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F i n a l l y ,  dimensionless lo ca t i on s  are d e f in e d ,  as shown 

in F i g .  6.1 ( r e c t a n g l e )  and F ig .  6 .2  (square)  by the f o l l o w 

ing equat ions:

( 3 . 3 6 )

( 3 . 3 7 )

3 . 4 . 2  Dimensionless Time

The wel 1 bore radius ( r ^ )  in Eq. 2 .4  can be replaced by sev

e ra l  parameters of  i n t e r e s t ,  such as b , b , b b and the square
X y  X y

root  o f  the  drainage area ( A ) , to de f ine  new dimensionless t imes .

2 ,
t  -  k t  _ .  
^DA " (j)pcA " ‘'D

w
A

kt
'Db. (j)yCb,

A

( 3 . 3 8 )

( 3 . 3 9 )

kt
'Db. (jjycb 2 " *DA ( 3 . 4 0 )

-  k t  = f
'Dbb * ;cbyb ‘'DA X y bxby'

( 3 . 4 1 )

where A = W x W .
X y

3 . 4 . 3  Pressure Behavior  at  a Point

The dimensionless pressure drop fu n c t io n  a t  any po in t  

l o c a t i o n  ins ide  a bounded r e c t a n g u la r  system i s :

Pd ^’̂ D’ ^DA  ̂ PdR^’̂ DR’ ^DA^ %n = l Pd I^'^DI ’ ^DA^ ( 3 . 4 2 )

where: Ppj  ̂ = dimensionless pressure a t  the rea l  wel l

Ppj = dimensionless pressure a t  the image we l ls

r^p = dimensionless radius o f  the re a l  w e l l ,  r / / A
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Tpj = dimensionless d is tance  o f  the image w e l l s ,  

r j / Z Â

S u b s t i t u t i n g  the f i v e  sets o f  equat ions 3 . 3 2 ,  3 . 3 3 ,  3 . 3 4 ,  

3.35  and 3 .36  in t o  Eq. 3 . 4 2 ,  y i e l d s ;

Po(rD' tDA)  = -  I  E i [ - r D R /4 t D A ]  " I n = 2 k

" I  % n = 2 k - l ( E i [ - r D x o / 4 t D A ]   ̂ ^

-  ï = 2 j  E i [ - f D y e / 4 t D A ]

-  i  Z : = 2 j _ l { E i [ . r g ^ y 4 t , , ]  + E i [ - r 2 y , p / 4 t o A ] >

^  %m=2 j f%n=2 k *^"'^DEe^^^DA^

%n = 2 k - l  fE iC - r D E o / r tQ ^ ]  +  ̂^

■ I  %m=2 j - l ( % n = 2 k • "̂’"oOe^^^DA^ 

%n=2k- l {ET [ - rD0o /4 tQA]  + t - ’̂ oOop^^^DA^  ̂^

■ I  %m=2 j - l ( % n  = 2 k •̂ “ ’"oOPe^^^DA^

%n=2 k - l  ( E i [ - r D 0 p o / 4 tQA] + t"'^DOPop^^^DA^  ̂^

( 3 . 4 3 )

A s i m i l a r  express ion f o r  p^ can be obta ined by r e p la c in g  the  

exponent ia l  i n t e g r a l  "Ei"  symbol by the exponent ia l  fu n c t io n  

"exp" symbol,  and m u l t i p l y i n g  the whole r i g h t - h a n d - s i d e  pa r t  

of  Eq. 3 .43  by the r a t i o  ( - V t ^ ^ ) .
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In summary, t h i s  discussion has o u t l in e d  the use 

of  the p r i n c i p l e  o f  superpos i t ion  to generate  the pressure  

behavior  due to a s in g le  wel l  producing a t  a constant  r a t e  

in presence of  m u l t i p i  e - s e a l i n g - f a u l t  systems and r e c t a n g u la r  

r e s e r v o i r s .  However,  un l i k e  the general  approach to these  

systems which consis ted  o f  using h i gh ly  i d e a l i z e d  models in 

the l a b o r a t o r y ,  t h i s  study is based on an ac tua l  f i e l d  case 

which i s  discussed next .

3 .5  F i e l d  Case: The Hassi Touareg A n t i c l i n o r i u m ,  A l g e r i a

The Hassi Touareg A n t i c l i n o r i u m  is located  in the  

ce n t r a l  p a r t  o f  the Mesozoic Basin of  the Eastern A lg e r ia n  

Sahara ( F i g .  3 . 7 ) .  I t  i s  c h a r a c t e r i z e d  by i t s  r a t h e r  complex 

s t r u c t u r e  which was caused by the occurence o f  an orogenic  

phase ( c a l l e d  Aus t r i an  phase) .  The p roduc t ive  l e v e l s  are  

located  under the s a l t  cover o f  the Upper T r i a s .  The South

ern sec t ion  o f  t h i s  A n t i c l i n o r i u m  extends in t o  the s o - c a l l e d  

Gassi Tou i l  o i l  Province ,  wh i le  the Rhourde el  Baguel o i l 

f i e l d  in the North seems to e n t e r  another  o i l  p rov ince ,  the  

Hassi Messaoud one. The h i s t o r y  and geo log ica l  aspect  of

the Hassi Touareg A n t i c l i n o r i u m  are discussed in d e t a i l  by
39C l a r e t  and Tempere.

F igure 3 . 8  shows the s ix  main s t r u c t u r a l  u n i ts  o f  

the o r i e n t a l  basin o f  the A lg e r i a n  Sahara:  ( 1 )  Haut-Fond

d 'E l  Biod ( A ) ,  (2 )  Dorsale d 'E l  Agreb and Messaoud ( A l ) ,

(3 )  Hassi Touareg A n t i c l i n o r i u m  (A2 ) ,  ( 4 )  Oued Mya ( B l ) ,

(5 )  O r ie n ta l  Erg (B 2 ) ,  and ( 6 ) S i l l o n  de Dorbane ( S ) .  F igure  

3 .9  presents the s t r u c t u r a l  map of  the Hassi Touareg
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FIGURE 3 .7 :  Locat ion o f  the Hassi Touareg
A n t i c l i n o r i u m ,  A l g e r i a .
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FIGURE 3 .8 :  S t r u c t u r a l  Uni ts  o f  the O r i e n t a l  Basin
of  the A l ge r ia n  Sahara.



60

tllTICllUORIUIil O'H&SSI TOUAREG
0 10 20 3,0 km

A k rI

s s s f  \

• l a l

OArl

X

%.YI «4/53

•Tou 1
/o H C W

#
/  \  37 \*MUOI

*2
•  AIN130

oRCI

FIGURE 3 .9 :  S t r u c t u r a l  map showing the eroded sur face
of  the Hassi Touareg A n t i c l i n o r i u m .
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A n t i c l i n o r i u m , and the two l i n e s  L and T along which the  

cros s -s ec t ion s  o f  Figures 3 . 1 0 ,  3 . 1 1 ,  3 .12  and 3 .13  were 

drawn from a combinat ion of  geophys ica l ,  geo log ica l  and 

d r i l l i n g  da ta .  Figures 3 .10  and 3.11 are t r a n s v e rs a l  c ross -  

sect ions  along l i n e  T showing,  r e s p e c t i v e l y ,  the l i t h o l o g y  

and the lo c a t i o n  o f  petroleum r e s e r v o i r s .  F igures 3 .12  and 

3 .13  are l o n g i t u d i n a l  c r o s s -s e c t io n s  along l i n e  L. These 

c r os s -s ec t ion s  show the ex is te nc e  of  fo ur  s e a l in g  f a u l t s  

p a r a l l e l  to l i n e  L and two s e a l i n g  f a u l t s  p a r a l l e l  to l i n e  

T,  as shown in F i g .  3 . 1 4 .

Thus the Hassi Touareg o i l  province i s  a c t u a l l y  com

posed of  th ree  closed r e c t a n g u l a r  r e s e r v o i r s ,  e i g h t  systems 

of  th re e  pe rp en d ic u la r  f a u l t s  and four  systems o f  two p e r 

pe nd icu la r  f a u l t s .  A comprehensive and economical  planning  

of  wel l  l o c a t i o n  in such systems is  p r a c t i c a l l y  impossible  

wi th  the p r e s e n t ly  used pressure bui ldup and drawdown t e c h 

niques f o r  f a u l t  d i s tance  c a l c u l a t i o n s .  The type -c urv e  

matching technique presented in t h i s  study is s t r o n g l y  recom

mended f o r  such m u l t i p i  e-boundary s i t u a t i o n s .  This t e c h 

nique i s  discussed in d e t a i l  in the f o l lo w i n g  chapte rs .
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FIGURE 3 .1 0 :  Transversal  c r o s s -s e c t io n  showing the
l i t h o l o g y  o f  the Hassi Touareg A n t i c l i n o r i u m .
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FIGURE 3 ,11 ;  Transversal  c r os s - s ec t i on  showing the
lo c a t i o n  of  petroleum r e s e rv o i r s  in the 
Hassi Touareg A n t i c l i n o r i u m .
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FIGURE 3 .12 :  Long i tud ina l  c r o s s - s ec t i on  showing the
l i t h o l o g y  of  the Hassi Touareg A n t i -  
c l i n o r i  um.
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FIGURE 3 .13: Long i tud ina l  c ro s s - s ec t i on  showing the  
l o c a t i o n  of  the petroleum r e s e r v o i r s  in 
the Hassi Touareg A n t i c l i n o r i u m
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FIGURE 3 . 1 4 :  Plane view o f  the i n t e r n a l  s t r u c t u r e
o f  the Hassi Touareg A n t i c l i n o r i u m ,  
A l g e r i a .



C H A P T E R  IV

WELL BETWEEN TWO PERPENDICULAR SEALING FAULTS

T ra n s ie n t  behav ior  equat ions f o r  w e l l s  located  near  

l i n e a r  d i s c o n t i n u i t i e s  have been descr ibed in the l i t e r a t u r e .  

Horner^ presented a technique based on the method o f  images 

to analyze the t r a n s i e n t  data o f  a wel l  in  the v i c i n i t y  o f  

a s in g l e  f a u l t .  Van Pool len^^ u t i l i z e d  the method of  images 

to generate pressure drawdown curves f o r  a wel l  l ocated  near  

two i n t e r s e c t i n g  f a u l t s  in an otherwise  i n f i n i t e  system.

The present  d iscussion w i l l  be concerned w i th  the 

genera t ion  o f  type curve p l o ts  f o r  a s i n g le  wel l  producing  

a t  constant  r a t e  and loca te d  between two no - f low  boundaries  

i n t e r s e c t i n g  a t  a r i g h t  angle .  The cont inuous l i n e  source 

s o lu t io n  to the d i f f u s i v i t y  equat ion and the f i r s t  d e r i v a 

t i v e  o f  the dimensionless we l l  pressure w i t h  respect  to 

t ime are s y s t e m a t i c a l l y  employed to develop pressure draw

down and bui ldup typ e - cu rv e  p l o t s .

4.1 Pressure Drawdown Ana lys is

I t  i s  a p p r o p r i a t e ,  f i r s t ,  to discuss the simple case
? fi

o f  a wel l  near a s i n g le  se a l i n g  f a u l t .  T iab demonstrated  

t h a t  when a wel l  i s  a t  a d is ta n ce  "b^" from a no - f low  boundary,

67



68
as shown in F ig .  3 . 2 ,  the dimensionless wel l  pressure is  

given by:

where

Pdw ~ PdR^‘"dR*^DA^ Pd I^*"DI ’ ^DA^

kt
'DA <l>ycb,

(4.1)

( 4 . 2 )

r^p = dimensionless d istance  of  the rea l  w e l l ,  r^ /b^

DI = dimensionless d istance  of  the image w e l l ,  

2 b^/b^ = 2 .

With these t r a n s fo rm a t i o n s ,  Eq. 4.1 can be w r i t t e n  as:

2

Dw Ei (Tw/bx) '
4 t DA

+ Ei [ 1 1 -  +
DA,

( 4 . 3 )

A p l o t  of  Pjj^ versus tpŷ  i s  shown in the semilog graph of  

Fig.  4.1 f o r  th re e  values o f  r^^.  Independent ly  o f  r^^ ,  we 

observe two i n t e r s e c t i n g  s t r a i g h t  l i n e s .  The f i r s t  l i n e  of  

slope 1 .1513 corresponds to the i n f i n i t e  r e s e r v o i r  behavior  

shown in F ig .  2 . 7 .  The second s t r a i g h t  l i n e  o f  slope 2.303  

(double the slope o f  the f i r s t  l i n e )  i n d ic a te s  the presence  

of  a no - f low boundary.  The two s t r a i g h t  l i n e s  i n t e r s e c t  at  

of  1.781 which is the exponent ia l  o f  E u l e r ' s  constant .  

This observa t ion  provides a way to determine the d istance  

b^ to the boundary from Eq. 4 . 2 .

The t ime r a t e  of  change of  dimensionless we l l  p res 

sure in presence of  a no - f low  boundary i s ,  o f  course,  ob

ta ine d  by d i r e c t  d i f f e r e n t i a t i o n  o f  Eq. 4 . 3  wi th  respect  to



'"Dot

12

10

8

DR6

4

10

to

‘•DA

FIGURE 4.1 Dimensionless pressure vs d imensionless t ime f o r  
a w e l l  near  a l i n e a r  s e a l i n g  f a u l t .
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'DA

Pdw =
<’'w/Px>

2 i

4 t DA
+ exp r 1 1

-  t
da

(4.4)

A ty pe - curve  of  versus on a lo g - lo g  graph is  shown 

in F ig.  4 . 2 .  We observe t h a t  the i n i t i a l  and f i n a l  port ions  

of  the curve are s t r a i g h t  l i n e s  of  same slope - 1 .  I f  a type  

curve data p l o t ,  i . e . ,  ap /a t  vs.  t ,  is  placed over the master  

type curve of  F ig.  4 .2  such t h a t  the best  match i s  ob ta ined ,  

then any convenient  match po int  can be used to determine the 

dis tance  to the f a u l t  as fo l l o w s :

0 .5
( t / t o A )M

0.000264 k
(|)yC

( 4 . 5 )

where ( t ) ^  and ( t ^ ^ ) ^  are the abscissa o f  the match point  

on the data p l o t  and the master  curve,  r e s p e c t i v e l y .  This  

match po in t  can a lso be used to c a l c u l a t e  the kh product  

from Eq. 2 .39  and the (|)C product  from Eq. 2 .40  wi th  r^ r e 

placed by b^.

This b r i e f  discussion on the pressure behav ior  of  

a we l l  near  a s in g le  f a u l t  has pointed to the usefulness of  

Pp^ in d e te c t i n g  sea l ing  f a u l t s  in  an otherwise  i n f i n i t e  

r e s e r v o i r .  This technique w i l l  be appl ied  in the f o l lo w in g  

sect ions  to  analyze the behav ior  o f  dimensionless pressure  

and i t s  f i r s t  t ime d e r i v a t i v e  o f  a wel l  near two perpendicu

l a r  se a l i ng  f a u l t s ,  or no - f low  boundar ies.

4 . 1 . 1  Behavior  o f  Dimensionless Flowing Well Pressure

The dimensionless pressure behavior  o f  a wel l  between 

two sea l in g  f a u l t s  i n t e r s e c t i n g  a t  a r i g h t  angle i s  given
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FIGURE 4 .2 Time r a t e  o f  change o f  d imensionless  
pressure vs dimensionless t ime f o r  a 
wel l  near a se a l i ng  f a u l t .



72
by Eq. 3 . 1 3 a ,  where the d is tance  r  i s  replaced by the w e l l -  

bore radius r^ in the dimensionless radius r^j^. Figure 4 . 3  

presents a semilog p l o t  o f  Pp^ versus tp^ f o r  the f i v e  wel l  

l o ca t i on s  shown in F ig .  4 . 4 .  Computed values o f  Pg^ and i t s  

d e r i v a t i v e s  f o r  y^ = 1,  1 / 2 ,  1 /4  and 1 /8  are r e s p e c t i v e l y  

presented in Tables 1 -4 .  For each y^ we observe a common 

s t r a i g h t  l i n e  o f  slope 1.151 at  e a r l y  t ime re present ing  

i n f i n i t e  media w i thout  the e f f e c t s  o f  boundar ies .  The slope  

of  t h i s  l i n e  can be used to determine the kh product  and skin  

s from Eq. 2 .35  and Eq. 2 .36  r e s p e c t i v e l y .

F igure  4 . 3  i n d ic a te s  t h a t  a second s t r a i g h t  l i n e  o f  

slope twice  t h a t  o f  the f i r s t  one i s  observed f o r  yg <_ 1 / 1 6 ,  

corresponding to the e f f e c t  o f  the c lo se s t  no - f low  boundary.  

For values o f  y^ >_ 1 / 1 6 ,  i . e . ,  b^ _> b ^ /1 6 ,  t h i s  second 

s t r a i g h t  l i n e  vanishes.  However,  a t h i r d  s t r a i g h t  l i n e  o f  

slope 4 .6  (= 4 X 1 .1513)  i s  observed f o r  a l l  y^.  I t  is  

e v i d e n t ,  t h e r e f o r e ,  t h a t  graphs o f  the type shown in F ig .

4 . 3  are useful  only in cases where the we l l  i s  very close  

to the boundar ies .  In the f o l lo w i n g  s e c t i o n ,  we show t h a t  

Pgw o f f e r s  a much b e t t e r  method to de te c t  and l o c a te  both 

boundar ies .

4 . 1 . 2  Behavior  o f  Pp̂ j

The t ime r a t e  o f  change o f  dimensionless pressure  

f o r  a wel l  l ocated between two no - f low  boundar ies ,  or s e a l 

ing f a u l t s ,  i n t e r s e c t i n g  a t  a r i g h t  angle i s  given by the  

sum of  pressure c o n t r ib u t i o n s  due to the r ea l  wel l  and the  

t h r ee  image we l ls  as in d ic a te d  by Eq. 3 . 1 4 a ,  where the
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distance  r is replaced by the we l l  bore radius r^ in r^p.

A type curve o f  P|J  ̂ versus t ŷ  ̂ on a lo g - l o g  graph is p r e 

sented in Fig.  4 .5  f o r  var ious wel l  l oc a t io ns  between the  

two boundar ies.  This graph shows the ex is tence  of  th ree  

p a r a l l e l  s t r a i g h t  l i n e  por t ions  o f  slope -1 :  (1 )  The f i r s t

s t r a i g h t  l i n e  a t  e a r l y  t ime represents i n f i n i t e  r e s e r v o i r

behavior  w i thout  the e f f e c t  o f  f a u l t s .  (2 )  The second

s t r a i g h t  l i n e ,  corresponding to the e f f e c t  o f  the c l os es t  

f a u l t ,  vanishes f o r  values of  y^ >_ 1 /8 .  However, i t  i s  not

necessary to have a second s t r a i g h t  l i n e  since the type

curve data p l o t  must appear l i k e  the corresponding master  

type curve f o r  a l l  t imes.  (3 )  The t h i r d  s t r a i g h t  l i n e  

(which s t a r t s  a t  t^^ = 2 0 ) is  common to the fa m i l y  o f  curves.

I t  i n d i ca te s  the ex is tence  of  the second f a u l t .

When a wel l  is located on the b i s e c t o r  between the  

i n t e r s e c t i n g  f a u l t s ,  i . e . ,  b^ = b^ or y^ = 1 , the e f f e c t  

of  both f a u l t s  i s  f e l t  a t  the same t ime .  This causes the  

f i r s t  s t r a i g h t  l i n e  to extend up to a t̂ y  ̂ o f  0 . 2 , and, as 

expected,  the second l i n e  is not  observed.  As a r e s u l t ,  

from comparison of  F ig .  4 . 5  f o r  y^ = 1 or 1 /2  wi th F ig .  4 . 2 ,  

i t  appears t h a t  there  i s  no way o f  t e l l i n g  whether we are  

in the presence o f  a s in g le  f a u l t  or two f a u l t s ,  since f o r  

these values o f  y ^ , F ig .  4 . 5  shows no second s t r a i g h t  l i n e .  

However, i t  is  ev iden t  from t h i s  f i g u r e  t h a t  the t o t a l  s h i f t  

to the r i g h t  o f  the f i n a l  s t r a i g h t  l i n e  in the case of  two 

perpend icu la r  f a u l t s  i s  double the s h i f t  in the case o f  a

s in g le  f a u l t .  The s h i f t  o f  the second s t r a i g h t  l i n e  o f
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F ig .  4 .5  f o r  yp <_ 1 /8  i s ,  o f  course,  equal to the s h i f t  ob

ta i ned  in the presence of  a s in g l e  f a u l t .  This i s  the d i s - ,  

t in g u i s h i n g  fe a t u r e  o f  the behav ior  o f  the t ime r a t e  o f  change 

of  pressure o f  a wel l  near two s e a l in g  f a u l t s  i n t e r s e c t i n g  

a t  a r i g h t  angle .

The d is tance to both f a u l t s ,  b^ and b^, and severa l  

other  r e s e r v o i r  parameters such as the kh and (j)C products  

can be determined by type curve matching from F ig .  4 . 5 .  The 

fo l l o w i n g  approach can be used.

Drawdown Type-Curve Matching Procedure

1. P l o t  r a t e  o f  change o f  we l l  pressure data w i th  t ime  

Ap^^/At = p .̂p ( p s i / h r )  on the o r d i n a t e  vs t  (h r )  on the  

abscissa of  lo g - l o g  paper of  the same s i z e  as the o r i g i n a l  

master type curve,  o f  which a reduced copy is shown in F ig .  

4 . 5 .  (A f u l l  sca le  copy o f  the master  type curve i s  a v a i l 

ab le  from the author  on r e q u e s t . )  Note t h a t  Ap^.p/At can be 

simply obtained by using the convent iona l  tw o -p o in t  d e r i v a 

t i v e  approach.  The s i m p l i c i t y  of  t h i s  method as opposed to  

more complex ones,  such as the f i v e - p o i n t  d e r i v a t i v e  method,  

w i l l  a l low a p r a c t i c i n g  engineer  w i th ou t  a formal t r a i n i n g

in d i f f e r e n t i a l  a n a l y s i s  and computer a p p l i c a t i o n  to  use t h i s  

t ype -curve  techn ique.

2. Place the type curve data p l o t  o f  vs. t  over the  

master  type curve p l o t  o f  p^^ vs.  t ^ ^ ,  such th a t  correspond

ing axes are p a r a l l e l .

3. S l id e  the f i e l d  curve ,  keeping axes p a r a l l e l ,  u n t i l  

the best  match i s  obta ined wi th  one o f  the curves o f  the
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master  graph,  and read To get  a good match, i t  may

be necessary to approximate f o r  values of  y^ not included  

in the master  type curve.  In any case,  the f i r s t  po int  of  

the f i n a l  s t r a i g h t  l i n e  o f  the f i e l d  curve must be placed  

over the corresponding po in t  o f  the master curve.

4.  Pick any convenient  match po in t  and read the cor 

responding values of  f^om the master type

curve of  F i g .  4 . 5 ,  and and ( t ) ^  from the type curve

data p l o t .  These values are used to c a l c u l a t e  var ious r e s e r 

v o i r  parameters as fo l l o w s :

(a )  Distance to boundaries

0 .5
'DA'M

0.00264 \
*wc j l t / t o A ' l ( 4 . 6 )

and

by = by(yo)„ ( 4 . 7)

(b)  Flow ca pa c i t y  (or  kh -product )

kh = 141 .3  ■ l l ' B ( P ; ; „ / p ; f ) „ ( t p ^ / t ) „  ( 4 . 8 )

(c )  s torage ca p ac i t y :  the <j)C product  is  obtained

by ov er la y in g  the f i r s t  s t r a i g h t  l i n e  po r t io n  of  p l o t  of  

step 1 on F ig .  2 .5 :

<|)C = (qB/26 .856  hr^^)  ( p j J ^ / p ^ ^ 2. 5 ( 4 . 9 )

This curve matching approach w i l l  give a much more accurate  

value o f  the d is ta nc e  to boundaries and o ther  r e s e r v o i r  

parameters than p r e s e n t l y  used we l l  t e s t  an a ly s is  techn iques,  

as f i e l d  data curves must appear l i k e  the proper  a n a l y t i c  

so lu t i on  f o r  a l l  t imes .
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To spread out the curves f o r  var ious values of  y^ ,  

we use a dimensionless t ime based upon the d is tance  to the  

nearest  f a u l t ,  b^,  as de f ined in Eq. 3 . 1 1 ,  or in o i l f i e l d  

uni ts :

= 0•00.0264 , 0 )

A p l o t  o f  Pg^ versus tpj^ on a lo g - l o g  graph is  shown in 

Fig.  4 .6  f o r  var ious we l l  l o ca t i on s  between two perpendicu

l a r  sea l in g  f a u l t s .  The general  behav ior  in F ig .  4 .6  i s ,  

of  course,  the same as in F ig.  4 . 5  except  th a t  we have a 

d i s t i n c t  curve f o r  each wel l  l o c a t i o n .  Figure 4 .6  can be 

used to determine the dis tance  to the nearest  boundary and 

other  r e s e r v o i r  parameters using the type curve technique  

descr ibed above.

The d is tance  to the nearest  f a u l t  is  given by

0 .50.000264 k
(|>yc ( 4 . 1 1 )

and the d istance  to the o ther  f a u l t  i s  given by

The products kh and *c are r e s p e c t i v e l y  given by Eq. 4 . 8  

and 4 . 9  where tp^ is replaced by tp^ ( i n  Eq. 4 . 8 )  and b^ 

i s  replaced by b^ ( i n  Eq. 4 . 9 ) .

A dimensionless t ime based upon the product o f  d i s t 

ances b^ and b^, as def ined in Eq. 3 . 1 2 ,  can also be used to 

spread out the curves f o r  var ious wel l  l o c a t i o n s .  In o i l
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f i e l d  un i ts

A graph o f  versus tg^^ shown in F ig .  4 . 7  which ex 

h i b i t s  the same general  c h a r a c t e r  as F i gs .  4 .5  and 4 . 6 .  As 

b e fo r e ,  the type curve matching technique can be used to  

determine the product  b^b^ from the match p o i n t ,  or

Then, the d is tance to the nearest  boundary i s  given by

by = / ( b x b y ' t y o ' M  ( * - 1 5 )

F i n a l l y ,  i t  i s  ev id e n t  t h a t  a match p o in t  in F ig .  4 . 7  can be 

used to determine the  <|)C and kh products from Eqs. 4 . 8  and 

4 . 9  where t^^ and b^ are r e s p e c t i v e l y  rep laced by tg^^ and 

the square roo t  o f  b^b^.

4 . 1 . 3  Drawdown Type-Curve Match Example

Consider  a new producing o i l  we l l  located between 

the two pe rp en d ic u la r  f a u l t s  and Tg o f  the Hassi Toureg 

A n t i c l i n o r i u m  as shown in F ig .  3 .1 4 .  Assuming the r e s e r v o i r  

and we l l  data below,  determine the p e r m e a b i l i t y ,  the p o ro s i t y  

and the wel l  l o c a t i o n  wi th  respect  to the two f a u l t s .

q = 425 STB/D 

y = 0 .65  cp 

B = 1 .14  r e s . bbl /STB  

c = 7 .5  X 10"® psi"^
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h = 36 f t

r., = 0 .316 f t  w

The t ime r a t e  o f  change o f  f low ing  wel l  pressure  

(p ^ f )  f i e l d  data is p l o t t e d  aga i ns t  producing t ime on a 

l o g - l o g  graph paper ( F i g .  4 . 8 )  w i th  the same gr id  s ize  as 

the master  t ype -curve  of  F ig .  4 . 5 .  This f i e l d  data curve  

is then placed on F ig.  4 .5  as shown in F ig .  4 . 8 .  The r e 

s u l t i n g  match po in t  has the fo l l o w i n g  coord ina tes :

( t ) „  = 2 .796 ( p ^ f ) „  = 5 .356

The kh-product  can be determined from Eq. 4 .8 :

kh = ( 1 4 1 . 3 ) ( 4 2 5 ) ( 0 . 6 5 ) ( 1 . 1 4 ) ( 1 . 3 5 7 / 5 . 3 5 6 ) ( 1 / 2 . 7 9 6 )  

= 4032 md- f t

then

k = = 112  md

The f i e l d  data curve i s  then over layed on F ig .  2 .5  

according to step (c )  o f  the Drawdown Type-Curve Matching 

Procedure,  such t h a t

[(Pow  ̂ t o A ) / ( P w f   ̂ t ) ] M , F i g .  4 . 5

" [(POw  ̂ t o ) / ( P w f  X t ) ] ^  Fig 2 .5  " 141.3^qpB

Using the r e s e r v o i r  data we f i n d  t h a t

kh _ ( 1 1 2 ) ( 36)  _ _ J __
141.3  qyB ■ ( 1 4 1 . 3 ) ( 4 2 5 ) ( 0 . 6 5 ) ( 1 . 1 4 )  " 11 .04
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Note t h a t  the product  x t g ) p j g  g 5 always equal

to 0 .5  (see Eq. 2 . 1 4 ) .  Thus

(Pwf  ̂ t ) M , F i g .  2 .5  "  ̂ ^D^M.Fig.  2 .5

= ( 1 1 . 0 4 ) ( 0 . 5 )

= 5 .52

Hence, any po in t  on the f i r s t  s t r a i g h t  l i n e  (which c o r r e 

sponds to the i n f i n i t e  r e s e r v o i r  behav ior  w i thout  the e f 

f e c t s  o f  the boundar ies)  w i th  p^p x t  = 5 .52 i s  a match 

p o in t .  Thus a choice o f  ( t ^ ) ^  = 10^ from F i g .  2 . 5  y i e l d s  

(Ppw)|v| = 0 .5  X 10"*  and ( t ) ^  = 0 .02  from the f i e l d  data  

curve y i e l d s  (p^,^)^ = 2 .78  x 10^.

The (|)C-product can be c a l c u l a t e d  from Eq. 4 . 9 :

(|)C = ( 4 2 5 ) ( 1 . 1 4 )
( 2 6 . 8 5 6 ) ( 3 6 ) ( 0 . 3 1 6 ) '

0 .5  X 10 -4

2 .7 8  X 10'
= 0 .9026 X 10 - 6

(j> =_ 0 .9026 X 10 - 6
psi: - l

7 .5  X 10 - 6 =  0 . 1 2

F i n a l l y ,  F ig .  4 .8  shows t h a t  the match is  obta ined  

f o r  (y^)^  = 1 / 8 .  The d istance  to the f u r t h e s t  o f  the two 

f a u l t s  i s  determined from Eq. 4 . 6 .

0 .5( 0 . 0 0 0 2 6 4 ) ( 1 1 2 ) 2 .796
( 0 . 1 2 ) ( 0 . 6 5 ) ( 7 . 5  X 10' 1 = 376 f t

The d is tance to the c lo se s t  f a u l t  i s  c a l c u l a t e d  from Eq. 

4 . 7 .

by = ( 3 7 6 ) ( 1 / 8 )  = 47 f t
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We could j u s t  as wel l  have matched the type -curve

o f  F ig .  4 . 6 .  In t h a t  case,  we would have c a lc u la t e d

from Eq. 4 . 1 1 ,  then we would have used Eq. 4 .12  to c a l c u l a t e  

b^. We could also have matched F ig .  4 . 7 ,  in which case we 

would have determined the product  b^b^ from Eq. 4 . 1 4 ,  the  

d istance  b^ from Eq. 4 . 1 5 ,  and, o f  course ,  b^ from the r a t i o

In summary, t h i s  sect ion  has discussed the behavior  

of  Pp^ and f o r  a wel l  l ocated  between two se a l i ng  f a u l t s  

i n t e r s e c t i n g  a t  a r i g h t  angle in an otherwise  i n f i n i t e  r e s 

e r v o i r .  I t  i s  demonstrated t h a t  the type curve technique  

based on the r a te  o f  change of  d imensionless wel l  pressure  

provides unique so lu t io n s  f o r  l o c a t i n g  m u l t i p l e  sea l in g  

f a u l t s  and c a l c u l a t i n g  severa l  impor tant  r e s e r v o i r  parameters  

such as the kh and <j)C products.

4 .2  Pressure Bui ldup Ana lys is

The powerful  p r i n c i p l e  o f  s u p e r p o s i t i o n ,  which was 

used in the previous chapte r  to generate  boundary c o n d i t i o n s ,  

can also be used to develop i n t e r p r e t a t i v e  methods f o r  ana

l y z i n g  the behav ior  o f  s h u t - i n  we l l  p re ss ur e ,  p^^, dur ing  

bui ldup we l l  t e s t i n g .  Consider  a we l l  in  an i n f i n i t e l y  

l a r ge  r e s e r v o i r  which i s  produced a t  the r a t e  (+q)  f o r  a 

t ime per iod t .  At a t ime t ,  a second w e l l ,  located  in ex 

a c t l y  the same p o s i t io n  as the f i r s t  w e l l ,  i s  produced f o r  

a t ime per iod At a t  the r a t e  ( - q ) ,  thus making the net  pro

duct ion r a t e  due to both w e l l s  become ze ro .  T h e r e f o r e ,  the
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to ta l  pressure drop at some point in the reservoi r  is the 

sum of the pressure drop due to the f i r s t  well  producing for  

( t  + At) and the pressure drop caused by the second well 

producing only for  At,  or:

2 nkh ( P i - P g )  = { ( + q ) [ P Q ( r | 3 , ( t + A t ) p )  + s ] }

+ { ( - q ) [ P Q ( r Q , A t p )  + s ] }

or

2 wkh
qy

(Pi - Pg) = Pog = PD[r0 . ( t + A t ) p ]  + Pjj[rp,Atp] ( 4 . 1 6 )

The s h u t - i n  we l l  pressure a t  the w e l l ,  i . e . ,  r  = r^ and 

rp = 1 , i s  then given by the f o l l o w i n g  eq u a t io n ,  in o i l f i e l d  

un i ts  :

kh
141.3  qyB (Pi ■ Pws^ = “

1
4 ( t  + At) D

1
4At D-*

( 4 . 1 7 )

A s imp ler  and sh o r te r  form of  t h i s  equat ion is given by Eq. 

2 . 4 5 ,  which we w r i t e  again:

'Ds Pdw^^D

This approach to bui ldup a n a l y s i s ,  which is s i m i l a r
38to th a t  o f  Ramey and Cobb is  p r e f e r r e d  here over  the  

convent ional  one which g e n e r a l l y  cons is ts  o f  re p l a c i n g  dimen

s ion less  pressures w i th  a n a l y t i c a l  s o l u t i o n s ,  such as Eq. 

2 . 3 3 ,  which are sub jec t  to too many assumptions and ap pr ox i -  

mati  ons.
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4 .2 .1  Behavior  o f  Dimensionless Shu t - I n  Well Pressure (Ppg) 

The behavior  o f  the dimensionless s h u t - in  wel l  pres 

sure f o r  a wel l  between two perpend icu la r  no - f low boundar ies ,  

or sea l in g  f a u l t s ,  is  obtained from the fo l l o w i n g  equat ion:

PDs
Ei

+ Ei

4 ( t  + At) DA
+ Ei

( t  + At)oA

1
( t  + At) DA

+ Ei

Ei ( rw /bx )
2 i

4At DA

( t  + At)p^

+ Ei At DA

+ Ei ( y ^ ) ' i + Ei
[ ( b ^ b y ) / b 2 l

Â DA
( 4 . 1 8 )

This equat ion was used to generate computed bui ldup  

graphs o f  Horner and MDH type f o r  var ious values of  dimen

s ion less  producing t ime t^^ (be fo re  s h u t - i n ) .  Computed values  

of  Pjjg and i t s  d e r i v a t i v e s  f o r  (xQ,yg)  = ( 1 , 1 / 8 ) are p re 

sented in Tables 5 ,  6 , 7 and 8 f o r  t^^ = 0 . 0 1 ,  0 . 1 ,  1 and 10,  

re spec t i  v e l y .

4 . 2 . 1 . 1  Horner Method

This method c o n v e n t i o n a l l y  consis ts  o f  p l o t t i n g  

sh u t - in  wel l  pressure ,  p^^, versus the logar i thm of  the t ime  

r a t i o  ( t  + At ) /A t .  The Horner graph f o r  a wel l  l ocated  at  

(xQ,yQ) = ( 1 , 1 / 8 ) between two sea l ing  f a u l t s  i n t e r s e c t i n g  

at  a r i g h t  angle i s  presented in F ig.  4 . 9  f o r  t^^ = 0 . 1 ,  1,

10,  and 100.  As expected ,  a s t r a i g h t  l i n e  o f  slope 1.1513  

per log cyc le  is  observed f o r  each producing t ime a t  e a r l y  

s h u t - in  t im es ,  which corresponds to the i n f i n i t e  r e s e r v o i r
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behav io r .  The slope of  t h i s  l i n e  can be used to c a l c u l a t e  

the kh product  from Eq. 2 . 3 5 .  At long s h u t - i n  t imes and f o r  

producing t imes t^^ ^  1 , we observe a second s t r a i g h t  l i n e  

of  slope twice  th a t  o f  the f i r s t  l i n e ,  which is an i n d i c a 

t io n  o f  the e f f e c t  o f  the c l o s e s t  f a u l t .  The two l i n e s  i n 

t e r s e c t  a t  t ime r a t i o s  ( t  + At)/At of  6 x 10^,  6 x 10^ and
2

6 X 10 f o r  dimensionless producing t imes t^̂  ̂ o f  10 , 10 and 

1, r e s p e c t i v e l y .  These i n t e r s e c t i o n  points  can be used to 

c a l c u l a t e  the d istance to the nearest  boundary as demonstrated  

by Horner.®

When producing t imes (b e fo re  s h u t - i n )  are long,  i . e . ,
2

tg^ ^  10 , a t h i r d  s t r a i g h t  l i n e  o f  slope four  t imes t h a t  

of  the f i r s t  l i n e  can be ob ta i ned ,  i n d i c a t i n g  the presence  

of the second perpend icu la r  boundary.  This t h i r d  l i n e  i s ,  

however,  too shor t  ( l e ss  than a log cy c l e )  to be c o r r e c t l y  

used to lo ca t e  the second boundary.  I t  i s  ev iden t  from 

Fig.  4 .9  t h a t  t h i s  l i n e  requ i re s  ex ces s i v e l y  high long shut -  

in t imes ,  and t h e r e f o r e ,  in most cases,  i t  w i l l  not be 

observed.
2

When producing t imes are s h o r t ,  i . e . ,  1 <_ tg^ < 10 ,

the t h i r d  s t r a i g h t  l i n e  is not observed a t  a l l .  For t^^ _< 0.1

only the f i r s t  l i n e  o f  slope 1 .1513 i s  ob ta ined .

The Horner graph f o r  (Xg,yQ) = ( 1 ,  1 / 2 )  is  shown in

Fig.  4 . 1 0 .  Note th a t  in t h i s  case,  only the f i r s t  and t h i r d
2

s t r a i g h t  l i n e s  are shown f o r  t^y  ̂ = 10 , w h i l e  f o r  t^^ _< 10

only the f i r s t  one i s  observed.
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I t  i s  e v i d e n t ,  t h e r e f o r e ,  t h a t  f o r  a wel l  between 

two pe rp end icu la r  f a u l t s ,  the Horner method is  useful  in 

de te c t i n g  only one f a u l t  s ince the t h i r d  s t r a i g h t  l i n e  o f  

slope 4 .6  i s  obta ined only a t  i n f i n i t e  s h u t - i n  t ime (which,  

of  course,  impl ies  t h a t  t h i s  l i n e  can never be observed) .

4 . 2 . 1 . 2  M i l l e r ,  Dyes and Hutchinson Method

The MDH graph f o r  a wel l  a t  (xQ,yQ) = ( 1 ,  1 / 8 )  be

tween two p e rp en d ic u la r  se a l i ng  f a u l t s  is i l l u s t r a t e d  in  

Fig.  4.11 f o r  producing t imes from 0.1 to 100.  A s t r a i g h t  

l i n e  o f  slope 1 .1513 is obtained a t  e a r l y  t imes correspond

ing to i n f i n i t e  r e s e r v o i r  beha v io r .  The slope of  t h i s  l i n e

can be used to determine the f low ca pac i ty  o f  the w e l l ,  kh.

For long producing t imes ,  i . e . ,  t^^ >_ 100 and long s h u t - i n  

t imes we observe th ree  d i s t i n c t  s t r a i g h t  l i n e s  which can be 

used to es t imate  the d is tance to each f a u l t .  For t^^ = 10,  

only the f i r s t  and second s t r a i g h t  l i n e s  are shown, wh i le  f o r  

tpA < 1 0 , not even the second l i n e  is  ob ta ined .

Figure 4 .12  presents the MDH graph f o r  a we l l  l o 

cated a t  (xQ,yQ) = ( 1 , 1 / 2 ) between two pe rp en d ic u la r  f a u l t s .  

This f i g u r e  in d i c a t e s  th a t  i t  i s  poss ib le  to observe only  

the f i r s t  and t h i r d  l i n e s  when t^^ = 100. However,  when 

— TO only  the f i r s t  l i n e  i s  ob ta ined .

In conc lus ion ,  the MDH method also is not p r a c t i c a l  

in the presence of  m u l t i p l e  se a l i ng  f a u l t  systems.

Muskat i s  another  wel l -known method used to analyze
26

pressure bui ldup da ta .  However,  t h i s  author  showed t h a t  

the Muskat graph o f f e r s  no d i s t i n g u i s h i n g  f e a t u r e s  in the
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presence o f  s e m i - i n f i n i t e  systems, and t h e r e f o r e  w i l l  not  

be discussed here .

4 . 2 . 2  Behavior  o f  Pp,

The behav ior  of  the t ime r a t e  of  change of  dimension

less s h u t - i n  wel l  pressure f o r  a wel l  l ocated between two 

perp end icu la r  sea l ing  f a u l t s ,  or no - f low boundar ies ,  is  given  

by:

2
1

'Ds ■ 2 ( t  + At) DA
exp 4 ( t  + At) DA

+ exp 1
( t  + At) DA

+ exp ( V ’ x ) ' l + exp
[ ( b x + b v ) / b 2 l '

( t  + At)g^ ( t  + At)g^

2At DA
exp

2 i

4At DA
+ exp At DA

+ exp

2 i

At DA
exp

{b^ +
At DA

( 4 . 1 9 )

A lo g - l o g  graph o f  Ip^gl versus Atg^ f o r  seven d i f 

f e r e n t  values of  producing t ime is  shown in F ig .  4 .1 3  f o r  

(Xg,yg)  = ( 1 ,  1 / 8 ) .  Computed values of  p^^ are a lso  p r e 

sented in t a b u l a r  form in  Appendix F2. The behavior  o f  Pg^ 

in F ig .  4 .1 3  can be i n t e r p r e t e d  by consider ing  th ree  t ime  

domains :

(1 ) tg^ >_ 10^: I t  i s  ev ide n t  from F ig .  4 .1 3  t h a t ,

f o r  such producing t ime s ,  Pg^ y i e l d s  th ree  common p a r a l l e l  

s t r a i g h t  l i n e s  o f  slope - 1 .  This be hav io r ,  in view of  

Fig .  4 . 5 ,  i s  the d i s t i n g u i s h i n g  f e a tu r e  o f  a two perp end icu la r
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sea l in g  f a u l t s  system. Note t h a t  the dimensionless s h u t - in
2

t ime must be at  l e a s t  equal to 10 .

(2 )  10 _< tp^ < 10^: Figure 4 .1 3  i n d i c a t e s  th a t

f o r  t h i s  range o f  producing t imes and Atg^ = 1 , we only ob

t a i n  the f i r s t  two p a r a l l e l  s t r a i g h t  l i n e s .  This impl ies  

t h a t ,  under these t ime c o n d i t i o n s ,  on ly  the c l o s e s t  f a u l t  

w i l l  be de te c t ed .  However,  when the we l l  i s  c lo s e d - i n  f o r  

AtpA > 1 , Pq5 bends over the second s t r a i g h t  l i n e  before  i t  

becomes a s t r a i g h t  l i n e  o f  slope twice  t h a t  o f  the f i r s t  one.  

This upward bend suggests the ex is tence  o f  another  boundary,  

and the doubl ing o f  slope simply means t h a t  the wel l  was 

shut in longer  than i t  produced (see Sec. 2 . 4 . 3 . 1 ) .

( 3 )  tpA 1  1 : In t h i s  case,  the e f f e c t  o f  boundaries

is  not observed a t  a l l  f o r  At^^ £  0 . 0 1 .  However,  f o r

AtjjA > 0 . 0 1 , the curve bends upward then becomes a s t r a i g h t  

l i n e  o f  slope - 2 .

F igure 4 .14  i s  another  p l o t  o f  Pg^ versus Atg^ on 

a lo g - lo g  graph f o r  (Xg,yQ) = ( 1 ,  1 / 2 ) .  Note th a t  only the 

f i r s t  and t h i r d  p a r a l l e l  s t r a i g h t  l i n e s  are obta ined f o r  

tpA 1  10^. Three more p lo ts  f o r  (xQ,yQ) = ( 1 , 1 ) ,  ( 1 ,  1 / 4 ) ,  

and (1 ,  1 /1 6 )  are inc luded in Appendix I .

T h e r e f o r e ,  a l o g - l o g  p l o t  o f  Pp^ vs.  Atp^ f o r  a wel l  

l ocated  between two p e rp en d ic u la r  f a u l t s  can be c o r r e c t l y

used only when the wel l  was produced f o r  a long t i m e;  so old

we l l s  are e x c e l l e n t  ca nd id a t es .  Under t h i s  c o n d i t i o n ,  r e s e r 

v o i r  parameters such as the kh and 4>c p roduc ts ,  and the d i s t 

ance to both boundar ies can be est imated by the type curve

matching te chn ique ,  according to the f o l l o w i n g  procedure.
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(Xd -Yq)  = ( 1, 1/ 2 )

to 1 0  r

I 11 mil 1-4 I mill----1—i-i-i.iiiil---1 I 11 mil ' ■ ■ ■■■'■! ■ ■ ■
10 10 10 10 "

a T DA

FIGURE 4 .1 4 :  Type-curve p l o t  of  Pĵ  ̂ vs f o r  a
wel l  located at  (Xp.y^)  = ( 1 , 1 / 2 ) between 

two pe rpend icu la r  sea l in g  f a u l t s .
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Buildup Type Curve Matching Procedure

1. P lo t  the actua l  t ime r a t e  o f  change of  s h u t - in  we l l  

pressure data p^^ = Ap^g/A(At )  aga ins t  rea l  s h u t - in  t ime  

(h r )  on lo g - l o g  t r a c i n g  paper o f  the same s ize  cycle  as the  

master type curve (F i g .  4 . 1 3 ) .

2.  The type curve data p l o t  i s  placed over the c o r r e 

sponding master type curve,  the coordinate  axes o f  the two 

curves being kept p a r a l l e l  and s h i f t e d  to a p o s i t i on  which 

represents the best  f i t  o f  the data to the master curve.

More than one of  the type curves presented in t h i s  chapter  

and Appendix F may have to be t r i e d  to obta in  a best  f i t  o f  

a l l  da ta .  This number o f  t r i a l s ,  however,  can be reduced 

by observing the fo l l o w i n g  d i s t i n g u i s h i n g  f e a t u r e s .

(a )  When a l l  th ree  p a r a l l e l  s t r a i g h t  l i n e s  are ob

ta i ned  (F i g .  4 . 1 3 ) ,  i t  impl ies  th a t  the wel l  must be located  

much c lo se r  to one of  the boundaries than the o t h e r ,  thus

Vq 1  1 / 8 .  F u r t h e r ,  i f  the second s t r a i g h t  l i n e  i s  one log

cycle  long (o r  more) ,  then y^ _< 1 /16 ( F i g .  F3) .

(b)  When only the f i r s t  and t h i r d  s t r a i g h t  l i n e s  

are ob ta ined ,  i t  is an i n d i c a t i o n  th a t  the wel l  is  f a r  from

both f a u l t s .  I f  the t r a n s i t i o n  l i n e  shows a shor t  f l a t t e n 

ing as in F ig .  F2, the 1 /4  £  y^ < 1 / 2 .  When the e f f e c t  o f  

both boundaries i s  f e l t  a t  the same t im e ,  i . e . ,  the wel l  is  

a t  equal d is tances to the boundar ies ,  the f i r s t  s t r a i g h t  

l i n e  corresponding to the i n f i n i t e  r e s e r v o i r  behavior  is  

unusual ly  long,  as shown in F ig .  FI f o r  y^ = 1.
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I f  none of  the type curves presented here w i l l  r e a 

sonably f i t  a l l  the da ta ,  i t  i s  recommended to use Eq. 4 .18  

to generate type curves w i t h i n  the range of  the suspected 

value of  yp.  A complete set  o f  type curves ( f u l l  s c a l e ) ,  

i n c lu d i ng  those f o r  values of  y^ not presented here ,  is  

a v a i l a b l e  from the author  on request .

3. Once the best  match is obtained wi th one of  the  

type curves,  pick any convenient  match p o i n t ,  and read the  

corresponding values of  (Ppg^M the master

type curve and (p^^)^ and ( t ) ^  from the type curve data  

p l o t .  These values can then be used to determine the f o l 

lowing r e s e r v o i r  parameters.

(a )  Flow Capaci ty;

kh = 141.3  qwB(p^g/p^g)M(AtQA/At)M ( 4 . 2 0 )

(b)  Storage Capaci ty:  the (j)C product  is obtained

by over lay ing  the f i r s t  s t r a i g h t  l i n e  p o r t io n  o f  the p l o t  

obtained in step 1 over F ig .  2 . 7 .

♦c = (qB /26 .856  r / h  ) ( P^s/P '  ̂) „ . F i g  . 2 .7

G e n e r a l l y ,  values o f  p o ro s i t y  and rock c o m p r e s s i b i l i t y  

est imated from la b o r a to r y  te s t s  (core analyses or logging  

t echniques)  are d i r e c t l y  used in pressure equat ions f o r  the  

e n t i r e  l i f e  of  the r e s e r v o i r .  Even though we know t h a t ,  on 

one hand, the e f f e c t i v e  values of  these two fa c t o r s  in the  

r e s e r v o i r  are d i f f e r e n t  from the measured va lues ,  and, on 

the other  hand, both fa c t o r s  are n o n l i n e a r .  The change in
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FIGURE 4 . 1 5 :  Bui ldup ty pe -curve  match example,
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pore volume and rock c o m p r e s s i b i l i t y  i s  important  in r e s e r 

vo i r s  or a q u i f e r s  which conta in  f l u i d  c o m p r e s s i b i l i t i e s  in 

the range of  3 to 25 x 10"® p s i " ^ ,  as in o i l  r e s e r v o i r s  

above the bubble p o i n t .  Even though the rock compress ib i 

l i t i e s  are small  f i g u r e s ,  t h e i r  e f f e c t ,  combined wi th th a t  

of  p o r o s i t y ,  may be cons iderable  on c a l c u l a t i o n s  to p r e d ic t  

reserves in  p lace .  Hence, the i n - s i  tu measurements of  the  

product  o f  these two parameters using the technique presented  

here ,  whether  based on drawdown ( l a s t  s e c t i o n )  or  bui ldup  

wel l  t e s t i n g ,  w i l l  be very useful  in p r e d i c t i n g  c o r r e c t l y  

the reserves in p lace .

(c )  Distance to boundaries

fo .000264 k’
(j)yC ( 4 . 2 2 )

t>w = bv(yn)D'M

4 . 2 . 3  Bui ldup T.vpe-Curve Match Example

The fo l l o w i n g  data was assumed to be taken on a shut-  

in o i l  we l l  l ocated between the two p e rp en d ic u la r  sea l ing  

f a u l t s  T-j and (ou ts ide  angle )  o f  the Hassi Touareg f i e l d  

( F i g .  3 . 1 4 )  a f t e r  i t  had produced 145,550 bbls a t  an average  

r a t e  o f  355 STB/D. Determine the p e r m e a b i l i t y ,  the poro s i t y  

and the d is tances to f a u l t s  T  ̂ and .

q = 355 STB/D 

Np = 145,550 bbls  

h = 18 f t

B = 1 .084 re s . b b l /S T B
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y = 0 .42  cp 

c = 3 .4  X 10"® psi"^

r ,  = 0 .30  f tw
The t ime ra te  of  change o f  s h u t - in  wel l  pressure  

(p^g) f i e l d  data i s  shown in F ig .  4 . 1 5 .  The f i e l d  data  

curve was placed on the master t ype -curve  of  F ig .  4 .13  ac 

cording to the Bui ldup Type Curve Matching Procedure.  The 

r e s u l t i n g  match po int  has the fo l l o w i n g  da ta :

(A^DA^M  ̂  ̂ (Pos^M  ̂ ^ '3®®

(A t ) ^  = 3 .538 hrs (Pws^M  ̂ 7 .836 p s i / h r

The kh-product  can be c a lc u la t e d  from Eq. 4 .20 :

kh = ( 1 4 1 . 3 ) ( 3 5 5 ) ( O . 4 2 ) ( l . O 8 4 ) | ÿ ÿ 0 ^ j  [ 3 : ^ 38] "  1 ^ 6  m d - f t

then

k = = 62 md

Now, place the f i r s t  s t r a i g h t  l i n e  por t ion  of  the f i e l d  

data curve on the s t r a i g h t  l i n e  por t ion  of  slope -1 

(Atjj  << tp )  o f  F ig .  2 .8  according to step 3 . b o f  the B u i l d 

up Type Curve Matching Procedure such t h a t  the fo l l o w i n g  

r e l a t i o n s h i p  holds:

(Pos  ̂ ^^DA^Pws  ̂ ^^^M,Fig.  4 .13

k h
" (pQs  ̂ A^o/Pws  ̂ ^^^M,Fig.  2 .8  " 141.3  qyB

Using the r e s e r v o i r  data we obta in

kh _ ( 6 2 ) ( 1 8 )  _ 1
141.3 qyB " ( 1 4 1 . 3 ) ( 3 5 5 ) ( 0 . 4 2 ) ( 1 . 0 8 4 )  " 20 .46
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The e f f e c t i v e  product ion l i f e  o f  the wel l  is  given by:

t  = 9 ,840  hrs

Thus t  >> At ( i n  t h i s  case At = 96 h r s ) ,  which in d ic a t es

t h a t  we are in the t ime domain tg >> Atg of  F ig .  2 . 8 .  Under

t h i s  c o n d i t i o n ,  we know t h a t  the product Pg^ x Atg is equal

to 0 .5  (see Eq. 4 o f  Appendix D) .  Hence

(Pws  ̂ ^^^M,Fig.  2 . 8  "  ̂ ^^D^M,Fig.  2 . 8

= ( 2 0 . 4 6 ) ( 0 . 5 )

= 10.23

Any po int  on the f i r s t  s t r a i g h t  l i n e  o f  the f i e l d  data curve  

with p^g X At = 10 .23  is  t h e r e f o r e  a match p o i n t .  Thus a 

choice o f  (Atg )^  = 10^ from F ig .  2 . 8  y i e l d s  (Pnc)w ” 0 . 5 x 1 0 " ^Ds'M
,-3and (At)^i = 1 .18  x 1 0 '  from the f i e l d  data curve y i e l d s

O
(p^s^M “ 8 .67  X 10 . The *c -p ro duc t  is  then determined  

from Eq. 4.21 :

(j)C =

then

( 3 5 5 ) ( 1 . 0 8 4 ) fO.5 X 10"^1
( 2 6 , 8 5 6 ) ( 0 . 3 ) 2 ( 1 8 ) 8 .67  X lO^,

= 0.51 X 10"® ps i ' ^

<j> =
0.51 X 10 - 6

, -6 = 0 .15
3 . 4  X 10

The d is tance to  the f u r t h e s t  o f  the two f a u l t s  can 

be ca lc u la te d  from Eq. 4 .2 2 .

0 .5
®x =

( 0 .0 0 0 2 6 4 ) ( 6 2 )
( 0 . 1 5 ) ( 0 . 4 2 ) ( 3 . 4  X 10"®)

3 .538
1 = 512 f t
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F i n a l l y ,  F ig .  4 .1 5  i n d ic a te s  t h a t  the match was ob

ta ine d  f o r  (^o»yD)n(| = ( 1 ,  1/8)^| .  The d is tance  to the c l os es t  

f a u l t  i s  determined from Eq. 4 . 7 .

by = ( 5 1 2 ) ( 1 / 8 )  = 65 f t

In summary, t h i s  chapter  discussed the drawdown and 

bui ldup wel l  pressure behav ior  f o r  a wel l  located between 

two sea l ing  f a u l t s ,  or  no - f low  boundar ies ,  i n t e r s e c t i n g  a t  

a r i g h t  angle in an otherwise  i n f i n i t e  r e s e r v o i r .  As demon

s t r a t e d ,  type curves based on the t ime r a t e  o f  change of  

dimensionless wel l  p ressure ,  p^^, o f f e r  a simple but power

fu l  tool  f o r  measuring the d is tance  to both boundar ies.  

I n t e r p r e t i v e  equat ions were also developed to c a l c u l a t e  f low  

capac i ty  (kh)  and storage capac i ty  ( * c ) .

The behavior  o f  dimensionless s h u t - i n  wel l  p r es 

sure using Horner and Mi 11er -Dyes-Hutchinson methods was 

presented.  Both methods were found to be useful  only f o r  

long producing and s h u t - i n  t imes.  Type curves based on the  

t ime r a t e  o f  change o f  dimensionless s h u t - i n  wel l  pressure ,  

Pps> can be used to measure the d is tance  to the two perpen

d i c u l a r  sea l in g  f a u l t s  and both kh and (j)C products .

In the next  c h a p t e r ,  the t r a n s i e n t  pressure behavior  

f o r  a wel l  located  between th ree  pe rpend icu la r  sea l ing  

f a u l t s ,  or  no - f low  boundar ies ,  is  presented.



C H A P T E R  V

WELL BETWEEN THREE PERPENDICULAR SEALING FAULTS

The type curve technique o u t l i n e d  in the l a s t  chapter  

is s y s t e m a t i c a l l y  a p p l i e d  here to analyze the t r a n s i e n t  p r es 

sure behavior  o f  a s i n g l e  wel l  l ocated in s i de  a system of  

three l i n e a r  no - f low  boundar ies ,  or se a l i ng  f a u l t s ,  i n t e r 

sect ing a t  r i g h t  an g le s ,  in an otherwise  i n f i n i t e l y  l a rge  

r e s e r v o i r .  I t  i s ,  o f  course,  assumed t h a t  the we l l  is  pro

ducing a t  a constant  r a t e  and the r e s e r v o i r  f l u i d  i s  s l i g h t l y  

compressible.  The fo rmat ion  i s  i s o t r o p i c  and o f  constant  

th ickness .

Note t h a t  t h i s  system o f  th ree  s e a l in g  f a u l t s  has 

not been analyzed to the a u th o r ' s  knowledge in the petroleum  

l i t e r a t u r e  and i s  t h e r e f o r e  o r i g i n a l  to t h i s  study.

5.1 Pressure Drawdown Analys is

Figure 5.1 shows the main lo c a t i o n s  considered f o r  

pressure a n a l y s i s  o f  a we l l  between th ree  pe rp en d ic u la r  no

f low boundar ies ,  or se a l i n g  f a u l t s .  The wel l  l o c a t i o n  is  

d e f i n e d ,  through t h i s  c h a p t e r ,  as fo l l o w s :

(X[3 ,yp)  = (2b^/W^,  2by/Wx) ( 5 . 1 )

where:

106
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FIGURE 5 . 1 :  Three-perpendic u l a r - f a u l t  system showing
well locat ions.
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= d istance  between the two p a r a l l e l  boundaries  

b^ = d is tance to the nearest  of  the two p a r a l l e l  

boundari  es

by = d is tance to the boundary which is pe rpend icu la r  

to the two p a r a l l e l  ones

5 .1 .1  Behavior  o f  Pp^̂

The dimensionless wel l  pressure at  any l o c a t i o n  

(xQ.yg)  i s  the sum of  pressure co nt r ib u t io ns  of  the two 

i n f i n i t e  l i n e s  of  image we l l s  and the real  wel l  i t s e l f ,  or

Pqw PdR^’"dR’ *DA^ *  Poi^ ’̂ DIy*^DA^  ̂ ^n=2 k^Poi^^*"Dxe’ ^DA^

Poi^ ’̂ DIxe’ ^DA^^  ̂ ^n=2 k - l  ^PdI*^'^Dxo’ ^DA^

PdI^ ’"d Ixo ’ ^DA^ ^ Poi^ ’̂ Dxop’ ^DA^ PDI*^’̂ DIxop’ '* D̂Â ^

( 5 . 2 )

This equat ion is simply another  form of  Eq. 3 .26 where r  

is replaced by r^ in the dimensionless radius r^p,, which was 

def ined as r/W^.

Figure 5 .2  shows dimensionless wel l  pressure ,  Pq^̂ , 

versus dimensionless t i m e ,  t^^^, on a semi- log graph,  f o r  

var ious lo c a t i o n s  of  the we l l  w i t h i n  a s e m i - f i n i t e  system 

of  th ree  boundar ies.  At lo c a t i o n  ( 1 / 3 2 ,  1 / 8 ) ,  i . e . ,  the  

wel l  is  very close to two perpend icu la r  boundar ies ,  we ob

serve th ree  s t r a i g h t  l i n e s .  The f i r s t  l i n e ,  o f  slope 1 . 1 5 ,  

corresponds to the i n f i n i t e  r e s e r v o i r  behavior .  The second 

l i n e ,  o f  slope 2 . 3 0 ,  represents  the e f f e c t  of  the c l os es t  

f a u l t ,  which in t h i s  case is the c l os es t  o f  the two p a r a l l e l
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f a u l t s .  F i n a l l y ,  the t h i r d  l i n e  of  slope 4 .6  i s  caused by 

the e f f e c t  of  the pe rp end icu la r  f a u l t .  The e f f e c t  of  the  

t h i r d  boundary i s  not observed a t  a l l .  At l o c a t i o n  ( 1 / 2 ,  

1 /16 )  the wel l  is  much c lo s e r  to the perpen d ic u la r  f a u l t  

than to e i t h e r  p a r a l l e l  one. In t h i s  case,  on ly  the c l o se s t  

f a u l t  i s  in d ic a te d  by a s t r a i g h t  l i n e  o f  slope 2 . 3 .  This  

impl ies  t h a t  the two p a r a l l e l  f a u l t s  w i l l  not be detected  

f o r  such a wel l  l o c a t i o n .  When the wel l  is  a t  equal d i s t 

ance from a l l  th ree  f a u l t s  o f  the system, i . e . ,  (xQ,yQ)

= ( 1 , 1 ) ,  F ig .  5 .2  i n d i c a t e s  t h a t  a p l o t  of  pp^ vs.  tp^  

cannot be used to determine the d is tance  to each f a u l t ,  

since there  are no s t r a i g h t  l i n e s  observed.  This behavior  

is  due to the i n t e r f e r e n c e  e f f e c t s  o f  the two i n f i n i t e  l i n e s  

of  image w e l l s .

Figure 5 .2  po ints  to the l i m i t a t i o n s  o f  the draw

down wel l  pressure fu nc t ion  in d e te c t in g  m u l t i p l e  se a l i ng  

f a u l t s .  I t  is  c l e a r  t h a t ,  a t  the most,  only the two c l o s e s t  

perpend icu la r  boundaries can be lo ca t ed .  I t  i s  shown in the  

fo l l o w i n g  sect ion t h a t  the t ime r a t e  o f  change o f  wel l  p r es 

sure o f f e r s  a much b e t t e r  d e s c r i p t i o n  o f  a m u l t i p l e  se a l i ng  

f a u l t  system.

5 . 1 . 2  Behavior  o f  Pp̂ ^

The behavior  o f  the r a t e  of  change of  dimensionless  

wel l  pressure o f  a s in g le  wel l  l ocated in a s e m i - f i n i t e  

system composed of  th re e  perp end icu la r  ho - f low  boundar ies ,  

or sea l in g  f a u l t s ,  i s  obtained by d i f f e r e n t i a t i n g  Eq. 5 .2  

or 3 .26  wi th respect  to the dimensionless t ime t p ^ ,  or :
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Pdw " PdR^'"DR’ *DA^ PDll^*"DIy’ ^DA^ '*'  ̂ ^n=2k^P ' D I ^̂ *"0x6 ’ *DA^

Poi^ ’̂ DIxe ’ ^DA^^ ■*■ ^n=2 k - l  ^PdI*- ’̂ Dxo’ *DA^

^ PdI^ ’̂ DIxo*^DA^ PdI^*"Dxop’ ^DA^ PqI *^*^DIxop’ ^DA^ ^

( 5 . 3 )

Type curve p lo ts  o f  Pg^ versus f o r  eleven values  

of  yj j  are presented in f i g u r e s  5 . 3  and 5 . 4 ,  r e s p e c t i v e l y ,  

f o r  Xp = 1 /32 and 1 / 8 .  This p l o t  shows the ex is tence  of  

fo ur  d i s t i n c t  s t r a i g h t  l i n e  p o r t i o n s :  (1 )  The f i r s t  s t r a i g h t

l i n e ,  observed a t  e a r l y  p r od uc t io n ,  has a slope m-j = - 1 .

This l i n e  represents  i n f i n i t e  media w i thout  the e f f e c t s  of  

f a u l t s  as shown in F ig .  2 . 5 .  ( 2 )  The second and t h i r d

s t r a i g h t  l i n e s  correspond to the e f f e c t s  o f  two perpendicu

l a r  sea l ing  f a u l t s  as shown in F i g .  4 . 5 ,  and have the same 

slopes as the f i r s t  l i n e ,  i . e . ,  = mg = m^. (3 )  The

f o u r th  s t r a i g h t  l i n e  o f  slope m̂  = - 0 . 5  is in f lue nce d  by the  

t h i r d  boundary,  which is p a r a l l e l  to  the f i r s t  boundary ob

served.  Note t h a t  a slope o f  - 0 . 5  i s  a d i s t i n g u i s h i n g

f e a t u r e  of  p a r a l l e l  se a l in g  f a u l t s  as demonstrated by t h i s  
? fi

au thor  in  the case of  an i n f i n i t e  s t r i p .

Figure 5 .5  shows an a d d i t i o n a l  i l l u s t r a t i o n  of  the  

behav ior  o f  the t ime r a t e  of  change o f  dimensionless draw

down pressure ,  Pp^, versus dimensionless t im e ,  tp ^ ,  f o r  

eleven wel l  l o c a t i o n s  along the symmetr ical  ax is  o f  the semi

i n f i n i t e  s t r i p .  For these wel l  l o c a t i o n s ,  the e f f e c t s  of  

the two p a r a l l e l  boundar ies are f e l t  a t  the same t ime and
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t h e r e fo re  we obta in  only th ree  s t r a i g h t  l i n e  p o r t io n s .  The 

f i r s t  l i n e  o f  slope -1  and corresponding to the i n f i n i t e  

r e s e r v o i r  behavior  is observed over a long per iod of  t ime  

as opposed to i t s  count e r par t  o f  F ig .  5 .3  or F ig .  5 . 4 .  For 

values of  Yq £  1 , the second s t r a i g h t  l i n e  has a slope of  

-1 and represents the e f f e c t s  of  the perp end icu la r  f a u l t  

whi le  the t h i r d  s t r a i g h t  l i n e  of  slope - 0 . 5  corresponds to 

the e f f e c t s  o f  the two p a r a l l e l  f a u l t s .  However,  when 

Yp > 1 , both second and t h i r d  s t r a i g h t  l i n e s  have a slope  

of  - 0 . 5 .  This i s  normal since when Yp > Xp, the e f f e c t s  o f  

the two p a r a l l e l  boundaries are f e l t  f i r s t ,  g iv ing  a slope  

of  “0 . 5 ,  then fo l lowed by the e f f e c t s  o f  the perpen d ic u la r  

boundary y i e l d i n g  a t h i r d  s t r a i g h t  l i n e  which has a slope  

of  -1 and s h i f t e d  to the r i g h t .

The d is tance  to a l l  three  boundar ies ,  a^,  b^ , and b^,  

and other  r e s e r v o i r  parameters such as the f low ca pa c i t y  

kh can be determined by type curve matching technique des

cr ibed in the l a s t  chapter .  The width i s  c a l c u l a t e d

from the match po int  as fo l l o w s :

0 .000264 k' 0 .5
( 5 . 4 )

The d is tance  to the nearest  o f  the two p a r a l l e l  f a u l t s  is  

determined from the value o f  Xp a t  the match p o i n t ,  (Xp )^ ,  

or

bx = ^  Wx(Xp)^ ( 5 . 5 )
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The d is tance to the second p a r a l l e l  f a u l t  I s  simply given by:

^  = “ x ■ '’ x (5-G)

F i n a l l y ,  the d is tan ce  to the p e rp en d ic u la r  f a u l t  i s  d e t e r 

mined from the va lue o f  y^ a t  the match p o i n t ,  ( y ^ ) ^ ,  or :

b y = i W x ( y , ) „  ( 5 . 7 )

The f low ca pa c i t y  (kh)  and storage ca pa c i ty  ((j)C) o f  t h i s  

s e m i - i n f i n i t e  s t r i p  can be c a l c u l a t e d  from the match p o i n t ,  

using Eqs. 4 . 8  and 4 . 9 ,  r e s p e c t i v e l y .

A l l  th ree  f i g u r e s ,  5 . 3 ,  5 .4  and 5 . 5 ,  po in t  out th a t  

f o r  values of  y^ g r e a t e r  than u n i t y ,  the e f f e c t s  o f  the two 

p a r a l l e l  f a u l t s  dominate the behav ior  o f  the t ime r a t e  of  

change o f  dimensionless drawdown pressure ,  Pp^, versus dimen

s ionless t im e ,  tp ^ ,  which becomes s i m i l a r  to t h a t  o f  an i n 

f i n i t e  s t r i p .  This system is  presented in r e f e re nc e  26 and

28. For t h i s  reason and a lso to emphasize the e f f e c t s  of

the th ree  p e rp en d ic u la r  f a u l t s  F ig .  5 .6  presents the r e l a t i o n 

ship between Pp^ and tp^ f o r  yp <_ 1 and Xp = 1 / 8 .  To spread 

out the curves of  t h i s  f i g u r e ,  we p l o t  Pp^ ag a i n s t  the dimen

s ion less  t ime tpy de f ined  by Eq. 3 . 2 3 ,  or in o i l f i e l d  u n i t s :

tpb = (0 .000264  k t ) / ( $ y c b ^ ^ )  ( 5 . 8 )

A p l o t  o f  pp^ versus tp^ on a lo g - l o g  graph is  shown in 

Fig.  5 . 7  f o r  values o f  yp _< 1 and Xp = 1 / 8 .  The general  

behavior  o f  the t ime r a t e  o f  change o f  dimensionless wel l  

pressure ,  Pp^, in F i g .  5 .7  i s  obviously  s i m i l a r  to t h a t  in 

Fig.  5 . 6 ,  except  now we have a d i s t i n c t  curve f o r  each wel l
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l o c a t i o n .  Figure 5 .7  can also be used to determine the  

d istance to each f a u l t  in the system, by apply ing the type  

curve matching technique descr ibed e a r l i e r .  The d is tance

b^ is c a l c u l a t e d  f i r s t  from Eq. 5 .8 :

fO.000264 k"* lO'S ( 5 . 9 )
(j)yC

The d istance  between the two p a r a l l e l  boundaries is given by

“ x “ Zbx/ (Xo)M ( 5 . 1 0 )

The distances a^ and b^ can be c a lc u la t e d  from the match 

po in t  us ing,  r e s p e c t i v e l y ,  Eqs. 5 .6  and 5 . 7 .  This match 

po in t  can also be used to determine the kh and ^c products  

from Eqs. 4 . 8  and 4 . 9 ,  where t^^ is replaced by tpj^ . P i -
X

n a l l y ,  j u s t  as we p l o t t e d  p^^ aga in s t  t ŷ  ̂ and t^j^ , we can 

p l o t  i t  aga ins t  t^^y which i s  de f ined by Eq. 3 .4 1 .  In o i l 

f i e l d  un i ts  tgy^ is de f ined as fo l lo w s :

tpbij = ( 0 .000264 k t ) / ( * y c b x b y )  ( 5 . 1 1 )

Figure 5 . 8  shows a p l o t  o f  p^^ versus t^^b a lo g - l o g  graph 

f o r  values of  y^ less than or equal to u n i t y  and = 1 / 8 .

The general  behavior  o f  the f a m i l y  of  curves in t h i s  f i g u r e  

i s ,  o f  course,  s i m i l a r  to t h a t  in Figures 5 . 4 ,  5 .6  and 5 . 7 .

By apply ing the type curve matching technique to F ig .  5 . 8 ,  

we can es t imate  the d is tance to the pe rpend icu la r  f a u l t  from 

Eq. 11 as fo l l o w s :

0.5
bxby =

0 .000264 k
(j)yC
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Then, the width can be c a l c u l a t e d  from the f o l l o w i n g  r e -  

l a t i o n s h i  p

“ x = 2 [ ( b ^ b y ) ( x „ ) „ ( y o ) „ ] “ -® ( 5 . 1 3 )

The d is tances and a^,  and the products kh and (pc are  

r e s p e c t i v e l y  determined from equat ions 5 . 5 ,  5 . 6 ,  4 . 8  and 4 . 9 ,  

where t^^ is rep laced by t^^ .

Computed values o f  Pg^ and i t s  d e r i v a t i v e s  f o r  v a r i 

ous we l l  l o c a t i o n s  are presented in Tables 9 - 1 2 .  Figures  

F . 4 - 9  are a d d i t i o n a l  t yp e - cur ve  p lo ts  based on p^^ fo r  

severa l  we l l  l o c a t i o n s  between th re e  pe rp en d ic u la r  sea l ing  

f a u l t s .

In summary, a t ype -c urv e  p l o t  o f  the t ime r a t e  of  

change o f  dimensionless drawdown pressure ,  Pp^, aga in s t  

dimensionless t imes based on any d is tance  of  i n t e r e s t ,  o f 

f e rs  several  unique c h a r a c t e r i s t i c s  f o r  a s in g le  we l l  l o 

cated between th re e  p e rp en d ic u la r  se a l i ng  f a u l t s .  These 

c h a r a c t e r i s t i c s  can be used to determine the d is tance  to 

each f a u l t ,  by using the type curve matching technique p r e 

sented in the l a s t  ch apt e r .  The products kh and (j)C can also  

be es t imated from the type curve o f  Pp^ vs.  tp^ .

This sec t io n  has a lso pointed to the usefulness of  

Pp^ in d e te c t i n g  m u l t i p l e  se a l i ng  boundaries as opposed to 

Ppw which can a t  most help lo ca te  the nearest  boundary.

5 .2  Pressure Bui ldup Ana lys is

The pressure bui ldup behav ior  o f  a s in g le  we l l  l ocated  

between th re e  s e a l i n g  boundaries in an otherwise  i n f i n i t e l y
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l a rge  r e s e r v o i r  may be generated by using su perpos i t ion  in 

t ime to Eq. 3 .26  or Eq. 5 . 2 .

Pds
Ei DR

4At DA
+ Ei 4At DA

+ 2 rAn =2 k Ei Dxe
4At DA

+ Ei
2

^Dlxe
4At DA

+ Ei

+ Ei

+ Ei

r 2 > r J -  1

+ C = 2 k _ l Ei ^Dxo + Ei ^DIxo

Dxop
4At DA

+ Ei

DI
4 T t T ï t , g ,

DIxe  
4 ( t  + At ) DA

+ Ei

+ Ei

DIxo 
4 ( t  + At )

DIxoi

DA

4 ( t  + At; DA

DIxop
4At DA

Ei 'DR 
4 ( t  + At) DA

2 k Ei

2 k - l Ei

'Dxe 
4 ( t  + At)

Dxo

DA

4 ( t  + At) DA

+ Ei Dxop
4 ( t  + At ) DA

( 5 . 1 4 )

where the  v a r i a b l e s  r ^ ' s  a r e  d e f i n e d  by t he  two s e ts  o f  

e q u a t i o n s  3 . 1 7  and 3 . 1 8 ,  and 

At = s h u t - i n  t ime

t  = p r o d u c t i o n  t im e  equal  to  the  r a t i o  o f  t o t a l  

produced f l u i d  t o  l a s t  s t a b i l i z e d  f l o w  r a t e  b e f o r e  s h u t - i n ,

Np/q.
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For ana lyz ing  pressure bui ldup data o f  a wel l  wi th  

constant  f low r a t e  before s h u t - i n ,  the re  are two p l o t t i n g  

procedures t h a t  are used most f r e q u e n t l y :  the Horner method®

and the M i l l e r -D ye s -H ut ch in so n  method.^

5 . 2 . 1  Horner Method

This pressure bui ldup graph is a p l o t  of  s h u t - in  

pressure data on the o r d in a t e  versus the t ime r a t i o  

( t  + At) /At  on the abscissa of  a semi- log paper.  Equation  

5 .14  provides the basis f o r  computat ion of  s y n th e t i c  Horner  

graphs f o r  d i f f e r e n t  producing t imes and d i f f e r e n t  wel l  

l o c a t i o n s .  Such a graph is  presented in F ig .  5 .9  f o r

( 1 / 2 )  1 / 2 ) .  As can be seen from t h i s  f i g u r e ,  a l l  

producing t imes y i e l d  a s t r a i g h t  l i n e  of  slope 1.151 which 

corresponds to the i n f i n i t e  media wi thout  the e f f e c t s  of  

f a u l t s .  The slope of  t h i s  l i n e  is co nv e n t i o n a l l y  used to  

determine the kh product  and skin s from Eq. 2 .35  and Eq. 

2 . 3 6 ,  r e s p e c t i v e l y .  At t ime r a t i o  o f  u n i t y ,  t h i s  l i n e  ap

pears to e x t r a p o l a t e  to i n i t i a l  pressure (see Eq. 2 . 4 5 ) .

Figure 5 . 9  po ints  to two important  r e s u l t s :  (1 )  when

tgy  ̂ i s  equal to 0 .0 1  (or  l e s s ) ,  we observe only one s t r a i g h t  

l i n e  o f  slope 1.151 which extends to i n f i n i t e  s h u t - i n  t im e ,

i . e . ,  ( t  + At) /At  = 1,  imply ing t h a t  the we l l  is  located  in 

an i n f i n i t e l y  l a r ge  r e s e r v o i r  w i th  no f a u l t s .  This i s ,  of  

course,  a mis leading i m p l i c a t i o n .  (2 )  No other  s t r a i g h t  

l i n e  is observed t h a t  might i n d i c a t e  the ex is te nc e  o f  sea l ing  

f a u l t s  in the r e s e r v o i r .  Thus,  f o r  such a wel l  l o c a t i o n ,  

the presence of  even one f a u l t  would not be suspected.
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The Horner graph f o r  (Xp.y^)  = ( 1 / 6 4 ,  1 / 2 ) ,  i . e . ,  

the wel l  is close to one of  the p a r a l l e l  no - f low boundar ies ,  

i s  presented in F ig .  5 . 1 0 .  Note t h a t  in t h i s  case,  we can 

observe a second s t r a i g h t  l i n e  of  slope 2 .3  which can be used 

to loca te  the nearest  f a u l t .  The f i r s t  l i n e  (not  f u l l y  p l o t 

ted in t h i s  graph)  has,  o f  course,  a slope of  1 .1513 .

The preceding has shown t h a t  f o r  a wel l  l ocated be

tween three  sea l ing  f a u l t s  i n t e r s e c t i n g  a t  r i g h t  angles ,  

the Horner graph w i l l  de te c t  only the c l os es t  f a u l t .

5 . 2 . 2  M i l l e r - D ye s -H ut ch in so n  Method

This method suggests t h a t  a graph of  s h u t - i n  wel l  

pressure versus the logar i thm of  s h u t - i n  t ime should provide  

a s t r a i g h t  l i n e  whose slope i s  p ro p or t io na l  to the f low ca 

p a c i t y  product  ( k h ) .  The same data computed f o r  the Horner  

method, using Eq. 5 . 1 4 ,  may also be p l o t t e d  in t h i s  fashion  

to explore  the p r o p e r t i e s  o f  t h i s  method f o r  a we l l  located  

between th ree  pe rp end icu la r  no - f low  boundar ies ,  or sea l ing  

f a u l t s .  F igure 5.11 presents such a bui ldup graph f o r  v a r i 

ous producing t imes f o r  a wel l  l ocated a t  (xQ,yg)  = ( 1 / 2 , 1 ) .  

A s t r a i g h t  l i n e  o f  slope 1.151 is  obtained f o r  a l l  t^^

_> 0 .1 0 .  The slope of  t h i s  l i n e ,  which corresponds to the  

i n f i n i t e  r e s e r v o i r  behav ior  w i thout  the e f f e c t s  o f  f a u l t s ,  

may be used to c a l c u l a t e  the kh product  and the skin f a c t o r  

s from Eq. 2 .35  and Eq. 2 . 3 6 ,  r e s p e c t i v e l y .  Note t h a t  the  

length of  t h i s  s t r a i g h t  l i n e  becomes very shor t  as the p ro 

ducing t ime shor tens ,  then vanishes complete ly  f o r  t^y  ̂ less  

than or equal to 0 . 0 1 .  F igure 5 .12  is  another  MDH graph
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f o r  (XpiYp)  = ( 1 / 2 ,  8 ) .  The general  behavior  is s i m i l a r  to  

t h a t  of  F ig .  5 .1 1 .  Both f i g u r e s  f a i l  to i n d i c a t e  the p r es 

ence of  even one f a u l t .  However,  a second s t r a i g h t  l i n e  of  

slope 2 .3  would have been observed i f  we had used the same 

wel l  lo ca t io ns  o f  Figs.  5 .9  and 5 .10  f o r  the Horner graph.

Th e r e fo re ,  both Horner and M i l l e r -Dy es -Hu tc h in so n  

methods cannot be used to lo ca te  each boundary of  a system 

composed of  three perpend icu la r  sea l ing  f a u l t s .

5 . 2 . 3  Behavior  o f  Pp,

The d e r i v a t i v e  o f  s h u t - i n  wel l  pressure may be ob

ta ine d  by d i f f e r e n t i a t i n g  Eq. 5 .14  wi th  respect  to t im e ,  or

1
Pds 2 ( t  + At) DA

exp 'DR 
4 ( t  + At) DA

2 k exp Dxe 
4 ( t  + At)

+ exp

DA

Dly

+ exp

4 ( t  + At)

r?
DIxe  

■ 4 ( t  + At)

DA

DA

+ y"^n =2 k - l exp 'Dxo 
4 ( t  + At) DA

+ exp DIxo 
4 ( t  + At) DA

+ exp Dxop 
4 ( t  + At)g^ + exp DIxop 

4 ( t  + 4 t ) j j^

2 A t DA

r 2 1 f V.2 'I
exp ^DR + exp ^Dly

2 k

r 2 1 r 1
exp "Dxe + exp DIxe

4AtoA 4AtoA



130

^ C z k - i

— r V.2 1 r v.2 1
exp Dxo + exp ^DIxo + exp

r 1
Dxop

4AtgA 4AtDA

+ exp DIxop
4At DA

( 5 . 1 5 )

Figure 5 .13  presents p^^ as a fu nc t ion  o f  s h u t - i n  

t i m e ,  Atg^,  f o r  s i x  producing t imes of  var ious l e n g t h s .  The 

wel l  is  located a t  ( x ^ .y ^ )  = ( 1 / 2 ,  1 / 6 4 ) .  Computed data o f  

Ppg are presented in Tables 13 - 16 .  As discussed in the l a s t  

c h ap t e r ,  the fu nc t ion  behaves according to th re e  d i s 

t i n c t  t ime domains:

(1 )  tp^ >_ 10: When producing t imes are equal to or

g r e a t e r  than 10,  F ig .  5 .13  y i e l d s  four  p a r a l l e l  s t r a i g h t

l i n e s  o f  slope - 1 , up to tp^ = Atp^ Then, f o r  Atp > tp^

a f i f t h  s t r a i g h t  l i n e  o f  slope - 1 . 5  is observed.  This is

the d i s t i n g u i s h i n g  f e a t u r e  o f  th re e  pe rpend icu la r  se a l i n g

f a u l t  systems. Note,  however,  t h a t  the t h i r d  s t r a i g h t  l i n e

is  very shor t  ( l e s s  than h a l f  log cy c l e )  f o r  tp̂  ̂ = 1 0 .
-  2( 2 )  10" ^  tp^ ^  1: For in te rm e d i a te  values of  pro

ducing t ime tpy^, we can on ly  observe the f i r s t  two p a r a l l e l  

s t r a i g h t  l i n e s  of  slope - 1 , which are fo l lowed by a long 

t r a n s i t i o n  pe r io d .  The l a s t  p o r t io n  of  these curves i s  a 

s t r a i g h t  l i n e  o f  slope - 1 . 5 .  This c h a r a c t e r i s t i c  i s  unique

to a system of  th ree  p e rp en d ic u la r  f a u l t s .
-  1

(3 )  tp^ £  10" : For shor t  producing t im es .  F ig .

5 .1 3  y i e l d s  th ree  s t r a i g h t  l i n e  por t ions  of  d i f f e r e n t  slopes  

The f i r s t  l i n e  o f  slope -1 represents  the i n f i n i t e  r e s e r v o i r
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FIGURE 5.13: Type-curve p l o t  o f  p^^ vs f o r  a wel l
located  a t  (Xp .y^)  = ( 1 / 2 , 1 / 6 4 )  between 

th ree  p e rp en d ic u la r  se a l in g  f a u l t s .
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behavior  w i th ou t  the e f f e c t s  of  f a u l t s .  The second s t r a i g h t  

l i n e  por t ion  of  slope - 2  i n d i c a t e s  the ex is tenc e  of  a p e r 

pe nd icu la r  se a l i ng  boundary.  When the e f f e c t s  o f  the 

second p a r a l l e l  f a u l t  are f e l t ,  we obta in  the t h i r d  s t r a i g h t  

l i n e  po r t ion  of  slope - 1 . 5 .

Hence, a p l o t  of  t ime r a t e  o f  f i e l d  s h u t - in  pressure,  

p^s> versus s h u t - i n  t ime on a l o g - l o g  graph should y i e l d  

unique c h a r a c t e r i s t i c s  t h a t  may be used to lo ca t e  each f a u l t  

of  the system, and es t im ate  o ther  r e s e r v o i r  parameters such 

as kh and K  products .  The type curve matching technique  

presented in the previous chapte r  should be fo l lowed step 

by s tep.

F igure 5 .14  shows a p l o t  o f  Pg^ vs.  Atp^ f o r  a s ing le  

wel l  located between th ree  p e rp en d ic u la r  se a l i ng  f a u l t s  at  

( x D > y D ) = ( l »  1 / 6 4 ) .  I t  i s  ev i de n t  from t h i s  f i g u r e  t h a t ,  

f o r  such a we l l  l o c a t i o n ,  the t h i r d  p a r a l l e l  s t r a i g h t  l i n e  

i s  not observed a t  a l l ,  even when tgy  ̂ >_ 10.  However, the  

double s h i f t  to the r i g h t  o f  the f o u r t h  p a r a l l e l  s t r a i g h t  

l i n e  impl ies  the ex is t en ce  o f  two p a r a l l e l  f a u l t s  a t  equal  

d istances from the w e l l .

A set  o f  type curve p l o ts  o f  Pj^̂  vs.  Atg^,  f o r  v a r i 

ous wel l  l o c a t i o n s  in s i d e  a system of  th re e  perpend icu la r  

f a u l t s  i s  inc luded in Appendix F ( F i g .  F . 1 0 - 1 2 ) .

In summary, t h i s  chapter  presented the behavior  o f  

the pressure fu n c t io n  and i t s  f i r s t  d e r i v a t i v e  f o r  a wel l  

l ocated between th ree  pe rp en d ic u la r  no - f low  boundar ies ,  or  

sea l ing  f a u l t s .  I t  is  concluded t h a t  the semi - log graph of
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Ppw vs.  can,  a t  the most,  help loca te  the c l os es t  f a u l t .  

However, a p l o t  o f  Pp^ vs.  tp^ on a l o g - l o g  graph o f f e r s  

several  unique c h a r a c t e r i s t i c s  which may be used to d e t e r 

mine the d istance  to each f a u l t .  The s h u t - in  wel l  pressure  

behavior  as e x h ib i t e d  on both Horner and M i l l e r - D y e s - H u t c h 

inson p lots  is presented.  These common graphs can at  most 

only i d e n t i f y  the nearest  boundary.  F i n a l l y ,  a p l o t  of  the 

t ime r a t e  o f  change of  dimensionless bui ldup pressure aga inst  

dimensionless s h u t - i n  t ime on a l o g - lo g  graph also shows 

unique c h a r a c t e r i s t i c s  which may be used to c a l c u l a t e  the  

distance  to a l l  th ree  f a u l t s .



C H A P T E R  VI

PRESSURE BEHAVIOR IN CLOSED RECTANGULAR 

RESERVOIRS

The purpose of  t h i s  chapter  i s  to present  the behavior  

of  the t ime r a t e  o f  change of  wel l  pressure a t  several  wel l  

l o ca t i on s  w i t h i n  a v a r i e t y  o f  r e c t a n g u l a r  dra inage areas  

with no - f low  ou ter  boundar ies.  The type curve matching t e c h 

nique employed in the  l a s t  two chapters i s  s y s t e m a t i c a l l y  

app l ied to locate  the we l l  w i th  respect  to each boundary of  

the closed system, and to  determine several  e s s e n t i a l  r e s e r 

v o i r  parameters such as the f low ca pa c i t y  ( k h ) ,  the storage  

capa c i ty  ((j>c), the i n i t i a l  pressure and ex te n t  (A) of  the  

drainage area .

6 .1 Pressure Drawdown Analys is
20In 1954,  Matthews,  Brons and Hazebroek demonstrated

t h a t  the continuous l i n e  source s o lu t io n  can be superposed

to s imulate  the behav ior  o f  bounded drainage areas.  These

authors generated the pressure behavior  o f  a bounded s in g le

wel l  producing a t  a constant  r a t e  by adding to ge t her  the

pressure d is turbances caused by the a p p r o p r i a te  a r ra y  o f  an
24i n f i n i t e  number o f  image w e l l s .  L a t e r ,  Ear lougher  e t  a l .

25and Ear lougher  and Ramey used super po s i t ion  to produce a

135
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t a b u l a t i o n  o f  the dimensionless pressure drop fu n c t io n  at  

the wel l  and o the r  l o c a t i o n s  w i t h i n  several  closed re c t a n g u la r  

drainage shape.

However,  none of  these authors presented in  the  

l i t e r a t u r e  an a n a l y t i c a l  equat ion g i v i ng  the dimensionless  

pressure drop o f  the r e c t a n g u l a r  dra inage system. A lso ,  no 

i n t e r p r e t i v e  method was developed to lo ca te  the wel l  wi th  

respect  to each boundary o f  the system. Such in fo rm at io n  

i s  e s s e n t i a l  in p lanning f u t u r e  wel l  l o c a t i o n s .

6 . 1 . 1  Behavior  o f  Pp^

Consider  a wel l  producing a t  a constant  r a t e  any

where w i t h i n  a closed r e c t a n g u l a r  r e s e r v o i r  as shown in 

Fig.  3 . 6 ( a ) .  The dimensionless pressure drop fu n c t io n  at  

the w e l l ,  Pq^ ,  i s  given by Eq. 3 . 4 3 ,  where r  is  replaced by 

*̂ w ^" ’̂ DR' F igure 6.1 shows some of  the we l l  l o c a t i o n s  con

s idered in t h i s  s tudy.  Dimensionless wel l  l o c a t i o n s  are  

def ined by:

(Xp,yp)  = ( 2 b^/W^, 2 by/Wy) ( 6 . 1 )

where

= width of  r e c t a n g l e  in  the x - d i r e c t i o n  

Wy = width of  re c t an g le  in the y - d i r e c t i o n  

b^ = d is tance  to the neares t  boundary in the x - d i r e c -  

t i o n

b^ = d is tance  to the neares t  boundary in the y - d i r e c 

t i  on

Because o f  the symmetry o f  the r e c t a n g u la r  system, i t  is
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necessary to compute pressures only w i t h in  the q u a r t e r  shown 

in F ig .  6 . 1 .  This exp la ins  the c o e f f i c i e n t  2 in Eq. 6 . 1 .

In the case of  a square the symmetry is not only along the 

X and y axes,  but a lso along the d iagona ls ;  t h e r e f o r e ,  we 

need to compute p^^ only w i t h i n  the octant  shown in F ig .  6 . 2 .  

Tables 17 through 21 present  the dimensionless fu nc t ions  

Ppw» and Pg^ as func t ions  of  dimensionless drawdown 

t imes f o r  var ious wel l  l o ca t i on s  in several  closed r ec ta ng u l a r  

drainage systems. The main drainage systems considered in 

t h i s  study are rec tang les  whose sides are in the fo l l o w i n g  

i n t e g r a l  r a t i o s :  1:1 ( s q u a r e ) ,  2 : 1 ,  4 : 1 ,  8 : 1 ,  and 16 :1 .

The pressure p a t  any point  o f  the r e c t a n g u la r  

r e s e r v o i r  can be computed from Eq. 3 .42 or 3 .43  by using

P = P, -  + i ; ._ ,  E i [ - r 2 , / 4 t p ^ ] }  ( 6 . 2 )

where r^j^ and r p j  are the dimensionless distances to the

rea l  wel l  and image w e l l s ,  r e s p e c t i v e l y ,  and t^^ i s  def ined

( i n  o i l f i e l d  u n i t s )  as fo l l o w s :

. _ 0 .000264 kt  (f. ox
^ D A ----- (G -3 '

where A is the drainage area of  the r e s e r v o i r .

At the wel l  p o i n t ,  Eq. 6 .2  becomes

Pwf = Pi + E 1 ( - r ^ , / 4 t p , ) ]  ( 6 . 4 )

where

rpw = ( 6 - 5 )
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This equat ion in d ic a t e s  t h a t  only the dimensionless pressure  

at  the rea l  wel l  depends on the dimensionless r a t i o  r^^.
? d p C

The most common value o f  r^^ used in the l i t e r a t u r e  ’ 

is  0 .5  X 10"^.  This value of  r^^ is  a lso used in t h i s  study  

s o l e l y  f o r  the purpose o f  comparison.  For d i f f e r e n t  values  

of  rg^.  Tables 17 through 21 may be modi f ied by s u b t r a c t i n g  

E i [ - ( 0 . 5  X 10” ^ ) ^ / 4 t p ^ ]  and then adding the ap p r o p r i a te  value  

of  E i [ - r j j ^ / 4 t p ^ ] . Using the lo ga r i t h m ic  approximat ion of  

the exponent ia l  i n t e g r a l  we f in d  t h a t  t h i s  opera t ion  is

e q u iv a le n t  to adding ( t o  ta b le s  17 through 21) d i r e c t l y  the

" c or re c t io n  f a c t o r , "  ijj ,̂ which is given by

= l n ( 0 . 5  X 1 0 ' 3 / r o ^ )  { 6 . 6 )

where r^^ is any given value d i f f e r e n t  from the one used

here.  I t  should be emphasized t h a t  the pressure c o n t r i b u 

t ions  o f  image we l l s  are independent  o f  the va lue of  r^^.

Figure 6 . 3  is  a c l a s s i c a l  p l o t  o f  Pg^ vs.  tpy  ̂ p re -
24 38sented by Ear lougher  e t  a l ., Ramey and Cobb, and Kumar

and R a m e y . I t  is  c l e a r  from t h i s  f i g u r e  t h a t  the dimen

s ion less  pressure becomes a l i n e a r  fu nc t ion  of  dimensionless  

t im e ,  when tgy  ̂ _> 0 .0 10 .  This behavior  is commonly r e f e r r e d  

to as pseudo-steady s t a t e .  Every po in t  w i t h in  a closed  

r e s e r v o i r  w i l l  e v e n t u a l l y  reach t h i s  s t a t e  of  constant  r a t e  

pressure d e c l i n e .  However,  the t ime a t  which Pg^ vs. tgy  ̂

becomes l i n e a r  depends on the l o c a t i o n  o f  the p o in t .  This  

l i n e a r  por t ion  can be represented ( f o r  tg^ >_ 0 . 0 1 0 ) by
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1.5 + ( 6 . 7 )

where is the shape f a c t o r  o f  the drainage area f o r  a given

wel l  lo c a t i o n  and closed r e s e r v o i r .  This f a c t o r  was i n t r o -
21duced in the l i t e r a t u r e  by Brons and M i l l e r .  L a t e r ,

2 ?D ie t z  t a b u l a te d  shape f a c t o r s  f o r  an ex tens ive  l i s t  o f  

drainage shapes and wel l  l o c a t i o n s .  For values o f  not

inc luded in the D i e t z '  t a b u l a t i o n s ,  the techniques of  Ear 

lougher  e t  a l . and Ramey^^ can be used to determine the  

needed shape f a c t o r .  However,  the graph ica l  method presented  

by Earlougher^^ is p r e f e r r e d  here because o f  i t s  s i m p l i c i t y .  

For example,  the shape f a c t o r  f o r  a wel l  in the cen te r  o f  a 

closed square is 30 .8828.  For the same wel l  l o c a t i o n ,  the  

shape f a c t o r  o f  a 2:1 r ec t an g le  i s  21 .84 48 .  Note t h a t  a 

s l i g h t l y  d i f f e r e n t  form o f  Eq. 6 .7  was f i r s t  publ ished by 

Ramey and Cobb.^®

The e a r l y  po r t ion  of  the p l o t  o f  Pp^ versus of  

F ig .  6 . 3  ( t j j^ < 0 .0 10 )  corresponds to the s o - c a l l e d  i n i t i a l  

t r a n s i e n t  p e r i o d . T h e  equat ion o f  t h i s  l i n e  i s ,  o f  course,  

given by the f a m i l i a r  expression

Pdw " i  [T" tg + 0 .8 0907 ]

or

Ppw = 5- [ I n  ^  + 0 .8 09 07 ]  ( 6 . 8 )
"̂ Dw
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Figure 6 .4  presents a graph of  p^^ versus logar i thm  

of  tp^ f o r  var ious wel l  l o c a t i o n s  in a closed 2:1  r e c t a n g le .

A s t r a i g h t  l i n e  o f  slope 1.151 r e s u l t s  f o r  small  values of  

tp^ f o r  a l l  l o c a t i o n s .  This l i n e  is represented by Eq. 6 . 8 . 

For the case o f  a wel l  in the center  o f  the re c t a n g u la r  r e s e r 

v o i r ,  i . e . ,  (Xp,yp)  = ( 1 , 1 ) ,  we can only observe one s t r a i g h t  

l i n e  which extends to tp^ = 0 .0 8 .  The slope of  t h i s  l i n e  

can be used, as usua l ,  to est imate  the kh product and skin  

f a c t o rs  from Eqs. 2 .35  and 2 . 3 6 ,  r e s p e c t i v e l y .  When 

(Xp,yp)  = ( 1 / 3 2 ,  1 / 4 ) ,  i . e . ,  the wel l  is  located  much c loser  

to the shor t  s ide of  the r ec t ang le  than to the longer  s id e .  

Fig.  6 . 4  shows the ex is tence  of  a t o t a l  o f  th ree  s t r a i g h t  

l i n e s .  The f i r s t  l i n e  corresponds to the i n f i n i t e  r e s e r v o i r  

behavior  w i th ou t  the e f f e c t s  o f  boundar ies.  The second l i n e  

of  slope 2 . 3  i s  caused by the shor t  s id e ,  wh i le  the t h i r d  

l i n e  o f  slope 4 .6  is caused by the long side of  the r e c t a n g le .  

Thus, f o r  such wel l  l o c a t i o n  the two d is tances b^ and b^ 

can be est imated by any o f  the e x i s t i n g  techniques.  There 

is a sp ecu la t ion  in the l i t e r a t u r e ^ ®  t h a t  one would observe 

two more s t r a i g h t  l i n e s  o f  slopes 8 x 1.151 and 16 x 1.151 

which can be used to determine the d istances a^ and a^ to  

the o ther  two boundaries o f  the closed system. Figure 6 .4  

shows t h a t  such specu la t ion  i s  i n c o r r e c t  and unfounded. I t  

i s  shown in the fo l l o w i n g  sect ion t h a t  Pp^ o f f e r s  a much b e t 

t e r  d e s c r i p t i o n  of  a l l  boundaries of  a closed r ec ta ng u l a r  

reservoi  r .
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6 . 1 . 2  Behavior  of

The t ime r a te  o f  change of  dimensionless pressure  

drop can be obtained by d i f f e r e n t i a t i n g  Eq. 3 .43 w i th  r e 

spect  to tp ^ ,  or simply by r e p l a c i n g  the exponent ia l  i n t e 

gral  symbol,  " E i , "  by the exponent ia l  func t i on  symbol,  

"exp,"  and m u l t i p l y i n g  the r i g h t  hand side of  Eq. 3 .43  by 

( - l / t p y ^ ) .  At  the w e l l ,  r  is replaced by r^ in the dimen

s ion less  r a t i o  rp%.

Figure 6 . 5  i s  a l i n e a r  p l o t  o f  Pp^ versus tp^ f o r  

a wel l  in the cente r  of  a square.  This f i g u r e  shows th a t  

the pseudo-steady s t a te  i s  reached f o r  tp^ >_ 0 . 1 7 5 ,  not  

0 . 0 1 0  as suggested in F ig .  6 . 3 .  This conforms w i th  the  

behavior  o f  Pp^ descr ibed in chapter  2 , where i t  was found 

t h a t  the l i n e  source so lu t ion  to the d i f f u s i v i t y  equat ion  

becomes an e x c e l l e n t  approximat ion f o r  dimensionless t imes  

much longer  f o r  Pp^ than f o r  Pp^. I t  is ev ide n t  from Fig.  

6 . 5  t h a t ,  f o r  tp^ ^  0 . 1 7 5 ,  Pp^ is  constant  and is  equal to  

6 . 2 8 3  or 2ir .  This constant  can a lso be obtained by d i f f e r 

e n t i a t i n g  Eq. 6 . 7  wi th respect  to tp^:

Pdw '  (G-9)

I t  i s  c l e a r  t h a t  every po in t  w i t h i n  a closed drainage area

w i l l  e v e n t u a l l y  y i e l d  a constant  r a t e  o f  change o f  dimen

s ionless  o f  2ir .  However, not a l l  points  y i e l d  t h i s  value  

a t  the same t ime.

A t y p i c a l  type curve p l o t  of  PjJ  ̂ vs.  tp^ on a lo g -

log graph is  presented in F ig .  6 . 6  f o r  seven d i f f e r e n t  wel l
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l oca t ion s  w i t h i n  a closed 4:1 r e c t a n g l e .  This graph shows 

the ex is tence  o f  f i v e  d i s t i n c t  s t r a i g h t  l i n e  port ions f o r  

each curve corresponding to a wel l  l o c a t i o n .  This behavior  

i s  best  observed f o r  = 1 / 6 4 .  (1 )  The f i r s t  s t r a i g h t

l i n e ,  of  slope - 1 , corresponds to the i n f i n i t e  r e s e r v o i r  

behavior  w i thout  the e f f e c t s  o f  the surrounding no- f low

boundar ies.  Note t h a t  t h i s  l i n e  extends up to t DA
2 .5  X 10"^ f o r  Yg = 1. (2 )  The second s t r a i g h t  l i n e  por t ion

is  p a r a l l e l  to the f i r s t  one. I t  is  caused by the nearby

long side of  the r e c t a n g l e .  (3 )  The t h i r d  l i n e  represents

the e f f e c t s  o f  the shor t  side of  the r e c t a n g l e ,  and has the

same slope as the two previous ones. (4 )  When the e f f e c t s

o f  the second long side of  the re c t an g le  are f e l t ,  a fo ur t h

s t r a i g h t  l i n e  i s  ob ta ined .  This l i n e ,  however,  has a slope

of  - 0 . 5  which i s  a common c h a r a c t e r i s t i c  of  two p a r a l l e l

no - f low  boundar ies ,  a l r ea d y  observed in the case o f  a closed  
2 fii n f i n i t e  s t r i p  and the case of  th re e  perpend icu la r  sea l ing  

f a u l t s  (Chapter  5 ) .  ( 5 )  The l a s t  s t r a i g h t  l i n e  is obtained

when pseudo-steady s t a t e  is  reached.  Note t h a t  t h i s  s t a te  

begins a t  t^^ = 2 . 5 .  I t  is  c l e a r  t h a t  t h i s  l i n e a r  por t ion  

is  represented by Eq. 6 . 9 ,  i . e . ,  p^^ = 2ir .

When the we l l  i s  located a t  (xQ,y[ j )  = ( 1 / 3 2 ,  1 ) ,

F ig .  6 . 6  shows t h a t  only four  s t r a i g h t  l i n e s  can be observed 

This is  normal ,  since y^ = 1 impl ies  t h a t  the wel l  is a t  

equal d is tance between the two long sides of  the r e c t a n g le .  

T h er e f o re ,  t h e i r  e f f e c t s  are f e l t  a t  the same t ime ,  y i e l d i n g  

a s t r a i g h t  l i n e  which has a c h a r a c t e r i s t i c  slope o f - 0 . 5 .
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The distances to a l l  four  sides of  the rec ta ng u l a r  

r e s e r v o i r  , b^, a^ and a^ and other  e s se n t ia l  parameters  

such as the ex ten t  of  the drainage a r ea ,  A, and the kh and 

(()C products can be est imated from F ig .  6 . 6 , according to the  

t yp e -curve  matching technique developed in the l a s t  two 

chapte rs .  Once the best  match is  obtained wi th one of  the  

curves o f  the master  t y p e - c u r v e ,  the f low capa c i ty  can be 

determined from Eq. 4 . 8 ,  which we w r i t e  again .

kh = 141.3  qwB(p^^/p^ f )M( tQ^ / t )M

Note t h a t  a convenient  match po in t  would be the po int  at  

which the pseudo-steady s t a t e  i s  reached.  Thus, f o r  example,  

i f  F ig .  6 . 6  is  the master curve from which the best  match 

i s  ob ta ined ,  the above equat ion becomes

kh = 141 .3  qw B ( 2n /p ^ f )M (2 .5 / t )M

or

kh = 2 .22  X 10^ qwB/ (p^f t )M ( 6 . 1 0 )

I t  i s  st ressed t h a t  Eq. 6 .10  i s  v a l i d  only f o r  F ig.  6 . 6 , as 

d i f f e r e n t  values o f  Xg w i l l  y i e l d  d i f f e r e n t  values of  t^^  

a t  which the pseudo-steady s t a t e  i s  reached.  Thus f o r  

Xp = 1,  F ig .  6 .7  shows t h a t  t h i s  s t a t e  i s  reached a t  tp^ = 7 

The <f)C product  can be c a lc u la t e d  from Eq. 4 .9  by 

ov er la y in g  the f i r s t  s t r a i g h t  l i n e  of  the type curve f i e l d  

data on F ig .  2 . 5 .  The ex te n t  o f  the drainage area can be 

c a l c u l a t e d  from the fo l l o w i n g  equat ion:
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The length  to width r a t i o  o f  the drainage area ( 2 : 1 ,  2 : 1 ,  

corresponding to the master  curve from which the best  match 

is  ob ta in ed ,  can be used to c a l c u l a t e  and from the  

value o f  A. For example,  i f  the match is  obta ined from 

Fig .  6 . 6 , where (Wx/Wy)^ = 4 / 1 ,  then = 2 /Â  and = 4W^. 

F i n a l l y ,  the d is tances to the four  sides o f  the r e c t a n g le  

can be determined as f o l l o w s :

 ̂ i  ( 6 . 1 2 )

S  = <6 .13)

^  '  “ x ■ 6 x ( 6 - 1 4 )

= Wy -  by ( 6 . 1 5 )

F igure 6 . 8  is  a t y p i c a l  t ype -curve  p l o t  o f  pg^ v e r 

sus tj j^ f o r  a we l l  l ocated in s id e  a square.  Note t h a t  in 

t h i s  case the s t r a i g h t  l i n e  p o r t io n  of  slope - 0 . 5 ,  which 

was observed in F ig .  6 . 6  f o r  a 4:1 r e c t a n g l e ,  has vanished.  

This is  a unique c h a r a c t e r i s t i c  o f  a square shaped r e s e r 

v o i r .  I t  is  ev ide n t  from F ig .  6 .7  t h a t  the pseudo-steady  

s t a t e  is  reached e a r l i e r  f o r  a square than f o r  a 4:1 r e c 

t a n g l e .  Figures 6 . 9 ,  6 .1 0  and 6.11 are s i m i l a r  t yp e - cur ve  

p lo ts  f o r  re c tang les  whose sides are in i n t e g r a l  r a t i o s  of  

2 : 1 ,  8:1 and 1 6 : 1 ,  r e s p e c t i v e l y .  Several  more t y p i c a l  

graphs o f  t h i s  nature are  inc luded in Appendix F .

A second method f o r  f o r  lo c a t i n g  the we l l  w i th  r e 

spect  to the closed boundar ies o f  a r e c t a n g u l a r  r e s e r v o i r  

i s  obta ined from a combinat ion o f  F igs .  6 .1 2  and 6 .1 3  which
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a r e ,  r e s p e c t i v e l y ,  type-curve  p lo ts  o f  Pp^ aga inst  tpj  ̂

and tpbb Xp = 1 /64  and 1 i  yp l  1 / 6 4 .  The dimension-  

l ess t imes tpi^ and tp^^ are de f ined in Eqs. 3.39 and 3 .4 1 .  

This method invo lves  the fo l l o w i n g  steps .

(1 )  P l o t  the type-curve  f i e l d  data p^^ vs. t .

(2 )  Obtain æ match from F ig .  6 .12  and F ig.  6 . 1 3 .  

Note t h a t  s ince the value of  Xp is the same in both f i g u r e s ,  

the yp value w i l l  a lso be the same.

(3 )  Read: Xp, yp,  W^/Wy, tpp , tpp^ and t  c o r r e 

sponding to the match p o in t .  Then

bxby = ( 6 , ^ 6 )

0 .000264 k \
*wc I t / tpb^JM ( 6 . 1 7 )

The d is tance b^ is  determined from these two equat ions.  The 

ex te n t  o f  the drainage a r e a .  A, can be c a lc u la te d  as fo l lows

A = (A b x b j , ) / (X p ) „ (y o )„  ( 6 . 1 8 )

The length to width r a t i o  o f  the master type curve 

from which the match is obtained can be used to c a l c u l a t e  

and Wy from the value o f  A. F i n a l l y ,  equat ions 6 .14  and 

6.15  can be used to determine the dis tances a^ and By.

Thus, a p l o t  o f  Pp^ vs.  dimensionless t ime on a log -  

log graph o f f e r s  several  unique c h a r a c t e r i s t i c s  f o r  a wel l  

i n s i d e  bounded systems which can be used to determine the 

d istance to each boundary.  The (j>c and kh products can also  

be determined by type curve matching techniques.  A dd i t i o na l
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type-curve p lo t s  o f  Pg^ are presented in Appendix F (F igures  

F . 13 -1 8 ) .

6 .2 Pressure Bui ldup Analys is

The behavior  of  dimensionless bui ldup pressure can

be expressed by apply ing the powerful  superposi t ion  p r i n c i p l e

in t ime to Eq. 3 . 4 3 .  The dimensionless pressure a t  t imes

Atp^ is  sub tracted  from the dimensionless pressure a t  t imes

( t  + At)g^ causing a net product ion r a t e  o f  ze ro .  This is

expressed by Eq. 2 .4 5 .  This procedure can be employed to

generate s y n t h e t ic  bui ldup graphs of  Horner ,  M i l l e r - D y e s ,

Hutchinson,  and Muskat - type f o r  var ious we l l  l o c a t i o n s  and

f o r  vary ing lengths of  producing t imes .  However,  t h i s

subjec t  has been e x t e n s i v e l y  i n v e s t i g a te d  in the l i t e r a t u r e
1 9 - 2 3by a l a rg e  number o f  au thors ,  and, t h e r e f o r e ,  w i l l  not

be repeated here .  The most impor tant  of  these p u b l i c a t i o n s
38i s  th a t  o f  Ramey and Cobb who der ived general  i n t e r p r e t a 

t i v e  equat ions descr ib ing the behavior  o f  dimensionless  

bui ldup pressure f o r  closed drainage areas.  These authors  

made a thorough an a lys is  o f  the c h a r a c t e r i s t i c s  o f  Muskat,  

Horner and M i l l e r -D ye s -H ut ch in so n  bui ldup graphs,  and ou t 

l i n e d  t h e i r  use in es t im at in g  the i n i t i a l  pressure and 

average pressure of  the dra inage area .  They a lso presented  

cond i t ions  under which each of  these graphs can be employed 

to determine the p e r m e a b i l i t y  and p o ro s i t y  o f  the r e s e r v o i r .  

But,  these graphs are o f  no use when i t  comes to l o c a t i n g  

the wel l  w i t h  respect  to the boundaries o f  the c losed drainage
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ar ea .  This problem is the sub jec t  of  the f o l l o w i n g  s e c t i o n ,  

which discusses the behav ior  o f  the t ime r a t e  o f  change of  

dimensionless bu i ldup  pressure f o r  var ious r e c t a n g u la r  

r e s e r v o i r s .

6 . 2 . 1  Behavior  o f  p^.

The t ime r a t e  of  change of  dimensionless s h u t - i n  

pressure f o r  a we l l  l oc a te d  in s id e  a c losed r e c t a n g u la r  

r e s e r v o i r  i s  obta ined by apply ing the p r i n c i p l e  o f  super 

po s i t io n  in t ime to the d e r i v a t i v e  o f  Eq. 3 . 4 3 .  Figure  

6 .1 4  presents a ty pe -c ur ve  p l o t  o f  p^^ versus At^^ f o r  the  

case o f  a wel l  l oca ted  in s id e  a closed 4:1 r ec t an g le  at  

(xQ,yg)  = ( 1 / 6 4 ,  1 / 2 ) .  A fa m i l y  o f  curves is shown wi th  

producing t ime as a parameter .  Computed data f o r  p^^ used 

to p l o t  F ig .  6.11 and o t h e r  f i g u r e s  in t h i s  sec t ion  are  

presented in Tables 22 -2 6 .  As usual ,  the behavior  o f  Pp^ 

i s  best  understood by consider ing  th ree  t ime domains:

(1 ) tp^ _> 1: For such values o f  producing t imes ,

Pps y i e l d s  f i v e  d i s t i n c t  s t r a i g h t  l i n e s .  The f i r s t  th ree  

l i n e s  are p a r a l l e l  and have a slope of  - 1 .  The f i r s t  one 

(not  f u l l y  shown in F ig .  6 . 1 4 )  corresponds to the i n f i n i t e  

r e s e r v o i r  behavior  w i th ou t  the e f f e c t s  o f  the surrounding  

no- f low boundar ies .  The second and t h i r d  p a r a l l e l  l i n e s  

correspond,  r e s p e c t i v e l y ,  to the e f f e c t s  o f  the c l o s e s t  long 

and shor t  sides o f  the r e c t a n g u la r  drainage a rea .

The f o u r t h  s t r a i g h t  l i n e  has a slope of  - 2 .  I t  r e p r e 

sents the e f f e c t s  o f  the o t he r  long side o f  the r e c t a n g l e .

The l a s t  l i n e a r  po r t io n  has a slope of  -2ir imply ing th a t
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the wel l  has been produced long enough to reach pseudo-steady  

s t a t e .

(2 )  tgj^ £  10"^:  I t  i s  ev ide n t  from F ig.  6 . 1 4  th a t

the f i r s t  and the l a s t  two l i n e a r  por t ions  remain unchanged,

wh i le  the second and t h i r d  s t r a i g h t  l i n e s  become s teeper

wi th a slope of  - 2 .
— ^

(3)  lO" < tgy  ̂ < 1: For i n te r m e d ia te  values o f  p ro 

ducing time tg ^ ,  only the t h i r d  s t r a i g h t  l i n e  becomes s teeper  

with a slope of  - 2 .

Thus, a p l o t  o f  t ime r a t e  o f  s h u t - i n  wel l  pressure ,  

Pws* versus At on a lo g - l o g  graph should y i e l d  unique charac

t e r i s t i c s  which may be used to lo ca te  the wel l  w i th  respect  

to the boundaries o f  a closed r e c t a n g u la r  dra inage area .

Using the ty pe - curve  matching technique presented in Chapter  

4,  we can c a l c u l a t e  the d is tance  to each boundary as fo l l o w s :

A = — ( t /  tp ^ )^  ( 6 . 1 9 )

Wy = [A / ( W^ / Wy) ^ ] ° *^  ( 6 . 2 0 )

= A/Wy ( 6 . 2 1 )

The dis tances b , b , a and a can be c a l c u l a t e d  us ing,X y X y
r e s p e c t i v e l y ,  Eqs. 6 . 1 2 ,  6 . 1 3 ,  6 .14  and 6 . 1 5 .  As to the  

kh and c|)C produc ts ,  they can be determined from Eq. 4 .20  

and Eq. 4 .2 1 .

Figure 6 .15  shows a type -curve  p l o t  o f  the t ime r a t e  

of  change o f  dimensionless bui ldup pressure versus dimensionless
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t ime f o r  a wel l  located  In the cen te r  of  a square.  I t  is  

ev iden t  from t h i s  f i g u r e  th a t  f o r  such a wel l  l o c a t i o n ,  we 

can observe only two s t r a i g h t  l i n e s  of  slope -1 and - 2 ir 

f o r  tg^ _> 10“ . However, then t^^ £  10“ we observe three  

l i n e a r  port ions of  slopes - 1 ,  -2 and -2%. F i n a l l y ,  a set  

of  type-curve p l o ts  of  p^^ vs. At^^ f o r  var ious wel l  loca? 

t io n s  and r e s e r v o i r  s izes  is  inc luded in Appendix F ( F i g 

ures F . 1 9 -2 3 ) .

In summary, al though many e x c e l l e n t  pu b l ic a t io ns  

have es tab l i shed  pressure bui ldup theory f o r  a wel l  in a 

closed drainage a r e a ,  no method was presented to locate  the 

wel l  wi th respect  to a l l  boundaries inv o lv ed .  The three

main bui ldup ana l ys is  methods o f  Muskat,  M i l l e r - D y e s - H u t c h i n -
38son, and Horner ,  as discussed by Ramey and Cobb, can at  

best  be used to lo ca t e  the c l o s e s t  boundary.  I t  has been 

shown in t h i s  chapter  t h a t  the t ime r a t e  o f  change of  draw

down or bui ldup pressure o f f e r s  unique c h a r a c t e r i s t i c s  which 

can be used to c a l c u l a t e  the d is tance  to each boundary f o r  

a wel l  l ocated in s id e  a closed r e c t a n g u la r  r e s e r v o i r .



CHAPTER V I I  

CONCLUSIONS

The p r i n c i p l e  o f  su perpos i t ion  was s y s t e m a t i c a l l y  

app l ied  to the cont inuous l i n e  source s o lu t io n  and i t s  t ime  

d e r i v a t i v e  to generate  the pressure drawdown and bui ldup  

behavior  of  a c o n s t a n t - r a t e  we l l  in a m u l t i p l e - s e a l i n g  

f a u l t s  s i t u a t i o n  and bounded r e c t a n g u la r  r e s e r v o i r .  The 

usual r e s e r v o i r  assumptions,  as l i s t e d  on page 8 , were 

made, i . e . ,  the porous media is assumed to be i s o t r o p i c ,  

h o r i z o n t a l ,  homogeneous, o f  uni form th ic k n e s s ,  e t c .  A 

thorough an a l y s i s  o f  the fo l l o w i n g  th ree  r e s e r v o i r  systems 

was conducted: ( 1 ) a wel l  near two pe rp end icu la r  sea l in g

f a u l t s ,  or no - f low  boundar ies ,  ( 2 ) a wel l  between a semi

i n f i n i t e  s t r i p ,  or th re e  se a l i ng  f a u l t s  i n t e r s e c t i n g  a t  

r i g h t  angles ,  and (3 )  a wel l  i n s id e  closed r e c t a n g u la r  

r e s e r v o i r s  whose sides are in i n t e g r a l  r a t i o s  of  1 :1  ( s q u a r e ) ,  

2 : 1 ,  4 : 1 ,  8 : 1 ,  and 16 :1 .

I t  was found t h a t  the type -curve  matching technique  

based on the t ime r a t e  of  change of  dimensionless we l l  p r es 

sure is  a powerful  too l  in d e te c t i n g  boundar ies .  Procedures 

based on t h i s  technique were o u t l i n e d  to determine the d i s t 

ance to a l l  boundar ies invo l ve d .  This ty pe -curve  matching  

approach w i l l  a lso give much more accurate  values o f  var ious  

e s s e n t ia l  r e s e r v o i r  parameters such as the kh and ^c prod

ucts and the e x te n t  o f  dra inage area A.

165
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The c a l c u l a t i o n  technique used to produce pressure  

d i s t r i b u t i o n s  in r e c t a n g u la r  r e s e r v o i r s  is  based on a n a l y t 

i c a l  equat ions as opposed to the convent ional  approach 

which consis ts  o f  apply ing su per po s i t ion  to a square,  th a t  

has a wel l  a t  i t s  c e n t e r ,  to generate  o ther  r e c t a n g u la r  

shapes. These equat ions should enable a p r a c t i c i n g  petroleum  

engineer  who had no t r a i n i n g  in formal  so lu t io n  of  the d i f -  

f u s i v i t y  equat ion or a p p l i c a t i o n  of  the p r i n c i p l e  o f  super 

p o s i t io n  to generate  dimensionless pressure data f o r  bounded 

systems. Al though t h i s  study concerned i t s e l f  wi th  r e c t a n 

gles whose sides are in i n t e g r a l  r a t i o s  of  1 : 1 ,  2 : 1 ,  4 : 1 ,

8:1  and 1 6 : 1 ,  the method can be employed f o r  any r e c t a n g u la r  

r e s e r v o i r  s i z e  wi th any wel l  l o c a t i o n ,  and wi th any l e n g t h -  

t o - w id t h  r a t i o .

The ty pe -curve  matching technique based on the t ime  

r a t e  o f  change o f  we l l  pressure fu nc t i on  not only has a s o l i d  

fundamental  b a s is ,  but provides a too l  wi th more i n t e r p r e 

t i v e  power than t h a t  based on the we l l  pressure fu nc t i on  

i t s e l f .  Log- log type -curves o f  Pp versus dimensionless  

t ime have a tremendous i n t e r p r e t i v e  power because f i e l d  data  

curves must appear l i k e  the proper  a n a l y t i c  s o l u t i o n  f o r  a l l  

t im es ,  thus a l low in g  a more accura te  es t imate  of  r e s e r v o i r  

c h a r a c t e r i s t i c s  such as p e r m e a b i l i t y ,  p o r o s i t y ,  dra inage  

area and l o c a t i o n  of  the wel l  wi th respect  to surrounding  

se a l i ng  f a u l t s ,  or  no - f low  boundar ies .  This in f o r ma t io n  is  

e s s e n t ia l  f o r  planning wel l  l o c a t i o n s  in tuese systems.
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The p r es en t ly  used pressure bui ldup and drawdown 

techniques f o r  f a u l t  d is ta nc e  c a l c u l a t i o n  based on semi- log  

graphs o f  the wel l  pressure fu nc t ion  should not be appl ied  

i f  a m u l t i p i  e - s e a l i n g - f a u l t  s i t u a t i o n  i s  suspected.  The 

t ype-curve  matching technique o u t l i n e d  in t h i s  study is  

s t ro n g l y  recommended f o r  such s i t u a t i o n s ,  e s p e c i a l l y  when a 

pressure drawdown t e s t  i s  run.

The r e s u l t s  Of t h i s  study are o f  cons iderab le  im po r t 

ance in i n t e r f e r e n c e  t e s t i n g  between o i l  f i e l d s  in common 

a q u i f e r s .  This technique is  not only v a l i d  in petroleum  

r e s e r v o i r s ,  but a lso in o ther  areas where the lo c a t i o n  of  

boundar ies ,  se a l i ng  f a u l t s  or  o ther  d i s c o n t i n u i t i e s ,  around 

the borehole i s  e s s e n t i a l .  Some examples of  these areas 

are geothermal systems and groundwater hydrology.

The fo l l o w i n g  s p e c i f i c  conclusions are reached from 

t h i s  study.

I . Well Between Two Per pend icu la r  Seal ing Faul ts

1. A p l o t  o f  f low ing  wel l  pressure versus t ime on 

a semilog graph f o r  yp <. 1 /16  y i e l d s  th ree  d i s t i n c t  s t r a i g h t  

l i n e  por t ions  which can be used to c a l c u l a t e  the d istance  

to both f a u l t s .  However,  f o r  values o f  y^ g r e a t e r  than 

1/16  (which is  a more common s i t u a t i o n ) ,  only the f i r s t  and 

l a s t  s t r a i g h t  l i n e s  o f  slope 1.151 and 4 . 6 ,  r e s p e c t i v e l y ,  

are observed.  Hence, in most cases,  a semilog graph of  

Pwf vs.  t  should not be used f o r  the purpose of  lo c a t i n g  

the wel l  wi th respect  to two pe rpend icu la r  boundar ies .  The



168
f i r s t  s t r a i g h t  l i n e ,  which corresponds to the i n f i n i t e  r e s e r 

v o i r  behavior  w i thout  the e f f e c t s  o f  nearby boundar ies ,  can 

be used to est imate  the kh product  and skin f a c t o r  s.

2. Both the Horner and M i l l e r -Dy es -Hu tc h in so n  bui ldup  

graphs are eq ua l l y  r e l i a b l e  f o r  de tec t in g  the c l os es t  f a u l t .  

However, under very unusual co nd i t ions  such as long s h u t - in  

t imes ,  long producing t imes ,  and y^ < 1 / 8 , these graphs can

be used to de tec t  both boundar ies .

3. A type -curve  p l o t  o f  the t ime r a t e  o f  change o f  

dimensionless drawdown wel l  p ressure ,  p^^, versus dimension

less producing t i m e ,  t^ ^ ,  y i e l d s  th ree  p a r a l l e l  s t r a i g h t  

l i n e  por t ions  o f  slope - 1 .  The d is tance to both f a u l t s ,

b^ and b^, and several  o ther  r e s e r v o i r  parameters such as 

the kh and products can be a c c u r a t e ly  ca lc u la te d  by ty pe -

curve matching.  The t o t a l  s h i f t  to the r i g h t  o f  the f i n a l  

s t r a i g h t  l i n e  (wi th  respect  to the f i r s t  one) is  double t h a t  

of  the second l i n e .  This is  the d i s t i n g u i s h i n g  f e a t u r e  o f  

the behav ior  o f  p^^ f o r  a wel l  near  two sea l ing boundaries  

i n t e r s e c t i n g  a t  a r i g h t  angle .

4. A lo g - lo g  p l o t  of  the t ime r a t e  of  change of  d i 

mensionless bui ldup pressure ,  p^^,  versus dimensionless sh ut -  

in t ime can be used to c a l c u l a t e  the d istance to both f a u l t s ,  

b^ and by,  and the kh and <j>c products .  I t  is  recommended, 

however,  to use these bui ldup type -curves  only f o r  very long 

producing t imes ;  so old we l l s  are e x c e l l e n t  cand ida tes .
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1 1 . Well Between Three Perpendicula r  Sea l ing Faul ts

1. A semilog graph o f  f lowing wel l  pressure versus 

producing t ime can,  g e n e r a l l y ,  de tec t  only the c l o se s t  of  

the th ree  f a u l t s .  For values of  (xQ.y^)  s m a l le r  than ( 1 / 3 2 ,  

1 / 8 ) t h i s  graph y i e l d s  th ree  d i s t i n c t  s t r a i g h t  l i n e s  of  

slope 1 . 15 1 ,  2 . 3  and 4 . 6 ,  which may be used to  c a l c u l a t e  

the d is tance  to the two c l o se s t  boundar ies.  The slope of  

the f i r s t  l i n e  can g ive  the kh product and sk in  f a c t o r .

2. The Horner and M i l l e r -D ye s -H u t ch in so n  bui ldup  

graphs should not be used f o r  f a u l t  d is tance  c a l c u l a t i o n  i f  

a m u l t i p i  e - s e a l i n g - f a u l t  s i t u a t i o n  is  suspected.  Thus in 

the case of  th re e  pe rp end icu la r  sea l ing  boundar ies ,  about  

the best  one can hope to do i s  obta in an es t imate  of  the  

d istance  to the neares t  boundary from the i n t e r s e c t i o n  po int  

of  the two s t r a i g h t  l i n e  por t ions  observed a t  long s h u t - i n  

t imes.  The f i r s t  s t r a i g h t  l i n e  of  slope 1.151 can be used 

to determine the kh product ,  sk in f a c t o r  and i n i t i a l  p res 

sure.

3. A ty pe -c ur ve  p l o t  o f  the t ime r a t e  of  change of  

dimensionless f low ing  wel l  p ressure ,  p^^ ,̂ versus dimension

less producing t im e ,  y i e l d s  four  d i s t i n c t  s t r a i g h t  l i n e

po r t io n s .  The f i r s t  th ree  l i n e s  are p a r a l l e l  and have a 

slope o f  - 1 .  The f o u r t h  s t r a i g h t  l i n e  sec t ion  has a slope  

of  - 0 . 5 .  This i s  the d i s t i n g u i s h i n g  f e a t u r e  o f  a th ree  p e r 

pe nd icu la r  se a l i ng  f a u l t  system. The typ e - cu rv e  matching 

technique presented in  t h i s  study can be used to c a l c u l a t e
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the d is tance to each boundary,  b^,  b_ and a^,  the kh and

X  jr  X

(|)C products.

4.  A ty pe -c ur ve  p l o t  o f  the t ime r a t e  o f  change of  

dimensionless s h u t - i n  we l l  p re ssure ,  Pg^, versus dimension

less s h u t - i n  t im e ,  Atp^,  y i e l d s  fo ur  p a r a l l e l  s t r a i g h t  l i n e  

por t ions  o f  slope -1 when t^^ >> At^^.  A f i f t h  s t r a i g h t  

l i n e  o f  slope - 1 . 5  should be observed as Atg^ becomes longer  

than tp ^ ,  which i s  a very unusual case.  For shor t  and i n 

te rm ed ia t e  values of  t^^ these graphs should show two e a r l y  

s t r a i g h t  l i n e s  o f  slope - 1 , fo l lowed  by another  l i n e  o f  

slope -2 and a f i n a l  l i n e  o f  slope - 1 . 5 .  Under these t ime  

c o n d i t i o n s ,  the curve matching technique can be used to  

c a l c u l a t e  var ious r e s e r v o i r  parameters such as the d is tance  

to  each f a u l t  and both kh and <j>c products .  I t  is  emphasized 

t h a t  the use o f  these ty pe -c ur ve  p lo ts  based on p^^ should 

be favored only when >> At^^.

I l l . Well  I n s id e  a Closed Rec tangular  Reservo i r

1. For drawdown, the i n i t i a l  semilog per iod o f  dimen

s ion less  we l l  p re ssure ,  p^^,, changes a b r u p t l y ,  f o r  a l l  p r ac 

t i c a l  purposes,  in t o  pseudo-steady s t a t e  f low f o r  a we l l  a t

the cen te r  o f  a r e c t a n g u l a r  dra inage a rea .  The s o - c a l l e d
42" l a t e  t r a n s i e n t "  f low  regime repor ted  by Russel f o r  o f f -  

c e nt e r  we l l s  corresponds,  in f a c t ,  to the e f f e c t s  o f  the two 

c l o s e s t  boundar ies .  Thus, f o r  a we l l  l oca ted  in s id e  a 2:1 

r ec t an g le  a t  ( x ^ .y ^ )  = ( 1 / 3 2 ,  1 / 4 )  a t o t a l  o f  th ree  s t r a i g h t  

l i n e s  o f  slopes 1 .1 5 1 ,  2 . 3  and 4 . 6  can be observed.  This  

f i n d i n g  i s  o r i g i n a l  to t h i s  study as i t  has always been
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be l ie v ed  t h a t  bounded systems y i e l d  only  the f i r s t  s t r a i g h t  

l i n e  o f  slope 1.151 corresponding to the i n f i n i t e  r e s e r v o i r  

behav ior  w i t hout  the e f f e c t s  of  the surrounding boundar ies .

2.  A l i n e a r  p l o t  o f  P|!,  ̂ versus t^^ f o r  a wel l  in  

the ce n t e r  o f  a square shows t h a t  the pseudo-steady s t a t e

is reached a t  a drawdown t ime of  0 . 1 7 5 ,  and f o r  t^^ > 0 . 1 7 5 ,

Pdw = 2 -r.

3. A type -c urv e  p l o t  o f  the t ime r a t e  o f  change o f  

dimensionless drawdown pressure versus dimensionless p ro 

ducing t i m e ,  f o r  a wel l  i n s i de  a closed r e c t a n g u l a r  dra inage  

ar ea ,  y i e l d s  f i v e  d i s t i n c t  s t r a i g h t  l i n e  p o r t i o n s .  The f i r s t  

th ree  l i n e s  are p a r a l l e l  and have a slope of  - 1 .  The fo ur th  

l i n e  o f  slope - 0 . 5  i s  observed j u s t  be fore  the pseudo-steady  

f low  is  reached.  The l a s t  l i n e a r  po r t ion  is  expressed by

Pdw '  2 . .

4 .  A l o g - l o g  p l o t  o f  the t ime r a t e  o f  change o f  

dimensionless bui ldup pressure versus dimensionless s h u t - i n  

t ime a lso  shows f i v e  d i s t i n c t  s t r a i g h t  l i n e s  f o r  o f f - c e n t e r  

we l l s  c lo s e r  to any of  the corners of  the r e c t a n g l e .  However,  

a l l  the f i v e  l i n e s  are observed only  when >> At^^.

The f i r s t  th re e  s t r a i g h t  l i n e s  are  p a r a l l e l  and have a slope  

of  - 1 .  The fo u r th  l i n e  has a s lope o f  - 2 .  The l a s t  s t r a i g h t  

l i n e  has a slope o f  - 2 it i n d i c a t i n g  pseudo-steady s t a t e .

5.  The d istances to a l l  fo ur  s ides of  the rectangu

l a r  r e s e r v o i r ,  a , a , b and b and o t her  e s s e n t i a l  pa ra -X y A y
meters such as the ex ten t  o f  dra inage  a r e a .  A, and the kh 

and (j)C products can be est imated according to  the  ty pe - curve
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matching technique developed in t h i s  study.  The most ac

cura te  r e s u l t s  are obtained using t h i s  technique to draw

down type cu rv e s .



APPENDICES



A P P E N D I X  A

SOLUTION FOR TRANSIENT PRESSURE BEHAVIOR DUE 

TO A CONSTANT RATE WELL IN AN INFINITE

MEDIUM

The fundamental  p a r t i a l  d i f f e r e n t i a l  equat ion de

s c r i b in g  f l u i d  f low in r e s e r v o i r  rocks i s  Eq. 2 .1 :

subject  to the fo l l o w i n g  i n i t i a l  and boundary co nd i t i on s :

1. I n i t i a l  Condi t ion:  p ( r , 0 )  = p^ , Vr ( A . 2)

2.  Inner  Boundary Condi t ion:
^  = s f k  ■ * ‘  »

"  ( A . 3)

3. Outer  Boundary Condi t ion:  p ( r , t )  = p̂  as r  »

and V t  > 0 ( A . 4}

The s o lu t i on  technique presented here fo l lows  t h a t  

of  Matthews and Rus se l l .  To develop the s o l u t i o n ,  we f i r s t  

replace the second boundary c o n d i t i on  by the cond i t ion

' f o r  r  > 0.  ( A . 5)

This cond i t ion  i s  the "1 ine -source"  approximat ion to the  

o r i g i n a l  boundary c o n d i t io n .

174
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S u b s t i t u t i n g  the Boltzmann Trans fo rma t i on :

_ _
 ̂ ■ 4k t

i n t o  Eq. A . l  and boundary cond i t ions  A . 2 and A . 5 gives

( A . 6 )

1 . p + p. as z +

Let  p' = , and Eq. A . 6 becomes

( A . 7) 

( A . 8 )

z ^  + (1 + z )p = 0 ( A . 9)

Separa t ion  of  v a r i a b l e s  and i n t e g r a t i o n  y i e l d

a .  1 dz

or

In  p'  = -  In z -  z + c.

In p'  + In z -  In  c = -z

in  = - z

S ix  =

and
-z

dz ( A . 10)

where c-j and c are constants o f  i n t e g r a t i o n
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S u b s t i t u t i o n  o f  Eq. A . 10 in t o  boundary co nd i t i on  A . 8

gives

l im 2 c e"^ = A v  " 2 c 
z^O 2 irkh

Thus,

Equation A . 10 now becomes

dgi _ qy e '^  
dz 47rkh z

Separa t ion  o f  v a r i a b l e s  and i n t e g r a t i o n  y i e l d

-z
"p = î r t i r  1 V

p = î S h  1 ^1 -  dz + =2

Assigning a r b i t r a r i l y  z = » to the lower  l i m i t  o f  the i n t e 

gra l  , we obta in

z -z

p ° 4 % r I  2 _ -  dz + Cg ( A . 1 2 )

or

P = -  I ;  d2 + cg

or

p '  2% r  [ ^ E I ( - z ) ]  + Cg

Applying the boundary co nd i t i on  A . 7 to the above,  we 

f i n d  Cg = pj and t h e r e f o r e

P ' f ' t )  = 2^RT [ % E i ( - z ) ]  + P, ( A . 13)
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P{ -  P ( r ' t )  '  2&
&wcr

4kt
2\

or

2 nkh[p,  -  p ( r , t ) ]  1
------------^ --------------------------?  Ei - 4 # ^ ) ( A . 14)

which takes the fo l l o w i n g  form in terms of  dimensionless  

v a r i a b l e s  de f ined  in the t e x t  by Eqs. 2 . 3 ,  2 . 4 ,  and 2 .5 :

. .  2
1

P o f r o - t o )  = -  2 El
D

4t , ( A . 15)

This i s  the same as Eq. 2 .6  o f  the t e x t .



A P P E N D I X  B

FIRST DERIVATIVE WITH TIME OF THE CONTINUOUS 

LINE SOURCE SOLUTION, EQ. 2 .6

The continuous l i n e  source s o lu t i on  o f  Eq. 2 .6  i n 

volves the E i - f u n c t i o n  which i s  de f ined in terms of  an i n 

te gr a l .  The f i r s t  d e r i v a t i v e  o f  Pp would t h e r e f o r e  in vo lve  

d i f f e r e n t i a t i o n  under the i n t e g r a l  sign which requ i re s  the  

use o f  L e i b n i t z '  Rule.

B . l  L e i b n i t z '  Rule

I f

fb(a)
F (a )  = * ( x , a )  dx ( B . l )

a ( a )

where a and b are d i f f e r e n t i a b l e  func t ions  of  a and where 

(j)(x,a) and d^ /da  are cont inuous in x and a,  then

I E
3a «‘x + ( » ) . « ]  3 ^  - 4 [ a ( . ) . a ]

a ( a )

(B .2 )

B.2 F i r s t  D e r i v a t i v e  o f  wi th Time
p

Wr i t i ng  x = r^ / ( 4 t n ) ,  from Eq. 2 .6  we haveD ' \""D

( e " " / u )  du (B .3 )' C r 'D ' " ^ r  2 2
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and

= P ■ =
D 2 3t,

Applying L e i b n i t z '  Rule as s ta ted  above:

_-x> ax
9t D

S u b s t i t u t i n g  the value of  x and i t s  d e r i v a t i v e s :

Pn =
r n ' l

'
1exp

1'  ^ ‘ dJ 4
1" t o ' l

(B .4 )

Pd = 2^  ""P 4 t D
(B .5 )

Equation B.5 gives the r a t e  o f  change of  dimensionless p r e s 

sure wi th t ime f o r  a l i n e  source we l l  in an i n f i n i t e  medium,

B . 3 Conversion to Real Parameters

I f  we s u b s t i t u t e  equat ions 2 . 3 ,  2 . 4 ,  and 2 .5  f o r  r ^ , 

t p ,  and Pp r e s p e c t i v e l y  in Eq. B.5 we ob ta i n :

2

and

or

. *wcr
Pd = - T k t —  ®"P

*ucr
4kt

Pd

2nkh
L qy (Pi  -  P r . t > ]

9[kt/((j )ycr^ ) ]

1 £
9 t

( B . 6 )

(B .7 )
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Equat ing Eq. B . 6  to 8 .7  we have:

I E  = 
at P -  -

f l l f  qu 1exp 4ucr^
t (4nkh 4k t (B.8)

or

PO X to =
2n k h l ( I p ' I  X t ) ( a . 10)

and t h e r e f o r e :

kh = au
2 ir ( P g / j p '  D C t g / t )  

8 .4  Conversion to Oi l  F i e l d  Uni ts

( B . l l )

A l l  the equat ions der ived  above are in Darcy u n i t s .  

In o i l  f i e l d  u n i t s ,  Eq. 8 .9  i s

%  -  IP' 70 .6  a ^ j e x p Oucr
0 .001055  kt ( B . l 2)

where p ' = p s i / h r ,  q = STB/D, y = op, k = md, h = f t ,  B 

= format ion volume f a c t o r ,  v o l / v o l ,  and t  = hours.  

Equat ion 8 .7  in o i l  f i e l d  un i ts  becomes

Pd =
C 1 Bbl 1 f l  D
5 .615  cu f t [qB STBJ (24 H r / D ) I p '

= (1 -119  X 24)r^2^<Dc ^  | p ' |

or

Pp = 26 .856 r^^hÿc ^w qB jP'

where p ' = p s i / h r ,  r^ = f t ,  h = f t ,  (t> = f r a c t i o n ,  c 

v o l / p s i ,  q = STB/D and t  = hrs .

I f  t  i s  in  days,  then Eq. B.14 i s

( 8 . 1 3 )

(B .1 4 )

v o l /

Pp = 1 .119 r,., h(j)Cw
J_
qB IP' ( 8 . 1 5 )
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where p ' = p s i / d a y .

F u r t h e r ,  Eq. B . l l  in o i l  f i e l d  un i ts  i s :

kh = (1 41 .3  q y B ) ( p ' / | p ' l ) ( t D / t )  . (B .16)



A P P E N D I X  C

SECOND DERIVATIVE WITH TIME OF THE CONTINUOUS 

LINE SOURCE SOLUTION, EQ. 2 .6

C.1 Second D e r i v a t i v e  o f  Pp wi th  Time

The second d e r i v a t i v e  wi th  t ime of  the dimensionless  

pressure is obta ined by d i f f e r e n t i a t i o n  of  Eq. 2 .10  and is  

given by:

2
a Pp

Btn
1 J_

^D
D exp D

4t,

or

2 t , 4 t , -  1 exp 4t , ( C . l )

or

Pi) = Pd • Ê 4tr (C .2 )

C.2 Conversion to  Real Parameters

3tr
9Pr
at.

k t
(j)ycrw

- 2 . r ^ ^ h * c  i  IIj
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P d  = I  gat'
(C.3)

or

IPn
<f)ycrw fZirkhl

i  P» i St2
(C .4 )

F u r t he r ,

, II _ a ■(j)ycr^

ato 2 kt exp diycr
4kt (C.5 )

(jjycr w ^
k at

(jipcrw
t  exp

*y cr w 4ucr

(j)ucr
4kt

2

4k exp jiucr
4kt

or

Pi) -

*y c r w
kt e x p l -  ^ ( C . 6 )

Equat ing Eq. C.4 wi th  Eq. C .6  we get

<l>ycr
4kt

*yc r
4k t - 1 (C.7 )

or

3t'
Æ 1
[at J [t J .

4)ucr
4kt ( C . 8 )

Consider the product:

I p g l  X t p ^  = ( p “ X t %) (C .9 )
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then

(C . I O )

C. 3 Conversion to Oi l  F i e l d  Uni ts

The equat ions in the previous sec t ion  are in darcy  

u n i t s .  In o i l  f i e l d  u n i t s ,  Eq. C.3 i s :

Pn = -
<t>ycrw

0.000264 k (26 .856  r , , ^ h K )  ^

| p : |  = (1 .0184  X 10%)
(j)ncr

w

2^2

qB

w kh
qyB

( C . l l )

(C . 12 )

where p" = p s i / h r  , r^ = f t ,  h = f t ,  <t> = f r a c t i o n ,  c 

q = STB/D and t  = hrs .

When t  i s  in  days,  Eq. C . l l  becomes:

= psi, - l

*pcr
Po 0 .00634 k r ^ ^ h * c ) ( p " /q p B ) ( C . l 3)

or

I p j l  = ( 1 .765  X 10%)
* ; c r w

q?B P"

where p" is  in ps i / d a y  .

Equation C.7 in  o i l  f i e l d  un i ts  is

I p “ I =
avB
kh exp d)vicr

0.001055 kt
&ucr 

0 .0 01 05 5 k t -  1

where p" is in p s i / h r  and t  is  in  h r .

F u r t h e r ,  in o i l  f i e l d  un i ts  Eq. C. IO y i e l d s :

.2

(C .14 )

(C .1 5 )

kh = ( 1 41 .3  q y B ) ( | p J i / p " ) ( t o / t ) ^  (C . 16 )



A P P E N D I X  D

TIME RATE OF CHANGE OF SHUT-IN WELL PRESSURE 

FOR A WELL IN AN INFINITE RESERVOIR

D. l  Equat ions f o r

The t ime r a t e  o f  change of  s h u t - i n  we l l  pressure is  

given by Eq. 4 . 2 3  o f  the t e x t :

PDs “ PDw<* At )o -  P6w ( a t ) o  ( 4 . 2 3 )

where i s  the d e r i v a t i v e  o f  Pp^ w i th  respec t  to tp .

For a wel l  in an i n f i n i t e  r e s e r v o i r ,  Pp^ is  given  

by Eq. 2.11 o f  the t e x t ,  and t h e r e f o r e  the above equat ion  

y i e l d s :

P d s  '  2 T t ‘ +  4 t ) p  •  2 ( i t ) p

or

Pds '  -  r  ( t  + 4 t ) p ( i t ) p  ( D - 2 )

Two l i m i t i n g  forms f o r  Pp^ under var ious t ime domains of  

i n t e r e s t  are obtained as fo l l o w s :

Case 1 : For Atp << t p ,  Eq. 0 . 2  can be rearranged

in t o  the f o l l o w i n g  form:
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_ 1 1    1
PDs 2 t g ( l  + A t p / t p )  ( A t p )  “ 2 (1 + A t p / t p )  (At j j )

( D . 3 )

which r e s u l t s  i n :

Pds “ •  “ d ' '*D ^ “ when * ‘ d ‘ d ‘

or

IPogl  = l / ( 2 A t p )  . ( D . 4 )

Thus,

log IPq j I = -  log Atp -  0 .30103 ( 0 . 5 )

which i s  s i m i l a r  to Eq. 2 .12  f o r  wel l  pressures dur ing draw

down .

Case 2 : When Atp >> t p : In view o f  Eq. 0 . 1 ,  Pp^

approaches zero when Atp >> tp because (t + At)p = Atp.

But,  i f  we take logar i thms o f  both sides o f  Eq. 0 .2  we have:

l og =  l o g ( t p / 2 )  -  l o g ( t  + At ) p  -  l og Atp ( 0 . 6 )

which y i e l d s

log IPj^gl = - 2  l og Atp + l o g ( t p / 2 )  . ( 0 . 7 )

Equat ion 0 . 7  shows the in f l u e n c e  of  producing t ime tp on the  

s h u t - i n  we l l  pressure behav io r .

0 .2  Conversion to Real Parameters

In view o f  Eq. 3 . 7 ,  dimensionless Pp^ is r e l a t e d  to

rea l  p^g by:
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Pds " ^  [ 3 p ^ s / 3 ( A t ) ]  . (D.B)

M u l t i p l y i n g  the above equat ion by At^,  we have:

From Eq. B.9 o f  Appendix B, we get f o r  Eq. D.4:

P ' ^ws At 4nkh

(D .9 )

(D . IO )

or

log P^3 -  log At + l o g [q w / ( 4 n k h ) ]  

F u r t h e r ,  we get  from Eq. D.7:

or

kt

|Pn
"D _ (j)ycrw

Ds 2At, r kAt
.<j)pcrw

( D . l l )

(D .12)

or

Pws At
_  ...q.H-
2 4irkh

log p ; . = -2  log At + log t  + l o g [ q u / ( 4 i i k h ) ]

D.3 Conversion to Oi l  F i e ld  Uni ts

In o i l  f i e l d  u n i t s ,  Eq. D.B is given by

Ip^sl = ( 26 .856  r ^ ^ h * c ) [ p ; 3 / ( q B ) ]

and Eq. D.9 by

IPds I " T41 .3  qyB '^ws
kh (Pwc) (At )  .

( D . l 3)

(D .14 )

(D .15 )

(D .16)
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F u r t h e r ,  from the above two equat ions we have:

*c = [ q B / ( 2 6 . 8 5 6  ) ] [ I P p s I / P ^ j ]  ( D . l 7)

and

kh = 141.3  q ; B ( | p 6 g | / p ; s ) ( A t Q / A t )  . (D.18)



A P P E N D I X  E

SECOND DERIVATIVE OF SHUT-IN WELL PRESSURE 

FOR A WELL IN AN INFINITE RESERVOIR

E. l  Equations f o r  p^.

The second d e r i v a t i v e  o f  s h u t - i n  wel l  pressure is  

obtained from Eq. 4.31 of  the t e x t :

Pos '  Pow(t + -  Piiw(P‘ >D

where i s  the second d e r i v a t i v e  o f  p^^ wi th  respect  to  

Atp. For a we l l  in an i n f i n i t e  r e s e r v o i r ,  Pp^ is given b 

Eq. 2 .22 and t h e r e f o r e  the above equat ion y i e l d s :

Pds
1

2 ( t  + At)p‘ 

1

1

2At,

1

( t  + At)p2 AtpZ

1 r 1 1 1 [ 1 + 1-1
2 [ ( t  + At)p Atp] ( t  + At)p Atp

( E . l )

(E . 2 )

(E .3 )

or

'Ds
'D

( t  + At )p(At jp
ZAtp 

( t  + At )p(At)p (E . 4 )
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Two l i m i t i n g  forms f o r  are obtained as fo l l o w s :

Case 1 : For At^ << t ^ : Eq. E.4 can be rearranged

in the f o l l o w i n g  form:

Pqs " 2 [ t p ( l  + At / t ) At p
t g ( l  + 2 A t / t )

t p ( l  + A t / t ) A t D
(E .5 )

which y i e l d s  when ( A t / t )  approaches zero

pfls = ) ( E . 6 )

or

log Pjjg = -2  log Atp -  0 .30103D (E .7 )

which i s  s i m i l a r  to Eq. 2 .24  f o r  drawdown t e s t i n g .

Case 2 : For Atg >> t g : Eq. E.4 can be rearranged

as :

Pds Atg^(l  + t / A t )

t j j (2 + t / A t )

Atjj (1 + t / A t )
( E . 8 )

which gives the fol lowing when ( t / A t )  0:

Pos = ) (E .9 )

or

log pgg = -3  log Atp + log tp . (E . I O )

Equat ion E. IO shows t h a t  Pp^ a t  long s h u t - i n  t imes i s  a func 

t i o n  of  producing t ime tp .

E.2 Conversion to Real Parameters

In view of  Eq. C .4 ,  dimensionless Pp^ is  r e l a t e d  to

p «
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2
f Z - n k h ] a^Pws

k J [ qy J 2
BAtrPds

M u l t i p l y i n g  Eq. E . l l  by Atp we have

( E . l l )

’d s - " ‘ d
2irkh

I PCs  I - ( A t ' ) ( E .1 2 )

From Eq. C.7 o f  Appendix C, we get  f o r  Eq. E . 6 :

i p :ws
1

/ \ 
qy

At^ 4nkh

or

log [pj jgl  = -2  log At  + 1 og[qy / (Ai rkh) ]  

and f o r  Eq. E.9:

(E .1 3 )

(E .1 4 )

i p ;ws At '3 2irkh (E .1 5 )

or

log I P^s - 3  log At  + log t  + l o g [ q y / ( 2 n k h ) ] .  (E .1 6 )  

E.3 Conversion to O i l  F i e l d  Uni ts

In view of  Eq. C .9 ,  Eq. E . l l  in o i l  f i e l d  un i ts  i s :

kh
Ds = (1 .0184  X l o S ) [ * y c r , 2 / k ] 2w qyB IPwws ( E . l 7)

and Eq. E.12 y i e l d s  :

2 _
POs'Ato

kh IP wc l 'A t ' ( E .1 8 )141.3  qyB'^ws

F u r t h e r ,  from Eq. E . l 7 and Eq. E .18 can be used to  

determine the (j)C and kh products .
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TYPE-CURVE PLOTS
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l o c a t e d  at (X q .Vq ) = (1,1) b e t w e e n  t w o
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F I G U R E  F.2: T y p e - c u r v e  p l o t  of Pp^ vs A t p ^  f o r  a well
l o c a t e d  at ( X p . y ^ )  = (1,1/4) b e t w e e n  two
p e r p e n d i c u l a r  s e a l i n g  f a u l t s .
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l o c a t e d  at ( X p , y p )  = ( 1 , 1 / 1 6 )  b e t w e e n  two
p e r p e n d i c u l a r  s e a l i n g  f a u l t s .
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TABLES



T A B L E  1; P p ^ ,  P p ^  a n d  pjj^ as F u n c t i o n s  o f  D i m e n s i o n l ess
Drawdown Times f o r  a Well Between Two P e rp e n d ic u la r

S e a l in g  F a u l ts
SELL LOCATION, (XD,YD) = ( 1 . 0 0 0 0 0 0 0 ,  1 . 0 0 0 0 0 0 0 )

* ** ** * ** * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *> 1* * * * * * * * * * * * * * * * * * * * * * * *  
IDA TDBÏ  TDBB PD POP PDPP* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

0.  1000E- 02 0 . 1 0 0 0 E - ■02 0 . 1000E- 02 0 . 9 1 1 5 E 00 0 . 4 5 2 4 E 03 - 0 . 4 0 7 2 E 06
0 . 2 0 0 0  E- 02 0 .  20 00E - 02 0 . 2 0 0 0 E - 02 0 . 1 2 3 4 E 01 0 . 2 3 7 8 E 03 - 0 . 1130E 06
0.  30 00 E- 02 0 . 3 0 0 0 E - 02 0 . 3 0 0 0 E - 02 0 . 1429E 01 0 . 1 6 1 2 E 03 - 0 . 5 1 9 4 E 05
0 .  aOOOE- 02 0 . 4 0 0 0 E - 02 0 .4 0 C 0 E - 02 0 . 1 5 6 8 E 01 0 . 1 2 1 9 E 03 - 0 . 2 9 7 2 E 05
0 . 5 0 0 0 E - 02 0 . 5 0 0 0 E - 02 0 . 5 0 0 0 E - 02 0 .  1677E 01 0 . 9 8 0 2 E 02 - 0 . 1 9 2 1 E 05
0 . 6 0  00E- 02 0 . 6 0 0 0 E - 02 0 . 6 0 0 0 E - 02 0 . 1 7 6 7 E 01 0 . 8 1 9 6 B 02 - 0 . 1 3 4 3 E 05
0 . 8 0 0 Û E - 02 0 . 8 0  00E- 02 0 . 8 0 0 0 E - 02 0 .  1909E 01 0 . 6 1 7 2 E 02 - 0 . 7 6 1 9 E 04
0 .  1000E- 01 0 . 1 0 0 0 E - 01 0 . 1000E- 01 0 . 2 0 1 9 E 01 0 . 4 9 5 0 E 02 - 0 . 4 9 0 1 E 04
0 . 2 0 0 0 E - 01 0 .2 0 0 0 E ^ 01 0 . 2 0 0 0 E - 01 0 . 2 3 6 3 E 01 0 . 2 4 6 8 E 02 - 0 . 1238E 04
0.  30 00 E- 01 0 . 3 0 0 0 E - •01 0 . 3 0 0 0 E - 01 0 . 2 5 6 5 E 01 0 .  1661E 02 - 0 . 5 5 1 9 E 03
0.  40 00E- 01 0 . 4 0 0 0 E - •01 0 . 4 0 0 0 E - 01 0 . 2 7 0 8 E 01 0 .  1247E 02 - 0 . 3 1 0 9 E 03
0 . 5 0 0 0 E - 01 0 . 5 0 0 0 E - 01 0 . 5 0  00E- 01 0 . 2 8 2 0 E 01 0 . 9 9 8 0 E 01 - 0 . 1 9 9 2 E 03
0 . 6000E- 01 0 . 6 0 0 0 E - •01 0 . 6 0 0 0 E - •01 0 . 2 9 1  IE 01 0 . 8 3 1 9 E 01 - 0 . 1 3 8 4 E 03
0 . 8 0 0 0 E- 01 0 . 8 Û 0 0 E - 01 O.BOOOE- 01 0 . 3 0 5 4 E 01 0 . 6 2 4 2 E 01 - 0 . 7 7 9 2 E 02
0 . 1000E 00 0 .  1000E 00 0 . 1 0 0 0 E 00 0 . 3166E 01 0 . 4 9 9 5 E 01 - 0 . 4 9 8 6 E 02
0 . 2000E 00 0 . 2 0 0 0 E 00 0 . 2 0 0 0 E 00 0 . 3 5 1 3 E 01 0 . 2 5 3 3 E 01 - 0 . 1181E 02
0 . 3000E 00 0 . 3 0 0 0 E 00 0 - 3 0 0 0 E 00 0 . 3 7 2 3 E 01 0 . 1787E 01 - 0 . 4 5 8 7 E 01
0- ttOOOZ 00 0 . 4 0 0 0 E 00 0 . 4 0 0 0 E 00 0 . 3 8 8 4 E 01 0 . 1 4 6 3 E 01 - 0 . 2 2 7 0 E 01
0 . 5 0 0 0 E 00 0 . 5 0 0 0 E 00 0 . 5 0 0 0 E 00 0 . 4 0 2 1 E 01 0 . 1 2 8 9 E 01 - 0 . 1 3 4 6 E 01
0 .  6000E 00 0 . 6 0 0 0 E 00 0 . 6 0 0 0 E 00 0 . 4  144E 01 0 . 1 1 7 8 E 01 - 0 . 9 2 3 0 E 00
0 . 8 0 0 0 E 00 0 . 8 0 0 0 E 00 0 . 3 0 0 0 E 00 0 . 4 3 6 4 E 01 0 . 1034E 01 - 0 . 5 7 2 9 E 00
0- 1000E 01 0 . 1 0 0 0 E 01 0 . 1000E 01 0 . 4 5 6 0 E 01 0 . 9 3 5 5 E 00 - 0 . 4 3 2 2 E 00
0 . 2000E 01 0 . 2 0 0 0 E 01 0 . 2 0 0 0 E 0 1 0 . 5 3 3 3 E 01 0 . 6 4 5 2 E 00 - 0 . 2 0 0 8 E 00
0 ,  3000E 01 0 . 3000E 01 0 . 3 0 0 0 E 01 0 . 5 6 9 4 E 01 0 . 4 9 1 1 E 00 - 0 . 1 1 8 1 E 00
0 . 4000E 01 0 . 4 0 0 0 E 01 0 . 4 0 0 0 E 01 0 . 6334E 01 0 . 3 9 5 5 E 00 - 0 . 7 7 2 3 E - 01
0 . 5000E 01 0 . 5 0 0 0 E 01 0 . 5 0 0 0 E 01 0 . 6 6 9 5 2 01 0 . 3 3 0 8 E 00 - 0 . 5 4 2 4 E - 01
0 . 6000E 01 0 . 6 0 0 0 E 01 0 . 6 0 0 0 E 01 0 . 7 0 0 1 E 01 0 . 2 8 4 1 E 00 - 0 . 4 0 1 2 E - 01
0 . 8000E 01 0 . 8 0 0 0 E 01 o.aoooE 01 0 . 7 5 0 2 E 01 0 . 2 2 1 5 E 00 - 0 . 2 4 4 4 E - 01
0 .  1000E 02 0 . 1 0 0 0 E 02 0 . 1000E 02 0 .7 9 C 2 E 01 0 . 1814E 00 - 0 . 1642E- 01
0 . 2000E 02 0 . 2 0  00E 02 0 . 2 0 0 0 E 02 0 . 9 1 9 4 E 01 0 . 9 5 1 8 E - 01 - 0 . 4 5 2 7 E - 02
0 . 3 0 0 0 E 02 0 . 3 0 0 0 E 02 0 . 3000E 02 0 . 9 9 7 2 E 01 9 .  6450E- 01 - 0 . 2 0 7 9 E - 02
0 .4 0 0 Ü E 02 0 . 4 0  00E 02 0 . 4 0 0 0 E 02 0 . 1 053E 02 0 . 4 8 7 7 E - 01 - 0 .  1139E- 02
0 . 5 0 0 0 E 02 0 . 5 0  COE 02 0 . 5 0 0 0 E 02 0 . 1 0 9 7 2 02 0 . 3 9 2 1 E - 01 - 0 . 7 6 8 7 E - 03
0 .6 0 0 Û E 02 0 . 6 0 ODE 02 0 . 6 0 COE 02 0 . 1 133E 02 0 . 3 2 7 8 E - 01 - 0 . 5 3 7 4 E - 0 3
0 . 8000E 02 0 . 8 0  00E 02 0 . 8000E 02 0 .  1 189E 02. 0 . 2 4 6 9 E - 01 - 0 . 3 0 4 8 E - 03
0 .  1000E 03 0 .  1000E 03 0 . 1000E 03 0 . 1 233E 02 0 .  1980E- 01 - 0 . 1 9 6 0 E - 0 3
0 . 2 0 0 0 E 03 0 . 2 0 0 0 E 03 0 . 2 0 0 0 E  ,03 0 .  1 371E 02 0 . 9 9 5 0 E - 02 - 0 . 4 9 5 0 E - 04
0 . 3000E 03 Û .3 0 0 0 E 03 0 . 3 0 0 0 E 03 0 . 1 4 5 2 E . 02 0 . 6 6 4 4 E - 02 - 0 . 2 2 0 7 E - 04
0 . 4 0 0 0 E 03 0 . 4 0 0 0 E 03 0 . 4 0 0 0 E 03 0 . 1509E 02 0 . 4 9 8 8 E - •02 - 0 , 1244E- 04
0 . 5000E 03 0 . 5 0 0 0 E 03 0 . 5 0 0 0 E 03 0 . 1 5 5 4 E 02 0 . 3 9 9 2 E - 02 - 0 . 7 9 6 8 E - 05
0 . 6 0 0 0 E 03 0 . 6 0 0 0 E 03 C . 6 0  00K 03 0 .  1590E 02 0 . 3 3 2 8 E - 02 - 0 . 5 5 3 7 E - 05
0 .  aoooE 03 O.aOOOE 03 0 . BOOOE 03 0 . 1648E 02 0 . 2 4 9 7 E - 02 - 0 . 3 1 1 7 E - 0 5
0 .  1000E 04 0 .  1000E 04 0 .  1000E 04 0 . 1692E 02 0 .  1998E-•02 - 0 . 1 9 9 6 E - 05

no

'>1



T A B L E  2: Pd w  PDw
p" as F u n c t i o n s  o f  D i m e n s i o n l e s s

Drawdown Times f o r  a Well Between Two P e rp e n d ic u la r
S e a l in g  Fa u l ts

WELL L O C A T I O N ,  ( X D - Y D )  = ( 1 . 0 0 0 0 0 0 0 ,  0 . 5 0 0 0 0 0 0 )  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* ** ** * ** * ** ** * ** ** * ** * ** ** * ** ** * ** **********#************$**$***$***#***$#*

TDA TOBY T DBB PD PDF PDPP
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

0 .  1 0 0 0 E - 0 2 0 . 4 0 0 0 E - 0 2 0 . 2 0  0 0 E - 0 2 0 . 9 1 1 5 E 0 0 0 . 4 5 2 4 E 0 3 - 0 . 4 0 7 2 E 0 6
0 . 2 0 0 0 E - 0 2 0 . 8 0 0 0 E - •02 0 . 4 0 0 0 E - •02 0 . 1 2 3 4 E 0 1 0 . 2 3 7 8 E 0 3 - 0 . 1 1 3 0 E 0 6
0 .  3 0 0 0 E - •02 0 . 1 2 0 0 E - 01 0 . 6 0 0 0 E - 0 2 0 . 1 4 2 9 E 01 0 . 1 6 1 2 E , 0 3 - 0 . 5 1 9 4 E OS
O .U OO O E- 0 2 0 . 1 6 0 0 E - 01 0 . 8 0 0 0 E - 0 2 0 . 1 5 6 B E 01 0 . 1 2 1 9 E 0 3 - 0 . 2 9 7 2 E 0 5
0 .  5 0 0 0 E - ■02 0 . 2 0 0 0 E - 01 0 . l O O O E - 01 0 . 1 6 7 7 E 01 0 . 9 B 0 2 E 0 2 - 0 . 1 9 2 1 E 0 5
0 . 6 0 0 0 E - 0 2 0 . 2 4  0 0 E - •01 0 . 1 2 0 0 E - 01 0 . 1 7 6 7 E 01 0 . 8 1 9 6 E 0 2 - 0 . 1 3 4 3 E 0 5
0 . 8 0 0 0 E - 0 2 0 . 3 2 0 0 E - 01 0 . 1 6 0 0 E - 01 0 . 1 9 0 9 E 01 0 . B 1 7 2 E 0 2 - 0 . 7 B 1 9 E 0 4
0 .  1 0 0 0  E- 01 0 . 4 0 0 0 E - 01 0 . 2 0 0 0 E - 0 1 0 . 2 0 1 9 E 01 0 . 4 9 5 0 E 0 2 - 0 . 4 9 0 1 E 0 4
0 .  2 0 0 Ü E - •01 0 . 8 0 Ü Ü E - 01 0 . 4 0 0 0 E - 01 0 . 2 3 6 3 E 01 0 . 2 4 B 8 E 0 2 - 0 . 1 2 3 7 E 0 4
0 . 3 0 0 0 E - 01 0 . 1 2 0 0 E 00 0 . 6 0 0 0 E - 0 1 0 . 2 5 6 5 E 01 0 . 1 6 B 2 E 0 2 - 0 . 5 5 0 9 E 0 3
0 . UOOOE-•01 0 . 1 6 0 0 E 0 0 O .B OO O E- 01 0 . 2 7 0 9 5 01 0 . 1 2 4 9 E 0 2 - 0 . 3 0 7 8 E 0 3
0 . 5 0 0 0 E - 01 0 . 2 0 0 0 E 0 0 0 . lOOOE 0 0 0 . 2 B 2 0 E 01 0 . 1 0 0 5 E 0 2 - 0 . 1 9 3 8 E 0 3
0 . 6 0  00 E- 0 1 0 . 2 4 0 0 E 0 0 0 . 1 2 0 0 E 0 0 0 . 2 9 1 2 E 01 0 . 8 4 4 9 E 01 - 0 . 1 3 1 6 E 0 3
0 . 8 0 0 0 E - 01 0 . 3 2 0 Ü E 00 0 . 1 6 0 0 E 0 0 0 . 3  OBOE 0 1 0 . 6 5 1 7 E 0 1 - 0 . 7 0 6 3 H 0 2
0 .  lOOOE 0 0 0 . 4 0 0 0 E 0 0 0 . 2 0 0 0 E 0 0 0 . 3 1 7 8 E 01 0 . 5 4 0 B E 01 - 0 . 4 3 7 2 E 0 2
0 . 2 0 0 0 E 0 0 0 . BOOOE 0 0 0 . 4 0 0 0 E 0 0 0 . 3 5 8 6 E 01 0 . 3 2 3 7 E 01 - 0 . 1 1 1 3 S 0 2
0 . 3 0 0 0 E 0 0 0 .  1 2 0 0 E 01 0 . 6 0 0 0 E 0 0 0 . 3 8 6 7 E 01 0 . 2 4 7 6 E 01 - 0 . 5 2 1 9 E 0 1
0 .  UOOOE 0 0 0 . 1 6 0 0 E 01 0 . BOOOE 0 0 0 . 4 0 9 3 E 01 0 . 2 0 7 B E 0 1 - 0 . 3 0 7 4 E 01
0 . 5 0 0 0 E 0 0 0 . 2 0 0 0 E 01 0 . lOOOE 01 0 . 4 2 8 7 E 01 0 . 1 8 2 4 E 01 - 0 . 2 0 3 9 E 0 1
0 . 6 0 0 0 E 0 0 0 . 2 4 0 0 E 01 0 . 1 2 0 0 E 0 1 0 . 4 4 6 0 E 01 0 .  1 6 4 4 E 0 1 - 0 . 1 5 6 0 E 0 1
0 . BOOOE 0 0 0 . 3 2 0 0 E 01 0 . 1 6 0 0 E 01 0 . 4 7 B 2 E 01 0 . 1 3 9 2 E 01 - 0 . 1 0 2 6 E 0 1
0 . lOOOE 01 0 . 4 0 0 0 E 01 0 . 2 0 0 0 E 0 1 0 . 5 0 2 2 E 01 0 . 1 2 1 7 E 0 1 - 0 . 7 5 B 1 E 0 0
0 . 2 0 0 0 E 01 0 . BOOOE 01 0 . 4 0 0 0 E 01 0 . 5 9 7 1 E 01 0 . 7 5 6 1 E 0 0 - 0 . 2 8 4 5 E 0 0
0 . 3 0 0 0 E 01 0 . 1 2 0 0 E 02 0 - 6 0 0 0 E 0 1 0 . B B 1 3 E 0 1 0 . 5 4 9 3 E 0 0 - 0 . 1 5 0 3 E 0 0
0 . 4 0 Ü 0 E 01 0 . 1 6 0 0 E 02 0 . BOOOE 01 0 . 7 C 9 8 E 01 0 . 4 3 1 2 E 0 0 - 0 . 9 2 7 4 E - 0 1
0 . 5 0 0 0 E 01 0 . 2 0 0 0 E 02 0 . 1 0 0 0 E 0 2 0 . 7 4 B 9 E 0 1 0 . 3 5 4 9 E 0 0 - 0 . 6 2 8 5 E - 01
0 . 6 0 0 0 E 01 0 . 2 4 0 0 E 0 2 0 . 1 2 0 0 E 0 2 O . 7 0 1 5 E 01 0 . 3 0 1 5 E 0 0 - 0 . 4 5 3 8 E - 0 1
0 . 8 0 0 0 E 01 0 . 3 2 0 0 E 02 0 .  1 6 0 0 E 0 2 0 . 8 3 4 2 E 01 0 . 2 3 1 7 E 0 0 - 0 . 2 6 8 2 E - 01
0 .  lOOOE 0 2 0 . 4 0 0 0 E 0 2 0 . 2 0 0 0 E 0 2 0 . 8 7 5 9 E 01 O . I B B I E 0 0 - 0 . 1 7 B 9 E - 0 1
0 . 2 0 0 0 E 0 2 0 .  BOOOE 0 2 0 . 4 0 0 0 E 0 2 0 .  1 0 0 9 E 0 2 0 . 9 B 9 B E - 0 1 - 0 . 4 6 9 9 E - 0 2
0 .  3 0 0 0 E 0 2 0 .  1 2 0 Ü E 03 0 . 6 0 C 0 E 0 2 0 . 1 0 8 8 E 02 0 . B 5 3 0 E - 01 - 0 . 2 1 3 2 E - 0 2
0 . UOOOE 0 2 0 - 1 6 0 0 E 03 0 .  BOOOE 0 2 0 . 1  1 4 4 E 0 2 - 0 . 4 9 2 3 E - 01 - 0 . 1 2 1 2 E - 0 2
0 . 5 0 0 0 E 0 2 0 . 2 0  0CE 0 3 0 .  lOOOE 0 3 0 . 1 1 8 8 E 02 0 . 3 9 5 1 E - 01 - 0 . 7 8 0 3 E - 0 3
0 . 6 0 0 0 E 0 2 0 . 2 4  0 0 E 03 0 .  12 0 0 E 0 3 0 . 1 2 2 4 E 02 0 . 3 2 9 9 E - 0 1 - 0 . 5 4 4 1 E - 0 3
0 . 8 0 0 0 E 0 2 0 . 32 0GE 0 3 0 . 1 6 0 0 E 0 3 0 . 1 2B1E 02 0 . 2 4 8 1 E - 01 - 0 . 3 0 7 7 E - 0 3
0 . lOOOE 0 3 0 . 4 0 0 0 E 03 0 - 2 0 0 0 E 0 3 0 . 1 3 2 B E 0 2 0 . 1 9 B 8 E - 0 1 - 0 . 1 9 7 5 E - 0 3
0 . 2 0 0 0 E 0 3 0 . BOOOE 0 3 0 . 4 0 0 0 E 0 3 0 . 1 4B 4 E 0 2 0 . 9 9 6 9 E - 0 2 - 0 . 4 9 6 9 E - •04
0 . 3 0 0 0 E 0 3 0 . 1 2 0 0 E 04 0 . BOOOE 0 3 0 . 1 5 4 4 E 0 2 0 . 6 B 5 3 E - 0 2 - 0 . 2 2 1 3 E - 0 4
0 . 4 0 0 0 E 0 3 0 . 1 6 0 0 E 04 0 . BOOOE 0 3 0 . 1 6 0 2 E 02 0 . 4 9 9 2 E - 0 2 - 0 .  1 2 4 6 E - 0 4
0 . 5 0 0 0 E 0 3 0 . 2 0 0 0 S 04 0 . lOOOE 0 4 0 . 1 B 4 6 E 0 2 0 . 3 9 9 5 E - 0 2 - 0 . 7 9 8 0 E - 0 5
0 .  6 0 0 0 E 0 3 0 . 2 4 0 0 E 0 4 0 . 1 2 0 0 E 0 4 0 . 1 6 8 3 E 02 0 . 3 3 3 0 E - 0 2 - 0 . 5 5 4 4 E - 0 5
0 . BOOOE 0 3 0 . 3 2  0 0 E 0 4 0 . 1 6 0 0 E 0 4 0 . 1 7 4 0 E 0 2 0 . 2 4 9 B E - 0 2 - 0 . 3 1 2 0 E - • 0 5
0 . 1 0 0 0 E 0 4 0 . 4 0 0 0 E 04 0 . 2 0 0 0 E 0 4 0 . 1 7 B 5 E 02 0 . 1 9 9 9 E - 0 2 - 0 . 1 9 9 7 E - 0 5

r o

00



T A B L E  3 Pdw> Pdw Dw as F u n c t i o n s  o f  D i m e n s i o n l e s s
Drawdown Times f o r  a Well Between Two P e rp e n d ic u la r

S ea l ing  Fa u l ts
WELL LOCATION, (X D - ÏD )  = ( 1 . 0 0 0 0 0 0 0 ,  0 . 2 5 0 0 0 0 0 )  * * * * * * * * * * * * * & * * * * % * * * * * * * * * * * * * * * * * * * * ^ * * * * * * * &

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
TDA TDBÏ TDBB PD POP PDPP

0 . 1000E- 02 0 .  1600E-01 0 . 4 0 0 0 E - 02 0 . 9 1 1 5 E 00 0 . 4 5 2 4 E 03 - 0 . 4 0 7 2 E 06
0 . 2 0 0 0 E - •02 0 . 3 2 0 0 E - 01 o .a o o o E - 02 0 . 1 2 3 4 E 01 0 . 2 3 7 8 E 03 - 0 . 1 1 3 0 E 06
0 , 30 00E - 02 0 - 4 8 0 0 E - 01 0 .  1200E-01 0 .  1429E 01 0 . 1 6 1 2 E 03 - 0 . 5 1 9 4 E 05
0 .  UOOOE- 02 0 . 6 4 0 0 E - 01 0 . 1600E- 01 0 . 1 5 6 8 E 01 0 . 1 2 1 9 E 03 - 0 . 2 9 7 2 E 05
0 . 5 0 0 0 E- 02 0 . 8 0  00E - 01 0 . 2 0 0 0 E - 01 0 . 1677E 01 0 . 9 8 0 2 E 02 - 0 . 1 9 2 1 E 05
0 .  60ÜOE- 02 0 . 9600E - 01 0 . 2 4 0 0 E - 01 0 -1 7 6 7 E 01 0 . 8 1 9 6 E 02 - 0 . 1343E 05
0 . 8 0 0 0 E - 02 0 . 1 2 8 0 E 00 0 . 3 2 0 0 E - 01 0 . 1909E 01 0 . 6 1 7 5 E 02 - 0 . 7 5 9 7 E 04
0 .  1000E-■01 0 .  1600E 00 0 . 4 0 0 0 E - 01 0 . 2019E 01 0 . 4 9 6 0 E 02 - 0 . 4 8 5 0 E 04
0 . 2 0 0 0 E - 01 0 . 3 2 0 0 E 00 0 . 8000E- 01 0 . 2 3 6 9 E 01 0 . 2 5 9 7 E 02 - 0 . 1 1 2 1 E 04
0 . 3 0 0 0 E - 01 0 .4BÜ0E 00 0 . 1200E 00 0 . 2 5 8 7 E 01 0 . 1 8 6 9 E 02 - 0 . 4 7 6 9 E 03
0 .  40 00 E- 01 0 . 6400E 00 0 . 1600E 00 0 . 2 7 5 4 E 01 0 .  1509E 02 - 0 . 2 7 4 1 E 03
0 .  SOOOE- 01 0 . 8000E 00 0 -2 0 0 0 E 00 0 . 2 8 9 3 E 01 0 .  1285E 02 - 0 . 1849E 03
0 . 60 00 E- 01 0 . 9 6 0 0 E 00 0 . 2 4 0 0 E 00 0 . 3 0 1 3 E O'i 0 .  1 126E 02 - 0 . 1 3 6 4 E 03
0 . 8 0 0 0 E - 01 0 . 1280E 01 0 . 3 2 0 0 E 00 0 . 3 2 1 5 E 01 0 . 9 1 0 4 E 01 - 0 . 8 5 7 5 E 02
0 .  100QE 00 0 . 1600E 01 0 - 4 0 0 0 E 00 0 . 3382E 01 0 - 7 6 7 2 E 01 - 0 . 5 9 9 0 E 02
0 . 2000E 00 0 . 3 2 0 0 E 01 0 . 8 0 0 0 E 00 0 . 3 9 5 1 E 01 0 . 4 3 5 7 E 01 - 0 . 1 8 1 7 E 02
0 - 3000E 00 0 . 4 8 0 0 E 01 0 . 1 2 0 0 E 01 0 . 4 3 1 7 E 01 0 . 3 1 2 7 E 01 - 0 . 8 2 5 1 E 01
0 . 4000E 00 0 . 6 4 0 0 E 01 0 . 1 6  COE 01 0 . 4 5 9 6 E 01 0 .2 5 C 9 E 01 - 0 . 4 6 3 1 E 01
0 . 5000E 00 0 . 3 0 0 0 E 01 0 . 2 0 0 0 E 01 0 . 4 8 2 7 E 01 0 . 2 1 3 7 E 01 - 0 . 3 0 0 4 E 01
0 . 6 0 0 0 E 00 0 . 9600E 01 0 . 2 4 0 0 E 01 0 . 5 0 2 7 E 01 0 .1 B 8 3 E 01 - 0 . 2 1 5 2 E 01
0 . 8000E 00 0 . 1260E 02 0 . 3 2 0 0 E 01 0 .5 3 6 B E 01 0 . 1548E 01 - 0 . 1 3 2 3 E 01
0.  1000E 01 0 .  1600E 02 0 . 4 0 0 0 E 01 0 . 5 6 5 4 E 01 0 - 1 3 2 6 E 01 - 0 . 9 2 9 5 E 00
0 . 2 0 0 0 E 01 0 . 3 2 0 0 E 02 0 . BOOOE 01 0 - 6 6 6 5 E 01 0 . 7 9 0 9 E 00 - 0 . 3 1 4 7 E CO
0 . 3 0 0 0 E 01 0 . 4 8 0 0 E 02 0 . 1 2 0 0 E 02 0 -7 3 3 1 E 01 0 . 5 6 6 3 E 00 - 0 . 1 6 0 5 E 00
0 . 4 0 0 0 E 01 0 . 6 4 0 0 E 02 0 . 1600E 02 0 .7 B 2 9 E 01 0 . 4 4 1 2 E 00 - 0 . 9 7 3 8 E - 01
0 .  500ÜE 01 0 . BOOOE 02 0 . 2 0 0 0 E 02 0 . 8 2 2 8 E 01 0 . 3 6 1 5 E 00 - 0 . 6 5 3 4 E - 01
0 . 6000E 01 0 . 9 6 0 0 E 02 0 . 2 4 0 0 E 02 0 . 8 5 6 0 E 01 0 . 3 0 6 2 E 00 - 0 . 4 6 8 6 E - 01
0 . 8 0 0 0 E 01 0 . 1280E 03 0 . 3 2 0 0 E 02 0 . 9 0 9 4 E 01 0 . 2 3 4 4 E 00 - 0 . 2 7 4 7 E - 01
0 . 1000E 02 0 . 1600E 03 0 . 4 0 0 0 E 02 0 . 9 5 1 6 E 01 0 . 1 8 9 9 E 00 - 0 . 1 8 0 3 E - 01
0 . 2 0 U 0 E 02 0 . 3 2 0 0 E 03 0 . BOOOE 02 0 . 10B5E 02 0 . 9 7 4 1 E - 01 - 0 . 4 7 4 4 E - 02
0 .  3000E 02 0 . 4 8 0 0 E 03 0 . 1 2 0 0 E 03 0 . 1 164E 02 0 . 6 5 5 1 E - 01 - 0 . 2 1 4 5 E - 02
0 . 4 0 0 0 E 02 0 . 6 4 0 0 E 03 0 . 1600E 03 0 . 1221E 02 0 - 4 9 3 4 E - 01 - 0 . 1217E- 02
0 .  5000E 02 0 . BOOOE 03 0 . 2 0 0 0 E 03 0 . 1265E 02 0 . 3  958E- 01 - 0 . 7 8  3 3E- 03
0 . 6 0 0 0 E 02 0 . 9 6  00E 03 0 . 2400E 03 0 . 1301E 02 0 . 3 3 0 4 E - 01 - 0 . 5 4 5 8 E - 03
0 . 8 0 0 0 E 02 0 . 1280E 04 0 . 3 2 0 0 E 03 0 . 1 3 5 8 E 02 . 0 . 2 4 8 4 E - 01 - 0 . 3 0 8 4 E - 03
0 . 1000E 03 0 . 1600E 04 0 . 4 0 0 0 E 03 0 . 1403E 02 0 .  1989E- 01 - 0 . 1 9 7 9 E - 03
0 . 2000E 03 0 . 3 2 0 0 E 04 0 . BOOOE 03 0 . 1 5 4 1 E 02 0 . 9 9 7 3 E - 02 - 0 . 4 9 7 4 E - 04
0 . 3 0 0 0 E 03 0 . 4 8 0 0 E 04 0 . 1 2 0 0 E 04 0 . 1622E 02 0 . 6 6 5 5 E - 02 - 0 . 2 2 1 4 E - 04
0 .  4000E 03 0 . 6 4 0 0 E 04 0 . 1 6 0 0 E 04 0 . 1 6 7 9 E 02 0 . 4  993 E- 02 - 0 .  1247E‘- 04
0 . 5000E 03 0 . BOOOE 04 0 . 2 0 0 0 E 04 0 . 1 7 2 4 E 02 0 . 3 9 9 6 E - 02 - 0 . 7 9 8 3 E - 05
0 .  6000E 03 0 . 9 6 0 0 E 04 0 . 2 4 0 0 E 04 0 . 1 7 6 0 E 02 0 . 3 3 3 0 E - 02 - 0 . 5 5 4 6 E - 05
0 . 8 0 0 0 E 03 0 .  1280E 05 0 . 3 2 0 0 E 04 0 . 1818E 02 0 . 2 4 9 8 E - 02 - 0 . 3 1 2 1 S - 05
0 .  1000E 04 0.  1600E 05 0 . 4000E 04 0 . 1 8 6 2 E 02 0 . 1 9 9 9 E - 02 - 0 . 1 9 9 8 E - 05

r o

KO



T A B L E  4: p D w ’ P d w P d w  F u n c t i o n s  o f  D i m e n s i o n l e s s
Drawdown Times f o r  a Well Between Two P e rp e n d ic u la r

S e a l in g  F a u l ts

HEL L  L O C A T I O N ,  ( X D . Y D )  = f 1 . 0 0 C 0 0 0 0 ,  0 . 1 2 5 0 0 0 0 )  * * * * * * * * * * * * * % * * * * * * * * * * * * * * * * * * * * # * * * * * * * * * * * * &

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
TDA T D B Ï  TDBB PD PDP PDPP* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

0 .  1 0 0 0 E - 0 2 0 . 6 4  0 0 E - -01 0 . 8 0 0 0 E - • 0 2 0 . 9 1 1 5 E 0 0 0 . 4 5 2 4 E 0 3 - 0 . 4 0 7 2 E 0 6
0 .  2 0 0 0 E - •02 0 .  1 2 8 0 E 00 0 . 1 6 0 0 E - ■01 0 . 1 2 3 4 E 01 0 . 2 3 7 9 E 0 3 - 0 . 1 1 2 6 E 0 6
0 . 3 0 0 0 E - 0 2 0 . 1 9 2 0 E 0 0 0 . 2 4 0 0 E - ■01 0 . 1 4 2 9 E 01 0 . 1 6 2 1 E 0 3 - 0 . 5 0 6 6 E 0 5
O . a O O O E - • 02 0 . 2 5 6 0 E 00 0 . 3 2 0 0 E - 01 0 . 1 5 7 0 E 01 0 . 1 2 4 4 E 0 3 - 0 . 2 7 8 9 E 0 5
0 . 5 0 0 0 E - 02 0 . 3 2  0 0 E 0 0 0 . 4 0 0 0 E - ■01 0 .  1 6 8 3 E 01 0 . 1 0 2 4 E 0 3 - 0 . 1 7 3 4 E 0 5
0 - 6 0 0 0 E - ■02 0 . 3 8 4 0 E 0 0 0 . 4 8 0 0 E - ■01 0 . 1 7 7 8 E 01 0 . 8 8 1 2 E 0 2 - 0 - 1 1 7 8 E 0 5
0 . 8 0 0 0 E - 0 2 0 . 5 1 2 0 E 0 0 0 . 6 4 0 0 E - ■01 0 . 1 9 3 5 R 01 0 . 7 0 5 9 E 0 2 - 0 . 6 5 6 3 E 04
0 .  1 0 0 0 E - ■01 0 . 6 4 0 0 E 0 0 o .a o o o E - 01 0 . 2 0 6 5 E 01 0 . 5 9 9 8 E 0 2 - 0 . 4 3 1  I E 0 4
0 . 2 0 0 0 E - 01 0 . 1 2 8 0 E 01 0 . 16 0 0 E 0 0 0 . 2 5 2 4 B 01 0 . 3 6 3 2 E 0 2 - 0 . 1 3 6 3 E 0 4
0 . 3 0 0 0  E- •01 0 .  1 9 2 0 E 01 0 . 2 4 0 0 E 0 0 o . 2 e a 3 E 01 0 . 2 6 5 1 E 0 2 - 0 . 7 1 0 0 E 0 3
0 . 4 0 0 0 E - 01 0 . 2 5 6 0 E 01 0 . 3 2 0 0 E 0 0 0 . 3 0 6 8 E 01 0 . 2 0 9 3 E 0 2 - 0 . 4 3 9 8 E 0 3
0 .  5 0 0 0 E - ■01 0 . 3 2 0 0 E 01 0 . 4  0 0 0 E 0 0 0 . 3 2 5 8 E 01 0 . 1 7 3 0 E 0 2 - 0 . 2 9 9 8 E 0 3
0 . 6 0  0 0 E - 01 0 . 3 8 4 0 E 01 0 . 4 8 0 0 E 0 0 0 . 3 4 1 7 E 01 0 . 1 4 7 4 E 0 2 - 0 . 2 1 7 6 E 0 3
0 . 8 0 0 0 E - 0 1 0 . 5 1 2 0 E 01 0 . 6 4 0 0 E 0 0 0 . 3 6 7 5 E 01 0 . 1 1 3 8 E 0 2 - 0 . 1 2 9 6 E 0 3
0 . 1 0 0 0 E 0 0 0 . 6 4 0 0 E 01 0 . BOOOE 0 0 0 . 3 8 8 0 E 01 0 . 9 2 7 2 E 01 - 0 . 8 5 9 5 E 0 2
0 . 2 0 0 Ü E 0 0 0 .  1 2 8 0 E 0 2 0 . 16 0 0E 01 0 . 4 5 3 8 E 01 0 . 4 8 4 3 E 0 1 - 0 . 2 2 4 9 E 0 2
0 . 3 0 0 0 E 0 0 0 .  1 9 2 0 E 02 0 . 2 4 0 0 E 0 1 0 . 4 9 3 R E 0 1 0 . 3  3 6 4 E 0 1 - 0 . 9 6 4 0 E 01
0 . 4 0 0 0 E 0 0 0 . 2 5 6 Ü E 0 2 0 . 3 2 0 0 E 01 0 . 5 2 3 5 E 01 0 . 2 6 5 3 E 01 - 0 . 5 2 4 7 B 01
0 . 5 0 0 0 E 0 0 0 . 3 2  0 0 E 02 0 . 4 0 0 0 E 0 1 0 . 5 4 7 8 E 01 0 . 2 2 3 6 E 0 1 - 0 . 3 3 3 6 E 0 1
0 . 6 0 0 0 E 0 0 0 . 3 8 4 0 E 0 2 0 . 4 8 C 0 E 01 0 . 5 6 8 6 E 01 0 . 1 9 5 6 E 01 - 0 . 2 3 5 4 E 01
0 . 8 0 0 0 E 0 0 0 . 5 1 2 0 E 02 0 . 6 4 0 0 E 01 0 . 6 0 3 8 E 0 1 0 .  1 5 9 3 E 0 1 - 0 . 1 4 1 7 E 0 1
0 .  1 0 0 0 E 0 1 0 . 6 4 0 0 E . 0 2 0 . BOOOE 01 0 . 6 3 3 2 2 01 0 . 1 3 5 7 E 01 - 0 . 9 8 1 6 E 0 0
0 . 2 0 0 0 E 01 0 -  1 2 8 0 E 03 0 . 1 6 0 0 E 0 2 0 . 7 3 6 0 E 0 1 0 . 8 0 0 1 E 0 0 - 0 - 3 2 3 . 0 E 0 0
0 .  3 0 0 0 E 0 1 0 .  1 9 2 0 E 0 3 0 . 2 4 0 0 E 0 2 0 . 8 0 3 2 2 01 0 . 5 7 0 7 E 0 0 - 0 . 1 6 3 3 E 0 0
Û . U 0 0 0 E 01 0 . 2 5 6 0 E 0 3 0 . 3 2 0 0 E 0 2 0 . 8 5 3 4 E 01 0 . 4 4 3 8 E 0 0 - 0 . 9 8 6 0 E - 0 1
0 . 5 0 0 0 E 0 1 0 . 3 2 0 0 E 0 3 0 . 4 0 0 0 E 0 2 0 . 8 9 3 5 E 01 0 . 3 6 3 2 E 0 0 - 0 . 6 5 9 8 E - 0 1
0 . 6 0 0 0 E 01 0 . 3 8 4 0 E 03 0 . 4 8 0 0 E 0 2 0 . 9 2 6 8 E 0 1 0 .  3 0 7 3 E 0 0 - 0 . 4 7 2 4 E - 01
O. AOOOE 0 1 0 . 5 1 2 0 E 0 3 0 . 6 4 0 0 E 0 2 0 . 9 8 0 4 E 01 0 . 2 3 5 1 E 0 0 - 0 . 2 7 6 3 E - 01
0 - 1 0 0 0 E 0 2 0 . 6 4  0 0 E 03 0 . 8 0 0 0 E 0 2 0 . 1 0 2 3 E 0 2 0 . 1 9 0 3 E 0 0 - 0 . 1 8 1 1 E - 0 1
0 - 2 0 0 0 E 0 2 0 .  1 2 8 0 E 04 0 . 1 6 0 0 E 0 3 0 . 1 15 6E 02 0 . 9 7 5 2 E - 01 - 0 . 4 7 5 5 E - 0 2
0 . 3 0 0 0 E 0 2 0 . 1 9 2 0 E 04 0 . 2 4 0 0 E 0 3 0 . 1 2 3 6 E 0 2 0 . 6 5 5 6 E - 0 1 - 0 . 2 1 4 9 E - 0 2
0 . 4 0 0 0 E 0 2 0 . 2 5 6 0 E 0 4 0 . 3 2 0 0 E 0 3 0 . 1 2 9 3 E 0 2 0 . 4 9 3 7 E - 01 - 0 . 1 2 1 9 E - 0 2
0 . 5 0 0 0 E 0 2 0 . 3 2 0 0 E 0 4 0 . 4 0 0 0 E 0 3 0 . 1 3 3 7 E 0 2 0 . 3 9 6 0 E - 0 1 - 0 . 7 8 4 0 E - 0 3
0 .  60 Ü Û E 0 2 . 0 . 3 8 4 0 E 0 4 0 . 4 8 0 0 E 0 3 0 . 1 3 7 3 E 02 0 . 3 3 0 5 E - 01 - 0 . 5 4 6 3 E - 0 3
0 . BOOOE 0 2 0 . 5 1 2 0 E 0 4 0 . 6 4 0 0 E 0 3 0 . 1 4 3 0 E 0 2 0 . 2 4 8 4 E - 0 1 - 0 . 3 0 8 6 E - 0 3
0 .  1 0 0 0 E 0 3 0 . 6 4 0 Ü E 0 4 0 .  BOOOE 0 3 0 . 1 4 7 4 E 02 0 . 1 9 9 0 E - 01 - 0 . 1 9 8 0 E - ■03
0 . 2 0 0 0 E 0 3 0 . 1 2 8 0 E 05 0 . 1 6 0 0 E 0 4 0 . 1 6 1 2 E 0 2 0 . 9 9 7 5 E - 0 2 - 0 . 4 9 7 5 E - 0 4
0 .  30  0 0 E 0 3 0 .  1 9 2 0 E 0 5 0 . 2 4 0 0 E 0 4 0 . 1 6 9 3 E 0 2 0 . 6 6 5 5 E - 0 2 - 0 . 2 2 1 5 E - ■04
0 . 4 0 0 0 E 03 0 . 2 5 6 0 E 0 5 0 . 3 2 0 0 E 0 4 0 . 1 7 5 1 E 0 2 0 . 4 9 9 4 E - 0 2 - 0 . 1 2 4 7 E - 0 4
0 . 5 0 0 0 E 0 3 0 . 3 2 0 0 E 0 5 0 . 4 0 0 0 E 0 4 0 . 1 7 9 5 E 02 0 . 3 9 9 6 E - 0 2 - 0 . 7 9 8 4 E - 0 5
0 . 6 0 0 0 E 0 3 0 . 3 8 4 0 E 0 5 0 . 4 9 0 0 E 0 4 0 . 1 8 3 2 E 0 2 0 . 3 3 3 1 E - 0 2 - 0 . 5 5 4 6 B - 0 5
0 . BOOOE 0 3 0 . 5 1 2 0 E 0 5 0 . 6 4 0 0 E 04 0 . 1 8 8 9 B 02 0 . 2 4 9 8 E - 0 2 - 0 . 3 1 2 1 E - 0 5
0 .  1 0 0 0 E 0 4 0 . 6 4 0 0 E 05 0 . BOOOE 0 4 0 . 1 9 3 4 E 0 2 0 .  1 9 9 9  E- 0 2 - 0 . 1 9 9 8 E - 0 5

roroo



T A B L E  5: ’D s ’ ^Ds a n d  as F u n c t i o n s  of D i m e n s i o n l e s s
Buildup Times f o r  a Well Between Two P e rp e n d ic u la r

S e a l in g  Pau l ts
WELL L O C A T I O N *  ( X D , Y O )  =  ( 1 . 0 0 0 0 0 0 0 *  0 . 1 2 S 0 0 Q 0 )* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

P RO DU CI NG  T I M E  HEFCRE S H U T - I N *  TDA =  0 . 0 1 0* ** ** * **$$**** * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * *$ *$* * * * * * * * * * * * * * * * * * * * * * * * *# * * * * * * * * * * * * * * * * * * * *  

D E L I T  )  T R A T  T DHY PCS PDSP PDSS* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
O . l O O Q E - 0 2 0 .  I I O O E 0 2 0 . 6 4 0 0 E - - 0 1 0 . 1 2 4 4 E  01 - 0 . 4 3 1 3 E  0 3 0 . 4 7 1 8 E 0 6
0 . 2 0 0 0 E - - 0 2 0 . 6 0 0 0 E 01 0 . 1 2 8 0 E 0 0 0 . 8 E 8 2 E  0 0 - 0 . 1 9 4 I E  0 3 0 . 1 I 8 4 E 0 6
0 . 3 0 0 0 E - ■02 0 . 4 3 3 3 E C l Ü . 1 9 2 0 E 0 0 0 . 8 0 R 5 E  0 0 - 0 . 1 1 6 2 F  0 3 0 . S 0 5 9 E 0 5
0 . 4 0 0 0 E - 0 2 0 . J 5 0 0 E 01 0 . 2 S 6 0 E 0 0 0 . 7  1 2 6 E  0 0 - 0 . 7 9 3 9 E  0 2 0 . 2 6 5 9 E 0 5
0 . 5 0 0 0 E - 0 2 0 . 3 0 0 C E 0 1 0 . 3 2 0 Ü I - ; 0 0 0 . 6 4 4 4 E  0 0 - 0 . 5 8 8 5 E  0 2 0 . 1 5 7 5 E 0 5
0 . 6 0 0 0 E - 0 2 0 . 2 6 6 7 E 01 0 . 3 8 4 Q E 0 0 0 . 5 9 2 4 E  0 0 - 0 . 4 6 1 H E  0 2 0 . 1 0 1 6 E 0 5
0 . 8 0 0 0 E - 0 2 0 . 2 2 5 0 E 01 0 . S 1 2 0 E 0 0 0 . 5 1 6 1 E  0 0 - 0 . 3 1 7 7 E  0 2 0 . 5 0 8 3 E 0 4
0 . l OOOE-■01 0 . 2 0 0 0 E . 01 0 . 6 4 0 0 K 0 0 0 . 4 6 1 C E  0 0 - 0 . 2 3 9 4 E  0 2 0 . 3 0 1 3 E 04
U . 2 0 0 Ü E - - 0 1 0 . I S n O E 01 0 . 1 2 8 0 E 0 1 0 . 3 C 9 5 E  0 0 - 0 . 9 8 6 1 E  0 1 0 . 6 5 9 3 E 0 3
0 . 3 0 0 0 E - ■01 0 . 1 3 3 3 E 01 0 . 1 0 2 0 E 0 1 0 . 2 3 5 3 E  0 0 - 0 . S 6 0 3 E  01 0 . 2 7 1 8 E 0 3
0 . 4 0 0 0 E - 0 1 0 . 1 2 5 U E Cl 0 . 2 R 6 0 f c 0 1 0 . 1 9 0 1 E  0 0 - 0 . 3 6 3 9 E  0 1 0 . 1 4 0 6 E . 0 3
0 . 5 0 0 0 H - 0 1 0 . I 2 0 U E 01 0 . 3 2 0 0 E 01 O . l S n O E  0 0 - 0 . 2 S 5 & E  0 1 0 . 8 2 4 5 E 0 2
0 . 6 0 0 0 E - 0 1 0 .  I 1 6 7 E 01 0 . 3 8 4 0 C 0 1 0 . 1 3 7 6 E  0 0 - 0 . 1 8 9 R E  0 1 0 . S 2 5 7 E 0 2
0 . 8 0 0 0 E - U 1 0 . I 1 2 S E Cl U . 5 1 2 0 E 0 1 . 0 . 1 0 7 8 E  0 0 - 0 . 1 1 6 5 E  0 1 0 . 2 S 2 2 E 0 2
0 . lOOOE 0 0 0 .  l l O O E 01 0 . 6 4 0 Ü E 0 1 0 . 8 8 7  I E - 0 1 - 0 . 7 H 7 0 E  0 0 0 . 1 4 0 3 E 0 2
0 . 2 0 0 0 E 0 0 0 . 1 0 5 0 E Cl 0 . 1 2 8 0 E 0 2 0 . 4 7 3 5 E - 0 1 - 0 . 2 1 4 1 E  0 0 0 . 2 1 3 3 E 01
0 . 3 0 0 0 E 0 0 0 . 1 0 3 3 E 01 0 . 1 9 2 0 E 0 2 0 . 3 3 I 8 E - 0 1 —0 . 9 3 1 2 E —0 1 0 . 6 4 9 8 E 0 0
0 . 4 0 0 0 E 0 0 0 . 1 0 2 5 E 01 0 . 2 5 6 0 E 0 2 0 . 2 6 2 8 E - 0 1 ■ - 0 . 5 1 1 5 E - 0 1 0 . 2 6 2 3 E 0 0
0 . 5 0 0 0 E 0 0 0 . 1 0 2 0 E 01 0 . 3 2 0 0 E 0 2 0 . 2 2 1 9 E - 0 1 - 0 . 3 2 7 2 F - 0 1 0 . 1 2 7 2 E 0 0
0 . 6 0 0 0 b 0 0 0 .  1 0 1 7 E 0 1 Ü . 3 R 4 0 E 0 2 0 . 1 9 4 4 E - 0 1 - 0 . 2 3 1 9 E - 0 1 0 . 7 0 7 9 E - 01
0 . 8 0 0 0 E 0 0 0 . 1 0 1 2 E 01 0 . 5 1 2 0 E 0 2 0 .  1 S H 5 E - 0 1 - 0 . 1 4 0 3 E - 0 1 0 - . 2 9 3 S E - 01
O . I O O O E 01 O . l O l O E 01 0 . 6 4 0 0 E 0 2 0 . 1 3 S 2 E - 0 1 - 0 . 9 7 3 8 E - 0 2 0 . 1 5 6 2 E - 01
0 . 2 0 0 0 E 0 1 0 .  1 0 0 5 E 01 0 . 1 2 8 0 F . 0 3 0 . 7 9 8 5 E - 0 2 - 0 . 3 2 1 6 E - 0 2 0 . 2 6 3 4 E - 0 2
0 . 3 0 0 0 E 01 0 . 1 0 0 3 E 01 0 . 1 9 2 0 E 0 3 0 . 5 6 9 9 E - 0 2 - 0 . 1 6 2 8 E - 0 2 0 . 9 3 4 4 E - 0 3
0 . 4 0 0 0 E 0 1 0 . 1 0 0 2 E 0 1 0 . 2 5 b 0 E 0 3 0 . 4 4 3 4 B - 0 2 - 0 . 9 8 3 7 H - 0 3 0 . 4 3 7 4 E - 0 3
0 . 5 0 0 0 E 0 1 0 . 1 0 0 2 E 01 0 . 3 2 P 0 E 0 3 0 . 3  6 2 7 E - 0 2 - 0 . 6 5 8 6 E - 0 3 0 . 2 3 9 3 E - 0 3
0 . 6 0 0 0 E 01 0 . 1 0 0 2 E 01 Ü . 3 8 4 0 F 0 3 0 . 3 0 7 1 R - 0 2 - 0 . 4 7 1 7 F - 0 3 0 . 1 4 5 0 E - 0 3
0 . 8 0 0 D E 0 1 0 .  1 0 0  I E 01 0 . 5 1 2 0 E 0 3 0 . 2 3 4 9 E - 0 2 - 0 . 2 7 5 9 E - 0 3 0 . 6 4 8 S E - 0 4
0 . lOOOE 0 2 O . I O O I E 01 0 . 6 4 0 U E 0 3 0 . 1 9 C 3 E - 0 2 - 0 . 1 8 C 9 E - C 3 0 . 3 4 4 2 E - 0 4
0 . 2 0 0 0 E 0 2 O . I O O O E 01 0 . 1 2 8 0 E 0 4 0 . 9 7 4 7 E - 0 3 - 0 . 4 7 E D E - 0 4 0 . 4 6 3 I E - 0 5
0 . 3 0 0 0 E 0 2 0 . i n o o E 0 1 0 .  1 P 2 0 E 0 4 0 . 6 5 5 2 E - 0 3 - 0 . 2 1 4 6 F - 0 4 0 .  I 4 0 7 E - OS
0 . 4 0 0 U E 0 2 O . I O O O E 01 0 . 2 5 6 0 E 0 4 0 . 4 E 4 0 E - 0 3 - 0 . 1 2 I & E - 0 4 O . 6 0 1 2 E - 0 6
0 . 5 0 0 U E 0 2 O . I O O O E 01 0 . 3 2 0 0 b 0 4 n . 3 9 S 8 E - 0 3 - 0 . 7 8 3 4 E - 0 5 0 . 3 1 0 1 E - 0 6
0 . 6 0 0 0 E 0 2 O . I O O O E 01 0 . 3 8 4 0 K 0 4 0 . 3 3 C 9 E - 0 3 - 0 . 5 4 5 R E - 0 5 0 . 1 8 0 4 E - 0 6
0 . BOOOE 0 2 O . I O O O E 01 0 . 5 1 2 0 E 0 4 0 . 2 4 7 0 E - 0 3 - 0 . 3 0 8 5 1 - 0 5 0 . 7 6 6 0 E - 0 7
0 . l OOUE 0 3 O . I O O O E 0 1 0 . 6 4 0 0 b 0 4 0 .  1 9 6 5 E - 0 3 - 0 . 1 9 7 8 E - 0 5 0 . 3 9 3 6 E - 0 7
0 . 2 0 0 0 E 0 3 O . I O O O E 01 0 . 1 2 8 0 E 0 5 0 . 9 1 S S E - C 4 - 0 . 4 9 1 7 E - 0 6 0 . 4 9 3 3 E - OR
0 . 3 0 0 0 K 0 3 0 .  lOOOE 01 0 . 1 9 2 0 E 0 5 0 . 7 6 2 9 K - 0 4 - 0 . 2 I 9 8 F - 0 6 0 . 1 4 4 1 E - 0 8
0 . 4 0 0 0 E 0 3 0 . lOOOE 0 1 0 . 2 S 6 0 E OS 0 . 4 E 7 B E - 0 4 - 0 . 1 2 2 9 E - 0 6 0 . 6 0 7 S E - 0 9
0 . 5 0 0 0 E 0 3 O . I O O O E 01 0 . 3 2 0 0 E 0 5 0 . 3 0 5 2 R - 0 4 - 0 . 7 8 2 3 E - 0 7 0 . 3 1 2 0 E - 0 9
0 . 6 0 0 0 E 0 3 O . I O O O E 01 0 . 3 8 4 0 E OS 0 . 4 5 7 8 E - 0 4 - 0 . S 4 2 S E - 0 7 0 . 1 8 1 0 E - 0 9
0 . 8 0 0 0 E 0 3 O . I O O O E 01 0 . 5 1 2 0 E OS 0 . 4 E 7 8 E - 0 4 - 0 . 3 0 5 0 E - 0 7 0 . 7 6 4 0 E - 10
O . I O O U E 0 4 O . I O O O E 01 0 . 6 4 0 Ü E . OS 0 . 1 5 2 6 H - 0 4 - 0 . 1 9 5 6 F - 0 7 0 . 3 8 2 0 E - 1 0

r o
r o



T A B L E  6: 'Ds' P d s P gg as F u n c t i o n s  o f  D i m e n s i o n l e s s
Buildup Times f o r  a Well Between Two P e rp e n d ic u la r

S ea l ing  F a u l ts
WELL L O C A T I O N ,  ( X U , Y D )  = ( 1 * 0 0 0 0 0 0 0 ,  0 . 1 2 5 0 0 0 0 )* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

PRODUCI NG T I M I -  IIEi-'CK’ h' S I I U T - I N ,  TDA = 0 . 1 0 0* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

D E L ( T  ) TRAT T DEY PCS PDSP PDSS
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

0 .  l O O O E - 0 2 0 .  l O l G E C3 0 . 6 4  0 0 E - 0 1 0 . 3 G 1 4 E 01 - 0 . 4 7 8 5 E 0 3 0 . 4 7 5 4 E 0 6
0 . 2 0 0 0 E - 0 2 0 . 5 1 0 0 E 02 0 . 1 2 8 0 E 0 0 0 . 2 6 8 3 E 01 - 0 . 2 3 7 9 E 0 3 0 . 1 2 1 5 B 0 6
0 . 3 0 0 U E - 0 2 0 . 3 4 3 3 E 02 0 . 1 9 2 0 E 0 0 0 . 2 4 P 1 E 01 - Q . 1 5 7 2 F 0 3 0 . 5 3 2 7 E 0 5
0 . 4 0 0 0 L - 0 2 0 . 2 6 DOE 0 2 0 . 2 5 6 0 E 0 0 0 . 2 3 5 5 E 01 - 0 . 1 1 7 8 F 0 3 0 . 2 8 9 5 E 0 5
o . s o o o t - 0 2 0 . 2 1 U 0 H 0 2 0 . 3 2 0 0 1 : 0 0 0 . 2 2 5 0 E 01 - 0 . P 5 0 3 E 0 2 0 . 1 7 8 5 H 0 5
0 . 6 0 0 Ü E - 0 2 0 . 1 7 6 7 E 0 2 0 . 3 R 4 0 k 0 0 0 . 2 1 6 3 E 01 - 0 . 8 0 3 6 E 0 2 0 . 1 2 0 S E 0 5
0 . 8 0 0 0 E - 0 2 0 . 1 3 5 0 E 0 2 U . 5 1 2 0 E 0 0 0 . 2 C 2 2 E 01 - 0 . 6 2 5 3 F 0 2 0 . 6 6 3 3 E 0 4
0 .  l O O U E - U l 0 . 1 1 UOE 02 0 . 6 4 0 0 F . 0 0 O .  1 PCRF. 01 - 0 . F I 8 7 K 0 2 0 . 4 3 1 4 E 0 4
0 . 2 0  0 U E - 0 1 0 . 6 0 0 0 E C l 0 . 1 2 K 0 E 01 0 . 1S2 HE 01 - 0 . 2 8 5 P E 0 2 0 . 1 3 1 1 E 0 4
0 . 3 0 0 0 H - 01 0 . 4 3 3 3 E 01 Û . 1 0 2 0 E 01 0 . 1 2 9 4 E 0 1 - 0 . 1 9 2 9 E 0 2 0 . 6 6 0 3 E 0 3
0 . 4 0 Ü U E - 0 1 0 . 3 5 0 0 E Cl 0 . 2 5 6 0 E 01 0 . 1 1 2 0 H 01 - 0 . 1 4 1 8 E 0 2 0 . 3 9 5 4 E 0 3
0 . 5 0 0 0 E - 0 1 0 . 3 0 0 0 E 01 0 . 3 2 0 0 F 0 1 0 . 1 OOSE 01 - 0 . 1 0 9 7 E 0 2 0 . 2 6 0 6 E 0 3
0 . 6 0 0 0 E - 0 1 0 . 2 6 6 7 E 01 Ü . 3 B 4 0 E 01 0 . 9 0 6 4 E 0 0 - 0 . 8 7 8 2 E 01 0 . 1 8 2 B E 0 3
O . H O O O E - O l 0 . 2 2 S 0 E Cl 0 . 5 I 2 0 E 01 0 . 7 6 0 8 E 0 0 - 0 . 6 0 4 4 E 0 1 0 . 1 0 2 0 k 0 3
0 .  lOOOE 0 0 0 . 2 0  COE 0 1 0 . 6 4 0 0 K 0 1 0 . 6 5 7 3 E 0 0 - 0 . 4 4 3 2 F 01 0 . 6 3 S 2 E 0 2
0 . 2 0 0 U E 0 0 0 . I 5 0 0 E 01 O . 1 2 B 0 E 0 2 0 . 4 0 0 0 H 0 0 - 0 . 1 4 P 0 E 01 0 . 1 2 8 6 E 0 2
0 . 3 0 0 0 E 0 0 0 . I 3 3 3 E 0 1 0 . 1 9 2 0 E 0 2 0 . 2 0 7 3 E 0 0 - 0 . 7 1  12I-: 0 0 0 . 4 3 9 4 E 01
0 . 4 0 0 D E 0 0 0 . 1 2 5 0 E 01 0 . 2 5 6 0 E 0 2 0 . 2 4 2 9 E 0 0 - 0 . 4 1 7 6 E 0 0 0 . 1 9 1 2 E 01
o . s n o o E 0 0 0 . 1 2 0 0 E 01 0 . 3 2 0 0 F 0 2 0 . 2 0 B B E 0 0 - 0 . 2 7 9 7 k 0 0 0 . 0 8 1 7 E 0 0
0 . 6 0 0 0 b 0 0 0 .  1 1 6 7 E 0 1 Ü . 3 8 4 0 k 0 2 0 . I 8 4 9 E 0 0 - 0 . 2 0 4 6 E 0 0 0 . 5 7 1 5 E 0 0
0 . BOOOE 0 0 0 . 1 1 2 5 E 01 O . 5 1 2 0 E 0 2 0 . I 5 2 6 E 0 0 - 0 . 1 2 6 4 E 0 0 0 . 2 5 2 1 E 0 0
O . I O O O E 0 1 0 .  I I O O E 01 0 . 6 4 0 0 F . 0 2 0 . 1 3 1 1 E 0 0 - 0 . 9 0 9 1 E - 0 1 0 . 1 3 9 2 E 0 0
0 . 2 0 0 0 H 0 1 0 .  1 0 5 0 E 0 1 0 .  I 2 B 0 E 0 3 0 . 7 B 4 4 E - 0 1 - 0 . 3 1 O 3 E - 0 1 0 . 2 4 9 3 E - 01
0 . 3 0 0 0 k 0 1 0 . 1 0 3 3 E 01 0 . 1 9 2 0 E 0 3 0 . S 6 2 7 E - 0 1 - 0 . 1 S B 7 E - 01 0 . 8 9 9 3 k - 0 2
0 . 4 0 0 0 E 0 1 0 . 1 0 2 5 E 01 0 . 2 S 6 0 E 0 3 0 . 4 3 9 0 E - 01 - 0 . 9 6 4 5 F - •02 0 . 4 2 4  6 E - 0 2
0 . 5 0 0 0 E 0 1 0 . 1 0 2 C E 01 0 . 3 2 0 0 E 0 3 0 . 3 S 9 B E - 0 1 - 0 . 6 4 B O E - 0 2 0 . 2 3 3 6 E - 0 2
0 . 6 0 0 0 E 0 1 0 . 1 0 1 7 E 01 0 . 3 8 4 0 E 0 3 0 . 3 C 5 0 E - 01 - 0 . 4 6 5 3 F - • 0 2 0 . 1 4 2 0 E - 0 2
0 . BOOOE 0 1 0 .  1 0 I 2 E 0 1 0 . 5 1 2 0 E 0 3 0 . 2 3 3 7 E - 01 - 0 . 2 7 3 1 E- 0 2 0 . 6 3 8 S E - 0 3
0 . lOOOE 0 2 O . I O l O E 01 0 . 6 4 0 0 E 0 3 0 . 1 8 9 4 E - 0 1 - 0 . 1 7 9 4 E - 0 2 0 . 3 4  0 0 E - 0 3
0 . 2 0 0 0 E 0 2 O . I O O S E 01 0 . 1 2 B 0 E 0 4 0 . 9 7 2 9 E - 0 2 - 0 . 4 7 3 2 E - 0 3 0 . 4 6 0 3 E - 0 4
0 . 3 0 0 0 E 0 2 0 . 1 0 0 3 E 0 1 0 . 1 0 2 0 E 0 4 0 . 6 E 4 4 E - 0 2 - 0 . 2 1 4 2 E - 0 3 0 .  1 4 0 2 E - 0 4
0 . 4 0 0 0 E 0 2 0 . I 0 0 2 E 01 0 . 2 5 6 0 E 0 4 0 . 4 S 3 0 E - 0 2 - 0 . 1 2 1 6 E - •03 0 . 5 9 9 5 E - OS
0 . BOOOE 0 2 0 . 1 0 0 2 E 01 0 . 3 2 0 0 E 0 4 0 . 3 9 5 6 E - 02 - 0 . 7 8 2 3 k - •04 0 . 3 0 9 5 E - 0 5
0 . 6 0 0 0 E 0 2 0 . 1 0 0 2 E 01 0 . 3 8 4 0 H 0 4 0 . 3 3 0 3 E - 0 2 - 0 . 5 4 S 3 E - • 04 O . I B O I E - 0 5
0 . BOOOE 0 2 O . I O O I E 01 0 . 5 1 2 0 E 04. 0 . 2 4 8 2 E - 0 2 - 0 . 3 0 8 2 E - 0 4 0 . 7 6 5 1 E - 0 6
0 . l OOOE 0 3 0 .  l O O l E 01 0 . 6 4 0 0 E 0 4 0 . 1 9 8 7 E - 0 2 - 0 . 1 9 7 7 E - 0 4 0 . 3 9 3 3 E - 0 6
0 . 2 0 0 0 E 0 3 O . I O O O E 01 0 . 1 2 8 0 E 0 5 0 . 9 S 1 S E - 0 3 - 0 . 4 9 7 7 F - 0 5 0 . 4 9 5 6 E - 07
0 . 3 0 0 0 E 0 3 O . I O O O E 0 1 0 . 1 9 2 0 E 0 5 0 . 6 7 1 ' 4 E - 0 3 - 0 . 2 2 1 3 E - 0 5 0 . 1 4 7 1 E - 0 7
0 . 4 0 0 0 E 0 3 0 .  i n o o E 01 0 . 2 5 6 0 E 0 5 0 . 5 C 3 5 E - 0 3 - 0 . 1 2 4 4 E - 0 5 0 . 6 2 1 6 E - 0 8
0 . 5 0 0 0 E 0 3 O . I O O O E 01 0 . 3 2 0 0 E 0 5 0 . 3 9 6 7 E - 0 3 - 0 . 7 9 7 2 E - C 6 0 . 3 1 8 7 k - 0 8
0 . 6 0 0 0 E 0 3 0 . lOOOE 01 0 . 3 8 4 0 E 0 5 0 . 3 3 5 7 E - 0 3 - 0 . 5 5 4 1 E - 0 6 0 . 1 8 4 5 E - 0 8
0 . BOOOE 0 3 O . I O O U E 01 0 . 5 1 2 0 E OS 0 . 2 S 9 4 E - •03 - 0 . 3 1 1 5 E - 0 6 0 . 7 7 B 5 E - 0 9
O . I O O O E 0 4 O . I O O O E 01 0 . 6 4  OOF. 0 5 0 . 1 9 8 4 E - 0 3 - 0 . 1 9 9 5 F - 0 6 0 . 3 9 8 4 E - 0 9

rv>
r o
r o



T A B L E  7; 'Ds Pgs as F u n c t i o n s  o f  D i m e n s i o n l e s sPd s * Pd
Buildup Times f o r  a Well Between Two P e rp e n d ic u la r

S e a l in g  Fau l ts

WELL L O C A T I O N ,  ( X D , Y D )  =  { 1 . 0 0 0 0 0 0 0 ,  0 . 1 2 5 0 0 0 0 )**$***********#************************?****#***
P RODUCI NG T I M E  BEPCKE S H U l - I N ,  TDA =  1 . 0 0 0*********$*** ** * ** **$** ** *$ ** * ** * ** ** * ** ** * **

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
D E L I T ) T H AT T OUT PCS PDSP PDSS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * *

0 . l O O O E - 0 2 O . I O O I E 04 0 . b 4 0 0 H - 0 1 0 . S 4 5 8 E 01 - 0 . 4 8 6 3 E 0 3 0 . 4 7 5 S E 0 6
0 . 2 0 0 0 E - - 0 2 0 . 5 0 1 0 E 0 3 0 . 1 2 B 0 E 0 0 0 . 5 1 1 AE 01 - 0 . 2 4 S 6 F 0 3 0 . 1 2 1 6 E 0 6
0 . 3 0 0 0 E - 0 2 0 . 3 3 4 3 E 03 0 . 1 9 2 0 E 0 0 0 . 4 9 1 9 E 0 ) - 0 . 1 6 4 8 E 0 3 0 . 5 3 3 6 E 0 5
0 . 4 0 0 0 E - 0 2 0 . 2 5 1 0 B 0 3 0 . 2 S . 6 0 E 0 0 0 . 4 7 7 6 E 01 - 0 . 1 2 5 4 E 0 3 0 . 2 9 0 3 E 0 5
0 . 5 0 0 0 E - 0 2 0 . 2 0 1 0 E 0 3 0 . 3 2 0 0 E 0 0 0 . 4 6 6 3 E 01 - 0 . 1 0 2 5 E 0 3 0 . 1 7 9 3 E 0 5
0 . 6 0 0 Ü E - 0 2 0 .  1 6 7 7 E 0 3 0 . 3 8 4 0 E 0 0 0 . 4 5 6 8 E 01 - 0 . 8 7 8 0 E 0 2 0 . 1 2 1 2 E 0 5
O . H O O O E - 0 2 0 . 1 2 6 0 E 0 3 0 . 5 1 2 0 E 0 0 0 . 4 4 1 3 E 01 • - 0 . 6 9 P 2 E 0 2 0 . 6 7 0 7 E 0 4
0 .  l O O O E - O l O . l O l O E 03 0 . 6 4 0 0 E 0 0 0 . 4 2 B 4 E 01 - 0 . 5 9 0 1 F 0 2 0 . 4 3 8 S E 0 4
0 . 2 0 0 0 E - U 1 0 . 5 1 0 0 E 0 2 0 . 1 2 B 0 B 01 0 . 3 8 3 7 E 01 - 0 . 3 5 0 8 F 0 2 0 . 1 3 7 1 E 0 4
0 . 3 0 0 0 E - 0 1 0 . 3 4 3 3 E 0 2 0 . 1 0 2 0 E 0 1 0 . 3 5 4 1 E 01 - 0 . 2 5 2 2 E 0 2 0 . 7 1 1 8E 0 3
0 . 4 0 U 0 K - 0 1 0 . 2 6 0 0 E 02 0 . 2 5 6 0 E 0 1 0 . 3 3 1 9 E 0 1 - 0 . 1 9 6 3 E 0 2 0 . 4 4 0 0 E 0 3
0 . S 0 0 Ü E - 0 1 0 . 2 1 0 0 E 0 2 0 . 3 2 0 0 E 0 1 0 . 3 1 4 2 E 01 - 0 . 1 6 0 0 E 0 2 0 . 2 9 9 S E 0 3
0 . 6 0 0 0 E - - 0 1 0 . 1 7 6 7 E 0 2 0 . 3 B 4 0 E 0 1 0 . 2 S 9 5 E 01 - 0 . 1 3 4 5 E 0 2 0 . 2 1 7 0 E 0 3
0 . 8 0 0 0 E - 0 1 0 . 1 3 5 0 k C2 0 . 5 1 2 0 E 01 0 . 2 7 6 2 E 01 - O . l O l l E 0 2 0 . 1 2 8 9 B 0 3
0 .  lOOOE 0 0 0 .  I I O O E 0 2 0 . 6 4 0 0 E 0 1 0 . 2 E 8 3 E 01 - 0 . 8 0 1 0 E 01 0 . 8 5 1 R E 0 2
0 . 2 0 0 0 E 0 0 O. COÜOE 01 0 . 1 2 B G E 0 2 0 . 2 0 4 8 E 0 1 —0 . 3 6 5 6 E 0 1 0 . 2 1 7 7 E 0 2
0 . 3 0 0 0 E 0 0 0 . 4 3 3 3 E 01 0 . 1 9 2 0 E 0 2 0 . 1 7 6 3 E 0 1 - 0 . 2 2 4 6 E 0 1 0 . 8 9 9 6 H 01
0 . 4 0 0 0 E 0 0 0 . 3 5 U 0 E 01 0 . 2 5 0 0 E 0 2 0 . 1 S 7 S E 01 - o . i s r s E 01 0 . 4 6 7 4 E 01
0 . S Ü 0 0 E 0 0 O .a OOOH 01 0 . 3 2 0 0 E 0 2 0 . 1 4 3 5 E 01 - 0 . 1 2 3 2 I - : 0 1 0 . 2 8 2 2 E 0 1
0 . 6 0 0 0 E 0 0 0 . 2 6 6 7 E 0 1 0 . 3 8 4 0 E 0 2 0 . 1 2 2 4 E 01 - O . I O O I E 0 1 0 . 1 R 9 1 B 01
0 . 8 0 0 Û E 0 0 0 . 2 2 5 0 E 01 0 . 5 1 2 0 E 0 2 0 . 1 1 5 4 E 01 - 0 . 7 2 2 0 E 0 0 0 . 1 0 3 4 E 01
O . I O O O E 01 0 . 2 0 0 0 E 01 0 . 6 4 0 0 H 0 2 0 . 1 0 2 8 E  . 01 - 0 . 5 5 7 1 E 0 0 0 . 6 5 8 7 E 0 0
0 . 2 0 0 0 E 01 0 .  I 5 0 0 E 0 1 0 . I 2 8 0 E 0 3 0 . 6 7 2 4 E 0 0 - 0 . 2 2 S 4 H 0 0 0 . 1 5 9 7 H 0 0
0 . 3 0 0 0 k 0 1 0 . 1 3 3 3 E 01 0 . 1 0 2 0 E 0 3 0 . 5 0 1 9 E 0 0 - 0 . 1 2 6 9 E 0 0 0 . 6 4 6 7 E - 0 1
0 . 4 0 0 0 E 0 1 0 . 1 2 S 0 E 01 0 . 2 5 6 0 I - : 0 3 0 . 4 0 0 S E 0 0 - 0 . 8 0 6 5 E - •01 0 . 3 2 6 1 E - 01
0 . 5 0 0 0 E 01 Ü . 1 2 0 0 I - : 01 0 . 3 2 0 0 E 0 3 0 . 3 3 3 7 E 0 0 - 0 . 5 S 8 3 E - 01 0 . 1 8 7 4 E - 01
0 . 6 0 0 0 E 0 1 0 . 1 1 6 7 E 01 0 . 3 B 4 0 E 0 3 0 . 2 8 5 S E 0 0 - 0 . 4 0 9 5 E - 0 1 0 . 1 1 7 S E - 01
0 . 8 0 0 0 E 0 1 0 .  1 1 2 5 K 0 1 0 . S 1 2 0 E 0 3 0 . 2 2 2 3 E 0 0 - 0 . 2 4 7 3 E - •01 0 . 5 S 0 9 E - 0 2
0 . l OOUE 0 2 0 .  I I O O E 01 0 . 6 4 n 0 E 0 3 0 . 1 R 1 8 E 0 0 - 0 . 1 6 6 4 E - •01 0 . 3 0 1 2 E - 0 2
U . 2 0 Ü 0 E 0 2 0 .  1 0 5 0 E Cl r > . l 2 U 0 E 0 4 0 . 9 5 2 2 E - 01 - 0 . 4  5 3 4 K - •02 0 . 4 3 1 9 E - 0 3
0 .  3 0 Ü 0 E 0 2 0 .  I 0 3 3 E 0 1 0 . 1 9 2 0 E 0 4 0 . 6 4 S 1 E - 0 1 - 0 . 2 0 B 1 E - 0 2 0 . 1 3 4 2 E - •03
0 . 4 0 0 0 E 0 2 0 . 1 0 2 5 E 01 0 . 2 5 6 0 E 0 4 0 . 4 8 7 7 E - C l - 0 . 1 1 8 9 E - 0 2 0 . 5 S 0 2 E - 0 4
0 . 5 0 0 U E 0 2 0 .  1 0 2 0 E 01 0 . 3 2 0 0 E 0 4 0 . 3 9 2 1 E - •01 - 0 . 7 6 8 8 E - 0 3 0 . 3 0 1 5 E - 0 4
0 . 6 0 0 0 E 0 2 0 . 1 0 1 7 E 01 0 . 3 8 4 0 E 0 4 0 . 3  2 7 8 E - 0 1 - 0 . 5 3 7 4 H - 0 3 0 . 1 7 6 2 E - 0 4
0 . BOOOE 0 2 0 . 1 0 1 2 E 01 0 . 5 1 2 0 E 0 4 0 . 2 4 6 9 E - 0 1 - 0 . 3 0 4 8 E - 0 3 0 . 7 5 2 5 E - 0 5
0. tonoB 0 3 0 .  l O l O E 01 0 . 6 4 0 0 E 0 4 O . 1 9 H 0 E - 01 - 0 . 1 9 6 0 E - •03 0 . 3 8 8 2 E - •05
0 . 2 0 0 0 E 0 3 0 . 1 0 0 5 E 01 0 . 1 2 8 0 I - : OS 0 . 9 9 4 9 E - 0 2 - 0 . 4 9 F 1 F - 0 4 0 . 4 9 2 5 E - 0 6
0 . 3 0 0 0 E 0 3 0 . 1 0 0 3 E 01 0 . 1 9 2 0 H 0 5 0 . 6 6 5 3 E - 0 2 - 0 . 2 2 0 8 E - •04 0 . 1 4 6 7 E - •06
0 . 4 0 0 0 E 0 3 0 . 1 0 0 2 E 0 1 0 . 2 S 6 0 E 0 5 0 . 4 9 9 0 E - 0 2 - 0 . 1 2 4 4 F - 0 4 0 . 6 2 0 3 E - 0 7
O. SOOOE 0 3 0 . 1 0 0 2 R 01 0 . 3 2 0 0 E 0 5 0 . 3 9 H 3 E - 0 2 - 0 . 7 9 6 8 E - 0 5 0 . 3 1 8 1 E - 0 7
0 . 6 0 0 0 E 0 3 0 . 1 0 0 2 E 01 0 . 3 B 4 0 E 0 3 0 . 3 3 4 2 E - 0 2 - 0 . 5 S 3 7 E - ■05 0 . I H 4 3 E - ■07
0 . 8 0 0 0 E 0 3 O . I O O I E 01 0 . 5 1 2 0 E 0 5 0 . 2 E C 2 E - 0 2 - 0 . 3 1 1 7 E - 0 5 0 . 7 7 8 3 E - 0 8
0 . lOOOE 0 4 O . I O O I E 01 0 . 6 4 0 0 E 0 5 0 . 1 8 9 9 E - 0 2 - 0 . 1 9 9 6 F - 0 5 0 . 3 9 8 7 E - 0 8

r o
r ow



T A B L E  8: P d s * P d s  PÎSs as F u n c t i o n s  o f  D i m e n s i o n l e s s
Buildup Times f o r  a Well Between Two P e rp e n d ic u la r

S e a l in g  F a u l ts
V H L L  L O C A T I O N ,  ( X U , Y O )  =  ( 1 . 0 0 0 0 0 0 0 ,  0 . 1 2 5 0 0 0 0 )*********$*#*$***#****#*************************

PRO DU CI NG  T I M E  BEPCKE S H U T - I N ,  TDA =  t O . O C O  **********$*#*********$***************#*****#
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

D E L I T  ) T RA T T DBY EDS PDSP PDSS
* * * * * * * * # * * * $ $ * * * * * * * * * # * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * $ * * # * * * * * * * * * * * * * * * *

0 . I O O O E - 0 2 0 .  lOOOE OS 0 . 6 4 0 0 E - - 0 1 0 . 9 3 5 2 E 01 - 0 . 4 8 7 5 E 0 3 0 . 4 7 5 S E 0 6
0 . 2 0 0 0 E - 0 2 0 . 5 0 0 1 E 0 4 0 . 1 2 R 0 E 0 0 0 . 9 C 1 2 E 01 - 0 . 2 4 A 8 E 0 3 0 . 1 2 1 A E 0 6
0 . 3 0 0 0 E - 0 2 0 . 3 3 3 4 E 0 4 0 . 1 S 2 0 E 0 0 o . s a i i E 0 1 —0 . 1 A 6 0 E 0 3 0 . 5 3 3 6 R 0 5
0 . 4 0 0 0 E - 0 2 0 . 2 5 0 1 E 0 4 0 . 2 S 6 0 E 0 0 0 . S A 6 6 E 01 - 0 . 1 2 A 5 E 0 3 0 . 2 9 0 3 E 0 5
0 . 5 0 0 0 E - 0 2 0 . 2 0 0 1 E 0 4 0 . J 2 Q 0 E 0 0 0 . 8 S 5 2 E 01 - 0 . 1 0 3 7 E 0 3 0 . 1 7 9 3 E 0 5
0 . 6 0 0 U K - 0 2 0 . 1 A 6 S E 04 0 . 3 8 4 0 E 0 0 0 . R 4 S A E 01 - O . S S f ' A E 0 2 0 . 1 2 1 3 E 0 5
0 . 8 0 0 U H - 0 2 0 . 1 2 S 1 E 04 0 . 5 1 2 0 E 0 0 0 . 8 2 9 S E 01 - 0 . 7 0 P 8 E 0 2 0 . 6 7 0 S E 0 4
O . l O O O E - 0 1 O . I O O I E 04 Ü . 6 4 U 0 E 0 0 O . S I A R E 01 - 0 . 6 0 1 7 E 0 2 0 . 4 3 8 5 E 0 4
0 . 2 0 0 Ü E - 0 1 0 . 5 0 l O E 0 3 0 . 1 2 8 0 E 0 1 0 . 7 7 0 9 E 01 - 0 . 3 A 2 2 I 0 2 • 0 . I 3 7 2 E 0 4
0 . . 1 0 0 0 E - 0 1 0 . 3 3 4 3 E 0 3 Ü . 1 9 2 0 E 01 0 . 7 4 0 1 E 0 1 - 0 . 2 6 3 6 1 0 2 0 . 7 1 2 7 E 0 3
0 . 4 0 0 0 E - - 0 1 0 . 2 5 I 0 E CJ 0 . 2 5 6 0 E 0 1 0 . 7 1 A 8 B 01 - 0 . 2 0 7 6 E 0 2 0 . 4 4 0 9 E 0 3
0 . 5 0 0 0 E - U I 0 . 2 0 1 0 E 0 3 0 . 3 2 0 0 E 0 1 0 . A S 7 9 E 01 - 0 . 1 7 1 2 E 0 2 0 . 3 0 0 4 E 0 3
0 . 6 0 0 0 E - O I 0 . 1 6 7 7 E 03 0 . 3 S 4 0 E 01 0 . A S 2 2 E 01 - 0 . 1 4 S 6 E 0 2 0 . 2 1 7 9 E 0 3
0 . U 0 0 Ü H - Ü 1 0 . 1 2 6 Ü E 0 3 0 . S 1 2 0 E 01 0 . 6 5 A 7 E 01 - 0 . 1 1 2 0 E 0 2 0 . 1 2 9 8 E 0 3
0 . 1 0 0 0 E 0 0 0 .  10 i O E 0 3 Ü . 6 4 0 0 F 0 1 0 . 6 3 A 6 E 01 - 0 . 9 0 8 7 E 01 0 . 8 6 0 0 E 0 2
0 . 2 0 0 0 E 0 0 0 . 5 1 UOE 0 2 0 . 1 2 S 0 E 0 2 0 . S 7 2 7 E 01 - 0 . 4 6 S 7 P 01 U . 2 2 4 8 E 0 2
0 . 3 0 0 0 E 0 0 0 . 3 4 3 3 E 0 2 0 . 1 9 2 0 E 0 2 0 . 5 3 4 A E 0 1 - 0 . 3 1 7 9 E 01 0 . 9 6 2 S H 01
0 . 4 0 Q 0 K 0 0 0 . 2 6 DOE 0 2 0 . 2 5 6 0 E 0 2 0 . 5 0 6 7 E 01 - 0 . 2 4 7 0 E 0 1 0 . S 2 3 1 E 01
0 . 5 0 0 U E 0 0 0 . 2 1 OOE 02 0 . 3 2 0 0 E 0 2 0 . 4 8 4 2 E 01 - 0 . 2 0 5 4 E 0 1 0 . 3 3 2 0 P 01
0 . 6 0 0 0 E 0 0 0 .  1 7 6 7 E 0 2 0 . 3 S 4 0 E 0 2 0 . 4 6 5 1 E 01 - 0 . 1 7 7 6 E 0 1 0 . 2 3 3 0 8 01
0 . 8 0 C 0 E 0 0 0 . 1 3 5 0 E 02 0 . 5 1 2 0 E 0 2 0 . 4 3 3 5 E 01 - 0 . 1 4 1 6 E 01 0 . 1 4 0 2 E 0 1
O . I O O U E 0 1 0 .  I I O O E 0 2 0 . 6 4 0 0 E 0 2 0 . 4 0 7 7 E 01 - 0 . 1 1 8 3 E 01 0 . 9 A A 6 E 0 0
0 . 2 0 0 Ü E U1 O.AOOOE 01 0 . 1 2 R 0 E 0 3 0 . 3 2 1 AE 01 - 0 . 6 4 0 2 E 0 0 0 . 3 1 0 2 8 OO
U . 3 0 0 U E U I 0 . 4 3 3 3 E 01 0 . 1 9 2 0 E 0 3 0 . 2 A 9 7 K 01 - 0 . 4 2 2 6 E 0 0 0 .  1 5 2 3 8 0 0
0 . 4 0 0 0 E 01 0 . 3 S 0 0 E 01 0 . 2 5 6 0 E 0 3 0 . 2 3 3 8 B 01 - 0 . 3 0 6 0 E 0 0 0 . S 9 0 9 E - 01
O. SOOOE 01 0 . 3 0 0 0 E 01 0 . 3 2 0 0 E 0 3 0 . 2 0 7 0 B 01 - 0 . 2 3 4 2 E 0 0 0 . 5 7 6 7 E T 01
0 . 6 0 0 0 E 0 1 0 . 2 6 6 7 E 01 0 . 3 H 4 0 E 0 3 0 . 1 8 6 2 E 01 - 0 . 1 S 6 2 E 0 0 0 . 3 9 9 0 E - 01
O . SOOOE 0 1 0 . 2 2 S O E 0 1 0 . 5 1 2 0 E 0 3 0 . 1 S 5 4 B 01 - 0 . 1 2 7 0 E 0 0 0 . 2 1 S 0 E - 0 I
0 . l OOOE 0 2 0 . 2 0 0 0 E 01 Ü . A 4 OOE 0 3 0 . 1 3 3 7 E 01 - 0 . 9 2 P 1 E - 01 0 . 1 3 3 6 E - 01
0 . 2 0 0 0 E 0 2 0 . 1 5 OOE 01 0 . I 2 H 0 E 0 4 0 . 7 9 4 4 E 0 0 - 0 . 3 I P 7 E - 0 1 0 . 2 A 0 7 E - 0 2
0 . JOOOE 0 2 0 . 1 3 3 3 E 0 1 0 . 1 0 2 0 E 0 4 0 . 5 6 7 C E 0 0 - 0 . 1 6 1 R F - 01 0 . 9 3 0 0 8 - 0 3
O . 4 U 0 Ü E 0 2 0 . 1 2 S Ü E 01 0 . 2 5 A 0 E 0 4 0 . 4 4 1 3 E 0 0 - 0 . 9 7 7 5 E - 0 2 0 . 4 3 4 9 E - 0 3
O . SOOOE 0 2 0 . 1 2 0 0 E 0 1 0 . 3 2 U 0 E 0 4 0 . 3 6 1 3 E 0 0 - 0 . 6 5 4 4 E - 0 2 0 . 2 3 7 7 8 - 0 3
O.AOOOE 0 2 0 . 1 1 A 7 E 0 1 0 . 3 8 4 0 E 0 4 0 . 3 C S S E 0 0 - 0 . 4 6 8 E F . - 0 2 0 . 1 4 4 0 8 - 0 3
O. SOOOE 0 2 0 . 1 1 2 5 E 01 0 . S 1 2 0 F 0 4 0 . 2 3 4 2 E 0 0 - 0 . 2 7 4 5 E - 0 2 0 . 6 4 4 2 E - 0 4
0 . l OOOE 0 3 0 .  I I O O E 01 O . A 4 0 0 E 0 4 0 . 1 P 9 7 E 0 0 - 0 . 1 8 0 1 E - 0 2 0  . 3 4 2 1 8 - 0 4
0 . 2 0 0 0 E 0 3 0 .  10 5 0  P. 01 0 . 1 2 8 0 E 0 5 0 . 0 7 3 4 E - 01 - 0 . 4 7 3 8 1 - 0 3 0 . 4 A 1 4 E - 0 5
0 . JOOOE 0 3 0 .  I 0 3 3 E 01 0 . 1 0 2 Ü E OS 0 . 6 S 4 8 E - 01 - 0 . 2 1 4 3 E - 0 3 0 . 1 4 0 4 8 - OS
0 . 4 0 0 0 E 0 3 0 .  1 0 2 S E 0 1 0 . 2 5 A 0 E 0 5 0 . 4 9 3 2 E - 01 - 0 . I 2 1 6 K - 0 3 0 . 6 0 0 1 E - 0 6
O . SOOOE 0 3 0 . 1 0 2 0 E 0 1 0 . 3 2 0 0 E OS 0 . 3 9 5 7 R - 0 1 - 0 . 7 8 2 8 E - 0 4 0 . 3 0 9 7 E - 0 6
O.faOOOE 0 3 0 . 1 0 1 7 E 01 U . 3 S 4 0 E 0 5 0 . 3 3 0 4 E - 0 1 —0 . 5 4 5 5 E —0 4 0 . 1 8 0 2 8 - 0 6
O .SOOOE 0 3 0 . 1 0 1 2 E 01 0 . 5 I 2 0 H 0 5 0 . 2 4 8 4 E - 0 1 - 0 . 3 0 S 3 E - 0 4 0 . 7 6 5 4 8 - 0 7
O . I O O U E 0 4 O . l O l O E 01 0 . A 4 0 0 E 0 5 0 . 1 9 0 0 E - 0 1 - 0 . 1 9 7 S K - 0 4 0 . 3 9 3 S E - 0 7

ro
r o



T A B L E  9: Pow' Pqw ''Dw 
Drawdown Times f o r  a Well Between Three P e rp e n d ic u la r

S e a l in g  F a u l ts
WELL L O C A T I O N .  ( X D . Y D )  =  (  0 . 0 3 1 2 5 0 0 .  0 . 0 1 5 6 2 5 0 )  * * * * * * * * * * * * * * * » * * & * * * * * * * * * # * * * * * * * & * * * * * * * * * * &

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

a n d  pfi as F u n c t i o n s  o f  D i m e n s i o n l e s s

T DA TDBX TDBY T DBB TDABX PD PDF PDPP

0 .  1 0 0 l ) E - 0 U 0 . 4 0 9 6 E - - 0 1 0 .  1 6 3 8 2 0 0 0 . 8 1 9 2 2 - 0 1 0 . 6 5 0 2 2 - 03 0 . 2 2 5 2 2 01 0 . 4 9 8 0 2 0 5 - 0 . 4 8 8 1 2 1 0
0 . 2 0 0 0 E - 0 < * 0 . 8 1 9 2 2 - - 0 1 0 . 3 2 7 7 2 0 0 0 . 1 6 3 8 2 0 0 0 . 1 3 0 0 2 - 0 2 0 . 2 6 0 3 2 0 1 0 . 2 6 1 0 2 0 5 - 0 . 1 1 2 1 2 1 0
0 . 3 0 0 0 E - 0 4 0 .  1 2 2 9 E 0 0 0 . 4 9 1 5 2 0 0 0 . 2 4 5 8 2 0 0 0 . 1 9 5 0 2 - 0 2 0 . 2 8 2 3 2 0 1 0 . 1 8 8 2 2 0 5 - 0 . 4 7 6 7 2 0 9
0 . 4 0 0 0 E - 0 4 0 .  1 6 3 8 E 0 0 0 . 6 5 5 4 2 00 0 . 3 2 7 7 2 0 0 0 , 2 6 0 1 2 - 0 2 0 . 2 9 9 1 2 01 0 . 1 5 2 3 2 0 5 - 0 . 2 7 1 2 2 0 9
0 . 6 0 0 0 E - 0 4 0 . 2 4 5 8 E 0 0 0 . 9 8 3 0 2 0 0 0 . 4 9 1 5 2 0 0 0 . 3 9 0 1 2 - 0 2 0 . 3 2 5 4 2 01 0 . 1 1 5 3 2 0 5 - 0 . 1 2 6  92 0 9
0 . b O O O E - 0 4 0 - 3 2 7 7 E 0 0 0 . 1 3 1 1 2 01 0 . 6 5 5 4 2 0 0 0 . 5 2 0 1 2 - 02 0 . 3 4 6 4 2 01 0 . 9 5 9 3 2 0 4 - 0 . 7 4 2 1 2 0 8
0 .  1 0 0 0 E - 0 3 0 . 4 0 9 6 E 0 0 0 .  1 6 3 8 E 01 0 . 8 1 9 2 2 0 0 0 . 6 5 0 2 2 - 0 2 0 . 3 6 4 3 2 01 0 . 8 3 8 4 2 0 4 - 0 . 4 9 4 0 2 0 8
0 . 2 0 0 0 E - 0 3 0 . 8 1 9 2 2 0 0 0 . 3 2 7 7 E 01 0 . 1 6 3 8 2 0 1 0 . 1 3 0 0 2 - 01 0 . 4 3 1 8 2 0 1 0 . 5 6 2 3 2 0 4 - 0 . 1 6 6 5 2 0 8
0 . 3 0 0 0 E - 0 3 0 .  1 2 2 9 2 0 1 0 . 4 9 1 5 2 01 0 . 2 4 5 8 2 01 0 . 1 9 5 0 2 - 01 0 . 4 8 1 2 2 01 0 . 4 3 6 7 2 0 4 - 0 . 9 5 8 8 2 0 7
0 . 4 0 0 0 E - 0 3 0 . 1 6 3 3 E 01 0 . 6 5 5 4 2 01 0 . 3 2 7 7 2 0 1 0 . 2 6 0 1 2 - 01 0 - 5 2 0 7 2 0 1 0 . 3 5 8 5 2 0 4 - 0 . 6 4 0 4 2 0 7
0 . 5 0 0 0 E - 0 3 0 . 2 0 4 8 E 01 0 . 8 1 9 2 2 01 0 . 4 0 9 6 2 0 1 0 . 3 2 5 1 2 - 01 0 . 5 5 3 7 2 0 1 0 . 3 0 4 2 2 0 4 - 0 . 4  6 0 5 2 0 7
0 . 6 0 0 0 E - 0 3 0 . 2 4 5 8 2 01 0 . 9 8 3 0 2 01 0 . 4 9 1 5 2 01 0 . 3 9 0 1 2 - 01 0 . 5 8 2 0 2 01 0 . 2 6 4 2 2 0 4 - 0 . 3 4 7 4 2 0 7
0 . 8 0 0 0 B - 0 3 0 . 3 2 7 7 2 01 0 . 1 3 1  I E 0 2 0 . 6 5 5 4 2 01 0 . 5 2 0 1 2 - 01 0 . 6 2 8 9 2 0 1 0 . 2 0 9 1 2 0 4 - 0 . 2 1 8 0 2 0 7
0 .  1 0 0 0 E - 0 2 0 . 4 0 9 6 2 01 0 . 1 6 3 8 2 02 0 . 8 1 9 2 2 01 0 . 6 5 0 2 2 - 01 0 . 6 6 6 9 2 01 0 . 1 7 3 1 2 0 4 - 0 . 1 4 9 4 2 0 7
0 . 2 0 0 0 E - 0 2 0 . 8 1 9 2 E 01 0 . 3 2 7 7 2 0 2 0 . 1 6 3 8 2 0 2 0 . 1 3 0 0 2 0 0 0 . 7 9 1 6 2 01 0 . 9 2 8 4 2 0 3 - 0 . 4 3 0 6 2 0 6
0 . 3 0 0 0 E - 0 2 0 . 1 2 2 9 E 02 0 . 4 9 1 5 2 0 2 0 . 2 4  5 8 2 0 2 0 . 1 9 5 0 2 0 0 0 . 8 6 7 9 2 0 1 0 . 6 3 4 2 2 0 3 - 0 . 2 0 1 0 2 0 6
0 . 4 0 0 0 E - 0 2 0 . 1 6 3 8 2 0 2 0 . 6 5 5 4 2 02 0 . 3 2 7 7 2 0 2 0 . 2 6 0 1 2 0 0 0 . 9 2 3 0 2 01 0 . 4 8 1 5 2 0 3 - 0 . 1 1 5 9 2 0 6
0 . 5 0 0 0 E - 0 2 0 . 2 0 4 8 2 02 0 . 8 1 9 2 2 02 0 . 4 0 9 6 2 0 2 0 . 3 2 5 1 2 0 0 0 . 9 6 6 1 2 0 1 0 . 3 8 8 1 2 0 3 - 0 . 7 5 3 0 2 0 5
0 . 6 0 0 0 E - 0 2 0 . 2 4 5 8 E 0 2 0 . 9 8 3 0 2 02 0 . 4 9 1 5 E 0 2 0 . 3 9 0 1 E 0 0 0 .  1 0 0 2 2 0 2 0 . 3 2 5 0 2 0 3 - 0 . 5 2 8 2 2 0 5
0 . 8 0 0 0 E - Ü 2 0 . 3 2 7 7 2 0 2 0 . 1 3 1 1 2 0 3 0 . 6 5 5 4 E 0 2 0 . 5 2 0 1 2 0 0 0 . 1 0 5 8 2 0 2 0 . 2 4 5 3 2 0 3 - 0 . 3 0 0 9 2 0 5
0 - 1 0 0 0 E - 0 1 0 . 4 0 9 6 E 02 0 . 1 6 3 6 2 03 0 . 8 1 9 2 2 0 2 0 . 6 5 0 2 2 0 0 0 .  1 1 0 2 2 0 2 0 . 1 9 7 0 2 0 3 - 0 . 1 9 4 0 2 0 5
0 . 2 0 0 0 E - 0 1 0 . 8 1 9 2 2 0 2 0 . 3 2 7 7 2 03 0 . 1 6 3 8 2 0 3 0 . 1 3 0 0 2 01 0 . 1 2 3 9 2 0 2 0 . 9 9 2 4 2 0 2 - 0 . 4 9 2 4 2 0 4
0 . 3 0 0 0 E - 0 1 0 . 1 2 2 9 2 0 3 0 . 4 9 1 5 2 0 3 0 . 2 4 5 8 2 0 3 0 . 1 9 5 0 2 01 0 . 1 3 1 9 2 0 2 0 . 6 6 3 3 2 0 2 - 0 . 2 2 0 0 2 0 4
C . 4 0 0 0 S - 0 1 0 . 1 6 3 8 2 0 3 0 . 6 5 5 4  2 03 0 . 3 2 7 7 2 0 3 0 . 2 6 0 1 2 0 1 0 . 1 3 7 7 2 0 2 0 . 4 9 8 1 2 0 2 - 0 . 1 2 4 1 2 0 4
0 . 5 0 0 0 2 - 0 1 0 . 2 0 4 8 E 0 3 0 . 8 1 9 2 2 03 0 . 4 0 9 6 2 0 3 0 . 3 2 5 1 2 01 0 - 1 4 2 1 2 0 2 0 . 3 9 3 8 2 0 2 - 0 . 7 9 5 1 2 0 3
0 . 6 0 0 0 E - 0 1 0 . 2 4 5 8 E 0 3 0 . 9 8 3 0 2 03 0 . 4 9 1 5 2 0 3 0 . 3 9 0 1 2 01 0 . 1 4 5 8 2 0 2 0 . 3 3 2 5 2 0 2 - 0 . 5 5 2 7 2 0 3
0 . 8 0 0 0 E - 0 1 0 . 3 2 7 7 2 0 3 0 . 1 3 1 1 2 0 4 0 . 6 5 5 4 2 0 3 0 . 5  2 0 1 2 01 0 . 1 5 1 5 2 0 2 0 . 2 4 9 5 2 0 2 - 0 . 3 1 1 3 2 0 3
O . I O O O E  0 0 0 . 4 0 9 6 E 0 3 0 . 1 6 3 8 2 0 4 0 . 8 1 9 2 2 0 3 0 . 6 5 0 2 E 01 0 . 1 5 6 0 2 0 2 0 . 1 9 9 7 2 0 2 - 0 . 1 9 9 2 2 0 3
0 . 2 0 0 0 E  0 0 0 . 8 1 9 2 2 0 3 0 . 3 2 7 7 2 0 4 0 . 1 6 3 8 2 0 4 0 . 1 3 0 0 2 0 2 0 . 1 6 9 9 2 0 2 0 . 1 0 1 3 2 0 2 - 0 . 4 7 2 2 2 0 2
0 . 3 0 0 0 2  0 0 0 .  1 2 2 9 2 0 4 0 . 4 9 1 5 2 0 4 0 . 2 4 5 8 2 0 4 0 . 1 9 5 0 2 02 0 . 1 7 8 3 2 0 2 0 . 7 1 4 0 2 0 1 - 0 . 1 8 5 0 2 0 2
0 . 4 0 0 C E  0 0 0 . 1 6 3 8 2 0 4 0 . 6 5 5 4 2 0 4 0 . 3 2 7 7 2 04 0 . 2 6 0 1 2 02 0 . 1 8 4 7 2 0 2 0 . 5 8 2 0 2 0 1 - 0 . 9 4 0 4 2 0 1
0 . 5 0 0  CE 0 0 0 . 2 0 4 8 E 04 0 . 8 1 9 2 2 04 0 . 4 0 9 6 2 0 4 0 . 3 2 5 1 2 0 2 0 . 1 9 0 1 2 0 2 0 . 5 0 8 5 2 01 - 0 . 5 7 9 4 2 0 1
0 . 6 0 0 0 B  0 0 0 . 2 4 5 8 2 0 4 0 . 9 8 3 0 E 0 4 0 . 4 9 1 5 2 0 4 0 . 3 9 0 1 E 02 0 . 1 9 4 9 2 0 2 0 . 4 6 0 1 2 0 1 - 0 . 4 0 7 5 2 0 1
0 . 8 0 0 Ü E  0 0 0 . 3 2 7 7 E 04 0 . 1 3 1 1 2 0 5 0 . 6 5 5 4 2 0 4 0 . 5 2 0 1 2 0 2 0 . 2 0 3 4 2 0 2 0 . 3 9 6 6 2 0 1 - 0 . 2 5 0 8 2 0 1
O . I O O O E  01 0 . 4 0 9 6 2 0 4 0 . 1 6 3 8 2 05 0 . 8 1 9 2 2 0 4 0 . 6  50 2 2 0 2 0 . 2 1 0 9 2 0 2 0 - 3 5 4 5 2 01 - 0 . 1 7 7 6 2 0 1
0 . 2 0 0 0 E  01 0 . 8 1 9 2 2 0 4 0 . 3 2 7 7 2 0 5 0 . 1 6 3 8 2 0 5 0 . 1 3 0 0 2 03 0 . 2 4 0 3 2 0 2 0 . 2 5 0 7 2 0 1 - 0 . 6 2 6 6 2 0 0
0 . 3 0 0 0 E  01 0 .  1 2 2 9 2 0 5 0 . 4 9 1 5 2 0 5 0 . 2 4 5 8 2 0 5 0 . 1 9 5 0 2 0 3 0 . 2 6 2 8 2 0 2 0 . 2 0 4 7 2 01 - 0 . 3 4 1 1 2 0 0
0 . 4 0 0 0 E  01 0 . 1 6 3 8 2 0 5 0 . 6 5 5 4 2 0 5 0 . 3 2 7 7 2 0 5 0 . 2 6 0 1 2 0 3 0 . 2 8 1 8 2 0 2 0 . 1 7 7 2 2 0 1 - 0 . 2 2 1 6 2 0 0
0 . 5 0 0 0 2  01 0 . 2 0 4 8 2 0 5 0 . 8 1 9 2 2 0 5 0 . 4 0 9 6 2 0 5 0 . 3 2 5 1 2 03 0 . 2 9 8 5 2 0 2 0 .  1 5 8 5 2 0 1 - 0 . 1 5 8 5 2 0 0
0 . 6 0 C 0 E  01 0 . 2 4 5 8 2 0 5 0 . 9 8 3 0 2 0 5 0 . 4 9 1 5 2 0 5 0 . 3 9 0 1 2 03 0 . 3 1 3 7 2 0 2 0 . 1 4 4 7 2 01 - 0 . 1 2 0 6 2 0 0
O . SO OO E 01 0 . 3 2 7 7 E 0 5 0 .  1 3 1 1 E 0 6 0 . 6 5 5 4 2 0 5 0 . 5 2 0 1 2 0 3 0 . 3 4 0 5 2 0 2 0 . 1 2 5 3 2 0 1 - 0 . 7 8 3 3 2 - • 01
O . I O O O E  0 2 0 . 4 0 9 6 2 0 5 0 . 1 6 3 8 2 0 6 0 . 8 1 9 2 2 0 5 0 . 6 5 0 2 2 0 3 0 . 3 6 4 2 2 0 2 0 . 1 1 2 1 2 01 - 0 . 5 6 0 5 2 - 0 1
0 . 2 0 0 0 2  0 2 0 . 8 1 9 2 2 0 5 0 . 3 2 7 7 2 06 0 .  1 6 3 8 2 0 6 0 . 1 3 0 0 2 0 4 0 . 4 5 7 1 2 0 2 0 . 7 9 2 7 2 0 0 - 0 . 1 9 8 2 2 - 0 1
0 . 3 0 0 0 3  02 0 . 1 2 2 9 2 0 6 0 . 4 9 1 5 2 06 0 . 2 4 5 8 2 0 6 0 . 1 9 5 0 2 04 0 . 5 2 8 3 2 0 2 0 . 6 4 7 2 2 0 0 - 0 . 1 0 7 9 2 - 0 1
0 . 4 0 0 0 B  0 2 0 . 1 6 3 8 E 0 6 0 . 6 5 5 4 2 06 0 . 3 2 7 7 2 0 6 0 - 2 6 0 1 2 0 4 0 . 5 3 8 4 2 0 2 0 . 5 6 0 5 2 0 0 - 0 . 7 0 0 6 2 - 0 2
O . SO OO E 0 2 0 . 2 0 4 8 2 0 6 0 . 8 1 9 2 2 0 6 0 . 4 0 9 6 2 06 0 . 3 2 5 1 2 0 4 0 . 6 4 1 3 E 0 2 0 . 5 0 1 3 2 0 0 - 0 . 5 0 1 3 2 - • 0 2
0 . 6 0 C 0 E  0 2 0 . 2 4 5 8 E 06 0 . 9 8 3 0 E 0 6 0 . 4 9 1 5 2 06 0 . 3 9 0 1 2 0 4 0 . 6 8 9 2 2 0 2 0 . 4 5 7 6 E 0 0 - 0 . 3 8 1 4 2 - • 0 2
0 .  8 0 0 0 2  02 0 . 3 2 7 7 E 06 0 . 1 3 1 1 E 0 7 0 . 6 5 5 4 2 06 0 . 5 2 0 1 2 0 4 0 . 7 7 4 1 2 0 2 0 . 3 9 6 3 2 0 0 - 0 . 2 4 8 0 2 - 0 2
O . I O O O E  03 0 . 4 0 9 6 2 0 6 0 .  1 6 3 8 2 07 0 . 8 1 9 2 2 0 6 0 . 6 5 0 2 2 04 0 . 8 4 9 0 E 0 2 0 . 3 5 4 4 E 0 0 - 0 . 1 7 8 0 E - • 0 2

r o
r o
cn



T A B L E  10: P q ^  a n d  p ^ ^  as F u n c t i o n s  of D i m e n s i o n l e s sDw
Drawdown Times f o r  a Well Between Three P e rp e n d ic u la r

S e a l in g  F a u l ts

H E L t  L O C A T I O N ,  ( X D . Y D )  =  { 0 . 0 3 1 2 5 0 0 , 1 £ , 0 0 0 0 0 0 0 )  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
TDA TDBX TDBY T DBB TDABX PD PDP PDPP

* * * * * * * * * * * * * * * * * * * $ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * $ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * $ * * $ * * * * * * * * * *

0 . 1 0 0 0 E - 0 H 0 . 4 0 9 6 E - - 0 1 0 .  1 5 6 2 E - 0 6 0 . 8 0 0 0 E - 0 4 0 . 6 5 0 2 2 - 03 0 . 2 2 5 2 E 01 0 . 4 9 6 9 E 0 5 - 0 . 4 9 3 8 E 1 0
0 . 2 0 0 0 E - 0 U 0 .  8 1 9 2 E - - 0 1 0 . 3 1 2 5 E - 0 6 0 . 1 6 0 0 2 - 0 3 0 . 1 3 0 0 2 - 0 2 0 . 2 5 9 7 E 0 1 0 . 2 4 9 2 E 0 5 - 0 . 1 2 4  2E 1 0
0 . 3 0 0 0 2 - 0 4 0 .  1 2 2 9 E 0 0 0 . 4 6 8 7 E - 0 6 0 . 2 4 0 0 E - 0 3 0 . 1 9 5 0 E - 0 2 0 . 2 7 9 9 E 0 1 0 . 1 6 6 4 E 0 5 - 0 . 5 5 2 1 E 0 9
0 . 4 0 0 0 E - 0 4 0 ,  1 6 3 8 E 0 0 0 . 6 2 5 0 E - 0 6 0 . 3 2 0 0 E - 0 3 0 . 2 6 0 1 E - 0 2 0 . 2 9 4 3 E 01 0 . 1 2 5 1 E 0 5 - 0 . 3 0 8 0 E 0 9
0 . 6 0 0 0 2 - 0 4 0 . 2 4 5 B E 0 0 0 . 9 3 7 5 E - 0 6 0 . 4 8 0 0 E - 0 3 0 . 3 9 0 1 E - 0 2 0 . 3 1 4 7 E 01 0 . 8 4 6 7 2 0 4 - 0 . 1 3 1 3 E 0 9
0 . H O O O E - 0 4 0 . 3 2 7 7 E 0 0 0 .  1 2 5 0 E - 0 5 0 . 6 4 0 0 E - 0 3 0 . 5 2 0 1 E - 02 0 . 3  2 9 5 2 01 0 . 6 5 4 1 E 0 4 - 0 . 7 0 4 2 E 0 8
0 . 1 0 0 0 2 - 0 3 0 . 4 0 9 6 E 0 0 0 .  1 5 6 2 E - 0 5 0 . 8 0 0 0 E - 0 3 0 . 6 5 0 2 E - ■02 0 . 3 4 1 4 E 01 0 - 5 4 3 2 E 0 4 - 0 . 4 3 6 6 E 0 8
0 . 2 0 0 0 2 - 0 3 0 . 8 1 9 2 E 0 0 0 . 3 1 2 5 E - 0 5 0 .  1 6 0 0 2 - 0 2 0 . 1 3 C 0 2 - •01 0 . 3 8 2 4 E 0 1 0 - 3 2 3 7 E 0 4 - 0 . 1 1 6 8 2 0 8
0 . 3 0 0 0 E - 0 3 0 . 1 2 2 9 E 01 0 . 4 6 8 7 E - 0 5 0 . 2 4 0 0 E - 0 2 0 . 1 9 5 0 E - 01 0 . 4 1 0 1 E 01 0 . 2 4 0 5 E 0 4 - 0 . 6 0 1 2 E 0 7
0 . 4 0 0 0 E - 0 3 0 . 1 6 3 8 E 01 0 . 6 2 5 0 E - 0 5 0 . 3 2 Ü 0 E - 0 2 0 . 2 6 0 1 2 - 01 0 . 4 3 1 6 E 01 0 . 1 9 2 9 E 0 4 - 0 . 3 7 8 5 E 0 7
0 . 5 0 0 0 2 - 0 3 0 . 2 0 4 8 E 01 0 . 7 8 1 2 E - 0 5 0 . 4 0 0 0 E - 0 2 0 . 3 2 5 1 E - 01 0 . 4 4 9 2 E 01 0 . 1 6 1 4 E 0 4 - 0 . 2 6 2 8 E 0 7
0 . 6 0 0 0 2 - 0 3 0 . 2 4 5 8 2 01 0 . 9 3 7 5 E - 0 5 0 . 4 8 0 0 E - 0 2 0 . 3 9 0 1 E - 01 0 . 4 6 4 2 2 01 0 . 1 3 8 8 E 0 4 - 0 . 1 9 3 7 E 0 7
0 . 8 0 0 0 E - 0 3 0 . 3 2 7 7 E 01 0 .  1 2 5 0 E - 0 4 0 . 6 4 0 0 2 - 0 2 0 . 5 2 0 1 2 - 01 0 . 4 8 8 7 E 01 0 . 1 0 8 6 E 04 - 0 . 1  1 8 1 2 0 7
0 . 1 0 0 0 E - 0 2 0 . 4 0 9 Ô E 01 0 . 1 5 6 2 E - 0 4 0 . 8 0 0 0 E - 0 2 0 . 6 5 0 2 2 - 01 0 . 5 0 8 3 E 01 0 . 8 9 1 7 E 0 3 - 0 . 7 9 6 0 2 0 6
0 . 2 0 0 0 2 - 0 2 0 . 6 1 9 2 E 01 0 . 3 1 2 5 2 - 0 4 0 . 1 6 C 0 E - 01 0 . 1 3 0 0 E 0 0 0 . 5 7 2 0 E 01 0 . 4 7 1 3 E 0 3 - 0 . 2 2 2 1 E 0 6
0 . 3 0 0 0 E - 0 2 0 .  1 2 2 9 E 0 2 0 . 4 6 8 7 E - 0 4 0 . 2 4 0 0 E - 0 1 0 . 1 9 5 0 E 0 0 0 . 6 1 0 6 2 01 0 . 3 2 0 3 E 0 3 - 0 . 1 0 2 6 E 0 6
0 . 4 0 0 0 2 - 0 2 0 - 1 6  3 8 E 0 2 0 . 6 2 5 0 E - 0 4 0 . 3 2 0 0 E - 01 0 . 2 6 0 1 E 0 0 0 . 6 3 8 4 E 01 0 . 2 4 2 6 E 0 3 - 0 . 5 8 8 5 2 0 5
0 . 3 0 0 0 E - 0 2 0 . 2 0 4 3 B 0 2 0 . 7 8 1 2 E - 0 4 0 . 4 0 0 0 E - 0 1 0 . 3 2 5  I E 0 0 0 . 6 6 0 2 2 01 0 . 1 9 5 2 E 0 3 - 0 . 3 8 1 2 E 0 5
0 . 6 0 0 0 E - 0 2 0 . 2 4 5 8 E 0 2 0 . 9 3 7 5 E - 0 4 0 . 4 8 0 0 E - 0 1 0 . 3 9 0 1 S 0 0 0 . 6 7 8 0 E 01 0 .  1 6 3 3 E 0 3 - 0 . 2 6 6 8 E 0 5
0 . 8 0 0 0 E - 0 2 0 . 3 2 7 7 E 0 2 0 . 1 2 5 0 E - 0 3 0 . 6 4  0 0 2 - 0 1 0 , 5 2 0 1 2 0 0 0 . 7 0 6 3 E 01 0 . 1 2 3 1 E 0 3 - 0 . 1 5 1 6 E 0 5
0 . 1 0 0 0 2 - 0 1 0 . 4 0 9 6 E 02 0 . 1 5 6 2 2 - 0 3 0 . 8 0 0 0 2 - 01 0 . 6 5 0 2 E 0 0 0 . 7 2 8 3 E 0 1 0 . 9 8 7 9 E 0 2 - 0 . 9 7 6 0 2 0 4
0 . 2 0 0 0 2 - 0 1 0 . 8 1 9 2 2 0 2 0 . 3 1 2 5 E - 0 3 0 . 1 6 0 0 E 0 0 0 . 1 3 0 0 2 01 0 . 7 9 7 0 E 01 0 . 4 9 7 0 E 0 2 - 0 . 2 4 7 0 E 0 4
0 . 3 0 0 0 2 - 0 1 0 . 1 2 2 9 E 0 3 0 . 4 6 8 7 2 - 0 3 0 . 2 4 0 0 2 0 0 0 : 1 9 5 0 E 01 0 . 8 3 7 3 2 01 0 . 3 3 2 0 E 0 2 - 0 . 1 1 0 2 E 0 4
0 . 4 0 0 0 E - 0 1 0 . 1 6 3 8 E 0 3 0 . 6 2 5 0 E - 0 3 0 . 3 2 0 0 2 0 0 0 . 2 6 0 1 E 01 0 . 8 6 6 0 E 01 0 . 2 4 9 2 B 0 2 - 0 . 6 2 1 2 2 0 3
0 . 5 0 0 0 E - 0 1 0 . 2 0 4 8 E 0 3 0 . 7 8 1 2 E - 0 3 0 . 4 0 0 0 E 0 0 0 .  3 2 5  IE 01 0 . 0 8 8 2 E 01 0 .  1 9 9 5 E 0 2 - 0 . 3 9 8 1 E 0 3
0 . 6 0 0 0 E - 0 1 0 . 2 4 5 8 E 03 0 . 9 3 7 5 E - 0 3 0 . 4 8 0 0 2 0 0 0 . 3 9 0 1 2 01 0 . 9 0 6 4 2 0 1 0 . 1 6 6 3 B 0 2 - 0 . 2 7 6 7 E 0 3
0 . a o o o E - 0 1 0 - 3 2 7 7 E 03 0 . 1 2 5 0 E - 0 2 0 . 6 4 OOE 0 0 0 . 5 2 0 1 S 01 0 . 9 3 5 2 E 01 0 . 1 2 4 8 E 0 2 - 0 - 1 5 5 8 E 0 3
0 . 1 0 0 0 2  0 0 0 . 4 0 9 Ô E 0 3 0 . 1 5 6 2 E - 0 2 0 . 0 0 0 0 2 0 0 0 . 6  5 0 2 2 01 0 . 9 5 7 4 2 01 0 . 9 9 8 9 E 0 1 - 0 . 9 9 6 7 2 0 2
0 . 2 0 0 0 2  00 0 . 8 1 9 2 E 03 0 . 3 1 2 5 E - 0 2 0 . 1 6 0 0 E 0 1 0 .  1 3 0 0 E 0 2 0 . 1 0 2 7 E 0 2 0 . 5 0 6 5 E 01 - 0 . 2 3 6 2 E 0 2
0 . 3 0 0 0 E  0 0 0 . 1 2 2 9 E 0 4 0 . 4 6 8 7 E - 0 2 0 . 2 4 0 0 E 01 0 . 1 9 5 0 E 02 0 . 1 0 6 9 E 0 2 0 . 3 5 7 0 E 0 1 - 0 . 9 2 5 2 E 01
0 . 4 0 0 0 E  0 0 0 . 1 6 3 8 E 0 4 0 , 6 2 5 0 2 - 0 2 0 . 3 2 0 0 E 01 0 . 2 6 0 1 E 0 2 0 . 1 1 0 1 E 0 2 0 . 2 9 1 0 E 0 1 - 0 . 4 7 0 3 2 0 1
0 .  5 0 0 0 5  0 0 0 . 2 0 4 8 E 04 0 . 7 8 1 3 E - 0 2 0 . 4 0 0 0 E 0 1 0 . 3 2 5 1 E 02 0 .  1 1 2 8 E 0 2 0 . 2 5 4 3 E 01 - 0 . 2 8 9 8 E 0 1
0 . 6 0 0 0 2  00 0 . 2 4 5 8 E 04 0 . 9 3 7 5 E - 0 2 0 . 4 3 0 0 E 01 0 . 3 9 0 1 E 0 2 0 . 1 1 5 2 E 0 2 0 . 2 3 0 0 E 0 1 - 0 . 2 0 3 8 E 0 1
0 . 8 0 0 0 E  00 0 . 3 2 7 7 E 04 0 . 1 2 5 0 2 - 0 1 0 . 6 4 0 0 E 01 0 . 5 2 0 1 2 0 2 0 . 1 1 9 5 2 0 2 0 . 1 9 8 3 2 01 - 0 . 1 2 5 4 E 0 1
O . I O O O E  01  . 0 . 4 0 9 Ô E 0 4 0 . 1 5 6 3 E - 0 1 O . a O OO E 01 0 . 6 5 0 2 E 0 2 0 . 1 2 3 2 E 0 2 0 .  1 7 7 3 E 01 - 0 . 8 8 B 1 E 0 0
0 . 2 0 0 0 2  01 0 . B 1 9 2 E 0 4 0 . 3 1 2 5 E - 0 1 0 . 1 6 0 0 E 0 2 0 . 1 3 C 0 E 03 0 . 1 3 7 9 E 0 2 0 . 1 2 5 3 E 01 - 0 . 3 1 3 3 E 0 0
0 . 3 0 0 0 2  01 0 . 1 2 2 9 E 0 5 0 . 4 6 8 6 E - 0 1 0 . 2 4 0 0 2 0 2 0 . 1 9 5 0 2 03 0 . 1 4 9 2 R 0 2 0 . 1 0 2 3 E 0 1 - 0 . 1 7 0 6 E 0 0
0 . 4 0 0 0 E  01 0 .  1 6 3 8 E 0 5 0 . 6 2 5 0 E - 0 1 0 . 3 2 0 0 E 0 2 0 . 2 6 C 1 E 03 0 . 1 5 8 7 E 0 2 0 . 8 8 6 2 E 0 0 - 0 . 1  1 0 8 E 0 0
0 . 5 0 0 0 2  01 0 . 2 0 4 8 E 05 0 . 7 8 1 3 E - 0 1 0 . 4 0 0 0 E 0 2 0 . 3 2 5 1 E 03 0 . 1 6 7 0 E 0 2 0 . 7 9 2 7 E 0 0 - 0 . 7 9 2 6 E - 0 1
0 . 6 0 0 0 2  01 0 . 2 4 5 8 E 0 5 0 . 9 3 7 5 E - 0 1 0 . 4 8 0 0 E 0 2 0 . 3 9 0 1 E 0 3 0 .  1 7 4 6 E 0 2 0 . 7 2 3 6 E 0 0 - 0 . 6 0 2 7 E - 0 1
O. SOOOE 01 0 . 3 2 7 7 E 0 5 0 . 1 2 5 0 E  0 0 0 . 6 4 0 0 E 0 2 0 . 6 2 0 1 E 0 3 0 . 1 8 8 0 E 0 2 0 . 6 2 6 9 E 0 0 - 0 . 3 8 9 7 E - 0 1
O . I O O O E  0 2 0 . 4 0 9 6 E 05 0 . 1 5 6 3 E  0 0 O .SOOOE 0 2 0 . 6 5 0 2 2 0 3 0 .  1 9 9 9 E 0 2 0 . 5 6 1 4 E 0 0 - 0 . 2 7 4 8 2 - 0 1
0 . 2 0 0 0 2  0 2 0 . 8 1 9 2 E 0 5 0 . 3 1 2 5 E  0 0 0 . 1 Ô 0 0 E 0 3 0 . 1 3 0 0 2 0 4 0 . 2 4 7 0 E 0 2 0 . 4 1 2 5 E 0 0 - 0 . 7 7 2 7 E - 0 2
0 . 3 0 0 0 E  0 2 0 . 1 2 2 9 E 0 6 0 . 4 6 8 8 E  0 0 0 . 2 4 OOE 0 3 0 . 1 9 5 0 E 04 0 . 2 8 5 4 E 0 2 0 . 3 6 1 9 E 0 0 - 0 . 3 3 0 7 E - 0 2
0 . 4 0 0 0 E  0 2 0 . 1 6 3 8 E 0 6 0 . 6 2 5 0 E  0 0 0 . 3 2 OOE 0 3 0 . 2 6 0 1 E 0 4 0 - 3 2 0 2 2 0 2 0 . 3 3 6 8 2 0 0 - 0 . 1 9 4 7 E - • 0 2
0 . 5 0 0 0 2  0 2 0 . 2 0 4 B E 0 6 0 . 7 8 1 3 E  0 0 0 . 4 0 0 0 E 0 3 0 . 3 2 5 1 E 04 0 . 3 5 3 0 E 0 2 0 . 3 2 0 4 2 0 0 - 0 . 1 4 1 9 E - 0 2
0 . 6 0 0 0 E  0 2 0 . 2 4 5 8 E 0 6 0 - 9 3 7 5 E  0 0 0 . 4 8 0 0 E 0 3 0 . 3 9 0 1 2 0 4 0 . 3 8 4 4 E 0 2 0 . 3 0 7 6 2 0 0 - 0 . 1 1 6 3 E - 0 2
O. SOOOE 0 2 0 . 3 2 7 7 E 06 0 . 1 2 5 0 E  01 0 . 6 4 0 0 2 0 3 0 . 5 2 0 1 5 0 4 0 . 4 4 3 8 2 0 2 0 . 2 8 7 2 E 0 0 - 0 . 9 0 6 6 2 - 0 3
O . I O O O E  0 3 0 . 4 0 9 6 E 0 6 0 . 1 5 6 3 E  01 O. SOOOE 0 3 0 . 6 5 0 2 2 04 0 . 4 9 9 5 2 0 2 0 . 2 7 0 6 E 0 0 - 0 . 7 6 1 7 2 - • 0 3

r o
r o



T A B L E  11 P d w  P d w  P d wa n d  p!I.. as F u n c t i o n s  o f  D i m e n s i o n l e s s
Drawdown Times f o r  a Well Between Three P e rp e n d ic u la r

S e a l in g  F a u l ts

WELL L O C A T I O N -  ( X D . Y D )  =  ( C . 1 2 5 0 0 0 0 -  0 . 0 1 5 6 2 5 0 )  * * * * * * * * * * * * , * * * * * * * * * * * * * * * * * * * * * * *& ** * * * * * * * * *
* ** ** * ** * ** **$** ** ** * ** * ** ** * **$ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *$$** * *# * * *$ ** * * * * * *

TDA TDBX TDBY TDBB TDABX PD PDP PDPP* * * $ * * * * * * * * * * * * * * * , * * * $ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * $ $ * * * * * * $ * * * *

0 . 1 0 0 0 2 - 0 4 0 .  2 5 6 0 2 - - 0 2 0 . 1 6 3 8 2 00 0 . 2 0 4 8 2 - •01 0 . 1 7 0 7 2 - •03 0 . 2 2 5 2 2 01 0 . 4 9 8 0 E 0 5 - 0 . 4 8 8 1 E 1 0
0 . 2 0 0 0 2 - 0 4 0 . 5 1 2 0 2 - • 02 0 . 3 2 7 7 2 00 0 . 4 0 9 6 2 - •01 0 . 3 4 1 3 2 0 3 0 . 2 6 0 3 2 01 0 . 2 6 1 0 B 0 5 - 0 . 1 1 2 1 E 1 0
0 . 3 0 0 0 2 - 0 4 0 . 7 6 8 0 2 - 0 2 0 . 4 9 1 5 2 0 0 0 . 6 1 4 4 2 - •01 0 . 5 1 2 0 2 - 0 3 0 . 2 8 2 3 2 01 0 . 1 8 8 1 E 0 5 - 0 . 4 7 8 1 E 0 9
0 . 4 0 0 0 2 - 0 4 0 . 1 0 2 4 2 - 0 1 0 . 6 5 5 4 2 0 0 0 . 8 1 9 2 2 - •01 0 . 6 8 2 7 2 - 0 3 0 . 2 9 9 1 2 0 1 0 . 1 5 2 0 E 0 5 - 0 . 2 7 5 8 E 0 9
0 . 6 0 0 0 2 - 0 4 0 .  1 5 3 6 2 - ■01 0 . 9 8 3 0 2 0 0 0 . 1 2 2 9 2 0 0 0 . 1 0 2 4 2 - 0 2 0 . 3 2 5 2 2 01 0 . 1 1 3 4 E 0 5 - 0 . 1 3 7 7 E 0 9
0 . 8 0 0 0 2 - 0 4 0 .  2 0 4 8  2 - ■01 0 .  1 3 1 1 2 01 0 . 1 6 3 8 2 0 0 0 . 1 3 6 5 2 - 0 2 0 . 3 4 5 5 2 01 0 . 9 1 5 9 B 0 4 - 0 . 8 6 6 4 E 0 8
0 . 1 0 0 0 2 - 0 3 0 . 2 5 6 0 2 - •01 0 . 1 6 3 8 2 01 0 . 2 0 4 8 2 0 0 0 . 1 7 0 7 2 - 02 0 . 3 6 2 3 2 01 0 . 7 7 1 3 E 0 4 - 0 . 6 0 5 2 E 0 8
0 . 2 0 0 0 2 - 0 3 0 . 5 1 2 0  2 - •01 0 . 3 2 7 7 2 01 0 . 4 0 9 6 2 0 0 0 . 3 4 1 3 2 - 0 2 0 . 4 1 9 4 2 01 0 . 4 3 4 2 E 0 4 - 0 . 1 8 8 9 E 0 8
0 . 3 0 0 0 2 - 0 3 0 . 7 6  8 0 2 - •01 0 . 4 9 1 5 2 01 0 . 6 1 4 4 2 0 0 0 . 5 1 2 0 2 - 02 0 . 4 5 5 4 2 01 0 . 3 0 2 6 E 0 4 - 0 . 9 1 6 4 E 0 7
0 . 4 0 0 0 2 - 0 3 0 . 1 0 2 4 2 0 0 0 . 6 5 5 4 2 01 0 . 8 1 9 2 2 0 0 0 . 6 8 2 7 2 - 0 2 0 . 4 8 1 8 2 0 1 0 . 2 3 2 3 E 0 4 - 0 . 5 3 9 4 E 0 7
0 . 5 0 0 0 2 - 0 3 0 . 1 2 6 0 2 0 0 0 . 8 1 9 2 2 01 0 . 1 0 2 4 2 0 1 0 . 8 5 3 3 2 - 0 2 0 . 5 0 2 7 2 0 1 0 . 1 8 8 6 E 0 4 - 0 . 3 5 4  3E 0 7
0 . 6 0 0 0 2 - 0 3 0 .  1 5 3 6 2 0 0 0 - 9 8 3 0 2 01 0 . 1 2 2 9 2 01 0 . 1 0 2 4 2 - 01 0 . 5 2 0 0 2 01 0 . 1 5 8 8 E 0 4 - 0 . 2 4 9 4 E 0 7
0 . 0 0 0 0 2 - 0 3 0 . 2 0 4 8 2 0 0 0 .  1 3 1 1 2 02 0 . 1 6 3 8 2 01 0 . 1 3 6 5 2 - 01 0 . 5 4 7 7 2 01 0 .  1 2 1 3 E 0 4 - 0 . 1 4 0 5 E 0 7
0 . 1 0 0 0 2 - 0 2 0 . 2 5 6 0 2 0 0 0 .  1 6 3 6 2 0 2 0 . 2 0 4 8 2 01 0 . 1 7 0 7 2 - 01 0 . 5 6 9 5 2 01 0 . 9 8 9 9 E 0 3 - 0 . 8 8 4 3 E 0 6
0 . 2 0 0 0 2 - 0 2 0 . 5 1 2 0 2 0 0 0 . 3 2 7 7 2 02 0 . 4 0 9 6 2 01 0 . 3 4 1 3 2 - 01 0 . 6 4 2 1 2 01 0 . 5 6 2 3 E 0 3 - 0 . 2 0 8 7 E 0 6
0 . 3 0 0 0 2 - 0 2 0 - 7 6 8 0 E 0 0 0 . 4 9 1 5 2 02 0 . 6 1 4 4 2 0 1 0 . 5 1 2 0 2 - 01 0 . 6 9 0 3 2 01 0 . 4 1 9 7 E 0 3 - 0 - 9 9 5 4 E 0 5
0 . 4 0 0 0 2 - 0 2 0 . 1 0 2 4 2 01 0 . 6 5 5 4 2 02 0 . 8 1 9 2 2 01 0 . 6  8 2 7 2 - 01 0 . 7 2 8 0 2 01 0 . 3 4 1 5 E 0 3 - 0 . 6 1 9 3 E 0 5
0 - 5 0 0 0 2 - 0 2 0 . 1 2 8 0 2 01 0 . 8 1 9 2 2 02 0 . 1 0 2 4 2 0 2 0 . 8 5 3 3 2 - 01 0 . 7 5 9 4 2 0 1 0 . 2 8 9 8 E 0 3 - 0 . 4  3 3 9 E 0 5
0 . 6 0 0 0 2 - 0 2 0 . 1 5 3 6 2 0 1 0 . 9 8 3 0 2 02 0 . 1 2 2 9 2 0 2 0 . 1 0 2 4 2 0 0 0 . 7 8 6 5 2 0 1 0 . 2 5 2 3 E 0 3 - 0 . 3 2 4 5 E 0 5
0 . 8 0 0 0 2 - 0 2 0 . 2 0 4 3 2 0 1 0 . 1 3 1 1 2 0 3 0 . 1 6 3 8 2 0 2 0 . 1 3 6 5 2 0 0 0 . 8 3 1 4 2 01 0 . 2 0 0 9 E 0 3 - 0 . 2 0 3 6 E 0 5
0 . 1 0 0 0 2 - 0 1 0 . 2 5 6 0 2 0 1 0 .  1 6 3 8 2 03 0 . 2 0 4 8 2 0 2 0 . 1 7 0 7 2 0 0 0 . 8 6 8 0 2 01 0 . 1 6 7 2 E 0 3 - 0 . 1 4 0 3 E 0 5
0 . 2 0 0 0 2 - 0 1 0 . 5 1 2 0 2 0 1 0 . 3 2 7 7 2 0 3 0 . 4 0 9 6 2 0 2 0 . 3 4 1 3 2 0 0 0 . 9 8 9 4  2 01 0 . 9 0 9 9 E 0 2 - 0 . 4 1 4 2 E 0 4
0 . 3 0 0 0 2 - 0 1 0 . 7 6 8 0 2 01 0 . 4 9 1 5 2 0 3 0 . 6 1 4 4 2 0 2 0 . 5 1 2 0 2 0 0 0 . 1 0 6 4 2 0 2 0 . 6 2 5 3 E 0 2 - 0 . 1 9 5 5 E 0 4
0 . 4 0 0 0 2 - 0 1 0 . 1 0 2 4 2 0 2 0 . 6 5 5 4 2 03 0 . 8 1 9 2 2 0 2 0 . 6 9 2 7 2 0 0 0 . 1 1 1 9 2 0 2 0 . 4 7 6 4 E 0 2 - 0 . 1 1 3 5 E 0 4
0 . 5 0 0 0 2 - 0 1 0 .  1 2 8 0 2 0 2 0 . 8 1 9 2 2 0 3 0 . 1 0 2 4 2 0 3 0 . 8 5 3 3 2 0 0 0 . 1 1 6 2 2 0 2 0 . 3 8 4 7 E 0 2 - 0 . 7 4 0 1 E 0 3
0 .  6 0 0 0 2 - 0 1 0 . 1 5 3 6 2 0 2 0 . 9 8 3 0 2 03 0 . 1 2 2 9 2 0 3 0 .  1 0 2 4 2 01 0 . 1 1 9 7 2 0 2 0 . 3 2 2 7 E 0 2 - 0 . 5 2 0 6 E 0 3
0 . 8 0 0 0 2 - 0 1 0 . 2 0 4 8 2 0 2 0 .  1 3 1 1 2 0 4 0 . 1 6 3 8 2 0 3 0 .  1 3 6 5 2 01 0 . 1 2 5 3 2 0 2 0 . 2 4 4 0 E 0 2 - 0 . 2 9 7 5 E 0 3
O . I O O O E  0 0 0 . 2 5 5 0 2 0 2 0 .  1 6 3 8 2 0 4 0 . 2 0 4 8 2 0 3 0 . 1 7 0 7 2 01 0 . 1 2 9 6 2 0 2 0 . 1 9 6 1 E 0 2 - 0 . 1 9 2 1 E 0 3
0 . 2 0 0 0 2  0 0 0 . 5 1 2 0 2 0 2 0 . 3 2  7 7 2 04 0 . 4 0 9 6 2 0 3 0 . 3 4 1 3 2 01 0 . 1 4 3 4 2 0 2 0 . 1 0 0 5 B 0 2 - 0 . 4 6 2 2 B 0 2
0 . 3 0 0 0 2  0 0 0 . 7 6 8 0 2 0 2 0 . 4 9 1 5 2 0 4 0 . 6 1 4 4 2 0 3 0 . 5 1 2 0 2 01 0 . 1 5 1 7 2 0 2 0 . 7 1 1 6 2 01 - 0 . 1 8 2 2 E 0 2
0 . 4 0 0 0 2  0 0 0 . 1 0 2 4 2 0 3 0 . 6 5 5 4 2 04 0 . 8 1 9 2 2 0 3 0 . 6 8 2 7 2 01 0 . 1 5 8 1 2 0 2 0 . 5 8 1 3 E 0 1 - 0 . 9 3 1 8 E 0 1
0 . 5 0 0 0 2  0 0 0 . 1 2 8 0 2 03 0 . 8 1 9 2 2 0 4 0 . 1 0 2 4 2 0 4 0 . 8 5 3 3 2 01 0 . 1 6 3 5 2 0 2 0 . 5 0 8 2 E 01 - 0 . 5 7 6 6 E 0 1
0 . 6 0 0 0 3  0 0 0 . 1 5 3 6 2 0 3 0 . 9 8 3 0 2 0 4 0 . 1 2 2 9 2 0 4 0 . 1 0 2 4 2 02 0 . 1 6 8 3 2 0 2 0 . 4 6 0 0 E 01 - 0 . 4 0 6 6 E 0 1
0 . 8 0 0 0 2  0 0 0 . 2 0 4 8 2 0 3 0 - 1 3 1 1 2 05 0 . 1 6 3 8 2 0 4 0 . 1 3 6 5 2 0 2 0 . 1 7 6 9  2 0 2 0 . 3 9 6 6 E 01 - 0 . 2 5 0 7 E 0 1
O . I O O O E  01 0 . 2 5 6 0 2 0 3 0 .  1 6 3 8 2 05 0 . 2 0 4 8 2 0 4 0 . 1 7 0 7 2 02 0 . 1 8 4 3 2 0 2 0 . 3 5 4 5 E 01 - 0 . 1 7 7 6 E 0 1
0 . 2 0 0 0 2  01 0 . 5 1 2 0 2 0 3 0 . 3 2 7 7 2 0 5 0 . 4 0 9 6 2 0 4 0 . 3 4 1 3 2 0 2 0 . 2 1 3 7 2 0 2 0 . 2 5 0 7 E 01 - 0 . 6 2 6 6 E 0 0
0 . 3 0 0 0 2  01 0 . 7 6  8 0 2 0 3 0 . 4 9 1 5 2 05 0 . 6 1 4 4 2 0 4 0 . 5  1 2 0 2 0 2 0 . 2 3 6 2 2 0 2 0 . 2 0 4 7 E 01 - 0 . 3 4 1 1 E 0 0
0 . 4 0 0 0 2  01 0 . 1 0 2 4 2 0 4 0 . 6 5 5 4 2 0 5 0 . 8 1 9 2 2 0 4 0 . 6 8 2 7 2 0 2 0 . 2 5 5 2 2 0 2 0 .  1 7 7 2 E 0 1 - 0 . 2 2 1 6 E 0 0
0 . 5 0 0 0 2  01 0 . 1 2 8 0 2 04 0 . 8 1 9 2 2 0 5 0 . 1 0 2 4 2 0 5 0 . 8 5 3 3 2 02 0 - 2 7 2 0 2 0 2 0 . 1 5 8 5 E 01 - 0 . 1 5 8 5 E 0 0
0 . 6 0 0 0 2  01 0 . 1 5 3 6 2 0 4 0 . 9 8 3 0 2 05 0 . 1 2 2 9 2 0 5 0 . 1 0 2 4 2 0 3 0 , 2 8 7 1 2 0 2 0 . 1 4 4 7 E 01 - 0 . 1 2 0 6 E 0 0
0 . 8 0 0 0 2  01 0 . 2 0 4 8 2 0 4 0 .  1 3 1 1 2 0 6 0 . 1 6 3 8 2 0 5 0 . 1 3 6 5 2 0 3 0 . 3 1 4 0 2 0 2 0 .  1 2 5 3 E 01 - 0 . 7 8 3 3 E - • 01
O . I O O O E  0 2 0 . 2 5 6 0 2 0 4 0 . 1 6 3 8 2 06 0 . 2 0 4 8 2 0 5 0 .  1 7 0 7 2 0 3 0 . 3 3 7 6 2 0 2 0 . 1 1 2 1 E 01 - 0 . 5 6 0 5 E - 0 1
0 . 2 0 0 0 2  0 2 0 . 5 1 2 0 2 0 4 0 . 3 2 7 7 2 06 0 . 4 0 9 6 2 0 5 0 . 3 4 1 3 2 0 3 0 . 4 3 0 5 2 0 2 0 . 7 9 2 7 E 0 0 - 0 - 1 9 8 2 E - 0 1
0 . 3 0 0 0 2  0 2 0 . 7 6 8 0 2 0 4 0 . 4 9 1 5 2 06 0 . 6 1 4 4 2 0 5 0 . 5 1 2 0 2 0 3 0 . 5 0 1 8 2 0 2 0 . 6 4 7 2 E 0 0 - 0 .  1 0 7 9 E - • 01
0 . 4 0 0 0 2  0 2 0 . 1 0 2 4 2 0 5 0 . 6 5 5 4 2 Od 0 . 8 1 9 2 2 0 5 0 . 6 8 2 7 2 0 3 0 . 5 6 1 8 2 0 2 0 . 5 6 0 5 E 0 0 - 0 . 7 0 0 6 E - 0 2
0 . 5 0 0 0 2  0 2 0 . 1 2 8 0 2 0 5 0 . 8 1 9 2 2 06 0 . 1 0 2 4 2 0 6 0 - 8 5 3 3 2 03 0 . 6 1 4 8 2 0 2 0 . 5 0 1 3 E 0 0 - 0 . 5 0 1 3 E - 0 2
0 .  6 0 0 0 2  0 2 0 . 1 5 3 6 2 0 5 0 . 9 8  3 0 2 0 6 0 . 1 2 2 9 2 0 6 0 . 1 0 2 4 2 04 0 . 6 6 2 6 2 0 2 0 . 4 5 7 6 E 0 0 - 0 . 3 8 1 4 E - • 0 2
0 .  6 0 0 0 2  0 2 0 . 2 0 4 8 2 0 5 0 . 1 1 1 1 2 0 7 0 . 1 6 3 8 2 0 6 0 . 1  1 6 5 2 0 4 0 . 7 4 7 6 2 0 2 0 , 3 9 6 3 E 0 0 - 0 . 2 4 8 0 E - • 0 2
U .  10 0 0 2  01 Ü .  251,8 t O'j 1). 1i> 38 K 0 7 0 ,  2 0481: Oi. 0 .  1 7071: 04 0 . 8 2  2 4 K 0 2 0 - 3 5 4 4 E 0 0 - 0 . 1 7 8 0 E - • 0 2
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T A B L E  13 ’D s ’ ^Ds a n d  pgg as F u n c t i o n s  o f  D i m e n s i o n l e s s
Buildup Times f o r  a Well Between Three P e rp e n d ic u la r

S ea l ing  F a u l ts

WELL L O C A T I O N .  ( X O . Y O) =  ( C . 5 0 C O O O O .  0 . 0 1 5 6 2 5 0 )  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

PRODUCI NG T I M E  BEFCBE SI-UT I N .  TCA =  0 . 0 1 0 0*$ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * # * # * * 4 * * * * # * * * * * * * * * * * * * * * * * * * # * * * * * * * * * * * * * * * * * * * # * $ * *

D E L I T  ) TRAT TDBX TDBY TDBB PDS PDSP PDSS
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * *

0 . lOOOE-04 C lOClE 04 0 1600E - 03 0 . 16 38E 00 0.512CE- 02 0.5716E 01 - 0 . 4 9 7 0 E 05 0.4881E 10
0 . 2 0 0 0 E - 0 4 0 5010E 03 0 3200E -03 0.3 277 E 00 0 . 1 0 2 4 E - 01 0.5 366 E 01 - 0 . 2 6 0 0 E 05 0 . 1 121E 10
0 . 3 0 0 0 E - 0 4 0 3343E 03 0 48C0E - 03 0 .4915E OO 0 . I S 3 6 E - 0 1 0 .5 147 E 01 - 0 . 1 8 7 1 E 05 C.4781E 09
0.4000E-OA 0 2510E 03 0 64 OOE -0 3 0.6 554 E 00 0.2C48E-01 0 .4 9 80 E 01 - 0 . 1 5 1 0 E OS 0.27S8E 09
0 . 50CCE-04 0 2010E 03 0 80 OOE -03 0.8192E 00 0 .2S60E-01 0 .4 8 41 E 01 - 0  .  1284E 05 0.1865E 09
0.60CCE-04 0 1677E 03 0 Ç6 00E -03 0.9830E 00 0.3C72E-01 0.4 721 E 01 - 0 . 1 1 2 4 E 05 0.1 377 E 09
0 .8 00C E -04 0 1260E 03 0 1280E -02 0 . 1 3 1  IE 01 0.4C96E-01 0.4S20E 01 - 0 . 9 0 6 0 E 04 0.8 663 E 08
0 . 1000E-C3 0 lOlOE 03 0 1600E -02 0 .1 6 38 E 01 0 . 5 1 20 E -0 1 0.4 354 E 01 - 0 . 7 6 1 4 E 04 0.6051E ce
0 .2 0 0 0 E - 0 3 0 SIOOE 02 0 32C0E - 02 0 . 3277E 01 0.1024E 00 0.3 793 E 01 - 0 . 4 2 4 4 E 04 0 .1 8 8 8 5 08
0 . 3 0 0 0 E - 0 3 0 3433E 02 0 4800E - 02 - . 4 9  1SE 01 0.1E36E 00 0.3 443 E 01 - 0 . 2 9 2 9 E 04 0.91S5E 07
0 . 4 0 0 0 E - 0 3 0 2600E 02 0 64 COE- 0 2 0.6554E 01 0.2C48E 00 0.318BE 0! - 0 . 2 2 2 7 E 04 0.S388E 07
0 .5 0 0 0 E - 0 3 0 2100E 02 0 80 OOE-02 0 . 8  192E 01 O.2S60E 00 0.2 989 E 01 - 0 . 1 7 9 0 E 04 0.3 545 E 07
0.60COE-03 0 1 767E 02 0 S600E - 02 0.9 830 E 01 0 .3 072 E 00 0 .2 8 25 E 01 - 0 . 1 4 9 2 E 04 C.2E07E 07
0 . 8 0 0 0 E - 0 3 0 1350E 02 0 1280E -01 0 .1 3 1  IE 02 0.4C96E 00 0 .2 5 69 E 01 - 0 . 1 1 1  IE 04 0 . 1 4 4  IE 07
0 . 1 OOOE-02 0 11 OOE 02 0 16 OOE -01 0 . 1638E 02 0 . 5  12CE 00 0.2 371 E 01 - 0 . 8 7 9 4 E 03 0.933SE 06
0 . 2 0 0 0 E - 0 2 0 6000E 01 0 3200E -01 0.3277E 02 0.1024E 01 0 .1 7 80 E 01 - 0 . 4 0 8 9 E 03 0.2358E 06
0 . 3 0 0 0 E - 0 2 0 4333E 01 c 4600E -01 0.4915E 02 0.1536E 01 0 . 1 4 6 OE 01 - 0 . 2 5 2 6 E 03 0.1032E 06
0 .4 00C E -02 0 35C0E 01 0 64 OOE -01 0.6554E 02 0 .2048E 01 0 .1 2 49 E 01 - 0 . 1 7 6 0 E 03 0.S668E OS
0 . 5 0 0 0 E - 0 2 0 3000E 01 0 eoocE -01 0-8192E 02 0.256CE 01 0 .1 0 98 E 01 - 0 . 1 3 1 2 E 03 0 .3 5 31 E OS
0.60C0E-02 0 2667E 01 0 9600E -01 0.9 830 E 02 0.3C72E 01 0.9819E 00 - 0 . 1022E 03 0.2 383 E OS
0 . 8000E-02 0 2250E 01 0 1280E CO 0. 13 1  IE 03 0.4C96E 01 0 .8 160 E 00 - 0 .6739E 02 0 . 1 26ZE OS
0 . lOOOE-Ot 0 2000E 01 0 160CE CO 0 . 1638E 03 0 . 5  12CE 01 0.70P5F 00 - 0 .4777E 02 0 . 7579 E 04
0 .2 000 E- 01 0 1500E 01 0 32 OOE 00 0.3277C 03 0.1 024 E 02 0.4 374 E 00 - 0 . 1467E 02 0.1 300 E 04
C.3000E-01 0 1333E 01 c 48C0E 00 0 .4 9 1  SE 03 0 . 1 536E 02 0.3 350 E 00 - 0  .7228E 01 0 .4 087 E 03
0 .4 0 00 E -0 1 o 12S0E 01 0 64 OOE 00 0.6554E 03 0.2C48E 02 0.2782E 00 - 0 . 4 5 0 3 E 01 0.179SE 03
O.SOOCE-Ot 0 1200E 01 0 eoooE 00 0 . 8 I 9 2 E 03 0.2560E 02 0.24G5E 00 - 0  .3177E 01 t; 0 .9759E 02
O.6ÛO0E-O1 0 1167E 01 0 9 6  OOE 00 0.9830E 03 0.3C72E 02 0 .2 1 28 E 00 - 0 . 2 4 0 6 E 01 0.6 082 E 02
0 .8 0 00 E -0 1 0 1125E 01 0 1280E 01 0. 13 1  IE 04 0.4096E 02 0.1 743 E 00 - 0 .1 5 E 2 E 01 0 . 30 0  I E 02
O.IOOOE 00 0 1 1 OOE 01 0 16CCE 01 0 . 1 638E 04 0.512CE 02 0.1 4 82 E 00 - 0 . 1 0 9 1 E 01 0.1764E 02
0.200QE 00 0 1050E 01 0 3200E 01 0 . 3 2  77E 04 0 . 1 024E 03 0 . 8 8 6 5 E - 0 1 - 0 . 3 1 8 4 E 00 0.3 090 E 01
0.30CCE 00 0 10 33E 01 0 4800E 01 0.491SE 04 0 . 1E36E 03 0 . 6 7 3 5 Ë - 01 - 0  . 1416E 00 0 .9 5 37 6 00
0.40CCE 00 0 10 25E 01 0 64 COE 01 0.65S4E 04 C.2C48E 03 0 .5 6 7 2 E - 0 1 - 0 . 8 0 1 3 E - 0 1 0 . 3 8 4 CE 00
0.500CE 00 0 1020E 01 0 eoooE 01 0.8 192 E 04 C.2E6CE 03 0 .S 0 2 2E -0 1 - 0 . 5 3 0 9 E - 0 1 0 . 1 876E 00
0.600CE 00 0 I017E 01 0 9600E 01 0 . 9830E 04 0.3072E 03 0 .4 5 6 9 E - 0 1 - 0 . 3 8 9 0 E - 0 I 0 .1068E 00
o.eoooE 00 0 1012E 01 0 1280E 02 0 .1 3 1  IE 05 C.4C96E 03 0 . 3 9 5 3 E - 01 - 0 . 2 4 6 9 E - 01 0 . 4  72 7E-01
O.IOOOE 01 0 lOlOE 01 0 ICOOE 02 0.1 638 E 05 0.5120E 03 0 . 3 5 3 6 E-01 - 0 . 1761E-01 0 .2 6 4 4 E - 0 1
0.2000E 01 0 1005E 01 0 3200E 02 0.3277E 05 0 . 1 C24E 04 0 .2 5 0 4 E - 0 1 - 0 . 6 2 4 3 E - 0 2 0 . 4 6 7 0 E - 0 2
0.3 000 E 01 0 1003E 01 0 4800E 02 0.491SE OS 0 . 1 536E 04 0 .2 0 4 6 E - 0 1 - 0 . 3 4 0 1 E - 0 2 0 . 1 6 9 8 E - 0 2
0.4 000 E 01 0 1002E 01 0 64 00b 02 0 . 6554E 05 0.2048E 04 0 . 1 7 7 0 E - 0 1 - 0 . 2 2 1 l E - 0 2 0 . 8 2 8 3 E - 0 3
O.SOOOE 01 0 1002E 01 0 eOOOE 02 0.8192E OS O.2E60E 04 0 . 1 5 8 5 E - 0 1 - 0 . 1 5 8 1 E - 0 2 0 . 4 7 4 4 E - 0 3
0.600CË 01 0 I002E 01 0 9600E 02 0.9830E 05 0.3072E 04 0 . 1 44 7 E - 0 1 —0 . 1204E—02 0 . 3 0 0 8 6 - 0 3
0.8000E 01 0 lOOlE 01 0 128ÜE 03 0.1 31  IE 06 0.4C96E 04 0 . 1 2 5 3 E - 0 1 - 0 . 7 8 1 1 E - 0 3 0 . 1 4 6 6 6 - 0 3
O.IOOOE 02 0 lOOlE 01 0 1600E 03 0.1638E 06 0 .5 1 20 E 04 0 . 1 120E-01 —0 . 5598E—03 0 . 8 3 9 4 6 - 0 4
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ro
VO



T A B L E  14 as F u n c t i o n s  of D i m e n s i o n l e s sPd s > Pds Pds
Bui ldup Times f o r  a Well  Between Three P er pe n d i c u l a r  

S ea l ing  Fau l ts

KELL L O C A T I O N ,  1 X 0 . Y C )  =  ( C . 5 0 0 0 0 0 0 ,  0 . 0 1 5 6 2 5 0 )  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

PROOUCI NG T I M E  UE.f O R E  SHUT I N ,  TUA = 0 . 1 0 0 0* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

D E L I T ) TRAT T û b x T D U Y TODD PDS PDSP PDSS
# * # * * * * # # * * * # * # * * * * # # * * # # * * * * * * * * # * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * $ * * * * * * * * * * * * * * * * * * * * * * * * * * * # * # * * * #

O.lOOOE-04 0 lOOOE 05 c leccE -C3 0 1 636E 00 0 E12CE-C2 0.8447E 01 -0 497EE CS C.4EE1E 1 C
0 .2 0 0 0 E -0 4 0 5001E 04 0 3200F -0 3 0 3277E 00 0 1C24E-01 0 .8 0 9 6 E 01 - 0 2609E 05 0 . 1 12 IE 10
0.3C0CE-C4 0 3334E 04 0 AROOE -C3 0 49 I5E 00 0 1536E -01 0.7E77F 01 - 0 lEEOE 05 C.47E1E 09
0 .4 0 0 0 E -0 4 0 2501E 04 c 64 OOE-0 3 0 6554E 00 0 204CE -01 0 .7 709 E 01 - 0 1518E OS 0.2758E 09
0 .500C E-04 0 2001E 04 0 eoooE -03 0 8192E 00 0 2E6CE -01 0.7569E 01 -0 1292E 05 0.1865E 09
C.60C0E-04 0 166B& 04 c S60CE -03 0 9830E 00 0 3C72E -01 0.7448E 01 - 0 1132E 05 0.1377E 09
0 , eOOOE-04 0 1251E 04 0 128CE -0 2 0 13 1 IE 01 0 4C96E-01 0 .7245E 01 - 0 9144E 04 0 .8664E 08
0 . lOOOE-03 0 1031E 04 0 16 OOE -02 0 1638E 01 0 5120E -01 0.7078E 01 - 0 7697E 04 0.60S2E 08
0 .2 0 0 0 E -0 3 0 5010E 03 0 32C0E -C2 0 3277E 01 0 1 C24E 00 0 .6 509 E 01 -0 4326E 04 0 .1 889 E OE
0 .3 0 0 0 E -0 3 0 3343E 03 0 4600E -0 2 0 49 15E 01 0 1E36E 00 0.6150E 01 - 0 3011E 04 0 .9 164 E 07
0.40COÜ-03 0 2510E 03 0 64 COC-02 0 6554E 01 0 2C48E 00 0.5E87E 01 - 0 2308E 04 0.5397E 07
0 .5 00C E -03 0 20 lOE 03 0 EOOOE -02 0 8 19ZE 01 0 256 CE 00 0.5680E 01 -0 1870E 04 0 .3 553 E 07
O.bOOCE-03 0 1677E 03 0 9600E -02 0 9830E 01 0 3C72E 00 0.S508E 01 -0 1571E 04 0.251SE 07
O.eOOOE-03 0 1260E 03 0 1280E -C l 0 13 11b 02 0 4C96E 00 0 .5236E 01 -0 1 I89E 04 0.14SCE C7
O.lOOOE-02 0 lOlOE 03 0 16 OOE -C l 0 163EE 02 0 5 12CE 00 0.5023E 01 - 0 9551E 03 0.941EE 06
0 .200C E -02 0 51 OOE 02 0 3200E -01 0 3277E 02 0 1024E 01 0.436CE 01 - 0 4773E 03 0.2424E 06
0 .3 0 0 0 E -0 2 0 34 33E 02 G 4PC0E -C l 0 49 15E 02 0 1 536E 01 0 .3 975 E 01 -0 3149E 03 0.108EE 06
0 .4 0 0 0 E -0 2 0 2600E 02 0 64 OOE-01 0 6554E 02 0 2C4EE 01 0.37C5E 01 -0 2332E 03 0 .6 145 E OS
0 .5 0 0 0 E -0 2 0 21 COE 02 0 eococ -01 0 B192E 02 0 256CE 01 0 .3498E 01 - 0 184 OF. 03 0 .3 9 4  IE 05
0 .6 0 0 0 E -0 2 0 1767E 02 0 96 COE-01 0 9E3CE 02 0 3C72E 01 0 .3 3 3 1 E 01 - 0 1511E 03 0 .2 738 E OS
0 .800C E -02 0 1350E 02 0 1280E 00 0 131 IE 0,3 0 4096E 01 0 .3074E 01 - 0 I IO IE 03 0 .1536E 05
O.lOOCE-01 0 1 lOOE 02 c 16C0E CO 0 1638E 03 0 5 12 CE 01 0.2880E gi -0 8559E C2 0.9 737 E 04
0 .2 0 0 0 E -0 1 0 6000E 01 0 3200b 00 0 3277E 03 0 1 024E 02 0.2316E 01 - 0 3 676E 02 0 .2 1 7 3 E 04
0 .3000E-C1 0 4333E 01 0 4800E 00 0 49 15E 03 0 1536E 02 0.2008E 01 - 0 2489E 02 0.8E3EE 03
O.40C0E-C1 0 3500E 01 0 64 OOE CO 0 6554E 03 0 2C48E 02 0 . 1 795E 01 - 0 1837E 02 0.4E4SE 03
6,S00CE-01 0 3000E 01 0 EOOOE CO 0 8 I9 2E 03 0 2E6CE 02 0.1632E 01 - 0 1448E 02 0.312EE 03
o .e o c c E -c t 0 2667E 01 0 96 0 CE CO 0 9830E 03 0 3072E 02 0.1501E 01 - 0 I185E 02 0.221EE 03
0 .8 000 E -01 0 2250E 01 0 1280E Cl 0 131 IE 04 0 4C96E 02 0 . 1 3C1E 01 - 0 8459E 01 0 . 1 298E 03
O.IOOOE 00 0 2000E 01 0 16 OOE Cl 0 1638E 04 0 5 12CE 02 0 . 1 155E 01 - 0 6359E 01 0 .8 4 8  IE 02
0.2000E  00 0 15C0E 01 c 3200E Cl C 3277L 04 0 1 C24E 03 0 .7 7 6 4 b 00 -0 2220E 01 0.1E7EE 02
0.30GOE 00 0 13J3E 01 ■ 0 4H00E 01 0 49 15E 04 0 1S36E 03 0.62C7E 00 - 0 1094E 01 0 .6 4 4  IE 01
0.400CE 00 0 1250E 01 0 64 OOE 01 0 6554E 04 0 204EE 03 0 .5358E 00 -0 6637E 00 0.2E03E 01
0.50CCE 00 0 1200E 01 0 EOOOE Cl 0 8192E 04 0 2E6CE 03 0.4EC7E 00 - 0 4605E 00 0 . 1 46CE 01
0.60CCE 00 0 1167E 01 0 9600E 01 0 9830E 04 0 3072E 03 0.4408E 00 -0 347SE 00 0 .8736E 00
0.800CE 00 0 1125E 01 0 1280E C2 0 1 31 IE 05 0 4C96E 03 0 . 3 8 4 7E 00 -0 2276E 00 0 .4  112E 00
O.IOOOE 01 0 llOOE 01 0 1600E 02 0 163EE OS 0 5 12 CE 03 0 .3460E 00 - 0 1651E 00 0 .2373E 00
0.200CE 01 0 lOEOE 01 0 3200E 02 0 3277E 05 0 1 C24E 04 0.2476F- 00 - 0 6041E- 01 0.4422E -C 1
0 .3 000 E  01 0 1033E 01 0 480GE 02 0 49 1SC OE 0 1536E 04 0 .2030E 00 -0 3328E-01 0 . 1 63 7E-01
0.400CE 01 0 1025E 01 0 64 OOF 02 0 6554b 05 0 2C48E 04 0 .1761E 00 - 0 2175E-01 0 .B 0 56 E -02
O.SOOOE 01 0 1020E 01 0 EOOOE 02 0 8192E 05 0 2560E 04 0 .1 577 E 00 -0 1562E-01 0 .4 6 4 CE-02
0.60CCE 01 0 1017E 01 0 9600E 02 0 9B30E 05 C 3C72E 04 0.1441E 00 - 0 1191E-01 0 .2 9 S 3 E -0 2
0 .8000E  01 0 1012E 01 0 1280E 03 0 131 IE 06 0 4 056E 04 0 .1 249 E 00 - 0 7762E-02 0 .  144 6E -0 2
O.IOOOE 02 0 lOlOE 01 c 1600E C3 0 163EE 06 0 512CE 04 0 . 1 1 18E 00 - 0 5 5 64 E -02 0 .8 3 0 3 E -0 3

row
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T A B L E  15; a n d  p^^ as F u n c t i o n s  o f  D i m e n s i o n l e s s
Bui ldup Times f o r  a Well  Between Three P e r p e n d ic u la r  

Sea l ing  Fau l t s

WELL L O C A T I O N ,  ( X O , V C >  =  ( C . 5 C C C O O O ,  0 . C 1 S 6 2 S 0 )* ** * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * ** * * * * * * * * *
P RODUCI NG T I M E  BEFORE SHUT I N ,  TDA = 1 , 0 0 0 0* ** ******  * * * * * * ** * ** ** * ** *  * * * ** * ** * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
D E L I T ) TRAT TOBX TOEY TD8U PDS PDSP PDSS* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

o .io q c E -0 4 O.IOOOE 06 0 I600E -03 0 163BE 00 0 5 12CE -02 0 136 IE 02 -0 .4 9 6 0 E 05 0.4E81E 10
0.2000E -0 4 O.SOOOE 05 c 3200E -0 3 0 T277E 00 0 1024E-01 0 I326E 02 -0 .2 6 1 0 E OS 0.1121E 10
0.300CE —04 0 .3333E 05 0 4B00E -0 3 0 49 ISE 00 0 1536E -01 0 1 3C4E 02 -0 .1 8 8 1 E 05 C.47S1E 09
0.4000E -0 4 0.25C0E 05 0 64 COE -03 0 6554E 00 0 2048E -01 0 1288E 02 -0 .1 5 1 9 E 05 0.27S8E 09
•O.SOOOE-0 4 0 . 2 0 OOE OS 0 aoooE -0 3 0 8 192E 00 0 256CE -01 0 12 74E 02 -0 .1 2 9 3 E OS 0 . 1 865E 09
0 .6000E -0 4 0 . I6 6 7 E 05 0 06 OOE -03 0 9S30E 00 0 J072E-01 0 1261E 02 - 0 . 1133E 05 0 .1 377 E OS
0 , BOOCE-0 4 0 . 12E0E 05 0 I280E -02 0 131 IE 01 0 4C96E -01 0 1241E 02 -0 .9 1 S 6 E C4 0.B664E 08
0 * lOOOE -0 3 O.IOOOE OS 0 1600E -0 2 0 1638F 01 0 S 12CË -01 0 1224E 02 -0 .7 7 C 9 E 04 0.60S2E 08
0 , EOOCE -0 3 O.SOOIE 04 0 3200E -02 0 3277E 01 0 1024E 00 0 1 167E 02 -0 .4 3 3 8 E 04 0.18S9E 08
0.3000E -0 3 0.3334E 04 0 4800E -0 2 0 4Q15E 01 0 1 536E 00 0 1131E 02 -0 .3 0 2 3 E 04 0 .9  I64E 07
C.40CCE -0 3 0 .2 5 0 IE 04 0 64 OOE -02 0 65S4E 01 0 2C48E 00 0 1 105E 02 -0 .2 3 1 9 E 04 0.S397E 07
O.SOOOE -0 3 0 . 200IE 04 0 eOOOE -02 0 8192E 01 0 2S6CE 00 0 1084E 02 -0 .1 8 8 1 E 04 0.3554E 07
0.6000E -0 3 0 . I668E 04 c S600C -02 0 9830E 01 0 3C72E 00 0 1067E 02 -0 .1 5 S 2 E 04 0.2S16E 07
o.eoooE -0 3 0 . 12SIE 04 0 I280E -01 0 131 IE 02 0 4096E 00 0 1 039E 02 -0 .1 2 0 0 E 04 0.14S0E 07
0 . lOOOE -0 2 0 . lOCIE 04 c I600E -01 0 1638E 02 0 512CE 00 0 lOlSE 02 - 0 .9668E 03 0 .9 416 E 06
0.2000E -0 2 O.SOlOE 03 0 3200E -01 0 3277E 02 0 1 C24E 01 0 9S04E 01 -0 .4 8 8 9 E 03 0.242SE 06
0 . 30C0E -0 2 0 . 3343E 03 O' 48C0E -01 0 4915E 02 0 1 536E 01 0 9107E 01 - 0 .3 2 6 4 E 03 0 . 1 089E 06
0.400GE -0 2 0.2S IÜ E 03 0 64 COE-01 0 6554E 02 0 2C48E 01 0 8S26E 01 - 0 .2446E 03 0.61S5E OS
O.SOOOE -02 0 .2 0 I0 E 03 0 80 OOE -01 0 8192F 02 0 2S6CE 01 0 86C8E 01 - 0 . I 9 5 3 E 03 0 .3951E 05
0 .6000E -0 2 0 . 1677E 03 c S6C0E -01 0 9830E 02 0 3072E 01 0 S430E 01 -0 .1 6 2 3 E 03 0.2749E 05
o.eoooE -0 2 0 . I2 6 0 E 03 0 1280L 00 0 131 IE 03 0 4C96E 01 0 81S0E 01 -0 .1 2 1 0 E 03 0 .1 5 4 6 E 05
0 . 1 CCOE-01 0 . lOlOE 03 0 1600E CO 0 1638E 03 0 5 I2 0E 01 0 7935E 0 1 —0 . 9 6 36E 02 0.9836E 04
O.EOOOE -01 0 . SIOOE 02 0 32C0E. 00 0 3277E 03 0 1 C24E 02 0 7268E 01 —0 .4 8 6 1 E 02 0 .2 2 5 7 E 04
0..300CE -01 0.3433E 02 0 4SG0E 00 0 4915E 03 0 1536E 02 0 6 865E 0 1 -0 .3 3 9 5 E 02 0 .9 5 7 3 E 03
0.40CCE -01 0.2S0OE 02 0 64 COE 00 0 6554E 03 0 2C4SE 02 0 6S6SE 0 1 -0 .2 6 7 4 E 02 0.S486E 03
O.SOOOE -01 0 .2100E 02 0 EOOOE 00 0 8192F 03 0 2E60E 02 0 6322E 01 -0 .2 2 2 6 E 02 0 .3 6 9 1 E 03
O.SOOOE -01 0 . 1767E 02 0 96 COE 00 0 9830E 03 0 3072E 02 0 6116E 01 -0 .1 9 0 9 E 02 0 .2715E 03
O.SOOOE -01 0 . 13E0E 02 0 1280E Cl 0 131 IE 04 0 4 C96E 02 0 S780E 01 -0 .1 4 8 2 E 02 0 .1 6 9 3 E 03
O.IOOOE 00 0 . 1 1 OOE 02 0 16C0E 01 0 1 638F 04 0 E12CE 02 0 SS13E 01 - 0 .1 2 0 0 E 02 0 . 1 167E 03
0.20CCE 00 O.SOOOE 01 0 3200E 01 0 3277E 04 0 1 024E 03 0 46B9E 01 -0 .5 7 9 0 E 01 0 .3 208 E 02
0.300CE 00 0 .4 333 E 01 0 4S00E 01 0 4915E 04 0 1 536E 03 0 4230E 01 -0 .3 6 9 7 E 01 0 .1 345 E 02
0.40GCE 00 0 .3500E 01 0 6400E 01 0 6554E 04 0 2048E 03 0 3915E 01 - 0 .2 7 1 7 E 01 0 .7 137 E 01
O.SOOOE 00 0.3000E 01 0 EOOCE 01 0 8192E 04 0 256CE 03 0 3673E 01 -0 .2 1 S S E 01 0 .4 439 E 01
0.600CE 00 0.26S7E oi 0 9600E 01 0 983 0E 04 0 3072E 03 0 3477E 01 - 0 .  1786E 01 0 .3 0 6 9 E 01
O.SOOOE 00 0.22SOE 01 0 12E0E 02 0 131 IE 05 0 4096E 03 0 3171E 01 -0 .1 3 2 2 E 01 0.1758E 01
O.IOOOE 01 0 . EOOOE 01 0 1600E 02 0 1638E OS 0 512CE 03 0 2937E 01 -0 .1 0 3 8 E 01 0 . 1 148E 01
0 .2000E 01 O.ISOOE 01 0 3200E 02 0 3277F OS 0 1024E 04 0 2253E 01 -0 .4 6 0 C E 00 0.2ESSE 00
0 .3000E 01 0 . I333E 01 0 48C0E 02 0 49 ISE OS 0 1S36E 04 0 1900E 01 - 0 .2742E 00 0 . 1 195E 00
0 .4 000 E 01 0 .1 250 E 01 0 6400E 02 0 6S54E OS 0 2C48E 04 0 1674E 01 -0 .1 8 7 1 E 00 0 .6 3 0 2 E -0 1
O.SOOOE 01 0 . I2 0 0 E 01 c eoooc 02 0 8192E 05 0 2560E 04 0 1513E 01 -0 .1 3 S 1 E 00 0 .3 7 9 3 E -0 1
O.SOOOE 01 0 . 1 167E 01 0 9600E 02 0 9830L 05 0 3C72E 04 0 1 391 E 01 - 0 .1 0 7 4 E OO 0 .2 4 9 0 E -0 1
O.SOOOE 01 0.1125E 01 0 12S0E 03 0 131 IE 06 0 4C96E 04 0 1216E 01 —0 . 7 1 66E—01 0 .1 2 6 9 E -0 1
O.IOOOE 02 0 . 1 1 OOE 01 0 I600E 03 0 163SE 06 0 5120E 04 0 1094E 01 - 0 .S 217E -01 0 .7 4 6 7 E -0 2
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T A B L E  17: P d w ’ P d w  P " as Funct ions of  Dimensionless Drawdown Times 
Dw 

f o r  a Well  I n s id e  a Closed Square

WFLL L O C A T I O N ,  ( V D . Y D )  =  ( l . O O O O O O O .  l . O O O n O O O )* * * ** * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

TDA TDDX TODY TDHV TDAY Tr>?D PO POP PQPP♦♦♦*•**♦♦.♦*♦♦***********************♦***♦*******•♦*******♦♦******♦*♦**********************************************
0 . l O OO F- O A 0 . 1 O OO E- 0 4 O . I O O O F - 0 4 0 . 4  CO PF -OA O . 4 0 C 0 F - ■04 0 . 4 9 0 0 5 - 0 4 0 . 2 2 5 2 5 01 0 . 4 0 6 0 5 95 - 9. 4038E 10
0 . I 5 0 0 F - 0 A 0 . 1 5 0 0 = - 0 4 0 .  1 5 0 0 E - 0 4 0 . 6 0 0 0 = - 04 P . 6 0 0 0 5 - 9 4 0 . 6 0 0 0 E - 0  4 0 . 2 4 5 4 5 01 0 . 3 3 1 O F 0 5 - 0 . 2 2  0 4 5 10
0 . ?OnOE- OA P . 2 0 O 0 E - 0 4 P . 2 0 0 C F - C 4 0 . 0 0 0 0 = - 04 0 . P-0PC5- 04 O.BOOCE - 0 4 0 . 2 Ç Q 7 E 91 9 , 2 4 0 2 5 «)5 - 9 , 1 2 4 2 = 10
c . 3 0  C O F - 0 4 0 .  3 0 P 0 F - 0 4 0 . 3 O O 0 F - C 4 0 . I 2 0 0 F - 0 3 0 . 1 2 P 0 F - 0 3 P . 1 2 P P 5 - 0  3 0 . 2 7 0 0 = C l 0 . 1 6 6 3 E 0 5 - 9 . 5 5 3 2 5 0 9
0 . A O O O E- 0 4 0 . 4 O O 0 F - 0 A O . A O CO F - O A 0 . 1 6 0 0 F - 0 3 o . 1 6 0 0 F - 03 0 . 1 6 0 0 E - 0  3 0 . 2 O 4  3E 01 0 . 1 2 4 9 = 05 - 0 . 3 1 I S E 00
0 . 5 0 0 4 P - 0 4 0 . 5 0 0 O E - Q 4 P . 5 0 0 0 E - 0 4 0 . 2 0 C O = - 0 3 p . PP C OF - 0 3 9 . 2 O 0 C F - 0 3 0.39545 01 9 , 0 0 = 5 5 0 4 - 0 . 1 9 0 5 = 99
0 . 6 0 0 0 P - 0 4 0 . 6 0 0 0 F - 0 4 0 . OOOCF- 0 4 0 . 2 4 0 0 E - 0 3 0 . 2 4 0 0 5 - ■03 O . 2 4 0 0 E - 0  3 0 . 3 1 4 5 = 01 0 . 8 3 2 5 E 04 - 9 . 1 3 8 6 5 0 9
0 . B OOOE- 04 O . a O O O F - 0 4 C . P O O O F - 0 4 0 . 3 2 0 0 = - 0 3 0 . 3 2 0 O F - 0 3 0 . 3 2 9 0 5 - 0 3 9 . 3 ? a o F 01 9 . 6 2 4 5 = 94 - 0.79995 0 8
0 . 1 0 0 0 F . - 0 3 0 .  1 0 0 0 E - 0 3 o . i o p o r - 0 3 0 . 4  0 0 0 F - 0 3 0 . 4 0 0 0 5 - 0 3 0 . 4 0 0 0 F - 0 3 0 . 3 4 0 1 = 01 0 . 4 0 0 7 = 0 4 -0 .40945 OR
0 . 1 5 0 0 F - 0 3 0 . 1 5 0 0 E - 0 3 0 . 1 5 0 0 E - 0 3 0 . 6 0  0 0 F - 03 0 . 6 0 P 0 F - ■03 0 . 6 9 0 0 F - 0 3 0 . 3 6 0 3 5 0 1 0 . 3 3 3 2 E 0 4 - 0 . 2 2 2 0 E 0 8
0 . P O O O E - 0 3 . 0 . 2 0 0 0 E - 0 3 0 . 2 0 0 < ' F - C 3 0 . 0 0 0 0 F - 0 3 0 . POPOE- 03 0 . « 9 0 0 5 - 0 3 0. 3747= 01 0 . 2 4 O 0 F 04 - 0 . 1 7 4 9 = 0 8
0 . 3 0 C 0 F - 0 3 0 . 3 0 C O F - 0 3 0 . 3 0 0 P F - 0 3 n . ' 2 0 0 F - 0 2 0 . 1 2 0 0 = - 0 2 0 . 1 2 0 0 = - 0  2 0 . 3 9 5 9 5 01 9 . 1 6 6 6 E 0 4 - 0 . 5 = 5 5 3 = 0 7
0 * 4 0 P 0 E - 0 3 0 . A O O O e - 0 3 0 . 4 0 0 0 F - 0 3 0 . 1 6 0 0 = - 0 2 0 . 1 6 0 0 F - 92 0 . 1 6 0 0 = - 0  2 0 . 4 0 D 3 E 01 0 . 1 2 5 0 5 94 - 9 . 3 1 2 4 E 0 7
c . 5 0  0 0 F - 0. 3 0 . 5 0 0 0 E - 0 3 0 . 5 0 0 0 F - 0 3 0 . 2 0 0 0 F - 0 2 0 . 29 0 0 = - 0 ? 0 . 2 9 0 0 5 - 0 2 0 . 4 2 0 5 = 01 0, 0000F 03 - 0 . 2 0  0 0 5 0 7
0 . 6 0 0 0 E - 0 3 0 .  6 0 0 0 E - 0 3 0 . 6 0 0 0 E - 0 3 0 . 2  4 0 0 F - 0 2 0 . 2 4 0 0 E - 02 0 . 2 4 0 0 5 - 0 2 0 . 4 2 9 6 E 01 0 . R 3 3 2 E 0 3 - 0 . 1 3 8 9 5 0 7
0 . S O O O F - 0 3 0 . 8 0  0 0 E - 0 . 3 0 . 8 0 0 0 F - 0 3 0 . 3 2 0 C E - 0 2 n . 3 2 0 0 = - 0 2 0 . 3 2  0 0 5 - 0 2 0 . 4 4 4 0 = 91 9 . 6 2 5 0 5 03 - 9 . 7 9 1 1  F 0 6
0 . l O O O F - 0 2 0 . 1 O O O F - 0 2 0 . 1 0  C O E - 0 2 0 . 4 0 0 0 F - 0 2 0 . 4 0 0 0 = - 0 2 n . 4 0 0 0 F . - 0 2 0 . 4 5 5 2 5 01 9 . 5 0 0 P E 0 3 - n , 4000= 0 6
0 . 1 5 0 0 E - 0 2 0 . 1 5 C 0 E - 0 2 0 . 1 5 C C F - C 2 P . 6 0 0 0 F - 0 2 0 . f P p O F - 02 O . 6O005 - 0  2 0 . 4754= 01 0 . 3 3 3 3 F 93 - 9 . 2 2 2 2 = 0 6
0 . 2 0 0 0 F - 0 ? 0 . 2 0 0 0 E - 0 2 0 . 2 0  O O F - 0 2 o . n o p o F - 02 0 . P O r O F - 0 2 0 . 0 9 0 0 5 - 0 2 0 . 4 « 9 « = 01 0 . 2 5 0 0 F 0 3 - 0  . 1 2 5 0 5 0 6
0 . 3 0 P O E - 0 2 0 . 3 0 C O E - 0 2 0 . 3 0 0 0 5 - 0 2 0 . I 2 0 0 F - 01 0 . 1 2 0 0 = - 01 0 . 1 2 0 0 5 - 0  1 0 . 5 1 0 1 5 0 1 0 . 1 6 6 7 5 0 3 - 9 . 5 5 5 5 = 0 5
0 . 4 0 0 0 F - 0 2 0 . 4 0  C 0 = - 0 2 O . A O O O F - n p 0 . 1 6 0 0 F - 01 0 . 1 6 0 0 = - 01 0 . 1 6 0 0 5 - 0 1 0 . 5 2 4 5 F 01 0 . 1 2 5 0 F 0 3 - 0 . 3 1 2 5 5 0 5
0 . 5 0 0 0 F - 0 3 0 . 5 0 0 0 F - 0 2 0 . 5 0 0 0 E - 0 2 0 . 2 0 0 0 F - 0 1 0 . 2 9 9 0 5 - 01 0 . 2 0 0 0 = - 0 1 9 . 5 3 5 6 E 01 0 . l OOOE 03. - 9 . 2 0 0 0 = 0 5
0 . 6 0 0 0 E - 0 2 0 . 5 0 0 0 E - 0 2 0 . 6 0 C C F - 0 2 0 .  2 4  COF- 01 0 . 2 4 0 0 = - ■01 0 . 2 4 0 0 5 - 0  1 0 . 5 4 4 7 = 0 1 0 . 8 3 3 3 5 0 2 - 0 . 1 3 8 9 = 0 5
c . P Ô O O F - 0 2 O . n O O O E - 0 2 O . m O P O E - 0 2 0 . 3 2 C 0 E - Cl o . 3 2 0 0 = - ■01 ' 0 . 3 2 0 0 F -01 0 . 5 5 9 1 5 01 9 . 6 2 5 0 5 0 2 - 0 . 7 8 1 2 = 0 4
0 . l o o o r - o i O . l O O O E - 0 1 0 . l O O O F - C l O . 4 0 0 O F - ■01 0 . 4 0 9 0 = - o | 0 . 4 0 0 0 = - 0  1 0 . 5 7 0 3 = 0 1 0 . 5 9 9 0 F 0 2 - 0 . 5 9 0 0 5 9 4
0 . 15 0 0 F - 0 I 0 . 1 5 0 0 F - 0 1 0 . I 3 0 0 F - 0 1 0 . 6 = 0 0 5 - 01 0 . 6 0 0 0 = - ■01 0 . 6 0 n p F - 0 1 0 . 5 0 0 6 5 01 9 . 3 3 3 3 = 0 2 - 0 . 2 2 2 2 = 3 4
0 . 2 0 O 0 E - 0 I 0 . 2 0 0 O E - 0 1 0 . 2 0 O 0 F - 0 1 0 . « 0 0 0 F - 01 o . oo 0 P = - o i 9 . 8 9 0 0 F - 0 1 0 . 6 0 4 9 = 01 0 . 2 5 0 0 5 0 2 - 9 . 1 2 = 9 = 04
c * 3 0 0 0 E - 0 1 0 . 3 0 0 0 E - 0 1 C . 3 0 0 0 F - 0 1 0 . 1 2 0 0 5 00 0 . 1 2 9 0  = 00 0 . 1 2 0 0 F 0 0 0 . 6 2 5 2 5 01 0 . 1 6 6 9 5 0 2 - 0 . 5 5 1 6 = 0 3
0 . 4 O 0 0 F - 0 ' l 0 . 4 0 0 0 E - 0 1 O . A O O O F - O 1 0 . 1 6 0 0 F PO p . 1 6 P PC 0 0 9 . 1 5  0 0 = 0 0 0 . 6 3 = 7 5 01 P . 1 2 6 9  E 9 2 - 9  . 2 9 9 8  = 0 3
0 . E OO O F - 0 1 0 . 5 0 0 0 E - 0 1 0 . 5 0 0 0 = - 0 1 O . 2 O 0 O E 00 o . 20 OOE 0 0 0 . 2 9 0 0 5 0 0 0 . 6 5  1 0 = 01 0 . 1 0 2 7 5 0 2 - 0 . 1 7 8 1 5 0 3
0 . 5 0 0 0 E - 0 1 O . O O O O F - 0 1 O . f i O O O F - O l 0 .  2 4 0 ' = pp 0 . 2 4  2 0  = 0 9 0 . 2 4 0 0 F 0 0 0 . 6 6 0 5 5 01 9 . « « 5 R F 01 - 9 . 1 1 9 6 = 93
c . nopo*- - 0 1 r . s o o o F -0 1 O . O P O * = - 0 1 P . 3?0 0 = m p . 3.20 0 = OO 9 . 3 2  0 0= 0 0 p . 6 7  6 55 01 9 . 7 3 0 7 = 01 - 0 . 4 5 7 7 = 0 2
0 . l OCOF 0 0 O . I O O O E  0 0 0 . 1 0 0 0 =  OO P , *  n o o r OO p . 4 0 0 0 5 0 9 0 . 4 0 0 0 5 0 0 0 . 6 9 0 6 C 01 9 . 6 7 7 3 = 01 - P . 1 9 8 9 5 0 2
0 . 1 5 0 0 F  0 0 0 . 1 5 0 0 F  0 0 0 . 1 5 0 0 =  0 0 0 . 6 P 0  0F OC 0 . 6 0 0 0 = 0 0 0 . 6 0 O 0 F 0 0 0 . 7 2 3 1 = 01 0 . 6 3 5 1 5 01 - 9 . 2 6 7 4 5 01
c* EOOOE 0 0 0 . 2 0 0 0 E  0 0 0 . 2 0 0 0 F  0 0 0 . 8 0 0  3F PO p . 8 0 0 0 5 0 0 O.ROOOE 0 = 0 . 7547= 0 1 0 .  6 2 0 3 ( t 01 - 0 . 3 7 1 9 = 00
0 . 3 0 C 0 E  0 0 0 . . 3 0 0 0 E  0 0 0 . 3 0 0  0= 0  0 0 .  1 2 0 0 F 01 0 . 1 2 0 0  = 01 0 . 1 2 0 0 = 0 1 o . P l 75= 01 0 . 6 2 8 3 5 01 - 0 . 4 9 1 9 5 - 0 1
0 . AOOOE 0 0 0 . 4 0 0 0 F  0 0 0 . 4 0 0 0 =  PO 0 . 1 6 0 0 = 01 0 .■1 6 0 0  = 01 P . I 5 0 0 E 01 0 . 8 5 0 4 F 01 0 . 6 2 B 3 F 91 0 . 9
0 . 5 0 0 0 =  0 0 O.EOOOE 0 0 0 . 5 0 0 0 =  0 0 0 . 2 = 0 0 5 01 r  . 2 0 0 0  = 01 0 . 2 0 0 0 5 0 1 0 . 9 4  3 2 = 0 1 0 . 6 2 8 3 = 01 O . C
0 * 6 0 0 C E  0 0 P . 6 0 0 0 E  0 0 C . 6 0 C O =  0 0 0 . 2 4 0 0 5 n i 0 . 3 4 0 0  = o i 0.24905 0 1 0 . 1 0 0 6 = 0 2 0 . 6 2 8 3 5 01 9 . 0
c* p n r O E  00 0 . 3 0  0 0F 0.0 0 . 0 0 0 0 =  OO 0 . 3 2 0 0 = 01 0 . 32POC 01 0 . 3 2 0 0 F 0 1 0 . 1 1 3 2 5 0 2 0 . 6 2 8 3 = 01 P .  C
0 . l OOOF 01 O . I O O O E  01 C . l O O O "  0 1 0 . 4 0 0 0 5 01 o . 4 9 0 0 5 01 0 . 4 0 0 9 F 01 0 . 1 2 5 7 5 0 2 9 . 6 2 8 3 5 01 0 . 0
0 . 1 5 0 0 F  01 

2 0 0 0 E  01
0 . 1 5 0 O F  01 0 . 1 5 0 0 =  0 1 0 . 6 0 0 = = 01 o . f O C P F 01 O . 6 0 0 P F 01 0 . 1 5 7 2 = 0 2 9 . 6 2 9 3 = 01 0 . 9

0 . C . 2 0 0 0 E  01 C . 2 0 0 0 F  01 0 . 8 0 0 0 = 01 P . P9O0 = PI 0 . « o p O F 0 1 0 . 1 « P 6 = 0 2 0 . 6 2 9 3 F 01 0 . 9
0 . 3 0 0 0 E  01 0 . 3 0 0 0 E  0 1 C . 3 0 0 0 F  01 0 . 1 2 0 0 = 02 0 . 1 2 0 0 = 02 9 . 1 2 9 0 5 0 2 0 . 2 5 1 4 = 9 2 0 . 6 2 9 3 5 01 9 . 0
0 . 4 0 C 0 E  01 0 . 4 0 P O E  01 0 . 4 0 0 0 =  01 0 .  1 6 0 0  = 0 2 0 . 1 6 0 0  = 0 2 0 , 1 6 0 0 5 0 2 0 . 3 1 4 2 = 0 2 9 . 6 2 R 3 F 01 0 . 0
0 . 5 0 0 0 F  01 0 . 5 0 0 C F  01 0 . 5 0 9 0 =  P 1 O . P p P P F 0 2 o . 20 00  = 0 2 0 . 2 0 0 9  = 9 2 0 . 3 7 7 1  = 0 2 0 . 6 2 8 3 F 01 0 . 0
n . OOOOC 01 O.f iOOOF 01 0 . 6 0 0 0 =  o 1 p . 2 4 0 0 = P2 o . 24 p o r ■92 0 , 2 4 0 = 5 0 2 0 . 4399= 9 2 9 . 6 2 8 3 5 01 0 .0
0 . HOOOE 01 0 . OOOOE 0 1 0 . 8 0 0 0 =  01 C . 3 2 0 0 E 0 2 C . 3 2 0 0  = 02 0 . 3 2 0 9 = 0 2 0 . 5 6 5 6 = 0 2 0 . 6 2 8 3 5 01 9 . 0
0 . lOOOE 0? O . I O O O E  0 2 O . I O C O C  0 2 0. 4  P 0 o r 02 0 . 4 0 0 0 5 «2 0 . 4 9 0 0 F 0 2 0 . 6 9  1 2 = 0 2 9 . 6 2 9 3 = 0.1 0 . 0
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T A B L E  18: "̂ as Funct ions o f  Dimensionless Drawdown Times 
Dw 

f o r  a Well  Located I n s id e  a Closed 2:1 Rectangle
P q w * » D w

W E L l  L O C A T I O N ,  ( X D , Ï D )  =  ( 0 . 0 6 2 5 0 0 0 -  0 . 0 1 5 6 2 5 0 )* * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

TDA T DDX T D D Ï  TDBX T D B Ï  T DBB PD PDF PDPP* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ***************t '^** ** *******  * * * * * * * * * * * * * * * * *
0 .  1 0 0 0 E - 0 4 0 . 5 0 0 0 E - 0 5 0 . 2 0 0 0 e - 0 4 0 . 5  1 2 0 E - •02
0 .  1 5 0 0 E - 0 4 0 . 7 5 0 0 E - 0 5 O . J O OO E - •04 Ü . 7 6 8 0 E - •02
0 .  2 0 0 0 E - 0 4 0 .  1 0 0 0 E - 0 4 0 . 4 0 0 0 E - 0 4 0 . 1 C 2 4 E - 01
0 . 3 0 0 0 E - 0 4 0 . 1 5 0 0 E - 0 4 0 . 6 0 0 0 E - 04 0 . 1 5 3 6 E - 01
0 .  4 0 0 0 E - 0 4 0 . 2 0 0 0 E - Ü 4 O. BOOOE- •04 0 . 2 0 4 8 E - •01
0 .  5 0 0 0 E - 0 4 0 . 2 5 0 0 E - 0 4 C u l O O O E - •03 0 . 2 5 6 0 E - •01
0 . 6 0 0 0 E - 0 4 0 . 3 0 0 0 E - 0 4 0 .  1 2 0 0 E - 0 3 0 . 3 0 7 2 E - •01
0 . 8 0 0 0 E - 0 4 0 .  4 0 0 0 E - 0 4 0 . 16 0 0 E - • 03 0 . 4 0 9 6 E - 0 1
0 .  1 0 0 0 E - 0 3 0 . 5 0 0 0 E - 0 4 0 . 2 0 0 0 E - 0 3 0 . 5 1 2 0 E - •01
0 . 1 5 0 0 E - 0 3 0 . 7 5 0 0 E - 0 4 0 . 3 0 0 0 E - • 03 0 . 7 6 B 0 E - •01
0 . 2 0 0 0 E - 0 3 . 0 . 1 0 0 0 E - 0 3 0 . 4 0 0 0 E - •03 0 . 1 0 2 4 E 00
0 .  3 0 0 0 E - 0 3 0 . 1 5 0 0 E - 0 3 0 . 6 0 0 0 E - •03 0 . 1 5 3 6 E 00
0 .  4 0 0 0 E - 0 3 0 . 2 0 0 0 E - 0 3 0 . 8 0 0 0 E - •03 0 . 2 0 4 8 E 0 0
0 .  5 0 0 0 E - 0 3 0 . 2 5 0 0 E - 0 3 0 . 1 0 0 0 E - 0 2 0 . 2 5 6 0 E 0 0
0 . 6 0 0 0 E - 0 3 0 . 3 0 0 0 E - 0 3 0 . 1 2 0 0 E - •02 0 . 3 0 7 2 E 00
0 . 8 0 0 0 E - 0 3 0 . 4 0 0 0 E - 0 3 0 . 1 6 0 0 E - •02 0 . 4 0 9 6 E 00
0 .  10 O O E - 0 2 0 . 5 0 0 0 E - 0 3 0 . 2 0 0 0 E - 0 2 0 . 5 1 2 0 E 0 0
0 . 1 5 0 0 E - 0 2 0 . 7 5 0 0 E - 0 3 0 . 3 0 0 0 E - 0 2 0 . 7 6 8 0 E 0 0
0 . 2 0 0 0 E - Ü 2 0 . 1 0 0 0 E - 0 2 0 . 4 0 C 0 E - •02 0 . 1 0 2 4 E 01
0 . 3 0 0 0 E - 0 2 0 . 1 5 0 0 E - 0 2 0 . 6 0 C 0 E - 0 2 0 . 1 5 3 6 E 01
0 . 4 0 0 0 E - 0 2 0 . 2 0 0 0 E - 0 2 0 . 8 0 G 0 E - •02 0 . 2 0 4 8 E 01
0 .  5 0 0 0 E t 02 0 . 2 5 0 0 E - 0 2 0 . 1 0 C 0 E - 0 1 0 . 2 5 6 0 E 01
0 . 6 0 0 0 E - 0 2 0 . 3 0  0 0 E - 0 2 0 - 1 2 C 0 E - •01 0 . 3 0 7 2 E 01
0 .  8 0 0 0 E - 0 2 0 . 4 0 0 0 E - 0 2 0 . 1 6 0 0 E - •01 0 . 4 0 9 6 E 01
0 .  1 0 0 0 E - 0 1 0 . 5 0 0 0 E - 0 2 Q . 2 0 C 0 E - 0 1 0 . 5 1 2 0 E 01
0 .  1 5 0 0 E - 0 1 0 . 7 5 0 0 E - 0 2 0 - 3 0 C 0 E - 0 1 0 . 7 6 8 0 E 01
0 .  2 0 0 0 E - 0 1 0 . 1 0 0 0 E - 0 1 0 . 4 0 0 0 E - 01 0 .  1 0 2 4 E 0 2
0 . 3 0 0 0 E - 0 1 0 . 1 5 0 0 E - 0 1 0 . 6 0 0 0 E - 01 0 . 1 5 3 6 E 0 2
0 . 4 0 0 0 E - Q 1 0 . 2 0 0 0 E - 0 1 0 . 6 0 0 0 E - 0 1 0 . 2 0 4 B E 0 2
0 .  5 0 0 0 E - 0 1 0 . 2 5 0 0 E - 0 1 0 . 1 0 0 0 B 0 0 0 . 2 5 6 0 E 0 2
0 . 6 0 0 0 E - 0 1 0 .  3 0 0 0 E - 0 1 0 .  1 2 0 0 E 0 0 0 . 3 0 7 2 E 0 2
0 . 8 0 0 0 E - 0 1 0 . 4 0 0 0 E - 0 1 0 .  I SOOS 0 0 0 . 4 0 9 6 E 02
0 . 1 0 0 0 E  0 0 0 . 5 0 0 0 E - 0 1 0 . 2 0 0 0 E 0 0 0 . 5 1 2 0 E 0 2
0 . 1 5 0 0 %  0 0 0 .  7 5 0 0 E - 0 1 0 .  3 0 0 0 E 0 0 0 . 7 6 8 0 E 02
0 . 2 0 0 0 E  0 0  
0 . 3 0 OOE 0 0

0 .  1 0 0 0 E  0 0 0 . 4 0 0 0 e 0 0 0 .  1 0 2 4 E 03
0 .  1 5 0 0 E  0 0 0 . 6 0 0 0 E 0 0 0 .  1 5 3 S E 0 3

0 .  4 0 0 0 g  0 0 0 .  2 0 0 0 E  0 0 O. SOOOE 0 0 0 . 2 0 4 8 E 0 3
O.SOOOE, 0 0 0 . 2 5 0 0 E  0 0 0 . 1 0 0 0 E 01 0 . 2 5 6 0 E 0 3
0 . 6 0 0 0 %  0 0 0 . 3 0 0 0 E  0 0 0 . 1 2 0 0 E 01 0 . 3 0 7 2 E 0 3
O.SOOOE: 0 0 0 . 4 0 0 0 E  0 0 0 . 1 6 0 0 E 0 1 0 . 4 0 9 6 E 0 3
0 .  1 0 0 0 %  01 O. SOOOE 0 0 0 . 2 0 0 0 E 01 0 . S 1 2 0 E 0 3
0 .  1 5 0 0 E  0.1 0 . 7 5 0 0 E  0 0 0 . 3 0 0 0 E 0 1 0 . 7 6 8 Ü E 03
0 .  2 0 OOE 01 O . I O O O E  01 C . 4 0 0 0 E 01 0 . 1 0 2 4 E 0 4
0 .  3 0 0 0 E  01 O . I S O O E  01 O.SOOOE 01 0 . 1 5 3 6 E 04
0 .  4 0 0 0 E  01 0 . 2 0 0 0 E  0 1 O.SOOOE 0 1 0 . 2 0 4 8 E 04
O. SOOOE 01 0 . 2 5 0 0 E  0 1 C . 1 0 0 0 E 0 2 0 . 2 5 6 0 E 0 4
O .SOOOE 0 1 0 . 3 0 0 0 E  0 1 0 . 1 2 0 0 E 0 2 0 . 3 0 7 2 E 0 4
0 . 8 0 0 0 E  01 0 . 4 0 0 0 E  0 1 0 . 1 6 0 0 E 0 2 0 . 4 0 9 6 E 0 4
0 .  1 0 0 0 B  0 2 O. SOOOE 0 1 0 . 2 0 0 0 E 0 2 0 . 5 1 2 0 E 0 4

0.
0.

0 . 4 9 1 5 E  
0 . 6 5 5 4 2  
0 .  9 8 3 0 E

0 0 0 . 4 0 9 6 E - - 0 1 0 . 2 2 5 8 E 01
0 0 0 . 6 1 4 4 E - - 01 0 . 2 4 7 7 E 0 1
0 0 0 . 8 1 9 2 E - - 0 1 0 - 2 6 4 5 E 0 1
0 0 0 -  1 2 2 9 E 0 0 0 . 2 9 0 6 E 0 1
01 0 . 1 6 3 8 E 0 0 0 . 3 1 Ü 9 B 0 1
0 1 0 . 2 0 4 8 E 0 0 0 . 3 2 7 7 E 0 1
01 0 . 2 4 5 8 2 0 0 0 . 3 4 2 0 E 0 1
01 0 . 3 2 7 7 E 0 0 0 . 3 6 5 6 E 01
01 0 . 4 0 9 6 E 0 0 0 . 3 8 4 7 E 0 1
01 0 . S 1 4 4 E 0 0 0 . 4 2 0 8 2 0 1
01 0 . 8 1 9 2 E 0 0 0 . 4 4 7 2 E 0 1
01 0 .  1 2 2 9 E 0 1 0 . 4 8 S 4 E 01
0 2 0 . 1 6 3 8 E 01 0 . 5 1 3 0 E 0 1
0 2 0 . 2 0 4 8 E 0 1 0 . 5 3 4 9 E 0 1
0 2 0 . 2 4 5 8 E 0 1 0 . 5 5 3 1 E 0 1
02 0 . 3 2 7 7 E 01 0 . 5 8 3 0 E 0 1
0 2 0 . 4 0 9 6 E 01 0 . 6 0 7 4 E 01
0 2 0 . 6 1 4 4 E 01 0 . 6 5 5 6 E 0 1
0 2 0 . 8 1 9 2 E 01 0 - 6 9 3 4 E 0 1
0 2 0 . 1 2 2 9 2 0 2 0 . 7 5  18% 0 1
0 3 0 .  1 6 3 8 E 0 2 0 . 7 9 6 7 E 0 1
0 3 0 . 2 0 4 8 E 0 2 0 . 8 3 3 3 E 0 1
0 3 0 . 2 4 5 8 E 0 2 0 . 8 6 4 2 E 0 1
0 3 0 . 3 2 7 7 E 0 2 0 . 9 1 4 6 E 01
0 3 0 . 4 Q 9 6 E 0 2 0 . 9 5 4 8 E 0 1
0 3 0 . 6 1 4 4 E 0 2 0 .  10 3 0 E 0 2
0 3 0 . 8 1 9 2 E 0 2 0 . 1 0 B 4 E 0 2
0 3 0 . 1 2 2 9 E 0 3 0 . 1 1 6 2 E 0 2
0 4 0 . 1 6 3 B E 0 3 0 . 1 2 1 8 B 0 2
0 4 0 . 2 0 4 8 E 0 3 0 . 1 2 S 2 E 0 2
0 4 0 . 2 4 5 8 E 0 3 0 .  1 2 9 7 E 0 2
0 4 0 . 3 2 7 7 E 0 3 0 .  1 3 5 4 E 0 2
0 4 0 - 4 0 9 6 E 0 3 0 . 1 3 9 9 E 0 2
0 4 0 . 6 1 4 4 E 0 3 0 . 1 4 8 2 E 0 2
04 0 . 8 1 9 2 E 0 3 0 . 1 5 4 6 E 0  2
0 4 0 .  1 2 2 9 E 0 4 0 . 1 S 4 8 B 0 2
0 5 0 . 1 6 3 8 E 0 4 0 . 1 7 3 4 E 0 2
0 5 0 . 2 0 4 8 E 0 4 0 . 1 8 1 0 E 0 2
0 5 0 . 2 4 5 8 E 0 4 0 . 1 8 8 1 E 0 2
0 5 0 . 3 2 7 7 E 0 4 0 . 2 0 1 5 E 0 2
0 5 0 . 4 0 9 6 E 0 4 0 . 2 1 4 4 E 0 2

8# 0 . 6 1 4 4 E 0 4 0 . 2 4 S 0 E 0 2
0 . 8 1 9 2 E 0 4 0 . 2 7 7 4 E 0 2

0 5 0 . 1 2 2 9 E 0 5 0 . 3 4 Q 2 B 0 2
0 6 0 .  1 6 3 8 E 0 5 0 . 4 0 3 1 E 0 2
OS 0 . 2 0 4 8 E 0 5 0 . 4 S 5 9 B 0 2
OS 0 . 2 4 5 8 E 0 5 0 . 5 2 8 7 E 0 2
0 6 0 . 3 2 7 7 E 0 5 0 . 6 5 4 4 E 0 2
0 6 0 . 4 0 9 6 E 0 5 0 . 7 8 0 1 E 0 2
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0 . 1 1 2 5 E  0 4  
0 . 8 3 9 4 E  03  
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.T A B L E  19: 'Dw' *̂ Dw a n d  as F u n c t i o n s  of D i m e n s i o n l e s s  D r a w d o w n  T i m e s
f o r  a Well  Located In s i d e  a Closed 4:1 Rectangle

H E I I  L O C A T I O N ,  ( X D , Ï C )  =  ( 0 . 0 3 1 2 5 0 0 ,  0 . 1 2 5 0 0 0 0 )  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

TDA TDDX XDDY TDBX T D B Ï . TDBB PD PDP PDPP
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

0 .  1 0 0 0 E - 0 U 0 . 2 5 0  0 E - 0 5 0 . 4 0 0 0 E - 0 4 0 . 1 0 2 4 E - •01 0 . 1 0 2 4 E - 0 1 0 . 1 0 2 4 E - 0 1 0 . 2 2 S 2 E 0 1 0 . 4 9 6 9 E 0 5 - 0 . 4 9 3 8 E 1 0
0 .  1 5 0 0 E - 0 4 0 . 3 7 5 0 E - 0 5 0 . 6 0 C O E - 0 4 0 . 1 5 3 6 E - •01 0 . 1 S 3 6 E - •01 0 . 1 5 3 6 E - 0 1 0 . 2 4 5 4 E 0 1 0 . 3 3 1 9 E OS - 0 . 2 2 0 4 E 1 0
0 .  2 0 0 0 E - 0 4 0 .  5 0 0 0 E - 0 5 0 . 8 0 0 0 E - 0 4 0 . 2 0 4 8 E - 01 0 . 2 0 4 8 E - 0 1 0 . 2 0 4 8 E - • 01 0 . 2 S 9 7 E 0 1 0 . 2 4 9 2 E OS - 0 . 1 2 4 2 E 1 0
0 . 3 0 0 0 E - 0 4 0 . 7 5 0 0 E - 0 5 0 . 1 2 0 0 E - 0 3 0 . 3 0 7 2 E - 01 0 . 3 0 7 2 E - •01 0 . 3 0 7 2 E - •01 0 . 2 7 9 9 E 0 1 0 .  1 6 6 3 E 0 5 - 0 . 5 S 3 2 E 0 9
0 .  4 0 0 0 E - 0 4 0 . 1 0 0 0 B - 0 4 0 . 1 6 0 0 E - 0 3 0 . 4 0 9 6 E - 01 0 . 4 0 9 6 E - •01 0 . 4 0 9 6 E - 0 1 0 . 2 9 4 3 E 0 1 0 . 1 2 4 8 E 05 - 0 . 3 1 I S E 0 9
0 . 5 0 0 0 E - 0 4 0 . 1 2 5 0 E - 0 4 0 . 2 0 0 0 E - 0 3 0 . 5 1 2 0 E - ■01 0 . 5 1 2 0 E - 0 1 0 . 5 1 2 0 E - •01 0 . 3 0 5 4 E 0 1 0 . 9 9 8 8 E 04 - 0 . 1 9 9 5 E 0 9
0 . 6 0 0 0 E - 0 4 0 .  1 5 0 0 E - 0 4 0 . 2 4 0 0 E - 0 3 0 . 6 1 4 4 E - 01 0 . 6 1 4 4 E - •01 0 . 6 1 4 4 E - •01 0 . 3 1 4 S E 0 1 0 .  8 3 2 5 E 0 4 - 0 . 1 3 8 6 E 0 9
0 . 8 0 0 0 E - 0 4 0 . 2 0 0 0 E - 0 4 0 . 3 2 0 0 E - 0 3 0 . 8 1 9 2 E - •01 0 . 8 1 9 2 E - 0 1 0 . 8 1 9 2 E - 0 1 0 . 3 2 8 9 E 0 1 0 . 6 2 4 5 E 0 4 - 0 . 7 7 9 9 E 0 8
0 . 1 0 0 0 E - 0 3 0 . 2 5 0 0 E - 0 4 0 . 4 0 0 0 E - 0 3 0 . 1 0 2 4 E 0 0 0 . 1 0 2 4 E 00 0 . 1 0 2 4 E 0 0 0 . 3 4 0 1 E 0 1 0 . 4 9 9 7 e 0 4 - 0 . 4 9 8 9 E 0 8
0 .  1 5 0 0 E - 0 3 0 . 3 7 5 0 E - 0 4 0 . 6 0 0 0 K - 0 3 0 .  1 S 3 6 E 0 0 0 . 1 S 3 6 E 0 0 0 .  1 5 3 6 E 0 0 0 . 3 5 0 3 E 0 1 0 .  3 3 4 2 E 0 4 - 0 . 2 1 8 4 E 0 8
0 . 2 0 0 0 E - 0 3 0 . 5 0 0 0 E - 0 4 0 . 8 0 0 0 E - 0 3 0 . 2 0 4 8 E 0 0 0 . 2 0 4 8 E 0 0 0 . 2 0 4 8 E 0 0 0 . 3 7 4 8 E 01 0 . 2 5 3 7 E 0 4 - 0 . 1 1 7 5 E 0 8
0 . 3 0 0 0 E - 0 3  . 0 . 7 5 0 0 E - 0 4 0 . 1 2 0 0 E - 0 2 0 . 3 0 7 2 E 0 0 0 . 3 0 7 2 E 0 0 0 . 3 0 7 2 E 0 0 0 . 3 9 5 9 E 0 1 O . 1 7 9 7 E 0 4 - 0 . 4 5 4 1 E 0 7
0 .  4 0 0 0 E - C 3 0 . 1 0 0 0 E - 0 3 0 . 1 6 0 0 E - 0 2 0 . 4 0 9 6 E 0 0 0 . 4 0 9 6 E 0 0 0 . 4 0 9 6 E 0 0 0 . 4 1 2 1 E 0 1 0 . 1 4 7 7 E 0 4 - 0 . 2 2 4 8 E 0 7
0 .  5 0 0 0 E - 0 3 0 . 1 2 5 0 E - 0 3 0 . 2 0 0 0 E - 0 2 0 . S 1 2 0 E 0 0 0 . 5 1 2 0 E 0 0 0 . 5 1 2 0 E 0 0 0 . 4 2 S 9 E 0 1 0 .  1 3 0 4 E 0 4 - 0 . 1 3 4 2 E 0 7
0 .  6 0 O O E - 0 3 0 .  1 5 0 0 E - 0 3 0 . 2 4 0 0 E - 0 2 0 . 6 1 4 4 E 0 0 0 . 6 1 4 4 E 0 0 0 . 6 1 4 4 E 0 0 0 . 4 3 8 4 E 0 1 0 .  1 1 9 3 E 0 4 - 0 . 9 2 S 4 E 0 6
0 .  8 0 0 0 E - 0 3 0 . 2 0 0 0 E - 0 3 0 . 3 2 0 0 E - 0 2 0 . 8 1 9 2 E 00 0 . 8 1 9 2 E 0 0 0 . 8 1 9 2 E 0 0 0 . 4 6  0 7 E 0 1 0 . 1 0 4 8 E 0 4 - 0 . 5 8 1 4 E 0 6
0 .  1 0 0 0 E - 0 2 0 . 2 5 0 0 E - 0 3 0 . 4 0 0 0 E - 0 2 0 . 1 0 2 4 E 01 0 . 1 0 2 4 E 01 0 . 1 0 2 4 E 01 0 . 4 8 0 6 E 0 1 0 . 9 4 7 5 E 03 - 0 . 4 4 1 2 E 0 6 r o
0 . 1 5 0 0 E - C 2 0 . 3 7 5 0 E - 0 3 0 . 6 0 0 0 E - 0 2 0 . 1 S 3 6 E 01 0 . 1 5 3 6 E 01 0 .  1 5 3 6 E 0 1 0 . 5 2 3 3 E 0 1 0 . 7 7 1 6 E 0 3 - 0 . 2 8 4 8 E 0 6 w
0 . 2 0 0 0 E - 0 2 0 . 5 0  0 0 E - 0 3 0 . 8 0 0 0 E - 0 2 0 . 2 0 4 8 E 01 0 . 2 0 4 8 E 0 1 0 . 2 0 4 8 E 0 1 0 . 5 5 8 7 E 0 1 0 . 6 5 1 0 E 0 3 - 0 . 2 0 4 6 E 0 6 en
0 . 3 0 0 0 E - 0 2 0 . 7 5 0 0 E - 0 3 0 . 1 2 0 0 E - 0 1 0 . 3 0 7 2 E 01 0 . 3 0 7 2 E 01 0 . 3 0 7 2 E 01 0 . 6 1 S 2 E 0 1 0 . 4 9 4 3 E 0 3 - 0 .  1 1 9 8 E 0 6
0 .  4 0 0 0 E - 0 2 0 . 1 0 C 0 E - 0 2 0 . 1 6 C 0 E - 0 1 0 . 4 0 9 6 E 01 0 . 4 0 9 6 E 01 0 . 4 0 9 6 E 0 1 0 . 6 5 9 5 E 0.1 0 . 3 9 7 6 E 03 - 0 . 7 8 0 7 E 0 5
0 . 5 0 0 0 E - 0 2 0 . 1 2 5 0 E - 0 2 0 . 2 0 C 0 E - 0 1 0 . S 1 2 0 E 01 0 . 5 1 2 0 E 01 0 . 5 1 2 0 E 01 0 . 6 9 S 8 E 0 1 0 . 3 3 2 2 E 03 - 0 . S 4 7 2 E 0 5
0 . 6 0 0 0 E - 0 2 0 . 1 5 0 0 E - 0 2 0 . 2 4 C 0 E - 0 1 0 . 6 1 4 4 E 01 0 . 6 1 4 4 E 01 0 . 6 1 4 4 E 0 1 0 . 7 2 6 5 E 0 1 0 . 2 8 S 1 E 0 3 - 0 . 4 0 4 2 E 0 5
0 . 8 0 0 0 E - 0 2 0 . 2 0 0 0 E - 0 2 0 - 3 2 C 0 E - 0 1 0 . 8 1 9 2 E 01 0 . 8 1 9 2 E 01 0 . 8 1 9 2 E 0 1 0 . 7 7 6 7 E 0 1 0 . 2 2 2 1 E 03 - 0 . 2 4 S 8 E 0 5
0 .  1 0 0 0 E - 0 1 0 .  2 5 0 0 E - 0 2 0 . 4 0 0 0 E - 0 1 0 . 1 0 2 4 E 0 2 0 . 1 0 2 4 E 0 2 0 . 1 0 2 4 E 0 2 0 . 8 1 6 8 E 0 1 0 .  1 8 1 8 E 0 3 - 0 .  1 6 4 9 E 0 5
0 .  1 5 0 0 E - 0 1 0 . 3 7 5 0 E - 0 2 0 . 6 0 C 0 E . - 0 1 0 .  1 5 3 6 E 0 2 0 . 1 5 3 6 E 0 2 0 .  1 5 3 6 E 0 2 0 . 8 9 1 8 e 0 1 0 .  1 2 5 1 E 03 - 0 . 7 8 1 2 E 0 4
0 . 2 0 0 0 E - 0 1 0 . 5 0 0 Ü E - 0 2 0 . 8 0  0 0 E - 0 1 0 . 2 0 4 8 E 0 2 0 . 2 0 4 8 E 0 2 0 . 2 0 4 8 E 0 2 0 . 9 4 6 2 E 0 1 0 . 9 5 2 9 E 0 2 - 0 . 4 5 3 7 E 0 4
0 . 3 0 0 0 E - 0 1 0 . 7 5 0 0 E - 0 2 0 . 1 2 0 0 E  0 0 0 . 3 0 7 2 E 02 0 . 3 0 7 2 E 0 2 0 . 3 0 7 2 E 0 2 0 . 1 0 2 4 E 0 2 0 . 6 4 5 9 E 0 2 - 0 . 2 0 7 4 E 0 4
C. 4 0 0 0 E - 0 1 0 . 1 0 0 0 E - 0 1 0 . 1 6 0 0 E  0 0 0 . 4 0 9 6 E 0 2 0 . 4 0 9 6 E 0 2 0 . 4 0 9 6 E 0 2 0 . 1 0 8 0 E 0 2 0 . 4 9 0 2 E 02 - Q . 1 1 6 3 E 0 4
0 . 5 0 0 0 E - 0 1 0 . 1 2 5 0 E - 0 1 0 . 2 0 0 0 E  0 0 0 . 5 1 2 0 E 0 2 0 . 5 1 2 0 E 0 2 0 . 5 1 2 0 E 0 2 0 . 1 1 2 4 E 0 2 0 . 3 9 8 1 E 0 2 - 0 . 7 2 4 9 E 0 3
0 . 6 0 0 0 E - 0 1 0 .  1 5 0 0 E - 0 1 0 . 2 4 0 0 E  0 0 0 . 6 1 4 4 E 02 0 . 6 1 4 4 E 0 2 0 . 6 1 4 4 E 0 2 0 . 1 1 6 1 E 0 2 0 . 3 3 8 8 E 0 2 - 0 . 4 8 2 S E 0 3
0 . ü O OO E -0 1 0 . 2 0 0 0 E - 0 1 0 . 3 2 0 0 E  0 0 "  8 1 9 2 E 0 2 0 . 8 1 9 2 E 0 2 0 . 8 1 9 2 E 0 2 0 . 1 2 2 1 E 0 2 0 . 2 6 9 S E 0 2 - 0 . 2 4 6 8 E 0 3
0 .  1 0 0 0 E  0 0 0 . 2 5 0 0 E - 0 1 0 . 4 0 0 0 E  0 0 0 . 1 0 2 4 E 0 3 0 . 1 0 2 4 E 03 0 . 1 0 2 4 E 0 3 0 . 1 2 7 1 E 0 2 0 . 2 3 1 4 E 0 2 - 0 . 1 4 7 3 E 0 3
0 . 1 5 0 0 E  0 0 0 . 3 7 5 0 E - 0 1 O. SOOOE 0 0 0 . 1 5 3 6 E 0 3 0 . 1 S 3 6 E 0 3 0 . 1 5 3 6 E 0 3 0 . 1 3 7 3 E 0 2 0 .  1 8 3 4 E 0 2 - 0 - 6 4 4 5 E 0 2
0 .  2 0 0 Q E  0 0 0 . 5 0 0 0 E - 0 1 O. SOOOE 0 0 0 . 2 0 4 B E 0 3 0 . 2 0 4 8 E 0 3 0 . 2 0 4 8 E 0 3 0 . 1 4 5 8 E 0 2 0 . 1 S 8 3 E 02 - 0 . 3 9 8 2 E 0 2
0 .  3 0 0 0 E  0 0 0 . 7 5 0 0 E - 0 1 0 .  1 2 0 0 E  0 1 0 . 3 0 7 2 E 03 0 . 3 0 7 2 E 0 3 0 . 3 0 7 2 E 0 3 0 . 1 6 0 0 E 0 2 0 . 1 2 9 2 E 0 2 - 0 . 2 1 4 7 E 0 2
0 . 4 0 0 0 E  0 0 O . I O O O E  0 0 0 . 1 6 0 0 E  01 0 . 4 0 9 6 E 0 3 0 . 4 0 9 6 E 0 3 0 . 4 0 9 6 E 0 3 0 .  1 7 2 0 E 0 2 0 . 1 1 2 0 B 0 2 - 0 . 1 3 9 4 E 0 2
O. SOOOE 0 0 0 . 1 2 5 0 E  0 0 0 . 2 0 0 0 E  01 0 . S 1 2 0 E 03 0 . 5 1 2 0 E 0 3 0 . 5 1 2 0 E 0 3 0 .  1 8 2 6 B 0 2 0 . 1 0 0 2 E 0 2 - 0 . 9 9 1 1E 0 1
0 . 6 0 0 0 E  0 0 O . I S O O E  0 0 0 . 2 4 0 0 E  01 3 . 6 1 4 4 E 03 0 . 6 1 4 4 E 0 3 0 . 6 1 4 4 E 0 3 0 .  1 9 2 1 E 0 2 0 . 9 1 6 9 E 01 - 0 . 7 4 0 6 B 0 1
0 . 8 0 0 0 B  0 0 0 . 2 0 0 0 E  0 0 0 . 3 2 0 0 E  01 1 . 8 1 9 2 E 0 3 0 . 8 1 9 2 E 0 3 0 . 8 1 9 2 E 0 3 0 . 2 0 9 2 B 0 2 0 . 8 0 2 9 E 01 - 0 . 4 4 3 7 E 0 1
0 .  1 0 0 0 E  01 0 . 2 5 0 0 E  0 0 0 . 4 0 0 0 E  01 ] .  1 0 2 4 E 0 4 0 . 1 0 2 4 E 04 0 . 1 0 2 4 E 0 4 0 . 2 2 4 6 E 0 2 0 . 7 3 4 7 E 01 - 0 . 2 7 6 3 E 0 1
0 .  1 5 0 0 E  01 0 . 3 7 S 0 E  0 0 0 . 6 0 0 0 E  01 0 .  1 5 3 6 E 0 4 0 . 1 5 3 6 E 0 4 0 . 1 S 3 6 E 0 4 0 . 2 5 9 0 E 0 2 0 . 6 5 9 3 E 0 1 - 0 . 8 S 4 3 E 0 0
0 . 2 0 0 0 E - 01 O . S OO O E 0 0 O. SOOOE 01 0 . 2 0 4 8 E 04 0 . 2 0 4 8 E 0 4 0 . 2 0 4 8 E 0 4 0 . 2 9 1 3 E 0 2 0 . 6 3 7 3 E 01 - 0 . 1 7 6 2 E 0 0
0 . 3 0 0 0 E  01 0 .  7 S 0 0 E  0 0 0 . 1 2 0 0 E  0 2 0 . 3 0 7 2 E 0 4 0 . 3 0 7 2 E 0 4 0 . 3 0 7 2 E 0 4 0 . 3 5 4 S E 0 2 0 . 6 2 9 1 E 01 0 . 2 8 7 8 E 0 0
0 . 4 0 0 0 E  O t O . I O O O E  01 0 . 1 6 0 0 E  0 2 0 . 4 0 9 6 E 0 4 0 . 4 0 9 6 E 0 4 0 . 4 0 9 6 E 0 4 0 . 4 1 7 4 E 0 2 0 . 6 2 8 4 E 01 0 . S 1 5 2 E 0 0
O . SO OO E 01 0 .  1 2 S 0 E  0 1 0 . 2 0 0 0 E  0 2 0 . S 1 2 0 E 04 0 . S 1 2 0 E 0 4 0 . S 1 2 0 E 0 4 0 . 4 8 0 2 E 0 2 0 . 6 2 8 3 E 01 0 . 7 1 2 3 E 0 0
0 . 6 0 0 0 E  01 O . I S O O E  0 1 0 . 2 4 0 0 E  0 2 0 . 6 1 4 4 E 0 4 0 . 6 1 4 4 E 0 4 0 . 6 1 4 4 E 0 4 0 . S 4 3 0 E 0 2 0 . 6 2 8 3 E 01 0 . 0
0 . 8 0 0 0 E  01 0 . 2 0 0 0 E  0 1 0 . 3 2 0 0 E  0 2 0 . 8 1 9 2 E 0 4 0 . 8 1 9 2 E 0 4 0 . 8 1 9 2 E 0 4 0 . 6 6 8 7 B 0 2 0 . 6 2 8 3 E 01 0 . 0
O . I O O O E  0 2 0 . 2 5 0 0 E  0 1 0 . 4 0 0 0 E  0 2 0 . 1 0 2 4 E OS 0 . 1 0 2 4 E 0 5 0 . 1 0 2 4 E 0 5 0 . 7 9 4 4 B 0 2 0 . 6 2 8 3 B 01 0 . 0



T A B L E  20: Pg^, a n d  p ^ ^  as F u n c t i o n s  of  D i m e n s i o n l e s s  D r a w d o w n  T i m e s
f o r  a Well L o c a t e d  I n s i d e  a C l o s e d  8:1 R e c t a n g l e

W E I L  L O C A T I O N ,  ( X D , Y C )  =  ( 0 . 0 1 5 6 2 5 0 ,  1 - 0 0 0 0 0 0 0 )

* **#*** * ** *#** *$*** * ** ** * ** ** * *********************#******************************$#*******$*******$***$*$******$$
TDA TDDX TDDY TDUX T DBY TDBB PD PDP PDPP

0 .  10 O O E - 04 0 . 1 2 5 0 E - 0 5 0 . 8 0 0 0 E - 0 4 0 . 2 0 4 8 E - -01 0 . 3 2 0 0 E-•03 0 . 2 5 6 0 E - • 0 2 0 . 2 2 5 2 E 0 1 0 . 4 9 6 9 E 0 5 - 0 . 4 9 3 8 E 1 0
0 . 1 5 0 0 E - 0 4 0 . 1 8 7 5 E - 0 5 0 - 1 2 0 0 E - •03 0 . 3 0 7 2 E - •01 0 . 4 8 0 0 F - ■03 0 . 3 8 4 0 E - •02 0 . 2 4 5 4 E 0 1 0 . 3 3 1 9 E 0 5 - 0 . 2 2 0 4 E 1 0
0 .  2 0 O O E - 04 0 . 2 5 0 0 E - 0 5 0 . 1 6 0 0 2 - 0 3 0 . 4 0 9 6 E - •01 0 . 6 4 0 0 E - •03 0 . 5 1 2 0 E - • 02 0 . 2 5 9 7 E 0 1 0 . 2 4 9 2 E  0 5 - 0 . 1 2 4 2 E 1 0
0 . 3 0 0 0 E - 0 4 0 . 3 7 5 0 E - 0 5 C . 2 4  0 0 B - 0 3 0 . 6 1 4 4 E - 0 1 0 -  9 6 0 0 E- 0 3 0 . 7 6 8 0 E - 0 2 0 . 2 7 9 9 E 0 1 0 . 1 6 6 3 E 0 5 - 0 . 5 5 3 2 E 0 9
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0 . b O O O E - 0 4 0 . 7 5 0 0 E - 0 5 0 . 4 3 0 0 E - 0 3 0 . 1 2 2 9 E 00 0 ,  1 9 2 0 E - 0 2 0 .  15 3 6 E - 0  1 0 . 3 1 4 5 E 0 1 0 . 8 3 2 7 E 04 - 0 . 1 3 8 3 E 0 9
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T A B L E  21 F u n c t i o n s  o f  D i m e n s i o n l e s s  D r a w d o w n  T i m e s
f o r  a Well L o c a t e d  I n s i d e  a C l o s e d  16:1 R e c t a n g l eP d « ’ P d w  p "'' Pi)w p =

WELL LOCATION, (XD.YC) = f 0 .0 0 7 8 I2 S .  0 .1 2 5 0 0 0 0 )  ***#*****$***$***#******#******#******#***#*****

TDA TDDX TDDY TDBX TDBY TDBB PD PDP POPP
* * * * * * * * * * * * * * 4  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * *

c 1000E-C4 0 .6 2 5 0 5 -0 6 C.16C05 -0 3 0 .4 0 9 6 5 -0 1 0 40965-01 0 40 96 5 -0 1 0 .2 2 5 2 5 01
0 lSOOE-04 0 . 9375E-0O C .2 4 0 0 5 -0 3 0 .6  1445-01 0 61445-01 0 6144 5-01 0 .2 4 5 4 5 01
c 20 0 0 5 -0 4 0 .1 2 5 0 5 -0 5 C.32005 -0 3 0 .8 1 9 2 5 - -01 0 51925-01 C 81925-01 0 .2 5 9 7 5 01
0 3000E-04 0 . 187EE-05 C .4800E-03 0 .1 2 2 9 5 00 0 12295 00 0 12295 00 0 .2 7 9 9 5 01
0 4 0 00 5 -0 4 0 .2 5 0 0 5 -0 5 0 .64005 -0 3 0 ,1 6 3 8 5 00 0 16385 00 0 16385 00 0 .2 9 4 3 5 01
0 500CE-04 0 .3 1 2 5 5 -0 5 0 .8 000 5 -0 3 0 .2 0 4 8 5 00 0 20485 00 0 20485 00 0 .3 0  565 01
c eOCOE-04 0 .3 750 E -0S C.96CCE - 0 3 0 .2 4 5 8 5 CO 0 24585 00 0 24585 00 0 .3 1 4 9 5 01
0 eOOOE-04 0 .5 0 0 0 5 -0 5 0.1280E -0 2 0 .3 2 7 7 5 00 0 32775 00 0 32775 00 0.33C1E 01
c lOOCE-03 0 .6 2 5 0 5 -0 5 C .16005 -0 2 0 .4 0 9 6 5 00 0 40965 00 0 40965 00 0 .3 4 2 8 5 01
0 lSOOE-03 C .93 7 5 5 -0 5 C.24CCE -0 2 0 .6 1 4 4 5 00 0 61445 00 0 61445 00 0 .3 6 9 1 5 01
0 2000E-03 0 .1 2 5 0 5 -0 4 0 .3 200 5 -0 2 0 .8 1 9 2 5 00 0 51925 00 0 81925 00 0 .3 914 5 01
0 3000E-03 0 .1 8 7 5 5 -0 4 0.48C0E t 02 0 .1 2 2 9 5 01 0 12295 01 0 12295 01 0 .4 2 9 4 5 01
c 4000E-03 0 .2 5 0 0 E -0 4 0 .64005 -0 2 0 .1 6 3 8 5 01 0 16385 01 0 16385 01 0 .4 6 1 5 5 01
c 5000E-03 0 .3 I2 5 E -Q 4 O.SOOOE -0 2 0 .2 0 4 8 5 01 0 20485 01 0 20485 01 0 .4 8 9 3 5 01
0 6 0 00 5 -0 3 0 .3 7 S 0 E -0 4 C.9600E -0 2 0 .2 4 5 8 5 01 0 24585 01 0 24585 01 0 .5 1 3 9 5 01
c eOOOE-03 0 .5 0 0 0 E -0 4 0 .12805 -01 0 .3 2 7 7 5 01 0 32775 01 0 32775 01 0.5SS65 01
c lOOOE-02 0 . 6250E-04 0 . 160CE -01 0 .4 0 9 6 5 01 0 40965 01 0 40965 0 1 0 .5 9 0 2 5 01
0 1S00E-C2 0 .9 3 7 5 5 -0 4 0 .2 400 5 -01 0 .6 1 4 4 5 01 0 61445 01 0 61445 01 0.6S72E 01
c 20 0 0 5 -0 2 0 . 1250E-03 0.32C0E -01 0 .8 1 9 2 5 01 0 61925 01 0 81925 0 1 0 .7 0 7 4 5 01
0 30C0E-02 0 . 1875E-03 C.48CCE -01 0 .1 2 2 9 5 02 0 12295 02 0 12295 02 0.78C9E 01
c 4000E-C2 0 .2 5 C 0 E -0 3 0.64C05 -01 0 .1 6 3 8 5 02 0 16385 02 0 16385 02 0 .8 3 4 6 5 01
0 SOOOE-02 0 . 312EE-03 C.eOCOE -01 0 .2 0 4 8 5 02 0 20485 02 0 20485 02 0 .8 7 6 9 5 01
0 6 0 0 0 5 -0 2 O.37S0E-O3 C.96CCE -01 0 .2 4 5 8 5 02 0 24585 02 0 24585 02 0 .9 1 1 8 5 01
0 80 00 5-0 2 0 .50C 0E -03 0 .1 2 8 0 5 00 0 .3 2 7 7 5 02 0 32775 02 0 32775 02 0 .9 6 7 4 5 01
c lOOOE-01 0 .6 2S 0E -0 3 C.16CC5 00 0 .4 0 9 6 5 02 0 40965 02 0 40965 02 0 .1 0 1 1 5 02
0 ISOOE-Cl 0 .9 3 7 5 E -0 3 C.24GCE 00 0 .6  1445 02 0 61445 02 0 61445 02 0 .1 0 9 2 5 02
c 2000E-01 0 . 1250E-02 0.32CCE 00 0 .8 1 9 2 5 02 0 81925 02 0 81925 02 0 .1 1 5 2 5 02
0 3000E-01 0 . 1875E-02 C.48CCE 00 0 .1 2 2 9 5 03 0 12295 03 0 12295 03 0 .1 2 4 5 5 02
0 4000E-01 0 .2 5 0 0 E -0 2 0 .6 4  COE 00 0 .1 6 3 8 5 03 0 16385 03 0 16385 03 0 .1 3 2 2 5 02
0 5000E-01 0 .3 1 2 5 5 -0 2 C.80CCE 00 0 .2 0 4 8 5 03 0 20485 03 0 20485 03 0 .1 3 8 8 5 02
0 60 00 5-0 1 0.37S0E-O2 0.96CCE 00 0 .2 4 5 8 5 03 0 24585 03 0 24585 03 0 .1 4 4 9 5 02
0 eOOOE-01 O.SOOOE-02 0 .12805 01 0 .3 2 7 7 5 03 0 32775 03 0 32775 03 0 . I S 565 02
0 10005 00 0 .6 2 5 0 E -0 2 0.16CCE 01 0 .4 0 9 6 5 03 0 40965 03 0 40965 03 0 .1 6 5 1 5 02
c 15005 00 0 .9 3 7 5 E -0 2 0.2400E 01 0 .6 1 4 4 5 03 0 61445 03 0 61.44 5 03 0 .1 8 5 2 5 02
0 20C0E 00 0 .1 2 5 0 5 -0 1 0 .32005 01 0 .8 1 9 2 5 03 0 81925 03 0 81925 03 0 .2 022 5 02
0 3000E 00 0 . 1875E-01 C.48005 01 0 .1 2 2 9 5 04 0 12295 04 0 12295 04 0 .2 3 0 7 5 02
c 40C0E CO C.2500E-01 C.64005 01 0 .1 6 3 8 5 04 0 16385 04 0 16385 04 0 .2 5 4 7 5 02
0 SOOOE 00 0 .3 1 2 5 5 -0 1 0 .80005 01 0 .2 0 4 8 5 04 0 20485 04 0 20485 04 0 ,2 7 5 9 5 02
0 60005 00 0 .3 7 5 0 5 -0 1 0 .96005 01 0 .  2**585 04 0 24585 C4 0 24585 04 0 .2 9 5 0 5 02
0 80005 00 0 . 5000E-01 0.1280E 02 0 .3 2 7 7 5 04 0 32775 04 0 32775 04 0 .3 2 9 0 5 02
c lOOOE 01 0 .6 2 5 0 E -0 I C.16CCE 02 0 .4 0 9 6 5 04 0 40965 04 0 40965 04 0 .3 5 8 9 5 02
c 1500E 01 0 .9 3 7 5 E -0 1 C . 24005 02 0 .6 1 4 4 5 04 0 61445 04 0 61445 04 0.4226E 02
0 20005 01 0.12EC5 00 0 .32005 02 0 .8 1 9 2 5 04 0 81925 04 0 81925 04 0 .4 7 6 4 5 02
0 3000E 01 0.187SE 00 0 .4 800 5 02 0 . 12295 05 0 12295 05 0 12295 05 0 .5 6 6 8 5 02
0 4000E Cl 0.2S00E 00 0.64005 02 0 .1 6 3 8 5 05 0 16385 OS 0 16385 05 0 .6 4 4 4 5 02
0 50005 01 0 .3 1 2 5 5  00 C.80C05 02 0 .2 048 5 OS 0 20485 OS 0 20485 OS 0 .7 1 5 2 5 02
0 60005 01 0 .3 7 5 0 5  00 C .96005 02 0 .2 4 5 8 5 05 0 24585 OS 0 24585 OS 0 .7 8 2 4 5 02
c 80005 01 O.SOOOE 00 C.1280E 03 0 .3 2 7 7 5 05 0 32775 05 0 32775 05 0 .9 1 1 6 5 02
0 lOOOE 02 0 .6 250 E  0 0 0 .16005 03 0 .4 0 9 6 5 05 0 40965 05 0 40965 05 0 .1 0 3 8 5 03
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-0 .22 04 E  
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-0 .42 43 E  
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-0 .26 00 E  
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-0 .39 33 E  
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-0 .72 59 E  
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- 0 . I861E  
-0 .77 20 E  
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-0 .92 00 E  
-0 .63 71 E  
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-0 .22 34 E  
- 0 .1 2  17E 
-0 .79 12 E  
-0 .43 09 E  
-0 .28 00 E  
-0 .20 04 E  
-0 .152SE  
-0 .99 04 E  
-0 .70 87 E  
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-0 .248SE  
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T A B L E  22: P q s > P q s  P q s  F u n c t i o n s  o f  D i m e n s i o n l e s s  B u i l d  Up T i m e s
f o r  a Well L o c a t e d  I n s i d e  a C l o s e d  4:1 R e c t a n g l e

W E I L  L O C A T I O N ,  ( X D t Y H )  =  < 0 # 0 1 5 6 2 5 0 *  0 . = 0 0 0 0 0 0 )** * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
PPCnu CT NG T TM F  REFOPP S H f T  T N ,  TQA =  0 . 0 0 1 0* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
O E L C T )  T P A T  TOPX TORY TDRE TOAOX PDS P DS P P DS S* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOMENCLATURE

A = wel l  dra inage a r ea ,  or area o f  the re c t a n g u la r
2

r e s e r v o i r ,  f t

a^ = d is tance  to f a r t h e s t  f a u l t  in the x - a x i s ,  f t

a^ = d is tance  to f a r t h e s t  f a u l t  in the y - a x i s ,  f t

= d is tance  to c lo se s t  f a u l t  in the x - a x i s ,  f t  

by = d is tance  to c lo se s t  f a u l t  in the y - a x i s ,  f t

B = fo rmat ion  volume f a c t o r ,  res v o l / s t d  vol

c = c o m p r e s s i b i l i t y ,  psi"^

= shape f a c t o r  o f  drainage area  

h = format ion th ick ne ss ,  f t

k = fo rmat ion  p e r m e a b i l i t y

m = absolute  value o f  slope of  s t r a i g h t  l i n e  po r t io n  of

semilog pressure bui ldup or drawdown curves,  p s i / l o g  

cycle

p = p ressure ,  psi

Pp = dimensionless pressure a t  a po int

Ppj = dimensionless pressure c o n t r i b u t i o n  due to image

wel 1 s

Ppi  ̂ = dimensionless pressure c o n t r i b u t i o n  due to rea l

wel 1

= dimensionless wel l  pressure'Dw
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Pps = dimensionless s h u t - i n  pressure

Pj = i n i t i a l  r e s e r v o i r  p ressure ,  psi

p^^ = f low ing  wel l  bore p ressure ,  psi

Pws " s h u t - i n  wel l  bore p r essure ,  psi

Pp = f i r s t  d e r i v a t i v e  o f  dimensionless pressure wi th

respect  to dimensionless t ime  

Pp = second d e r i v a t i v e  o f  dimensionless pressure wi th

respect  to dimensionless t ime  

Pp^ = t ime r a t e  o f  change of  d imensionless wel l  pressure

p^f  = t ime r a t e  o f  change o f  f lo w in g  we l l  pressure ,

p s i / h r

APskin " pressure drop across the s k i n ,  psi

q = product ion r a t e  o f  w e l l ,  STB/D

r  = r a d i a l  d i s t a n c e ,  f t

rp = dimensionless r a d i a l  d is tance

r p j  = dimensionless r a d i a l  d i s tance  between the rea l

we l l  and the image we l l  

rpj^ = dimensionless r a d i a l  d i s tance  between the rea l  wel l

and any po in t  in  the r e s e r v o i r  

r^ = r a d i a l  d is tan ce  between the re a l  we l l  and image

we l l s  along the x - a x i s  when n i s  even

* x̂o ~ r a d i a l  d i s tance  between the rea l  wel l  and image

we l ls  along the p o s i t i v e  d i r e c t i o n  of  the x - a x i s

when n i s  odd

r^nn “ r a d i a l  d is tance  between the rea l  wel l  and image^op
we l ls  along the nega t ive  d i r e c t i o n  of  the y - a x i s  

when n i s  odd
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rg = d is tance  between the rea l  wel l  and image w e l ls  o f

i n f i n i t e  l i n e s  p a r a l l e l  to the x - a x i s  when m is  

even

rg = d is tance  between the rea l  wel l  and image w e l l s  o f

i n f i n i t e  l i n e s  p a r a l l e l  to the x - a x i s  on the p o s i 

t i v e  d i r e c t i o n  o f  the y - a x i s  when m is  odd 

rp = d is tance  between the rea l  wel l  and image w e l l s  o f

i n f i n i t e  l i n e s  p a r a l l e l  to the x - a x i s  on the nega

t i v e  d i r e c t i o n  of  the y - a x i s  when m i s  odd 

rg^ = dimensionless r a t i o  r ^ / / A

r^ = wel l  bore r a d i u s ,  f t

s = skin f a c t o r

t  = producing t im e ,  hours

tg = dimensionless producing t ime based on we l lbor e

radius r,, w
tgy  ̂ = d imensionless producing t ime based on drainage

area A

tn^ = dimensionless producing t ime based on d is tance  to

f a u l t  b..
DbX

tgbb = dimensionless producing t ime based on product  b^b^

At = s h u t - i n  t im e ,  hours

Atg^ = dimensionless s h u t - i n  t ime based on drainage area A

= width o f  r e c t a n g le  (o r  i n f i n i t e  s t r i p )  in the x - a x i s  

Wy = width o f  r e c t a n g le  in the y - a x i s

Xg = dimensionless x - c o o rd in a te  o f  the r ea l  wel l

yg = dimensionless y - c o o r d i n a t e  o f  the r ea l  wel l
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Greek Symbols

Y = E u l e r ' s  constant

y = f l u i d  v i s c o s i t y ,  cp

(j) = p o r o s i t y ,  f r a c t i o n

= correction factor  at the well  

A = di f ference operator

d/dt = par t i a l  d i f f e r e n t i a l  with time

p = f l u i d  densi ty,  gm/cc

Mathemat ical  Constants and Expressions

e

Y

eY

In

log

TT

= 2 .71828 (N a p ie r ia n  base)
1
m= l i m [ l  + ^  ^  ^  l n ( m ) ]  = 0.57721

m->“

= 1 . 7 8 1 0 7 * • •

= na tura l  lo gar i th m  ( t o  the base e)  

= logar i thm to  the base 10 

= 3 .1 4 5 9 * * *

E i ( - x )
-  ■ I

du

E1(y)  =

1 + 1 !

y y + y  + y
1 x1 ! 2 x 2 ! 3 x 3 ! nxn !

• 7 * 7 *
. . .  + —

y"J
( y -> <» )

Specia l  Symbols Used in  Tables

= Pdw 

POP = Pdw

PDPP .  pj;„
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PDS = Pos

PDSP = p '^

PDSS = pgg

TRAT = ( tpA

DEL(T) = AtgA
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