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ABSTRACT 

The goal  o f  t h i s  paper i s  t o  show a numerical 
method f o r  evaluate distance a t  an imoemeable 
bar r ie r ,  usinq b u i l d u p  and dradown pressure 
t e s t  analysis.  

This technical needs of derivates evaluation i n  
t rans i t ion  zone defined between two c l a s s i c s  
semilog s t r a iqh t  l i nes  with slopes "m" and "219" 
t ha t  a re  present in these systems. 

Complementary to  sh is  study the authors ProDose 
type curves f o r  application i n  a1 te rna t ives  
analysis.  

An i l lus t ra t ive  example i s  showed using the  pro- 
posed method. 

INTRODUCTION 

The ident i f ica t ion  o f  heteroqeneities i n  qeo- 
thermal reservoir takes an important place i n  
evaluation of these. Accurate predictions f m  
simulation works require of t rue  conceptual 
models and propper carac te r iza t ions .  

The t rans ien t  well t es t ina  a r e  very useful tools 
t o  evaluate the hydraulic parameters of reser -  
voir  and ident i fy  o f  heteroqeneities o f  t h i s ,  
f o r  example the impermeable bar r ie rs  t h a t  a r e  
the main objective of this paper. 

Horner (1951) was the f i r s t  which pointed out 
t h a t  from buildup well testinq i s  possible t o  
detect  impermeable boundaries, he reported that 
the graphic of Pws vs. loq ( t / ( t  + t ) )  shows 
two s t r a igh t  l i nes  with slopes 'tnqPand "2m". 

Davis and Hawkins (1963), Witherspoon e t .  a l .  
(1976) and Erlougher (1977) gave methods t o  evg 
lua te  the  distance t o  impermeable bar r ie rs  
using the prof i le  o f  the s t r a iqh t  l i nes .  Never 
the less  these methods a re  r e s t r i c t ed  i f  the 
l i nes  a re  not developed completely. 

Gray (1965) established t h a t  the  difference be- 
tween the extrapolated pressure data nf the  
f i r s t  smi loq  s t r a ioh t  l i ne  l i v e s  a useful me- 
t h o d  t o  obtain the distance to  bar r ie r  and 
Martinez and  Cinco (1953) extended fur ther  th i s  
met hod .  

The objective of t h i s  study t o  carry out an i" 
te rpre ta t ion  a l 7 o r i t h , o r i e n t e d  i n  t he  t r ans i -  
t ion  zone between one and other seniloq straight 
using the  numerical derivates of pressure. The 
method proposed does not require def in i t ion  o f  
the second s t r a igh t  l i ne .  

BASIC EOUATIONS 

The dimensionless pressure drop caused by one 
well a t  constant r a t e  producinq i n  a n  i n f i n i t e  
medium, hmoqeneous and i so t ropic ,  can be qiven 
by the l i n e  source solution of the  d i f fus iv i ty  
equation and i s  expressed i n  terms of exponen- 
t i a l  inteqral  as :  

. . . . . . . . . . . . . . . (1 ) 2 P = -0.5Ei (-rD / (4 tD)  ) 

Where the dimensionless variables a re  defined 
with conventional fom by: 

D 

r = r / r  ............. ( 2 )  
D w  

The e f f ec t  of one impeneable bar r ie r  can be 
simulated f r m  the  inaqes theory, locatinq one 
production well a t  the  other side of the  ba- 
r r i e r  and simetric t o  the  real  well, t h i s  i s  
showed in f igu re  1. The solution f o r  t h i s  s y s  
tem i s  qiven by: 

2 2 
P D =-0.5( E i  ( -rD1 / (4 tD)  ) + E i  ( -rD2/ ( 4 t D )  ) ) . . . (3 ) 

The rD1 and r ~ 2  a re  dimensionless distance be- 
tween the observation ooint (x,y) and the real 
well and image well respectively,  and  a r e  de- 
fined as:  

rD1 = rl/rW 

rD2 = r2/rW . . . . . . . . . . . . . . . . (4 )  

For the  systen of f igu re  1, the  following r e l a  
t ions  a r e  valid:  

2 rD2 (2dD - 2 2  
X D )  + yD .... ( 5 )  
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Where dD i s  dimensionless d i s tance  between rea l  
w e l l  and impermeable b a r r i e r  and i s  expressed 
i n  t h e  form o f :  

dD = d / r w  ............... (6) 

The r i g h t  hand term on equat ion (3 )  i s  r e l a t e d  
t o  t h e  drop pressure i n  t h e  a c t i n g  we l l  , a l s o  
the  second one, descr ibes t h e  drop pressure 
due t o  t h e  b a r r i e r  (Image Wel l ) .  

I I 1 

Fiq.1: Use the imaqe wdl method to si- 
mulated o non flow boundary. 

DRAL4DOWK TEST 

On t h e  drawdown t e s t ,  t h e  equat ion ( 3 )  i s  eva- 
l u a t e d  a.t r 1- l .and ~ 2 = 2 d ~  f o r  l a r q e r  va lue  
t imes, so tae-dimensionless drop pressure i n  
t h e  we l l bo re  cou ld  be w r i t t e n  as: 

PD=O. 5 (  1 n ( t D ) - E i  ( -dL / t  t0.8097). ...... (7 )  
D D)  

G e t t i n g  t h e  d e r i v a t e  o f  equat ion (7)  w i t h  t ime  
and rea r rang ing :  

2 
t D P b  = 0.5(1+EXP(-d /t 1) .............. (8 )  D D  

F i  u r e  ( 2 )  shows t h e  t y p e  curve f o r  equat ion 
(83. Two s t r a i g h t  l i n e s  a re  d e f i n e d  here: i n  
t h e  f i r s t  one, t h e  behavior o f  t h e  pressure i n  
t h e  we l l bo re  i s  accord inq t o  one w e l l  producirr] 
i n t o  an i n f i n i t e  medium; i n  t h e  second one, 
t h e  behavior o f  t h e  pressure i s  a f f e c t e d  by 
t h e  impermeable boundary e f f e c t s .  

0.1 1.0 

0: 1 1:o 10.0 
l D / d k  

Fig. 2: Type curve far linear barrier detection 
by pressure drawdown test urinq de- 
rivate method.  

Type curve showed a t  f i g u r e  2, has no problem 
o f  u n i c i t y ,  making easy t h e  a n a l y s i s  s ince  i t  
can be moved j u s t  h o r i z o n t a l l y .  

As a m a t t e r  o f  f a c t ,  we need j u s t  a c o r r e c t  
d e f i n i t i o n  o f  t h e  f i r s t  h o r i z o n t a l  l i n e  a short 
p a r t  o f  t h e  t r a n s i t i o n  zone t o  make t h e  match. 

Ana lys i s  Technique. Equation ( 8 )  can be 
w r i t t e n  as: 

so, t a k i n g  n a t u r a l  l o q a r i t h n  and w r i t i n g  it i n  
r e a l  v a r i a b l e s  we g e t :  

l n ( t ( d P w / d t ) / m i  . 1)  = -d 2 / (qt)  ...... (10) 

where: 

7)  = h y d r a u l i c  d i f f u s i v i t y  c o e f f i c i e n t .  
m i =  ml/In(lO). 

ml= s lope o f  t h e  f i r s t  s t r a i g h t  l i n e  i n  a 
Pw vs. l o q ( t )  p l o t .  

Equation (10) suqqests t h a t  an l n ( t ( d P w / d t ) /  
mi-1) VS.  l / t  p l o t  cou ld  be a s t r a i q h t  l i n e  
w i t h  a s lope p r o p o r t i o n a l  t o  t h e  square d i s -  
tance t o  t h e  f a u l t .  

Another a n a l y s i s  technique can be proposed, i f  
we g e t  t h e  product  o f  equat ion (11) by - ~ t ,  
t h i s  i s ;  

2 d =-  T t l n ( t ( d P / d t ) / m i - l )  ............. (11) 

t h e  above equat ion says t h a t  i n  t h e  t r a n s i t i o n  
zone t h e  r i g h t  hand term i s  a constant  equal 
t o  t h e  square d i s tance  t o  t h e  b a r r i e r .  

BUILDUP TEST 

I n  a bu i l dup  t e s t ,  f o rma ly  t r a t e d  by Horner 
(1951), Mathews (1967) and Earlouqher (1977), 
t h e  behavior o f  t h e  dimensionless pressure i n  
t h e  well bore i s  q i ven  by: 

PD=0 .5 ( ln ( ( t  + A t D ) / A t D ) - E i  ( -dD/( tDD+ 2 

A t D ) ) + E i  ( - d D / A t D ) )  2 

( ( t p D + A t D ) / t p D )  AtDPb = 0.5(1+EXP(-d~/' 2 

A t D ) - (  A t  /t )(EXP(-d 2 /t +AtD)-EXP 

values of dimensionless v a r i a b l e s  tDD/dD. 3 

PD 

............... (12) 

D e r i v a t i n q  by t ime  i n  both s ides o f  t h e  equa- 
t i o n  and rea r rang inq :  

D PD D PD 
(-dD/A 2 t D ) )  ............... (13) 

The t ype  curve showed i n  f i g u r e  (3)  i s  ob ta in -  
ed o f  equat ion (131, f o r  d i f f e r e n t  r e l a  i o n  
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1 
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F i g . 3 :  Type curve fw lincor barrier detection 
by pressure buildup test using derivotc 
method. 

1 J 
10 /d: 

0.1 

1.E6 ' , I 
' I 

7.E6 - 
r ' -  - 

6.E6 -/ 

S.t6+ ' ' I ,  

This type curves shows t h a t  the shape of tran- 
s i t i on  zone defined between the two horizontal 
l ines  i s  determinated by t p D / t i ,  and fo r  values 
of 0.1> tpD/dE> 10  a l l  curves trend t o  form 
a group o f  one curve only. 

2 Also, values of tpD/dD> 10  a re  r ewi red  t o  
avoid desviations from the  Pressure d a t a  below 
o f  the  f i r s t  semilog s t r a igh t  l i ne .  

More over, a s  i n  the case o f  drawdown t e s t ,  
t h i s  type curve does not present any unic i ty  
problems. 

Analysis Technique: 
we ge t :  

Rearranqing equation (13 ), 

2 ( ( t p D + A t ) /  t )At,P;,-I+f)=EXP(-dD/At) 2 
PD 

.............. (14) 

Where: 
2 f=( A t /t ) (EXP ( -dD/ ( tpD+ A t D )  -EXP D PD 

( -dD/AtD))  2 

and taking the logarithns i n  both sides of 
equation (14)  and multiplying by - 7 ) t D  the  
equation stablished i s :  

2 - 7 t D l n ( 2 ( ( t  + A t D ) / t  )AtDPg-l+f)=dD 
PD PD 

............... (15) 

in terms o f  real  variables:  

d2= - T t l n ( 2 ( t  + A t ) / t p A t ( d p w s / d A t )  
P 

/ m i  -1 +f ) ............... (16) 

An i t e r a t i v e  procces o f  solution f o r  equation 
(16) cin be writing assuming an i n i t i a l  valve 
of d ( d  4 i n  epilation 'If" and solying f o r  a new 
valve o d (d +) ,  and so on, u n t i l  we reach tk  
convergence cri teri ,an as:  

APPLICATION EXAMPLE 

To show nroposed technique i n  present paper a 
theoretical  example f o r  a buildup pressure t e s t  
i s  qenerated, locatinq an impermeable bar r ie r  
a t  20 m. o f  distance,  and considerinq a produg 
tion t i v e  of 100,000 seconds, the  rmaininq in- 
formation f o r  t h i s  example i s  the  next: 

N = 60 Uq/q 

Pi  = 8.OE6Pa 
3 

(bCth=3. OE-7m/Pa 
P = 722.Uq/m 

kh = 5.OE-13 !TI 

3 

Figure (4) shows the  Horner plot of this exam- 
ple,  i n  t h i s  i t  can be seen t h a t  second 
s t r a iqh t  l i n e  does not appear. Firlure (5) prg 
sents  loq-loo plot of ( t p + A t ) / t D )  A t  d p l d t  
versusAt .  The value of m~mi/l~n(10)=610,000 
can be obtained f r m  both qraphics. 

From qranhics were selected three  points i n  
t rans i t ion  zone, a s  follows the  t e s t  data a re  
presented : 

1 0.63E4 6.7t6 0.38E6 
2 0.10E5 6.8E6 0.42E6 
3 0.20E5 7.1E7 0.46E6 

The i n i t i a l  value of "d'lwas 10  m. and takins a 
tolerance of 0.001 the  calculated values of 
"d" were; 
very similar t o  value used f o r  qeneratina t h i s  
t heor e t  i cal t e s t  . 
Cmplenentary i t  i s  mentioned tha t  the  conver- 
qency o f  this  method i s  t o  speedy. 

A s  an a1 te rna t ive ,  these data were matched 
with type curve o f  f iqu re  (3) ,  obtaininq a 
value of distance t o  a bar r ie r  of 10 .5  m. 

20.04, 20.02 and 19.89, which a re  
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CONCLUSIONS 

3 1.E4 2.E4 

I 
a .. . . *  

n: . 2 m  

Analys is  techniques were presented i n  t h i s  pa- 
per  f o r  eva lua t i ng  d i s tance  fran one w e l l  t o  
an impermeable b a r r i e r ,  a s  w e l l  as i n  drawdown 
b u i l d u p  t e s t s .  These do n o t  need developnent 
o f  second s t r a i g h t  l i n e ,  because they a r e  f o -  
cussed i n  a t r a n s i t i o n  zone t h a t  i s  de f i ned  
between two c l a s s i c  s t r a i q h t  l i n e s .  

A t  l e a s t ,  one p o i n t  i s  needed i n  o rde r  t o  use 
t h i s  method, t o  v e r i f y  d is tances,  a good co l l ec  
t i o n  pressure data i s  suggested. Only, f o r  
b u i l d u p  t e s t s  t h e  technique i s  i t e r a t i v e  and 
i t s  convergency i s  t o  speedy. As an a l t e r n a -  
t i v e  t ype  curves a r e  proposed, ment ion ing t h a t  
t o t a l  developnent o f  t r a n s i t i o n  zones a r e  n o t  
needed. It was a l s o  founded t h a t  f o r  va lues 
of t p D / i  10 t h e r e  a r e  no i r r e q u l a r  behaviors  
of grap i c s  f o r  bu i l dup  t e s t s .  
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N PI EN C L ATU R E 

c t  : To ta l  c m p r e s s i b i l i t y  (Pa-'). 

d : Distance between source w e l l  and impermea 

d, : Dimensionless d i s tance  between source well 
b l e  b a r r i e r  ( m ) .  

" and impermeable b a r r i e r .  
h : Formation th i ckness  ( m ) .  
k : Penneab i l i t y  (m ).  
ml : Slope o f  t h e  f i r s t  s t r a i g h t  

m i :  ml l n ( 1 0 ) .  
PD : Dimensionless pressure. 
Pi : I n i t i a l  r e s e r v o i r  pressure 
pw : Wellbore pressure (Pa). 

2 

l i n e .  

pa). 

r2 : Distance between image w e l l  and observa- 
t i o n  we l l  ( m ) .  

rw : Radius o f  w e l l  (m) .  
tD : Diqension less t ime. 
t : Time ( 5 ) .  

: Dimensionless p roduc t i on  t ime.  
t : Product ion t ime  (s). 

P 
t : Shut- in  t ime  du r inq  bu i l dup  (s). 

W : Mass f l o w  r a t e  (Kq/s). 
a : Constant conve r t i on  (=l). 
p : Constant conve r t i on  ( = 1 / 2 ~ ) .  
p : Dens i t y  (kq/m ). 
7 : Hydrau l i c  d i f f u s i v i t y .  

0 : P o r o s i t y  ( f r a c t i o n ) .  
p : V i s c o s i t y  (Pa-s). 

tPD 

3 

SPECIAL FUNCTION 
m 

Ei(-x) Exponential in teqra1, -  (EXP(-u)/u)du. 
EXP(x) = Exponential o f  x. 

X I 
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