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I'ltis stttd.t'prtsa,tts u sanerulizttl uttull'tit'ttl .fonnulotion of th( LIulti-ll'ell Intarlercucc lt'st
problam usitr14 tltt co,,tqrt of' the sour(e unil sirtk ./irrtt'tiotts us a tool Jitr soh'iug the basic
irtltttcrencc equuliotts. 7-ha muc'h brouder (ilse, .la(trtrittg inner rrell houndary conditittus tt'itlt

,tkirt und storug(.frrclttrs ut hotlr tlte uctiva unil tha \tJvarol obscrvuliort x,ells, is cottsiilered. T'he
garrcrul ttolura o.l '  t l tc .fbutrrtlutiort ullox's .for the o,tull 'sc:; oJ' tron-hotrrogettcous reservoirs ond
ltettct,I ltct 'ttttt,ep|'soJ'rL'serlt l ir i ircctittttuIpaunauhiIit,|,andthtreIutctIi.r.rlrt,.roJ.re'strwlir
u.rc.s rtl ltcutrrubilit.t' w(r.! uililrasst'il. :llost o.l' tltc prtblislt(il tuscs oJ intelercnc( tesl.\ wcre
iilentiliad us litrtitirtg t'ust,s o.f tltt, uL't,(ruli:.ed Jbunulutiutt.

| \  t ' t { o l ) t ' ( " 1 ' t oN

I)ressulc I ' rausrcnt  Analy 's is  has bectr r le  a
\  cr \ '  n l lpo l t i ln t  tool  fbr  re se rvol l  c l t l lactc l rzutron.  

' l  
l tc

nrost  e orr rn. ronlv  used pr  cssrn c t lunsicnt  lna lysrs
tcc lurrque is  thc s ingle rvel l  tc 's t ,  c i (hcr  rn l i r r rn of '
prcssure d lau 'do*n or  prcssure burk l -up lcsts  

' l 'hcse

tcsts urc based on the cas) '  assunrpt l ( )n o l '
horr rogcr t tot . rs  rcscrvoi rs .  ar td arc the rc l i r lc  l rnrr ted lo
t l rc  cr  a l r rat rorr  o l '  r 'o lume-ar  c laret l  l r t r r izonta l
pcrr r rcahi l r t r '  o l  lhc lcservoi r  zorrc conl0ctc( l  r lu fnrg
thc tcst .  In  vre r r  o l  the avera-s ing process ot '  thcsc
tr \ ts  the\  urc n() tonouslv incapable o l '  c luautr l ' r , i r tu
latc la l  r  anatrons rn rcscrr  o i r  pr 'opcr t ies no nrat ter
no\ \  5e\  e l  c .

! lu l t i -$  e l l  in te r f -ercnce tests.  fe  a lunng an
act i re sc l l  and one or  nro le observat ion rvel ls  do.
unl ikc thc srngle-u c l l  tcsts .  present  porver l i r l
u l tcnrat i r  c  nrcans o l '  t rs ing u e l l  test  as a le  scr lo i r
charactc l r . /u t lou lool .  In  th is  k ind of  in ter lL ' r 'encc '
tcsls. re scr\ '()lr paral-l le ter s that rclale to rnter-$ c'l l
pr ( )pc l t lcs,  sucl r  as the problenrs of  d i rcct ional
pcrrueabi l r tv  ln  hctcrose r rcous r r -ser \  o i rs .  are
lddrcssr ' t l .  I ) i lcct ronal  pernrcabi l i tv  has very st rong
tnrp l rcatror ts  r t t  r ton- l ror t r t ) ! lcncous rcsc ' r ' r 'or rs  wherr
L ' r lenra l  encr l lv  input  in  fot -nt  o{ '  l )urc l  rn;cct r r rn rs
rcr lur fcd to Jr . lq l l rer l t  r , i t t t r ra l  resc lvotr  c t )e lg\ ' .  l r r  t l tesC
r 'Jscs.  g()o( l  r rndcrsta, td inu o l ' t l tc  naturc o l ' re  se rvotr
l lc te roucncl l ) ' ,  ar rd t l re  d i re c t ional  perr r rcabr l i t l  arc
ve rv  unportant  rn or lcr  to  choose t l te  optr rnt rnt  l l ru t l

l loocl pattern orientrtion that u oultl reduce the
aclvcrse e l ' l 'ects ol- l lurtl clrauuclrnq on arca s\\ L'ep
cl ' l ic rency.  Srnr i lar l l ' .  i r r  t l l r ler  to  optrnr ize

l l roduct l ( )n f l 'or r t  l to l izonta l  u e l ls ,  kr torr  lcdge o l '
c l r lcct ronal  pernrcabi l i ty  ant l  or  the pr incrpal  axes o l -
rcscnoir  pcrrneabi l i ty 'arc cssentra l  so that  uc l ls  are
pret i ' rabl1 '  d l r l led or thogonal  to  thc t l r rcct ror t  o l '
l l lax l nlLl r-n pcrnreab rl i t 1'.

A feu papers have rcccut lv  been
publrshed on the evaluat ion o l '  c l r rec l ional
pernreabi l r ty  us inq nru l t i -uc l l  rnrer l 'ercr . rcc tcsts '  r  I '

none of  these l ras at tenrptcd a uni f ied l rcatrncnt  o l '
t lre problenrs ol- hetcroscneilv anrl possrble
clirectional pcrnre abil ity rn interl-e rcnce rr cll tcsl
In this paper \\ 'e s rl l  attenrpt to lorr.nulate the
interl 'erence rr'ell test equatious rn a reneralized
fbrm using the concept of srlurqe funclions. This
tbnnulatiou would bc sufl iciently gencrii l  such that
cases involvlng honrogeneous reservorls can be
considered as special cases, anri therefore nrost <;f '
thc publ ished inter l 'ercnce cquat ions can be seen as
I imi t ing cases o l - the scncra l ized equal ion.

PITOBLE\t  F-0t{u t '  t -A l ' t  oN
\ \ f  e  c t r t rs i i le  l  the case o l -  lest \  rvr th a s in-q lc  act tve
ucl l  ar rd selcru l  ohse' rval ror l  ue ' l ls  as shorvn in  thc
scl rcnrat ic  bc lor i  .

z
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l l r t ' rc lcv lnt  drstanccs l ' rc l r r 'cr 'n  any ohscr \ ' . r t ion sc l l  ' l l 'and actrvc rvc l l  ' l ) 'arc  as indicated in  lhc schcruatrc.
l ' l tc prr'ssurc rcsp()nsc lt lhc tlbsclvatiou ncll 'R'duc to a protlucliort pulsc at lhc aclive wcll '1". is atl l 'ctetl bv
prcssurc intcrl l 'rcncc l iorrr all thc othcl rrclls sithin its ur' ightrorhood. 

' l 'hc 
lcvcl ol ' intcrl l 'rence duc to cach ol'

lhcsr'surrounding s'clls is nornrally ir t irnction ol'thc ratc at *hich thc rrcll is prtlducctl as rvcll as its distancc
l}ont l l tc obscrvalitrrt scll. 

' l ' l tc 
prcssurc rcsponsc l irnctiou at thc scllborc ol 't lrc ohscrvutiorr rrcll can bc

('\prcsscd. rrt l-aphcc spucc. using thc principlc of supcrposition rn spucc iu a gcncrrlrzctl intcrl l 'rcncc cquatlon
git 'crt rtstt):

P;1rs1pp,  l . ) 1 ' r1, ( i ( rsy1,n.  ) , )  t , rsp( i (11;nrr . t r )  .  
I  rox, ( i1r '1 ,p, . ) . )
t l
1,tt

In thts cqualion. it rs pcrtur('nl t(r n()lc thlt l l tc distartcc tlcsrgruttiort. r1;1,p antl r1;ss nlr, lst c:rch hc unll l slndc lhc)
dcscrihc tlrc t l istrncc rl l ' thc activc scll lnrrrr l lrc lcl ivc scllborc location and lhc obscrvalurrr ucll l irrnr thc
obst'rvll ion scllhorc location rcspccll lcl\ ' . I ' lrr ' l irctor (rlt rcl 'rrr 'scnls lhe scightrng tirnctiorr that rcllccts tlrc
lctcl oIptessurc tlonrirtrtrtcc' of ln1' plrtrcrrl;.rr adioining s'cll at thc obscrva(rort scllbtxc.

Prcssurc Profilcs rt 
'l'he 

Obscrvation \\'tll
[ 'sing lhr'ahove solution sclrr 'nrc. lhc prcssurc ! 'qualions at all thc 'N'observatirtn sclls. t lkrrrs account of thcir
r( 'spectivr' $ellborc Skirt l 'nctor (Snn). r: ln trc crprcsscrl as:

P111161ri;sp.l)

\
top( i(r '1ypp.).)  ,  ursslSsp. ( i ( r1. ,p6.tr)  I  ,  l<o*,G(\,* , ,1) .

l l
l ' R

ol' scllborc- Storage constanll iqurtion I. conturns
(Cr,nri) lntl thc othcr

tupICp6ptrti1 r ' 'u'*. l) |

parJtu(' lcrs trr1, rrld rrrp, \ ' l t iclt can br' rchtr't l  t l trough the usc
sr'I lborr' bountl: lrv contl i l ions lo obtain:

(-1111p ). T
/1

' -li

.  ( t u
t ' tp , ( r ( t '1 rp , . / ,  l  - .

t-

( J..R ) to thr' producri(rn ralc at t l re actr lcirp is thc rrlrr) ol 'thc l lurtl protluctron rltc' irt thc'()bscrv:tl ion rrt ' l lbtrrr '
sr' l lhtrrc (P).
Equatiorr 3 is a st't of N indrcirl r'qurlions. one equation tirr each trl'
ncll test.
Pressure Proliles at The .{ctive \\'cll
Prtrceeding as in the obsen'ation well casc. the pressure response
cognizance of the pressure interference frorrr all the obsen'ation s'ells,

Ppp( r1;pp. ), )

\
top[G1r1.ypp.tr)  r  Sn J* f  top,G1rpp,. ] . )  . . . . . . .

t = l

the obsc'rvation s nl the multi-observation

equatron at the only activc s'ell, taking
can be expressed in Laplace space as:

And tht' srngle indrciir l equJtion thilt rr 'htes (0Rrs and tup is gir r 'n ls
\

s l
tupi l  *  Cnr)* [Sp = Glrppp.) . ) ] l  -  ( ' ' , ' i .  

]  t : rp , ( i t r 'p , . i )  ' -  : -  . .
r  j r  l '

t
I
L
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l :qr ra l rons I  arrd 5 const i tu te c  sct  o l ' ( \ . I )  s inru l tanc( i r . rs  cquatror)s  1 ion1 u l tcre a l l  the t inct tons
, | .  ( r ' r11, ,  i  1 .1.1. . .  \ )  can bc cra l r ratcc l .  

' l 'hese 
equat lor ls  can br  L ' \prcssed nr  terms t l f  Vcctor  -  \ la t r r r

r l r ) l i . l l l ( ) n  J S :

, l

r t .
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- l

/ . 1

" i
_  / _ l

i
i

. l
I

I. I
I
I

" l

I
, . I

r / / ' l
I

, 1  |, t" I

I
l"
I

! t

i

I
I
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I
I
I
I
I
I' ' I
I
i
I

c l

: l

( ' )  
t ,  ,

( ' ) H -

( ! ) , , .

, (.1.

U.
l

iU-

i l . , ' i t . . :  i I . . ,

i l r . , r t  1 1 . . . 1  r

I
t ( , )  , , .
:  r ,

i|  / ' \t " r ,1,.,.,,
l h r . '  la rger  t l re  nur lber  o l ' the  obser r '0 t lon  \ \c l l s  i t t r t r l vc t l  i r r  thc  rn tc r f 'e rc t i ie  tcs l .  t l re  la rger

cq t ra t ion  th l t  necds  to  bc  so lvec i .  rnd  lhc  nxr l t ' co t r tp lc r  t l r r :  an l l vscs  o l - thc  tcs t  resu l t ) .

l l  thc rc  \ \ c rc  ( )n l l  t \ \o  ( )hscr \ '0 t io r t  sc l l s  . t t t t l  o r tc  uc t t ' . c  r rc l l .  t l ren  \  I  ; . i r td  R "  I . l :  . r l td  t l r r '

r t , l t r .e t l  lo  I  . l t  I  t t t . t t l t r - r  cc t ( ) t  cd t tJ t l ( )n  ! . l t \  c l )  . l s

t l re  rnt l rc ia l  r rut r  r r .

rndrcra l  cqui r l t r ln  ls

lcr ,  ,  i - l
-  l t r .  7- l

ir, ' i" I

i r , , ,  a r_ .

ln . ,  a , .
I
i i l . , '  a 1 .
t '

, arc dellned asr r  l t c r t  l ;
( ' r , r . , ) . (  S p 1  .  ( i (  1 1 y p r .  7 , )  )

Cr rnr  7 .C( rpp : .  i -  ) .
C ' r ) R r  ) . ( l ( l t ) r , r .  i  )
(  1 ,s1  i . ( i ( r1 ,6 '1 .  ) .  ) .
( ' r , H : i ' {  S ' . r ;  ' ( i 1 1 1 ; 1 1 ' -  r - i  )  -

(- iyp; i .G(r '1;p1. i .  1

C '11p iG(11;1 ,1 .  i ;

C1,p  iC{ r ' ,p1 .  r .  1 ,
Cr )p i . (  Sn  -  G( r1yp1,  ) . )  )  -  I

[ :s inu e-quatron ( . ! ) .  thc indic ia l  nratn\  equat lou lbr  the threc sc l l  rn ter lerence test
r rc i t l r t rng paranr ! ' ters ( r )Rt .  ( r )R.  a l ld  (J l ,  in  order  to construct  the tes l  response cqual lons.
srmple case, the t! 'st responsc tirncticln could. in thcory'. be compler and Lrn*ieldy.
l lr '  lal the nlost c()nlrnonly used interl 'erence tcst gconrelr) is the t*o-s'ell interference test geometryrr' i  o - st. 

Oo,
r l rc  vcry s inrp le but  general  case of  the t*o-uel l  test  (one observat lon uel l  and one act lve rvel l ) .  N is  uni ty ' r  thus
\ I tt. l"he indicial response equation reduces to a 2x2 matrix-r'ector fornr gtven as:

8a
8c
Sd
ge

8 f
f io

8h
8 i
8j

can be soh'ed for the
Evcn for this seemrngly

i , , , ,  a , , l  j r , lo , . . l

lo,, ",. j i ,o,, l
\ \ 'hct c:

la,. i i"l
t t
l l / r l

i l r . l

i l  r . :

9

l0a
l0b
l0c
l0d

conr 1. (  Snr  i  C{r r , , . r .  i )  )  I
C1;p;) ,C(rpp1,  i  ) .

n : . r  ' '  Crr ) .G(ropr .  i  ) .
ll:.: : Cor,)-( Sp ,' G(ri,pr. i) ) I t

l 'qultlon 9 can bc solvcd for (r)p andoRR. using Cranlnrer's nrle to obtain
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( l r r - Q . t l . .
I  i . l

A \ r t i . l r t 2 . 2 , 1 : . 1 , / 1 . 2  I

_" t t , . - t _o r . 2
i i  a  t . ,  a  2 . 2  

-  
"  : . t a  t . :  )

Usrng Equet ron  I  I  rn  I  ib r  a  two-sc l l  s r tua i ton  r ihc rc  \ -  |  R .  thc  p lcssr . l rc  p ro l l l c  a t  thc  t rbscr ra t r r tn  r rc l l  R  can bc
cxprcssed rr lhe l0rni i

l l - ' . . i C r ) r , i " ( i ( r , , , , , . . i . ) l ( i ( r ' ,  , , , , , . ) . ) * u r ? [ ( ' l ) 1 , i , ( S f , + ( i ( r , , , , , , . i ) ) + l ] [ S , .  * ( i ( r ' , , , . r , . . i . ) ]  
, 1P r , r . r , ( l ' r , r . r , . 7 . )  

l '  * R  - - -  - . . . 1 -

\

Srnr i la r l y .  us rnq  cquat ion  l l  in .1 ,  s 'c ' cJn  c \ l ) r 'L -ss  thc  p rcssurc  rcsponsc  er lua t r ( )n  u t  t l r c  ac t tvc  r rc l l  as .

Prrr,(rrrr , , i  )=

I C , , * * ] .  l S * *  + C i ( \ , * * . ] . ) l + 1 ] [ S , ,  + G ( r , , , , , , . ) . ) ]  + c r , * G ( r , , , , , . , ] , ) - C , , , . , , t " G ( r , , , , , . . i ) G ( r , , , , , , , i )

A
l l

In  equat ions l2  and l l .  the lunct ion A is  grven as:
A = I ( l + C r , , ) . I S p + G ( r , , * r .  l )  ] i i l * ( - , , * o ] . I S * * r ' G ( r ' r r R H , i )  l l - ( ' , , , ( - , , * [ i . ( i ( r t , r , r r . ; . ) l r ]  l l
Appl icat ions
I f  in  a t rvo-wel l  in ter ference test ,  tbr  *h ich genela l ised equat ions l2  and l - i  a lc 'appl icablc.  *c  assunlc that  t l rc

observation well is shut in, as is usually' the case, then thc paranrcter c(R appearirlg in these cquatlons bcconrcs
identically zero. Under this conclit ion, Equations l2 representing thc plessurc responsc l irnctions at t lrc
observation rvell rvould simpli ly to the fbllou,ing:

G ( r,r,,* , )" ;
P1;pp(r1;pp,  l .  )  =-  

, r -  
15

Whi le equatron l . - \  tbr  thc actrvc s 'c l ls  prcssurc rcsponsc prof i lc  s inrp l r t rL 's  to cquat ton l ( r  qncn as.
t ( '  t  ' S o u  *  G ( \ , * * . ) . ) i  +  l l t S t ,  +  G ( r , , r u , ] . ) l -  C D R R i G ( r , , * r , i ) ( i 1 r . , * , , , i )

P  t , ' (  r , ' , ' . 2 -  )  -  
l '  l ) R R  ' '  r '  

I  / r

A
'l 'he 

denominator of both equations l-5 antl l(r renrains as.
. l = l ( l + C u ,  l I S p + G ( r u r r . i " )  ] i i l  l ' C , , * * ] . I S u *  + G ( r r : l r n , i )  ] l - f ' u r ( ' ' , r [ ) . C ( r t ) l , r { . i ) l - ]  l 1

It is perhaps interesting to note lhe synrmetry of
coNCt_UStoNs

A nerv set rif ueneralised lormulations has
equation 14, and by extension, the entirc equation been developecl for pulse test conliguralrons \\ l lh

15, in (C,,,., Sp) and (C,,n,., S*,,). These sets of multiple observation r.vells. The formtrlations uses the
parametcrs calt be interchanged rvithout changing concept of sottrce functions in Laplace space uith the

the value or nteaning of the entire pressure principle of supc-rpositiott i l t space to account for the

response function. Equation 15 is a very elegant different locations of the 
"'arious 

observation wc'l ls

demonstration of the mathematical proof of the rvithin the test dorrain. 
'[ 'he 

new formulations allo"r'
'Reciprocity Principle'(8'. This princrple suggests for r,r 'ellbore Skin and Storage lactors to exist in eithcr
that it rvould not matter rvhich of the tu'o r,rells orbclth thc active and obset'" 'ation u'ells.

i nvo lved in  thc  rn te l le rcncc  tcs l  i s  uscd  as  t l re Orte nrajot 'advantage tt l ' t l te t tc, i  r l r()( lcl  r .$ Ihc

obsel,at ion r, 'el l .  the pressure response nreaslred fact that, in a rnLrl t iu,el l  interfererrce tcst. lhc rcsp()nse

rvould be sanre. f i rnct ion for an1, of thc ohservation ivel ls ts rvcl l  spc' l t

If in the tu'o well test systeln. the sourcc- lunction out: atld can therelol 'e Lr' arlalysetl rndepcridcntl l rt l '

G(r1,pp,).) is assunred to be the instaptancpus l inc thc othcl ohservattttn wcll ' ; involveci in tht tt-st lhe

source solution in Laplace space, these equatirtns traditronal trr 'cd to tsstrnlc the l ine sotttce solttttott

l_5 and l6 readr ly  s impl i fy  to  the l l l ter fcrencu'  rcsponse in or t lcr  to  type-ct r rve-nra lc l r  rnter ler  cnce

equations commonly published in the Pen'oleum respollse clata rvil l  not now be necessarv lt is l lso

l l r

l t b

E,n-eineering literature( " 
r" ' in4rorlant to enrphasise thal most of the trcditional
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rdcas and concepts already successfully developed
lirr vanous tbrms of urteq.f.erence tests coub find
their equivalents as limiting cases of the new
generahsed formulations.
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