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A simple correlation has been developed for estimating primary rscovery factors for Niger Delta
oil reservoirs. The correlation which was developed from data collected across the Niger Delta,
is valid for reservoirs with strong water drives.

Only two major parameters are required for the recovery factor calculations in this work, unlike
other multi-parameter correlations, This makes this correlation very easy' to apply. An
expression has also been developed, arid included for predicting residual oil saturation, where
core or log analysis data are not available.

. ..'

The results obtained using these models have ben compared with other published models, and
applied to many cases studied, with better predictions. Graphical and statistical error analyses
also confirm good correlations.
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A TWO-PARAMETER CORREL2\'I~ION ,FOR ~Pn.EDICTING OIL RECOVERY
FACTOR IN WA'l.'ER-DlUVE RESERVOIRS"

. '

S.O ISEIHJNWA., ,AND S. U ,NWANKWO
Department of Petr'ole,um' Engineering
univer:sity of Ibadan, Ibadan •. Nigr->xia

ABSTRACT
A,si.mpIe correlation has been .developed for estimating primary
"recovery facto;rs for Niger Deltaoil reservoirs~The correlation
,. which was developed, from data collected across the Niger Delta,
'is valid for reservoirs with strong, wa~ter d'r Lves.

.. " I~

, ' ,

Only two major parameters are r equi r-ed ,for 'the recovery factor
"calculations . in this" work, ',unlike other multi-parameter
correlations. This 'makes t.hLs rco.rr'eLat.Lonvery easy to apply. An
expression has also beeri included for predicting residual oil
'saturation, where core or log analysis data are' not avai.Labl e ,

,- . . '" . ~ . , . .The results obtalned uSlng these models have been compared wlth
other published models, and applied to many case studies, with
better predictions. Graphical and statl.stical error analyses also
confirm good correlations.

These correlations should also, yield good predictions for
reservoirs from other~regions that have similar reservoir and
fluid characteristics.

'"

INTRODUCTION
Primary oil recovery factor represents the fraction' of the
ultimate oil recovery to the oil "Lni t.i.eLl.y in place. It isa

, factor which ,essentially depends on, an "interplay of such
,.'parameters as reservoir geology,'. r es ezvof.r fluid type"
predominant drive mechanism, ',as well ,as, the ,pr:oduction .and
, reservoir mariaqement;practic.es.

A knowledge of recovery factor .is vus ef'uL: in evalu'atlng' reserves,.
" in reservoir/field development planning , and, in' attaching' value.
, to. a lease fo.r the"put.poseof 'puzrchasie or' .sa.Le, < •. '

,The importance of recov~ry facitQr .in ii€iseil?r";o;bF{.rrI~ba:g'~w~·Flt·tl.as:,led,
, to,the development .of several.predicti'o'ri' 'te.¢hnJqlu'e;§,",:prtedictive'
,models forrecovery.f'actor vary 1 frOIJltifiesil'!1P,ii:st:ic ,tir~le.:of

'\ 'l'humb" app.roache s ,'. to. complexmathe.maticaJ f<?:rm~la~t.i0ns.'The,
\. comm<;:ml¥'used. mode+~..however, ar[e. based on. prl:nq;,lp.y~I~Suc;:J~,:,~s
reserVOlr , voIumet.r-Lc':and. materla1balance,' cO'nslderatlons,

, anaLyses" of 'oil pr oduct.don and oil' cut .tll,erid~..,' o.r ·'.us·ei'of
s.:t;~tistica'l correiations. While! me-t.hod.s".,that;' j..)js,e,.'~·.:pressur,e;
production, "history •provide good e'st i.maze.s- .of·, 'the. :deveToped
,reserves, '.statistical,' correlations aTe' useful' ,f,of 'estimating
reserves of new prospects as well asthe,und~-veloped reserves in
partially developed reservoirs.

Someof the earliest works on statistical cor-r-eLat.Lori.of r ecovery
f-actors include those of Craze arid Buckley (4)"Muskat and Taylor-
,(5) , cut.hr-Le and Greenbe):,ger (7), Arps (8)', and Ar;ps ~t al.. . (9) '.
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DEVELOPMENT, OF 'THE'CORRELATIONS
This work 'is based, ana similar approach to the work of Arps et
al.on recovery efficiency, (9),.

For reservoirs with very .scronq water drives, 'oil recovery can
be expressed as:

.e Recovery
775~*¢*{Soi-Sor}

B9i
8tb/acre-ft. (I)

EquatLon (1) cansl.mply be expr essed as:

r f(Swi, Sor) (2)

Thus, a correlation can be developed to rela,te,recovery factor
to theini tial water saturad ..on, and residual oil saturation.

~.:Equation ,( 1) "ilJhefi , used- to, o)Jtain an expression for recovery
factor can be expressed, in the<fo-rm:

. .'" ..
~(1 :-8wi - Sor)

= C * (3)
(1 - Swi)

Where,
c A modification parameter.

:Equation (3) is'Ja moddf i cat. ion of the' well-known expression for
est'imating recov-.ery ,factors·' in water-drive reservoirs. The
mddi'fi<t:ation parameter C, 'which accounts for such factors as
:sweepefficien¢y"Caneasil-Y--Be -obtained by using the method of
, least squares, as.' shown in the appendix.

Thema'in handicap 'in .t.he use of equation (3) is the determination
, oj~,a:realistic value for Sor, the residual oil saturation. This
,H:a!;:l':be~naddressed 'by deriving an expression for its ~stimation
When'datafroffi_ coze analysis and well 'logs are not; available. In
order to do this, it was assumed that:

~,'sbr- -.f(Swi, tro) (4)
i ::" .Th.:Ls,:is'·oo:nsidere;d fairly valid .Lf it is assumed that, Swi

capttiies'thee:ffects .of the reservoir rock while oil viscosity
,1ricorpbratesthe -eff ects svof reservoir oil, char-aor er i s t.Lce .
. . '.,,~ . '. ',...

<~,BY.:,'{:r~irig}c6:rE=,aria,lysis ,data. f:rb~ ,205 reservoirs in the Niger
':~deTt,a·,';Edmple g.,rinearequations were establlshed. Implicit in
..tJie~s'e;~eiiv..at.i'(jhs ds that residual gas saturation is negligible.

RES,'l.rr.TS'AND. DISCUSS:ION •
"'-.some,';of,the~'basic' Lnput; dat~a and· results are shown in Tahle 1.
.;Thex},reC0veryf acaor' cor r e-Le t Lon obtained can be expressed as:

, ", , I-Sw·-So
r=O',.8447862 ,~ r , (5)
"I-SWi "

, ~
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Where, Sor, the residual oil saturation"can be ~stimated from:

SOI=0.430211+0.0428461n~o-:0.60"73~Swi""""" (6)
, ,

Equations (5) and (6) are simple line~r expressions which can be
used to estimate oil recovery factor in the Niger Delta.

VERIFICATION ,OF THE CORRELATIONS
Equations (5), and (6) were verified' by un,dertaking' error
analyses using graphical and st at.j-s t i'ca'Lvt eohnLques , as well as
by applying the correlations to, 'some 'reservoirs of, extensive
production history. "

Figures 1, and 2 show thecrossplots of the estimated and
experimental values.

The average absollite deviation was obt.aLned from:

':...& YEXP-YEST " ,(7)'
AAl),- "N ' ' .•.... ~ ..

While the coefficient of correlation was aLso.r.ca LcuLa.t.ed. The
average abs-o.J.uted,~via'tlon ,f-or.~th'erecovery fac1:.or was estimated
at '2%, while thee:oe,ffj.cient :of correlation' was 0.83 • The
cQefficient of correlation for the Sor,' was also established at
0.83. The results ~ritained using the' recovery factor model of
this study were compared w i,th these fnomGuthr ie 'and Greenberger ,
as well as other iri-house correlations ,of some oil companies.

Table 2 is a summary of the resul~s obtained from twelve case
studies. This has also been 'graphically ~epreserited'in figure 3.-
The reservoirs presented in Table 2 !lave production history of
between 15 -20 years"and are still producing'in 1993.

The results from this work seem to be more.realistic in most of
the reservoirs assessed, whil~ the correlation'al$odemonstrated
a wider range of applicability than ~thei~.

"

\ CONCLUSION ,
\ 'Two,simple correlations that couLd be used to, predict oil
recovery from strong water-drive reservoirs" in ,the Niger Delta'
have been presented. :'One of the cQrrei~ttonspred'ict the oil
,reqovery factor, while- the other 'estimates •,the residual oil
sat:urat16n, where, experimental and fog d§i'fa'';lre 'not -avai Lab.Le.
They have l:;>eenapplied to, a number of producing r-ese.rvoi rs with
results that seemrnore realistic,than'existing correlations.

statistical anderi-or~nalyses also copfirci verys~all deviation
.of about ?,%,.arid'coefficient of correlatio'n'of'83%'~
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TABLE 2 : PERFORMANCE OF THE'CORRELA,TION IN SOME CASE STUDIES
"AND COMPARISON WITH OTHERS

~'

RESERVOIR Swi oil vis. Sor NPIN RECOVERY FACTOR MODELS
(cp) '.(To Date) RF G&G X

1 0.12 0.20 0.29 0.48 0.57 0.58 0.45
2 0.22 0.50 0.27 ,0.36 0.56 0.4<1 0.56
3 0.19 0.25 0.26 0.38 0.58 0.48 0.53
4 0:15 1.00 0 ..34 .0.36 0 ..51 0.52 0.38 ,
5 0.17 0.9'1 0:32 0.43 0..52 0.56 0.49
6 0.25 2.40 0.\32 '0.13 0.49 0.40 0.51
7 0.30 2.20 0 ..28 0.34 0.50 0.35 0.48
8 0.42 ) 0.'10 .0.16 0.01 0.61 0.37 0.04
9 0.47 ~_~_2J1 o .~21 0.10 0..52 0.24 0.10

10 0.23 4.10 0.:35 NA 0.46 0.38 0.55
11 0.30 0.61 0~2'3 0.35 0.57 0.42 0.45
12 0.15 0.2.4 '0.28 0.74 0.57 0.59 0.75

::'
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APPENDIX -EVALUATION OF PARAMETE~ C OF EQN.4
BY METHOD OF LEAST SQUARES

The expression for .re'covery f.act or (eqn. 2) I oan be written as:

:SOi-SOr ,(,'
r=C ....•. 8) ,

SOr' ,','
.:;

Using the method ,of least. squares, the obiective is to find the

/
. '

value of C which minimises the SU'(Tl, of the squares of the
residuals, That is,"

For equation 10 to be true,
must equal zero. That is:

it's derivative with respect to C
"

5 ~' ._.)-( )'~~]' 2 ' ()-'L.J[r~C(SOi-SOr' SOi,' 1 =0; ..... 10
, 5c, ,'," " ,

'This simplifies 'to:

Which gives:

..

. '
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,~

'RESERVOIRS IN lHE NIGER DELTAO,B.-----------~------------------~--~-~----~
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