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, ABSTRACT
Thi s paper presents ANAPPRES V2.0, the second the current conclusion: This feature has
version of a conmputerized expert system that didactic advantages for non-expert users
interprets data of constant and provides verification capabilities for expert
variable-flowate interference tests in which analysts and increases confidence in the
there are an arbitrary number of roduction expert system These characteristics of
wells and an arbitrary number of observation ANAPPRES were obtained applying artificia
wells. Fromthe analysis, the transmssivity intelligence techniques, mathematical models

(khly), storativity ($ch), -and hydrol ogic: optim zation techniques, heuristic know edge
boundaries (existence, type and |ocation) are and graphics software.
obtained. ANAPPRES successfully .couples a .
mat hematical model, an optimzation technique ,
and ~ heuristic know edge, ~an  unusual ANAPPRES was developed on a  VAX-11/7BO
conbi nation rarely found in published expert conputer system For input-output it uses the
systems. ~ The main advantages of ANAPPRES as termnal Digital VT241, and for har.dcogy
conpared to standard methods, are: (1) it can  output the Digital LA210 Letterprinter and the
analyze variable flowate interference tests; Hewl ett Packard HP-7585 pen plotter. ANAPPRES
EZ) it can obtain 4 to 5 parameters is witten in FORTRAN 77.

transmssivity, storativity, type of .
boundary, distance and angle to boundary) in
one conputer run; (3) it is considerabl ARCHI TECTURE OF ANAPPRES

faster than a human expert in conmpletion o

the job and (4L,allom5 analysis of well tests
including an arbitrary number of observation

. we‘ls and an arbitary number of production
wel l's.

| NTRODUCTI ON

For interference test analysis, a
graphical technique (e.g., Earlougher, 1977)
has been the standard of the trade for many
years. This technique has the disadvantages
of being restricted to relatively sinmple cases:

type-curve.

and of requirin subjective judgement for.
curve fitting. The popularization of digital
computers “brought "about “compaterized anal ysi §
techniques (e.g., Earlougher and Kersch, 1972;;
McEdwar ds and Benson, 1981) . These
techni ques, br use of regression and
| east-squares inear programm ng, elimnated
the subjectivity previously associated with
fitting -a model to the observations, and
provi ded the possibilities. to st udy
conplicated systems and handl e | ar ge;'
quantities of data. However, the application]
of these techniques still requires extensive:

experience on the part of the analyst.- -

This work describes ANAPPRES V2.0 (ANAlizador
de Pruebas de PRESi on, Spanish for "Well Test
Analist") a conputerized expert system
devel oped to analyze interference tests in
homogeneous reservoirs. ANAPPRES ‘i s user
friendly, requires essentially no experience
on the part of the ‘analyst, el I m nates
subjectivity,- can handle conplex cases and
‘large data sets. ~ In the current version
ANAPPRES can analyze interference tests in
which there are an arbitrary number of
production wells and an arbitrary number of
observation wells. The user can be a
begi nner: the only requirement s that he
(she) can create files, with the test data,:
for "input. If is required by the wuser

ANAPPRES can explain how and why it arrived at

~which drives

The architecture or ATJAPPRES is presented in

Fig. 1. There are 5 main modules, with 4 .of
them (the User Interface, the Conputationa
Modul e, the Know edge Base and the Explanatory

Modul e) linked to the central Inference Engine
the analysis. The functions of

the different modules are described bel ow.
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Fig. "li Architecture or ANAPPRES
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User Interface. |Its main goal is to provide a
friendly environment for commnication with
the user. The main functions of this nodule
ars (O generate nenus, to display diagnostics
and nurerical results, to generate graphics,
and to display explanations.

Conput ational nodul e. This is a nodified
version of the programANALYZE (M Edwards and
Benson, 1981). The nodifications to the
original code include refreshing the nenmory in
succesive calls to this nodule, automatic
handling of error condi ti ons, and the
inclusion of criteria to decide whether a run
with given reservoir paraneter inicial guesses
wi |l converge.

ANALYZE was  developed for analysis  of
interference tests in single (liquid) phase,
honbgeneous, isotropic reservoirs. Thi s
program determnes reservoir
mnimzing the differences between
and calculated pressure histories. Pressure
histories are calculated with the Theis
sol ution. The ninimzation is achieved by
nmeans of a non-linear |east-squares routine
A Chi-square statistic, normalized to the
observed pressures, provides a quantitative
measure of the goodness of the fit.

parameters by

obser ved

Know edge Base.

{ The Know edge Base s
-organized In production rules, wth the
wel | -known IF-THEN format (Arellano, 1987).
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It contains the know edge necessary to perform

the analysis of interference tests. Thi s
know edge includes quantitative criteria to
deci de whether there is a Wydrologic boundary
and its type, what initial guesses to use in
order to start the Conputational nodule, etc.
For exanple Fig. 2 is a mp in the
fcransm Bsivity-storativityplane, illustrating
~16'trigger points, and the corresponding areas.
‘of convergence, that ANAPPRES wll wuse as;
initial guesses to start the Conputational
nmodul e, if the user chooses not to provide .an
initial uess, or if the initial guess
provided by the wuser failed to pronote
conver gence. This. map was obtained by the
analysis of the solution domain  of 230

synt hesi sed wel | tests.

| nference Engine. This module drives the
analysis of the test, on the basis of the
options selected and the input data given by
the user, the partial results provided by the
Conput ational Mdule and the i nfornation
provi ded by the Know edge Base. The Inference
Engine controls the operation of the
Conputational Mddule, and gets results, such
as Chi-square and reservoir paraneter val ues,
fromit. Wth this information, the Inference
Engine interacts with the Know edge Base in

order to reach conclusions. Every time the
Inference Engine reaches a ‘conclusion, it
commands the User Interface to display It in
the screen of the VT241 terninal and ask the

user if an explanation is requested. -

Expl anatory Mddule. It contains preformatted
explanations for all the diagnostics and
concl usions that ANAPPRES can reach. These
expl anati ons are suppl emented wi th information
provi ded by the Inference Engine each tine it
reaches a conclusion or diagnostic. |If the
user chooses to request an explanation, the

Expl anatory Mdule passes the correspondin
explanation to the User interface, whic
displays it through its D splay Explanation

function (Fig. 1)
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Fig. 2. Trigger points used by ANAPPRES as’
initral guesses to start the
Conput ati onal Modul e.
METHOD CF ANALYSI S
ANAPPRES " perforns a totally autonmati c

tests analysis in a single run
That is, it finds out if there is evidence of
a hydrologic boundary in the test data and
determines its type, conputes storativity and
transmssivity values, and distance and angl e
the hydrol ogi c
boundar yT-— - - RS

Fig. 3 Illustrates the nmethod of analysis.
The analytical process is divided internally
into three stages. These are; interference
verification, search for hydrol ogi c boundaries
and location . of hydrol ogi ¢ boundari es.
ANAPPRES determnes for each observation well

the interfering production wells, usin

.super posi tion. After t hat, for eac

observation well ANAPPRES determines if the
.correspondi ng data indicate the existence of a

‘boundary, and if there is one, its type
" (either no-flow or constant-pressure). At
this stage, estinates of the storativity and
transmssivity associated with the well are
obt ai ned; these are taken as final results for
the well if no boundary is detected. 'If a
boundary is detected, the values of the

transmssivity, storativity and distance of
the boundary to the origin are sinultaneously
det er m ned. This is sequentially done for
each and all the observation wel |'s
participating in the test.



INTERFERENCE VERIFICATION
For each observation well 1he interfering
production wells are identified utilizing
superposition.

As a results of the analysis an estima-
tion of transmissivity and storativity are
obtained.

The production wells that donot interfere
with the observation well are eliminated
through this analysis.

YES

SEARCH FOR HYDROLOGIC BOUNDARIES

irThe data are analysed for existence of
a boundary. If a boundary is found, its
type is determined, and estimates of trans
missivity and storativity are obtained.

2Hf no boundary is detected, the final
values of transmissivity and storativity
are obtained.

.|®?f NO

Ig

there a

boundary
?

Another wall

LOCATION OF HYDROLOGIC
BOUNDARIES
The values of transmissivity,
storativity and distance to the
boundary are simultaneously
determined using the estima-
tes of transmissivity and
storativity obtained before
as guesses.

Final values for
transmissivity
and storativity
are obtained

le— »

v

End of the analysis of the present well

NO Have all the

2 or more
wells detecte!!

baundary ?

TYES

2
<JHow mi ?
2 any >‘—'—

\ AN
L I
A final analysis including | | A final analysis including
only the wells that contain both wells is performed,
information about' that in which the average va-
boundary is performed, lues of the transmissivity
in which the average va-| | and storativity are deter-
lues of the transmissivity mined simultaneously with
and storativity are deter-| [ the values of the distan-
mined simultaneously with ce and the angle.
the values of the distan- However, in this case the
ce and the angle to the solution for the angle is

boundary. not unique: it is either
«x or 2Tf-<x.
f— 1
i
END
Fig. 3: Mthod of analysis used by ANAPPRES.,
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If tw wells detect a boundary, a final
analysis simultaneously including both wells
is performed to obtain the average values of
storativity and transmissivity, the distance
of “the boundary to the origin and B, t he
angul ar | ocation of the boundary. However, in
this case p is not uniquely deternmned and

the true angular location could be 2ir-p.
If nore than two wells detect a boundary, a
final anal ?/SI s simultaneously including all
t hese is performed to obtain
st oratiV|ty, transmssivity, di stance and
angle; inthis case the angle is uniquely
det er m ned.
VALI DATI ON

At the time of this witing ANAPPRES V2.0 had
been validated against a number of published
and unpubl i shed probl ems with known sol utions.

The former include: (a) a constant-flowate
match of the Theis curve, nodel i ng t he
sinplest interference case in an |nf|n|te
reservoir (MEdwards and Benson, 1981); (b)

t wo- wel | (active and observat i on)

constant-flowate production interference t est

in the Raft River, Idaho, geothernal proyect
that detected a no-flow boundary (Nar asi nhan
and W t her spoon, 1977); (c) a

constant-fl ow ate production interference test

between wells 6-2 and 6-1 at the East Mesa
geot her nal field t hat det ect ed a
const ant - pressure boundary (Narasinhan et al.

1977); F a constant-flowate productlon

interference test between wells 31-1 and 38-30
at the East Mesa geothernal field that
detected a no-flow boundary (Narasinmhan et
al ., 1977); (e) a multiwell, highly-variable
rowrate injection interference ftest in a
shal | ow groundwat er aqui fer under
consideration for an aquifer thermal ener gy
st orage prOj ect (MEdwards and Benson, 1981?

and () a mul tipl e- productlonwe I
interference test a geothermal reservoir
currently bei ng used for electric power
generation (MEdwards y Benson, 1981).

in

In all cases ANAPPRES obt ai ned
di agnoses and quantitative Fesults,
not initial guesses were provided by the user.
Quantitative results obtained by the expert
Kstem agreed with previous results to better
% These differences are negligible
practi cal

the correct
whet her or

for al pur poses.

CONCLUSI ONS AND FUTURE WORK

validated the second
conputarized expert system
capable of analyzing constant and variable
flowate interference tests, in which there
are an arbitrary number of roduction wells
and an arbitrary nunber of observation wells,
in liquid-saturated honpgeneous reservoirs
The main advanta?es of this systemare that it
is user friend requires essential
experience on t e part of the analyst,
el I nminates subj ectivity associ at ed W th
earlier techniques of analysis, can handle
conpl ex cases and |large data sets, conpletes
the analysis of even the nost conplex cases
(including plotting the results) in one run
and is significantly faster than a human
expert.

The next version of ANAPPRES, which is already

% have devel oped and
version  of a

in an advanced stage of developnent, wll
i ncl ude, in addition to the current
capabi | iti es, the possibility of analyzing
single-wel |l pressure tests.
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