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ABSTRACT

‘The subsurface geology of the Cerro Prieto .
geothermal field was analyzed using. ‘geophysical and
lithologic logs.. The distribution of permeabdle .
and relatively impermeable units and the location of
faults are shown in a geologic model of the system.
By 1ncctpont.lnq well completion data and downhole
temperature profiles into the geologic model, it was
possible to determine the direction of geothermal .
fluid flow and the role of subsurface geoclogic -
features that contrcl this movement.

INTRODUCTION

' To accurately assess the “future potentiu of

the Cerro Prieto field, it is meo:tant ‘to determine

the circulation pattern of the geothermal fluids
in the subsurface., ‘A hydrogeclogic smodel of the.
geothernal system has been developed on the bagis of
data from over 90 wells that have been drilled in
the field (Figure 1). The results obtained from
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this model can be used in reservoir engineering - -
studies of the field. The methodology used in this
study should be applicabdble to other geothermal .
systems situated in a sedimentary environment, such
as those of the Salton rrough. S

" Hot geotheml fluid at Cerro Prieto is found
-ninly in the nearly circular area shown in Figure
2. In the eastern part of the field (near wells

‘M=109, T-328, T-348, and M-115), fluid is produced

at depths of about 7000 to 9500 ft.; in the western ~
region (near wells M-26. M-34, .and M~15A), at depths
©f about 3400 to 5000 ft.. nong the western edge of
the field (near well M-6), some geothermal f£luid
leaks to the surface., In general, this indicates

that fluid flows from gqreat depths in the east,
‘gradually rising as it moves westward, where some
escapes to the surface (e.q.. Mercado, 1968; Elders
et al., 198!).

CERO PRIETO CEOTHERUAL AIELD

‘Location of the bulk of the hot geother-
mal fluid.
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METHODOLOGY

A geologic model of the Cerrc Prieto field was
first constructed based cn gecphysical and litho-
logical well logs. Downhole temperature profiles
and well production interval data were then incor-
porated intoc the geoclogic model to develop a geo~
thermal fluid flow model that would determine the
actual fluid flow paths. The fluid flow model was
then used to identify the lithologic and structural
features that control the movement of the geothermal
Geologic Model

The following types of well logs were used to
develop the geologic model of Cerro Prieto: gamma-
ray (GR), spontanecus potential (SP), laterolog=-8
(LL8), medium induction (ILM), deep induction (ILD),
short normal resistivity (RSN), long normal re-
_sistivity (RLN}, compensated formation density
gamma-gamma (RHOB), ‘dipmeter (DIP), and litholegic
(LITH) logs. The logs were digitized at 1-ft
intervals, stored in a computer, and digplayed
graphically using a 2-ft sampling interval. For
correlation purposes, each log (except LITH and DIP
logs) was reduced, so that a log for a well 10,000 ft
deep was reduced from S00 in. to approximately 13 in.

Two methods were used to define the stratigraphy.
In the first method, formations were defined on
basis of their lithology. In the second methed, a
simplified version of Lyons and van de Kamp's (1980)
approach was used in which lithofacies were defined
according to thickness of sand {(or shale) beds and
well log characteristics.

Definition of formations. 1In the first methed,
seven distinct lithologic formations were defined by
analysis of the above-mentioned well logs. The
basic stratigraphy of these formations is illustrated
using GR logs in Figure 3, Table 1 details the
geologic and hydroclogic characteristics of each
formation, It should be noted that whereas the
overall characteristics of the formations are easily
correlated across the field (e.g., Formation 3,
as illustrated in Pigure 3), individual beds within
a formation may be difficult to correlate from well
to well.

Faults were identified on the basis of signi-
ficant differences in the depth of correlatable
formations and from the identification of *"missing®
sections of some formaticns.

Definition of lithofacies. 1In the second
method, the beds were grouped into three lithofacies
units on the basis of the well log analysis criteria
(Figure 4) followed by Lyons and van de Kamp (1960).

The first is a sandstone group that roughly
corresponds to Lyons and van de Kamp's units I, I-II,
II and 1I-I1Il. This group consists predominantly
of well-defined sandstones (20-150 £t thick) inter-
bedded with shales (most 20-30 ft thick, but socme
50-70 ft thick). The well logs have a blocky
appearance, which is a common characteristic of
stacked channels, eolian deposits, and delta front

sands or channel overbank sands on a deltaic

Pl&in .

‘ The second is a sandy-shale group that generally
corresponds to Lyons and van de Kamp's unit III and
consists of roughly equal amounts of sandstones

and shales. The gandstones can be as much as 30 £t
thick and commonly have transitional bases, which

“can be characteristic of delta front and distri-

butary overbank deposits in a delta plain, Some
beds in this group were daifficult to categorize on
the reduced log curves. Beds that did not fit

into the first or third groups were assigned to this
one, Consequently, it became characterized as a
transitional group between the first and thira.

The third i{s a shale group that corresponds to
Lycns and van de Kamp's units III=-IV, IV, IV-V, and
V. This group includes thinly bedded sandstones/
shales (many less than 10 ft thick) as well as
thicker shales (% 40 ft thick) with some thin
sandstone intercalaticns, The well logs show
features typical of distal overbank, delta plain,
swamp, coastal bay, and lagoonal deposits.

After assigning the beds to the different
lithofacies groups, lithofacies cross-sections were
constructed incorporating the faults identified by
the first method. ’

-y :_,sw "-1%0 1-366 M-
DO
4004
004
00
oo
o
-]
-
x-»
9004
004
D0
< .
’
004
200K
Horizontal distance aot 10 scole -
000 w0000) Fault not et true dip )
1 =
300 =
A2 - 23
Figure 3. Simplified stratigraphy of the Cerro

Prieto field. The traceg correspond to
gamma=-ray logs. .
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. Table 1.

cgﬂiral ésologic ihd‘hydrologlc characteristics of the formations identified in the field (rlqufe 3).

Formation

" General Geélééic cﬁnrécterlstlca

Hydrologic Characteristics

7.

_ Lower section primarily a shale unit overlain
by a progressively sandier unit, in turn

*  overlain by another shale unit.

EAIternating sandatone ‘and shale beds with ‘
,sandatonen vnrylng in. thickness tron 10 to.
Joo ft or more.

Alternating sandstone and shale bedi”
averagan 30 to 60 ft in thickness.

shales up to 100 £t thick; some thin aandotone
.beds; some interbedded sandstones and shales
of varying ‘thicknesses;. may.be difficult to
distinguish from Formation 3 when GR logs

are not avajlable,

Thinly bedded sandstones and ahélea;(aand-
stones are often less than 10 ft thick).

GR has a blocky appearance; annda sonetlnea
an thick as 70 ft; lower section has some
thinly bedded sandstones and sha}es.v'

Alternating sandstone and sghale beds of vary-
ing thicknesses.

Relatively unaffected by heat of qeothernnl .
!luids. : ;

ne!atlvely unatfected by heat of‘qsothernai
£fluids.

Upbernost shale beds act as a local cap rock
to the & reservoir-west of the railroad tracks,

containe pi}t of the a resmervoir, which is found
mainly west of the railroad tracks and
northwest of Fault H. .

Acts as a local cap rock to the B8 reservoir
in most regions of the field; in some areas
west of the railroad tracka, it contains

part of the a reservoir in its upper 500 ft.

8 reservoir contained in the upper section,
where thicker sands are present.

pelow 8 reservoir

-s-




Figure 4.

Geothermal Fluid Flow Model

To construct the geothermal fluid flow model,
downhole temperature profiles and production in-
tervals were superimposed on the lithofacies cross-
sections, The temperature profiles identified the
depths at which temperatures of commercial interest
were found (generally > 280°C), while the well
production intervals indicated zones of higher
permeability from which hot fluids are produced.

The interpretation of these geological and
reservoir engineering data allowed us to determine
the flow direction and paths of the geothermal
fluids and the geologic features controlling their
movement through the field, as described below.

GEOLOGIC MODEL

Formation Cross=Sections

Five cross-sectiong were developed (locations
shown in Figure 5) and are given in Figures 6A-E,
showing the configuration of the seven lithologic
formations i{dentified in this study.

Cross~-section A=A' (Figure 6A) {llustrates a
typical correlation of formations across the field,
including the location of faults and producing
intervals in the wells, The deep wells east of the
rallroad tracks (RR between wells ¥-10 and M-123)
have been drilled into Formation 2. The B (or 8)
reservoir (Prian, 1981; S&nchez and de la Peiia,
1981) is located in this formation. The reservoir
temperature ranges from 300°C to 350°C.

-t

Examples of the lithofacies classes based on the SP curve.

Figure S.
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Location of cross~-sections.
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Figure 6B. Formation cross—section B-B'.
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Figuce 6E.” Formation cross-section E-E'.
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West of the railroad tracks, most of the wells
have been drilled as deep as Formaticn 3. The
boundary between Formations 3 and 4 i{s sometipes
difficult to define in this region because of the
lack of GR logs, which are the easiest to correlate.
In this regicn, geothermal fluid production comes
mainly from the A (or &) reservoir (Prian, 1981;
Sinchez and de la Pefla, 1981), which is
located in Formation 4 and in some places extends as
much as 500 £t into the upper portion of Formation 3.
The temperature of this reservoir ranges frem 150°C
to 325°C.

The A/B contact, shown in Figure 6A and sub-
sequent figures as "A/B," is the contact between the
unconsolidated and consolidated sediments as deter-
mined from well cuttings (Puente and de la PeRa,
1978). The unconsclidated sediments (Unit A)
consist of clays, silts, sands, and gravels. Below
this, the consclidated sgediments (Unit B) consist of
shales, siltstones, and sandstones, soze of which
are partly metamorphosed.

Previously, some researchers have used the A/B
contact as a correlaticn marker (e.g., Puente and de
la Pena, 1978). According to ocur well log
study, however, the A/B contact does not appear to
be associated with a correlatable bed. This is
illustrated in Fiqgure 7 by the GR logs from wells

n-28 z-3 N-110
Netws  Fomr
070
2004
+ 1000
400 -
AR
600 42000
eoo{ ABE-__F_
b T e e
1000 4 - S— A"
£ = \E*—
8 = *
& 1200 = =5
- 4000 — =
— -
= £
1400 4
5000
1600 4
ol =
Hezisental distanee net te ssale §
200 =
I 7000
22004
L% - 1
Figure 7. Depths of A/B contact for wells M-25S,

E~3, and M~-110. The traces correspond
to gamma-ray logs.

M-25, E-3, and M-110. Yor example, the A/B centact
for M=25 is located in & shale bed at a depth of
2625 ft, pear the top of Formation 5. If the A/B
contact were & correlatable marker, it would be
associated with thig ghale bed throughout the field,
as shown in Figure 7 by the line labeled A/B.

In well E-3, however, the A/B contact is found not
in this shale bed but at e much shallower depth
{denoted by A/B') within g different umit, at a
depth of 1948 ft in Formation 7. &imilarly, the A/B
contact identified in well M-110 does not correspond
to the ghale bed of well M-25, but is much deeper

" (indicated by A/B"), at 3652 £t near the bottom of

Pormation 5. Thus the A/B contact is not associated
with correlatable beds and ghould not be used as a

' marker bed. .

Elders et al. {1978) suggested that the tran-
sition from the A and B units is due to induration
of the B unit caused by post-depositicnal events
{cocmpaction, cementation, and metamorphic reactions).
Seamount and Elders (1981) showed that the depth of
first occurrence of thermally altered minerals
is generally found near the A/B contact. later in
this paper, we will show that this contact is
associated with sharp temperature increases, con-
firming that it is temperature related. In cother
words, the heat of the geothermal fluids has caused
the induration of the sediments of unit B. On
the other hand, the gediments of unit A have remained
relatively unaffected except perhaps near their base.

An unconformity has been detected, as indicated
in Figures 6A, C-E. For example, in Figure 6A,
between wells ¥M-9 and M=150, Formaticn 7 rests
directly on Formation 5 (i.e., Formation 6 is
missing), but between Fault H and well Nl~1, For-
maticn 7 overlies Formation 6. Pormation 6 is
particularly identifiable by the high resistivities
(ILD) of its sandstones, indicative of freshwater
sands. It has been found that throughout the field,
Formation 6 is always missing on the upthrown sgide
of Fault H (see below), but is always present on the
downthrown side (Figqures 6A-E).

Lithofacies Cross-Sections

The three types of lithofacies identified in
this study were correlated along the cross-sections
shown in Figures 8A<~E. They correspond to the
formation cross-sections shown in Pigures 6A-E.

Cross=section A-A' (Figure 8A) is typical of
the lithofacies configuration found across the
field. As mentioned previcusly, the lithofacies
were divided into sandstone, sandy-shale, and shale
groups. The sediments below Shale Unit O correspond
roughly to Pormation 2; Shale Unit O corresponds
to Formation 3 and the lower part of Formation 4;
and the sand unit above Shale Unit O correspond to
Formation 5 and the upper portion of Formation 4.
On the southwest side of Fault H, Formation ?7
corresponds to the sediments (mostly shale) above
Formation S. On the northeast side of Fault H, the
lithofacies corresponding to Formations 6 and 7
cannot be distinguished as clearly.

The sandstones and shales above Shale Unit O
show fairly normal log readings for a sedimentary
environment. Shale Unit O and the sand unit
below it show some anomalous log values because they
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have been affected by the circulaticn of gecthermal
fluids.

Shale Unit O acts as a barrier to upwarad
migration of geothermal fluid and convective heat
flow. This is gubstantiated by the lithology,
thermal characteristics, and low porosity readings
obtained from the well logs. The lower portion of
Shale Unit O consists mainly of thinly bedded
sandstones/ shales (generally corresponding to
Formation 3) and lacks any thick permeable
‘sand unit that would permit fluid flow. . This is -
confirmed by the sharp rise in temperature gradient
cbserved near the top of Shale Unit O, indicative of
a regicn where heat is transferred by conduction
rather than convection {l.e., fluid flow).
more, the unusually high REOB values found commonly
near the base of Shale Unit O, ‘especially in wells
southeast of Fault H, indicate low porosity. This
low porosity may be due to {nduraticn caused by
mineral precipitation (Seamount and Elders, 1981).
Thus, the Shale Unit O is a thick, impermeable,:
low-porosity unit that acts as a (local) cap rock. -

The sand unit below Shale Unit O permits the
flow of geothermal fluids through it. This is
substantiated by lithology, thermal characteristics,
depth of producing intervals, and high porosity
readings obtained from the well logs. The upper
portion of this sand unit consists of thick sands,
conducive to permitting fluid flow, interbedded with
some shales (generally corresponding to the upper
portion of Formation 2). In this unit, the temper—
ature profiles show a fairly constant temperature of
300°C or slightly greater (temperatures greater than
300°C are indicated by the heavier lines in the
temperature profiles shown in Figures 8A-E). This
constant temperature is indicative of circulating
fluids, i.e., a region where heat is transferred by
convection rather than conduction. Most of the
producing intervals for the g reservoir are located
in this sand unit., The low ILD and RHOB values for
the sand beds within {t indicate high porosity,
possibly secondary (dissoclution) porosity (Lyons and
van de Kamp, 1980). Thus, this unit has thick,
permeable, high porosity sands and acts as a conduit
for the geothermal fluid.

Purther description of the lithofacies and the

role they play in controlling the flow of geothermal

fluids will be given in the section on Geothermal
Fluid Flow Paths. )

Faults

Three buried faults have been identified in
this study as having an important impact on geo-
thermal fluid flow. They have been named Faults H,
L, and S, and are shown in plan view in Figure 1.
Evidence for the existence of these faults is
described below.

Fault H. Fault H has a northeast-southwest
strike. Its existence was established on the basis

of several evidences.

1. A large vertical displacement of formations can
be correlated across the fault (Figure 6A, C-E).
The lower porticn of the fault (soclid line

Further= -

portion of Fault H in Figqures 6A-E and BA-E)
shows large downthrows to the southeast, with
displacements as much as 1650 ft in the north-
eastern portion (near wells M-150 and M-107).
Toward the southwest, displacements are smaller
(about 1000 £t near wells M-47 and M=50).

2. logs from wells located in the fault gone have
-porticns or whole formations missing, which is
indicative of normal faulting. An example of
this is illustrated by well M-107, in which
Formation 5 is completely missing, as shown in
Figure €A. :

‘3. Seismic sections across the field show that

Fault H exists (Majer and H;zvilly, 1982).

4. The cnly available dipmeter log covering the
postulated fault zone (cbtained in well M~107)
‘indicates a sudden change in dip from the
neormal 0-10° to dips of up to 30° over a 200~-ft
span, returning abruptly to normal dips of
0=10°, The location of this sudden dip change
correlates with the position of Fault K.

5. The existence of a thermal plume between wells
M~109 and M~107 has been reccgnized by
A, Williams (personal communication, 1982).
This plume coincides with the location of Fault H,
which, incidentally, indicates that this fault
acts as a conduit for the upward flow of hot
fluid.

6. The absence of Formation 6 on the upthrown side
of Fault H is related to the movement of this
fault (Figures 6A, C-E). Either Formation 6 was
deposited before faulting began and was then
eroded from the upthrown side or it was deposited
only on the downthrown side of Fault E as.(or
after) faulting occurred. The logs indicate
that movement along Fault H continued as the
sedipents of Formation 7 were being deposited.

It is interesting to note that the strike of
Fault K is almost parallel to that of dikes and
surface faults found at the Cerro Prietc volcano.
west of the geothermal field (Alonso, 1966 and de
Boer, 1979). This suggests that these features pay
be the result of the same regional tectonic forces.

Fault S. Fault S trends northeast-southwest,
The only evidence for this fault {s a displacement
of about 400 ft between wells M-169 and T-388 and
the absence of part of Formation 6 as indicated by
the logs of well M-169.

- Fault L. Evidence for the northeast-southwest-
trending Fault L was initially found by correlating
GR and SP logs along several of the formation
cross-sections (Figures 6A and C), which showed
sudden changes in bed depths, a common indicator of
faulting. ‘

Further evidence for this fault comes from the
temperature logs for several wells in the western
part of the field (M-43, M-11, M=9, M-29, M-181,
M=-105, and 0=-473)., The logs, especially from the
last five wells, exhibit unusually pronounced
temperature reversals (e.g.; see Figures: 8A and C),
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which reflect the presence of agquifers of ditféteht a

temperatures.

GEOTHERMAL FLUID FLOW PATHS'

. “The model showing the novament of qeothermal
fluids in the Cerrc Prieto system was cbtained by
analyzing the available data pertaining to the
sections shown in Pigures BA~E and was selected to
represent ‘the whole field. Following the method
outlined “by Howard (1981), we found that the -
actual fluid flow paths become readily ‘apparent when
downhole temperature profiles (Bermejo et al., 1979;

. personal communication, 1982) and well production

intervals wvere supetinposed on the lithofacies
sections (Figures BA-E). ' The various sections and
the suggested fluid flow pa:hs across them are ;
discussed below. .

Cross-gsection A=A' =~ -~ -

Figure 8A shows the lithofacies cross-section
A-A', on'which temperature profiles, A/B contacts
(Cobc R., 1981), and production intervals were .=
superimposed. %he parts of the temperature profiles
shown by heavy lines indicate temperatures of 300°C
or greater. The maximum temperatures of cooler .
wells are indicated next to the corresponding
curve.

From Figure 8A {t can be -éenithaé'ghgﬂidgk o

show sharp temperature increases near the A/B
contact and ‘that the A/B ‘contact, the producing
intervals, and ‘the sharp increases in temperature
are observed at proqresslvely greater depths toward
the east, 'Well M=117 does not conform to this
trend, however, and will be discussed below.

Comparison of the temperature protiles with thé;
lithology (Figure BA) of wells M-104, M-150, and
NL-1 {indicates that sharp increases in temperature -

' gradient occur near the boundary between Shale Unit ]

and the overlying sand unit. In wells E-3,’ H—29.
and M-9, this temperature increase is cbserved

 near ancther shale bed, which occurs in well M-2% at

the same depth as the A/B contact., The increase in
temperature, therefore, suggests that the ghale

units must be barriers to convective heat transport;
i.e., they are essentially acting as local cap rocks.

According to W. Elders (personal communication;
1982), the heat source for the Cerro Prietc system -
is associated with a swarm of dikes intruded in ° 'n,
the eastern regions of the field. '‘These rocks. heat
the circulating fluid which is thought-to enter the ’
tield from the east through the sand underlying .

Shale Unit O, after which'it moves westward toward =

Fault H (arrows :in Figure 8A i{ndicate the direction’
of the fluicd flow path).: The £luid ‘then flows up .
Fault H until it encounters the bottom of the Shale
Unit O once again. A small porticn of the fluid

‘continues up Pault ‘H, resulting in'a temperature of

300°C -at & shallow depth in well M-117, Most of the
fluid, however, moves westward intoc the sand below -
the upthrown Shale Unit O. This flow continues until
it reaches a sandy gap in Shale Unit O, in the
general area of well M-10., There, the geothermal
flui@ flows upward into this gap, resulting in high
temperatures {n well M-10 at shallow depths. Some

"located in the sands beneath Shale Unit O.

..which acts as a local cap rock.
contour map. of the.top of this sand, which corre~

western regions of the field. .

of the fluid enters the southwestern part of Shale =
Unit 0, which is sandier than in the east, and moves
westward until encountering Fault L. There, the
fluid flows upward through this fault and then
westward throuqh the gands above Shale Unit O,
Fluid that does not enter Shale Unit O continues to
flow westward through the sands under Shale Unit O,
Eventually, some fluid leaks to the surface through
the ferro Prieto Fault Zone, which bounds the field
to the west (see Figure 1), and the rest mixes with
the colder waters that surround the qeotherual
anomaly..

Throughout the field, the g reservoir is

The o
reservoir i{s restricted toc the western portion o
of Shale Unit O, west of the railroad tracks. The =
gecthermal fluid flowing westward through the 8
reservoir is alsc able to flow {nto the g reservcir
through the gandy gap in the vicinity of well M=10,
Thus our model indicates that the two reservoirs are
interconnected, contrary to what was postulated by
Prian (1981) and Sdnchez and de la Pefia (1981)..
C~C', and B=-B'

Cross=sections E-E', D-D*,

A similar pattern of fluid flow can be seen in
cross-section E~E'. Most of the fluid appears to
flow from east to west through the sand under
Shale Unit O, then up Fault H until it once again
encounters the base of Shale Unit O. A porticn of
the fluid continues flowing up the fault, as in-
dicated by shallower 300°C isotherms and A/B contacts
in wells M=107, M=117, M=-109, and T-328. However,
pmost of the fluid. moves westward thtouqh the sands
below Shale Unit O ( greservoir).

Cross=sections C-C' and D-D' show basically the
same fluid flow patterns as shown in cress-sections

_A-A' and E-E'.

"Cross-sectian B-B' is somevhat parallel to the
strike of Fault H (Figure S). However, the fluicd
flow pattern is similar.

Most of the qeothernal fluid is believed to
flow throuqh a high-porosity, perneablc sand under~
lying the low-porosity, impermeable Shale Unit O,
.Figure 9 shows a -

sponds to the top of the greservoir., The postulated: .
direction of geothermal fluid flow through these
sands is indicated by the arrows. As indicated by
this figure, the fluid iz generally believed to
enter the field (at great depth) from the east, ..
gradually novinq ‘westward. (:nd rising to shallower
depths), and finally leakinq to the surface in the
Several wells to the
east are cooler (i.e., M-189 in Figures 8D and E,
and M-92 in Figure 8C). This suggests that these
wells are bypassed by the hot fluids entering the
field from the east, north of . these wells.

SUMMARY AND CONCLUSIONS

By integrating the geologic nodel of Cerro
Prieto with downhole temperature profiles and well
production intervals, the geothermal fluid flow
paths in the field have been identified. Based on
the information obtained from all the wells, the hot
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Figure 5. Contour -lines indicate the top of thes.
reservoir. Arrows indicate the direction
“‘of geothermal fluid flow.

geothermal fluids appear to be entering the field

at depth from the southeast through permeable gands
below Shale Unit O, which is acting as a local cap
rock. These fluids flow toward and up Fault K
until they ‘encounter the same permeable sands below
Shale Unit O on the upthrown side of this fault,
where they continue to move in a westward direction.
wWhen the fluid encounters a break in the shales,
some fluid ascends once again to enter the sandier
western part of Shale Unit O, where the & reservoir
is located, and the rest continues flowing westward
through the sand below Shale Unit O ( Breservoir).
Eventually, some of the geothermal fluid reaches the
surface in the western region of the field; the rest
mixes with cooler groundwaters.

This work is consistent with mineralogical
(Elders et al., 1981), thermal (Mercado, 1976),
reservoir engineering, and geochemical (Grant et al.,
1981) studies carried out in thig geotherpal system.
Our results forn the basis for numerical modeling of
the behavior of the Cerro Prieto field in its
natural state and under exploitation (Lippmann and
Bodvarsson, 1982; Tsang et al., 1982).
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