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& logging method calted Dual laterolog s descrbed which provides for better recording of farmanon resisivity. in
this rmathod a currem! is forced (eferally into the formalfion in the shape of a thin sheet of curranl, by means of
specal alecinods amangement and an aulomanc control system... By mgasuring e vistage resded o generale 2
miven measuriig currenf, the maistiily was deduoed. By rapidly siternaling lie rois of varfous retems, 8
rimpitanenus measuramert of deep amnd shatow resislivly was achieved, Fleld example was vsed o lusirale

the the effectiveness of this mefhod in varous fypes

of foormationg. The fesiits shaw thaf fydrocarhon ssdfuration

in the frash water environment as i wall 1 is0.56 which is very signifleant in hydrocarbon explodation
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Introduction

The resporges of conventional electrical
Logging systems can be greath affisciad by barahola
and adjacent formafions. These influences are
minimized by a family of resistvity tools thal wses
focusing surrents to controd the path taken by the
messured curfenl. Thase currants are emittad from
special electrodes on the Sondes’

A new member of this family ks the dual laterclog

Acheally tha tool contains beo devices. One of tham
has eleciiodes spacad in such a way as to push the
measung current as far away as possbie and will
measure the deap laéercioy resistivity (Iid). The ofher
* ha alactroges spaced in such a way as I ket the
miepauring current sheet open up a lithe, and it wil
measura i, the shallow laterolog resistvity (i)
Wishout conceming ourselvas with the technology of
thege ools, thelr principies will however ba dscussed
gince many wels have been logged with these
devices over the years, Two main benefits are
supecied from & resistiity log,
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1 Ohtaining gedlogical irforrmaticn for mepprg
and sther purposes, sind

2 Cblainirg petrophysical data, based on bue
rock resislivily.

The geological mformation can be defived
from any resistivity curve having sufficlent verical
datad, Bul true rack residivitiss eguantly anes difcult
to determine with deared accuracy becauses we do not
hawve sufficient intarpestation data This 5 paricuarty
b for the records given by the leterplog fools Two
major types af llerolog Measuring systems which ara
now chaolels incieds LLY and LLT.  Alhough these
tools are now absclete, it is desirable o review the
principlas brigfly in this paper in onder to pinpoint tha
supenonty of 3 new alectiode device, which wses a
dusl facusng system known as the dual lalerciog
device, Thiscombines the features of th LL3, LLT and
the apharcal feeused deviee in an  atternating
sequence of measursments,

Theory

The evalution of electrical logging tools has
lead o the irplemantation of curren fecusing which 15
ifusirated in fig 1. it showe dealized pstierns of
clrrent fiowy in the borelole and oemation om c2nkal
alagirade The |eft of the patterm iz not of radisl
patiem bacause of (ke presence-al @ Nighly resiative
bed. On the nght i3 the desired flow, 5o that e
resistiviny of the bed of iMersstis sempled propen;
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Fig 1= Ideal Patiern of currant Aow

The principls of facusing is showe n fig 2
where inere are now three curent - emilting
slecirodes.  This typs of aray is known as guard
focusing device and = commonly refared 1o as
aterciog-3 or LL3 device. The potential of the
electrodes marked A, and A, is held constant and &t

lhe sama potential as the central slestrode & Shen
current flaws only ifa potental diierence 2xsls hers
should, in principle, be no current fiow i the vertical
direction. The ideslized cument distribution Fam the
lateralog 3 devioa with currsat focisad into the
lommation f& shown in fig. 3.
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A sheet of cument & shown W0 be emenating
Barizantally frorm the central meamurement slectiode,
The curent emitted from [he ocusing o “puand”
alactrada is often refarred to 3e “bucking® current as
its fumction & o impeds e measuned cument from
flowmng in the borehode mud, 18 s the continuous
adjustmend of the bucking curnenl, which keeps &, and
A, at the same polental as Ao The LLT device
comprises a cenler elecirode, Ao and thres palrs of
electrode M, and M, M," and M’, A and A, The
clpctrode of each pair is symmetncsily located wilh
respect to Ao which is the explaring eleciroda with the
pairs being respectivaly shof<circuited,  In one
warsion of the ool 8 cumrent of constant intensity is
sent through eleciroce Ao, Addifional curents of the
sarme polarity as the current flowing through Ac are
feed through the outer elecirodes & and A, The
diference of polential between W and M, M,"and '
Iz maintained substantially egual o zero hy
continuowsly aummatically adjusting the intensitios
of the A; and A, current Broadly, tha LLT and LL3
syslems decussed 52 far are nearly the same: both
use iwoouber slecirodes whoss curnents ane vardad so
that the difference of potential betwesn various painks
along he tool remains essentizily zero, Because of
this zimilarify, the resposds of fha teo ook o
esdenlially the same, In perlicular, when the LL3
currsnt beam is disforted, the LLT beam is also
distaried ina similar although somewhat exaggerated
faghicn. Asamatier of factthe basic responsas of the
currantly used lools are so similsr that what is
épplicable Io one of the fools are essenbaly
dpplicablde 1o the other tools excepl for thin resistive

Thi advantages of the log given by these

tools are.

1. Good verlical reschution except in rosistive
bed l2sg than el ihick (43) or 2-f thick

Z Mo skin effect

L Anegligble aniidus efect.

4, Good response when Ris less than R

=8 Good response wien Rt is greaber than Ri
providedthe Invasion is modersie; and

1 An Rt value can be easiy oblained from a
guard g using & geomemeal faclor tahmuls
given by

Rg=GmAm+ GiRi+ GtRt 1)

where Rg is a resistivity value

Gm, Giand Gtare the geometrical factorz and Rt
L& trua resistivity.

The abowe equation (1) is dedved fram & mare formal
and ganaral aipression

ar

winesre £, |5 the radius of the tool &l #s center
the distance rem fhe fool &xas, and A the beam cross
geclion at distance r. The Ri solufion obtained is

rezsonably comect excepl when both RUVRI and Di

have high values. In such a case anly a limit of Rt =

aobfained from the interprelation date avaisble

Cespife these good intensions, the LL3 and the LLT

lools have been found lo posses the following short

camings?

1 R, cannct be oblained unless R, and D are
known or can be reasonable estimated, This
i a short coming comman to all resistvity
ooy,

2, Both focds shows some difficully with bed
boundanies, for exampie RE cannal generally
be delermined with sufficient accuracy for
resisiive beds e when R = R, [shaliow
resistvity) cument will pass through the mud
into the: highly conductive shaulder simiady
when R, < R, there will be efect on & thin
conductive bed.

i Finalty the LL3 and LL7 enly measure the
desp resstivity withou! due consideration of
the boreholai.e. resistivity of the rmud Rm
ard the resistivity of the invaded zone Rro
which are referred o as the shaliow
resistivity’, Because of the fact that no single
ressanement has vel succesded in entiraly
elimmading the effect of the imaded zane, it
became imperalive therefore to measuns the
reskativity with several arrays having differsnt
depths of investigation which usually
approximate the invasion profile well 8
to determine R.Thes need has heen laken
care of by the infroducton of this mew
resistivity measurement ceiled the Dual
lsterolog DLL microsil tool with simuansous
recordings’, Fig. 4 shows @ schemabe
disgram of the DLL. It hos a responsa range
of 0.2 o 40,000 Ohm mwhich is & much wider
range covered by previous laterolog devioes.
In the DLL lang guard electrodes are neaded
and so the distance hotesen the swfeme
ends of the guard electrodes is aporaximataly
ZBY. The nominal beam thickness of 2,
however, insures good venical resolution. The
deep [ateriog measuremeant (LLDY of the DLL
tocl has a desper depth of ivestigation than
previous lalercicg devices theraby providing
information for the dete mination of R, using its
extandad range of formation condiions

avenal of Appied ard Bas Socacos Wil 3 B 182, ety 2008
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Fig 4- Dual lateralog tool
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The shallow lateralog messuremant (LLS) has fhe
same vertcal resolution as the deep teterolog device
{3 ), but il responds more strongly o that region
around the borebale normafly affected by invasion, R
uses a lype of focusing called * pseudoiaterolog”
wherein the focusing current is returned 1o the neanky
alacirodes instaad of to A remode slectrode. This
causes the messwed current to diverge mare guickly
once if has entered the formations, us producing 2
relatively shallow depth ofinvestigatian.

Warning-Groningen efect on LLD curve

The Waming Graningen effect ooours fior
&bout 100R below a thick, highly resistive bed. VWhan
coming up info a formation with this infinite resistivity,
the tool is no longer capable of forcing the curment
sheet o remain st since the measure and Bucking
cuments carmot fiow easily throwgh the highly
resistive bed, il retums through the mud column &nd
creates a negative potential an the zero referance
elecirada. Pemaps If & steel casing $tring has been
eat im the regiaiive zong, i helps to "shor ciredil” he
cuerrienl and this distorts the narmal current patiam
and regults ina pragressivaincrease in e LLd which
reads toa high, Ar industicn log is resommended for
sarous formaticn evalustion in thase “sisided”
conductive beds"

Field example
In clean formations, i the water goss not

change between a hydrocarbon bearng zone and &
waber baring zone, that is, if s salinity and hence its
registivity remaing conskant, reserveirs which contaim
hydrocarbons  will exhibit resistvities whech are
highar than those of water bearing zones. At the
sarme time, the ratin Bx B owill b lower In weter
zones, because fitrate invasion alters the fluid end
Imwers the hydrocarbon saturetion in e Fvacsd
zone, and because of the different investigation
depthe of macro-resistivity and  micro-resistvity
devices. According to the Archis
aguatien the ratlo Rig (R is given by Ry = Ry Ry
Frem which it follows that B, =R R/ Rxs
Sienllarly, the ratio ,q"_ =]
where R, |5 Ihe Resistivity of non-shaly feomation
R,, i fush- zone resistivity, R, is trua resistivity. B =
formation waler resiatty, B s resistivity of invaded
zone, R, s resstivity of mod filtrete, 5, is water
saturationand 5., is mud fitate saturation

In water zones S, and 5,° are both in unity. In

hydrocarban-boaring zones §_ ] ks than 3. This
water zones yiald maximamyalues of this rallo, that s
the maximem spread between the misra resisiivity
cunve msf and e macre resistivity curds LLD whan
R, RU or conversely, the minimum sgread when
R e <RLL

The Hydrocarbon rones are dentified by a minimum
spread in ihe sesand curve,

Dne can equally well overday the macrg-
resistwity 8nd rmacro-resistivity in the water zonas
and in that case the curves will ba spread in the
hydrocarbon  zones. These methods are not
recommended whan there are fraquant variations in
waher salinity and are of itk use when the invaslon is
ether very ghallow orvery deep.

This method | &, (Ri,/R, | has the advantage
of giving an indicafion of ydioearbons rraafaliity, and
is little affected by shaliness or B_varlations”
Evaluations of shaly formations, ususlly shaly sands,
are somewhat complex. All logging maasumements
are mfluanced by the shale and corrections for ehale
eoMent are requéred. Regewdliess of the basic
assumptions, mos! shake sand Infereelation models
ampky aweighted average iechnigue to evaluate he
relativa contributions of the sard and shale phases o
the overal shaly send response.

Thare are many farmulas that relzte
resistivity 1o watar saturation in shaly sands. Most
are genasally of the form:

I/R, = 8%, (1-V,¥FR, + C WV, /R, = (3]

whers

W= A e releted o tha volime or same spacific
woiumisdric characteristic of e shale or clay

R, = & barm related o the resistivity of the shale or
clay
G o= A e related to watsr saturafion [5)),

It should be noted that when fha shale
yolume s zefo (L8 clean sand), the aboyes equeticn
raduces 1o the Archis water eatwration sguaten [13)
This |5 tua for all shaly sand water salefston
tachniques

Well 1 is a well logged between 0898C-
08160 Ft and shows curves of mere and macrn
resiativity deviees logged in combination of Sp.
calpar and GR curves, bacauss, whete [he tarmaticn
waber I fresh, it = difficult o distinguish watar snd
fredrocarbon bearing zones on the bass of resistivity
lngs stone. The weil has been dividad inle fouwr sand
Fones s, B Coand D

Joornal af Aoplied and Begc Sckenpes Vol 3 Nes. &2, July 2003
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Far simpiicity, 8 number of assumplions have been made in determining walar eaturation for each of the

hydmcarbon zones of wall 1
TABLE 1. Petrophysical evaluation worksheat
Sand [Interval | AL | LLD RJ6TR, |[I7F  |AL
Name L : Rt (S.) oy |
ROO0-RO02 |2 120 (.480 0.693 1.386
2002.9000 & 1,300 0.0443 |0.210 1.680
A 2000-9006 6 900 0.064 0.253 1518 |
9006-9012. 6 a0o0n 0.096 0,400 2.40
90125022 10 [700  10.0823 0287 |287
20229026 4 300) 0.033 0,192 0.728
9026-9030 | 4 120 0.4% 0.693 2,772
© T 90409046 |6 | 1,000 [0.0576 |0.240 |144 |
‘B 90469052 | 6 1,500 |0.0384 | 0.196 [1.176 |
| 9052-9056 | 4 500 1152 0.340 1,36
|
9064-9070 | 6 250 0.230 0.480 2.88
C Q0709078 | 8 1,000 0.0576 0.240 1.92
2078-0084 |6 2,000 0.0288 | 0.170 1.02
9084-9000 |6 | 900 0.064  |0253 | 1518
9000-909% | 6 300 0.033 0.182 0.092
9096-9102 |6 150 0.384 0.620 3,720
91120116 |4 160 0.360 0600 [2.40
D {9116-9124 | B 260 0222 0.471 1,768
(1} Rew=R Data analysis forwell 1

(2) Re = sd{obtained fram LLD reading over the
water bearing intérval 08140-D8170 Ft of

well)

(2)M=n=2(Cenatant)
{#) & = 0 25{quick lock parosity)

{5)Rw=g"R.=55

These sssumptiors and other ealculationa are used

for the evaluations of water saturation. (3.} fos each of
the wvaripus randomly chosen sand interals are
shown in Table 1liPetrophysical svaluallon
warksheet).

Fewr gand Intzreals axist, these gra:
Sand A{ntervals 08988-09030 Flolwel)
Sand B {Intervals D2040-00058 Ft ofwell)
Sand C {Infenvals 0S0E4-09902 FL ofwell)
Sand [ {Intersals 09112-00124 Ftofwsll)

Short lengths wers taxen of R, In the hpdrocanbon
bearing interval in order that &, could be read of the
logarithmic scale e.q. in sand A interval 8392-9000 Ft
of [ength B was read off 1,300 approximately. Same
wigs done for 2 the lengihs of sed infervals af &, B, C,
and D, Froem which the ratio | was calculated and
abiaired for all the intarval lengths. From table (=8,
Cermeguentty, 5, was calculated for all the chosen
langths ofthe sand infervals. Fromitable 1,

Journal el Aapied and Base Soisnoes ol 3 Mag. 182, July 2005
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For sand A, OAL 8,= 172333

For sand B OAL, 5 = 40573

Fer sand € QAL 5, = 17.0655

For sand D OAL .5, = 76805

The average waler salwalion 3, (ave) for each sand is
594;-1 A, S.lave) = OBL_ S,/ OAL =17.233340 = 0.43
Sand B, & (ave) = OAL. 5,/ OA_ = 4057316 = 0.25
Sand C, §,(ave) = AL , 5,7 OAL = 17 0665738 = 0,45
Sand D, Sfave) = QAL 5§,/ OAL = 7 6505112 = D54
Consequently, the hydrecarbon saturation can be

estmated from the above values using 5, . ( 1- 5, )
whers 5, is the hydrocarbon saturation.

The 1o1al average water saturation (S.y ) for the
fewr sand zones A, B, Cand O of wel 1 is
Sk =043+ 25+0.45+0.84/ 4 = 1.77/ 4 = 0,44

Tharefore 8h. {1- 5.}

= 1.0.44
= [1.56

Conclusion

Amethod for the measuremant of resistivity in
hovehales has been described which wcives a
controlled focusing system of slactrades, whersby the
current used oy the measursmeant = cbiged fo fow
willhin a narrow slice of space, the bowndaries af which

e s e S g Lt A PR K e MR AR LW
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are substanbally horizontal up to a great distancs fram
thi horehode
It hes wider respanse range of 0.2 to 20,000
ohm, which is @ mueh wider range than cowered by
previous laters log devices.
_ Consequenty, | has desper oepth of
mvestigation than previous latemlog devicos,

Recommendation

It Iz envisaged ihat for most formallons, the
best way 1o accomplish the determination aof
frue resistivity both In case of thick and thin
bests, will consist in sirmulaneously recarding
a Dual laterciog, micro-sphencal iog (MSFL)
and an induciion log.

2. When R, = R, amd fommation o
high, the DLL ig ﬂmmmﬂm:;mﬂ R,
oetermination. Acding microresistivity to the
suit will permit 8 better evaluation of R, and

R.
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