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APPROXIMATE GRAPHICAL AND NUMERICAL DETERMINATION
OF DENSITIES CORRECTED FOR BOREHOLE DIAMETER

L. ANDRASSY*

Borehole diameters in exploratory drillings vary over a wide range. It should always be
kept in mind that the gamma-gamma (density) logs recorded in such holes are seriously
affected by the diameter; in view of this, the determination of densities is subject to great
errors.

This paper presents approximate graphical and numerical solutions for borehole diame-
ter correction and for determining the corrected densities. The mathematics will be suffi-
ciently simple to allow for interpretation by desk-top computers and, also, to serve as a me-
thodological basis for the development of a o-processor yielding borehole compensated
values in situ.

ELGI’s up-to-date Modelling Laboratory (with its comprehensive stock of models of
natural rock constituents) enabled us to study experimentally the effect of borehole diameter
on different kinds of sondes. The graphical and numerical relationships to be presented in
the following have been derived on the basis of such measurements.

Performed on standard reference series of layers and in holes of different diameters,
measurements have shown that the master curves of the sondes

N=f(e, d)

exhibit behaviour which differs depending on borehole diameter.

The connection between the slope m characterizing the master curve and diameter d is
shown in Fig. 1. The connection is linear for both short and long probes.

Having determined the slopes msh and mt for the short and long probes respectively,
we studied the connection between the basis equation (Andrassy 1978) and borehole dia-
meter. The basis equation can be written as

Y,h~Yi=(msh~ T,)p + (bsh- bt)
where Ysh, Yrare logarithms of the counts, normalized to water, measured by the short and
long probes respectively;
M —msh- mi slope computed from the short and long probes;

B=bsh-bi represents a constant computed from the ordinate-crossings of the short and
long probes.

* Hungarian Geophysical Institute “Lorand E6tvos” (ELGI) Budapest.
Manuscript received: 10. 10. 1979.
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As an example, Table | shows the msh, mt and B=bsh-b | values computed from the
master curves of the KRG G -2-120-60sY type two-detector sonde:

Table I.
d msh mi M=m$h-m | B —bsh-~ ]
86 -0.2872 -1.9621 1.6749 -1.7094
150 -0.2837 -1.8515 1.5678 -1.5596
214 -0.2781 -1.7315 1.4338 -1.4219

Fig. 1. Connection between borehole

diameter (d) and slopes (m) of the

master curves for the short and long
sondes, respectively

1. &bra. Osszefiiggés a furdlyuk-

atméré (d) és a hosszd, ill. a rovid

szonda iranytangens értékei kozott
(mi, ill. mst)

Pue. 1. 3aBucumocTb Mexay Aua-

METPOM CKB@XMHbl W 3HAYeHUAMU

YrN0BOr0 KO3(UUMEHTa AAMHHbBIX
(mi) 1 KOpOTKUX 30HAOB (Msh)

The dependence of the M factor on borehole diameter d is shown by Fig. 2. The broken
line denotes the values of B.

The linear relations shown in Figs. 1 and 2 can be used for hole-diameter correction.
For the computations we first have to adopt some standardizing conditions. Most sondes are
generally applied in holes whose diameters range from d=g8es mm to d=214 mm. We con-
sider d= 150 mm as the basis diameter and derive the corresponding basis equation. Next, we
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determine the borehole diameter corrections A q, for diameters smaller and greater, respec-
tively, than fif=150 mm.
Expressing the density from the basis equation for the d—150 mm case, we have

Ysn-Yt
+1
M

6= (u)

where, by Table I, M —1.5678. The master curve of the sonde for /=150 mm is shown in
Fig. 3.

The borehole diameter correction will be determined on the basis of the linear connec-
tion between slope M and diameter d.

Using the data obtained for borehole diameters greater or less than the basis diameter
(test and routine measurements) in the above formula yields apparent density values oapp.
It is obvious that the deviations between densities are due to the difference of borehole dia-
meters-these are the borehole diameter corrections A g sought. For d> 150 mm, zip is posi-
tive, for if-=150 mm itis of negative sign.

Fig. 2. Connection between borehole dia-
meter and the constants M and B figuring
in the basis equation

2. &bra. Osszefiiggés a furélyukatmérs és a
bazisegyenletben szereplé M és B értéke
kozott

Puc. 2. 3aBMCMMOCTb Mexay AvameTpom
CKB@XWHbI W 3HaYeHnsmMn M n B B 6a3uc-
HOM ypaBHeHUU

Figure 4. shows the relationship between density o, borehole diameter d and the correc-
tion A g. Apparent densities are displayed on the horizontal axis, corrections on the vertical
one. The parameter of the pencil of straight lines is the borehole diameter d. The limits corre-
sponding to the density error Ag=+ 0.05 g/cm3are denoted by the dotted lines. Note that for
the basis diameter d= 150 mm the apparent density is equal to its diameter corrected value
since the A g correction is evidently zero.

Let us now describe the above diagram mathematically. Generally, we proceed as fol-
lows. We determine the equations of any two different lines, say the two denoted by heavy
lines in Fig. 4. In the present case the corresponding diameters are if=semmand Z>=214mm.

Ag=- maQ+ba (d=86 mm) (12

Ag=+mDQ-bD (22=214 mm) (1.3)
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Fig. 3. Master curve of the two-detector KRGG—2—120—60 sY type
sonde for borehole diameter d=150mm

3. dbra. KRGG—2—120—60 sY tipusu két-detektoros szonda hitelesitd
gorbéje d=150 mm-es atmérdre

Puc. 3. ATecTaumoHHas KpuBas [BYXAETEKTOPHOro 30HAa Tuna
KRGG—2—120—60 sY npu gnameTpe CKBaXUHbI d = 150 MM

The straight lines (1.2) and (1.3) cross the horizontal axis Qapp at the respective points
bd/md and bD/mD. Because of the inherent error of the determined parameters, these abscis-
sae could be slightly different. In such a case, we take their mean. For the above-mentioned

sonde the abscissa becomes 1.2996 g/cm3.
Knowing the slopes md and rnn in Egs. (1.2) and (1.3), and assuming a linear variation,
we compute the increase of the slope for a change of 1 mm in the diameter:

mD- (- m d)

D-d (14)
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If we apply the tangent theorem for the triangle of Fig. 4 the borehole diameter correc-
tion A g becomes

md+mD
Ag: (d_150) D -d (.Qapp ' Qabs. cross) (1.5)

where
mDCbd+mdbD

abs. cross
Q 2mdmn

The sign of zip can be either positive or negative, depending on whether d is greater or
less than 150 mm.

For the above-discussed KRGG-2-120-60sY type sonde the algorithm of density
determination is given by the combined form of Eqgs. (1.1) and (1.5). Substituting the empi-
rical parameters, we obtain the formula

= |y M+ |j +(d- 150){0.001106(gapp- 1.2996)} (1.6)

4. dbra. Diagram aAg atmérd korrekcido meghatarozasara
Puc. 4. lnarpamma AN onpefeneHns KOppekuun Ha guameTtp Af

Practical examples
The practical application of the diagrams (Figs. 3, 4) and the numerical formula (1.6)
will be shown by two examples. It will be assumed that the borehole diameter is the single

quantity affecting the measured values.

6*
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For the Nagyegyhaza (Cs-260) drilling we applied the graphical and numerical pro-
cedures (by means of the SR-56 desk-top calculator) at 17 points. Gamma-gamma and
caliper logs are shown in Fig. 5. In the investigated part of the section, the borehole diameter
varies from 110 mm to 185 mm. Results of the graphical and numerical calculations are in
fair agreement, see Table Il. Diameter correction Aq is always negative (except for layers
No. 3, and No. 7) since the diameters are always less than 150 mm.

For the Many—132/B drilling the computation was performed for 23 layers, by a desk-
top calculator. The layers to be examined were selected on the basis of lithology, and the
different well-logs, to have divers geological and petrophysical characteristics.

Cs-260
GAMMA-GAMMA
CALIPER LOG \b 31000 4060 o
c 9% ISO  300mm
Bg 16000 32000 cpm

Fig. 5. Well-log material for a section
of the Cs—260 hole

A — gamma-gamma log recorded with
short sonde
B — gamma-gamma log recorded with
long sonde
C — caliper log

5. abra. Cs—260 flras egy szakaszanak
gamma-gamma és lyukbbség szelvény-

anyaga
A — rdvid szondaval felvett gamma-
gamma
B — hosszl szondaval felvett gamma-
gamma

C — lyukbdség szelvény
Puc. 5. M'amma-ramma npounm n Ka-
BEPHOrpamMMbl YacTu CKBaXKUHbI Cs-260

A — lamma-ramma npogunb CHATbIN
C KOPOTKWUM 30HLOM;

B — lamma-ramma npogunb CHATbI
C AIMHHbBIM 30HAO0M;
C — KasepHorpamma

From the log an about 100 m long section (from 450 m to 560 m) has been selected. The
complete logging material consists of resistivity, gamma-gamma, neutron-neutron, acoustic
and caliper logs. Dolomite is overlain by marl, sandy marl, sandy shale, shaly sand, shale and
sandy formations of varying thickness. The dolomite-marl boundary is at a depth of 534 m.

Corrected a values and borehole corrections (Aq) are shown in Table IIl. From the
computed 23 layers, presented in Table Ill, ten layers designated as 1—10 are shown in
Fig. s.

zip is positive in all cases. The densities g range between 2.69 and 2.74 g/cm3 for the do-
lomite; between 2.14 and 2.33 g/cm3 for the shaly-sand and marl formations. Borehole
corrections do not exceed 0.05 g/cm3.
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Table 11
. Graphically determined Computed
Layer Caliper
No. d Q Ag Q Aq
[mm] [g/cm3] [g/cm3] [g/cm3 [g/cm3]
1 138 2.18 -0.004 2.18 -0.0118
2 138 2.29 -0.008 2.29 -0.0133
3 185 1.93 +0.028 1.99 +0.0258
4 145 2.16 -0.004 2.17 -0.0048
5 145 1.76 - 0.002 1.77 -0.0026
6 150 2.17 0.000 2.18 0.0000
7 155 1.89 0.004 1.90 0.0033
8 150 2.18 0.000 2.20 0.0000
9 115 2.06 -0.026 2.04 -0.0300
10 115 2.06 -0.026 2.04 -0.0299
11 130 2.04 -0.014 2.03 -0.0166
12 110 2.20 -0.034 2.18 -0.0406
13 110 2.26 -0.038 2.23 -0.0430
14 110 2.09 -0.030 2.07 -0.0357
15 110 1.95 -0.026 1.93 -0.0292
16 110 2.32 -0.080 2.28 -0.0455
17 110 231 -0.038 2.29 -0.0459
Conclusions

It is possible to obtain a theoretically deduced method that can be checked in practice
for the rapid and accurate determination of density values corrected for borehole diameter.
The computation is easily carried out even under field conditions by a small desk-top cal-
culator. Formula (1.6) is not restricted to KRGG-2-120-60sY type sondes; similar for-
mulae can easily be derived for any other two-detector gamma-gamma sondes. If, say, a
KRGG-2-120-43sY type sonde is considered, the standardization conditions should be
changed and d= 86 mm should be taken as the basis diameter. Of course, for well-collimated
systems with a sufficiently large diameter the borehole effect becomes negligible.

It is hoped that the procedure presented will be of value for the quantitative interpreta-
tion of gamma-gamma logs recorded in exploratory drillings.
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132/B
GAMMA-GAMMA
BO 10000 Z000Ocpm NEUTRON - NEUTRON
AQ 8000 _ eQO0RM e e 100 600 1100 cpm
0 10 20 30Mw. 100 200 300 400/ /0 85 m CALIPER
B2.73A0JM ** 8500 4250 2830 2125 T/5«T ~ 100 145 m

Fig. 6. Lithology and well-log section for part of the Many—132/B borehole

A — gamma-gamma log recorded with short sonde
B — gamma-gamma log recorded with long sonde

6. abra. Many—132/B flras egy szakaszanak foldtani és komplex karotazs szelvényanyaga

A — rovid szondaval felvett gamma-gamma
B — hosszl szondaval felvett gamma-gamma

Puc. 6. Feonormyeckre N KOMMAEKCHble KapoTaXKHble MPOGUIN YacTh CKBaXXMHbI MaHb-132/B

A — lamMma-ramMma npoguan CHATUE KOPOTKWUM 30HAO0M;
B — lamma-ramma npounu CHATUEANNHHbLIM 30HA0M

87
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ANDRASSY LASZLO

KOZELITO GRAFIKUS ES MATEMATIKAlI MEGOLDAS A TERFOGATSULYERTEKEK
FUROLYUKBAN TORTENO KOZVETLEN MEGHATAROZASARA, A FUROLYUKHATAS
FIGYELEMBEVETELEVEI

A tanulmanyban bemutatott kozelit6 grafikus és matematikai eljaras lehet6vé teszi, hogy a
szilard hasznos asvanyok kutatasara szolgalé farasokban felvett gamma-gamma szelvényekbdl
meghatarozhassuk a farolyuk atmérdjére korrigalt térfogatsulyértékeket.

A mérbszondak hitelesité méréseib6l meghatarozott és egy kivalasztott atmérére normalt ba-
zisegyenlet képezi az eljaras alapjat. A bazisegyenlet iranytangensértéke (M) és a farélyukatmérd
kozott megtalalhato linearis kapcsolat lehet6ve teszi, hogy a bazisatmérénél nagyobb és kisebb
atmérdji etalonsorokban végzett hitelesité mérések eredményei segitségével a farélyukatméré-korrek-
cid értékeit kiszdmithassuk.

A KRGG-2-120-60 sY tipust szondara bemutatjuk azt az 6sszefliggést, amely segitségével
farolyukatmérére korrigalt térfogatsulyértékek hatarozhatok meg. Az eljaras alkalmazhatdsagat
gyakorlati példak bemutatasaval igazoljuk.

N. AHOPALLIN

MPNBNNXEHHOE NT’PPA®PNYECKOE N MATEMATUYECKOE PELLUEHWE
A9 ONPEAENEHNSA 3HAYEHWA OB BEMHOTIO BECA
CYYETOM BANAHNA CKBAXWHbDI

Mpubnuxatoliee rpaguueckoe U maTemMaTUUecKoe peLleHue, MpeAcTaBleHHOe B HacTosLLel
cTaTbe, obecneynBaeT onpedeneHne 3HavyeHUi 06BEMHOrO Beca, CKOPPEKTMPOBaHHBIX Ha AunameTp
CKBaXXWHbI, KOTOPble 3HAYeHWs NOMyYeHbl MO ramma-ramma npopunsamM, CHATLIM B CKBaXWHaX, Npo-
6YpeHHbIX Ha TBepfble Nosie3Hble NCKONaeMmble.

OcHoBy MeTofa npefcTasnseT 6a3nCHOe ypaBHeHWe, ONpeAeneHHOe N0 KaIMGPOBOYHbLIM M3Me-
PEHWAM M3MePUTESNbHBLIX 30H40B, HOPMUPOBAHHOE Ha BblGpPaHHbIV AuaMeTp. JInHelHas CBA3b MeXay
BE/IMYMHOI TaHreHca 6a3ncHOro ypaBHeHus (M) 1 fuaMeTpoM CKBaXKWMHbI AenaeT BO3MOXHbIM pac-
YeT 3HaYeHWn KoppeKuMy AnameTpa CKBaXWUHbI C MOMOLLbIO 3TANIOHHbLIX PALOB, AMaMeTp KOTOPbIX
60/blle UK MeHbLUe 6a3MCHOr0 AuameTpa.

Mo 30Hgy KRGG-2-120-60 SY npefcTaBMM 3aBUCUMOCTb, C MOMOLLbIO KOTOPOro BO3MOXHO Of-
pefeneHune 3HaveHn A 06BEMHOrO Beca, CKOPPEKTUPOBAHHbIX Ha AMaMeTp CKBaXWHbl. BO3MOXHOCTb
NpYMeHeHNs MeToAa A0Ka3aHO NPaKTUYECKUMU npyMepamu.



