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COMPUTER LOG EVALUATION IN TERTIARY COAL BASINS
Stanislav MARES*, Jifi KRESTAN**

Lignite seams in open-pit mines of the Tertiary coal basins of Northern Bohemia are currently
being exploited and geological prospecting and drilling activities are being carried out in new regions
in an attempt discover further resources of solid fuels. All boreholes are logged using a relatively
wide range of logging methods (formation resistivity log, gamma-ray log, formation density log,
neutron-neutron log, caliper log). Logs digitized directly in the field are subsequently processed on
an Eclipse C 300 computer. The results of computer evaluation are presented in the form of
formation volume analysis in sandy—clayey overburden and in the form of an ash content log in
coal seams.

d: well logging, computer evaluation, brown coal exploration, formation analysis, ash-content log

1. Introduction

The North Bohemian Basin is the largest brown-coal basin in Czechos-
lovakia. It occupies an area of about 800 km2and is situated at the foot of the
Krusné hory Mountains, between the towns of Kadan in the west and Usti n.
Lab. in the east. The south-eastern margin of the basin in demarcated by the
line connecting the localities Korozluky, Postoloprty and Podborany. The
basemen is formed of the Krusné hory crystalline complex in the northern part
and of Upper Cretaceous sediments in the southern part. The character of the
sedimentary filling of the basin is given in Table 1 The coal seam is formed from
one seam of great thickness or is divided by thin clay layers into 2 or 3 parts.
The upper boundary of the coal seam is very sharp, but the transisiton to the
underlying barren rocks is often gradual. The main coal seam is exploited
predominantly by open-pit mining. Additional prospecting by means of bore-
holes is made i) in front of the working face in order to precisely determine the
seam structure and the ash content, ii) in as yet unexploited parts of the basin
in order to assess new reserves of brown coal.

2. Logging techniques and calibration of logging instruments

All the prospecting boreholes are logged. In the boreholes in front of the
mine faces only density logs (GGL) and caliper logs (CL) are measured; in the
boreholes of newly prospected areas the above-mentioned logs are complemen-
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ted by gamma ray logs (GR), neutron-neutron logs (NNL) and resisitivity logs
in some simple electrode arrangement (short normal RESN16 with AM elec-
trode spacing 0.4 m and long normal RESN64 with AM = 1.6 m). Borehole
logging is carried out using K-500 (Hungarian-made, ELGI) or Prospector 2000
(US-made, Gearhart-Owen Inc.) logging equipment, supplemented by analog-
to-digital converters (Czechoslovak-made) [Krestan 1978, MatouSek et al.
1978]. Logging data are punched on a tape with a 0.1 m digitization step.
Analog logs are recorded on 1: 100 scale.

All logging tools are calibrated to express all measured data in defined
physical units. Density probes (Source 137Cs, activity 10to 20 x 108 Bg, detector
to source distance L=0.5m, the probe with shielded detector pressed against
the borehole wall by a steel spring) and neutron probes (source 241Am-Be,
activity 110 GBg, L=0.5m) are calibrated in large blocks of rock of known

Lithostratigraphic units

Age Most frequent Thickness
Series  Formation lithol. types m)
= ;}%pggnﬂzys mostly clays up to 250
-
g é coal-seam brown coal 30-50
of =
ol =
gg lower clays sandy-clayey to 100
g and sands layers up to
@
5
5 sandy—clayey
g ‘L cori sediments with
< volcanogenic series pyroclastics, tuffs 20-50
and tuffites
81’ & sandstones and
DT D
L2825 basal complex conglomerates 100
02D

Table /. Geological data on the Neogene North Bohemian Basin [after Havlena 1964]

/. tablazat. Az Eszak-cseh medence neogén képz6dményeinek foldtani adatai [Havlena nyoman,
1964]

Tabmmua 1 Feonornyeckue faHHble CeBEPOUELLCKOr0 HEeOreHoBOro GacceiiHa
[no Maenena, 1964 r.]
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bulk density and porosity; the results of borehole measurements are expressed
in g cm-3 for bulk density and in % for neutron porosity. The probes for
measuring natural radioactivity are calibrated using 226Ra standard of known
activity, and the results of borehole measurement are expressed in rate exposure
units, pA kg-1. Calipers are calibrated using a set of rings of known diameter;
the results of borehole measurements are expressed in mm.

3. Evaluation of logging data and algorithms used

The purpose of logging in coal prospecting is:

a) to delimit the principal lithological types of sediments and to determine the
depth of the basement surface,

b) to delimit the depth interval of the coal seam and to determine the ash
content and heating capacity.

The digitized logs are evaluated by means of the system of SG programs
[Kresian, MareS 1977] using an Exlipse C 300 minicomputer [MareS, K restan
1981]. In the first step (editing program) the measured data usually expressed
in mV are converted into the defined physical units using the calibrating con-
stants (see above). Logging data are then statistically analysed (statistical pro-
grams). Using frequency graphs, frequency plots and Z-plots (see Figs. 1-3) the
characteristic physical parameters (density DEN, neutron porosity NPOR,
natural radioactivity GR and the apparent resistivity RESN) of clays (indices
SH), of clean sands (SD), of the formation matrix (MA) and the limit values
for the coal (C) and crystalline rocks (B) are determined. Regression analysis
takes one of the most suitable mathematical relationships (linear, exponential,
logarithmic, parabolic, hyperbolic) between density DEN and ash content AD
and between density DEN and heating capacity QD, calculating the correlation
coefficients and the corresponding regression constants. An example of statistic-
ally determined rock parameters for the Jifetin coal district in the North
Bohemian Basin is given in Table 2.

In the main program the following parameters are calculated:
clay content VSH®R from the gamma ray log

VSH®R = (GR —GRsd)/(GRsh- GRsd), (1
clay content VSHNfrom the neutron—neutron log
VSHN= NPOR/NPORH 2)
resulting clay content VSH
VSH = MIN (VSHGR VSHN,, 3)

effective porosity EPORDfrom the density log
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SG 122

SELECT : DEN ( 1.0 - 1.7 )
JIRETIN C
HMH H
WBHHH HH
0.60 * 0.00 1.00 &R
FREQU@JCg X DEN ( 1.8 - 2.8 )
I B B
B B

NAME : JIRETIN N

I w
inm w
LWHHNLWM
IHHHHHHHUW
0.20 0.50 0.70 0.90 1.10 1.30 GR
FREQUENCY X SELB CI : DEN ( 1.8 - 2.8 )
6

NAME : JIRETIN B

HWBAHHHHHHHLW HB

FfIHHHHHHHHHHHHHHHIHHHHEHHHHHHHHHHEH. HR

60 0.80 1.00 1.20 1.40 GR

Fig. 1. Frequency graphs of the natural radioactivity GR (pA/kg) for coal (C), Neogene barren
sedimentary rocks (N) and crystalline basement — gneiss (B)

1 abra. A szénrétegek (C), a neogén meddd uledékes kdzetek (N) és a kristalyos gneisz feki
(B) természetes radioaktivitasanak gyakorisagi gorbéi (GR, pA/kg)

Pue. 1. YacToTHble KpuBble eCTECTBEHHOIO ramma-manydenus GR (pA/kg) (ans yrnsa (c),
HEOreHoBbIX HEeNpPOAYKTUBHbIX 0cafiouHbix nopog (N) y KpucTanamyeckoro yHaameHTa —
rHeiica (B)
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NAME : JIR. (COAL) SELECT DEN ( 1.0 - 1.7 )
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Fig. 2. Z-plot for determination of characteristic and limit parameters of coal
(NPORc = 53.5%, NPORclim = 48%, DENC= 128 gcm '3, DENCJ|im= 175gcm-3
corresponds to ash content AD = 70%)

2. abra. A készén jellemzd paramétereinek és hatarparamétereinek meghatarozasara szolgald
Z-plot (NPORc = 53,5%, NPORCjjim = 48%, DENC= 128 gcm '3 DENCIlim= 175gcm'3,
amely megfelel AD = 70% hamutartalomnak)

Puc. 2. inarpamma Z Ans onpefeneHns XapakTepHbIX W NpefenbHbIX NapameTpoB yris
(NPORc = 53,5%, NPORc|im = 48%, DENC= 128gcm '3
DENclim = 1,75 g cm 3C00TBETCTBYET CoAepXXaHuto 30nbl AD = 70%)

EPORd = DPOR - VSH DPORsh, 4)
where DPOR = (DEN —DENMY/(DENF—DEN My,
DPORsh = (DENSHDEN MA/(DENF-D EN MA,
DENf = 1gcm 3(for the pore space filled with fresh water)
effective porosity EPORNfrom the neutron—neutron log
EPORn = NPOR-VSH ¢NPORsh )
resulting effective porosity EPOR

EPOR = (EPORd+ EPORN)/2 (6)
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NAVE : J(NEOGENE) SELECT DEN ( 1.7 - 2.7 )

1.6 1.8 2.0 2.2 2.4 2.6 DEN X

Fig. 3. Z-plot for determination of characteristic values of physical parameters of clays
(DENH= 185gcm '3, GRH= 0.8 pA kg'L, NPORH = 43%) and sands
(DENsd = 224 gcm '3, GRD = 0.4 pA kg'L NPORD = 15%)
3. dabra. Az agyag és homok jellemz8inek és fizikai paramétereinek meghatarozasara szolgalo
Z-plot (DENH= 185gcm '3, GRH= 0,8 pA kg'lL NPORH = 43% illetve
DENsd = 2,24 gcm '3, GRD= 0,4 pA kg'l, NPORD = 15%)

Puc. 3. inarpamma Z ana onpefeneHns XapakTepHbIX 3HaYeHUid (r3nyeckrx napameTpoB /MH
(DENH= 18 gcm“3, GRH= 0,8 pA kg'l, NPORH = 43%) n neckoB
(DENsd = 224 gcm '3, GRD = 0,4 pA kg'l, NPORD= 15%)

The ash content AD and the heating capacity QD of coal are calculated
for DEN = 1.75 g cm" 3using the following relations of the above given param-
eters for the density DEN of coal

AD = Kj DEN +Qj, )
and QD = K2DEN +Q2, (8

where K;an Qj are coefficients from regression analysis of the laboratory data
(see above).

The results of automatic log evaluation can be given by means of
a) a table from the printer, listing the resulting data with arbitrarily chosen

depth step,
b) a table combined with simple graphic presentation of the formation volume

analysis in the barren sedimentary rocks and of the ash content in the coal
seam (see Fig. 4).
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Physical Characteristic for Limit for
Parameter clay sand matrix coal coal cryst. r.

Indices SH SD MA C Clim Blim

DEN (gcm-3) 18 224 250 18 1B 2%
NPOR (%) 3 15 0 535 48 24
GR (PAkg*) 080 040 0.20 012 054 090

K, = 11648 Q =- 123 k2= -0.35 q2= 3098

Table 1. Characteristic and limit values of physical parameters of sedimentary rocks, coal and
crystalline complex (calculation parameters) and regression coefficients for relations (7) and (8)

Il. tablazat. Az lledékes kézetek, a kdszénrétegek és a kristalyos dsszlet jellemz6 értékei és
hatarértékei (szamitasi paraméterek), valamint a (7) és (8) dsszefliggések regresszids egyutthatdi

Tabnmua Il. XapakTepHble W npefe/bHble 3HaYeHNs (O3UYECKUX NapaMeTpoB AN 0Caf0UHbIX
Nopoa, Yrns U KPUCTaNIMYecKoin Tonwm (pacyeTHble napameTpbl) U KO3(h(ULMEHTbI perpeccum
ANs OTHoLeHWiA (7) un (8)

IAVEP\RAL'O_fA- PVsS PROGRAN SG 1431
tes oata <o PUTER CESSING

BOREHOLE : CN 54 ( AREA : 51 ) DATE : s 4.1983
PROFILE DENSITY NPOR GR RESN16 DD VSH EPOR FORMATION VOLUME ANALYSIS ASH CONTENT
<My comp (G/CCM) (7) (PAIKG) (OHMM) (MM) (%) (7) 20 40 60 80 0 40 20

60 1 1 1.94 42.1 0.71 2.0 4. 175 8.9
1 1 1.98 41.6 0.75 1.9 4 88.5 2.8 -001
I 1 1.88 43.3 0.75 2.2 9. 87.3 6.8 00 1
! 1 192 45.7 0.70 2.9 0. 75.0 12.5
IH30HI  1.51 52.3 0.39 15.7 4 | WIHHHHHHHHHHH | o351
IHHHHI  1.27 52.7 0.18 48.5 - L T HHHHHHWIWHHHHHHHHHH 1157
IHHHHI  1.27 52.3 0.16 67.2 -1 I HHHHHHIL W HHHHHHHHHH 1155
IHHHHI  1.29 52.4 0.15 56.9 -1 IHHHHHHHHHHHHHHHHHHH 1178
IHHHHI 1.26 52.4 0.16 55.7 -1 I HHHHHHHWWHHHHHHHHHH 1 146
IHHHHI  1.27 52,0 0.16  44.8 -L IHHHHHHHHHHHHHHHHHHH 1159
70 IHHHHI  1.31 51.6 0.17  38.6 -1 IHHHHHHHHHHHHHHHHHH 10197
IHHHHI  1.31  51.8 0.17  34.6 -1 IHHHHHHHHHHHHHHHHHH 1199
IHHHHI 131 51.8 0.17 32.0 - L I HHHHHHHHHHHHHHHHHH 1203
IHHHHI  1.34 51.1 0.18  28.0 -1 IHHHHHHHHHHHHHHHHH 123.2
IHHHHI1 1.37 51.4 0.17 21.6 -1 IHHHHHHHHHHHHHHHH 1 27,5
THHHHI1 1.38 50.3 0.20 18.6 -1 IHHHHHHHHHHHHHHH 1 28.5
IHHHHI  1.34 50.9 0.18 22.3 - L IHHHHHHHHHHHHHHHHH 1 23,2
IHHHHI  1.38 51.3 0. 1: 17.7 -1 IHHHHHHHHHHHHHHH 1289
IHHHHI  1.30 51.7 0.17  26.2 -1 IHHHHHHHHHHHHHHHHHH 11901
IHHHHI  1.32 51.4 0.19  29.2 - L THHHHHHHHHHHHHHHHHH 1212
80 IHHHHI  1.29 50.6 0.19 34.7 1 IHHHHHHHHHHHHHHHHHHH 11706
IHHHHI  1.33 49.9 0.22 34.7 IHHHHHHHHHHHHHHHHH 1 22,2
IHHHHI  1.37 50.5 0.23 35.2 1 IHHHHHHHHHHHHHHHH 1269
IHHHHI  1.37 50.1 0.24 33.4 1. IHHHHHHHHHHHHHHHH 1272
IH30HI  1.43 49.4 0.26 31.2 1 IHHHHHHHHHHHHHH 1 34,1
IH30HI  1.46 44.4 0.32 79.2 1 IHHHHHHHHHHHHH 1037.1
I.— .1 1.95 39.8 0.56 55.8 5. 41.0 21.9
- 1.99 28.8 0.57 56.8 16. 42.5 14.4
I-..-1 2.25 19.7 0.58 96.9 12. 41.2 2.3 EXPLAN AT 1ON
I__ 1 2.24 17.0 0.45 157.6 31 125 12,1 SAND
DS RSV TP DR A S S SLAYEY sAND
— . . . SANDY CLAY
i 2.24 0.39 141.4 45 0.3 175 cLay
11 2.27 0.38 1442 68 0.1 156
l I 2.28 0.41 136.1 68 6.3 12.6
- 2.34 0.52 127.5 68. 29.8 0.7 COAL - ASH CONTENT
I- I 2.31 6.3 0.54 124.2 64 16.2 4.0 AD 0-29 7 HHHH
l-..-1 2.30 144 0.53 1305 62. 29.9 2.0 AD 30-44 % H30H
I- | 2.32 14.8 0.48 130. 1 54 20.8 5.0 AD 45-54 T H45H
I— 1 2.33 15.7 0.42 121.1 5: 4.0 118 AD 55-74 T HS55H
100 1-..-1 2.32 17.1 0.50 118.3 70. 253 4.7 AD 79-90 7 HTSH

Fig. 4. Listing and schematic graphic representation of logging results from a prospecting
borehole in the North Bohemian Basin

4. &bra. Az Eszak-cseh medencében végzett kutatd firas szelvényezési eredményeinek tablazatos
és vazlatos grafikus abrazolasa

Puc. 4. MNepeyeHb 1 CXeMaTUUECKOe rpaduueckoe M306paxeHUe pe3ynbTaToB U3MepeHuli B
pas3Bef04HOl CKBaXKMHe B CeBepoyelCKOM bacceliHe
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c) logs showing: i) the formation volume analysis in barren sedimentary rocks,
i) the ash content in the coal seam, iii) two original or transformed logging
parameters for better delimitation of the coal seam (Fig. 5).

Fig. 5. Graphic representation of logging results from the prospecting borehole given in Fig. 4
5. dbra. A 4. abran lathatd szelvényezési eredmények részletes grafikus abrazolasa

Puc. 5. pacmyeckoe n3o6pakeHne pe3ynbTaToOB U3MEPEHUS B Pa3BeAOYHON CKBaXKMHE,
yKaszaHHoli Ha Puc. 4.

4. Conclusions

Digitally recorded logs from prospecting boreholes in brown coal basins
are evaluated using the system of SG programs for an Eclipse C 300 minicom-
puter. Such a manner of evaluation has the following advantages:
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1 The time consuming process of manual evaluation can be omitted; the results
of computer log evaluation are available to the mining enterprise or the
geological service of the prospecting organization in a very short time.

2. The subjective human factor and the unreliability of manual calculations are
excluded.

3. The possibility is given for thorough statistical analysis of logging and lab-
oratory data to determine the characteristic and limit values of rock par-
ameters and the corresponding interrelations.

4. Calculation of rock parameters VSH, EPOR and of technological coal
parameters (AD with an absolute error not exceeding +5%, QD with a
relative error not exceeding + 10%).

5. Representation of logging results in a form convenient for geologists. (The
most desired form is that combining listing and simple graphic presentation
(Fig. 4) with a depth step of 0.5 m).

6. Preservation of measured and evaluated data in the external memory of a
computer for the future assessment of coal reserves in the area under con-
sideration or for any other integrated evaluation of logging data together
with the descriptive geological (lithology, intensity of weathering, density of
jointing) and laboratory data (bulk density, matrix density, porosity, mois-
ture content, grain-size distribution, mechanical properties) obtained from
core samples.
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SZAMITOGEPES SZELVENYKIERTEKELES HARMADKORI SZENMEDENCEKBEN

S MARES, J KftESfAN

Az észak-csehorszagi harmadkon szénmedencékben kiilszini fejtéses lignitbanyaszat jelenleg is
folyik. A teriileten intenziv foldtani és furasos kutatas folyik, tovabbi szilard f(itéanyag-készletek
feltarasa céljabol. Valamennyi farasban széles kor( szelvényezést végeznek, tobbek k6zott meghata-
rozva az ellenallas-, gamma-, s(r(iség-, neutron- és lyukatméré szelvényt. A szelvényezési adatok
digitalizalasat kdzvetlenil a terepen végzik, egy Eclipse 300 tipust szamitogép segitségével. A szami-
togépes feldolgozas eredményét az agyag-homokkd fed6kdzetben térfogati elemzés, a szénrétegben
hamutartalom-szelvény formajaban adjak meg.

MALNHHAA OBPABOTKA KAPOTAXA MNP PA3SBEAKE BYPOIO ¥YInd

C. MAPELLL. N KP>XECTAH

B TpeTuuHbIX YrofibHbIX 6acceiiHax ceBepHON Yexum 6ypuii yronb f06bIBaeTCA B OTKPbITHIX
paspaboTkax. B HOBbIX pailoHax 3TOro 6acceiiHa Npou3BoAsATCSA 6ypoBble paboThbl ANA NofcyéTa
3anacoBs TBepAOro Tonnmea. Bo Bcex CKBaXKMHAaX NPOU3BOAUTCA OTHOCUTENBHO LLMPOKWIA KOMMNIEKC
KapoTaXKHbIX MeToaoB (M3mepeHmne conpoTusnenus, MK, MK, HHK, kaBepHomeTpus). KapoTax-
Hble AnarpamMmmbl PerncTpmpyroTcsa B LMGPOBOIA dhopMe NpsMo xa 6ypoBoi, MallMHHas 06paboTka
npoussoamtcs Ha IBM Ttuna Eclipse C 300 cuctemoit nporpamm SG. Pe3ynbTaTbl MalUUHHOM
006paboTKN MpPeACTaBAATCA B BUAE KPbIBbIX OTAENbHbIX COCTaBAANLWMX (FMHA, NecokK, nopu-
CTOCTb) B MYCTbIX TPETUYHbIX OT/IOXKEHWS U B BUAE KPUBOI 30/1bHOCTW Yr/eil B YrO/bHbIX MaacTax.



