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SUMMARY

Qnantifative petroleum source rock detection up until now has
depended upon detailed laboratory analysis. The possibility of using wireQ

line logs to replace or aid part of the laboratory techniques has teen

investigated.

Plots of log conductivity, log sonic interval transit time,

" density, and log neutron pcrosity were all plotted againstldepth. Departures
from 'normal' on these plots indicate”either high total organic carbon (TOC)
Qontentlor overpressuring of the formation.‘ If pressure data.are available
these two possibilities can be distinguished. In either case, the departures

on the plots indicate depths of probable hydrocarbon occurrences.

The log values may also be plotted against one another, but these
cross~-plots, though showing some signs of being useful, have not yet been

fully evaluated. A joint study with the Petroleum Techneology Laboratory is

recommended to do this.



INTRODUCTION

Z"I‘h;"e possibility of using wire-line logs to distinguish petroleun
sourceirocks from 'barren' rocks is the ultimate goal of this investigation.

Details of present uses of wire=line iogs in source rock potential studies

are also given,

THEORETICAL CONSIDERATIONS

Origin of petroleum

Hood & others (1975) consider that the origin of petroleum can
be described generally by‘four successive stages:

(1) the formation of organic-~rich, fine-grained sediments
through the photosynfhesis, depdsition, and preservation of abundant
organic matter;

(2) the thermal degradation of that organic matter during
burial, forming petroleum molecules;

(3) the expulsion of oil and gas from its fine-grained source
‘rock, and its migration through and entrapment in porous, permeable,

reservoir rock; and

(4) the physical, thermal, and/or biological alteration of

petroleum in reservoir rock.

Present methods of recognising source rocks

McKirdy and Horvath (1976) list four criteria for distinguishing
a source rock from a 'barren! rock, The first two are:

(1) the rock must contain sufficient organic matter to have
generated a significant amount of oil. They state that total organic
carbon (TOC) in shales needs to be at least 0.5% to have generated
commercially significant quantities of petroleum. The other laboratory
derived parameters of extractable organic matter (EOM) and composition of

EOM are not pursued in this article;



2.
(2) the rock must have been subjected to temperatures and

pressures high enough to convert the organic matter to oil.

Overpressured formations

The control of overpressured formations (formations with
abnormally high fluid ﬁressure) has been of major importance in the
design of drilling programmes for petroleum wells. The presence and
intensity of such zones affect both the design and choice 6f mud system,
Methods of predicting overpressured (geopressured) formations are out-

lined by Jorden and Shirley (1966) and by Eaton (1976).

A theory advanced to explain abnormally high fluid pressures is
put forward by Powers (1967). He states that these pressures (overpressures)
may easily be caused by a volume increase associated with the desorption of
the last few monomol-.calar layers of water from montmorillonite during its
diagenesis to illite. Thus a mecﬁanism vhereby generated hydrocarbons may

be moved out of the 'source' rock into adjacent reservoirs is documented.

Burst (1969) also studied the diagenesis of clay and its possible
relation to petroleum migration. He outlined three dehydration stages:

(1) Pore water and excessive (more than two) clay-water
interlayers are removed by the action of overburden pressure. This initial
dehydration (the first few thousand feet of burial) reduces the water
content of the sediment to about 30 pereent;

(2) The second stage of dehydration is achieved when the pen-
ultimate water layer ié removed (at about 220°F). The amount of water
moved is 10-15 percent of the compacted bulk volume and represents a
significant fluid displacement capable of fedistributing any oil or gas
formed

(3) The third stage occurs at very deep deptﬁs at which there is
little or no permeability and requires a long time (tens to hundreds of

millions of years).
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Burst's study (1969) showed that the second dehydration stage
may occur within the depth range of 4000 - 16000 ft. He notes that a
significant correlation exists between this dehydration level and the

occurrence of petrecleum in the Gulf Coast area of America,
WIRE-LINE LOGS

Wire-line logs were initiélly designed and used by
petrophysicists to evaluate reservoir rock properties with little
emphasis or. shale sections. The safety aspects and economic gains of
early detection of overpressured zones was the'turning point in shale

evaluations.

The present ability to differentiate ‘reservoir! lithologies
by cross-plotting techniques (Burke & others, 1969) may possibly be
extended to fine-grained sized rock (or source rock). Brief descriptions
of presently used log interpretation techniques in the source rock area

are given below.

Temperature log

Maximum bottom hole temperatures (BHT) are normally recorded on
all well logging operations. However the downhole temperatures recorded
during routine logging operations do not measure true, static formation
temperature, Owing to the cooling effect of circulating drilling mud, used
to condition the hole before logging operations, recorded temperatures can
be 25—70°F lower than trﬁe, static formation temperatures (Fertl & Wichmann,
1977). Edwardson & others (1962) mathematically treated the temperature
correction (true static formation temperature) analogously to pressure-

build up methods and presented their solution in a series of graphs.
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Thus, if present day static formation temperatures are accepted
as indicative of minimum palaeotemperatures operztive in post=organic time,
the chart in Bostick (1973, fig. 5) can be used to determine the level of

organic maturity in relation to burial time.

Electric log

Induction logging devices were designed to measure deep
investigation formation resistivity and are focussed devices in order to
minimize borehole effects, In normal pressured shales, with the induction-
log plot, there is a decrease of conductivity with depth. Matthews & Kelly
(1967) found that a linear correlation exists when depth is plotted against
the logarithm of shale conductivity. The standard log presentation of
conductivity is a linear scale from zero on the right to 500 millimhos/m
on the left. Schlumberger (1972) arbitrarily scale conductivity as 1000
divided by resistivity value in ohms-mz/m. Shale~-reading points that fall
to the left of the normai line are zones of subnormal pressure and points

to the right of the normal line are zones of abnormally high pressure.

Sonic log

The sonic log is a recording, against depth, of the time
required for a compressional sound wave to traverse one vertical foot of
formation. In normal-pressure shales, the sonic log shows a decrease in
interval transit time with depth. This is similar to the conductivity-—
depth plot. Since interval transit time is a function of porosity, this
decrease shows that shale porosity decreases with depth (Matthews &
Kelly, 1967).

Other porosity logs

The density log ié a continuous record of variations in the
density of the lithologic column cut by the borehole. The term 'bulk

density' is applied to the overall or gross density of a unit volume of

rocke.
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The neutron log is often a staandard counterpart of the gamma
ray log. This combination provides information as to the lithology énd
the porosity of the formations. Neutron légs respond to the fundamental
formation property of hydrogen richness (Dresser Atlas, 1974). If all
of the formation's hydrogen is contained in the form of liquid, and if

these liquids completely occupy the total pore volume, hydrogen concentration

is an index of porosity.

Thus intuitively, plots of shale density and shale neutron
porosity against depth should decrease with depth. Abnormal high
departures from a normal gradient should also indicate abnormal high

pressured zones.
EXPERIMENTAL TREATMENT OF LOG DATA

Three wells which had readily obtainable TCC values and logs
were chosen - Palm Valley No. 1, East Mereenie No. 1 and Ashmore Reef No. 1.
Where available, conductivity, sonic travel time, density, and neutron
porosity were plotted against depth. Then cross-plots of log sonic travel
time against log conductivity, density against conductivity, log shale
travel time against gamma ray, and neutron against density were attempted.
The TOC values used (Kurylowicz & others 1976) are shown in Table 1.

Tables 2-4 1list the shale log values of the three wells.

The theoretical importance of overpressured zones as jindicative
of areas where hydrocarbons (if generated) may lave migrated from,
prompted the application of plots versus depth and cross—plots to
Pelican No. 1. In addition, stratigraphic application was attempted in

Rob Roy No. 1 and Sahul Shoals No. 1 (see Tables 5-7 for input datz).

To facilitate the testing of any correlations between source
rock 'quality' as determined by laboratory total organic carbon (TOC)

measurements and log measurements a computer plot program (SRPL) was



written (Appendix 1).
CONGLUSIONS AND RECOMMENDATIONS

Relatively high values of total érganic ca?bon'(TOC)vaie
expressed hy depértures to the right for plots of logarithm of |
conductivity and logarithm of shale sonic travel time against depth
(Figs 1 and 2) for Palm Valley No. 1, East Mereenie No. 1 (Figs 3 and 4),
whereas only the logarithm conductivity against depth plot in Ashmore
Reef No. 1 showed a deflection corresponding to high values of TOC (Fig. 5).
The 1ogarithmié departure is similar to that caused by overpressuring. Thus
with the aid of reservoir pressure data, "apparent overpreésuring" is
correlated with high TOC values. The detection of real overpressured
zones as indicative of areas of petroleum migration is also a’positive‘

criteria in source rock evaluation.,

Cross-plots of logarithm of shale sonic travel time against gamma
ray for Palm Valley No, 1 (Fig. 6) for East Mereenie No. 1 (Fig. 7) and
for Ashmore R.ef No. 1 (Fig. 8) showed some tendency for high TOC values
to plot in the lower left quadrant. However cross-plots of logarithm.of
shale sonic travel time against logarithm‘of conductivity (Figs 9-11) were
not as definitive. TUnfortunately no neutron-density cross-plot data and

equivalent TOC values were available for correlation.

Log values from Pelican No. 1 were cross-plotted (Figs 12-15)
in order to examine the correlation with known overpressured zones (as
measured by formation interval tester). All logs against depth showed a

good correlation with the top of an overpressure zone at zbout 2700 m.

Stratigraphic application, in the identification of erosional
unconformities and in some cases in estimating amounts of erosion, is

shown for Rob Roy No, 1 and Sahul Shoals No, 1 (Figs 16-19).

It is recommended that a further study on source rock detection
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fy wire-line logs should be condﬁcted jointly with the Petroleum
Technology Laboratory. Wells with full suites of logs and ample cores
gshould be studied to enable statistical treatment of the correlations.
The project should determine if quantitative source rock data can be

obtained from logs or if a semi-quantitative source rock quality scale

can be established. A study period of at least six months would probably

be needed.,
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'Tab1e21, Total organic carbon values for Palm Valley No. 1, East

 Mereenie No. 1 and Ashmore Reef No..1.

Well Name : ~ Depth - T0C
ﬁ‘BRm ? ft BRT ~ (weight % of
. . - total rock)
Paln Valley No. 1 1407.3 4617 | 0.26
15075 .4945 ‘ 0.31
1673.5 5490 0.29
1716.9 5633 0.67
1746.8 5731 0.47
1880,0° 6168 0.36
1972.7 6472 0.29
East Mereenie No. 1 820.8 2693 | 0.25
958,35 - 3144 0.21
1054.0 3458 1,63
- 1056.4 3466 1.81
1058.0 3471 0.71
1160.4 3807 0.28
Ashmore Reef No. 1 1989,7 6528 | 0.03
2065.3 6776 0,18
2211,3 7255 0.14
22217 7289 0,008
2443.9 ' 8018 0.49

(Analysis carried out by Z. Horvath, BMR Petroleum Technology Laboratory).
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TABLE 2. PALM VALLEY NO. 1 SHALE 10G VALUES

GAMMA RaAY

95,
120.
85,
75.
95,
90.
7a.
99.
120.
55,
110.
69 .
20,
120.

PALM VALLEY -1

_RESISTIVITY COMDUCTIVITY
(API UNITS)  (OHM-METRE) (MILLIMHOS/M)

1.
33.
3@,
28.
11.
25.
14,
50.
62.
45,

2c

P he
100,
11.

C

P

DRXINOUOWOEOMmWWN

60 .
30.
33.
35.
as5.
40,
70.
20.
15.
22 .
28.
19.
85.
180.

DENSITY
(GM-CC) |

@0
.00
.90
.00
00O
.09
.90
.00
.00
.00
N2
T.00
o
.09

SONIC TRAVEL

TIME

(MUSEC/CM) (MUSEC/FT)
2.36 ¢ 72.)
2.36 ¢ 72.)
2.62 ( 80.)
2.30 ¢ 9.3
2.23 ( 63.)
2.30 ¢ 20.)
1.80 ( 55.7
1.64 ( 50.)
2.36 ¢ 72.)
2.03 ( 82.)
2.17 ¢ 66.)
2.13 ¢ 65.)
2.02 ¢ 62.)
1.87 ( 57.)

0002

17-02-78

MEUTRON

POROSITY

INDEX

308

200

S0
850

1160
1219

1004

19509

21005)

000
- BS0.

555

Qoo
000
1000 .

OO

a5
. Q00
850 .
1200.

%1316)
Z180%)

Nl
1100.
259

(51010
52010)

.00

P




TABLE 3, EAST MEREENIE NO. 1 SHALE LOG VALUES

EAST MEREENIE NO.1 . : 0002 . 14-02-/8

SAMPLE DEPTH . GAMMA RAY . RESISTIVITY CONDUCTIVITY ~ DENSITY SONIC TRAVEL . NEUTRON

MUMBER (MBRT) (FT.BRT) (API UNITS) (OHM-METRE3} (MILLIMHOS/M) . (GM-CC) =~ TIME o POROSITY
, ' (MUSEC/CM) (MUSEC/FT) INDEX
1 332.2( 1090.) 29, 4.5 220 . v .89 3.28 (108.) 0RO
2 472.4( 1550.) 33. 11.8 85. .00 2.49 ¢ 73.) . 00D
3 548.6( 1800.) 35. iz2.5 20, .00 2.62 ( 80.) . 000
4 G03.6( 2000.) 41. 14.3 70. .90 2.36 ( 72.) . 00O
5 670.6( 220@.) 45. . 20.9 0. .00 2.62 ( 80.1 o)
5] 821.4( 2695.3 4. 8.3 120. .20 2.00 t 61.) .00
7 851.3( 2795.) 53. 55.6 18. .00 2.79 ¢ 85.) . 0D
g 958,30 31d44.) 46. 190.9 100. .60 2.2 ( 67.) 00D
9 1954 .9( 3458.) 31. 16.0 192. .00 2.19 ( 64 . 000
10 1056.4( 3466.) 20, 5.9 170. .00 2.13 ( B65.) .00
11 1058.0( 3471 .5 41. 5.8 180. .00 .56 ¢ 78.) .00
12 116@.4¢( 3807 .) 43. 13.3 5. .00 .09 ( 61.) . BoO
12 1220.7( 4005.) 53. 12.5 20. .09 1.92 ( 60.) .00
14 1415.8( 4645.) 8. 1.2 1806 . .6 1.727 (54 .00



TABLE 4, ASHMORE REEF NO, 1 SHALE 10OG VALUES

ASHMORE REEF NO.1 2021 17-02-78

SAMPLE DEPTH GAMMA RAY  RESISTIVITY CONDUCTIVITY DENSITY SONIC TRAVEL NEUTRON

NUMBER (MBRT) (FT.BRT) (AP UNITS) (OHM-METRE) :MILLIMHOS/M) (GM/CC) TIME POROSITY
(MUSEC/CM) (MUSEC/FT) INDEX
1 232.2¢ 10907 es. 2.6 390. .00 2.76 ( 84.) . 000
2 917.4( 32010.) co. 2.3 430. 2.48 3.08 { 949 .00
3 1es5.8( 3500.) 23. v 1500. 2.46 3.28 (100 ) . 023
4 1118.6¢ 3670.) 49. .9 1100. 2.33 3.61 (110 .) . 000
5 1236.0( 4055.) 10. 1.2 260 . 2.20 2.95 (90, .DRY
6 1537.7( 5245.) 15. 1.2 840. 2.34 Z2.56 ¢ 783 .00
7 1691.60 5550.) 15. 1.1 959. 2.38 2.66 ¢ 81.) . 0oR
3 1830.3( G605, ) 14. 2.2 450, 2.45 2.3 (70,9 . 008
9 1931 .2 £5@3.) 19, 5.6 159, 2.59 1.97 ¢ 80.) . 000
19 2017 .80 56209.) 30. 2.0 502 . 2.40 .66 ( 81.) .00
11 2154 .9¢ 7079.) 20, 3.8 26e. 2.56 2.30 t2a.) . 0o0
12 2209.8( 7250.) 45, 4.8 c109. .62 2.43 ¢ 74 ) .00
13 2279 .8( 7456.) 13. .0 e . 2.56 Z.20 ( 67.7 N5
14 2433.4( H000.) 50. 6.2 160, 2.54 2.4Q €« 73.) N%900]
15 2447 .50 2039.) 30. 3.7 270. 2.52 Z.62 ( 80.) .00
i6 . 2942 8l 8655.) 30. 5.6 189. 2.54 2.33 € 71.) 120
17 2959.0( 9708.) S 12.5 80. e.ez 2.329 C 78.) .220
18 2980 .9( 3720.) 4z . 1.0 100, 2.65 z.20 ¢ 67.) .E20
19 2988 . 6( 9805.) 45. 1.9 100. 2.85 2.13 ¢ 65.) 170
20 2023.90 9918.) 35. 4.5 2. 2.62 Z.46 € 75.) .c4e
21 2054 . 1(10028.) 39. 5.6 18@. .82 2.25 € 683.) .24
ez 3062 .3(10070.) 35. 8.3 1z20. 2.63 e.26 ¢ 63.) .60
23 3142 .6(16330.) 35. 8.3 120. 2.59 2.33 L 71 .20
24 3166.3(10292. ) 35. 10.0 100, Z2.65 2.26 ( 69.) 160
25 3212 . e(10540.) 20, 1i9.0 100. 2.67 2.3 C70.) 190
26 3226.3(10585.) 30. 7.1 140, 2.55 2.17 ( 66.) .130
27 3237 .0(10629 ) 45, 6.7 150. 2.63 2.43 € 74.) 229
28 3282 .2(107288. ) 39. 3.6 230 2.59 2.13 ¢ B5.) 140
29 3304 .0(108409.) 20. 6.2 160. 2.60 2.13 t 85.) J12e
30 3324 .8(105908.) 35. 10.0 109. 2.68 2.26 ( 63.) 200
31 3334 .5(10940.) 4. 1z2.5 0. 2.63 Z2.43 ¢ 74.) .e49
32 3061.9(110632.) . 35. 1z.5 0. 2.75 2.23 ¢ E8.) 120
33 3418 .9(11220.) 25. 3.2 316. 2.52 2.97 ¢ 63.) . 109
34 3432.0(11260.) 20. 16.7 50. 2.70 2.0 t61.) 220
25 3456.4(11340.) 3@, 9.1 11@. 2.65 2.93 t62.) 190
s 3475.3(11402 . ) 45. 1.9 109. e.82 2.97 € 63.) 170
37 3505.2(11500 . ) 105. 8.3 1z0. 2.70 1.1 £ 52.) .250
33 3613.4(11855.) 105, 50.0 20. 2.65 1.97 ¢ 60.) .26
39 3628 .6(11905. ) i5. 16.0 190. 2.58 1.99 (B8 060
49 3648.5(11879 .) 45, 100.0 16. .82 1.77 ( 54.) 100
41 3666.7(12030. ) 45, 25.9 40. z2.71 1.97 ( £€9.) .10



PABLE 5. PELICAN NO. 1 SHALE 10G VALUES

PELICAN NO.1 0001 17-02-/8
SAMPLE DEPTH GAMMA RAY  RESISTIVITY CONDUCTIVITY DENSITY SONIC TRAVEL NEUTRON
NUMBER (MBRT) (FT.BRT) (API UNITS) (OHM~METRE) (MILLIMHOS/M) (GM/CC) TIME POROSITY
: (MUSEC/CiM) (MUSEC/FT) INDEX
1 1676.4( 5500.) - 47, 1.9 100@. 2.14 4.23 (129.) . 000
2 1752 .6( 5750.) 59. 1.4 700, 2.16 2.72 (115.) . 0RO
3 1777 .00 5830.) 40, .6 1600 . c.27 3.54 (108.) .00
4 1847 .1( 6060.) 75, 2.3 449 . c.43 3.18 92 . 000
5 1931.2¢ 6336.) 70, 2.8 360. 2.15 2.83 ( 82.) . Qo0
3] 1 2018.4( 6622.) e, 1.8 69 . 2.47 z.92 ( 83.) N%.5%
7 2132.60 7009.) /5. 2.5 400. .49 2.73 ( 85.) .00
8 2284 . 2( 7494 ) Q. 4.2 249 2.50 2.72 ( 33.) 740.000
9 2343.9( 7692.) 60@. 5.0 200. z.59 2.68 ( 81.) 780.000
19 2453.0( 3048.) 0. 8.3 120, 2.53 zZ.62 ( 80.) 7Z0.000
11 2578.6( 3450.) B5. 10.9 100. 2.55 .56 ( 78.) 730.000
12 2712.70 38900 .) 5. 5.6 180. z2.50 2.56 ( 78.) 750.000
13 2834 .6( 9300.) 90. 5.7 175. 2.569 2.539 ( 79.) 900.000
14 2883.4( 9460 .) 78, 6.7 150. 2.62 2.43 ( 76.) B840 000
15 2987 .00 9200.) g0, 2.0 125. c.63 2.43 ( 76.3 960,000
16 3048. 0010000 . ) /5. 2.0 125. 2.58 2.49 { 76.) 1000 000
i7 30/8.5(10100.) 50, 190.9 100. 2.60 2.62 [ 80.) 12v0.000
12 3153.8(103389.) 65, 6.7 15@. Z.50 c.45 ¢ 75.) 10190.000



" TABLE 6. ROB ROY NO. 1 SHALE LOG VALUES .

ROR ROY NO.1 P ‘ ‘ geo1 - 17-02-78
SAMPLE -~ DEPTH - GAMMA RAY  RESISTIVITY CONDUCTIVITY  DENSITY SONIC TRAVEL NEUTRON
NUMBER  (MBRT)(FT.BRT) (API UNITS) (OHM-METRE) (MILLIMHOSAM) * (GM/CC) - TIME - POROSITY
o ’ : - (MUSEC/CHM) (MUSEC/FTY  ° INDEX
1 467 .3( 1533 .5 8. B 125@. .60 4.59 (1403 NG5
e 641.3( 2164 .) 50. 1.2 1003 . .00 3.90 (119.9 .0oY
3 781.2( 2563.) 50. 1.8 1096 . .00 3.84 1179 . 0R
-4 232.1( 2730.) 45, .7 1429, .00 5.25 (160.) .00
S B53.4( 28097) 4. 7 1423. : .08 5.12 (156.) .00
5} 914 .40 3000.) 45, N 1667, . .00 4.8¢ (147 .5 NG9lG]
7 1065.8( J560.) 50, .7 1423. .0 4.27 . (138.3 . 0RO
B, 1215 .8( 4@02.) 55. .6 1667. S . B8 - 4.53 (138.) N5
9 1325.9( 435@.) 4.7, .2 5006 . ' 2.21 3.94 (120.) %506
10 14560.8( 4760 .3 =10 ; 172 833. . 2.00 4.13 (126.) . 022
11 1542 .3C 5062 .) 75. 1.3 769, 2.0r 4.13 - L126.) N5
12 1575.8( 517@.2 75. 2.1 476. 2.47 3.1 G- o)
13 1639.7( 5350.) 108, 2.8 357, 2.52 2.95 ¢ 96.) 0750
14 1676.4( 5500.) 5E. 3.0 333. .50 z2.46 {750 . BB
15 1746 50 573@.7 1e5. 4.0 220, Z.65 2.62 r88.) .0ea
16 “1B16.6( 55950.) 1e5. 3.2 312, 2.61 2.75 ( 85.) R5.50E]
17 1889.8( £200.) 106, 2.8 357, Z.6e 2.79 ¢ 85.) .QRe
18 2211.7( 6Eoa.) 130, 4.0 259, c.67 z.e2 ¢ 80.) .03
19 2103.1( 5300 .) 85. 18.0 120, Z2.65 2.23 ( B8.) . GR0
2e 2203.7( 7238.) 110, 9.a 111. 2.72 2.33 71 . @R
2t 22tz 50 735 ) 145, 28.@ 36 . 2.65 2.13 tB65.) ool



TABLE 7, SAHUL SHOALS SHALE LOG VALUES

s}

SAHUL SHOALS—~1 - SHALE PROPERTIES : ‘ 15,6 /5] 17-02-78
1. SAMPLE . DEPTH . ' GAMMA RAY  RESISTIVITY CONDUCTIVITY DENSITY - SONIC TRAVEL -~ . NEUTRON -
: - NUMBER  (MBRT)C(FT.ERT) (API UNITS) (OMM-METRE) (MILLIMHOS/M) . (GM-/CC) - TIME . : POROSITY

; ‘ ' : (MUSEC-/CM) (MUSEC/FT) INDEX
1 993.6( 3268.) 20. 1.1 900. 2.09 3.12 (.95.2 450
2 1859.2¢ 3475.) 20. . 1.4 720. 2.26 2.76 ( 84.) . 300

3 1534 .7¢ 5035.) 4Q. 1.0 1000 . 2.49 3.90 (118 .9 . 430

4 1635.3(.5365.) - 26. 1.3 - 760, 2.43 3.44 (105.) . 360

5 1778 .50 5835.) 50. 1.2 320 2.35 3.64 (111 ) 458

6 1966 .90 6450.) 115. 2.9 500. 2.45 2.99 ¢ 310 . 300

7 20038 .6C 6599.) 115. 2.1 420. 2.48 .85 1 87.) .219

8 2136.6C 7018.) 100. 2.6 3290. 2.50 2.85 ( 87.) . 249

g 2248 .3( 7350.) 75. 6.7 150. 2.54 2.43 ( 76.) .13@

10 2340 .9( 7688 .) C 115, 4.2 249. 2.52 P 2.69 ¢ 82.) .180
11 2377 .41 7800.) 115. 3.2 300. 2.36 2.65 S0 BLY . 218
12 2606 .00 3550.) 85. 4.9 250. 2.54 2.82 ( 80.) L1909
13 2/1z2. 70 8900 .) 85, 3.8 260 . 2.58 2.62 ( 80.) .15e
14 2815 .70 3238.) 36. 4.0 256 . 2.53 3.22 {980 .199
15 2902 .3( 8522.) - 38. 3.6 230, 2.15 3.67 C11E .19e
16 2912 .40 9555.) 39. = 200 . zZ.44 -3.77 (115 ) L1909
17 3035.8( 9969.) 90. : 5.6 1280, 2.683 2.43 ( 76.) .15@
18 3134 9018285 ) 40. 14.3 79. 2.39 £2.53 £ 77.7 279
19 3328w .2(110520.) 70. 12.3 5. 2.68 2.39 ¢ 7a.3 250
e 2465 .6011370.) 7@, 9.1 119. 2.67 zZ.26 ¢ 89.3 . 250
21 3572 .3011729.) 7o, 12.5 ge. 2.72 Z2.39 ( 79.) 219
a2 3627 .1011900.) 79, 14.3 7a. 2.72 .30 ¢ 7@ . 200
23 3639 .3011848.) 7. 9.1 112, 2.789 c.6e9 ( 82.2 .1%0
24 3700 .3012148.) 9. 5.@ 200 . 2.79 3.12 { 95.) L1780
25 3739 .9(12276.) 7Q. 4.0 250. 2.79 2.95 ¢ 90.) L1509
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CROND A WNE

J1

39

FTN4.B

OO0 00O000O000000

101

1e2

193
104

196

1o/

PROGRAM SRPL
SOURCE ROCK POTENTIAL LOG PROGRAM.
PREPARED BY L. E_KURYLONICZ—~DEC.1J7
LIST OF PARAMETERS -
CD - CONDUCTIVITY (MILLIMHOS/METRE) U
DENA - DENSITY (GM/CC)
DPH.~ DEPTH (FT BELOW RT)
DPHM - DEPTH (METRES BELOW RT)
GR - GAMMA RAY READING (BP1 UNITS)
ICDL — CONDUCTIVITY READINGS SWITCH (1=YES;@=NO)
IPL = PLOT SWITCH (1=YES;@=NO)
MDPH — METRIC DEPTH SWITCH (1=YES:@=NO) |
MTAC ~ METRIC SONIC READINGS SWITCH (1=YES;®=NO)
NAMEF — SOURCE ROCK DATA FILE NAWE
NLTYPE ~ MEUTROM LOG TYFE(@-NONE; 1-AP1 UNITS;2-SNP OR CNL)
NPLOT— NUMBER OF PLOTS(1:Y S, DEPTH; 2:X-PLOTS)
RD - DEEP RESISTIVITY READINGS (OHM—-METRE)
TAC — SONIC TRAVEL TIME (MICROSECONDS/FOQT)
TACH — SONIC TRAVEL TIME (MICROSECONDS/CENTIMETRE)
INTEGER TITLE |
DIMENSION ILUNCS), IDCB(144),NAMEF(3), IBUFF(40),CD(50),
A DENA(S0), DPH(E@) , DPHM(52) , IXDPH(10), IYCONC16) , IYSOM(18) ,
B IYDEN(11), ITITLE(4®),RD(50), TAC(50), TACM(S0) , TITLE(26),
C ISIGN1(B), ISIGNZ(?),GR(S0), IXGR(11), PORNL (5@) , IYPORN(10)
D IYNAPI(14) -
DATA IBUFF ~d@%2H ~/,TITLE ~26%2H . ITITLE ~doxeH
CALL RMPARC ILUND
LX=TLUN
WRITE(LX, 181)
FORMAT ("ENTER SCOURCE ROCK DATA FILE NAME")
READ(LX, 102) NAWEF
FORMAT (362)
CALL OFEN(IDCE, IERR, NAMEF)
IF(IERR.GE.®) GO TO 105
WRITE(LX, 104) IERR
FORMAT (" IERR= ", 4)
GO TO 51
CALL BLANK( IBUFF)
CALL READF (IDCB. IERR, IBUFF, 40, LEN)
IFCIERR.LT.@) GO TO 103
CALL CODE
READ(IBUFF, 108) (TITLE(J), J=1, 20)
FORMAT (2082)
CALL BLANK( IBUFF)
CALL READF (1DCE, IERR. IBUFF,4@, LEN)
IFCIERR.LT.®) GO TO 103
CALL CODE
READ(1BUFF, 107) (TITLE(J), J=21, 26)
FORMAT (682 )
CALL BLANK( IBUFF) .
CALL READF (1DCE, IERR, IBUFF, 40, LEN)
IFC(IERR:LT.®) GO TO 103
CALL CODE

L1,



55
56
57
58
59
69
61
62
63
64
65
66
&7
68
69
70
71
72
73
74
)
76
77
78
79
30
81
B2
83
84
85
36
87
88
89
99
a1
92
94
a5
85
97
93
93
100
101
102
103
104
165
los
107
103
109

198

300

51

301

22

203

302

557

490

READCIBUFF, X)NSP, 1CDL., IPL, MDPH, MTAC, NLTYPE , NPLOT
DO 300 I=1,NSP

CALL BLAMKCIBUFF)
CALL. READF (IDCB, IERR, IBUFF,40,LEN)
IFCIERR.LT.@) GO TO 103
IFCICDL .EQ.2) GO TO 108
CaLL CODE
READCIBUFF, %) DPH(I),GRCIY,CD(I), DENACIY, TACCI Y, PORNLLC D)
GO TO 300
CALL CODE
READCIBUFF, %) DPHC(I),GR(I),RD(I),DENACIY, TACCI),PORNLL )
CONT INUE
CALL BLAMK(IBUFF)
CALL READF(IDCE. 1ERR, IBUFF, 40, LEN)
IFCIERR.LT.@) GO TO 193
CALL CODE
READCIBUFF, X)) 1END .
CALL CLOSE(IDCE. IERR)
IFCIEND.ME.-1) STOP 1
THE FOLLCWING CONVERTS OIL FIELD UMITS TO METRIC & VICE-VERSA
DO 301 I=1,NSP
IF(MDPH.EG. 13 DPHMCI)=DPH{I)
IF(MDPH.EQ. 1) DPH(IJ=DPH{1)/0. 3048
IF(MDPH.EQ.©) DPHM(I)=DPH(I1)%0. 3048
IFMTAC EG. 1) TAC(D=TAC(I X320 .48
TACMCI)=TAC(1)/30 .48
IFCICDL .EQ.O) CD(1)=1000.0-RD(I1)
IFCICDL .EQ. 1) RM(I)=1000.0/CD(1) )
COMTINUE B
WRITE(E.201)(TITLECJ), J=1,26)
FORMAT (1H1. 27, 50X, "CONFIDENTIAL", /7, 50X, 12("="), /,
A 40X, 20R2, 22X, 2R2, 5K, 442, 27)
WRITE(S, 202}

FORMAT (SX, "SAMPLE" , 4X, "DEPTH" , 16X, " GAMMA RAY" , 3%,

1 "RESISTIVITY".,1X,
A MCONDUCTIVITY™, 4X, "DENSITY" , 4%, "SONIC TRAVEL", 10, "NEUTRON" , ~,
B 5X., "NUMBER",3X, " (MBRT Y (FT.BRT)", 1X. " (APl UNITS)".2X,
C "(OHM-METRE)", 1K,
D " (MILLIMHOS/M)", 3%, " (GM/CCI", SX, "TIME" , 17X, "PORCSITY" , /, 30X,
E" (MUSEC/CH3 (MUSEC/FT)I", 3%, " INDEX")

DO 3@z I=1.NSP

WRITE(E, 203) T, DPHMCI ), DPHCI )Y, GRCIY, RDCI Y, CDCI), DENACT)Y , TACMC L),
A TAC(II,PORNLCI) '

FORMAT(8X, I2,6X,FE.1,"(",F6.9,")",4%,F4.0,6X,F6.1,7%X.F5.0, 10X,
A Fd.2,7X,F4 2,78, (" ,F4,@," )", 1X,FR . 3

COMT INUE

PLOTTING OF DATA FOLLOWS

IFCIPL.EQ.@) GO TO 111

[F(NPLOT .EG.2) GO TO 555

CALL PLOTS(51.8.10.0.0,-1.0,-1.0)

CALL PLOT(?.5,1.9,-3)

CALL CODE

WRITECISIGNL, 402)

FORMAT (" SOURCE ROCK™)

CALL SYMB(2.0.1.0,0.86, ISIGNL.99.0,11)

2, 2.




110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
124
135
136
137
138
139
140
141
142
143
144
145
146
147
148
143
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

333

401

492

303

463

424

304

405

CALL CODE

WRITE (ISIGNZ,399)

FORMAT ("POTENTIAL LOG")

CALL SYMB(3.6,1.0,0.5, ISIGNZ2,90.0,13)

CALL PLOT(17.1,0.0,-3) |
CALL SCALE(DPHM(1),7.0,NSP, =1, DPHM(NSP+1) , DPHMCNSP+2))
CALL CODE .

WRITE( IXDPH, 401)

FORMAT ("DEPTH (METRES)")

CALL AXIS(2.0,0.9, IXDPH,14,7.9, 1800, DPHM(NSP+1) , DPHM(NSP+2))
CALL CODE

WRITEC IYCOM, 402)

FORMAT (" LOG CONDUCTIVITY (MILLIMHOS/M)")
CALL AXIS(0.0,0.0, 1YCON,~31,8.9,96.0,0.0,0.5)
DO 303 1=1,MSP

= (DPHM (NSP+1 9 ~DPHMC 1) )/ ( DPHI (NSP+2) )
Y=ALOG(CD(1))/2 . 3025851

Y=(Y)0.5

IF(Y.LT.9.09) STOP11

ANUMB=FLOAT (1)

FLOT OF LOG CONDUCTIVITY VERSUS DEPTH

CALL NUMBCX.Y,@.97, ANUME, 306.9,0,0.07,1)
COMTINUE

CALL CODE

WRITECITITLE,403) (TIT S(.J),J=1,26)

FORMAT (2082, 10X, 202, 20, 4A2)

CALL SYMB(-12.0,1.9,0.1, ITITLE.90.0,64)

CALL SYMB(~7.0,1.0,0.1,ITITLE,92.0,64)

CALL PLOT(Z.5.0.0,-3)

CALL CODE

WRITE(IYSON, 424 )

FORMAT("LOG SHALE TRAVEL TIME (MUSEC/CHM)™)
CALL AXIS(0.9,9.9, IXDPH, 14,7.0,180 .9, DPHMINSP+1) , DPHM(NSP+2))
CALL AXIS(0.0.0.0, 1YSON,-32,8.0,90.0,0.1,0.1)
DO 304 I=1,NSP

%= DPHM (NSP+1)~DPHM( 1) )./ ¢ DPHM(NSF+2) )
Y=ALOG(TACH( 1)) /2. 3025851

Y=(v-0.1)/0.1

IF(Y.LT.0.0) STOP12

ANUMB=FLOAT (1)

PLOT OF LOG SONIC TRAVEL TIME VERSUS DEPTH
CALL NUMB(X,Y,®.07,ANUME.99.2,0,9.07,1)
CONTINUE

CALL SYMB(-7.9,1.0,0.1,ITITLE,90.0,64)

CALL PLOT(&.5,0.0,~3)

CALL CODE

WRITE(IYDEN, 4@5)

FORMAT("SHALE DENSITY (GM/CCI™)

CALL AXIS(0.0.0.@, IXDPH, 14,7 0,130 .0, DPHMINSF+1) , DPHM(NSP+2) )
CALL AXIS(9.0.0.6, IYDEN,-21,2 0,90.9,2.8,~9.1)
DO 305 I=1,NSP

IF(DEMACI).LE.1.9) GO TO 305
X=C(DPHM(NSP+1 ) =DPHM( 1) )/ (DPHMINSP+2) )
Y=(2.8-DENACI) )/0. 1

IF(Y.LT.0.0) STOP13




165
166
167
168
169
170
171
172
173

174

175
176
177
178
179
180
181
182
183
184
185
186
187
188
185
190
191
192
193
194
195
196
197
198
1939
200
201
202
203
204
205
206
207
2es
209
210
211
212
213
214
215
216
217
218
219

305

310

555

111
1039

402

403

'ANUMB=FLOAT (1)
PLOT OF DENSITY WERSUS DEPTH
CALL NUMB(X,Y.©.07,ANUMB,390.8.2,0.07,1)
CONTINUE
CALL SYMB(-7.0.1.0,0.1,ITITLE.S0.0,64)
CALL PLOT(3.5.0.9,-3)
IFCNLTYPE.EQ.1) GO TO 500
Call. CODE
WRITEC1YPORM, 406)
FORMAT ("LOG NEUTRCN POROSITY" ) '
CALL AXIS(1.0,0.0, IYPORN, ~2v,8.0,90.0,-2.0,0.25)
GO TO 501
CALL CODE
WRITECIYNAPL 407)
FORMAT ("NEUTF ON POROSITY (API UNITS)™)
CALL AXIS(G.0.9.0, IYNAPIL. -22,8.6,90.0,3000.0.,-400. )
CALL AXIS(©.0,9.0, IXDPH.14,7.0, 180 .0, DPHM(NSP+1) , DPHM(MNSP+2) )
IF(NLTYPE.EQ.©) GO TO 318
DO 310 !=1,NSP
IF(FORML(IY .LE . ©.01) GO TO 310
%= (DPHM (NSF+1)~DPHMC 1) )/ (DPHM(NSP+2) )
Y=ALOGIPORML (1)) /2. 3025351
Y=(Y+2 . 0) 2. 25
IF(MLTYPE . EQ. 1) Y=—(PORNL(1)-3002.0)/400.¢
IF{Y.LT.©.0) STOP14
AMUMB=FLOAT (1)
PLOT OF NEUTROM VERSUS DEPTH
CALL NUMBCX,Y,0.07, ANUMB.20.0.0.0.07,1)
COMTINUE
CALL SYMB(-7.0.1.9.@.1,ITITLE.S0.0.64)
CALL FLOT(®.0,0.0,999)
CALL GOFLT
IFCNPLOT.EQ. 1) GO TO 111
CALL XPLOTCIYSOM, IYCON, TACM,CD, ITITLE. IYDEN, DENA, NLTYPE,
A I'VYPORN, IYNAPT, PORML . GR, TITLE . NFLOT. MSP)
WRITE(LX, 103)
FORMAT ("PROGRAM SRPL COMPLETED")
STOPZ2
END
SUBROUTINE XPLOT(IYSON, I'YCOM, TACM,CD, ITITLE, [YDEN. DENA, NLTYPE,
A TYPORN, I'YMAPI . FORNL, GR, TITLE ., MPLOT. NSP)
INTEGER TITLE
DIMENSION IYSONC18), [YCON(16), TACM(S0Y,CD(S0Y, ITITLE(49),
A IYDEN(11), DEMA(S®) ., IYPORNC1QY, IYNAPI(14), PORNL(S0),
B GR(50), IXGR(11) , TITLE(26), IDATI(2)
CALL PLOTS(43.5.,10.0.0,-1.9,-1.0)
CALL PLOT(8.2.1.8,-3)
CALL CODE
WRITECIYCON, 402)
FORMAT (" LOG CONDUCTIVITY (MILLIMHOS/M)")
CALL CODE
WRITECITITLE,4@3) (TITLE(J), J=1.26)
FORMAT(20A2, 10X, 2A2, 2X, 4A2)
CALL CODE
WRITECIYSON, 404 )



229
221
zee

- 223

ced
2e5
226
-4
2es
229
230
231
232
233
234
235
236
237
233
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
269
261
262
263
264
265
266
267
268
269
270
2’1
272
2’3
274

404

405

406

500

407

306

307
562

408

308

FORMATC("LOG SHALE TRAVEL TIME (MUSEC/CM)")
CALL CODE

WRITECIYDEN, 405)
FORMAT ("SHALE DENSITY (GM/CC)")
CALL CODE

WRITECIYPORN, 405)

FORMAT ("'LOG NEUTRON POROSITY")

CALL CODE

WRITECIYMAPT, 407

FORMAT ("MEUTROM POROSITY (AP UNITS)"
CALL AXIS(9.0,0.0,I1YS0MN,22,7.0.180.0
CALL. AXIS(9.90,0.2, IYCON,~-31,8.9.99.9
DO 206 I=1,N5P

=l OG(TACMC( 1)) 2. 3025351
K==(x~-0.1)/0.1
Y=ALOG(CD(I) ) /2. 3025851

Y=(¥1/0.5

IF(Y.LT.©.9) STOPZ1

ANUMB=FLOAT (1)

)
/9. .
9. .

)
)

’
’

FLLOT OF LOG SONIC TRAVEL TIME VERSUS LOG CONDUCTIVITY

CALL NUMB(X.Y.,©.07,ANUMB.99.0,0.0.97,1)
CONTIMUE

CALL SYMB(~7.9.1.0.0.1,ITITLE.90.0,564)

CALL PLOT(8.55.0.09,-3)

CALL AXIS(0.9,0.0, IYDEN,21.7.0.189.0.2.8,-0.1)
CALL AXIS(0.0,0.9,IYCOM,-31,8.0,.90.0,0.0,0.5)
DO 307 I=1,NSP

IF(DENACI) .LE.1 8) GO TO 307
X=—(2.8-DENACIX) 0.1

Y=ALOG(CD(13).2.20251851

Y=(Y3/0.5

IF(Y.LT.©.@) STOPZ2

ANUMB=FLOAT (1)

PLOT OF DENSITY VERSUS LOG CUNDUCTIVITY

CALL NUMB(X.Y.,0.07,ANUMB.90.0.8.0.07,1)

CONT INUE

CALL SYMB(-7.0.1.9,0.1.1TITLE.22.9.64)

CALL CODE

WRITE (IXGR.403)

FORMAT ("GAMMA RAY (APT UNITS)Y")

CALL PLOT(3.5.0.0.-3)

CALL AXIS(0.0 ,0.0,1YSON.32,7.0,180.0.9.1,0.10)
CALL AXIS(0.0,0.0,1XGR,-21,2.9,902.0,20.0,20.0)
DO 308 I=1,NsP

IF(GR(I) . LE.20.9) GO To 208
X=ALOGITACM(I)) /2. 3028451

X=—(X-0.1)70.1

Y=(GR(1}-20.0),20.0

IF(Y.LT.©.9) STOPZ3

ANUMB=FLOAT (1)

PLOT OF GAMMA RAY VERSUS LOG SONIC TRAVEL TIME
CALL NUMB(X.Y.©.07,ANUMB.90.0,0,0.7,7,1)
CONTINUE

CALL SYMB(-7.0,1.8.0.1,ITITLE.92.0,64)

CALL PLOT(8.55,0.0.-3)

Se



275

27e
277
278

279
280
281
28z
283
284
285
zZ86
esrs
288
289
29a
2351
292
Z2932
- 294
295
296
=287
Z98
zZ99
300
391
302
33
- 304
305
306

31

31z

313

1

388

CALL ﬁXIS(@.@)@ ©,IYDEN,21.7.0,180.0,2. 8.-0. 1)
IFINLTYPE . E@.1) GO TO 311

(AL -AXIS(9.9,0.9, IYPORN, ~20,8.2,90 .0, -2 .0, 0 . 25)

ro 312 ‘
L . AXIS(2.0,9.0, IYNAPL,-28,8.0,90.0, 3000. 0, ~d00 . )
DO 313 I=1,NSP
IFC(NLTYPE . EQ. @) GO TO 313
IFC(DENACI) LE.1.9) GO TO 313
IF(PORNL(I).LE.®.01) GO TO 313
=—(2.8~-DENAC1))./0. 1
=ALOG(PORNL (1)) /2. 3025851
Y=(Y+2.0)/0 .25 |
IF(NLTYPE.EQ. 1) Y=—(PORNL ( 1)-3000.0) /400 .0
IF(Y.LT.©.9) STOPZ4
AMNUMB=FLOAT (1)
CROSSPLOT OF MEUTROM VERSUS DENSITY
CALL NUMB(X.Y,@.07, ANUME.50.0,0,0 07,1)
CONT IMUE
CALL SYMB(-7.2,1.9,0.1, ITITLE,98.0,64)
CALL PLOT(.9,9.0,999)

~Call. GOFLT
" RETURN

END

SUBROUTINE BLANK (IBUFF)

THIS SUBROUTINE CLEARS ARRAY "IRUFF" BETWEEN READ STQTEMENTS
DIMEMSION IBUFF(4@)

DO 100 I=1.40

IBUFF{T)=2H

CONTIMNUE

RETURN

EMD

END3$



OO0 O00O000000

101

1oz

102
lod

106

CFTHN4, B

PROGRAM SRPL
SOURCE ROCK POTENTIAL LOG PROGRAM

- PREPARED BY L.E.KURYLOWICZ--DEC.1977

LIST OF PARAMETERS
CD - CONDUCTIVITY (MILLIMHOS/METRE)
DENA — DENSITY (GM-CC)
DPH — DEPTH (FT BELOW RT)
DPHM — DEPTH (METRES BELOW RT3
GR — GAMMA RAY READING (API UNITS)
ICDL — COMDUCTIVITY READINGS SWITCH (1=YES;®=h0)
IFL ~ PLOT SWITCH ©1=YES;®=N0J
MDFH — METRIC DEPTH SWITCH (1=YES;Q=NO)
MTAC — METRIC SOMIC READINGS SWITCH (1=YES;@=NOJ
NAMEF — SOURCE ROCK DATA FILE NAME
NLTYPE ~ NEUTRON LOG TYPE(@-NONE; 1-API UNITS;Z2-SNP OR CHL)
MNPLOT— NUMBER CF PLOTS(1:Y WS. DEPTH; 2:X-PLOTS)
RD — DEEF RESISTIVITY READINGS (OHM-METRE)Y
TAC - SONIC TRAVEL TIME (MICROSECONDS/FOOT)
TACM — SONIC TRAVEL TIME (MICROSECONDS/CENTIMETRE)
INTEGER TITLE
DIMENSION ILUN(S), IDCB(144),NAMEF (3), IRUFF (493, CD(5Q),
A DENACSE) , DPH(S@) , DPHM(SZ) , IXDFHC10) , IYCONCLE) , IYSOM(15) ,
B IYDENC11), ITITLE(4@),RD(50), TAC(S®) , TACM(SOY , TITLE(ZE) ,
C ISIGNL1(8), ISIGNZ(7), GRIEO), IXGR(11), PORNL(S®) , IYPORN( 1) ,
D IYNaPI(14)
DATA IBUFF /4@%2H ./, TITLE ~26%2H /,ITITLE ~d@xsH
CALL RMPAR( ILUND
Lx=TLUMN
WRITECLX, 101)
FORMAT("ENTER SOURCE ROCK DATA FILE NEME")
READ(LX., 1602) NAMEF
FORMAT (382
CALLL OPENL IDCE, IERR. NAMEF)
IFCIERR.GE.Q) GO TO 105
WRITE(LX.164) IERR
FORMAT (" IERR= ", I4)
GO TO 51
CALL BLANKC(IBUFF)
CALL READF(IDCE. IERR. IBUFF, 4%, LEN)
IFCIERR.LT.®) GO TO 103
CALL CODE
READCIBUFF, 106) (CTITLECD) , J=1,2@)
FORMAT ( 2082




CALL BLANK(IBUFF)
CALL READF ¢ IDCB. IERR, IBUFF, 4@, LEN)
IFCIERR.LT.®) GO TO 103
CALL CODE |
READ( IBUFF . 167) (TITLECJ), J=21, 26)
187 FORMAT(EAZ2)
CALL BLANK ¢ IBUFF)
CALL READF (1DCE, IERR, IBUFF, 42, LEN)
IFCIERR.LT.®) GO TO 103
CALL CODE
READ( 1BUFF , ¥)NSP, ICDL. TFL , MDPH, MTAC. NLTYPE , NPLOT
DO 300 I=1,NSP
CALL BLANK( IBUFF)
CALL READF (IDCE. IERR, IBUFF, 49, LEN)
IF(IERR.LT.®) GO TO 103
IFCICDL.EQ.®) GO TO 108
CALL CODE
READCIBUFF. %) DPHCI),GRCIY,CDCI), DENACTY, TACCT), PORNL (1)
GO TO 200
108 CALL CODE
READCIBUFF, ) DPH(I), GRCIJ,RDCI), DENACT), TACCT) , PORNLL 1)
300 CONTINUE
CALL BLANK( IBUFF)
CALL READF (IDCE, IERR, IBUFF, 40, LEN)
IF(IERR.LT.®) GO TO 103
CALL CODE
READ( IBUFF.%) TEND
51 CALL CLOSE(IDCE, IERR)
IFCIEND . NE. -1 STOP 1
C THE FOLLOWING CONVERTS OIL FIELD UMITS TO METRIC & VICE-VERSA
DO 301 I=1,NSP
IF(MDPH . EQ.1) DPHM(I)=DFH(I)
IF(MDPH.EQ@. 1) DPH(I)=DPH(1),0. 3048
IF (MDPH.EQ.@) DPHM(I)=DPH(1)%0.3048
IF(MTAC . EQ. 1) TAC(DI=TACCI)1%30 .48
TACM( 1) =TAC( 1) /20 . 48
IF(ICDL .EQ.®) CD(I1)=1000. 0 RD(I)
IF(ICDL.EQ. 1) RD(I)=1000.@/CD(1)
391  CONTINUE
WRITE(E, 2017 (TITLECJY, J=1,26)
201  FORMAT(1H1.2/, 50X, "CONFIDENTIAL", /. S0X, 12¢ =1 , -,
A 40X, 2082 . 22, 282, 5%, 4A2, 2/)
WRITE(E, 202 )
202 FORMAT(SX. "SAMPLE" , 4%, "DEPTH" , 10%, "GAMMA RAY" . 3¢,



557

400

’ 393

‘ 491

402

303

"RESISTIVITY", 1X,

1
A "CONDUCTIVITY",4X, "DENSITY" , 4%, "SONIC TRAVEL", 10%, "NEUTRON" , ~,
E 5X, "NUMBER", 3X, " (MBRT) (FT .BRT)Y", 1X. " (AP UNITS)",2X,
C " (OHM-METRE) ", 1X,
D (MILLIMHOS/M)'", 3X, " (GM/CC)", BX, "TIME", 17%, "POROSITY" , /, 80X,
E" (MUSEC/CHM) (MUSEC/FT)", 3X, " INDEX'" )

DO 392 I=1.NSP

WRITE(B,203) I, DPHM(I ), DPH( 1), GR(1),RD(1),CD(I), DENACT ), TACH (I,
A TACCT)Y,PORNLCI)

FORMAT (6%, 12, BX,FE.1," ", F5.8," )" ,dX,F4.0,6X%,FE6. 1, 7%, F6. 6, 10X,

AF4.2,74,F4. 2,75, " (" ,F4.0,"3",1%,F8.3)

CONTINUE

FLOTTING OF DATA FOLLOWS

IFCIPL.EQ.@) GO TO 111

IF(NPLOT.EQ.2) GO TO 555

CALL PLOTS(51.8.10.90,0.-1.2,~-1.9)

CALL PLOT(?.5,1.0,-2)

CalLl CODE

WRITECISIGML ., 420)

FORMAT (" SOURCE ROCK" )

CALL SYMB(Z2.0.1.9.0.6,ISIGN1.S0.0,11)
CALL CODE

WRITE (ISIGNZ,399)

FORMAT("POTEMNTIAL LOG")

CALL SYMB(3.6.1.2,0.6, ISIGN2,90 .2,13)
CALL PLOT(17.1,0.9,-3) :
CALL SCALE(DPHM(1),2.0.NSP, -1, DPHM{NSP+1 ) , DPHM(NSP+2) )
CALL CODE

WRITECIXDPH, 401)

FORMAT (" DEPTH (METRES)")

CALL AXIS(2.2,0.0, IXDPH, 14,7.8, 189 .0, DPHM(NSP+1) , DPHM(NSP+2) )
CAaLL CODE

WRITECIYCON, 402)

FORMAT (' LOG CONDUCTIVITY (MILLIMHOS/M)")
CALL AXIS(0.9,90.9.1YCON,-31,8.0,90.0,0.0,0.5)
DO 3032 I=1,NSP ,
#=(DPHM(NSP+1 ) ~DFHM (1) 3./ { DPHMCNSP+2) )
Y=ALOG(CD(1)) 2. 3025851

Y=(¥)9.5

IFCY.LT.9.@) STOPLL

ANUMB=FLOAT( 1)

FLOT OF LOG COMDUCTIVITY VERSUS DEPTH
CALL MUMB(X,Y.0.07,ANUME. 99.0.0,0.07, 1)
CONTINUE

3



"CALL CODE
WRITECITITLE, 403) (TITLE(J), J=1.26)
423 FORMAT(20682, 10X, 242, 2X, dA2)
CALL SYMB(-12.0.1.9,0.1,ITITLE.S9.0,64)
CALL SYMB(-7.9.1.0,0.1,ITITLE.99.0,64)
CALL PLOT(8.5,0.0,-3)
CaLl CODE
WRITECIYSOM, 494)
404  FORMAT("LOG SHALE TRAVEL TIME (MUSEC/CH)™)
CALL AXIS(2.0,0.0, IXDFH, 14,7.0, 189.@, DPHM{NSP+1) , DPHM(NSP+2) )
CALL AXIS(0.0,0.0,1YS0N,-32.8.0,.90.0,0.1,0.1)
DO 304 I=1,HSP
X=(DPHM(NSP+1 )~DPHM( 1) )/ (DPHM(NSP+2) )
Y=ALOG(TACM(1)).,2 . 3025851
Y=(Y-0.1),0.1
IF(Y.LT.8.@) STOP12
ANUMB=FLOAT( 1)
PLOT OF LOG SONIC TRAVEL TIME VERSUS DEPTH
CALL NUMB(X.Y.©.07,ANUME.90.0.0.0.07,1)
304 CONTINUE
CALL SYMB(-7.2,1.0.,0.1,ITITLE.90.0.64)
CALL PLOT(8.5,0.2,-3)
CALL CODE
WRITECIYDEN, 405)
405 FORMAT("SHALE DENSITY (GM-CCOM)
CALL AXIS(0.0,0.0,IXDPH,14.7.0, 180.0, DPHM(NSP+1) , DPHM (NSP+2) )
CALL AXIS(9.0,0.0.1YDEN.-21,8.0,990.0,2.8,-2.1)
DO 305 I=1.NSP
IF(DENACI) .LE.1.9) GO TO 305
#=(DPHM (MSP+1)=DPHM( 1) )/ (DPHM(NSP+2) )
¥Y=(2.8-DENACI) ) 0. 1
[FIY.LT.®.©) STOP13
ANUMB=FLOAT(1)
FLOT OF DEMSITY VERSUS DEPTH
CALL NUMB(X.Y.© 07,ANUMB, 50 .0.6.0.07,1)
305 CONTINUE
CALL SYMB(-7.0.1.9,0.1, ITITLE,59.0.64)
CALL PLOT(2.5,0.0,-3)
IFINLTYPE EQ. 1) GO TO S@0
CALL CODE
WRITECTYFORN, 406)
485 FORMAT("LOG MEUTRON POROSITY")

CALL AXIS(0.9,0.0. IYPORN,-20.8.9,90.0,-2.0,0.25)
GO TO 501



509 CALL CODE
WRITECIYNAPI, 407)
407 FORMAT ("MEUTRON POROSITY (API UNITS)")
CALL AXIS(9.0,0.0,IYNAPI,-28,8.0,90.0,3000.0,-400.0)
5ol CALL AKIS(0.0,0.09,1XDPH. 14,7 .2,180.0, DPHM(NSP+1) , DPHM{NSP+2) )
IF(NLTYPE .EQ.Q) GO TO 3109
DO 319 I=1,MSP
IF(PORNL(I) . LE.®.01) GO TO 310
X=(DPHM(NSP+1)—DPHM( 13 )/ (DPHM{NSP+2) )
Y=ALOG(PORNL(13))/2. 3025851
Y=(Y+2.0)/0.25
IF(NLTYPE .EG. 1) ¥Y=—(PORNL(1)-3000.0)420.0
IFCY.LT.®.0) STOP14
ANUMB=FLOAT (1)
C PLOT OF MEUTRON VERSUS DEPTH
CALL NUMBIX.Y.0.07,ANUMB,20.0,0,0.07,1)
319 CONTINUE
CALL SYMB(-7.9,1.0,0.1,ITITLE.S0.0.64)
CALL PLOT(0.0,0.9,933)
CALL GOPLT
IF(NPLOT .EQ. 1) GO TO 111
555 CALL XPLOTC(IYSOM, IYCOM. TACM.CD, ITITLE, IYDEN, DENA, NLTYPE,
A TYPORN, IVYMAPT, PORNL ., GR. TITLE, NPLOT, NSP)
111 WRITE(LX, 109)
123 FORMATC("PROGRAM SRPL COMPLETED")
STOPZ
END
SUBROUTINE XPLOT(IYSON, IYCON, TACH, CD, ITITLE, I'YDEN. DENA, NLTYPE,
A IYPORN, IYNAFI , PORNL . GR, TITLE. NPLOT . NSP)
IMTEGER TITLE
DIMENSION IYSOMC16), IYCONC15) , TACM(S0,CD(S9), ITITLE(4®),
A TYDEN(11),DENACER), IYPORM(10), IYNAFI (14) , PORNL(50) ,
B GR(5®), IXGR(11), TITLE(Z6), IDATI(2)
CALL PLOTS(43.5.16.0,0.-1.0.-1.@)
CALL PLOT(8.2.1.0,-3)
CALL CODE
WRITECIYCON, 4027
402 FORMAT(" LOG CONDUCTIVITY (MILLIMHOS/M)")
CALL CODE
WRITECITITLE. 403) (TITLECD), J=1,26)
493 FORMAT(20AZ, 10X, 2A2, 28X, 4A2)
CAaLL CODE
WRITECIYSON, 404
404 FORMAT("LOG SHALE TRAVEL TIME (MUSEC/CM)I™)

Se




405

406

500

4a7

307

562

408

CALL CODE

WRITE(IYDEN, 405)

FORMAT ("SHALE DENSITY (GHM/CCY'")

CALL. CODE

WRITECIYPORN, 40E)

FORMAT ("LOG NEUTROM POROSITY")

CAlLL CODE

LWRITECIYNAPL, 4673

FORMAT ("NEUTROM POROSITY (API UNITS)YM)
CALL AXIS(0.0,0.0,1YS0N,32.7.0.180.0,0.1,0.
CALL AXIS(0.0,0.2,1YCON,-31,8.0.90.0,9.0,0.
DO 3@5 I=1.NSF

»=ALOG(TACHM(I) )/ 2. 3025351

X=—(X-0.1370.1

Y=ALOG(CD(1) )2 30253851

Y=(¥3/0.5

[F(Y.LT.9.9) STOP21

ANUMB=FLOAT(I)

19)
5)

FLOT OF LOG SONIC TRAVEL TIME VERSUS LOG CONDUCTIVITY

CALL. NUMB(X,Y,©.07,.A6NUMB, 20.0,0.0.07, 1)

CONT IMUE

CALL SYMB(-7.©.1.0.0.1.1TITLE,90.0,64)

CALL PLOT(Z2.55,0.0,-3)

CALL AXIS(9.0.0.0,1YDEN.Z21.7.0,180.0.2.8.-0.1)
CALL AXIS(0.0,0.0,IYCON,-31,2.0.90.0,0.0.0.5)
DO 397 I=1.NSP

IF(DENARCT) LE.1.9) GO TO 307

®=—(2 .3-DEMNACI))~0. 1

Y=ALOG(CD({ 1)) 2. 3625851

Y=({Y) 2.5

IFCY.LT.2.@) STOPZ2

ANUMB=FLOAT(I)

FLOT OF DENSITY VERSUS LOG CONDUCTIVITY

CALL NUMB(X,Y,©.@7,ANUME,.S90.0,0.9.07,1)

CONT IMUE

CALL SYWMB(-7.@.1.0,0.1.ITITLE.Z0.0.64)

CALL CODE

WRITE (IXGR, 4R

FORMAT ("GRMMA Fay (APT UNITS)'™)

CALL PLOT(Z2.5,¢.0,~3)

CALL AXIS(. @ .8.@,IYSON.32,7.0,180.0,0.1.0.19)
CALL AXIS(9.0.0.0,IXGR.~-21.2.0,90.0,20.9,20.0)
DO 303 I=1.NSP

IF(GRCI).LE.28.0) GO TO 203




308

311
31z

888

120

X=ALOG(TACM(1))/2 3025851

X=—(X-0.1)70.1

Y=(GR(I2-20.5,/20.0

IF(Y.LT.2.0) STOP23

AMNUMB=FLOAT (1 )

PLOT OF GAMMA ReY VERSUS LOG SONIC TRAVEL TIME
CALL NUMB(X,Y.®.07,ANUMB,92.9,0,0.@7,1)
CONTINUE

CALL SYMB(-7.9,1.0,0.1, ITITLE.S90.0.64)

CALL. PLOT(B.55,9.9,-3)

CALL AXIS(0.0.0.0,1YDEN,21,7.0.180.0,2.8.-0.1)
IFINLTYPE.EQ. 1) GO TO 311

CALL AXIS(0.0.0.08, [YPORN,-20.8.0.90.0,-2.0,0.25)
GO TO 31z

CALL AXIS(0.0,0.0,IYNAPI,-28.8.0,90.9,3000.0,-400.0)
DO 313 I=1,NSP

IF(MLTYPE .EQ.©) GO TO 313

IF(DENACTY .LE.1.9) GO TO 313

IF(PORML(I) .LE.©.91) GO TO 213
X==(2.8-DENA(I) /0.1
Y=ALOG(PORNL(1))/2.3025351

Y=(Y+2.0)-9 .25

IF(NLTYFE .EQ. 1) Y=-(PORNL(1)-3000.0)/420.0
IF(Y.LT.©.8) STOP24

AMUMB=FLOAT{ 1)

CROSSPLOT OF NEUTRON WERSUS DENSITY

CALL NUMB(X,Y.®.07,ANUMB. 90 .0,0,0.07,1)
CONTINUE

CALL 5YMB(~-7.©.1.9,0.1,ITITLE.99.9.54)

CALL PLOT(9.0,0.9.933)

CALL GOPLT

RETURN

END

SUBROUT INE BELANK( IBUFF

THIS SUBROUTINE CLEARS ARRAY "IBUFF" BETWEEN REAQD STATEMENTS
DIMENSION 1BUFF (40)

DO 120 1=1.,40

IBUFF (1)=2H

COMTINUE

RETURM

END

END%#
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