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SUMMARY 

Quantitative petroleum source rock detection up until now has 

depended upon detailed laboratory analysis. The possibility of using wire­

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

investigated. 

Plots of log conductivity, log sonic interval transit time, 

. density, and log neutron porosity were all plotted against depth. Departures 

from 'normal' on these plots indicate either high total organic carbon (TOe) 

uontent or ov~rpressuring of the formation. If pressure data are available 

th9se two possibilities can be distinguished. In either case, the departures 

on the plots indicate depths of probable hydroca..rbon 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 Technology Laboratory is 

recommended to do this. 



INTRODUCTION 

The possibilit.y of using wire-line logs to distinguish petroleum 

source rocks from 'barren' rocks is the ultimate goal of this in";estigation. 

Details of present uses of wire-line logs in souroe 10ck 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 sU.ccessive stages: 

(1) the formation of IDrganic~rich, fine-grained sediments 

through the photosynthesis, deposition, and preservation of abundant 

organic matter; 

(2) the thermal degl'~adation 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 rockv 

~resent methods of recogniSing source rocks 

McKirdy and Hdrvath (1976) list four criteria for distinguishing 

a source rock from a 'barren' rock. The first two are: 

(1) the rock must contain sufficient or~~ic matter to have 

generated a significant amount of oil. They state that total organic 

carbon (TOC) in shales needs to be at least O.~fo to have generated 

oommercially significant quanti ties of petroleum. The other laboratory 

derived parameters of extractable organic matter (EOM) and composition'of 

EOM are not pursued in this article; 
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(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 pressure) 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 of 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 monomo) ·.~;!lar layers of water from montmorillonite during its 

diagenesis to illite. Thus a mechanism whernby generated hydrocarbons may 

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

Burst (1969) also st~nied 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 percent; 

(2) The second stage of dehydration is achieved when the pen­

ultimate water layer i~ removed (at about 220oF). The amount of water 

moved is 10-15 percent of the compacted bulk volume and represents a 

significant fluid displacement capable of redistributing any oil or gas 

formed; 

(3) The third stage occurs at very deep depths at which there is 

little or no permeability and requires a long time (tens to hundreds of 

millions of years). 



Burst's study (1969) showed that the second dehydration stage 

may occur wi thin the depth ral~ge of 4000 - 16000 ,ft. He notes that a 

significant correlation exists between this dehydration level and the 

occurrence of petr~leum in the Gulf Coast area o~ America. 

WIRE-LINE LOGS 

Wire-line logs were initially designed and used by 

petrophysicists to evaluate reservoir rock proper~ies 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 pr~sently used log interpretation techniques in the source rock area 

are given below. 

Temperature log 

Maximum bottom hole temperatures (BHT) are normally recoTded 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 25-70oF lower than true, 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 palaeote~peratures oper~tive 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 r~~istivity 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 11near 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 millimho~/m 

on the left. Schlumberger (1972) arbitrarily scale conductivity as 1000 

divided by resistivity value in ohms-m2/m. Shale-reading points that fall 

to the left of the normal 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 lo~s 

The density log is 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 

rock. 



The neutron log is often a stru1dard counterpart of the gamma 

ray log. This combination provides information as to the lithology and 

the porosity of the formations. Neutron logs 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 TOC 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 agaillst density were attempted. 

The TOC values used (Kurylowicz & others 1976) are shown in Table 1. 

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

The theoretical importance of overpressured zones as indicative 

of areas where hydrocarbons (if generated) may ~.ave migrated from, 

prompted the application of plots versus depth and cross-plots to 

Pelican No.1. In addition, stratigraphic application was attempt~d in 

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

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 
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written (Appendix 1). 

CONCLUSIONS AND RECOMMENDATIONS 

Relatively high values of total organic ca~bon (TOC) are 

expressed 'l)y departures to the right for plots of logarit.hm of 

conductivity and logarithm of shale sonic travel time against depth 

(Figs 1 and 2) for Palm Valley No o 1, East Me~eenie 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 TOe (Fig. 5). 

The logarithmic departure is similar to that caused by overpressuring. Thus 

with the aid of reservoir pressure data, "apparent overpressuring" is 

correlated with high Toe 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 1-1:ereenie No. 1 (Fig. 7) and 

for Ashmore R~ef No. 1 (Fig. 8) showed some tendency for high Toe 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. Unfortunately no neutron-density cross-plot data and 

equivalent TOe 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 about 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 



by wire-line logs should be conducted jointly with the Petroleum 

Technology Laboratory. Wells with full suites of logs and ample cores 

should 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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Table 1. Total organic carbon values for Palm Valley No o 1, East 

. Mereenie No. 1 and Ashmore Reef NO.11 • 

Well Name Depth TOe 

m BRT ft BRT (weight % of 
total rock) 

Palm Valley No. 1 1407.3 4617 0.26 

1507.5 4945 0.31 

1673.5 5490 0.29 

1716.9 '5633 0.67 

1746.8 5731 0.47 

1880.0 : p168 0.36 

1972.7 6472 0.29 

East Mereenie No. 1 820.8 2693 0.25 

958.3 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 

2221.7 7289 0.008 

2443.9 8018 0.49 

(Analysis canied out by Z. Horvath, mm. Petroleum Technology Laboratory). 



TABLE 2. 
I . PALM VALLEY NO. 1 SHALE LOG VALUES 

PALM VALLEY -1 0002 17-02-78 

SAMPLE DEPTH GAMMA RAY RESISTIVITY COl'lDUCTIVITY DENSITY SONIC TRAVEL t-IEUTRON NUMBER (MBRT) (FT.BRT) (API UNITS) (OHtI1-METRE) ( MILL I tI1HOS/~~ ) (GM/CC) TIME POROSITY 
(MUSEC/CM) (MUSEc/FT) INDEX 1 1019.6( 3345. ) 95. 16.7 60. .00 2.36 ( 72. ) 800.000 2 1097.3( 3600. ) 100. 33.3 30. .00 2.36 ( 72. ) 800.000 3 1223.8( 4015. ) 85. 30.3 33. .00 2.62 ( 80. ) 850.000 4 1220.2( 4200. ) 75. 22.6 35. .00 2.30 ( 70.). 900.0~)0 5 1407.3( 4617. ) 95. 11.8 85. .00 2.23 ( 68. ) 250:000 6 1463.0( 4800. ) 90. 25.0 40. .00 2.30 ·70. ) 1000.000 7 1507.2( 4945. ) 70. 14.3 70. .00 1.80 55. ) 1160 .(~0~) 8 1551.4( 5090. ) 90. 50.0 20. .00 1.64 50. ) 1210.000 9 16?3.4( 5490. ) 120. 62.5 16. .00 2.36 ( 72. ) 850.000 10 1716.9( 5633. ) 55. 45.5 22. .00 2.03 ( 62. ) 1200.000 11 174G.8( 5731.) 110. 35.7 28. .00 2.1.7 ( 66. ) 1000.000 12 1828.8( 6000. ) 60. 100.0 10. .. 00 2.13 ( 65. ) 1100.000 13 1880.0( 6168. ) 80. 11.8 85. .00 2.03 ( 62. ) 850.000 14 1972.7( 6472. ) 120. 5.6 180. .00 1.87 ( 57. ) 1950.000 

: 

t , 
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rrABLE 3. EAST MEREENIE NO. 1 SHALE LOG VALUES. 

, 
r EAST MEREENIE NO.1 0002. 14-02-'78 

SAMPLE DEPTH. GAMMA RAY RESISTIVITY CONDUCTIVITY DENSITY SONIC TRAVEL NEUTRON 
I-lUMBER ( ItlBRT ) (FT. BRT ) (API UNITS) ( OH~~-METRE) (M I LLI MHOS/M) (GM/CC) TIME POROSITY 

(MUSEC/CM) (MUSEC/FT) IHDEX 
1 332.2( 1090. ) 20. 4.5 220. .00 3.28 (100. ) .000 
2 472.4( 1550. ) 33. 11.8 85. .00 2.40 ( 73.) .000 
3 548.6( 1800. ) 36. 12.5 80. .00 2.62 ( 80.) .000 
4 609.6( 2000. ) 41. 14.3 70. .00 2.36 ( 72. ) .000 
5 670.6( 2200. ) 45. 20.0 50. .00 2.62 ( 80.) .0130 
6 821.4( 2695. ) 40. 8.3 120. .130 2.00 ( 61.) .0130 
7 851.9( 2795. ) 53. 55.6 18. .00 2.79 ( 85.) .0130 
8 958.3( 3144. ) 46. 10.0 100. .130 2.213 ( 67. ) .0130 
9 le54.0( 3458. ) 31. 10.0 100. .00 2.10 ( 64.) .0';:'0 

10 1056.4( 3466. ) 30. 5.9 170. .00 2.13 ( 65. ) .000 
11 1058.0( 3471. ). 41. 5.6 180. .00 2.56 ( 78. ) .000 
12 1160.4( 3807. ) 43. 13.3 75. .00 2.00 ( 61. ) .000 
13 1220.7( 4005. ) 53. 12.5 80. .00 1.97 ( 60. ) .000 
14 1415.8( 4645. ) 58. 1.0 1000. .00 1.77 54. ) .000 



TABLE 4. ASHMORE REEF NO. 1 SHALE LOG VALUES 

ASHMORE REEF NO.1 0001 17-02-78 

SAMPLE DEPTH GAMMA RAY RES I ST I V I TY COt-lDUCT I V I TY DENSITY SONIC TRAVEL ~~EUTRON 
NUMBER (MBRn (FT. BRn (APl UNITS) (OHM-METRE) ': tr1 I LL I MHOS/M ) (GtrvCC) TIME POROSITY 

(MUSEC/CM) (MUSEC/FT) INDEX 
1 332.2( 1090. ) 25. 2.6 390. .00 2.76 ( 84. ) .000 
2 917.4( 3010. ) 20. 2.3 430. 2.49 3.08 ( 94. ) .000 
3 1066.8( 3500. ) 28. .7 1500. 2.46 3.28 <100. ) .0Q'0 4 1118.6( 3670. ) 40. .9 1100. 2.33 3.61 (110. ) .000 5 1236.0( 4055. ) 10. 1.2 860. 2.20 2.95 ( 90. ) .000 
6 i537.7( 5045. ) 15. 1.2 840. 2.34 2.56 ( 78. ) .000 7 1691.6( 5550. ) 15. 1.1 950. 2.36 2.66 ( 81. ) .000 8 183(~. 3( 6005. ) 14. 2 ? 450. 2.45 2.30 ( 70. ) .000 .~ 

9 1981.2( 6500. ) 10. 5.6 180. 2.59 1.97 ( 60. ) .000 
10 2017.8( 6620. ) 30. 2.0 500. 2.40 2.66 ( 81. ) .000 
11 2154.9( 7070. ) 20. 3.8 260. 2.56 2.30 ( 70. ) .000 
12 2209.8( 7250. ) 4S. 4.8 210. 2.62 2.43 ( 74. ) .000 
13 2270.8( 7450. ) 18. 5.0 200. 2.56 2.20 ( 67. ) .000 
14 2438.4( 8000. ) 60. 6.2 160. 2.54 2.40 ( 73. ) .000 
15 2447.5( 8030. ) 80. 3.7 270. 2.52 2.62 ( 80. ) .000 
i6 2942.8( 9655. ) 30. 5.6 180. 2.54 2.33 ( 71. ) .190 
17 2959.0( 9708. ) 50. 1~' e- 80. 2.62 2.30 ( 70. ) .220 C".;,,;o 

18 2980.9( 9780. ) 42. 10.0 100. 2.65 2.20 ( 67. ) .220 
19 2SI88.6( 9805. ) 45. 10.0 100. 2.65 2.13 ( 65. ) .170 
20 3023.0( 9918. ) '":It:' 4.5 2'~0. 2.62 2.46 ( 75. ) .240 _I;;;J. 

21 3054 . 1 ( 10020. ) 30. 5.6 180. 2.62 2.26 ( 69. ) .240 
22 3069. 3( 110070. ) 35. 8.3 120. 2.63 2.26 ( 69. ) .260 
23 3148.6(10330. ) 35. 8.3 120. 2.59 2.33 ( 71. ) .200 
24 3166. 9( 10390. ) 35. 10.0 100. 2.65 2.26 ( 69. ) .160 
25 3212. e( 10540. ) 30. 10.0 100. 2.67 2.31(1 ( 70. ) .190 
26 3226. 3( 10585. ) 30. 7.1 140. 2.55 2.17 ( 66. ) .130 
27 3237.0<10620. ) 45. 6.7 150. 2.68 2.43 ( 74. ) .220 
28 3288 . 2 ( 10788. ) 30. 3.6 280. 2.59 2.13 ( 65. ) .140 
29 3304.0(10840.) 30. 6.2 160. 2.60 2.13 ( 65. ) .120 
30 3324.8<10908. ) 35. 10.0 100. 2.68 2.26 ( 69. ) .200 
31 3334.5(10940.) 40. 12.5 80. 2.63 2.43 ( 74. ) . 24~' 32 3:.:161.9(11030.) 35. 12.5 80. 2.75 ?23 ( 68. ) .190 
33 3419.9(11220. ) 25. 3.2 310. 2.52 2.07 ( 63. ) .100 
34 3432 . 0 ( 11260 . ) 30. 16.7 60. 2.70 2.00 61. ) .220 
35 3456.4(11340.) 30. 9.1 110. 2.65 2.03 ( 62. ) .190 
36 3475.3(11402.) 45. 10.0 100. 2.62 2.07 ( 63. ) .170 
37 3505.2(11500.) 105. 8.3 120. 2.70 1.71 ( 52. ) .250 
38 3613. 4 ( 11855 . ) 105. 50.0 20. 2.65 1.97 ( 60. ) .260 
39 3628. 6( 1191215. ) 15. 10.0 100. 2.58 1.90 ( 58. ) .060 
40 3648.5(11970. ) 45. 100.0 10. 2.82 1.77 ( 54. ) .100 
41 3666. 7( 12030. ) 45. 25.0 40. 2.71 1.97 ( 6~j. ) .100 



TABLE 5. PELICM~ NO. 1 SHALE LOG VALUES 

PELI CAN NO.1 12112101 17-1212-78 

SAMPLE DEPTH GAMrvlA RAY RESISTIVITY CONDUCTIVITV DENSITY SONIC TRAVEL I~EUTRON 

NUMBER (MBRT) (FT. BRT) (API UNITS) (OHM-METRE) ( ttl I LL I MHOS/i'rl) (Gt~/CC) TIME POROSITY 
(MUSEC/CM) (MUSEC/FT) INDEX 

1 1676.4( 55121121. ) ·47. 1.0 1121121121. 2.14 4.23 (129. ) .121121121 
2 1752.6( 5750. ) 5121. 1.4 700. 2.10 3.77 (115. ) .121121121 
3 1777.e( 583121. ) 4121. . 6 16121121 . 2.27 3.54 <11218. ) .121121121 
4 1847.1( 612160. ) 75. 2.3 44121. 2.48 3.18 ( 97. ) .01210 
5 1931.2( 6336. ) 70. 2.8 36121. 2.15 2.89 ( 88. ) .121121121 
6 2e18.4( 6622. ) 60. 1.S 56121. 2.47 2.92 ( 89. ) .121121121 
7 2133.6( 7121121121. ) 75. 2.5 40121. 2.4121 2.79 ( 85. ) .121121121 
8 2284.2( 7494. ) 6121. 4.2 24121. 2.5121 2.72 ( 83. ) 74121.01210 
9 2343.9( 769121. ) 6121. 5.121 2121121. 2.50 2.66 ( 81. ) 78121.121121121 

1121 2453.e( 812148. ) 9(2) . 8 -, • .:J 12121. 2.53 2.62 ( 8121. ) 7::::0.121121121 
11 2578.6( 846121. ) 65. W.0 lee. 2.55 2.56 ( 78. ) 73121.121121121 
12 2712.7< 89~le. ) 75. 5.6 18121. 2.5121 2.56 ( 78. ) 75121.121121121 
13 2834.6( 931210. ) 9121. 5.7 175. 2.6121 2.59 ( 79. ) 9121121.1211210 
14 2883.4( 946121. ) 78. G.7 15121. 2.62 2.49 76. ) 84(1.121121121 
15 2987.0( 9800. ) 8121. 8.121 125. 2.63 2.49 76. ) 960.121121121 
16 312148. 121 ( 1121121(1121. ) 75. 8.121 125. 2.58 2.49 ( 76. ) 1121121121.121121121 
17 312178.5<112111210. ) 6121. 1121.121 10121. 2.6121 2.62 ( 8121. ) 1(~0e.ooe 

18 3163. 8( 1(1380. ) 65. 6.7 15121. 2.60 2.46 ( 75. ) 101121 .0121') 
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TABLE 6. ROB ROY NO. 1 SHALE LOG VALUES 
"-:;::. 

- -'''. c' 

ROB ROY NO.1 0001 17-02-78 

SAMPLE DEPTH GAMMA RAY RESISTIVITY CONDUCTIVITY DENSITY SONIC TRAVEL NEUTRON 
NUMBER . (MBRT) (FT. BRT) (API Ut-llTS) (OHM-METRE) ( t'rj I LL I MHOS/M) (GM/CC) TIME POROSITY 

(MUSEC/CM) (l'tlUSEC/FT) . It-lDEX 
1 467.3( 1533. ) 38. .8 1250. .0~) 4.59 ' (140.) .01210 
2 641.3( 2104. ) 50. 1.0 1000. .00 3.90 (119. ) .000 
3 781. 2( 2563. ) 50. 1.0 1000. .00 3.84 (117. ) .000 
4 832.1( 2730. ) 45. .7 1429. .00 5.25 (160. ) .000 
5 853.4( 2800. ) 40. .7 1429. .1210, 5.12 (156. ) . 00e:? 
6 914.4( 301210. ) 45. .6 1667. .00 4.82 (147. ) .000 
7 1066.8( 3500. ) 50. .7 1429. .1210 4.27 030. ) .000 
8 1219.S( 4002. ) 55. .6 1667. .00 4.53 038. ) .000 
9 1325.9( 4350. ) 47. .2 5000. 2.21 3.94 020. ) .000 

10 1450.8( 4?~30. ) 90. f~-2 833. 2.00 4.13 (126.) .000 
11 1542.3( 5060.) 75. 1.3 769. 2.07 4.13 (126. ) .000 
12 1575.8( 5170. ) 75. 2.1 476. 2.47 3.18 ( 97. ) .000 
13 1630.?( 5350. ) 100. 2.8 -":IeI' 

o.-J..J/ • 2.52 2.95 ( 9121. ) .000 
14 1676.4( 5500. ) 58. 3.0 3'-'"7) ...:I..:J. 2.50 2.46 ( 75. ) .0~)0 , 
15 1746.5( 5730, ) 105, 4,0 250. 2.65 2.62 ( 80. ) .000 
16 '1816.6( 5960. ) 105. 3,2 312. 2.61 2,79 ( 85. ) .000 
17 1889.8( 620(j. ) 106, 2.8 357. 2.62 2.79 ( 85. ) .000 
18 201l.?( 6600. ) 130. 4,0 250. 2.G7 2.62 ( 80. ) .000 
19 21e3.1( 6900. ) 85. 10.0 100. 2.65 2.23 ( 68. ) .01210 
20 22e3,7( 7230. ) 110. 9.121 111. 2.72 2.33 ( 71. ) .000 
21 2252.5( 7390. ) 1.45. 28.121 36', 2.65 2.13 ( 65. ) .000 
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************************************************************************************ 
** ** 
** ** 
** ** u ~ 
~ ~ 
~ ~ 

~ ~ 

** APPEND I Xl: SOURCE CODE LIST I NG OF PROGRAM SRPL *:t 
** 0 TERt~ I NAL 50 ** 
** OUTPUT LOG I CAL UN I T = 6 ** 
U ~ 
rt ~ 
rt ~ 
rt ~ 

** ** rt rt 

** ** ************************************************************************************ 
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8 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

FTN4.B 
PROGRAM SRPL , 

C SOURCE ROCK POTENTIAL LOG PROGRAM 
C PREPARED BY L.E.KURYLOWICZ--DEC.1977 
C ----------------L I ST OF PARAMETERS-----------------..:' ", 
C CD - CONDUCT I V I TY (M I LL I t"<lHOS/t.iETRE) 
C DENA - DENSITY (GM/CC) 
C DPH,- DEPTH (FT BELOW RT) 
C DPHtrl - DEPTH (trlETRES BELOW RT) 
C GR - GAI·1MA RAY READ I NG (AP I Ut" ITS) 
C ICDL - CONDUCTIVITY READINGS St..lITCH (l=YES; 0=NO) 
C I PL - PLOT SloJI TCH (1 =VES; 0=NO ) 
C I'rlDPH - IrlETR I C DEPTH Slo.JI TCH (1 =YES ; 0=NO) 
C t~TAC - METRIC SONIC READINGS SWITCH (1=YES;0=NO) 
C HAMEF - SOURCE ROO< DATA FILE !'IAME 
C NL TYPE - r-IEUTROH LOG TYPE ( 0-NONE; 1-AP I UN I TS; 2-SNP OR CNL) 
C HPLOT- NUI',IBER OF PLOTS ( 1: 'r' 'v'S. DEPTH; 2: X-PLOTS) 
C RD - DEEP RES I ST I V I TY READ I HGS (OHM-t~ETRE ) 
C TAC - SON I C TRAVEL T I t·iE (M I CROSECONDS/FOOT) 
C TACM - SO!'! I C TRAVEL T I ME ( M I CROSECOHDS/CENT I METRE) 

II'HEGER TITLE 
D I MEI-..J$ I ON I LUt'j( 5) • IDCB ( 144) , t-!At·iEFC 3) I I BUFF( 40) • CD (50) • 

A DENA(50) I DPH(50) I DPHM(52) I IXDPH( 10), I YCON ( 16). I YSON ( 16) , 
B IYDEN(ll), ITITLE(40) ,RD(50) ,TAC(50) ,TACM(50) ,TITLE(26), 
C ISIGI'!l (6). ISIGH2(?), GR(50) I D<:GR(11) I PORNU50) , IVPORH(10). 
D I '(HAP I (14) 

DATA I BUFF /'4(l:t,2H / • TITLE /26*2H / • IT ITLE /40*2H /' 
CALL R/'rlPAR ( I LUN) 
LX=ILUN 

lAlR ITE (LX, 101 ) 
101 FORMAT( "ENTER SOURCE ROO( DATA FILE ~~AME") 

READCLX,102) HAMEF 
102 FORt.1AT (3A2) 

CALL OPEN ( I DCB I I ERR, NAt.iEF ) 
IF<IERR, GE. ~j) GO TO 105 

103 ltlRITECLX.104) IERR 
104 FORt.1AT( II IERR= ".14) 

GO TO 51 
105 CALL BLAI'IK( IBUFF) 

CALL READFCIDCB,IERR.IBUFF,40.LEH) 
IFCIERR.LT.0) GO TO 103 
CALL CODE 
READ ( I BUFF, 106) (T ITLE (J) .' J=1, 20) 

106 FORt<1AT( 20A2) 
CALL BLAHK ( I BUFF) 
CALL READF(IDCB,IERR,IBUFF,40,LEN) 
IF(IERR.LT.0) GO TO 103 
CALL CODE 
READC 1 BUFF ,1(7) (TITLE(J). J=21 , 26) 

107 FORMATC6A2.l 
CALL BLANKCIBUFF) , 
CALL READFCIDCB,IERR,IBUFF,40,LEN) 
IFCIERR:LT.0) GO TO 103 
CALL CODE 

, , 

1. 1. 



55 
56 
57 
58 
59 
60 
61 
62 
63 
64-
65 
66 
67 
68 
69 
70 
71 
72 
73 

108 

300 

51 

74 C 
75 
76 
77 
78 
79 
80 
81 
82 
83 301 
84 
85 201 
86 
87 
88 202 
89 
90 
91 
92 
93 
94 
95 
96 
97 

READ ( I BUFF, *) NSP , I CDL, I PL , MDPH, IvlTAC, NL TYPE, NPLOT . 
DO 300 I=l,NSP 
CALL BLANI< ( I BUFF) 
CALL READFCIDCB,IERR,IBUFF,40,LEN) 
IF(IERR.LT.0) GO TO 103 
IFCICDL.EG.0) GO TO 108 
CALL CODE 
READ ( I BUFF ,*) DPH( I), GRC I ), CDC I), DENA ( I), TACe I), POR~~L( I) 
GO TO 300 
CALL CODE 
READ C I BUFF, * ) DPH C I ) , GR ( I ) , RD C I ) , DENA ( I ) , TAC ( I ) , PORNL e I ) 
COHTlt"UE 
CALL BLAt,lK ( I BUFF) 
CALL READF(IDCB, IERR,IBUFF,40,LEN) 
IFCIERR.LT.0) GO TO 103 
CALL CODE 
READ( IBUFF, *) lEND 
CALL CLOSECIDCB, IERR) 
IFCIEHD.NE.-l) STOP 1 
THE FOLLOW I NG CONVERTS 0 I L FIELD Ut-I I TS TO t~ETR I C & V ICE-VERSA 
DO 301 I=l,NSP 
IFn~DPH.EO.1) DPHt·i( I )=DPH( I) 
IF ( tr1DPH . EQ . 1) DPH ( I ) =DPH ( I ) /0 . 3048 
IFCMDPH. EG. 0) DPHlrH I )=DPH( I )*0.3048 
IFCMTAC. EQ.1) TAce I )=TAC( I )*30.48 
TACMCI)=TAC(I)/30.48 
IF ( I CDL . EO . 0) CD (l ) = 1000 . 0/RD ( 1) 

IF(ICDL.EQ.l) RDCI)=1000.0/CDCI) 
COl'lTIHUE 
LvR I TE ( 6 .' 201 ) (T I TLE ( J) , .J= 1 , 26 ) 
FOR~~ATC 1Hl, 2/, 50X, "CONFIDENTIAL", /, 50X, 12( "_"), /, 

A 40X,20A2,22X,2A2,5X,4A2,2/) 
LvRITE(6,202) 
FORt~AT(5X, "SAMPLE" ,4X, "DEPTH", l0X, "GAMt~A RAY" ,3X, 

1 "RES I STI IJ I TY" ,'lX, 
A "COt"DUCTI V ITY" , 4X, "DENS ITY" , 4X, "SOt" I C TRAVEL II , 10X, II NEUTROl'l' r , / , 

B 5X, "t"UtvlBER" ,3X, "(t"tlBRn CFT. BRn" ,lX," (API UNITS)"., 2X, 
C "(QHt~-t'(IETRE)", 1 X, 
D tj (M I LLI MHOS/t<! )" ,3X, " C GM/CC) II , 5X, "TI I'rlE" , 17X, II POROS ITY" , ./ , 80X, 
E" (MUSEC/Clr1) (t\1USEC/Fn" ,3X," INDEX") 

DO 302 1=1, HSP 
WR I TE (E;, 203) I , DPHM C I ) , DPH ( I ) , GR C I ) , RD ( I ) , CD ( I ) , DENA ( I ) , TAO'1 ( I ) , 

A TACCI),PORNLCI) 
98 203 FORt',IATC 6:><, 12, 6X, F6 . 1 , " ( " ,F6 .0, " ) " , 4X, F4. 0, 6X, F6 . 1, 7X, F6. 0, 10X, 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 

302 
C 

557 

400 

A F4.2,7X,F4.2,7X,"(",F4.0,")",lX,F8.3) 
COHTINUE 
PLOTT II'IG OF DATA FOLLOWS 
IFCIPL.EG.0) GO TO 111 
IFCNPLOT.EG.2) GO TO 555 
CALL PLOTS(51.8,10.0.0,-1.0,-1.0) 
CALL PLOT(7.5,1.0,-3) 
CALL CODE 
~JR ITE CIS I GNl , 400) 
FORMAT("SOURCE ROCK") 
CALL SYMB(2.0,l.0,0.6, ISIGN1,90.0,11) 2, 2. 



.l10 
111 
'112 399 
113 
114 
115 
116 
117 
118 401 
119 
120 
121 
122 402 
123 
124 
125 
126 
127 
128 
129 
130 C 
131 
132 3103 
133 
134 
135 403 
136 
137 
138 
139 
140 
141 4104 
142 
143 
144 
145 
146 
147 
148 
149 
1510 C 
151 
152 3104 
153 
104 
155 
156 
157 405 
158 
159 
1610 
161 
162 
163 
164 

CALL CODE 
I,JR ITE (I S I GN2 , 399 ) 
FORtY1AT ( II POTENTI AL LOG " ) 
CALL S'(t·~B(3. 6,1.10,10.6, ISIGN2, 910 .10,13) 
CALL PLOT(17.1,0.0,-3) 
CALL SCALECDPHM(l) ,7.0,NSP,-1,DPHM(NSP+1) ,DPHM(NSP+2)) 
CALL CODE 
WR ITE C I XDPH , 410·1) 
FORt·~AT ( II DEPTH n~ETRES ) II ) 

CALL AX I S ( 10 . 10 , 10 . 10, I XDPH, 14, 7 . 10, 1810 . 10, DPHM (~-1SP+l ) , DPHtY1 ( NSP+2) ) 
CALL CODE 
L.JRITE( IYCOH, 41(2) 
FORt~AT ('I LOG COt-lDUCT I \.I I TV ( MILL I t'rlHOS/\'t1 ) II ) 

CALL AXIS(e.0,e.e,IYCON,-31,8.0,ge.e,0.e,0.5) 
DO 303 1=1. HSP 
X= (DPHt,1 (t'lSP+l ) -DPHM ( I ) ) / (DPHtr1 (HSP+2) ) 
V=ALOG(CDCI))/2.3025851 
Y=(Y)/0.5 
IFCY.LT.0.0) STOP11 
AHUt·,1B=FLOAT ( I ) 
PLOT OF LOG COHDUCT I V ITY VERSUS DEPTH 
CALL !"-·lUMB ( >< , Y, 0 . 107 , A~4Ut'1B , 910 . 10 , 0, 10 . 107, 1 ) 
CONTI HUE 
CALL CODE 
WR ITE ( IT ITLE., 41(3) (T IT r:: (.)) , J=l., 26) 
FOR~1AT ( 2eA2, leX, 2A2 , 2", 4A2) 
CALL SYMB (-,12.10, 1 .10,0. 1, I TITLE, 910. 0,64) 
CALL SYt·~B ( ·-7 . 10, 1 . 10 , 10 . 1 , I TITLE, 910 . 10 , 64) 
CALL PLOT(S.5,e.e,-3) 
CALL CODE 
l.dR I TE ( I YSOH , 41(4) 
FOR HAT ( "LOG SHALE TRAVEL T I ME (tr1USEC/CH) II ) 

CALL AX IS (10 . 0 , 0 . 0, I XDPH, 14, 7 . 0, 1810 . 10 , DPHtr1 ( NSP+ 1 ) , DPHtY1 (HSP+2 ) ) 
CALL AX I S (0.10, ~) . 10, I Ysm~, -32,8.10, 9(~) .0.,0. 1,0. 1 ) 
DO 304 1= L t-1SP 
X=(DPHt,j("lSP+1 )-DPHM< I ) )/(DPHHCNSP+2)) 
Y=ALOG ( TA01 ( I ) ) /2 . 3025851 
~J=(y-e. 1 )/10.1 
IFCY.LT.e.0) STOP12 
AHUt·,1B=FLOAT ( I ) 
PLOT OF LOG SON I C T~~A'v'EL T I t,lE VERSUS DEPTH 
CALL NUMB (X, Y , ~) . 107 , AHUt~B., 90 . 10 , 0, 10 . 107, 1 ) 
CONTI HUE 
CALL SYt,lB ( -7 . 10, 1 . 10 , 10 . L I TI TLE. 90 . 10, 64) 
CALL PLOT(8.5,0.0,-3) 
CALL CODE 
WR ITE ( I Y'DEN , 405 ) 
FORIY1AT ( "SHALE DEI'lS I TV (GM/CC ) " ) 
CALL AX I S CO. 0,19 . 0, I XDPH, 14,7.0,180.0, DPHtr1( HSF'+1) ,DPHW NSP+2) ) 
CALL AXIS(0.e,0.e, IYDEH,-21,2e.ge.0,2.8.-0.1) 
DO 305 1=1 , I-...ISP 
I FCDEHA (I ) . LE .1. 9) GO TO 3105 
X= CDPHW HSP+l )-DPHW I) )/CDPHt,1(NSP+2)) 
Y=(2.8-DENA(I))/e.l 
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 
189 
19~) 

C 

305 

4136 

500 

407 

5et 

ANUMB=FLOAT ( I ) 
PLOT OF DEHSITY VERSUS DEPTH 
CALL NUtylB ( X , Y , 0 . 07 , ANU~1B, 90 . (:) , 13 , 0 . 07, 1 ) 
CONTINUE 
CALL SYMBC-7.(:),1.C,0.1, ITITLE,90.0.64) 
CALL PLOT(8.5.0.0.-3) 
IF ( NL TYPE. EQ . 1) GO TO 500 
CALL CODE 

["'IR I TE ( 1 'Y'POR~·I • 406 ) 
FORtrlAT ( "L'IG "IEUTRON POROS ny" ) 
CALL AX I S ( ,1 . 0, 0 . 0. I YPORH. -c:0, 8 , 13, 90 . 0. -2 . 0. 0 . 25) 
GO TO 501 
CALL CODE 
lJRITE( IYNAPI 4(7) 
FOR~~AT ( II t~EUT~ 01'1 POROS I TV (AP I UN I TS ) II ) 

CALL A><IS(C. c. C. 13, I YNAP I ,-28.8. C. 90.13,3131313.13, -4013. C) 
CALL AXIS(C.C,0.0.IXDPH,14,7.0,180.C.DPHMCNSP+l).DPHMCNSP+2» 
IFCNLTYPE.EQ.0) GO TO 31123 

DO 310 !=l.NSP 
IF (PORt'~L( I ) . LE . 0. (1) GO TO 310 
><=(DPHt,·1(t-ISP+1)-DPH~~( I) )/(DPHtrHNSP+2) 
Y=~1L(IG (PORHL ( I ) ) /2 . 3025351 
'1=('1'+2.0)/0.25 

I FCt··IL TYPE. EO. 1) '(=-( POR~~L( 1)-3000.0)/400.0 
IFCY.LT.0.0) STOP14 
ANUtr1B=FLOAT ( I ) 
PLOT OF ~~EUTROt'l VERSUS DEPTH 
CALL tiUMB ( X. Y. 0 . 07. AHJMB, 90 . (:) , (:) .' 0 . 07. 1 ) 

310 CONTINUE 

191 C 
192 
193 
194 
195 
196 
197 
198 
199 
2130 
2131 
2132 
203 
2134 
2135 
206 
207 
2138 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 

CALL SYtylB ( -7 . (I. 1 . I). ° . L IT ITLE • 90 . 13, 64 ) 
CALL PLOT(O.0.0.0.999) 
CALL GOPLT 
IFCNPLOT.EO.l) GO TO 111 

555 CALL ><PLOT ( I YSOH, I YCOt,~, TAct.1 , CD. I TITLE., I YDEN, DENA. NL TYPE. 
A I YPORN. I YHAP I • PORt-L : GR. TITLE .' t~PLOT , ~~SP) 

111 l,JRITECLX.1(9) 
1139 FORtr1AT( "PROGRAM SRPL COt~PLETED") 

STOP2 

402 

403 

E~lD 

SUBROUT I "IE XPLOT ( I YSOH. I YCON, TACM , CD, I TITLE, I YDEN, DEt~A • NL TYPE, 
A I YPORN, I YI'IAP I • PORNL. GR • TITLE, HPLOT • ~~SP ) 
IHTEGE~ TITLE 
DltrlENS!Ot,1 IYSON( 16), I,(CONU6) • TACM(5e) , C0(5e), ITITLE(40) , 

A I YDEN ( 11 ) , DEHA ( 50) , I Y'PORN ( H)) , I Yt--lAP I ( 14) • PORNL C 50 ) • 
B GR(50), IXGR(11).TITLE(26), IDATI(2) 

CALL PLOTS(43.5,10.0.0.-1.0.-1.0) 
CALL PLOT(8.2.1.0.-3) 
CALL CODE 
I).JR I TE ( I YCON. 41212) 
FORtr1AT (" LOG CONDUCT I V ITY 0>1 I LLl MHOS/t~) " ) 
CALL CODE 
l.JR I TE ( I TITLE, 4(3) (T I TLE ( ,j) , J= 1 , 26 ) 
FORt>1AT (20A2. lOX, 2A2. 2X, 4A2) 
CALL CODE 
I,.JR ITE ( I YSON, 404) 



220 404 
221 
222 
223 405 
224 
225 
226 406 
227 500 
228 
229 407 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 C 
240 
241 306 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 C 
254 
255 307 
256 
257 562 
258 
259 408 
260 
261 
282 
263 
264 
265 
2G6 
267 
268 
269 
270 C 
271 
272 308 
273 
274 

FORMAT ( "LOG SHALE TRAVEL TIME (MUSEC/Ct~)") 

CALL CODE 
WRITECIYDEN,40S) 
FOR~~AT ( II SHALE DENS ITY (GM/CC) II ) 

CALL CODE 
WRITECI,(PORN,406) 

FORMAT ( "LOG HEUTRON POROS ITY" ) 
CALL CODE 
WR I TE C I ,(!'IAP I , 407) 
FORMAT ("l'lEUTROt--l POROS I TY (AP I UN ITS) " ) 
CALL AXISCO.0,0.0,IYSON,32,7.0,180.0,0.1.0.10) 
CALL AXIS(0 .0,0.0, IYCOt-],-3L8. 0, 90.0,0.0,0.5) 
DO 306 1=1, I'ISP 
X=AL.OG (TAct~ ( I ) ) /2 . 3025851 
x=-eX-0.1)/0.1 
Y=ALOGCCDCI))/2.3025851 
Y=('()/0.5 
IFCY.LT.0.0) STOP21 
AHUtvlB=FLOAT C I ) 
PLOT OF LOG SOHIC TRAVEL TIME VERSUS LOG CONDUCTIVITY 
CALL NUt'~B C X, Y, 0 . 07 , At'lut~B., 90 . 0, 0, 0 . 07, 1 ) 
CO~~T I ~·lUE 
CALL SYMBC-7.0,1.0,0.1, ITITLE,90.0,64) 
CALL PLOTC8.55,O.0,-3) 
CALL AXISCO.0,0.0, IYDEN,21,7.0,180.0,2.8,-0.1) 
CALL AX I S co. 0 , 0. ('I, I YeOH, -31, 8 . 0, 90 . 0, 0 . 0, ° . 5) 
DO 307 1=1, NSP 
IFCDENA(I).LE.l 9) GO TO 307 
X=-(2.8-DEHA(I))/0.1 
Y=ALOGCCDCI))/Z.3025851 
Y=('()/0.5 
IFCY.LT.O.0) STOP22 
ANUt"lB=FLOAT ( r ) 
PLOT OF DEI'lS I TY VERSUS LOG Cl.NDUCT I V I TY 
CALL NUMB(X,Y,O.07,AHUMB,90.0,0,0.07,1) 
COHTII'IUE 
CALL SYMBC-7.0.1.0,0.1.ITITLE,90.0,64) 
C:ALL CODE 
WRITE (IXGR.408) 
FORMAT C "GAt'U,lA RAY (AP I Ut--l ITS) " ) 
CALL PLOT(8.5,0.O,-3) 
CALL AXIS(0.0 ,0.O,IYSON.32,7.0,180.0,O.1.0.10) 
CALL AXIS(O.O,O.0,IXGR.-21,8.0,90.0,20.0,20.0) 
DO 308 I=l,NSP 
IF(GRCI).LE.20.0) GO TO 308 
X=ALOG (TA01 C I ) ) /2. 302~;~~51 
X=-(X-0 .1)/0.1 
Y=(GR(I)-20.0)/20.0 
IF(Y.LT.0.0) STOP23 
ANUlrlB=FLOAT C I ) 
PLOT OF GAMMA RAY VERSUS LOG SONIC TRAVEL TINE 
C~iLL NUMB C X , Y, 0 . 07, ANUt-rlB) 90 . 0, 0, 0 . r,7, 1 ) 
CC:'lT I NUE 
CALL SYMB(-7.0,1.0,0.1JIT!7~£,90.0,64) 
CALL PLOT(8.55,0.0,-3) 

5. 



275 
, :276 

, ;; r 

277 
278 
279 
2813 
281 
282 
283 
284 
285 
288 
287 
288 
289 
290 
291 
292 
293 
294 
295 
298 
297 
298 
299 
31313 
3131 
3132 
3133 
3134 
3135 
3138 

CALL AXIS(0.0;0.0.IYDEN.21.7.0.18G.0.2.8.-0.1) 
IFCNLTYPE.EQ.l) GO TO 311 

.' ""'.':.I_L· AXIS(0. 0. G. G. IYPORN.-20. 8.0.90.0. -2.0.0.25)· 
ro 312 

311 ~ - AXIS(0.0.0.0.IYNAPI.-28.8.0.90.0.3000.0.-400.0) 
312 DO '313 I=l,NSP 

IFCNLT(PE. EO. e) GO TO 313 
IFCDENACI).LE.1.9) GO TO 313 
IFCPORNLCI).LE.G.G1) GO TO 313 
X=-(Z,8-DEHACI))/G.l 
Y=ALOGCPORI-..lL( I ) )/2.3025851 
Y=(Y+2.0)/G.25 
IFCNLTYPE. EQ.1) Y=-(PORNLC I )-313130.0)/4013.13 
IF(Y.LT.e.e) STOP24 
AI'IUMB=FLOAT ( I ) 

C CROSS PLOT OF HEUTROH IJERSUS DENSITY 
CALL HUt'~B ( ><, Y. 0 . 07, ANUt'rlB, 90 . 0, 0, 13 . 07. 1 ) 

313 COl'ITII'IUE 
CALL SYttlB ( -7 , 0. 1. 0. 0 . 1. IT ITLE. 90 . 0. 64) 

888 CALL PLOT(0.0.0.0.999) 
CALL GOPLT 

, RETURN 
E~'lD 

SUBROUT I ~~E BLAt,U< ( I BUFF) 
C THIS SUBROUTINE CLEARS ARRAY "IBUFF" BETWEEN READ STATEMENTS 

D I Ma',IS 1 O~'l I BUFF ( 40 ) 
DO 1013 1=1. 40 
IBUFF( I )=2H 

100 COHTINUE 
RETURt-..l 
END 
EHD$ 

6. 



Fn~4,B 

PROGRAM SRPL 
C SOURCE ROCK POTENTIAL LOG PROGRAM 
C PREPARED BY L.E.KURYLOWICZ--DEC.1977 
C ---------------L I ST OF PARAt.1ETERS------------------
C CD - CONDUCTIVITy' (M ILL I MHOS/METRE) 
C DEI'IA - DENS I TY (Gt .. 1/CC) 
C DPH - DEPTH (FT BELO!.,J RT) 
C DPHt>1 - DEPTH (t~ETRES BELOvJ RT) 
C GR - GAMMA RAY READ I I'IG ( AP I UI'1 I TS) 
C I CDL - COHDUCT I V I TY READ I liGS SLJ ITCH (1 =YES ; 0=HO) 
r' I PL - pun St<JI TCH (1 =YES; 0=HO ) 
C t~DPH - Ir1ETRIC DEPTH SLJITCH <1=YES; 0=HO) 
C MTAC - METR I C SOI'H C READ I NGS SLJ ITCH (1 =YES; 0=HO ) 
C NAMEF - SOURCE ROCK DATA FILE NAME 
C NL TYPE - t-lEUTRON LOG TYPE (0-HONE; l-AP I Ut-l ITS; 2-St~P OR OiU 
C HPLOT- HUt~BER OF PLOTS (1 : Y \IS. DEPTH; 2: X-PLOTS) 
C RD - DEEP RES I ST I V I TY READ I NGS ( OHM-t~ETRE ) 
C TAC - SOH I C TRAVEL T H<1E (M I CROSECQt·lDS/FOOT) 
C TACM - SOH I C TRA\/EL T I I'~E (M I CROSECOI'lDS/CENT I IrlETRE) 

I ~4TEGER T I TLt 
DH~EHSION ILUN(5), IDCB( 144) ,NAI'<1EF(3), I BUFF(40) ,CD (50) , 

A DEHA (50)' DPH (50) , DPHM (52) , I XDPH ( 10) , I YCOt'l (16) , I YSOt-H 16) , 
B IYDEN( 11) , ITITLE(40) ,RD(50) ,TAC(50) ,TACI'<1(50) ,T ITLE(26) , 
C ISIGN1(S),ISIGN2(7),GR(S0), IXGR(11) ,PORNL(50) , IYPORN(10), 
D I YNAPl( 14) 

DATA !BUFF /40t2H / , TITLE /26:t:2H / J IT ITLE /40*2H / 
CALL Rt<1PAR ( I LUN) 
LX=ILUN 

tJRITE(LX, 1(1) 
101 FORlrlAT (" ENTER SOURCE ROCK DATA FILE NAtr1E") 

READ(LX, 102) t~At'lEF 

102 FORt<1AT(3AZ) 
CALL OPEN ( I DCB, I ERR, NAt'lEF) 
IFCIERR,GE.0) GO TO 105 

103 lo.JRITE(LX, 104) IERR 
104 FORt<1AT( 11 IERR= ", 14) 

GO TO 51 
105 CALL BLAt~K ( I BUFF) 

CALL READF ( I DCB" I ERR" I BUFF, 40 , LEH ) 
IFCIERR.LT.0) GO TO 103 
CALL CODE 
READ( IBUFF, 106) CT I TLE(J) J J=L 20) 

106 FORt<1AT(20A2,'. 

1. 



CALL BLAl'lK ( I BUFF) 
CALL READF(IDCB,IERR, IBUFF,40,LEN) 
IFCIERR.LT.0) GO TO 103 
CALL CODE 
READ ( !BUFF, 107) (TITLE(J), J=2L 26) 

107 FOR~~AT (6A2) 
CALL BLANK(IBUFF) 
CALL READF ( I DCB, I ERR, I BUFF, 40, LEN) 
IFCIERR.LT.O) GO TO 103 
CALL CODE 
READCIBUFF,:t)HSP, ICDL,IF'l,MDPH,MTAC,NLTVPE,NPLOT 
DO 300 1=1, l-.JSP 
CALL BLAI'I~< C I BUFF) 
CALL READF C IDCB, I ERR, I BUFF, 40, LEt-.J) 
IFCIERR.LT.O) GO TO 103 
IFCICDL.EQ.O) GO TO 108 
CALL CODE 
READ ( I BUFF , ;~) DPH C I ), GR ( I ) , CD (I ), DE~'IA C I ), TAC (l ), PORNU I ) 
GO TO 300 

1(2J8 CALL CODE 
READ ( IBUFF,:t) DPH( I), GR( I), RD( I), DEHA( I), TAC( I), PORI'IU I ) 

300 COHTIHUE 
CALL BLANKCIBUFF) 
CALL READF ( I DCB., I ERR, I BUFF, 40, LEN) 
IF<IERR. LT. 0) GO TO 103 
CALL CODE 
READe IBUFF.,:t) lEND 

51 CALL CLOSECIDCB,IERR) 
IFOEND. NE. -1) STOP 1 

C THE FOLLOLoJ I NG CONVERTS 0 I L FIELD U~~ I TS TO METR Ie&. '1l I CE -VERSA 
DO 301 I=l,NSP 
IFCMDPH. EO.1) DPHt,1( I )=DPH( I) 
IFCMDPH.EO.l) DPHCI):::DPHCI)/0.3048 
IFCt·,lDPH. EO. 0) DPH~,1( I )=DPH( I ):to. 3048 
I FU,lTAC . EQ. 1) TAce I )=TACC I Lt30. 48 
TACl'r1( I ) =TAC ( I ) /30 . 48 
IFCICDL.EO.O) CDCI)=1000.0/RDCI) 
IFCICDL.EO.l) RDCI)=1000.0/CDCI) 

301 CONTINUE 
WRITE(6,201)(TITLEeJ),J=1,26) 

201 FORt~AT C 1H1., 2/, 50X, "CONFIDEHTIAL" ,/.,50;<, 12( II_II) ,/, 

A 40X,20A2,22X,2A2,5X,4A2,2/) 
t.JR I TE ( 6 .' 202 ) 

2~J2 FORMAT ( 9:., II SAMF'LE II , 4X, II DEPTH I ,lOX, 11 GAM~11A RAY II , 3><' 

2. 



1 "RES I STI V ITYII ,lX, 
A "COHDUCT I V ITY" , 4X. "DEt~S ITY" • 4X, "SOH 1 C TRAVEL". 10X, "HEUTROI-l" , /. 
B 5X," t-IUMBER" • 3><. " (MBRT) (FT . BRT) " • 1 X. II (AP 1 UH ITS ) " • 2>< • 
C II (OHM-l'<lETRE) II , lX. 
D II n~ 1 LL H1HOS/lrI) II , 3X, " (G~~/CC) II • 5X. II T ItrlE" , 17X. II POROS lTY" • / , 80X, 
Ell (MiJSEC/CI'~) (WJSEC/FT) II , 3X. " I HDEX II ) 

DO 302 1=1, NSP 

WR I TE ( 6 , 203) I , DPHI'~ ( I ) , DPH ( I ) , GR ( I ) , RD ( I ) , CD ( I ) • DEi'IA ( 1 ) I TAClrl ( I ) , 
A TACCI),PORNLCI) 

203 FORlvlAT(6X, 12, 6X, F6.1, II, ~ II. F6. 0, II )" ,4X, F4. 0, 6X, F6. 1, 7X, F6. 0, 10X. 
A F 4 . 2, 7X , F 4 . 2, 7X. II C II , F 4 . 0. " ) " .' 1 X, F8 . 3) 

302 COHTIHUE 
C PLOTT I HG OF DATA FOLLOI..<lS 

IFCIPL.EO.0) GO TO 111 
IF (I'PLOT . EO . 2) GO TO 555 
CALL PLOTS(51.8,10.0,0.-1.0,-1.0) 

557 CALL PLOT(7.5.1.0,-3) 
CALL CODE 
WRITE( ISIGH1, 4<J0) 

400 FORt'lAT( "SOURCE ROCK") 
CALL SYMB(2.0,1.0/0.6, ISIGH1/90.0,11) 
CALL CODE 
~JR ITE (I S I G~12 , 399) 

399 FORt,lAT ( II POTEHTI AL LOGII) 
CALL SYMB(3.6,1.0,0.6, ISIGH2,90.0.13) 
CALL PLOTe17. 1.O.O,-3) 
CALL SCALE(DPHM( 1) 17.0. NSP, -1, DPHl'<l(HSP+l). DPHMCNSP+2) ) 
CALL CODE 
I.J.JR ITE ( I XDPH • 401) 

4<2.11 FORMAT C II DEPTH n,1ETRES)") 
CALL A>< I S ( ° . 0, ° . 0, 1 XDPH, 14., 7 . 0, 180 . 0, DPHM (HSP+ 1 ), DPHlr'( (HSP+2) ) 
CALL CODE 
l.dR I TE ( I YCON • 4~12) 

402 FORtriAT (II LOG CO~lDUCT I V I TV (H I LLI 1'<1HOS/t,j) " ) 
CALL AXIS(0.0,0.0.IYCON.-31,8.0.90.0,0.0.0.5) 
DO 303 1=1, ~ISP 
X= (DPHt,1( NSP+ 1 ) - DFHo1 ( I ) ) /' (DPHt,l (t-~SP+2) ) 
Y=ALOGCCD( I) )/2.3025851 
Y=(Y)/0.5 
IFCY.LT.0.0) STOP11 
AHUt'rlB=FLOAT ( I ) 

C PLOT OF LOG COHDUCTIVITY VERSUS DEPTH 
CALL ~IUt~B (X. ',' • 0 . 07 , A~IUt~B 1 90 . 0, 0, 0 . 07, 1 ) 

303 CONTI HUE 



· CALL CODE 
I""RITE( ITITLE. 403) CTITLECJ). J=L 26) 

4133 FORMAT (20A2. 10X.2A?2X.4A2) 
CALL SYMBC-12.0.1.0.0.1.ITITLE.90.0.64) 
CALL SYMBC-7.0.1.0.0.1. ITJTLE.90.e.64) 
CALL PLOT(8.5.0.0.-3) 
CALL CODE 
klR I TE ( I YSOl'l • 404 ) 

404 FORMAT ( "LOG SHALE TRAVEL TI ME (t-~USEC/01) II ) 

CALL AXIS(0. 0. 0. O. IXDPH. 14.7. 13.180. e. DPHM(NSP+l) • DPHMn~SP+2) ) 
CALL AXIS(0.0.e.0,IYSON,-32,8.e.90.e.o.l.0.1) 
DO 304 I=l.NSP 
X= (DPHMC NSP+l ) -DPHM C I ) ) / (DPH~~ C ~~SP+2) ) 
Y'=ALOG (TACt-rl ( I ) ) /2 . 31325851 
Y'=(Y-O .1)/0.1 
IFCY.LT.O.O) STOP12 
ANUMB=FLOATCI) 

C PLOT OF LOG SOI'-l I C TRAVEL T I ME VERSUS DEPTH 
CALL HUlvlB(X. Y, 0.07. AHUMB.90. 0, 0. 0.07.1) 

304 COHTIHUE 
CALL SYMBC-7.0.1.0.0.1. ITITLE.90.0.64) 
CALL PLOT(8.5.0.0,-3) 
CALL CODE 
WRITECIYDEH.405) 

405 FORl'rlAT C "SHALE DENS ITY ( GM/CC ) " ) 
CALL AXIS(O.0.0.0. IXDPH.14,7.0.180.0.DPHMCNSP+l).DPHMCNSP+2)) 
CALL AXISCO.O.0.0. IYDEN.-21.8.0.90.0.2.8.-0.1) 
DO 305 1=1, NSP 
IFCDENACI).LE.1.9) GO TO 305 
X= (DPHMC HSP+1 )-DPHMC I) )/(DPHl'r1(HSP+2) ) 
Y=C2.8-DEHACI))/0.1 
IFCY.LT.0.e) STOP13 
AHUMB=FLOATCI) 

C PLOT OF DEHS I T't VERSUS DEPTH 
CALL HUMBO<. Y'. 0.07. AI'''UI,1B, 90.0.0.0.07.1) 

305 COHTINUE 
CALL SYt-rlB C -7 . O. 1 . 0. ° . L IT ITLE. 90 . 0., 64) 
CALL PLOTC8.5.0.0.-3) 
IFCNLTYPE. EQ. 1) GO TO 500 
CALL CODE 

ldRITE( IYPORN.406) 
406 FOR~'lAT C "LOG ~'lEUTRON POROS 1 TY" ) 

CALL AXIS(0.0.0.0, IYPORH.-2e.8.0.ge.0.-2.e.0.25) 
GO TO 501 
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500 CALL CODE 
WRITEC I YNAP I ,407) 

407 FORI't1ATC II HEUTROH POROS ITY ( AP I UN I TS ) II ) 
CALL AXIS(0.0,0.0, IYHAPI,-28,8.0,90.0,3000.0,-400.0) 

501 CALL AXIS(0.0,0.0,IXDPH,14,7.0,180.0,DPHM(NSP+1)/DPHM~NSP+2)) 
IF(~~LTYPE. EQ. 0) GO TO 310 
DO 310 1=1, 1'-1SP 

IFCPORHLCI).LE.0.01) GO TO 310 
X= (DPHtvj( NSP+ 1 ) -DPHM ( I ) ) ,I (DPHtv\( NSP+2) ) 
Y=ALOGCPORHL(I))/2.3025851 
Y=(Y+2.0)/0.25 

IF (i'lL TYPE. EO . 1.) '1=- (PORi'lL< I ) -3000.0) ,1400.0 
IFCY.LT.0.0) STOP14 
AHUtr1B=FLOAT ( I ) 

C PLOT OF NEUTROH VERSUS DEPTH 
CALL NUtrlB ( X, Y, 0 . 07, ANUMB , 90 . 0, 0 I 0 . 07, 1 ) 

310 COHT I ~'lUE 
CALL SYMB ( -7 . 0, 1. 0, 0 . 1. IT ITLE , 90 . 0, 64 ) 
CALL PLOT(0.0,0.0,999) 
CALL GOPLT 
IFCHPLOT. EO.1) GO TO 111 

555 CALL XPLOT ( I YSm·l, I YCO~~ , TAO~ I CD I I TITLE, I YDEN , DEl'lA , HL TYPE, 
A I YPORH, I YNAP I , PORNL , GR, TITLE, 1'1PLOT , NSP ) 

111 LJRITECLX, 109) 
109 FORMAT ( IIPROGRAt·~ SRPL cm,1PLETEDII ) 

STOP2 
El'm 
SUBROUT I NE XPLOT ( I YSOH, I 'ICON, TACt11 , CD I I TITLE, I YDEN, DEHA, HL TYPE, 

A I YPORN I I YNAP I I PORHL , GR, TITLE, NPLOT .' HSP ) 
I t--lTEGER TITLE 
DIMENSIOH I YSON( 16), IYCmH 16) ,TACM(50) ,CDC 50) I ITITLEC 40) , 

A I YDEH ( 11 ) , DENA ( 50) , I ,(PORt'l ( 10) I I '(NAP I ( 14) , PORNL ( 50) , 
B GR(50), IXGR(11),TITLE(26),IDATI(2) 

CALL PLOTS(43.5,10.0,0,-1.0,-1.0) 
CALL PLOT(8.2,1.0,-3) 
CALL CODE 
WRITECIYCON,402) 

402 FOR~'lAT (II LOG Cm-lDUCT I \J ITY (t~ I LLI MHOS/tv!) II ) 
CALL CODE 
LoJRITE( IT I TLE. 403) CTITLEeJ), J=L 26) 

403 FOR~,1AT (20A2, 10><., 2A2, 2X, 4A2) 
CALL CODE 
WRITE( 1'1501'1,404) 

404 FOR~~AT ( II LOG SHALE TRAVEL T I ~1E (t"lUSEC/O~) II ) 

5. 



CALL CODE 
WRITECIYDEN,4(5) 

405 FOR~lAT ( \I SHALE DENS I TY ( GM/CC ) II ) 
CALL CODE 

WRITECIYPORN,4(6) 
406 FORMAT ( II LOG NEUTROl'1 POROSITy lI

) 

500 CALL CODE 
I)JRITE( IYNAPI, 4(7) 

407 FORMAT(IINEUTRON POROSITY (API UNITS)II) 
CALL AX I S ( ° . 0, ° . 0, J YSOH , 32, 7 . 0, 180 . 0, ° . L 0 . 10) 
CALL AXIS(O.0,0.0,IYCON,-31,8.0,90.0,0.0,0.5) 
DO 306 1=1, NSF' 
X=ALOG (TAO~ ( I ) ) /2.3025851 
X=-(X-0. 1)/0.1 
Y=ALOGCCD(I))/2.3025851 
Y=CY)/0.5 
IF(Y.LT.0.0) STOP21 
AHUMB=FLOATCI) 

C PLOT OF LOG SON I C TRAVEL T I ME VERSUS LOG COI-lDUCT I V I TY 
CALL HUlylB C X, y, 0 . 07 , AHUI~B , 90 . 0, ° , 0 . 07, 1 ) 

306 COHT I ~IUE 
CALL SYMB C -7 . 0, 1 . 0, ° . L IT ITLE , 90 . 0, 64 ) 
CALL PLOTC8.55,0.0,-3) 
CALL AX I S ( ° . 0 .. ° . 0, I YDEN, 21 , 7 . 0, 180 . 0, 2 . 8, -0 . 1 ) 
CALL AX I S ( ° . ~) , 0 . 0, I YCOH , -31 , 8 . 0, 90 . 0, 0 . 0 .. 0 . 5) 
DO 307 1=1.. NSP 
IFCDEHAC I) . LE. 1.9) GO TO 307 
X=-(2. 8-DEI'IA<I ) )/0.1 
Y=ALOGCCDCI))/2.3025851 
Y=(Y)/0.5 
IFCY.LT.0.0) STOP22 
AHU~(1B=FLOAT C I ) 

C PLOT OF DH~SITY VERSUS LOG COHDUCTIVITY 
CALL t-1Ut>1B ( X, 'y' , 0 . 07 , AHU~~B , 90 . 0, 0, 0 . 07, 1 ) 

307 COHTINUE 
CALL SYlylB ( -7 . 0, 1 . 0 , 0 . 1.. IT ITLE , ~30 . 0, 64) 

562 CALL CODE 
WRITE C IXGR, 408.'. 

408 FOR~'lAT (I' GAHb1A RA'{ (AP I UN ITS) " ) 
CALL PLOT(S.5,e.0,-3) 
CALL AXIS(O.O ,0.0,IYSON.32.7.0,180.0,0.1.0.10) 
CALL AXIS(O.O,O.O, IXGR.-21,8.0,90.0,20.0,20.0) 
DO 308 1=1.. NSP 
IFCGRCI) .LE.20.0) GO TO 308 
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X=ALOGCTACMCI))/2.3025851 
X=-(X-0.1)/0.1 
Y=CGRCI)-20.Qj/20.0 
IFCY.LT.0.0) STOP23 
AI'IUtrlB=FLOAT C 1 ) 

C PLOT OF GAMMA RAY VERSUS LOG SO~I 1 C TRAVEL T I trlE 
CALL NUtvlB (X, Y, ° . 07, At'IUMB , 90 . 0, 0, 0 . 07, 1 ) 

308 tOt~T I NUE 
CALL SY~YjB ( -7 . 0, 1 : 0, 0 . 1, 1 TITLE, 90 . 0) 64 ) 
CALL PLOT(S.55,0.0,-3) 
CALL AXIS(0.0,0.0,IYDEN,21,7.0,180.0,2.8,-O.1) 
IF( ~IL TYPE. EQ. 1) GO TO 311 
CALL AX 1 S (0 .0, 0 . 0, T YPORt,1, -20, 8 . 0,90. 0, -2 . 0, 0.25) 
GO TO 312 

311 CALL Ar~ I S (0 . ° , 0 . 0, I YNAP L -28 J 8 . 0, 90 . 0 J 3000 . 0 J -400 . 0 ) 
312 DO 313 l=i,NSP 

IFU'ILT,(PE.E0.0) GO TO 313 
IFCDENACI).LE.1.9) GO TO 313 
IFCPORHLC I) . LE. 0.(1) GO TO 313 
X=- (2 . 8-DEt-1A ( 1 ) ) /0. 1 
Y=ALOG(PORNLC 1 ) )/2.3025851 
'(=(Y+2.0)/0.25 
IFCNL TYPE. EQ. 1) ,(=-(PORI>lL( I )-3000.0)/400.0 
IFCY.LT.0.0) STOP24 
A~IUMB=FLOAT ( I ) 

C CROSSPLOT OF NEUTRON \,o'ERSUS DEHS I TY 
CALL NUto"1B ( X, y, 0 . 07, ANUto1B. 90 . 0, 0, 0 . 07, 1 ) 

313 COI--l1' 1 i'IUE 
CALL SYt~B ( -7 . 0) 1. 0, 0 . L IT I TLE. 90 . 0) 64 ) 

888 CALL PLOT(~'j. 0,O.~) .. 999) 
CALL GOPLT 
RETURI'1 
END 
SUBROUT I NE BLANI< ( I BUFF) 

C TH IS SUBROUT I t'IE CLEARS ARRAY "I BUFF" BETtJEEN RE~D STATEMENTS 
DIMEHSI0t-l 1 BUFF (40) 
DO 100 1=1,40 
1 BUFF (! ) =2H 

1 00 CO~IT I NUE 
RETURI'I 
EHD 
END$ 

7. 
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