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IXDIVIDUAL WELL REPORT 
FROM THE PROGM ON 

CHAPXTERIZATION AXD ANALYSIS OF 
DEVONIAN SHALES AS RELATED TO 

RELEASE OF GASEOUS HYDROCARBONS 

WELL P-l SULLIVAX coUNTY,IxDIANA 

R. S. Kalyoncu, J. P. Boyer 
and M. .I. Snyder 

INTRODUCTION AND SUHMARY 

Partial data on the characterization of shales from Well 

P-l (Sullivan County, Iadiana) were presented in the Fifth Quarterly 

Technical Progress Report on The Characterization of Devonian Shale 

to DOE/aTC (ORO-5205). This individual well report presents and 

discusses the total characterization data available on P-l shaies. 

Coring of the shale samples were aczomp lished in September, 
1975. A total Of 17 samples were obtained: 11 for Battelie and six 
fm other DOE contractors. 

3-l xell edlij,ted r-1 - -,3tively Ihigh hydrocar'bcn gss contents 

compared to other wells. Average hlydrocarbon gas z=lnCents surrxindi3g 

tfie free space in zhe zanistars is about 61 oercent of the total 
gases (including air). Methane and ethane make up the bulk of cotal 

hydrocarbons. 

BATTELLE - COLUMBUS 
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OBJECTIVE U-D SCOPE 

The objective of this program,is to determine the relationships 

between shale characteristic, hydrocarbon gas content, and well location 

to provide a sound basis for defining the productive capacity of the 

Eastern Devonian Shale deposits and for guiding research, development, 

and demonstration projects to enhance the recovery of natural gas from the 

shale deposits. The program includes a number of elemental tasks as a 

part of the Resource Inventory and Shale Characterization subprojects 

of DOE's Eastern Gas Shales Project and is designed to provide a wide 

variety of support data for that project. 

A large number of core samples of gas bearing Eastern 

Devonian Shale will have been examined by the end of the program. After 

the characterization data for individual wells have been compiled, attempts 

will be made to establish the interrelationships between the shale charact- 

eristics, the hydrocarbon gas content, and well locations from which the .. 

samples were obtained, employing the Automatic Interaction Detection (AID) 

Analysis. 

The following tasks comprise the total efforts in this research 

program: 

Task Descriptive Title 

1 Core Sampling 

2 Gas Content and Gas Release Kinetics 

3 Chemical Characterization of Shale 
4 ?hysical Characterization of Shale 

j Lithology of Shale 

6 i3ata Interpretation and Correlation 

BATTELLE - CULUMeu5 
. 
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A. .AMLYSTS AND DISCUSSION OF THE CHARKTERIZATION DATA 

Detailed descriptions of the experimental procedures employed 

in the execution of the elemental tasks' described were reported in the 

Appendix of the Fifth Quarterly Technical Progress Report (080-5205-5) 

submitted to U.S./DOE in January 1978. 

Task 1. Core Sampling 

Well P-l shales (Sullivan County, Indiana) were cored in 

September, 1976. A total of 17 samples were collected; 11 for Battelle 

and 6 for other DOE contractors. Two barrels of shale core were collected. 

Additional information and field sampling data (color, on-surface time) 

are-summarized in Tables 1 and 2. Figure 1 shows on-surface times for 

the 11 P-l ccred shale samples. 

Task 2. Gas Contents and Release Rates 

Initial gas release data on the P-l well are summarized in 

Table 3. Data include hydrocarbon gases,Cl through C5, nitrogen, oxygen, 

and carbondioxide, all of which accumulare in the free space surrounding 

the shale samples inside the canisters. Methane and ethane make up the 

bulk of the total hydrocarbon gas contents. Average hydrocarbon gas 

content for tie -iell is 6C.6 percent with upper and lower limits being 

68 and 53 percent) respect:vely. Table 6 deoicts the pertinent 

statistical parameters Of the gas znalysi; iata. 

Sydrocarbon gas contents dc not show any Farticular trend with 

shale depth as shown in Figure 2. 

Task 3. C;lemic2?, Chara iZ%?ZiZati~Xl Data 

Tocal car5on, h;Tdrogen and ?itr.~qx (C-2-??) 'd.iles XP- reported 

-rl -* Ta3l2 5. Garbon confer,:3 range from 1.8 to 11.5 Per:ant and +irogen 

values vary *oeczeen 3.5 and 1.3 percent jy .;eight of shaias. .Avera!Gp 
-Jalces 3r3 6.2 and 2.9 Ter22r,t for :arbot iCi hydrogar, contsc'I3, ra3pectivelp. 

BATTELLE - CCL’AMEUS 
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Figures 3 through 5 analyze the chemical data as a function of 

shale depth. An apparent decrease in carbon contents with shale depth 

is observed in Figure 3. A similar pattern is also somewhat apparent in 

Figure 4 where hydrogen contents as a function of depth are plotted. 

Hydrocarbon gas contents as a function of carbon and hydrogen 

contents are presented in Figures 6 and 7, respecitvely. As evident in 

these figures, hydrocarbon gas contents increase with increasing carbon 

and hydrogen contents. 

Task 4. Summary of Physical Characterization Data 

Density, porosity (calculated from the density data) and surface 

areas for P-l shales are tabulated in Table 6. Table 7 presents the 

pertintent statistical data on the physical characterization results. 

P-l shales show an average bulk density of 2.48 with upper and lower values 

2.55 and 2.40 g/cc, respectively. Total porosities average 3.32 Percent, 

ranging between 2.24 and 4.40 volume percent. Surface area values are 

scattered between the values 1.21 and 7.33 m2/g with an average value of 

5.13 m2/g. 

In Figures 8 through 10 hydrocarbon gas, carbon and hydrogen 

contents are &own as a function of shale bulk density. Inverse relation- 
ships between bulk density and hydrocarbon gas, carbon and hydrogen 

contents are depicted in these figures. Porosities were also measured of 
P-1 shahs eqloping the nercury intrusion Forosimetry technique. Vaiues 
depicted in Tab12 8 range from 1.86 to 3.jL percent by hulk volume of shale. 
Jetailed analysis r2sul:s on the mercury intrusion 

in Appendix A. 

Gas permeability measurements on the P-1 

showed no measurable pemeability values for these 

Task 5. Shale Litholo4j7 

Two ?-1 shale samples were examined with 

7etrayaphic microscone. 30th sJere high in illite 

?orosltL.zs z~rz presented 

shale samples 

shales. 

content and contained 

fair quanzi:ias or' quartz; the difference berJeen :he t:;o being a some- 

what differen'. ratio cf J-uartz-to-illize concents. ?yryi;e ;ras :Katively 

BAT TEiLE - COLUMBUS 
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scarce in these samples. Small, but significant, amounts of carbonate 

minerals were observed. EDAX analysis support the microscopic observations. 

Figures 11 and 12 are SEX microphotographs of two P-l shales. 

X-ray diffraction (XRD) patterns on four shale specimens were 

obtained. Quantitative analysis on these diffraction patterns confirm 

the SEWEDAX findings. XRD results on four samples studied are shown in 
Table 9. 

Task 6. Data Interpretation 

Due to the small number of samples taken from this well (11 core 

specimens) the full capabilities of the Automatic Interaction Detection 

(A.I.D.) program could normally not be utilized. The important capability 

of this program is that it can identify multiple relationships between 

groups of variables without assuming any particular model. This, then, 
becomes a powerful tool for identifying the variable or group of variables 

that are most important in predicting the behavior of other variables of 

interest, such as the gas content of Devonian shals. 

The basic principle of the program is that the data available on 

the variable of interest (the criterion) are split into two grmps in such 

a fashion as to aciiave the lowest total variability within eac:l group. This 
Ls done for each ?osslbls predictor variabls. In this manner the predictor 
variable producing the greatest reduc=lDn in c,“,e Lnitiai data variability 

is Fdentifi2d and cS2 :riterLon data -JCL .be so snlit . Tile proc2ss is 

repeated on the rxo new goups. 90wever , jec2uSe ,~f the small number of 

samples more than one split of the data wcul~ be meaningless in this case. 

Z.2 program is us2Zu1, however, to compare x2 r21ati772 merit of various 
.7arlabies as t0 thei: importance 3s potential Tr2dictors. 

Tab:= 12 SZO-,s -52 relati.re a=-: aS-p4ven2ss 3f yiarious potential -A_ --_- 

:, rodr:tors f3r ;e-7eral ,zr:r2rLon variables 3 f Ir?t2r2s t * AS can b2 s22n 
-L --- i3r1, yaj lic:lt -J+-s -t- ia=; availably -'-Ad5 i only :.le 3LrdwelL Zlzctrlc Log) 

-3 2valuat2. Tel&e -..-- y 1 ' : ,z - 3 iata showed 3 5.mai.l d23r22 of usefuhess la 

3AfTELLE - COLUMeus 
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predicting gas per unit volume of shale.' The wirelog information does 

correlate well with the density of the material. The ultimate usefulness 

of these correlations is questionable, however, as the density does not 

correlate in a good fashion with the gas data. As might be expected there 

is fair correlation between density and total carbon and hydrogen. As 

was observed in other wells, a simple relationship between porosity and 

gas contents is not evident and this points again to the need for the 

development of greater understanding of how gas is held and transported in 

these systems. 

SATTELLE - COLUMBUS 
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TABLE 8. XERCURY INTRUSION POROSITY FOR 
P-l SHALES 

Sequence Sample 
NO. I. D. No. 

Porosity, 
Vol.,Percent 

1 P-l-2495 9.54 

2 -2505 1.86 . 

3 -2515 3.98 

4 -2528 4.24 

5 -2536 4.25 

6 -2547 5.04 

7 -2554 2.39 

a -2565 3.98 

9 -2578 4.77 

10 -2585 4.24 

11 -259s 3.45 
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