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1.0 SUMMARY

This' report compiles the site selection criteria, drilTing, coring,
logging, casing, cementing and stimul ati on operations of Well #20338, in
~/ise County, VA. The well was drilled by Columbia Gas Transmission Company
under contract EF-76-C-05-5303.

Selection of the well site was based on use of remote sensing imagery
and skylab techniques. The well was drilled during April, 1977 to a total
depth of 5740 ft. to the top of Corniferous limestone. A total of 380 ft.
of 3~ inch oriented Devonian Shale core was retrieved from two intervals,
4870 - 5020 ft. and 5210 - 5455 ft. The coring operation was performed
by Christiansen Diamond Services, Inc. Cores were later sent to several
laboratories for the study of physical, chemical and mechanical properties.
Documentation of the tests and analysis performed by these facilities are
in the Appendices.

The well was logged with a series of wet and dry hole logs. Two zones,
based on log and core analysis were selected for a cryogenic type of
stimulation treatment. Zone 1 was treated with 84,020 gallons of fluids
(C02 + H20) with 270,000 lbs. of sand and Zone 2 was treated with 130,620
gallons of fluids (C02 + H20) with 295,000 lbs. of sand.

Prior to stimulation and treatment, no measurable gas was produced from
either interval. After treatments and clean up, the Zone 1 open flow was
measured at 54 - 107 MCF of gas per day and in Zone 2 the open flow was
measured to a maximum of 40 MCF of gas per day.

The well is presently shut-in. No gas production has been recorded from
the well to date.
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2.0 WELL SITING

Well Site 20338 .is located in the northwestern portion-of l4ise County,
VA as shown in Figure 2.1. The well is located on one of two distinct NW-SE
trending lineaments mapped from analysis of LANDSAT imagery (Figure 2.2).
This particular lineament is called the Powell River Lineament and the other
is the Guest River-Critical Fork Lineament. The features originate at,
and appear to be genetically related to, the N-S trending Buck Knob Anticline.
Subsurface mapping has not, as yet, indicated what these features might be;
however, all shallow and surface features in this portion of Wise County are
related to shallow decollement faulting in the Devonian Shale as shown in
Figure 2.3. The decollement zone contains gas which generally flows at a rate
of 300 to 1000 Mcfd. Likewise, Skylab imagery indicated fracture lineation
zones in the site area of well #20338. The Powell River lineations and the
Guest River-Critical Fork lineations are labelled A-A' and B-8' respectively
on Figure 2.2. Field measurements of dip directions and angles are listed
below:

Dip Di recti on Pip Average Percent of Total Data

N. E. 800 38
S.E. 81 0 28
S.W. 830 17
N.W. 800 14

Structurally, the well is located in a synclinal low, bounded on the
east by the thrust faulted Buck Knob Anticline and on the west by Rogers
Ridge fault. The thickness of shale appears to be related to the
existing geologic structure and ranges.1000 feet to 1100 feet thick.

Two wells have been previously drilled by Columbia Gas Transmission
in Wise County, VA. Well 20055-T was stimulated in the Middle Brown Unit
of Devonian Shale. It had an open flow of 112 Mcfd with a 48-hour rock
pressure of 870 Ibs , This Unit contains the decollement fault. The
second well 20056-T was shot with 13,500 lbs. of 80% gelatin through the
total Devonian Shale, Berea, Weir and Injun horizons. It open flowed at 490
Mcfd on a 6-hour test with a 72 hour rock pressure of 900 lbs. Well 20338
is 22,000 feet NE of well 20056-T and 11,000 feet SW of well 20055-T. Well
20056 is too far south of well 20338 to be shown on the location map
(Figure 2.2).
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3.0 DRILLING/CASING, CORING, LOGGING, AND CEMENTING OPERATIONS

Drill ing operati()~s were started on March 28, 1977 and__were completed
in April, 1977. The well was drilled with air to a depth of 5740 f't ,': A
15-inchbi t was used to dri 11 down to 992 feet and 11 3/4-inch casing was
set through 992 ft. A 10 5/8-inch bit was then used to drill to a depth of
3765 ft., and 8 5/8-inch casing was set at 3765 ft. A 7 7/8-inch drill bit
was used to drill to the final depth of 57tm'- ft. A 4 1/2-inch production
string was set to the total depth. Figure 3.1 presents a profile of the
well.

Coring Operation

A total of 380 ft. of 3 1/2-inch oriented core was retrieved from two
Devonian Shale intervals at 4870 - 5020 and 5210 - 5455 ft. A total of
eleven runs were made to extract the core. The minimum and maximum length
of the core per run was 10 - 60 ft. respectively. Core samples were sent
to Battelle, Mound, Juniata College, and Columbia Gas for various analyses.
A list of sample distribution by depth and contractor is presented in
Table 1, Appendix G. After completing the coring operation and drilling
to total depth, the well was logged.

Logging Operation

The following sui te of wet and dry hole logs were run:
1. Epithermal Neutron Porosity
2. Temperature
3. Gamma Ray Sibilation Survey &Temperature
4. Density Borehole Compensated
The copies of the logs are not attached, but can be obtained for review

in the EGSP Open File repositories.

Cementing Operation

Data on cementing is not available.
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4.0 CORE DATA

A comparison of ~a~a ray lithology~ gas content~ carbQn content and
porosity for three wells including #20338 is presented in Figure 4.1. High
offgas values have been observed in zones indicating high carbon content~

with corresponding lower values of gas release when carbon content is low.
In addition to chemical analys is , Battelle and Columbia Gas also

determined the bulk denisty, porostty , and off-gassing values of the core
samples. A summary of these values at various depths is presented in
Table 4.1. Appendices A~ B~ C and D present the results of core analyses
carried out by Columbia Gas~ Battelle~ Juniata College and Mound Facility~

respectively.
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Table 4.1 SUMMARY OF RESERVOIR DATA

WELL "# 20338

CORED&. OFF GAS .. PERME_ ...
DEPTH cu, ft. gas! DE PTH BULK TOTAL

PERFORATED (feet) A81l1TY (fe e t ) DENSITY POROSITY
INTERVALS cu. ft. shale glee %

~
4871 .~l 4H/~ Z.bIU 1.U43

4881
<- ,~ .26 4882 2.484 8.002

4890 • 3~ lf~~£': 2.555 3.914
4890 4891 .Z~ 4~~L Z.lfYU J.ILb

CS\
4901 .44 4YI2 Z.~Z3 "5.552
4911 .45 4922 2.615 4.473
4921 .31 4930 2.625 2.089

4910 4931 .24 4940 2.618 1 .513
4941 .02 4950 2.694 4.938
4951 .13 4960 2.844 2.760
4961 .00 4970 2.824 .757
4971 .00 4980 2.722 1.608
4981 .03 5212 Il 808 J:} ?fi7
5211 .12 5222 2.745 2.833
oZZI .IU 5232 2.696 5.203

5230 5231 .07 5242 2.895 2.729

~
5241 .10 5253 2.726 3.889
5251 .13 5263 2.776 2.406
~Lbl .U3 ~2/3 2.694 3.782
5271 .30 5283 2 713 ? 086
5281 .20 5293 2.662 2.142
5291 .0037 NA 5303 2.667 2.188
5302 .390 5312 2.666 2.154
5311 .05 5322 2.679 7.959
5321 .26 5332 2.761 7.396
5331 .10 5342 2.672 .398
5341 .36 5347 2.756 1l.597
5350 .32 5357 Il 733 1 111:)

5361 .0037 5362 2.568 1.280
5363 .620 5372 2.590 .723

" 5366 .38 5382 2.622 6.078
5371 .44 5394 2.724 2.515
5380 .18 5404 2.627 5.006
5401 .63 5414 2.551 .691
5411 .09 5424 2.590 6.353
~421 .l~4 ~434 L.b~~ 1.467
5431 .28 5444 2.548 .721 "
5441 .53 5447 2.590 2.039
5445 .38 5457 2.650 .642
5451 .56 5467 2.567 1.874

5450 5461 .24

X 5471 .41
5688 j)1

5480

Y"

FROM COLUM BIA GAS OFF- GAS ANALYSIS

••
FROM BAT T ELLE LABS

NA-NOT AVAILABLE

10
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5.0 STIMULATION OPERATIONS

Two zones were selected for treatment in well #20338. Trre interval for
the first zone was from 5450 ft. to 5480 ft. (30 ft.) and for the second zone
was from 4890 ft. to 4910 ft. (20 ft.). The zones were selected on the
fo11 owi ng basis:

• Presence of high organic content
• Relatively high concentration of gas based on analysis of logs

and co~e samples
A Cryogenic type of treatment was selected for stimulation of both

zones. The advantages of Cryogenic treatments are the following:
• Large volumes of proppant can be carried at low injection rates.
• Lower rates are used to enhance the fracture length.
• High concentrations of proppant can be carried to hold the fracture

open.
• Treatment contains energy assist fluids for better well clean-up.

Treatment of the fi rst interval {Zones ,5450":'5480 ft
The first interval was pe.rforated between 5450 ft. and 5480 ft. On

September 13,1977, after perforation, the interval was treated with 15%
NE acid and 4000 gal. of water to establish breakdown pressure and injection
rate. After this pre-treatment the well was tested and no measurable flow
of gas was observed. On September 14, 1977 the well was treated with a
Cryogenic type of stimulation treatment. After stimulation and subsequent
cleaning the open flow fluctuated between 54-107 MCFD.

Stimulation design for the interval consisted of 100,000 gallons of
. fluids (65,000 gallons of gelled water and 35,000 gallons of liquid CO2) and
270,000 lbs of sand (45,000 lbs of 100 mesh sand and 225,000 lbs of 20/40
mesh sand). These volumes of fluids and proppant were designed to generate
a theoretical fracture profile as follows:

1

Fracture Created
Length, Feet
1,651.6

Fracture
Width, Inches

0.414

11

Proppant
Length, Feet

985.3

Proppant
Hei ght, Feet

123.4
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The basic reservoir information used to generate this profile is
presented in Table 5.1.

The interval was treated by Haliburton Service Co. on September 14,
1977. Table 5.2 presents a log of the treating schedule during the fracturing.
A total of 84,020 gallons of fluid were injected including 23,500 gallons
of CO2. The procedure used to treat the interval was to initiallY pump
CO2 through the system for twenty minutes to lower the temperature of
the system in order to keep the CO2 in liquid form. The well was treated
for a total of three hours at a average injection rate of 30.2 BPM and
treating pressure between 1910 and 2100 psi. A summary of the treatment of
the first interval and changes in volume from the original design is
presented in Table 5.3.

Following the treatment, clean-up operations began. Within two days
50 percent of the fluids injected were recovered. After sixteen days, using
swabbing operations 81 percent of the fluids were recovered. Following
cleanup and testing for the wells open flow potential, Zone 1 was isolated
in preparation for treatment of Zone 2.

Treatment of the Second Interval (Zone 2, 4890-4910 ft.)

The second interval was also stimulated with a Cryogenic technique on
November 29, 1977. A bridge plug was set at 4950 ft. to isolate Zone 2.

Zone 2 was perforated between 4890 to 4910 ft. (20 ft.). After
perforation the zone was treated with 15% NE acid and 4000 gallons of
water on November 27, 1977 to establish formation breakdown and injection
rate. No measurable gas was produced before stimulation. After stimulation
open flow from Zone 2 was measured at -40 Mcfd.

The treating pressure averaged between 1560 to 2650 psi at an average

injection rate of 26.9 BPM. The total amount of fluid injected including
water, and CO2 was 130,620 gallons. A total of 295,000 1bs. of 100 and
20/40 mesh sand was used.

A brief summary of the treatment for the second tnterval is given in
Table 5.4. The injection rates recorded at various pressures by Halliburton
are presented in the attachment.

12
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TABLE 5.1

RESERVOIR INFORMATION

Formation:

Proposed Interval:

BHTP:

Permeability:

Porosity:

Gross Thlckness :

Net Thickness:

Treating Pipe Size:

Youngts Modulus of Elasti"ci"ty:

Bottom Hole Temperature:

Damage Ratio:

Drainage Radi~s:

Well Spaci'"ng:

Reservoir Fluid Pressure:

Net Fracture Height:

Gross Fracture Height:

13

Devonian Shale

Depth

4~890--4,910

5,450--5,480

1,800 Psi

0.01 md

2--6 percent

810 feet

50 feet

4.5 inch 'casing,

2.9--5.2 E6

1150 F

1.0

1,320 feet

160 acres

500 Psi

30 feet

150 feet

Feet

20

30
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Treating Log-Well #20338
Frac " Annulus

Volume Sand Type Rate Pressure Pressure

;)
(Gallons} and Cone. (BPM) {PSIG} (PSIG} Remarks

.
5»000 "60 Testing lines

:04:18 Gel1 ed pre-pad 60 ' Start Pumping:g 290 Gell edpre-pad 2,010 6<f
" 1~440 Gelled pre-pad 27.4 1 »980 60
:07 2~700 Ge11ed pre-pad 30.0 1,810 60

~;]
3,970 Ge11 ed pre-pad 30.2 1»800 60
5,.240 Gelled pre-pad 30.2 1,830 60

: 10 6,500 Gelled pre-pad 30.0 1,835 60
:~l 7,780 Gelled pre-pad 30.5 1,830 60
1""2 9,060 Gelled pre-pad 30.5 1,850 60
:l3 10~330 Ge11ed pre-pad 30.2 1,860 60
~14 11,610 Gelled pre-pad 30.5 1,870 60
; ,5 12,900 Gelled pre-pad 30.7 1,885 60
: f 6 14,170 Gelled pre-pad 30.2 1,895 20
:17 15:A60 Ge11ed pre-pad 30.7 1,900 60:18 16:J40 Gelled pre-pad 30.5 1,900 60~. 9 18,020 Ge11ed pre-pad 30.5 1,920 60
:20 19,320- Gelled pre-pad 31.0 1,930 60
:"70:36 20,000 Gelled pad with 24.3 1,290' 60 ~tarting pad with ClJ CO2
:21 20,340 Gell ed pad \'lith 24.3 1,250 60 line vibrating

]2
CO2

21,200 Gelled pad with 20.5 1,620 60
CO2

~.?3 22,020 Gell ed pad with 19.5 1,840' 60

i ~14 CO2
22,530 Gelled pad \'lith 19.3 1,920 60

i P5
CO2

23,640 Gell ed pad with 19.3 1,980 70LJ C02 ,
1:26 24,460 Gell ed pad \'/ith 19.5 1,990 10 Pad'with C02 on bot

1"J7 CO2
25,300· Gell ed pad with 20.0 1,990 65

CO2
21.2 2,000 10

~:~:
26,190 Gelled pad with --

CO2
2,01027,810 Gelled pad \-/ith 19.3 60 --"

1 ¥1 28,620
CO2

19.3 ~,040 60Gell ed IJdd with
CO2

1:32 29,470 Gell ed pad with 20.2 1,950 60

j,J33
CO2

30,280 Ge11ed pad \'/i th 19.3 1,945 60

1)34
CO2

31,120 Gel1 ed pad with 20.0 1,930 60
CO2

1 :35 31,960 Ge11ed pad \·ri th 20.0 1,500 60 Cut C02 Off-union
I CO2

I 135: 20 32,210 Gell ed pad \'lith 18.0 60 Shut-down

, j59:29
CO2

1,290 Resume pumping wit60

~loo ~2,680 Gelled pad \'lith 1,540 70
CO2 14

,.--,.-, " ....~-_.•"".,._,'~... ,--,.,_.~ , "..,p.-._-_. "". _.._,.,.~, ,,-, ,~- .... '.~.~ ....,,- .•~ .,,"-~- .."'_' ."._- .-- - .~-.,~. ...,..~- -...- -.. __._.. ~... ,..
" , .- "-'-'-_._._-._-
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Treating Log-Well #20338 (Cont'd)

.1 Frac Annulus
Volume Sand Type Rate Pressure Pressure

if (Gallons) and Cone. (BPM) (PSIG} (PSIG) Remarks

~:17 47>820 Flush w/gel 29.5 2~100 60
2.

117:42
48;,650 Flush w/gel 70- Shut down ,to repair

leak, .
2.;,31:23 Gelled water Resume pumping' '.
2:32 49,010 Gelled water 1,400 70
;::~133 49,840 Gelled water 19.8 1,840 70
cf34 50;,650 Flush w/gel 19.3 1)470 70 Cut' C02-Flush 50~2~

gallons-swing leak;
?'~

20.2 1,420
again

~J35 51,500 Flush w/gel 70 --2:36 52~370 Flush w/ge1 20.7 1,,415 . ·70
?"137 53~460 Flush w/gel 26.0 2,070 70 450 sks of 100 mest
;:37:36 54,190 Flush w/gel 30.0 70 Shut-down to repail
3:09:43 Gelled water with 2 70 . Resume pumping wit1
~~

ppg 20/40 mesh ppg 20/40 - euttin!
rate of C02 and wa1
down:jf 54:0330 Gelled wat.er with Z 12.1 990 70

. ppg 20/40 mesh
:) ;, 11 54~830 Gelled water with 2 13.1 1,330 70

ppg 20/40 mesh
:-J12 55,430 Gelled water with 2 . 13.1 1 A25 80

ppq 20/40 mesh
3:13 56,000 Gell ed water- '-'lith. 2 13.6 1,435 80

J ppg 20/40 mesh
: 114 56,560 Gelled water with 2 13.3 1,435 80j

ppg 20/40 mesh
?·,15 57,130 Gell ed \-rater \'lith 2 13.6 1,435 80

3~i15:49 57,590
ppg 20/40 mesh
Gelled water with 3 13.6 1,445 70

:J16
ppg 20/40 mesh

1,43557,700 Gel1 ed water with 3 13.6 70
ppg 20/40 mesh

3:17 58,270 Gelled water wi th 3 13.6 1,445 70 Gelled wat~r with
.Ppg 20/40 mesh ppg 20/40 mesh on

.'bottom
3:18 58,830 Gelled water with 3 13.3 lA65 70

:~19
ppg 20/40 mesh

1,47059,400 Gell ed water with 3 13.6 70,j

'?f20
ppg 20/40 mesh

1,47559,970 Gelled water with 3 13.6 70 -- "

ppg 20/40 mesh
.

! 31!J: 21 60,530 Gelled water with 3 13.3 1,485 70 --
} ppg 20/40 mesh

~,495! r21 :38 60,890 Gelled water with 4 13.6 75
ppg 20/40 mesh

13:22 61,100 Gelled water with 4 13.6 1,485 70 ...- ":
,l ppg 20/40 mesh

I .~24 13.6 1,45062,240 Gelled water with 4 70 Gelled water" with
ppg 20/40 mesh ppg, 20/40 mesh on

bottom.

16
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Treating log-Well #20338 (Cont'd)

Frac Annulus

~··1
Volume Sand type Rate Pressure Pressure

(Gallons) and Cone. (BPM) (PSIG) (PSIG)
.

.~;1 71,550 Gelled water with 2 . 13.3 2~075 80

,':(2 ppg 20/40 mesh
78~100 Gelled water with 2 13.1 2~360 80

ppg 20/40 mesh
15.2· t~89018>14.0 Gell ed water with 4 70

ppg 20/40 mesh
;: 54 79>420 Flush w/gel 16.2 3~560 10
v~i

80)230 Flush w/KCl water 19.3 2,955 80i .55
;:56 81>030 Flush w/KCl water 19.1 3,160 80
;'-~7 81~820 Flush wlKCl water 18.8 311120 10
; . 8 82°,,620 Flush wIKel water 19.1 2~800 70
:: 59 83,500 Flush wIKel ..../ater 21.0 2,,775 70
ri59 :34 84~020 Flush wIKel water 70
1

Remarks

Cut sand-Cut C02 @
7~~OOO ga.lo~s

Cut engines-check
valve sheet

lfed fluid to keep valve open to obtain ISIP
1

18
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Table 5.3

First Interval Treatment Summary for Well # 20338

Treatment Parameter

Well Number

County, State

Interval Number

Perforated Interval (ft.)

Treatment date

Treatment Type

Treatment Size (gal.)

Liquid Carbon-Dioxide (gal.)

Water (gallons) gelled

Sand Volume (lbs.)
(450 Sks 100 mesh +2250
Sks 20/40 mesh)

Concent rat ion (p pg)

Des i gn

20338

Wise, VA.

1

5450-5480

Cryogenic

97500

35000

65000

270000

Actual

20338

Wise,. Va.

1

5450-5480

Sept. 14, 1977

Cryogeni c

84,020

23,500

60,920

Average Pumping rate (BPM) 30.2

Maximum Pumping Rate (BPM) . .-.. 30.0 30.2

Breakdown Pressure (PS i g) -----
Minimum Injection Pressure (PS i g) ----- 1900

Maximum Inject i on Pressure (PS i g) ----- 2100

Instaneous Shut-in Pressure (Ps i) ----- 1290
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Tab 1e -5.4

Second Interval Treatment Summary for Well # 20338

Treatment Parameter

We 11 Number

County, State

Interval Number

Perforated Interval (ft.)

Treatment Date

Treatment Type

Treatment Size (ga1 . )

Sand Volume (lbs)
(45000 Ibs. of 100 mesh + 250,000 Ibs.
of 20/40 mesh)

.Concentration (ppg)

Average Pumping Rate

Maximum Pumping Rate

Breakdown Pressure (PSig)

Minimum Injection Pressure (PSig)

Maximum Injection Pressure (PSig)

Instaneous Shut-in Pressure

20

Des i gn

20338

Wise, VA.

2

4890-4910

Cryogeni c

NA

NA

NA

Actual

.20338

Wi se, VA.

2

4890-4910

Nov. 29, 1917

Cryogeni c

130620

295,000 Ibs.

NA

26.9 BPM

1100

2650

1160



Table 5.5

Monthly Status of The Well After Stimulation~

from December~ 1977 to October~ 1978.

. j

January, 1978'

February, 1978

March, 1978

April , 1978

May, 1978

June, 1978

July, 1978

August, 1978

Frac Water was being swabbed from the

Second Zone. While swabbing a· tool was

lost in the well. Fishing operation was

being conducted to clean the well out.

No change from January, 1978 except that on

Feb. 28, 1978, the swab carne free.

Bridge plug separating the two zones has been

drilled out. Well is shut-in to for an open flow test

f rom -t.he combined zones.

Well was still making water, with a gas open flow rate.

of 215 mcfd gauged from both zones.

Well is being prepared for a post-frac reservoir test.

Final open flow from both zones was 233 mcfd with

a rock pressure of 480 psi. The well is still being

prepared for post-frac reservoir t~st.

No change from June, 1978

No change from June, 1978
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September, 1978

October, 1978

Table 5.5

-Continued-

No change from June, 1978

Still no information is reported on post-frac

reservoir tests.
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6.0 PRESENT WELL STATUS

The well has not-been put into production as of October 1978. The
monthly status of the well is summarized in Table 5.5

24
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7.0 SUMMARY OF RESULTS AND CONCLUSIONS

1. Stimulation with c~ogenic fluids increased open from O-to 40 Mcfd
and 0-54/107 Mcfd from Zone 2 and 1 respectively.

2. Clean-up period for fracturing fluids in Zone 1 was relatively short
with 81% fluid recovery in sixteen days.

3. The well has not been put into production; therefore, no long term
production data are available to indicate production enhancement due
to treatment.

4. Short term production tests were delayed due to mechanical problems.
However, since no pre-frac well tests were done, improvement due to
stimulation will be difficult to quantify.

5. The average offgassing values for the cored interval were 1.76 cu. ft. gas/
cu. ft. shale.

6. Total porosity values based on core analysis by Battelle Labs ranged
between 0.35 to 8 percent.

25
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APPENDIX A

CORE DESCRIPTIONS AND OFFGAS

DETERrHNATIONS

BY
COLUMBIA GAS TRANSMISSION CO.
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This appendix presents the analysis performed by Columbia Gas. A
total of forty-one samples obtained by Columbia Gas are listed in Table 1.1.
The lithologic description of the core is presented in Table 1.2.

The results of measurements of offgassing and average gas content of
the Devonian Shale are shown in Tables 1.3 and 1.4.
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Tab1e 1. 1 Depth of The Core Samples from Wise CO. J Virginia Well # 20338

1- 4871.00-48]1.40· 22. 5291.00-5291.40

2. 4881.00-4881.40 23. 5302.00-5302.40

3. 4891 .00-4891 .40 24. 5311.00-5311.40

4. 4901.00-4901.40 25. 5321.00-5321.40

5. 4911 .00-4911 .40 26. 5331.00-5331.40

6. 4921.00-4921.40 27. 5341.00-5341.40

7. 4930.60-4931.00 28. 5345.30-5345.70

8. 4931.00-4931.40 29. 5350.00-5350.40

9. 4941.00-4941.40 30. 5361.00-5361.40

10. 4951.00-4951.40 31. 5371 .00- 5371 .40

11. 4961 .00-4961 .40 32. 5380.00-5380.40

12. 4971.00-4971.40 33. 5401.00-5401.40

13. 4981.00-4981.40 34. 5411.00-5411.40

j
14. 5211.00-5211.40 35. 5421.00-5421.40

15. 5221.00- 5221.40 36. 5431 .00-5431 .40

16. 5231.00-5231.40 37. 5441.00-5441.40

17. 5241.00-5241.40 38. 5451.00-5451.40

18. 5251.00-5251.40 39. 5461.00-5461.40

19. 5261 .00-5261 .40 40. 5471.00-5471.40

20. 5271 .00-5271.40 41- 5688.20-5688.50

21. 5286.20-5286.60

~1

1 29



J
Table 1.20escription of Cored Shale Intervals

from Hell Number 20~338~ Uise Co., Va.

Run #1 (4870'-4928.6)

From To

4810 4928

from To

4885.2 4885.7
4894.2 4894.2
4896.2 4897.6
4905.7 4905.7
4910.5 4910.5
4914.0 4914.5

4918.0 4918.0

From To

4871.5 4871 .7
4872.3 4872.3
4872.5 4873.3
4873.5 4874.2
4875.4 4875.6
4876.9 4877.1
4877.8 4877.8
4878.2 4878.5
4879.4 4879.4
4882.2 4882.2
4882.6 4882.7
4884.2 4884.3
4884.8 4885.7

j
4888.8 4888.8
4891.4 4891.4

_ J 4892.6 4892.6
4892.9 4892.9
4893.0 4893.0
4893.7 4893.7
4894.6'· 4894.8
4897.0 4897:2
4900.0 4900.0
4900.4 4900.4
4901.3 4901.3
4901.5 4901.5
4903.1 4903.1
4903.3 . 4904.3
4904.5 4904.5
4904.7 4904.7
4905.0 4905.0
4905.5 4905.9
4907.0 4907.2

lithologic Description

Entire run represented by black. shale·

Fractures

Slickensided~ near vertical, parted
Slickensided horizorrtal plane
700 inclined, mineralized·
Slickensided~ horizontal plane
Slickensided~ horizontal plane
3 vertical mineralized fractures~ horizontal

slickensided surface
3 near horizontal mineralized fractures~ with a

slickensided surface

Other Features

3 anhydrite-carbonate layers
Anhydrite-carbonate layer, wi th 2 pyrite blebs
3 anhydrite-carbonate layers
Numerous pyrite blebs
3 anhydrite-carbonate layers
3 anhydrite-carbonate layers
Anhydrite-carbonate layer
Numerous anhydrite-carbonate lc··ers
2 anhydrite-carbonate layers
2 anhydrite~carbonate layers
2 anhydrite-carbonate layers
2 anhydrite-carbonate layers
Several anhydrite-carbonate layers
Anhydrite-carbonate layer
Anhydrite-carbonate layer
Anhydrite-carbonate layer ­
Anhydrite-carbonate layer
Anhydrite-carbonate layer
Pyrite filled layer
Numerous anhydrite-carbonate layers
Numerous anhydrite-carbonate layers
Anhydrite-carbonate layer
Anhydrite-carbonate layer
Anhydrite-carbonate l~yer

Anhydrite-carbonate idyer
Anhydrite-carbonate layer with large pyrite bleb
4 anhydri tc-carbonate 1ayers
Anhydrite-carbonate layer wi th Tarqe pyrite bleb
Anhydrite-carbonate layer .
Anhydrite-carbonate layer with 2 pyrite blebs
3 anhyddte-carbonate layers
Several anhydrite-carbonate layers
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Run #1 (Cont.) (4908.7-4928.0)

1

:1

j
1

'1

I

~
To

4908.7 4908.8

4911.0 4911.0
4911 .2 4911. S'
4914.6 4914.6
4919.0 4919.2
4919.3 4919.. 3
4919.4 4928.0

Other Features

Anhydrite-carbonate layer with apparent fossil
fragments '

2 pyri te 1ayers
2 anhydri te 1ayers \'Ii th 1 pyri te 1ayer
Anhydrite-carbonate and ,pyrite layer
3 anhydrite-carbonate layers
Large pyrite bleb
Numerous anhydrite-carbonate layers

Gas bleeding throughout entire core
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Run #2 (4g28.6 - 4985.5)

From To

4928.6 4943.6
4943.6 4945.1
494~.1 4945.9

. ~945.9 4946.. 9

4946.9 4948.1
4948.1 4948.3
4948.3 4948.5

4948.5 4950.2
4950.2 4951 .1

4951.1 4951.8

4951.8 4955.3

4955.3 4955.8

4955.8 4956.6
4956.6 4956.9
4956.9 4957.7

~957.7 4958.5

4958.5 4958.9
4958.9 4960.7

4960.7 4961.9

l 4961.9 4962.5
..1 4962.5 4953.4

4963.4 4963.6
4963.6 4963.9
4963.9 4964.4 .

4964.4 4964.9
4964.9 4965.3
4965.3 4969.7

4969,7 4970.1
4970.1 4971.3

4971 .3 4971.8
4971.8 4972.. 4

4972.4 4973.0
4973.0 4980.8

~980.8 4982.0

4982.0 4982.5

"lithologic Description

Black shal e
Black shale with dark gray laminae
Medium dark gray share
Medium dark gray and dark gray shale, banded and
laminated . :
Dark gray shal e wi th medium gray si 1ty shal e 1aminae
Hedium dark gray shale "
f4edium dark gray shale \·/ith medium gray silty shale
laminated in bedding or loading feature
Medium dark gray shale and dark gray bands laminae
Medium dark gray and black liminated shale with
numerous silt laminae and loading feature pyrite blebs
Hedium gray shale with medium dark to dark gray bands~

loading features
Medium gray shale with dark gray and medium dark gray
bands~ silt laminae
Dark gray shale with medium dark gray liminae, with
numerous siltstone
Medium gray shale \'lith dark gray band
Medium gray silt shale
Hedium gray shale with 2.5' dark and med ium gray shale
and silty laminae' .
Medium gray shale to black shale, silty laminaes
showing loading features
Medium gray shale
Medium dark gray shale with medium gray black shale~

light gray laminae .
Medium gray shale with medium dark gray laminae and
some light gray laminae
Medium dark gray shale
Medium gray with occasional medium dark gray laminae
light gray shale with slightly silty band .'
Medium gray shale .
light gray to medium gray shale with light gray silty
1aminae
Medium gray shale with a .15' light gray shale band
light gray shale and medium gray shale cross bedded.

. Hedium gray shale with occasional light .gray shale
laminae
Hedium gray shal e . . .
light gray silty shale with medium dark gray laminae
crossbedded
Medium gray shale .
light gray silty shale \·lith medium gray laminae
crossbedding
Medium gray shale with light gray laminated bands
Hedium gray shale with sparse medium dark gray shale
laminae and some light gray laminae .
Medium gray with numerous medium dark gray bands~. some
1i ght gray silty 1ami nae .:ith 1oadi ng features
Medium gray shale
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~un =2 (Cont.) (4982.5 - 4985.5)

. ri-cill
-"------
':9-32.5

4982.9
4934.4
I

To

4982.9

4984.4
4985.5

lithologic Description
-

Black and medium gray shale laminae with light
gray shale laminae
Medium gray shale with two .05 black shale bands
Medium dark gray and black laminated shale"with
light gray shale laminae

Fractures·

parted
parted
parted·
parted

plane"
pl ane,
plane,
plane,

Slickensided, horizontal
Slickensided, horizontal
Slickensided, horizontal
Slickensided, horizontal
4 near vertical, parted
Slickensided, horizontal plane, parted
Horizontal plane, mineralized
Slickensided, horizontal plane. parted
Slickensided, horizontal plane, parted
Slickensided, horizontal plane, parted
Slickensided, horizontal plane, parted
Slickensided, horizontal plana, parted
3 slickensided, horizontal planes parted
3· slickensided, horizontal planes: parted
3 slickensided, horizontal planes, parted
Slickensided, horizontal plane, parted
Slickensided, horizontal plane, parted
Slickensided, horizontal plane, parted
2 600 inclined, slickensided, parted
Slickensided, horizontal plane~ parted
4 slickensided) horizontal planes, parted
Slickensided, horizontal plane, parted
Slickensided, horizontal plan~, parted
Slickensided, horizontal pl ane joar-ted
3 slickensided, horizontal planes, parted

IQ.
4930·
4931.5
4934.4
4934.8
4935:2
~935.2

4935.4
4935.7
4937.7
4939.5
4940.0
4941 .7
4942.7
4945.0
4947.7
4950.6
4961.5
4972.6
4973.7
4974.3
4977.4
4978.4
4980.5
4981.7
4985.5

from-
4930.0
4931.5
-~934.4

.l934.8
~934.8

4935.2
4935.4
4935.7
:'937.7
~939.5

·~940.0

~941 .7
~942.2

~943.8

4946.3
4950.6
4951.5
·~972 .6
4973.0
4974.3
4977.0
4978.4
4980.5
4981. 7
4984.2

I
j

I
J

i
I

From

4929.0
4929.8
4931.2
4.932.8
4933.2
4937.2
4938.5
~940.0

4943.7
4949.0
4952.2
4960.2

To

4929.0
4930.0
4932.0
4932.8
4935.3
4937.2
4939.5
4940.3
4944.9
4950.6
4955.0
4960.5

Other Features

2 anhydrite - carbonate layers
3 anhydrite - carbonate layers
7 anhydrite - carbonate layers
Pyrite filled layer
6 anhydrite - carbonate layers
large pyrite bleb
Numerous anhydrite - carbonate layers
3 anhydrite - carbonate layers
4 anhydrite - carbonate layers
5 pyrite blebs
Several pyrite blebs and layers
large pyrite bleb wit~ several filled layers

33



?'t:O ft2 {Cont.) (4982.5 - 4985.5)

FrOill . To.,......--

4930.0 4930
4931.5 4931.5

'4934.4 4934.4
4934.8 4934.8

.. '4934.8 4935:2
4935.2 .4935.2
4935.4 4935.4
4935.7 4935.7
4937.7 4937.7
4939.5 4939.5
4940.0 4940.0
4941. 7 4941.7
4942.2 4942.7
49t~3.8 4945.0

.. 4946.3 4947.7
4950.6 4950.6
4961.5 4961.5
4972.6 4972.6
4973.0 4973.7
4974.3 4Q74.3
4977.0 4977.4
4978.4 4978.4
4980.5 4980.5
4981..7 4981.7
4984.2 .. 4985.5

from To

4929.0 4929-.0
4929.8 4930.0
4931-.2 4932.0
4932.8 4932.8
4933.2 4935.3

. 4937.2 4937.2
4938.5 4939.5
4940.0 4940.3
4943.7 4944.9
4949.Q 4950.6
4952.2 4955.0
49&0.2 4960.5

Other Features. .,.

lithologic Description

Black and medium gray shale laminae tlith light
, gray shale laminae

Medium gray shale with two .05 black shale bands
l1edium dark gray and black laminated shale \-lith
light gray shale lam~nae

fractures

2 anhydrite - carbonate layers
3 anhydrite - carbonate layers
7 ~nhydrite - carbonate layers
Pyrite filled layer
~ anhydrite - carbonate layers
large pyrite bleb
Numerous anhydrite - carbo~ate layers
3 anhydrite - carbonate layers
4 anhydrite - carbonate layers
5 pyri te blebs
Several pyrite blebs end layers
large pyrite bleb with several filled layers

parted
parted
parted
parted

plane>
plane,
plane,
plane>

Slickensided> horizontal
Slickensided» horizontal
Slickensided~ horizontal
Slickensided> horizonta1
4 near vertical> parted
Slickensided~ horizontal plane> parted
Horizont~l plane> mineralized
Slickensided> horizontal plane> parted'
Slickensided> horizont~l plane~ y~rted
Slickensided~ horizontal plane> parted
Slickensided> horizontal plane> parted
Slickensided~ horizontal plane~ parted
3 slickensided~ horizontal planes parted
~ slickensided> horizontal planes: parted
3 s'l iccensided , horIzonta'l planes: par-ted
Slickensided~ horizontal plane» parted
Slickensided> horizontal plane> parted
Slickensided~ horizontal plane> parted
2 600 inclined> slickensided) parted
Sl iCKE:lsided, horizontal pf ane, parted
4 slickensided» horizontal planes> parted
Slickensided, horizontal plane» parted
Slickensided, horizontal plane~ parted
Slickensided, horizontal plane) parted
3 slickensided> hor1zontal planes, parted

, To

4982.9- ,­

4984.4
4985.5

':932.5

Fcor.J--
4932.•9
4934.4
•
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Run #2 (Cont.) (4962.2 - 4982.7)

from:-----
J~:962 .2
:4964.0
4965.0
4982.1'

To

4962.4
4964.0
4965.4
4982.7

Other Features

Several pyri te blebs and fi 11 ed.. 1ayers
2 pyrite filled layers
2 slightly anhydri;e - carbonate layers
2 pyrite blebs .

!

1

Slicken sides in all directions but mostly horizontal
for entire length of core.
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Run f/3 (5210 - 52201

from To-
5210 5220

From To-
5211.4 5215.0
5212.6 5212.6
5212.6 5214.2
5213.0 5213.0
5215.0 5215.8
5216.0 5217.7
5218.0 5218.0
5219.1 5219.8

from To

5210.0 5210.8
5213.6 5214.0
5215.1 5217.6
5218.6 5218.8

lithologic Description

Entire core cross-bedded medium dark gray shale
with black snale bands and some silty laminae

Fractures

Slickensided, vertical, parted
Slickensided, horizontal plane, parted
Slickensided) near vertical. parted
Slickensided, horizontal plane) parted
500 inclined) slickensided) parted
700 inclined) slickensided) parted
Slickensided plane) parted
80° inclined) parted

Other Features

Numerous anhydrite - carbonate. layers
5 anhydrite - carbonate layers
5 anhydrite - carbonate layers
3 anhydrite - carbonate layers
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:::un #4 (5220 - 5251)

From To-
5220.0 5236.0

5236.0 5236.3
5236.3 5237.0
5237.0 5237.3
5237.3 5249.. 2
52.19.2 5251.0

From To

5222.0 5223.0
5222.4 5222.4
::223.8 5224.4
~2.t5.6 5246.4
52·~6. 2 5246.2
5247.0 5248.5
S2~9.2 5250.°2

trDm To

~247.2 5247.2
5247.7 5247.7
52:'8.4 5248.4
52~8.9 5248.9

lithologic Description

".J1edium dark gray shale with some black shale
bands and laminae. Occasional silty streaks.
light gray silty zone .
Medium dark gray shale with black shale bands
light gray silty zone .
Medium dark gray shale with black shale bands
Primarily black shale with some black shale bands

Fractures

Vertical, parted
Slickensided, horizontal flane, parted
450 inclined, slickensided, parted
Near Vertical, parted
Slickensided, horizontJ~plane, parted
Vertical, parted
Vertical, parted

Other Features

Pyrite bl eb
Pyrite bleb
Pyrite bleb
Pyrite-·bleb

4
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Run #5 (5251 - 53l0)

from To lithologic Description
.;.....--

5251.0 5255.4 Black shale with medium dark gray and dark gray
shale laminae and bands~ numerous anhydrite stringe

5255.4 5258.2 Dark gray shale and bt ack-shal e layers \-lith some.
"LOrm burrows

5258.2 5260.7 Black shale and dark gray l~minated shale
5260.7 5264.4 Medium dark gray shale with black shale bands

and laminae) pyritized Worm burrows near top
5264.4 5267.8 Black shale with medium dark gray shale bands

and laminae
5267.8 5268.7 B1 ack shal e
5268.7 5272.2 Black shale with medium dark gray shale bands and

laminae
5272.2 5273.4 Medium dark gray shale

~·l 5273.4 5278.9 Black shale with medium dark gray shale bands
i and laminae

5278.9 5280.5 Mostly medium dark gray shale with some dark gray a,

'l black shale bands and laminae
5280.5 5286.9 Black shale with dark gray shale bands and laminae,

a few anhydrite seams
5286.9 5287.7 Medium dark gray shale with one .1' t1ack shale banI
5287.7 5292.3 Black shale with dark gray shale bands and laminae
5292.3 5292.7 Medium dark gray shale
5292.7 5310.0 ' Black shale with dark gray shale laminae and bands

From To Fractures

5253.3 5253.3 Slickensided> horizontal plane> parted
5263.5 5263.5 51ickerls i ded , horizontal plane:. parted
5266.4 5266.4 Slickensided) hor iz onta'I plane> parted
5268.8 5268.8 Slickensided» horizontal plane> parted
5270.0 5270.0 Siickensided» horizontal plane» parted
5274.6 5274.6 Slickensided> horizontal pl ane , parted
5275.2 . 5275.2 Slickensided» horizontal plane> parted
5285.2 5286.0 Near vertical to 70° incline
5292.1 5292.1 Slickensided» horizontal plane) parted
5305.0 5307.0 Vertical~ irregular surface) parted
5307.5 5308.4 Vertical~ irregular surface~ parted

From To Other Features-
5251.0 5254.8 Numerous anhydrit~ stringers
5258.3 5258.5 3 anhydrite - carbonate layers
52'64.4 5264.4 Anhydrite - carbonate layer
5265.2 5266.0 5 anhydrite - carbonate layers
5267.3 5267.3 Anhydrite - carbonate layer
5268.5 5268.5 Anhydrite - carbonate layer.
5271.7 5271.7 Anhydrite - carbonate layer
5272.8 5272.8 Anhydrite - carbonate layer
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qun #5 (Cont. ) 5274.7 - 5307.8)

From To Other Fea tures .-
5274.7 5274.7 Anhydrite - carbonate layer

I 5276.0 5277.0 -- Numerous anhydrite - carbonate layers
I 5277: 3 5277.3 Anhydrite - carbonate layer

5218.0 5278.0 Anhydrite - carbonate layer
5278.4 5278.4 Anhydrite - carbonate layer
5279.0 5279.2 2 anhydrite - carbonate layers

5282.8 5282.8 Anhydrite - carbonate layer
5234.7 5284.7 Anhydrite - carbonate layer
5235.0 5285.2 2 anhydrite - carbonate layers'
5235.4 5285.4 2 anhydrite - carbonate layers
5292.8 5292.8 Anhydrite - carbonate layer
5299.1 5299.4 2 anhydrite - carbonate layers
5299.8 5299.9 Several thin anhydrite - carbonate layers
5301.6 5301.6 Anhydrite - carbonate layer
5303.8 5303.. 8 Anhydrite - carbonate layer
5305.0 5305.0 Anhydrite - carbonate layer
5307.8 5307.8 Anhydrite - carbonate layer

Gas leaki~g along most of core. .

I
'!ill

'J
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I
J ~:;n ff6 (5310 - 5345)

)
i
i

"J

,J

5310.0
5313.8
5314.0
5314-.3
5314.5
5318.2
S3Uf.5 '
5325.7
5327;7

5329.0

5332.9
5335.0

5337.5
5339.0
5339.5
5341.1
5341 .3

5311.5
5314.2
5319.2
5320.0
5321.3
5322.4
5334.2
5336.0
5336.9
5338.0
5339.6
5340.3
53~1.3

From--
5310.8
5311.5"
5313.0
5318.2
5319.9
5321.5
5322.8,
5329.9
S:nO.3
5330.8

To-
5313.8
5314.0
5314.3
5314.5
5318.2"
5318.5
5325.7

- 5327.7
5329.0

5332.9

5335.0
5337.5

5339.0
5339.5
5341.1
5341.3
5345.0

To

5312.6
5314.2
5319.2
5320.0
5321.3
5322.4
5334.2
5336.0
5337.4
5338.4
5339.6
5340.3
5341.3

5310.8
5312.4
5313.0
5318.2
5319.9
5321.5
5322.8
5329.9
5330.3
5330.8

~ithologic Description

Black Shale
Medium dark gray shale
Black shale
Hedium dark gray shale
Black shale
Medium dark gray shale
Black shal e
Medium dark gray shale with black shale bands
Black shale with one band of medium dark to light,
gray shale .2' long
Medium dark gray shale with 2 black shale bands. One
calcareous band at top and a few pyrite worm burrows
Black shale
Medium dark gray shale with 3 black shale bands
.1' to .2 1 in width
Black shale
f-tedium dark gray shale
Black shale
Medium dark gray band
Bl ack shal e

.fractures

9 slickensided> horizontal plane
'Horizontal plane
Slickensided> horizontal plane> parted
'Slickensided) horizontal plane, parted
2 slickensided. horizontal planes> parted
Slickensided~ horizontal plane, parted
Slicken;ided, horizontal plane> parted
Slickensided> horizontal plane, parted
3 slickensided, horizontal planes, part~d

4 slickensided, horizontal plane$, parted
Slickensided) horizontal plane> parted
Slickensided, horizontal plane, parted
Slickensided) horizontal plane) ,parted

Other Feattires

Anhydrite'- carbonate layer
4 anhydrite - carbonate layers
Anhydrite - cdrbonate layer
Anhydrite - carbonate Teyer­
Anhydrite - carbonate layer
Anhydrite - carbonate layer
Anhydrite - carbonate layer
Pyrite bleb
Pyrite bl eb
Pyrite bleb
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?~n #6 (Cont.) (5331.4 - 5337.0)

from-
5331.4
~J32.4
5335.6
5336-.1
5337.0

To .

5331.4
5332.4 -.
5335.6
5336.1
5337.0

Other Features

Pyrite bleb
Pyrite bleb
Pyrite bleb
Pyrite bleb
Pyrite bleb

."" "j
I
J

1

Considerable gas bleeding along core •
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?un #.7 (5345 - 5360)

1

1
j

I

1

5345.0
53~5.9

5347;9
5351.0
5351.3
5354.0
5-354.5
5:354.9
5355.2
5357.3
5357.5

From

5352.2
5352.5
5354.0
5354.5
5354.7
5355.0
5356.2
5356.4
5357.7 .
5358.2
5359. 1

To

5345.9
·5347.9­
5351.0
5351.3
5354.0

·5354.5
5354.9
5355.2
5357.3
5357.5
5360.0

To

5352.3
5352.8
5354.0
5354.5
5354.7
5355.8
5356.2
5356.4

-5357.7
5358.2
53°60.0

lithologic Description

Black shale
Half black shale and half dark gray shale
Black shale
Medium dark gray shale
Black shale
Medium dark gray shale
Black shal e
Medium dark gray shale
Black shale
Medium dark gray shale
Black shale

Fractures

2 slickensided, horizontal planes, parted
3 slickensided, horizontal planes, parted
Slickensided, horizontal plane) parted
Slickensided, horizontal plane) parted
Slicken~ided) horizontal plane) parted
7 slickensided) horizontal planes) parted
Slickensided. horizontal p1ane, parted
Slickensided, horizontal plane) parted
Slickensided, horizontal plane, parted
Slickensided) horizontal plane) parted

"9 slickensided) horizontal planes) parted

Slickensides at 200 from horizontal

;;rom

5346.9
5351.4
5352.7
5354.2
5354.7
5355.8
5356.2

To--,..

5346.9
5351.4
5352.7
5354.2
5354.7
5355.8
5356.2

Other Features

Anhydrite - carbonate layer
Anhydrite - carbonate layer
2 anhydrite - carbonate layers
Anhydrite - carbona~e layer
Anhydrite - carbonate layer
Anhydrite - carbonate layer
2 anhydrite - carbonate layers
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Run #8 (5360 - 5392)

from To lithologic Description
~

5360.0 5380.9-- Black shale
5380.9 5382.3 Medium gray shale
5382.3 . 5383.1 Black shale
5333.1 5383.7 Medium dark gray shale
5383.7 5384.2 Black shale
5384.2 5384.6 Da rk gray shale
5384.6 5385.3 Black shale
5385.3 5385.8 Dark gray shale
5335.8 5388.0 Black shale
5338.0 5388.2 Medium dark gray shale
5338.2 5389.6 Black shale
5339.6 5392.0 Medium gray shale

~ To Fractures

5360.4 5360.6 3 slickensided, horizontal planes) parted
5361. 4 5361.4 Slickensided, horizontal plane» parted
5361. 8 5361.8 Slickensided, hO""izontal pl ane , parted
5362.5 5362.5 Slickensided, horizontal plane. parted
5363.1 5363.1 Slickensided, hori zonta1 p1ane» parted
5367.6 5357.6 Slickensided) hod zontal pl ane , parted
5358.0 5368.0 Slickensided, horizontal pl ane ~ parted
S370.8 5370.8 Slickensided, he-ri zonta1 plane. parted
5371. 2 5371.2 Slickensided, horizontal pl ane , parted
5373.3 5373.8 3 slickensided, horizontal planes, parted
5375.4 5375.6 2 slickensided, horizontal planes, part ed
5.376.0 5378.0 12 slickensided~ horizontal plan~, parted
5378.5 5378.5 S1ickensided~ horizontal plane» parted
5379.0 5379.0 Slickensided~ horizontal plane» parted
5379.3 5379.3 Slickensided, horizontal pl ane , parted
5379.6 5379.6 Slickensided, horizontal plane, 'parted
5380.9 5380.9 Slickensided~ horizontal plane» parted
5381.4 5381.4 Slickensided, horizontal plane, parted

j 5381.8 5381-.8 Slickens~ded, hor~zontal plane, parted
5382.0 5382.0 Slickensided, horizontal plane, parted
5383.3 5383.3 Slickensided, horizontal pfane , parted
5384.1- 5384.1 Slickensided, horizontal pl ane , parted
5384.5 5384.5 Slickensided, horizontal plane, parted
5384.7 5384.7 Slickensided, horizontal plane, parted

t 5387.0 5387.0 Slickensided, horizontal plane. parted
J 5388.0 5388.0 Slickensided, horizontal plane, parted

5383.2 5388.2 Slickensided, horizontal plane, parted
5389.1 5390.1 6 slickensided, horizontal planes,- parted

From To Other Features
~.-

5362.9 5362.9 Anhydrite - carbonate layer
5330.6 5380.6 Large pyrite bleb
5386.6 5386.6 Pyri te bleb-

I
J
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Run #8 (Cont.) (5388.5 - 5389.6)

j
J

From

5388.5
5389.0
5389.6

To

5388.5
5389.0
5389.6 --

Other features

Pyrite layer
Pyri te 1ayer
Pyrite layer

I
I

, <I

J

Gas bleeding profusely through entire core.
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j

lithologic Description
. -

Medium gray shale~/ith numerous 45° filled
hairline fractures
Medium dark gray shale with worm burrows .
near base .
Black shale
Medium dark gray shale and black shale with worm burro~

Black shale with some very dark gray shale
Hedium dark gray shale with some black shale
bands and laminae
Black shale with medium dark gray shale bands
r1edium dark gray shale with 3 b'l acksha'[ebands
approximately .25' - .41' wide
Black shale with a few dark gray shale laminae
Medium dark gray shale with one .3' wide black
shale band with some worm burrows
Black shale
Medium dark gray shale band
Black shale with olive black shale layers

Black shale with olive black shale bands
01 i ve black shale \'11 th dark gray shale and
black shale bands
B1 ack shal e
B'lack shale "lith dark gray shale bands
Black shale
Black shale and dark gray shale
Black shale
Black shale and dark gray shale with worm burrows
Black shale
Dark gray shale and black shale \·zith worm burrows
Black shale
Dark gray shale and balck shale with worm burrows
Black shale

Fractures

18 slickensided fractures> at ]00 parted
5 slickensided, horizcntal planes~ parted
Slickensided, horizontal _plane~ parted
3 slickensided, horizontal planes) parted
4 slickensided, horizont~l planes) parted
Slickensided, horizontal plane, parted
Slickensided, horizontal plane, parted
Near vertical
Near vertical
Slickensided~ horizontal plane, parted
Slickensided) horizontal plane) parted
3 slickensided) horizontal-planes, parted
Slickensided) horizontal plane> parted
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~un #9 (Cont.)

=-rom:.--

(5411.3 - 5444.4)

To Fractures

5411. 3
5414.5
5416.4
5-l16.9
5417.3
5417.4
5428.0
5432.6
5433.9
5434.4
5434.7
5~.35.0

5-t35.3
5435.7
5435.9
5436.1
5436.7
5437.8
5438.0
5438.9
5439.4
5~42.0

5442.5
544'4.4

from

5398.0
5399.0
5400.0
5406.4
5417.4
5418.3
5419.0
5~20.0

5';20.1
5421.5
5423.4
5426.2
5428.3
5432.7
543'8.2
5438.4

5411.3
5414.5
5416.4._
5416.9
5417.3
5418.0
5428.9
5432.8
5434.0
5434.4
5434.7
5435·.1
5435.5
5435.7
5435.9
5436.5
5437.4
5437.8
5438.0
5438.9
5439.4
5442.0
5442.5
5444.4

To

5398.0
5399.0
5400.0
5406.4
5417.5
5418.3
5419.0
5420.0
5420.1

.5421.5
5423.4
5426.2
5428.3
5432.7
5438.2
5438.4

Slickensided, horizontal plane~ parted
Slickensided, horizontal plane~ parted
Slickensided. horizontal pl~ne~ parted
Slickensided. horizontal plane, parted
Slickensided. horizontal plane. parted
Near vertical
Near vertical
2 slickensided. horizontal planes, parted
2 slickensided. horizontal planes, parted
Slickensided. horizontal plane, parted
Slickensided, horizontal plane~ parted
2 slickensided, horizontal planes. parted
3 slickensided, horizontal planes. parted.
Slickensided. horizontal plane~ parted
Slickensided, horizontal plane. parted
5 slickensided. horizontal planes) parted
5 slickensided. horizontal planes) parted
Slickensided) horizontal plane) parted
Slickensided. horizontal plane, parted
Slickensided. horizontal plane, parted
Slickensided, horizontal plane, parted
Slickensided. horizontal plane> parted
Slickensided~ horizontal plane) p~rted

Slickensided, horizontal plane, parted

Other Features

2 pyrite blebs
Large pyrite bleb
Pyrite bleb
Anhydrite - carbonate layer
large pyrite bleb
Pyrite bleb
Large pyrite bleb
Vertical black kerogen layer
Pyrite bleb
Pyrite bleb
Pyrite bleb
Pyrite bl eo
Pyrite bleb
Pyri te 1ayer
2 pyri te blebs
Pyrite bleb
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r.~o €10 (5445 - 5475)

)

]

I
I

'J

'1
I

5':45.0

5~47.3
5.t.:g .1
5':~9.7

5~50.0

5~50.6

~~52.8

5':55.4
S':S6.0
~':56.2

5':51.9

~~53.3

~~52.0

~':53.6

:'~53.7

~':54.1

~':54.3

5':56.5
:~54.3

~~59.9

5':69.9

5~50.6

5458.7
5450.6
5~61.1

5<!5.i.9
5458.3
5470.8
5475.0
5475.4

To

5447.3

5449.1
5449.7
5450.0
5450.6
5452.8
5455.4

5456.0
5456.2
5461.9
5463.3

5475.0

To

5449.9
5453.0
5453.6
5454.6
5454.1
5454.3
5456.5
5464.3
5469.9
5470.8

To

5450.6
5458.7
5460.7
5461.1
5464.9
5458.3
5470.8
5475.0
5475.5

lithologic Description

Medium dark gray shale and dark gray shale laminated
and banded» some worm burrows
Black shale
Dark gray shale
Black shale
Medium dark gray shale
Black shale
14edium dark gray shale and dark gray shale with.
2 black shale bands» loading features and worm burro!
Black shale
Medium gray shale with some wonm burrows
Black shale
Medium dark gray shale and dark gray shale with
loading features and a .4' black shale band
Black shale

Fractures

600 )i ncl i ned
85°~ nearly vertical
Slickensided, horizontal plane, parted
Nearly vertical
Slickensided, horizontal plane» parted
Slickensided» horizontal plane» parted
Slickenslded~ horizontal plane, parted
Slickensided» horizontal plane~ parted
Slickensided~ horizontal plane» parted
Nearly vertical

Other Features

Pyrite bleb
Pyrite bleb
large. pyrite bleb
Pyrite bleb
Pyrite bleb
Pyrite bleb
Pyrite bleb
Pyrite bl eb
Kerogen 1ayer
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Run #11 (5684 - 5689)

From To

5684.0 5689.0

From To

5684.0 5689.0

lithologic Description

light gray shale to black fossiliferous limestone

Other Features

Brachio pods and possible horn coral
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Kerogen·
Off Gas Tra pped Gas Derived G?S

Point Depth Cu.Ft. Gas Cu.Ft. Gas Cu.Ft. Gas
flo. (Feet) Cu.Ft. Shale Cu.Ft. Shale Cu.Ft. Shale

1 4871 .. 51 .470 .820
2 4881 .. 26 .460 .530
3 4890 .39 .000 .000
4 4S91 .28 .210 .640
5 4901 .. 44 1.190 3~260
6 "4911 .45 1.440 2.180
7 4921 .31 .650 ·1.010
8 4931. .24 .. 270 .950
9 4941 .. 02 .470 • 56.D

10 4951 .13 .020 .100
11 4961 .. 00 .050 .110
12 4971 .00 .020 .120
13 4931 .03 .070 .060
14 5211 .12 .520 .280
15 5221 .10 .040 .130
16 5231 .07 .110 .490
l7 5241 .10 .280 .390
18 5251 .13 .100 .120
19 5261 .03 .050 .030
20 5271 .30
21 5281 .20 .260 .930
22 5291 .0037 .550 1.550

·23 5302 .390 .180 .090
24 5311 .05 .410 1.110
25 5321 .26 .620 .810
26 5331 .10 .002 .050
27 5341 .36 .510 1.170
28 5350 .. 32 .070 .470
29 5361 .0037 .080 .120
30 5363 . :620
31 5366 ..38
32 5371 ..44 1.060 .790

~j
33 5380 .18 • .120 .. 440
34 5401 .63 .. 930 1.270,
35 5411 .09 . .230 .600
36 5421 ..44 .750 1.820
37 5431 .28 .060 .050·
38 5441 .53
39 5445 .. 38
40 5451 .56 .. 750 .910
41 5461 .24 .530 2.430
42 5471 .41 .31.0 .800
43 . 5688 .01 .040 .090

-I

I
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Table 1.4

P.verage Gas Contents of the Devonian Shal e
(:in "ctlbicfeet of gasc.per.::cubi('foot of shaleL.

Average Gas
Content

(Cubic Feet of
Gas/Cub-j c Feat ~lel1 u-n lIell Uell
.of Shal e) 20403 2"0402 20336 20338--
Overall .. 26 .. 37 .22 1.76
Zone I 2.5l }-*

Upper Gray .. 03 .01 .18 .25
Zone II .. 09 not done .. DO*" not done
Niddle Gray .. 12 .24 ..10 1.00.
Zone III .35* .45* " .. 591<- 2 .. 58*
lQwer GreW .. 29 not done ..13 not done
Zone IV .. 97* 1.04* _35* not clon~

r;1e"dium Gray ... 10 ..10 · ..10 .37
Dark Gray .. 24 .. 39 ..10 .61
Black .. 70 .. 63 ,,41 2 .. 14

-A. _ denotes sections with generally high natural ganmil radiation ..
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TABLE 5.1

STATISTICAL VALUES OF TRAPPED GAS AND GAS FROM BERGEN BREAKDOWN

20402 200,.03 20336 - 20338

TRAPPED GAS:

Average Black Shale 4~39 4.82 ·3.26 .47

Average Gray Shale 2.75 1.05 .. 64 _12

Overall Average 3.65 1.82 1.69 _38

Gas from Bergen
Breakdown :

Average Black Shale 18_93 14.57 10.39 .87

Average Gray Shale 11.60 4.49 1.59 ·..30

Overall Average 14.96 6.56 5.13 ..74
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APPENDIX B
CHEMICAL AND PHYSICAL ANALYSIS

BY
BATTELLE LABORATORIES
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1

This appendix presents the chemical and physical analysis performed
on cores obtained from Columbia gas well #20338 by Battelle Labs at
various depths as shown on Table 2.1.

The chemical analysis includes the gas composition and its relation­
ship with depth as function of changing pressures. The physical analysis
includes the determination of porosity, bulk density, surface area and
core volume at various pressures. Lithologic descriptions of the samples
obtained from the well is presented in Table 2.2.

The Battelle reference number for the core is C-338.
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1

Table 2.1 . Depths of Core Samples from Wise County,

Virginia, Well No. 20338

1. 4872.40 - 4872.80 28. 5362.22 -5362.50
2. 4892.58 - 4892.25 29. 5372.40 - 5372.70
3. 4902.25 - 4902.55 30. 5382.27 - 5382.55
4. 4912.40 - 4912.70 31. 5394.15 - 5394.60
5. 4922.45 - 4922.78 32. 5404.09 - 5404.38
6. 4930.10 - 4930.42 33. 5414.30 - 5404.57
7. 4940.42 - 4940.72 34. 5424.55 - 5424.90
8. 4950.23 - 4950.54 . 35. 5434.32 - 5434.69

.,..~ 9 . 4960.30 - 4960.62 36. 5444.31 - 5444.58
J 10. 4970.12 - 4970. 70 37. 5447.30 - 5447.60

11. 4980.60 - 4980.90 38. 5457.33 - 5457.60
12. 5212.50 - 5212.89 39. 5467.40 - 5467.77

13. 5223.10 - 5212.89
14. 5232.15 - 5242.70

15. 5242.38 - 5242.70

16. 5253.45 - 5253.76
17. 5263.50 - 5263.92
18. 5273.50 - 5273.87

19. 5283.38 - 5283.75
20. 5293.50 - 5293.85
21. 5303.30 - 5303.80
22. 5312.61 ~. 5312.84

_1 23. 5322.10 - 5322.45
24. 5331.40 - 5331.72
25. 5342.09 - 5342.45
26. 5347.30 - 5347.78
27. 5357.20 - 5357.65
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. _•.__.~. .•_.• •.• _._.__.J'l..J)lL~.J)~_.B__COJHNG .I3EGA~.AT 5360 FEET liND COHI'~G STOPPl:li AT ~J'i2 f'~eT. THE •__.~_.._ .... _•.__. _._.__••

i\V!:l'lI\GE CaRIMJ RATE IS 1U.25 F't:Et PER HII,UTE. Ttl:; '5A!·IPI..ES W~E
____.....,..__• 91L.~YllfACE-l.N- 3 •.!l ~ tjQURS. . .. ...... ..•. _ .... ._.... _

--.-- .._-_.._-----_ .._.._--
____ . ·__.Jl.\}!L'l.Q.......l..O__.J:.Q.!,U,NG ..£J.eG-'N." "L?4 4SJEE T. MiD CORI NG STOPPED AT ::i47!) fEE 1,. THE._ .• _ ..._ ......._. __....__. _

AVellAGE CI)I-lING RATE IS 9.2' FEET pER I1!NUTF.. THE 5A~IPLES WEHE
___________________.....:::O~i~_.,;)..~::o!uR~F'....:A;uc<j;E;....Lr.:.:N~.c..2.:.5JL!iUJ:la.~.__• ..__.....__•• __ .... .•__. _

....:._._ •.__.._._.•_. ._HI·!H...1."L....l-"l'-_..::GQ.RH.J<l.~E~Mi..';L~684 F:EET ...AND CORING STOPPED AT '09\1 rEET •. hiE _.,_ __•.•• ._.•._.
~ AVERAGE cORlr-lG flATE IS 46.15 F'f;ET PER MINUTE, Till: $4,MPLES WERE

. __ ._. _..• .•.•. __..•._ •. .QJL.sV.~.f.A.CE._ltL.3.1.D8.HOlJR.S,_ _••. •._ .• _._. •••.•_.

._-....._-_._---

..._.._...'-_."----

-_.------.- _.._--._ _ - .•....•_..----_._ _------
._--- .....- ...._._ ... -.- .-.... _....... .. ..

____._ •••__•••• 00 __ _ ••• '00' _ _ _ •• __._- .. -.--- _

... __..__.... __.._..... _00_.'.' _..__......._.__.__.._. . .._..._ .. _._....._",•.,,_,,'.00.

-_.._------------------
; ••••__ ••••• _ _ •• _ _. ••• __ _ •• _ ••_. ._•• ---.-----••-- '_.__ •••00. ' .

-----------------------...---------------------------------------
_00._.- __ .. ...._ _.__ ---..-----.--.-..-----.. _ _ .. ..... ' .. "-... .- - _ --_ .:.----:--_ _-_.._.._-.

,., '•• - •.••_ I' ' • ' _.__._ __• .._,,_. ._ ...

._.-.__ .__.- .....------_.-----.;-.-------...
•".......•...._... .. '...... _ _.,_-.. _._. __ f
7o

.. . _- _- _- -_ .. -_..... ..- ~



, , , . .' ", .
_._'_ ._.~o.-_._ _'_h,_ _ ~~_'''''' ~'""'_._. _._ ._ ..~ ._1..v~""~ ••• • • b ..---:o-4.._ ~-;-~.: .._•• "':-.---:.~_--;. ~"::;;<;-;:;-7;::::. •• _.~·:-:·~;:.-;:,':.__ =· : -;.':_ _ __ _ , : __ ~-=-:-:~.::.

I • •..... ~-_ - _ - .. __ ..<- _ _ -.~-~._ _ _._-~---_ _..__ _ _ __ _ __ .

I •••••••••••••••.•••••••••••••• ~•••••••••••••_••••••••••••~J[stb.lft.~J~~!~f!.;~.~..~~.~..~~~.~f.~J.._~~!_~! ~~.~~..~~.~~_~ ~ _._ _ .
,_ _Oo ~ _. __ •• Oo_ _ ~ _ ••••••_ _ ••__ .~ _ _ ~ ••• M.· .

FREt. CORE OPEN GAS COMPOSIT ION, VOLUME:: PERCENT GAS RELEASED)
I PRESSURl: VOLUME VOLUMe:. POROSITY TOTAL CARBOH UNIT VOLUME SEC·,·sAMPl."E"·f(j' ···--fc,RR.·····-e t .....--ce········ p'c 1"; -··-l;£TfIA·NE-EfFiAN"C·PROp·AN"E·-·sO-fA"NE··prNi'"AfrC·H'(OROC-;·mTRi:iGEli"ox¥ciinnrroX'fDC·" 0F- 'S'HA LE' .... No•
1•••••••• __•••••• ••• __ ••• _._ ••••••• __ •••••• _•••••••••••••••••••••••••••••••• _••••••••••••••_._••••••••_•••• --•••••••__ •• _•• _~._••••••••••••••••••••_••••••••••••••••••••••••• ••••••••••• _••••••••••••

C338-4872. 21~G. 82u. &30. 1.04 54.QC 6.74 .84 .24 0.00 71.82 26.55 .55 1.04 2.59 1
1I.~.~~_~:~.~ ~.? ! ?~ ~?.~._.\..• '}.~ ~.~•.•..?.?.~!•••••• J..'!.~~ •••••..~.~!J.L._.?~.~9_ _._!J~ _!.?__ ._ ~!.o.L. __~ _8.'_~_~ •••••~?s.?L•....~~~.t ; ~_ _ ~ ?? _..2. __••••••

C338-4892. 19~7. 849. 6J1. .&4 64.5U 6.70 .S6 .08 c.oe 72.14 25.10 2.80 .03 2.56 3

II.g~.~:: t-~~.~: Hft· .--.-~.~ t-··-·~ ~·~·:-·-'··f·; }~···-··~t~~- ~~-~~·-·····-~·n -Q.:.~~.-..-.-~ ;-~~_ ~t~}·-·~~:·i~ A~~_~••.•••• -:.~~.•••••••.•.~ .:.~~ ..• --...••. ~.
uC338-4922. 1795. 84&. 604. 1.40 58.60 5.99 .74 .33 0.00 65.66 31.30 2.35 .71 2.17 6

C338-4930. 14tO. 882. 568. 2.09 51.00 3.99 .53 0.00 0.00 55.52 37.3C &.70 .49 1.&6 7
fl. ~.~ ~.8.:~J~.o.! !? ~ .3. t , ••••.~.o.Q'._ ••• ?~P_,_.•••••!!.~L..•_??!.?L_._?!.?J._••.•_.!.~ ~••__J s.qL_.. _.~!.O.L_._~~.'_~.~_.__.~?!_?.?.•••__ .?..!_3.L •.•_.!.~.B••••••••••.. ?~.Q3._ 8_ .

C33&-4950. 1220. 892. 558, 1.58 44010 4.41 .59 .• 11 c.OO 49.21 44,&0 2.23 3.91 1.26 9
1I.P ~.!!.:~.~?q ! _.~.O.00 ~.o.. Qs.• __.?~ 9.•.._•.••~ s:?L•.•._4.~s_~ ~__•••~s_8.L•••••_.!'.~}__ •• .Qs.QL._ o.!.c.L ~p.•.?L ltrs:~ 9_•••••.2.! !_~_•••..h~L•.•••.. __ .s.~ ~ _ 1 ~ ••.

CJ3S·4970. 710. 931. 519. .53 2.73 o.~o 0.00 0.00 0.00 2.73 76.79 19.99 .51 .05 11
IlC33S-4980. 76\). 913. 537, 1.61 10.8010.76 .11 0.00 0.00 27.&7 63.50 .&3 8,30 .47 12 _

C33B-5212. 1050. 855.· 595. 5.27 36.70 3.33 3.77 0.00 0.00 45.80 53.2~ 1.27 3.0& .91 13
U\-P ~ ~.:? ~ ?~! _~O.??! ._.• _.~2 ~ .' ~_~!..' __ .?' _~~ _.~~~ ..~ ~ _.~ ~.F . !_~ ~•••_.~ s.q9 0.!.o.q...•.~ ~.'.~.l: ??!.?§._..•_•.1.!P.~_•._..?..'?? ! ~ ~ . _.. . .. 1~ .
U)C33B-S232. 1975. 512. Y38. 2.77 65.23 4.15 .30 O.OU 0.00 &9.68 29.02 .ltl .8B .99 15
II.P ~ 8.~?? ;.? ._.._J~!? ?~ h.:..?€l.?L_._._?!.P._••••.~~ ,a, +. .••• ~s.g _.••_!.3L.._Q-'..q9 _0.!.~.q .•. __~~.•.Q l __._}j s,?L_ .••~.~?L._ ~s.~ L _~ ,9.3 _ 1 ~ .

CJ38-5253, 15:8. 87&. 574. 1.15 55.ltU 8.00 .65 o.oa o.vo 64.05 34.28 .41 1.23 2.00 17
11 C3J8·526J •. 1&40. &135. 755. 1.31. 57.21 5.27 .01 0.00 0.00 63.09 35.45 .48 .99 1.25 18

CJ38-5273. 750. 1~~0. C. 2.0& 58.12 8.25 1.10 0.00 0.00 67.47 30.80 .42 1.25 R 19
11.9 .3.~ §::?~ §.~ ! ..•... ?q9-'.......?~ ~!••_._?o.h.•__._~ !.QL..•_!'.~! .8. L .. _~!.~ ?._..• _.! _8.~••••.q~.Q9.•••••.0.~ 9.~. __.n.'_~?._.?.Q!_~L•.....•. ~.'t .._..• _! .~L._._ ...._.!.~? '" ..._.. 20 .•.......

C338-5293. 925. 7&9. 681. 2.14 71.81· 9.30 ,86 0.00 0.00 81.97 17.22 .2& .5~ 1.13 21
11.Q~ ~§::?~ 9}! .....?9.0 P.~ . .•••.~ 9.h_•••~ .5.?•..•__._~! A~••••••E!?.g_•••.~.!.t ~..•.••..!~~_•••_~!_QL .•••.O.! 9.O". __•.8.?!_U.•••.t~!!.L••••_.·3.~ ••_••..!.~~•••••••••• .1.! ~? ••••••.?~ ••.••..•.

C336-5312. 125U. 1057. 383. 2.15 _7.39 &.37 .54 0.00 0.00 54.30 42.&2 .&0 2.5J 2.49. 23
1IC338..:..?.~22. 177·;. 82&.62 11 . 2.55 51.?I} 5.25 .43 .09 0.0067.4731.10 .lt3 .98· 2.08 2~ _

CJ3$-5J32. 870. 912. 538. 2.37 21.60 1.50 .w7 0.00 0.00 23.17 63.&0 11.90 1.35 .45 2S
n, P. ~ ~:: ?~ :..~ ! •._•.g~?'._•••••~9 [.L.•. §?.~.v.,_•••. ! .~L~•••H! Aq..•..9!.~9 ..•••.••~..6.~_ ••••q!.Q.L .._..O.!9.O"••••.7.2s.U...•_~.~!.~Q..•• _•••·.?.~ .•_•••.!J.L ..•.•....!! .~ ~.. ., .....2 f? ...•••••

CJ38-5347. 174U. 645. 805. 1016 60.1i;) 4.56 .43 .09 o.oe 65.08 32.80 .911 1.21 1019 27
Il.P~ ~:: 5~;;.Z •••••J 150 •.••••.U? •...••• 'l.~ ~.•........ !.~L 7.0. ~? 9 ~.-t? .._...• ?~ .•_•.q!.Q.9•••_._~ •. Y.L••J? !.l~_ .••• ?J!}~..•.....•. ~.~ ~ •.2~ J ~ P 28

C330-53&2. lEG. 899. 551••28 7309J 7091 .63 .06 o.UO 82.~0 1&.70 .33 .53 2.03 29
1l_~E8- 53 7f..!.__2!.?_'__...!g.!. (, 3 8 • • 7~__7.!I..!.l.tL__a,,2._Q_._..1.~__~_Q.q__!J.!.Q.g__8~!.?~__1 !.!..~ :1 !.~ !.-__~.g?_.__.J.. ~,~.__...-, ~9 .•..__....

CJ3e-5382. lOCO. 90&. !)411. .73 &6.60 &07Q .&1 0.00 (J.OO 73.91 2301U 2.80 .20 1.&2 J1

II{H~'::~'i6t····:;·~~.~; ··'··,JH·:·····r·~~-;·····t·g-·····*t-~ ~-···-t·~?····· ..·~·1~·····Q-:·~~·······~; ~·~·~-··~i·;~·J·····~~~·;~······tU--····~·:·~~·-~·······T:·~~ ~ 5···· .
,",gH~:~~~ ~: ~~[~; ·1bt· ····~·a:······ ..z;·~~· ·~t·~~· ··--;:·H '.- :·~·r···· t·~ ~.- ~;.~ ~-·-··n:·~ 1·····~t·~~-···_·tH··-..···· :~: ~: ~~ . i ~ .
IIC338-5lt31t. 1125. 79&. b54. 1011 55.20 5.80 .&8 0.00 0.00 61.&6 J~.50 3.&0 .2.~ 1.11 36_.__
CJ36-~444. 1125. 95U. SV~. .72 71.J'; 7.50 .55 0.00 0.00 79.35 18.80 1.67 .08 2.23 37
C338-5447. 2337. 803. &117. .71+ 68.90. 6.34 .40 o.Cv 0.00 75.olt ,3.40 .lto .48 2.89 38

11.c.:i re':545''';·'·'·' 975 ; ...-..,91s·; ··'·~·js·;-_·····;·6~·-··"· s6~·j~"····5;rti...•... ~-:3&·····0'''0 ri·····-e; ·0 ii-"--{,r; "-6 ·-··'J2~·oif·····&;·Z"o······ '·;0 s.. ·····•····i ~ j E······ .39" . . ••
1t..9.~ ~.8.:?~E!..•._;~_~ s.'..••..•?'??,; __ ••~.HL_••• _!!.~~.•••.. _8.q.!.~ L ? §9 __ !.?.~ .•._J!.q9._.:.•..~.!.~ Q••••.~ ~_'.~.?..••..lJ!.;L.__ !.~.~•••_._ _~L....•....;!_~L !+.Q••••••••••

10 - ._...;...,... - ------------------
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}..........•.•••......•.•••.•••.•••••.~.~....••..........-•..•••.....••....~•.•.•.•.......•....•.......•...~ '....•..•._ - ~..•....•..•...•......•....~.••..................••........
Table 2.4 STATISTICAL ANALYSES OF O~F GAS DATA

.........._ _ _ !is~.~..~~~~...............................................•.•...................................•..••......
; STIlMOAl?D COFH":C !E'NY ~5 peT. CONFIoENCE INYERVA.l. 1'10 OF;••..••••..•..•••••.••••••.•.··•••••••••••••••..••.. ·ME·"N··········oEvrAfioij"·······VAR·iENeE'" ···'0F" OE~ I 'AT ioii·····TO~iER ··L.IFliT···••.-uf;P~if i.TliIY-······S'A tip rEs··········'··'·

' • • • • • • • • ••••••• _ ••••• _ .• _ •• ~._••••••••••••••••••••••••••••••••••••_ ••••••••••••••••••••••••••••••••_ •••_._•••••••~••••••••••_ •••••••••_ ••••••••••••••••••••••••••••• ~••_ ••• • • • • • • • • • • • ••••••••••••••••••• ••• l

ETHaNE, PE~r.ENT 6.066 2.61 5.80 ~~3 5.233 6.90D 40
.••.~ ~.() P.; tI..1; J._ E'.r. ~C.~N. I••••••••••••••••••••••••.!? ;.I•••••••••••.•••.?J!.•••••••••••••••~~J ~•••_.••••••.•. ~_t2._•••••••••••_•••_'t !.t.t9••~•••••••••••••••!.~ ~.~••••••••••_••••• !t.q•••••••••••••••••••.

BUTaNE, PERGENT .033 .07 .OL 2.16 .010 .056 ~O

PENTANF, PFRCENT 0.000 0,00 0,00 I 0.000 0.000 40
TOTaL HYOROCAR~OMS, POT 63.590 ~~.Ol 32~.~1 .28 57.835 &g.3~& 40

,•.....••......................•...............••••.•........•..•••••••....•..•••••.••....•.•...•.•..•.••.•....••••.•..••.•..•__..•...............•........•..............-......................•-.•..••.•.

....····N I'T~·OG·f.N';"P f.~·cE'~r····- ····3·z:·7i;8··········t~·:7S···········i- 1:7":i;8"····.•..~..•·······:~·s· -.- '2.s:'03"6···············3r·:~6'1'•••••••••••••• '-,.'0••••••••••.•.••••.•
O~YGEN, PfQr.ENT r 2.e2~ 3.73 13.Qt 1.~z 1.431 ~.815 40
CA~80N DIOXIDE, PERCENT 1.146 1.51 2.29 1.32 .663 1.630 40

.i···~········-_····_····-··-·············_··········- -.•- -............•.-................•....••.........•••..••.-.......•..•..•~..-...••.•.•..........•.•

,..•..-.-'G A'S .V6i:IiHF./s~iAi:E·VOi:u~T·-······· 1";r&"{••••••····-r;ii6••••••.•.--..1":1"2"......••_-•••••••:-9·C·······-·-···:·~"V·············i·:5"0';;'··········-····'40'••••••••..••••••..
r.\I ~ I

:.. ....••. .. ...•....••... ... .. ... .•. .. ... . .....••........ ..•.... .....•.•.•••. ....•...•........ ........ ..•.._ _.•.....•..__ ~- __._.- - _.•...••..- ~•.•••.....•.•.....

~ .•....••...•.••.•. ~•••.....•...•.•--- ..•.........•........ .. .._....•••.••................•.....•...•.............._...................•...........•••.•••.__.....•.•••.•...•...•..•.•....••.•..••........

.••..••....•...•.....•...•.....•.....•.....-_....•............- _.•....•.•_._ _...•.....~ _ __ _ _--_ -.•..........•••.•••.......•.•.•.•..•.••..•......•.•.•.•.•.•...••••. . .

.:_---------------------------------------------------------------...,..-----------------------------------
.:
\ .....••...•........•••............•.••••...•...•..••.-_....•.••••...•..•......••••.••.....••.•..••.•.....••......- .........•.•..•....•••.......•••.••••••- -....•••...•.•.•...••...............•......,
i..............•.....••..........••......•..••.....-.......•................................•.......•.•...•......-.-.....................•..~•.•.•......•..•.•.•...•...•.. ... ...•••. ...........•. ..•••.••...
.~

.:----~-~----~------------_.:..-_-------------------------------
~(,
~ •••, ••••••••• r •••••••••••• ~ •••••••••••••••••••••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 ••••••••••••••••••••••••• ; ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

!I' .••.••••••_•••••••••••••_•••••••••••• ~••••• ~.~~•••••••••••••••••••••••••••••~._•••••••••••••••••_••••~•••••••••••• ~•••••••••••••••••••••••••••••••~•••••• ~••••••••••••••••••••••~•••••••••••••••••••••••
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l •••••••••••••••••••••••••••••••••••••••••••••••••••••• • • • • • • • • • • _•••~••••••••••••••••••••••••••••••••••••••~••••••••••••••••••••••••••••••••••••••••••••••••••_••• • • • :•••••••••••••••••••••••••••••••••

,_._ _ _.._._~~.._ _._.....•....•_••.•........-........•....-.._ -..-.__.._ _~ _._.._._.~._._......••...•....._._ __._ _ _.._._......•.......•.~......••...

•••.•.•••......•.................••••.•••._............. . .._-.-_._-----. __._-----_._-------_ _-~_.--_ .._._.----_.~.__ __._~._._..-._ - _ _..-.._..-...••.••.••....•..••
Table 2.5 CHEMICA~ CHARACTERIZATION DATA~ 12/71 .

·I ••••••••••••••••••••••••••••••••• -•••••••••~._••••••_. __•• ••••••__•• •••••..•••••_••••••••_•••• ._ ••__• •••• ••••••••_•••_••••••••••_._ ••• •••__••_•••_•••••••••••••••••••.••••••••••••
• TOTAL, PERCENT LO~ TEMPERATURE ASH, l CARD SEQ

SAHPLE 10 CARBON HYOROGEN NITROGEN 20D C loa C CODE NO •

. ,...•...••...••._.•••......._-_.......••......•......._.__•....•.•...........__ ._.._-•.••••......_._.-.~..-.•.....................•.........•............•.....•...•.............•.......- .

I .••••••••~••••••••.c~,1. L1.~!t A."tl...•••••••••••••••••••!It .It._••••••••••••.••••t!t ••••••••••••_•••••• ,.1 ~•••••••••••••••••••.t .
C336-"aIl2. 6.2 .6'.2 5 2

______..!>!C3~1!-491? 5.? .5 '.2 S 3
C331l-4930. 2.3 .~ .i· 5 7
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TABLE 2.5 CHEHICAL CHARACTERIZATION DATA (Continued)

Sample ID Carbon Hydrogen Nitrogen

C-338-4892 4.7 0.5 0.1
C-338-4922 3.2 0.4 0.1
C-338-5232 0.8 0.5 0.1
C-338-5322 1.8 0.5 0.2
C-338-5357 1.9 0.4 0.1
C-338-5362 6.2 0.6 0.2
C-338-5372 4.7 0.5 0.2
C-338-5404 3.8 0.5 0.2
C-338-541l~ .5.•3 0.6 0.2
C-338-5424 5.0 0.5 0.2
C-338-5444 6.2 0.6 0.2
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HO. 2645.2!10 .063 .0000 .0115 .0
.•••••••••••••••• _•••••190,•••~•••••••••••••••l7.9 ~ ,.~ IfD••••_••_••••••••••_•••! ..!! ?9_•••••••••_•••_:.._••_••~. P~ 9.Q ••••_•••••••••••••• •••••gJ t~ _.._.._ !.9••••••••••_•••••••_ ~

. zoo. 2<)39.200 .075 .0000 .•0115 .0
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FIGURE 2. t. HYDROGEN CONTENT AS A FUNCTION OF
SAl~LE DEPTH FOR w~LL C-338
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This appendix includes the measurement of diffusion constants, isotherms,
and specific degasibilities as determined by Juniata College. The depth of
samples analyzed by Juniata College for the determination of these parameters,
is shown in Table 3.1.

Helium and methane isotherms at OOC, nitrogen MET's at nOK, methane
diffusion constants at OOC and N2 diffusion constatns at 770K have been
determined for samples from well #20338. These parameters were used to
calculate specific degasibilities, helium densities, and amounts of non­
gaseous methane residing in the samples. Data obtained are presented in
Table 3.2-3.5.

The labelling system adopted for the extracted cores from well #20338
is given below:

COlGAS: WV12 20338:5221
COlGAS: WV9 20338:5421
COlGAS: WV10 20338:4921

r, COlGAS: WVll 20338:4971
L.
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TABLE 3. 1

Depth of the Core Samples from Wise County, VA

Well #20338

1. 4871.4' - 4871.52'

2. 4921.4 1
- 4921.70 1

3. 4971.4 1
- 4971.68'

4. 5210.5 1
- 5210.65'

5. 5261.4 1
- 5261.57 1

6. 5311.46 1
- 5311.62 1

7. 5361.4' - 5361.8 1

8. 5411.57 1
- 5411.8'

9... 5461 .4' - 5461.7 I
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TABLE 3.2 DIFFUSION AND ISOTHER}! PARA}!ETERS, Well 1120J38, Weis County, Virginia

Sample I"D. PB SHe SCI~ BET DN2 DCw GCH~ PHe SCH4 (s )
Description

4- ...

4871 2.57 0.621 12.7 1.13 6.41 5.25 5.19 2.70 12.0

4921 2.57. 1.24 6.52 6.93 16.2 61.4 9.11 2.84 5.28

4971 2.70 0.741 4.01 6.46 20.2 16.6 2.91 2.86 3.26

5211 2.80 0.506 4.16 5.25 16.4 16.7 3.03 2.91 3.65

co 5261 2.77 0.533 3.69 6.07 15.8 49.7 4.64 2.89 3.15 .
-...,J

5311 2.63 0.90 9.86 10.3 11.2 74.8 . 15.17 2.82 8.96

5361 2.58 0.647 16.9 13.2 2.83 22.5 15.2 2.71 16.2

5461 2.57 1.85 18.1 13.9 16.2 20.9 14.7 2.99 16.25

Note: Definition scale factors for the column headings are included in Explanation of Column Headings,Table XIX, p. 88.



TABLE XIX. EXPLANATION OF COLUNN HEADINGS USED IN TABLE 3.2

Column 1 Sample"# -- Sample I.D.

Column 2 PB -- Density of shale as measured by immersion in toluene (g/cm3)

Column 5

S

BET

-7
Initial Isotherm slope (volgas sTP/volrockltorr x 10 )

STP -- 760 torr, 00 C. Measurements made at 0° C

Column 3 -- Helium; Column 4 -- Methane

BET surface area expressed in units of vOlg as STP necessary t

cover pore area with a monolayer of gas molecules.

Column 6,7

Column 8

D -- diffusion constant
(cm2/sec x 10- 7)

Specific degassibility

6 N2 measured @ 77 0 K·

o7 CII4 measured @ 0 C

(cm3 (STP)/cm2/torrlsec"Ji x 10- 7)
gas

1

!

Column 9

Column 10

density (g/cm3) . as obtained from He isotherm

that part of the isotherm slope for CH4 that must be due

to sorption (Volgas(STP)/Volrock/torr x 10-
4)

88



Table 3.3 C~MPOSITION OF GAS IN THE CANISTER

Can
. Sample Wt •. Pressure % °z % NZ

i'~ CH4 ::% CZHS % COz Va VN VCR V Vca VTSample ifF (g) psi Z -l 4 CZHS ----f
00 4921 1671,5 6,73 5,7 49,7 41,05 3.5 0 - .14 -.07 ,677 .05 0 .519~

4971 1270,1 .07 18.8 76.7 4.4 0 0 -.04 - .04 .08 0 0 0

5211 881.9 1.12 15.9 74.9 6.2 2.9 0 ... 13 .05 ,22 .10 0 .25

5261 878.6 .833 14,1 77.2 7.1 1.6 0 -.20 +,08 .Z4 .05 0 .19

5311.4 728.4 2.76 0.0 61.27 27.8 5.9 4.9 -.82 -.24 1.Z8 .27 .22 .73
, 5411 1256.9 1. 78 13.83 70.9 13.7 1.6 0 -,108 ,01 .302 .03 0 ,24



Table 3.4 CORRECTION FACTOR VALUES FOR VARiOUS DIFFUSiONS

(Core diameter=lO em)

10-5 2 -6 2 -7 2
t (hrs) D ee em /see 2 x 10 em /see 5 x 10 em {see

.1 1.03 1.01 1.01

.s 1.06 1.03 1.01
1.0 1.09 1.04 1.02
2.0 1.13 1.06 1.03 .
3.0 1.17 1.07 1.04
5.0 1.23 1.09

r 12.0 1.15 1.07

[

r
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Table 3.5 MINIMUM AND MAXIMUM AMOUNTS OF METHANE

Sample ff VCR ~H ~H (t; = 0)
4 4 4

4921 .677 .737 1.11
4971 .08 .08 .10
5211 .22 .22 .27
5261 .24 .24 .29
5311 1.28 1.39 1.70
5411 .30 .30 .37
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ISOTHERI1

Sample ID COLGAS;UU9

Gas Neihane·

Inifials : PDS

Book 3

Sf)NPLE DATA

Sa/lW1e Temp: tl <" cen f )

DHTH COLLECTEDr
Parficle Size

SLOPE UF ISOTHERN

1.86339£-03
9. 63651E-02
1. 41618 Vol
3.27185£-88

.085 Ccm )

Vol Gas/Vol Rock/Torr
Vol Gas/Vol rock/PSI
Gas/{Jol Roc/[.,,'ATl1
Noles Gas/Gram Rock/Torr

UNC£RTJ..i INT'y' .112933 ::.....

L: DETAILED DATA . 4 POINTS TAKEN

PRESSURE I~DS cos LlNCERTH INT'r' FLAG FLRG
Torr Noles/Gram .~. Parameter

0 0 8 8 t1
217.977 8.88933£-06 .314963 1 t1
501.362 1.75839£-05 .225758 1 {:1

800.199 2. 51346E-05 .19394 1 0
879.083 2.68915£-05 .209621 1 o·
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Sample 10

Gas

Tn il i e l s

Buok

lSU 1HE::. un

COLGAS:l.JU9

: Helium

PDS

19

SftNPLE OilTA

4.8775 c9f"3nJS'>

Densi~v: 2.5415 (gm/cc)

Sample Temp: 0 (cenlJ

Por t i c l e Size .085 Ccm)

DHTI~ COLLECTED

SLOPE OF ISOTHE/?N

5.62616£-05
2.90956E-B3
4:27588£-02
9.81631E-1ti

Vol [;35.···V01 Rock/Torr
Vol Gas/Vol rock/PSI
Vol Gas/Vol RocK/ATN
Noles [;as.····Gram Ro ckrTo r r

~VCERTHINTY: 3.56146 Z

OETI~ILED OATH 4 POINfS TAKEN

PRi:8SUl?E
Torr

(}

24.'5.462
·536e ~?48

[::24. i;77
«e«. 731

HDS GAS
No 1es....'Cret«

t:1
2.2/541£-01
4.636.56£-01
8.68836£'-07
9. 25L121E-01

l.INCER rAINT'r'
','.',

e
12.6208
8 -. 54292
5.59295
6.01J84
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o
1
1
1
1

FLiiG
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DIFFUSION

Sample ID COLGAS:UIJ9

Gas Nilro'Jen

Initials PDS

Book : 3

Page 19

SANPLE Dj.)TA

Dale 10.<J1/'19?8

4.8775 Cerems )

r .
l

Densilv: 2.5415 (9m/ec)

Sample Temp: -196 (cenl)

Parljele Size· .085 (cm)

DHTi} COLLECT£D

P inifial: 155.989

P equilibrium: 44.7548

PO: 22.5111

SP£CIFic D£GitSIBIL tv 6 .·~~J013£-tl6

UNCERTAINTY 2.55891£-02 z.
Syslem d Noles/ dP 8.26387£-@6
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Sample 10

Gas

Inifials

Book :

Page :

DIFFUSION

COLGA$:J.!V9

Nelhane

PDS

19

SANPLE DATA

Uei9hf 4.8775 (9rams)

Sample Temp; 0 (cent)

Parficle Size .085 (cm)

OATH COLLECTED

P inilia1 : 878.689

P equilibrium 230.626

SPECIFIC DEGASIBIL tv 8. 89194E-t1?

P 0 196.855

UNCERTAINTY 4.73307E-02 ~

SYsfem d Noles/' dP 2.00903£-06
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FILE# 23 - 2 26
BET

Dale 10/31/1978

Sample 10 COLGRS:WU9

Gas: Nifrogen

Ln i l i e l s PDS

Book 3

Page 19

SRNPL£ DfjTR

4.8775 (9rams'>

Oensiiv: 2,5415 (9m/cc)

Sample Temp: 0 (cenf)

Pariicle Size .085 Ccm )

.: ORTf) COLLECTED

INTERNRL RRER

2.5645£-04
1.00905E-04
14.5996
24.4013

No 1es/Gr ;.;r.'
Noles/fill.
mI. 93s/ml. rock
Specific Area (sQ.mefers/9ram)

ONCERTRIN TY' . t14J377

288.63 .
lfflCERTA1NTY IN C: 4. 34848E-02

BARONETRIC PRESSURE 747 mm H9.

OETf-HL'ED ORTH 5 POINTS TAKEN

PRESSURE RDS G.AS UNCERTH 1NT'r' FLRG FLAG
Torr Noles.·"·Gram .... Paramefer".

0 {:1 0 0 0
.761906 6.31319£--05 .204857 1 0
14.2349 1.95634£-04 9.34972£-02 1 0
85.3896 :2. 9 149 7E- t14 7.68584£-02 1 0
168.916 3 . 37tH 7£-04 7.67694£-02 1 0
230.72 3.-65584£-04 7.91318£-02 1 {;1
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~ILE# 23 - 2 27
ISOTHERN

Dah~ 11/ 3//918

Sample ID

Gas

Inifials

Book :

COLGA$:UV10

t'/e!hane

POS

3

20

SANPLE DnTH

5.44299 (9r~ms)

Dens i l ':.': 2. 5658 (9f1l.··'cc .>

Sample Temp: l:1 Ccon t )

Per t i cl e Size .085 Ccm )

oot» COLLECTED

SLOPE OF ISOTHERH

f­
I
L

6.33353£-04
3. 27538E-02
.481."348 (.101
1.11:.1128£-08

(.101 Gas/Vol Roc I:./To r r
Vol G~5/Vol rock/PSI
Gas/Vol Rock/ATN
Noles Gas/Gr.aTn Rock/Torr

LlNCERTAINT'l : .293758 .,.
'.

DETAILED DATH 4 POINTS TnKEN

PRES8URE
Torr

ft
232.569
521.764
814.256
883.258

HDS GAS
Noles/Gram

t1 .
:5 .01;.1867£-1:.16
5.95945£-06
8. ?t.1218E-/:.16
9.3221:."75£-1;."76

LlNCERTfi INT'I..
'-

e
.8332:57
. 596~i52
.501645
.541517

97

FLAG

8
1
1
1
1

FLflG
Paramefer

e
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e
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FILE# 23 - 2
ISOTHERI1

Sam?]€' ID

Gas

Inifials

Book

COLGRS: W{J1 e
Helium

PDS

28

SAP/PLE OATH

5.44299 ("rams)

Oensify: 2.5658 ("m/cc)

Sample Temp: 0 (cenf)

Parficle Size .885 Ccte )

DATA COLLECTED

SLOPE OF ISOTHERM

5. 136?7E-B5
2. 65648E-03
3.90394£-02
8~93182E-I0

Vol Gas/Vol Rock/Torr
Vol Gas/Vol rock/PSI
Vol Gas·,'·Vol Rock/'RTN .
Noles G3s/Gram Rock/Torr

l.INCERTAINT'i : 3.53464 ......".

DETAILED OATH 4 POINTS TRKEN

PPESSURE
Torr

243.775
532.574
826.852
902.219

ADS GRS UNCERTAINTY
Holes/Gram ~

t1 0
2.31206£-07 10.828
4.27762£-07 8.29092
7. 67705E-07 5.66759
8.1232£-07 6.19103

98
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1
1
1
'"l.::.

FLAG
Parame#er
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Sample ID

Gas

Ln i l i e l s

Book

DIFFUSION

COL GAS : UV1 t"1

Nifro9t?-n

PUS

3

28

SANPLE DATA

Wei9ht 5.44299 Ceretas)

Densif~: 2.5658 (9m/ec)

Samp 1e Temp : -196 ( cen f .>

Particle Size .085 (em)

SPECIFIC DEGASIBILTr' 4.48219£-86
[ e

~

DATil COLLECTED

P inliial : 235.668

P equilibrium 49.2476

P 0 30.6183

UNC£RTHINT'y' 3.14028£-02 ......-.
S~sfem d Nol~s/ dP 8.26891£-06

99



[

[

[

FILE# 23 - 2 27
DIFFUSION

Sample 10 : COLGAS:UV18

Gas : Nelhane

Daft? 11/ 3/1978

Ini~ials

Book

PDS

2(.1

SANPLE DATH

5.44299 (grams.>

Den5il~: 2.5658 (gm/cc.>

Sample Temp: 8 (cent)

Particle Size .085 Ccm )

.. BATH COLLECTED

P initial: 883.174

P equilibrium 204.705

P 0 190.948

SPECIFIC OEGASIBILTY 4.23889£-07

UNCERTAIHT'r' .144476

I
L

System d 1'101125/ dP 2.0@156£-86

100



FILEft 23 - 2
BET

Sample 10 COLGAS:UV1@

Gas Nifrogen

Inifials PDS

Book 3

SRNPLE DATA

5.44299 (grams)

Densif~: 2.5658 (gm/cc)

S{3mpl'e Temp: 0 Ccen l )

Parficle Size .085 (em)

. DATA COLLECTED '

iNTERNAL AREA

9. 93124E-85
3. 87296E-05
5.71132
9.45529

Noles/Gram
Noles/nd.
ml . gas/'m!. rock
Specific Area (sq.mefers/gram)

UNCERTAINTY' 9. 72568E-02 :;;"

C 120.588
UNCERTAINTY IN C :

BARONETRIC PRESSURE
.It'13064

746.897

DETAILED DATA 5 POINTS TAKEN

PRESSURE ADS GAS l.INCERTA INT''l FLAG FLAG
Torr Noles.·"'"Gram .~-: Paramefer

0 e e (:1 it
5.7@791 4.87863£-05 .237565 1 it
65.5483 9. 43883E- 05 .173625 1 t1

L 132.548 1 . 16795£-04 .171868 1 t1
187.489 1.32434£-04 .175037 1 0
23:~. 9:39 1-.47@84£-04 .176222 1 _. -. fJ
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itoO

ISOTHERN

Dafe 11/ 4/1

Sample ID COLGflS: UVl1

Gas l1efhane

Inifials PDS

Book : 3

Pa91? : 21

SiiNPLE ORTH

6.63531 (-:1rams)

Densit~: 2.69472 (9m/cc)

Sample Temp: {J (cent)

Pa r t i c l e Size .085 Cctn )

DHTA COLLECTED

SLOPE OF ISOTHERN

3.48611£-04
1.80284E-02
.264945 Vol
5.77166£-09

Vol Gas/Vol Rock/Torr
Vol Gas/Vol rock/PSI
Gas/Vol Rock/~TH

Noles Gas/Gram Rock/Torr

UNC£RTHINPl .4?Jl:1D:.-; ..'.......

D£TiHLED OATH 4 POINTS TAKEN

!
L

r'I

I

PRESSURE
Torr

224.753
508.914
74Q "'qq, __ -" .. ,,-1_. __

,975 .. 753

HDS .GAS
Noles/Gram

1;;1
1.40376£-06
'2.97286£-06
4.5614.1£-06
4.96606£-06

UHC£RTHI N tv....
; "..

t1
1.4804
.99111?
.793143
.842428

102
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Paramefer
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Sample ID

Gas

Initials

Book

ISOTH£RN

COL GAS : J./U 11

Helium

PDS
.....~
21

SANPLE DATA

6.63531 Cereos )

r-
Dens i 1·;./: 2.69472 (' 9nJ."-CC.'J

Sample Temp: 0 (cent)

. 085 (" em)

oet» COLLECTED

SLOPE OF ISOTHERN

4.53138£-05
2.3434£-03
3.44385£-i:t2
7.50222£-10

Vol Gas/lJol Roc krTo r r
Vol Gas.····Val rocl;-/PSI

Vo 1 Gas/{.lct} Roc k .....A TN
Noles Gas/Gram Rock/Torr

UHCERTAINT'r' : 3.58122 .~.".

DETAILED DHTA 4 POINTS TAKEN

PRESSURE
TO r r

1..:1

230 50B
.s1 '" . 64
806 074
E:,~:;:! . 61 ..""3

HOS GRS
Noles.····Gram

e
1 . 53B96£-07
3. 3286E-07
6.37508£-07
? 1839£-07

UNCERTAINn·'

e
13.5531
8.83tJJ6
5.65615
5.86676
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FIL£# 23 - 2 28

t

[

[
Sample 10

DIFFUSION

COL GAS :UVl1

Gas: Nifro'gen

Initials PDS

Book 3

SANPL£ OATH

Uei9hl· 6.63531 (grams)

Den5if~: 2.69472 (gm/cc)

Sample Temp: -196 (cent)

Parlicle Size .085 Cctn )

DHTH COLLECTED

P inifial : -1.44402

P e su i l ibr iuo

P 0

-811.03

-902.145

!

SPECIFIC D£GASIBILTY 8.67988E-06

UNCERTAINty 9.286?7E-02

S~stem d Noles/ dP 8.53816£-06

104



FILE# 23 - 2 28
DIFFUSION

Da t~ 1t ..' 4,,'15

Sample ID

Gas

Inifials

Book

COLGRS:UV11

Nefhane

PDS

21

SRI1PLE OATH

6.63531 (9rams)

Densify: 2.69472 (9m/ccj

Sample Temp: O· Ccen t )

Parfiele Size .085 (em.>

DATH COLLECTED

P initial: 874.91

P equilibrium 23:.482

P 0 226.146

SPECIFIC DEGRSISILTY 3.29341E-87

UNCERTfHNT'r' .770817

S~stem d Holes/ dP 2.11811E-06

105



l
FJL~# 23 - 2 28

BET

f •

I

Sample ID

Gas

Inifials

Book

COLGf}S: WJ11

PDS

21

SR!'1PLE DRTH

6.63531 (9rafJis)

Densifv: 2.69472 (9fJi/CC)

Sample Temp: 8 (cent)

Parficle Size .085 ,;cm.>

-ORTH COLLECTED

INTERNRL HREf}-

C· 767.257
UNCERTHINT"r' IN C : . . 069959. ~

BRRONETRIC PRESSURE 744.71 mm H9

Noles/Gram
Noles .....ml.
mI. 9as/ml. rock
Spec if i c Rrea (SCI. me fers/9tam.>L

L

1.01209E-t14
3. 755$4E-05
6.10917
9.630t17

UNCERTRINTY 6.99016£-02 .....".

DETHILED Df)Tf} 5 POINTS TRKEN

PRESSURE HUS GflS UNCERTfl INT'y' FLRG FLRG
Torr Noles/Gram .. ParameEer/.

0 {:1 0 0 0
.789832 4.56838£-05 .288277 1 0
51.9,FT? 9.7889£-05 .137476 1 0
125.625 1.21212E-04 .135989 1 e
11'33 ~ 15 1 . 37993E-04 .137944 1 0
23.5.767 1.53521£-04 .13864 1 f:l
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APPENDIX D
CHEMICAL, PHYSICAL AND MECHANICAL

TESTS AND ANALYSIS

BY
MOUND FACILITY
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l

J

This appendix gives the analysis of cores from a series of wells
including #20338 labeled as VA-l. A total of thirty-two samples were
analyzed and the results obtained are presented in tabular or graphical
form. The section includs the measurement of kerogen, clay, and gases as

------ --determined by Mound Facility from the samples. In addition to the chemical,
physical and mechanical properties of Devonian Shale, Mound Facility also
described the utility of organic, geochemical data in relation to the basin
geology, environments of deposition and source provinces .. Details of their
work have been reported elsewhere.* -rhe list of figures and tables describes
the various analysis performed on the core samples.

*Mounds Laboratory Interpretation: Organic Chemical Data Eastern Gas
Shales Project, MLM-MERC-EGSP (78).
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! TABLE 4. 1

Shale Samples from the VA-I \-lell
Located in Wise County» Virginia

Mound Sample No. MERC Sample No. Depth» Ft.

VA-I-I C-33J-4885-A - 4885.13/.40
VA-1-2 C-338-4885-B 4885.40/.75
VA-I-3 C-338-491S-A 4915.10/.37
VA-1-4 C-338-4915-B 4915.37/.68
VA-1-5 C-338-4945-A 4945.20/ .. 43
VA-1-6 C-338-l.945-B 4945.43/.77
VA-I-7 C-338-4969-A 4969.20/,35
VA-I-8 C-338-1.969-B 4969.35/.50

r- VA-1-9 C-338-4969-C 4969.50/.70
VA-I-IO C-338-4975-A 4975.10/.32
VA-I-II C-338-4975-B 4975.32/.54
VA-I-12 C-338-5229-A 5229.20/.35
VA-1-13 C-338-5229-B 5229.35/.65
VA-I-14 C-338-5259-A 5259.10/.25
VA-1-15 C-338-5259-B 5259.25/.65
VA-1-16 C-3J8-5289-A 5289.10/.46
VA-l-17 C-338-5289-B 5289.46/.60
VA-l-18 C-338-5319-A 5319.37/.56-
VA-l-I9 C-338-5319-B 5319.56/.70
VA-1-20 C-338-5348-A 5348.30/.62
VA-I-21 C-338-5348-B - 5348.62/.80
VA-1-22 C-338-5379-A 5379.08/. J3

I VA-1-23 C-338-5379-B 5379.33/.57
t.. VA-1-24 C-338-5393-A 5393.20/.50

VA-1-25 C-338-5393-B 5393.50/.65
VA-I-26 C-338-5393-C 5393.65/.90
VA-I-27 C-338-5409-A 5409.07/.37
VA-1-28 C-338-5409-B 5409.37/.55
VA-I-29 C-338-5439-A 5439.15/.40
VA-I-30 C-338-5439-B 5439.40/.67
VA-1-31 C-338-5l~69-A 5469. 20/~53
VA-1-32 C-338-5l~69:"'B 5469.53/.80

[

f

r
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TABLE 4. 2(Cont' a.:
Mass Spectrometric Rcsu1te for the

Wise County, Virgini~, Saoplcs

Components
VA-l'-ll VA-1-24* VA-1-28 VA-1-30 VA-1-31(Hole %) VA-1-14 VA-1-16 y'A-1-23

Methane 32.63 56.70 15.15 63.33 5.40 12.57 42.35 74.68
2-H2 0.17 0.10 0.00 0.16 75.99 0.00 0.07 0.28
4-He 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1S-H2O 0.08 0.13 0.19 0.41 0.81 0.46 0.20 0.08
26-C2H 2 0.00 0.00 o.ao 0;00 0.00 0.00 0.00 0.00
28-CO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00
29-CO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
30-CO 0.00 0.00 0.00 0.00 0.00 r..oo 0.00 0.00

--' 28-N2 58.85 37.33 64.83 29.45 17.03 70.72 48.91 20.10--'
w 28-C2H~ 1. 17 1.14 0.23 1. 76 n.2l 0.21 1. 00 1.59

30-C2H G 1. 07 loll 0.26 1.73 0.21 . 0.22 0.97 1.54
32-0: 2.41 1. 35 17.70 1. 25 0.07 13.26 3.53 0.98
40-Ar 0.65 0.38 0.89 0.27 0.21 0.84 0.54 0.16
44-C02 2.73 1.58 0.69 1. 42 0.04 1. 60 2.25 0.46
45-CO: 0.04 0.03 0.02 0.02 0.00 0.03 0.03 0.00
46-CO: 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00
47-C02 0.')0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
44-C,He 0.21 0.14 O.Ol+ 0.19 0.03 '0.07 0.12 0.14

Gas Pressure. 2.738 4.420 2.218 1.943 1. 281 2.018 2.780 2.092
(Atro)

Oz/Nz Ratio . 0.041 0.036 0.273 0.042 0.004 0.188 0.072 0.0/.9
Ar/';::.'J. Ratio c.on 0.010 0.014 0.009 0.012 0.012 c.on 0.008
U:ne in Can 114 113 113 132 40 131 III 132

(D.:tyS)

*S:orcd in Water.
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TABLE 4.3

Clay Content .. Well VA-~

Mound Sample No.

Depth

Crystallinity

Sharpness Ratio

o
lOA Peak Height

VA-1-2

4885'

2.2

3.2

.38

VA-1-4

4915'

1.7

3.7

60

VA-1-6

4945'

2.3

2.9

109

VA-1-l1

4975'

1.8

3.6

112

VA-l ..13

5229'

2.0

3.1

108

VA-1-15

5259'

2.3·

2.6

85

VA-l-li

5289'

2.0

. 3.3

112



Mound Sample No.

TABLE 4.3 (Cont' d.)

Clay Content - \'1e11 VA ...1

VA ...1... 18 VA-1-21 VA ...1~22 VA-1-25 VA-1-26 VA-1-27 VA-1-29 VA-1-32

Depth 53;1.9 ': 5348' 5379' 5393 l. 5393' 5408 ' 5439' 5469' '

Percent Distribution

Montmorillonite

Illite 76 73 75 79 83 79 '76 85
--'

~

--' Mixed-Layer 14 19 18 13 10 11 16 7
,U1

Kaolinite 0 a 0 0 0 0 0 0

Chlorite 10 8 7 8 7 10 8 8

Crystallinity

Sharpness Ratio

19X Peak Height

1.9

4.3

104

1.5

4.0

86

1.7

4.1

54

1.7

4.0

98

1.7 1.3 1.3

4.6 5.2 5.3

55 119 . 55

1.9

6.3
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% ORGANIC CARBON
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FIGURE 4.1

"Figure 4 ..1is 'a plot of IDA peak height vs. percent organic
carbon for all samples. As expected. there is a good
inverse linear relation for most samples. At this time.
there is no apparent reason why five samples falloff the
trend.
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JURASSIC
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VA 1

P 1
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PERCENT

r

CLAY MINERALOGY RESULTS

FIGURE J.2
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* Organic Matter Type

Marine
Marine
Restricted Marine
Nonmarine
Nonmarine

Al = Algal
Am = Amorphous
H = Herb~ceous

U . = Woody
C = Coaly (Inertinite)
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i,\l\LE 4.5
c\-c, Hycroc~rbon An~lJ~es of He:ld S!':lce

\

~lound H(!th~M tthllne Propane Illobutnne lIutotnc Total Tot~l . Tot'll C'lS
Sample C, C: c, ie, nCo C~·C7 C I·C, C:·C. Wlltnc~~

'!de~ti:icntion Depth Interval ?l'~l ..2!!:L PPH PI'~ ..wL ..!.1:1L . ~ -IT.t! 7. ie,/nC,

VA· t·2 I,M5.~.4885.75 1510/,22 2:12494 22275 1307 1659 38 l7681H 2577 35 14.6 0.8
VA·l·4 4915.37. /.Q15.68 1300687 158568 15943 967 1457 230 14776n 176935 12.0 0.7
VA·1·6 49/,5.1,3·4')45.77 173739 11~O2 1241 57 74 9 1S1l313 V.S74 7.7 0.8
VA-1- n 497 5.32- 4975.54 59.')03 7379 764 0 46 2 93092 8189 8.3
VA-l-13 5229.35-5229.65 ~61l23 33630 3207 ' 215 1% 6 /,9iD71 37248 7.5 1.1
VA-l-t5 5259.25-5259.65 1020409 118567 11733 53!) 567 45 1148812 121\403 11.. 2 0.9
VA-l-17 5~S9.46·5~89.60 13/lo30t 14"916 14078 9JL 10S4 0 15011110 151fl1J9 . 11l.7 0.9
\'1\-1·18 5'319.37-5319.56 2071391 184858 14524 7)9 780 1 2272312 20C921 8.8 1.0
VA-l-21 5348.62·53/,S.80 29752% 311270 23719 953 1579 0 3312817 337521 to.2 0.6

--' 'J,\·1- 22 5379.03·5:>79.:n 2326394 385470 2~917 81.9 ~'3e ° 2736568 1.10174 1:;.C 0.9
--' \'A-t·25* 5393.50-5393.65 276(,7 5858 634 32 39 4 )1.230 6563 19.2 0.8
<o V,\·1-26 5393".65-5393.90 2J:ll226 285052 20182 1011 110S 1'39 2631lS76 :Ill.])50 11,6 0.9

VA-1-27 5"08.07-5408.37 270384 153~4 1082 38 41 0 286':109 16525 5.8 0.9
V,\-1·29 5439.15-5439.40 3351290 /,29227 2:1903 825 728 0 3811973 454683 11.9 1.1
VA-l·n 5469.53-5/,69.80 150196 132697 8036 283 253 0 1684465 141269 8.4 1.1

pp:n V;.l1UC$ cK~rc$$ecl l\$ vo1\1Jllcs of gliB per mUUon vol\.llllc$ of core l!'>4ter1111.

*Sll~plc scored in Y~c(!r.



T,\Ut.r. 4.6
Cl-C, Hydroe~rbon An~lyscs of Shalc Core

Xound Methane EthllnC Pto?~ne Isobut.1ne But,1ne Total Total Total
S<lr.:ple CI C2 C, iC~ nC, CI ·C, C~-C~ C2-C\ k'etnesa

Id:!nt i fiell t10n 'Ocl'th Intcrval PPM 2!2L PT'1oI PPX 2!1L J:r2:L .!.!2L ...IT.!:L .,. iC./nC~

V;,.,· 1-2 43,5.4-t.885.75 24098 S699~ 16642 1395 1261 153 100541 76t.43 76.0 1.1
V/I·1-4 4915. }7.t.9lS.68 22432 5373S 17496 1606 1510 309 97088 741\56 76.9 1.1
\,,\-1·6 49'.5.43·49/.5.77 2236 2116 1215 145 222 50 6084 3748 61.6 0.7
VA·l-11 4975.32·4975.54 2512 2681 1429 188 244 147 721)1 "68? 65.1 o.a
vx-i-r: 5229.35·5229.65 6078 201.3 1236 205 221 99 9S82 HO'. 38.5 0.9
V.,,·1·l5 5259.25·5259.65 6837 19982 6524 682 501 HO 3/, (,J6 27799 BO.3 1.4
V,\-1-17 52~,). 1.6· 5289.60 9718 18006 6302 573 447 81 35~27 25409 72.3 1.3
\',\-1·18 5319.37·S319.56 25921 34(,95 6946 53l 416 38 68347 42426 62.1 1.3
VA·l·21 534::3.62-534::3.80 21432 104047 12607 670 563 60 139379 117947 84.6 1.2
VA-1-2Z 5379.08-5379.33 21786 63268 10288 567 502 18 96429 74643 77 .4 1.1-'

N VA-1-25* 53')3.50-5393.65 30444 39621 6627 375 330 lS 77412 46968 60.7 1.1
0 VII-1-26 5313.65-5393.90 54265 72874 9561 512 436 100 1)7750 8)435 60.6 1.2

VA-1-27 5408.07-5408.37 3276 2973 1700 164 179 8292 5016 60.5 0.9
VA-1-29 5419.15-5439.40 38925 72813 9017 461 405 44 . 121665 827~0 63.0 1.1
VA-Lon 54(,9.53-5469.80. 75349 62091 8712 487 432 49 147120 71771 48.8 1.1

?P~ values expressed as volw~cs of g~s per million vol~~cs of eor~ ~terial.

*Sllmplc stored in ~aecr.



-_._------~ ~

TABLE 4.7
C1-C, ltydroel1rbon AMiY9CS of Air Sp.:lce and Shale Core

, 1

71eth.,\nc Ethane I5obut.al'l~ Total '1'otlllHound PropaM ~utlll'le TOtll1. Cu
S:lm;>1e C, C. C, iC\ ne. C~-C, C,-C, C2-C, Wetness

Id"M ific.Hion D~rth Interv.,\l rrl! .2b.L rPM ?PX 2!.L 2.E!L .!..ill. .!!;L ~19 tel/riC,

VA-1-2 4885 ,f1.118SS.7S 1.534520 ,2S91.86 35917 2702 2920 191 1868736 334216 17.<1 0.9
VA-1-4 4915.37-4915.68 1323119 21::303 3)439 2573 2967 539 15741)40 251821 16.0 0.9
VA-1-6 4945,f.3-'"945.77 175975 15318 24)~ 20~ 296 59 194306 18411 9.5 0.7
VA-l-11 4975.32-4975.54 92!.15 10060 21,93 tss 290 149 105295 12881) 12.2 0.7vA-t-n 5229.35-52~9.65 467201 35673 4M.3 420 417 105 50S25? ,.}058 8.1 1.0
VA-1-15 5259.25-5259.65 1027246 138549 15257 121S 1068 155 1183493 156247 13.2 1.2
VA-l-17 5~a9.4(\-5239.60 1350519 162922 rmso 1504 1531 81 1536?37 186418 12.1 1.0
VA-l-1S 5319.37-5319.56 2097312 219353 21',70 129,:) 1196 J9 23/1061\0 24))38 10.4 1.1
V,I,-l-21 s34S.62-53!,8.80 2996728 415317 36326 1623 2142 60 345211)6 455468 13.2 0.8

...... VA-1-22 5379.05-5379.33 2348180 448738 33205 1t.l6 1440 18 2832997 481,8H 17.1 1.0
N V,\-l- 25* 5393.50-5393.65 58111 45479 7261 407 369 19 111646 53535 1.8.0 1.1...... VA-1-26 5J93.65-5393.90 2J8WJt 357926 297:'3 1523 1543 2J9 27761.65 390974 14.1 1.0

VA-1-27 sl,08.07-sl.QS.37 27J560 18337 2782 202 220 0 295201 2151.2 7.3 0.9
VA-1-29 5'"39.15-54)9.40 3396215 502040 )2 "12 0 123,6 1133 44 3933638 537423 ' 13.7 1.1
VA-l-32 5469.53-5469.80 1618545 194788 16748 770 685 49 1831585 213089 11. 6 1.1

ppm values cx~rcsscd ~s volumes of sal p~r million volumes of COfe mAterinl.

*Samplc stored in wllter.



TABLE ."4.8

Deta.iled C~-C, Hydrocarbon Analyses

Mound Sample No .• VA..1-2 VA-1-4 VA-1-6 VA~l-11 y"A-1-13 VA-1-15 VA~l-l~

Isobutanc 33.3 26.5 ! 13,7 12.9 19.1 34.8 32.6
n-Dut:mc 40.1 32.9 I 30.2 33.9 29.7 36.8 35.8
Iso?cntanc 9.1 15.9 10.4 9. 3 14.9 14.6 15.1
n-Pen t an e \ 4.5 9.6 9.0 8.5 8.3 5.2 6.4
2. 2-Dimethylbutane 0.5 0.8 . 0.9 1.. 8 1.8 1.1 1.2
Cyclopentanc 0.6 0.4 0.9 0.8 0.7 0.3 0.2
2, 3-Di~cthylbutane 0.3 0.6 1.1 1.2 1.2 0.5 0.6
2-~~e thylpcn Cane 0.9 2.1 2.9 2.8 3.6 1.3 1.7
3-Hethy1pencane 0.7 1.6 2.5 2.2 2.9 0.9 1.2
n-Hexllne 0.7 1.8 3.3 2.6 2.7 0.6 1.0
Mcchylcyclopentane 1.5 1.1 1.5 1.6 1.5 0.4 0.4
2, Z-Dimcchylpencane 0.2 0.1 0.9 0.9 0.6 0.1 0.2
Benzene 0.5 0.5 0.9 1.0 1.1 0.5 0.3
2 t 4-DimechYlpentane 0.0 0.0 0.8 0.7 0.0 0.0 0.1

......2, .2, 3-Trimcthylbutane 0.2 0.1 0.2 0.5 0.7 0.1 0.1
~Cyclohexane 1.2 1.4 2.4 2.0 1.9 0.5 0.7

J, J-Di~cthylpcntane 0.2 0.1 lor) 1.2 0.3 0.1 0.1
1, l-Dimethylcyclopcntane 0.3 0.2 0.8 0.4 0.1 0.1 0.1
2-Hethylhexane 0.2 0.3 1.3 1.2 1.0 0.2 0.2
2. 3-Dirncthylpcntanc .0.3 0.2 1.1 1.0 0.8 0.1 0.1
J.- cis- 3- Dime thylcyc Lop cn t ane 0.4 0.2 0.8 0.7 0.4 0.0 0.1
3-~1ethylhcx.:lne

0.2 . 0.4 1.6 1.2 1.2 0.2 0.2
1 trans-3-Di~cthy1cyc1opentane 0.4 0.2 0.8 0.6 0.3 0.1 0.0
1 tran$-2-Pi~cthylcyclopentane 0.7 0.3 1.0 0.7 0.3 0.1 0.1
3-Ethylpcntanc 0.2 0.1 1.1 1.1 0.4 0.1 0.1
n-Heptanc 0.3 0.4 1.7 1.6 1.0 0.1 0.2
1, ci~-2-Dimethyleyc10pcntanG 0.4 0.1 0.6 0.5 0.3 0.0 0.0
Xethylcyclohcxanc 1.4 1.4 3.6 2.9 2.0 0.4 0.5
Toluene 0.8 0.6 3.1 4.2 0.7 0.9 0.4

£~:~7 Hydrocarbon CQn~eot (ppm*) 69681.3 36475.4 3149.2 2621. 8 2287.4 17176.8 15715.4

2-~ethy1pentnne/3-methy1pentane 1.2~ 1.31 1.16 1.27 1.24 1.44 . 1.42
isopcntanc/n-pentane 2.02 1,66 1.16 1.013 1.80 2.81 2.36
cyclohexn~e/ncthylcyclopentanc 0.80 1. 27 1.60 1. 25 1. 27 1.25 1. 75
mcthylcyc1opcntane/mcthylcyc1ohaxana 1. 07 0.79 0.42 0.55 0.75 1.00 0.80

*ppm values arc exp·rc5scd. as VOlo,::l1(~S of gas per million vo1Ul'ncs of cuttings.



TAnI.::4 • 8(C",nt' d.)

D<:!tail<:!d C.-C, Hydrocnrbon Annlyscs

P.ound Sn~i'lc ~o. 'i!\..:J..:.ll.. YkJ-21 VA·1-22 Y!l:.1.:ll VA-1-26 Yk'cl7 VA-l-~9 VA-1-)2
I --

l$obut;tnc 31.4 35.7 33,6 24.9 40.3
n-i\utnnc 35.7 39.7 40.4 37.9

1.7.5 33.0 37.2
Lsopcnt nnc 12.5 10.5

42.3 29.1 39.1 41.411.8 13.4 6.7
n·Pcnt.,nc 5.6 4.9 12.0 12.1 8.86.1 7.9 3.3
2. 2- Di:':\\c thy 1butane 1.0 . 0.6 0.5 !'l.S

8.8 ().7 4.5
Cyclc;'lcnt;,rH! 0.3 0.) 0.3

0.5 1.1 0.5 0.50.4 0.3
2, 3-Dimc:hvloutanc 0.5 0.3 0.3 0.6 0.3 0.3
2·::<.'thylp<.'M;JM 1.3 0.9

0.6 0.2 1.1 0.4 0.30.9 2.0 0.6
3- ~:c t hv1pcn t anc 1.1 0.8 3.4 1.1 0.90.7 0)..5 0.5
n-ll~xnnc 0.8 0.7 2.6 0.8 0.60.7 1.6 0.5
~cthylcyclopcntnnc 0.5 0.4

03. 2 0.8 0.60.4 0.6 0.3
~ 2- Dt~lNhv 1rent.,"", 0.2 0.1 1.0 0.4 0.3-. 0.1 0.2 0.1
ilcn:<.'n<.' 0.5 0.6 0." 0.1 0.20.6 1.3 0.6
~ I._ D~:':1ct!\\' Ipcnr ane 0.0 0.0 0.6 0.6 0.6-. 0.0 0.0 0.0
~

,
)·Trtn~thylbutnnc 0.2 0.2 0.8 0.0 0.0-, -, 0.1 0.2 0.2

C:,·clo!'lcx.:ln(l 0'.8 0.7 0,2 0.1 0.10.3 1.1 e.6
3, 3-0imcthy1p<.'ntnn(l 0.2 0.3 0.1 1.9 0.9 0.70.2 0.1.
1, 1-~t~cthy1cyclopcntanc 0.2 0.1 0.1

0.1 0.1 0.1
--'

0.2 0.1 0.4
N

2· :0~C' thy 1hl':o.:nnc 0.3 0.2 0.2 0, I. 0.2
0.1 0.1

w ~ J-Oi:':1C'thylp<.'ntan<.' 0.2 0.2 0.1 1.3 0.2 0.2-, 0.3 0.2
l·~is-l-Di~(!thylcye:opcntanc 0.1 0.1 0.1 0.1

l.0 0.1 0.1
3·~~c thy 1hex.,r.c 0.3 0.2 0.2

0.1 0.6 0.1 0.10.5 0.2
1 trnns-J-Oi~cthylcyclopcntnnc 0.1 0.2 0.0 1.6 O.~ 0.2

O. 1 0.1
1 trnns-2·~imcthylcyclor~ntnne 0.2 0.2 0.1

0.6 0.1 0.1
0.2 0.1

J.::th \" 1i' en t I~n" 0.2 0.1 0.0 0.9 0.1 0.2
0.2 0.1

n-i{cj1t.,n,- 0,1. 0.3 n.2 0.7 0.1 0.1O.S 0.2
1, ci~.2.D:mcthylcyclop(lntnnc 1\.2 0,1 0.1 1.7 0.2 0.20.2 0.1 0.6
Xcthylcy,lo~~x~nc O.'.l 0.6 0.6 1.2 0.5

0.1 0.1
0'iC' 1uene I 1,2 0.9 0.11 3.:1 0.7 0.61.6 0.9 2.4 o.a 0.8

c.·c, H:-,t!roc., ro",n C"ntC'nt (i'!'~*) 6763.6 140~0.S 15517.1 11295.7 S169.3 1466.4 8169.4 68'-/,.8

2·~cthylpcnta~c/)-~~tnylpcnt~nc 1.1S 1.13 1. 29 1.33 1. 20 1. 31
isopcntanc!n-pcntanc :!. 23 2.1 /• 1. 93 1. 70 2.{)3 1.36

1.38 1.50

cyclohcx~nclrn~thylcyclopentnnc ~.60 1. 75 2.00 1.83 1. 81 1.%
2.00 1.90

~ethylcyclo?cntanc!r.lcthylcyclohcx4ne 0.56 0.67 0.67 0.50 0..60 0.30
2.25 2.33
0.51 0.50

+PP:!l vll1ucs ;IrQ exprQued lIS volull\u oEgu. por mUUon votu:nes or e\.le t1nts.
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N4 0.47; O.44R

N4 0.18

N3 0.18

N2 1.51

N3 to N2 0.88

Mound
Sample
Number

VA-1-2

VA-1-4

VA-I-ll

VA-1-13

VA-1-15

VA-l-17

Well
J:nterval

TABLE 4.9

Gross Lithological Description and Organic Carbon Analyses

Gross Lithological Description

100% Shale, carbonaceous, slightly silty, slightly
micromicaceous, slightly pyritic, slaty clevage,
indurated, hard, black.

100% Shale, carbonaceous, slightly 'silty,
micromicaceous, slaty clevage, indurated, hard,
black.

100% Shale, noncalcarcous, nonsilty, very slightly
pyritic, fissile, indurated, hard. medium dark gray.

100% Shale, nonca1careous, nonsi1ty, fissile,
indurated, hard, medium dark gray.

100% Shale, carbonaceous, slightly mottled,
micromicaceous, fissile, indurated, hard, dark gray.

100% Argillite, carbonaceous, micromicaceous, v~ry

silty, fissile, highly indurated, hard, grayish black.

100% Argillite, carbonaceous, fissile, highly indurated.
very hard, dark gray to grayish black.

GSA
Color
~

Nl

Nl

Total Organic
C",rbon

• ,(7. of Rock)

5.66

3.85



Hound
Sample
~Ur:lbar

VA-l-2l

VA-1-22
--'
N
0)

VA-1-25

VA-1-26

VA-1-27

VA-1-29

VA-1-32

~.jell

Interval

TABLE 4. 9(Cont' d.)

Gross Lithological Description and Organic Carbon Analyses

Gross Lithological Description

100% Argillite, carbonaceous, fissile, highly indurated,
vary hard, grayish black.

100% Shale, carbonaceous, moderately fissile, indurated,
hard; grayish black.

100% Argillite, carbonaceous, fissile, highly indurated,
very hard, grayish black.

100% Shale, carbonaceous, moderately fissile, indurated,
hard, slicken-sides in part, grayish black.

100% Shale, carbonaceous, slicken-sides abundant,
blocky, indurated, ha.rd, grayish black.

100% Shale, noncalcaraous, nonsilty, moderately fissile,
very hard, medium ~ark gray.

100% Argillite, carbonaceous, fissile, highly indurated,
vary hard, grallsh black.

100% Argillite, carJonaccous, fissile, indurated, hard,
grayish black.

GSA Total Organic
Color Carbon
~ ('7. of Rock)

N2 1.54; 1.54R.

N2 3.13

N2 3.57

N2 2.53

N2 2.84

N4 0.48; O.48R

N2 3.97

N2 2.11
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TABLE 4 ~ 10

S~ary of C15+ Soxhlet Extraction. Daasphaltening
, and Liquid Chrom~tocraphy

A. Weights of Extracts and Chromatographic fractions

Mound Weight of Total Precipitated N-C5 Paraffins- Elucqd Nonelutcd
Sample Well Rock Extd. Ext:rclct Aspha1cenes Solubla Sulfur Naphthcnes Aromatics NSQ'S NSO's
Number ,Interval (Grams) (Grl1m~) (Grams) (Grams) (Gramo) (Grams) (Grnms) (Grams) (Grams)

VA-1-2 100,0 0.0297 0.0141 0.0156 N.D. 0.0057 0.0045 0.0034 0.0020
VA-l-4 100.0 0.0357 0.0271 0.0086 N.D. N.n. N.D. N.D, N,D.

--' VA-1-6 100.0 0,0344 0.0304 O. 00/~0 N.D. N.D. N.D, N.D. N.D.
N 90,0 0.0199 0.0169 0.0030 N.D. N.D. N.D. N.D. N,D.
1.0 VA-1-11

VA-1-13 100.0 0.0393 0.0366 0,0027 N.D. N.D. N.D. N.D. N.D.
VA-l-1S 100.0 0.0356 0.0314 0.0042 N.D. N.D. N.D. N.D, N.D.
VA-1-17 100,0 0.0347 0,0311 0.0036 N,D. N.n, N.D. N.D, N.D.

VA-l-18 100.0 0.0395 0.0350 0.,0045 N.D. N.D, N.D. N.D. N. D.
VA-1-21 100.0 0,0330 0.0271 0.0059 . N.D. N..... N.D. N.D . N.D.
VA-1-22 100.0 0.045.3 0.0379 0.0074 N.D. N.D. N.D. N.D. N.D.
VA-1-25 100.0 0,0256 0.0180 0.0076 N.D. N.D. ~.D. N.D. N.n.
VA... 1... 26

1 100.0 0.0558 0.0459 0.0099 N.D. N.D. N.D. N.D. N.D.
VA-l... Z7 100.0 0.0336 0.0304 0.0032 N.P. N.D. N.D. N.P. N.D.
VA-l... Z9 100.0 0.0446 0.0352 0.0094 N.D. N.D. N.D. ~.D. N.D.

VA-loon 100.0 0.0329 0.0282 0.0047 N.D. N.P. 1-:.0. N.D. N.D.



'rABLE 4. 11

S~~y of C15+ Soxhlet ~traetion, Deasphaltening
And Liquid Chr~to~r~phy

B. Concentration of Extracted Materials in Rock

195

Total
l1?.PEl

2034

····-_··_·-··Nonhydrocarbons··-·.·••• ~._••
Prcciptd. Eluted Noneluted
Aaphaltcne NSO's NSOis
__(oFm) (ppm)_ (ppm)

Sulfur
~pm~

Totd
~.

Aromatic
(ppm)

57 45 . 102 141
271
304-- 188
366
314
311
350
271
379
180
459
304
352
282

•••••••••Hydrocarbons •••••••••
PD.-raffin- .
Naphehene

, (ppm)

Total
Extract:
_~ppm)_

297
357
344
221
393
356
347
395
330
453
256
558
336
446
329

Well
Interval.

Mound
Sample
Numbe:-

-' VA-1-2
gs VA-1-4

VA-1-6
vx-i-r;
VA-l-13
VA-1-15
VA-1-17
VA-1-18
VA-l-21
VA-1-22
VA-1-25
VA-1-26
VA-1-27
VA-1-29
VA-1-32



TABLE 4. 12

Summary of C1S+ Soxhlet Extr~ction, DC~Gphalt~ning

. and Liquid Chrom~togr~phy

C. Composition of Extr&ets

·_·--·~··Hydrocarbons----··_--

Paraffin-
Naphthene Aromatic

1. 7. PNIArom

_. __._--.~-.-Nonhydrocarbon,--,·-·-·_·_~···

--'
w
--'

}found
S.::unple Well
Nuobe~ !nterv~l

VA-1-2
VA-1-4
VA-1-6
vx-r-n
VA-1-13
VA-l-1S
VA-1-17
VA-1-18
VA-l-21
VA-1-22
VA-1-2St
VA-1-26'
VA-1-27
VA-1-29
VA-l-32.

19.2

..-

15.2

-.-

1.27.

Sulfur
7.

Eluted
NS01S.·

%
11.4

Nonc1ut:ed
NSO'S

7.
6.7

Prccipitd.
Asphalt:ene

7.

47.5
75.9
88.4
84.9
93.1
88.2
89.6
88.6
82.1
83.7
70.3
82.3
90.5
78.9
85.7

Asph/NSO
2.61

.-

He'S
1--
34.3

HC/Non HC
0.52



TABLE 4 • 13

SAtur~te Hydroc~rbon Analyses

Summary of Paraffin-Naphthenc Distribution

Mound
Sample Well 1. 1. 1. c-p Coop
~\lmbcr Int(1t'val 'Paraffin Isoprenoid Naphthene Index A Index B 1.219/ ip2,9-

VA-1-2 7.2 1.3 . 91.5- 6.64
VA-1-4 7.8 1.1 91.2 'O'O 0.42
VA-1-6 3.8 0.0 96.2 1.03 0.00

-'YA-l-ll 3.8 0.2 96.0 1.05 0.38w
6.9 0.0 93.1 1. 20 0.00NYA-l·13

VA-l-1S 3.1 0.4 96.5 0.24
VA-1-17 4.6 0.0 95.4 0.68 0.00
VA-1-18 2.1 0.4 97.5 0.52
VA-l-21 2.1 0.0 97.0 0.00
YA-1-22 1.5 0.1 98.4 1.05 0.00
VA-1-25 1.5 0.0 98.ff 0.00
VA-1-26 1.4 0.1 98.5 1. 02 . 0.00
VA-1-27 3.3 0.0 96.7 1.08 ... 0.00
YA-1-29 1.5 0,1 98.4 0.00
VA-1-32. 2.7 0,0 97.3 1.02. 'O- 0.50



T},~tt 4.• 14

S:tturo1 CQ H}'droCo1rbon A.. 41YSll:

~orm~lt7.cd ParAffin Dlttribut10n

Hound
S~::ltlt(! lo'ell ,. ,. .,. 'T. ." ,.. '4 1. 'T. ·tt 'l. '7. ." 'T. t 'T. '7. t 1- % ,. t 7.
~ Interval D.ill.. !:..ill !}.ill !ill !lill !E1.9. !!£1! !l£lQ 1:£"1 ill.! nen ~~ !lill !:£ll ~ ~ !.1fll ~ n£ll n.m ~ ~ MCn--
\',1,-1-2 0.0 3.2 10.5 5.9 17.9 9.2 17,9 12.8 9.2 6.5 3.8 2.2 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
\',\-1-4 0.0 0.0 6.0 :i.6 16.0 8.6 20.4 17.2 11.5 8.1 4.9 2.6 1.3 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0
\',\-1-6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.2 13.9 19.8 17.0 11. 7 10.5 7.1 4.6 2.8 2.5 0.0 0.0 0.0 0.0 0.1) 0.0
vx-t-rt 0.0 0.0 2.0 1.5 6.7 3.9 8.9 10.0 S.3 9.8 8.5 5.9 9.5 7.2 4.8 4.1 3.5 3.0 2.2 0.0 0.0 0.0 0.0
V,\-l-D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.2 D.5 19.7 21.4 12.7 11. 7 5.5 4.2 1.2 1.2 0.5 0.0 0.0 0.0 0.0 0.0
VA-1-15 0.0 0.0 2.7 2.0 12.9 S.2 16.1 16.5 11.8 u.e 8.2 5.1 3.S 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

<:;:;\,/\-1-17 0.0 0.0 0.0 . 0.0 0.0 0.0 7.2 16.2 12.0 11,.9 12.0 ~1.5 6,t. 4.5 2.7 1.6 1.1 0.0 0.0 0.0 0.0 0.0 0.0
W,'A-l-1S 0.0 0.0 5.1 5.6 15.7 10.6 16.2 15.7 10.6 9.1 t>.1 2.5 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

VA-l-2l 0.0 0.0 0.0 0.0 6.8 2.1 11. 9 21.7 11.5 15.3 10.6 9.8 6 .t, 3.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
\',1,-1-22 0.0 0.0 0.0 0.0 11.1 :l.S 14.6 15.8 10.5 11. 7 S.S 4.1 7.6 7.0 4.1 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
\''\-1-25 0.0 0.0 0.0 0.0 11.4 3.0 17.4 23.5 13.2 0.0 D.6 5.3 5.3 2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 '1.0
VA-1-26 0.0 0.0 0.0 0.0 8.6 3.4 13.? 20.1 13.8 16.1' 9.S 5.7 5.2 1.1 2. :I 0.6 0.0 0.0 0.0 0.0 0.0 0.0 C.O
.\',\-1-27 0.0 0.0 0.0 0.0 0.0 0.0 4.7 u.s 15.8 20.5 16.2 9.8 9.0 5.6 3.8 1,3 \'7 0.0 0.0 0.0 0.0 0.0 0.0
V,1,-1-29 0.0 0.0 0.0 0.0 9.2 3.4 14.3 ~O. 2 16.0 16.8 10.1 10.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
VA-1-32 0.0 0.0 0.4 0.0 4.6 0.8 7.5 10.0 10.4 14.6 11,.6 12.1 10.8 7.5 4.6 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0



TABLE 4. 15

Vitrinite Reflectance Summary
for: VA-l Hell

Mound Number ' Minimtnn Maximum Average
Sample of Reflectance Re.fLec tance Reflectance
Number Readings ---Sf:, Ro ) (% Ro ) (% Ro)

VA-1-2 50 0.47 1. 39 0.96
VA-1-4 50 0.48 1.45 0.97
VA-1-6 6 0.67 1. 41 1.19

.-.l

VA-l-1lw 3 1. 01 1. 34 1. 21+::>
VA-1-13 1 1. 28 1. 28 1. 28
VA-1-15 50 0.48 1.26 0.92
VA-l-:7 33 0.63 1. 24 0.93
VA-1-18 50 0.66 1. 28 0.92
VA-1-2l 35 0.67 1. 36 1. 01
VA-l... 22 46 0.46 1. 39 0.96,
VA-1-25 50 O. l~9 1. 35 1. 02
VA-1-26 50 0.68 1. 44 1. 02
VA-1-27 50 0.53 1.47 1.10
VA-1-29 50 0.69 1.15 0.94
VA-1-32 50 0.64 1. 25 0.91



l'ABLE 4. 16

Kerogen Composition
Sample from VA-l Well Located in

Wise County, Virginia

Sample Weight Percent (Ash Free) Weight Percent Atomic Atomic
No. e H N . 0 Ash H/C' O/C

.
VA-1-2 66.0 3.8 1.3 28.8 21.1 0.69 0.33

~

w VA-1-4 78.9 4.1 1.6 15.3 15.4 0.62 0.15U"l

VA-l-ll 85.5 4.0 2.4 8.1 9.3 0.56 0.07

VA-I-1S 85.9 4.0 1.2 8.9 9.1 0.56 0.08

VA-1-17 .77 .8 3.8 1.9 16.5 6.7 0.59 0.16!

VA-1-18 85.9 4.1 2.6 7.3 7.2 0.57 0.06

VA-1-21 84.4 4.2 1.7 9.6 25.0 0.60 0.09

VA-1-22 79.4 4.4 2.2 13.9 14.6 0.66 0.13

VA-1-25 77.6 4.8 6.4 11.2 12.8 0.74 0.11

VA..1-26 85.4 4.5 4.1 6.0 6.1 0.63 0.05

VA-1-29 82.0 4.3 5.0 8.7 10.2 0.63 0.08.

VA-1-32 80.6 4.6 8.7 6.1 6.4 0.63 0.06



TABLE It. 17

Material Balance Assay
Product Assay

~ound Sample No. VA-l..2 VA..1-4 VA..1... 6 VA..l ..13 VA.,.1 ..15 VA-l..22 VA..1..27 VA-l... 29 VA..1..32

Oil Yield
-,(Gas/Ton) <0.5 <0.5 <0.5 <0.5 <O~S <0,5 <0.5 <0.5 <0.5
w
0'\

Speci~ic gravity
. (60 /60 ) ........ ... .... ... ..... .... - .. .... - .....

°API ...Oil Gravity -- .. ........ .. ..... ... .... ... ....

Hater Yield
(Gal/Ton) i 3.0 2.4 3.6 .3.5 3~2 1.8 1.6 1.7 2.0
pH . I 9.2 9.3 . 9.3 9,3 9.1 9.2 . 9.2 9.1 9.1

~ydrocarbon Gas Yield-
(Ft 3/Ton) 49.2 29.5 1,9 1.7 4.2 17.0 <1.0 32.0 12.6



TABLE 4.18

Material Balance Assay Carbon and Ash Data
for Wise County, Virginia Samples

Mound Sample No. VA-l, ..2 VA..1..4 VA..1··6 VA.. l ...13 VA..l ..15 VA..1-22 VA-l.. 27 VA-1 ..29 VA..1-32

Pre-test:
Total Carbon (%) 5.68 3.90 0.'36 0.61 2.12 4.30 0.50 6.14 2.77
Organic Carbon (%) 5.60 3.69 0,38 0.63 2.27 4.3,9 0.24 5.65 2.81

Post-test:
-' Tota.1 Carbon (%) 5.41 3.61 0.36 0.61 2.04 . 4.10 0.35 5.45 2.56
~Organic Carbon(%) 5.27 3.64 0.41 0.60 2.09 3.79 0.25 5.27 2.60

Carbon Transfer Ratio 5.89 1.36 4.76 7.93 13.67 ...... 6.73 7.47
~

Retorting Weight LossC/o} 2.24 1.79 1.73 1.84 1.72 1.79 1.84 2.02 1.53.

Retorted Sl:;l.ale:
(%) 91.80 94.14 96.20 95.90 95.11 9-3.49 97.49 91.90Ash 94.96

Ignition Loss (%) 8.20 5.86 3.80 4.10 4.89 6.51 2.51 . 8.10 5.04



.-----,,

TABLE ~.19

M6:-t:criui -B~J..:lncc ASSu"y Gaseous y'iOlci'
for VA-l Well, Wise County, Virginia

Mound Sample N~. VA-1-2 VA-1-4 VA-1-6 VA-1-13 VA-1-15 VA-1-22
I' t·

Hydrocarbons (cm3/g} 1.536 0.920 0.060 0.052 0.134 0.529
Methane 1.127 0.670 0.037 0.030 0.100 0.448
Ethane 0.206 ~ •.128 . 0.004 0.004 0.004 0.051
Ethylene 0.007 0.004 0.004 0.004 0.004 0.004

....r Propane 0.078 0.049 0.002 0.002 0.015 0.013w
co Propylene 0.021 0.016 0.002 0.O~2 0.002 0.004

i-Butane 0.019 0.012 0.001 0.001 0.001 0.001
n-Butane 0.038 0.017 O.OOi O.OUl 0.001 0.001
Butene-l 0.005 0.005 0.001 0.001 0.001 O.COl
t-Butene-2 0.002 0.001 0.001 0.001 0.001 0.001
c-Butene-2 0.002 0.001 0.001 0.001 0.001 0.001
i-Pentane 0.019 0.011 0.001 0.001 0.001 0.001
!i.-Pentane 0.008 O.CO':; 0.001 0.001 0.001 0.001
Pentar.'-l. 0.002 0.001 o.oel 0.001 0.001 0.001

Non-Hydrocarbons (cm3 / g1
Hydrogen 0.786 0.185 v.186 0.186 0.186 0.187
Hydrogen Sulfide 2.293 1.068 0.07.1 0.053 0.392 1.701
Carbon Monoxide 0.007 0.004 0.004 0.004 0.004 0.004
Carbon Dioxide 1.075 1.088 0.048 0.870 0.682 1.405
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NMR Correlation with
Organic Carbon
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Sample VA-l-l

EXPANSION AS A FUNCTION OF FLUID EXPOSURE
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TABLE 4.20

Mechanical Test Data for the VA-I Well

Mound Sample No.

VA-l-IA*
VA-l-IB*
VA-I-3A
VA-I-3B
VA-1-5
VA-1-7
VA-1-9
VA-1-10
VA-1-14
VA-1-l6
VA-1-19
VA-1-19R*k
VA-1-20
VA-1-28A
VA-1-28B
VA-1-31A
VA-1-31B

Shore Hardness (Sb)

9.80
9.80

12.30
12.30
8.35

14.50
11.60
9.50

Itr . 00
15.70

7.80
7.80
9.95
8.15­
8.15

19.85
19.85

Splitting Tensile
Strength (M Pa) .

1.518
2.277
0.785
2.911
2.847
3.105
1.214
1.008
2.613
1.937
1.641
1.681
1.243
0.548
0.722
1.631
3.035-

"I-':A designates sample tested in maxLnum stress direction.
B designates $ample tested in minimum stress direction.

** Duplicate sample tested in s~me direction.
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G as Spectrum for Sample VA-I-1A
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Gas Spectrum for Sample VA-l-S
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Gas Spectrum for Sample VA-1-9
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