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GEOLOGIC EVALUATION AND DRILLING PLAN

EGSP-TENNESSEE 9 WeLl

I. INTROOUCT !ON AND SUMMARY

The Eastern Gas Shale Project (EGSP) was initiated in 1376 at the
Department of Energy's Morgantown Energy Research Center with the
ultimate objective of increasing production of natural gas from shale
formations in the Appalachian, !1linois and Michigan Basins through
agdvanced exploration and extraction techniques. To dats numerous
projects involvirg states agancies, the U.S. Geologicai Survey (USGS) and
private industry have been completed. A part cf this program has been
the evaluation of the Devonian-Mississippian age Chattanooga Shale in
eastern Tennesses. The evaluation of the Chattanooga Shale in eastern
_Tennessee has involved the cooperative effort of personnel from the
Tennessee Division of Geology (TDG) and the USGS to define the structural
and stratigraphic relationship of the Chattanooga and its resource
potential. To date two Vibroseis seismic surveys and eight NX core
holes have been completed in northeastern Tennessee as part of the EGSP.
Evaluation of the seismic linas, core samples and geophysical logs is in
prograss and reports en this work by the principal investigators are in.
preparation. A summary of the EGSP explorafion program in Tennsssee by

Dean (May, 197%) is included as Appendix A.

Gruy Federal, inc. {GRUY) has been sslected as prime contractor to
DCE to provide drilling, coring and well evaluation services on up to 22

wells in the Appalachian, Michigan and lilinois 3asins. As part of this
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contract, GRUY will be responsible for the continued drilling program in
Tennessee. GRUY has reviewed the work completed toﬁdate and has dis-
cussed work in progress with the principal investigators. An evaluation
of the geologic data and site availability and accessidility indicates
that an area along the Saltville Fault in Grainger County, Tennessee
(Dean's Prospect P3) would provide an exce!lent opportunity to evaluate

the Chattanooga beneath the Saltville Fault thrust sheet in a location

that has numerous technical and economic advantages.

The site proposad in this resort is located in the Grainger County
Industrial Park along U.S. Highway 11-W and is accessible by pavad roads
into the industrial park. At the proposed location it appears that it
is possible to penetrate both the Pumpkin Valley Shale member of tﬁe
Conasauga Group and the Rome Formation (Cambrian‘age) in the hanging
wal; of the Saltville Fault. A nearly complete séction of Grainger
(Mississippian age) and a complete section of the Chattanocoga should be
present beneath the Tault. Additionally the propcsed location would
provide an opportunity to evaluate the Clinch Sandstone (Silurian age)
at a prospective depth. At the proposed location a trapping mechanism
exists at the truncation of the Chattanooga and Clinch by the thrust
sheet. The proximity to the fault.and the breached synclinal structure
of the Chattanocga and Clinch at the proposed location should produce
high fracture density. The total depth of the hole is not likely to
excaed 3000 feet which will result in reasonable drilling cost. The
proposed site is owned by Grainger County who will retain all mineral
rignts and will take over the well following the complation of drilling

and testing, should it prove productive. Site preparstion cost will be
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more reasonable than other location in the area because of the easy

access to the site by paved roads into the industrial park.

This raport presents a summary of previous geclogical investi-
gations in the area and a drilling prognosis with cost estimates for the

Grainger County Industrial Park site, herein refered to as the EGSP-

Tennessee No. 9 well.
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IT. GEOLOGIC SETTING

A. Structural and Topographic Features

The proposed EGSP-Tennessée 9 wall is located in the southern
Appalachian Valley and Ridge Province. The topography of the Valley and
Ridge Province, as the name implies, is characterized by alternating
broad valleys and narrow ridges. These topographic ridges and valleys
reflect the predominant structural featuras of the area - parallel
northeast-southwest trending folds and thrust faults (Figure 1). The
ridges, averaging 500 faet of relief above the vailey flocrs, are the
result of differential weathering of rocks of varying resistance brough-
to the surface in the structura! folds and thrust faults produced durin-
the crustal deformation that occured in the late Paleozoic Appalachian
4 Orogeny. The mechanism believed to have produced the Appalachian Va}léy

and Ridge structures is discussed by Dean, 13975 (Appendix A).

The EGSP-Tennessee 9 drilling prospect will be located south ¢ the
surface trace of the Saltville Fault between Rutledge and Bean Station,
Tennessee, as shown in figure 2. The drill site at the Grainger County
Industrial Park is situated on rolling hills in Richland Valley at the
base of Poor Valley Ridge. A segment of Cherokee Lake (resulting from
the impoundment of the Holston River) forms the floor of Richland Valizy
to the south and east of the drill site. Poor Valley Ridge, north cf
the drill site, is formed by resistant sandstones in tha Rome Format'en

(Cambrian age) and the Grainger Formation (Mississippian ags). North ¢
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Poor Valley Ridge is Poor Valley formed in the less resistant shales and
siltstones of tha‘Grainger Formation (middle and Jower members) and the
Chattanooga Shale. Poor Valley is bounded on the north by Clinch

Mountain capped by the highly resistant Clinch Sandstone (Silurian age).

€Clinch Mountain forms a drainage divide between the Clinch River on
the north and the Holston River (Cherokee Lake) on the south. Clinch
Mountain rises from 1,000 to 1;600 feet above the adjoining valley and
is 400 to 80C feet highar than the parrallel Rome ridgezs. The photo in
Fféura 3 taken at the eastern entrance to the Gréinger County Industrial
Park at US 11-4 shows Poor Valley Ridge and the higher Clinch Mountain
in the backgroung. An excerpt from Jeran's 1265 M.S. thesis (Figure 4)
illustrates the stratigraphic, structural, and topographic relationship
of the rock unifs along a segment of Clinch Mountain and Poor Valley
southwest of the proposed drill site on the acjacent Dutch Valley

Quadrangle (154-5E).
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B. Stratigraohy

As indicated in the previous discussions, all formations out-
cropping in the area near the driii site are Paleozoic in age. The Rome

Formation. (Lower Cambrian) is the oldest rock unit exposed; the Grainge

r

Formation (Middle Mississippian) is the youngest. A jeneralized strati-

graphic column for the Poor Valley area north of the well site in
Grainger County (Jeran, 1965) is shown in Figure 5. The Pumpkin Valley
Shale member of the Conasauga Group (Cambrian) stratigraphically com-
formable and immediately above the Rome formation, outcrops at the
proposed drill site. Jeran's map area did not extend to Richland

Valley; therefore, the Pumpkin Valley is not mentioned in Figure 5.

The name Chattanocoga Black Shale was proposed by Hayes, 1851, for
exposures at C;meron Hill in Chattanooga, Tennessée. The agé of the
Chattanocoga Shale in the area of interest, whilz still subject to
debate, is currantly defined as Upper Oevonian to Lower Mississippian.
Hasson (1972) provides an interesting review of the history of the
nomenciature of the ''black shale' in northeastern Tannessee which is
summarized in Figure 6. Conant and Swanson (1961) also have an ex-
tensive raview of the nomenclature; however, their areas of concen-
tration are west of the thick Chattanooga sections in northzastern
Tennessee. The nomenclature problems of the Chattanooga can best be
summarizad by Safford (1863) when he refared to the ''slack shalsa' as the
‘‘geologist plane of referencs, and his puzzle''. A comparison of rafar-

enced stratigraphic sections for this ar=za and other states (Swage

i}

?

1978) is shown ia Figure 7.
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GENERALIZED STRATIGRAPHIC SEZCTION
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IIT. EXISTING GZICLOGIC DATA

A. Previous lnvestigations

The previous geoiogic investigations along the Saltville Fault
strike belt in Grainger and adjacent counties include several masters
theses and doctoral dissertations at the University of Tennessée (Haney,
1966; Hasson, 1372; Hawkins, 1959; Jeran, 13965; Philly, 1961; Smith,
1268) and ‘the seismic lines and shallow NX coring and logging program
conducted under contract to DOE by the Tennessee Division of Geology and
USGS as described bv Dean (Appendix A).

Mr. Larry Knox, Mr. William Bent and Mr. Stuart Maher of the TOG in
Knoxville provided GRUY with maps shawing the location of core holes
. EGSP-Tennessee 1, 3, 4, 5, 6, 7, and 8 (Appendix é) and working copies
of electric logs on Tennessee 7 and Tennessee 8 (Appendix C}. Neither
of the above namsd people were on loczation during coring of Tennessee 2;
therefore, they were unable to spot that hoie location. R. C. Millici,
Virginia State Geologist, formally with the TDG, proviaed [ithologic

discription and gamma ray log curves for Tennessee 6§ and 7 (Figure 8).
p g Y g

The seismic-geologic base map (Figure 9); the preliminary depth
section interpretation (Figure 10) along lime TC-1; Dr. Millici's ra-

interprated dapth section (Plate I); and, Hassen's descriztions o

<
i

stratigraphic sections at Avondale Sgrings and near 82an Station along

25-2 (Appendix D) have been integrated into this evaluation.
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Figure 8.

Lithologic Description and gamma ray !
Shale in vicinity of proposed well (
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Hasson's outcrop sections T-11 and T-13 are proximal to EGSP-

Tennessee 8 (Tennessse Coordinste: 723,500N; 2,733,250E) and Tennassee

7 (Teanessee Coordinate: 709,550N; 2,747,000E), respectively. Saismic

line TC-1 (Figures 9 and 10) follows highway 25-E and passes along

Hasson's section T-11 betw2en depth points SO0 and 360. Tennessae 8 was

spudded near depth point 930. Hasson's section T-12 along old highway

25-E is approximately two miles northeast of the proposad Tennessee §

(Tennessee Coordinate: 710,300N; 2,762,0005) well sita. Section T-11

and seismic line TC-1 are approximately 5 miles northeast of the pro-

posed loca

tion.

Sections T=-11, T-12, and T-13 are summar z=d as follows:

T=-11 Grainger County
Bean Station Quadrangle
Tenn. Coordinate: 724, 600N
2,784, 600¢€
AGE Formation Saction Thicknass (Feet)
Cambrian Rome 85.0
Saltville Fault
Missippian Grainger L37.8
Upper Sandstone Member 52.0
Middle Shale-Siltstone
Member 301.3

(Glauconite Zonz 35.5
feet from top of Middle
Member is 7.7 feet thick)
Basal Siltstone Member 1345

Chattanocoga Shale Los.gs

- - - e 0 s - - . -

- > = " = e = - -———n -

Lower 3lack Shale Unit 23+
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T-12 Grainger County
Avondale Quadrangle
Tenn, Coordinate: 718, LooN
) 2,771,200¢
Age Formation Section Thickness (Feet)
Cambrian Rome 52+

Saltville Fault

Mississippian Grainger 543.2
Upper Sandstone Member 37.0
Middle Member 297.

(Glauconite Zone 42.0
feet from top of Middle

Member is 9.4 Fear thick)

Basal Siltstone Mimbar 148.6
Chattanooga Shale 316+
T-13 Grainger County
Avondale Quadrangle
Tenn. Ccordinatz: 709, 000N
2,748, 000¢
Age Formation Section Thickness (feat)
Cambrian Rome 103+

Saltville Fault

'. Mississippian Grainger 557.0
T Upper Sandstone Member 23.0
Middle Member 512.0

(Glauconite zone covered)
Basal Siltstone Member 42.0
Chattanooga 232.3+
Figure 11, Plate i1 from Hasson's dissertation {llustrates Ais in-

terpretation of the stratigraphic relationshios along the Saltville
Fault strike belt. An average of Hasson's thicknmesses ‘or the Grainger
(487.8 at T-11, 543.2 at T-12, and 5357 at T-13) has been usad for an

approximate thickness of the Grainger in the area.

-
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"Core nole Tennessee 7 at Avondale Springs was spuded in the Grainger
and encountered the top of the Chattanooga at 165 feet and the bottom of
the Chattanooga at 827 feet. Tennasssees 8 alsc spuded in the Grainger
with the top of the Chattanooga at 140 feet and bottom at 900 feet. The
average of the Chattancoga thickness in Tennessee 7 (662 feet) and
Tennessee 8 (760 feet) has been used to estimate the thickness of the

Chattanocoga in Tennessee 9,

The boundary between the Grainger and Chattanocga is subject to
interpretation. Some workers have defined the bouncary as occuring at
the first black shale zone, which may be 10 feet lower than the boundary
defined by Hasson. For the purposes of well planning, these differences
in definition will be minor. |t has been assumed for well planning that

the Grainger will have a minimum thickness of 500 feet and the Chattanooga

will be a minimum of 700 feet thick at Tennessee §.

In estimatirg the thickness of the Rome and Pumpkin Valley near
Tennessee 8, the seismic-geologic map for line TC-1 (Figure 39) shows the

" ¢f the Rome to average 2500 Teet with a dip of less

areal ''thickness
than 20°. The Pumpkin Valley appears to have an areal ''thickness'' of
1000 feet with similar dips. A simple construction (Figure 12) indicates
that the Rome probably has a3 true thickness on the order of 900 feet and
the Pumpkin Valley has a true thickness of zporoximately 350 feet along
TC-1. Assuming the fault plane and rock units above and below hava a
uniform 20° dip, true thicknesses translate to hole secticns of ap-

f s2t of Roms above ths

sroximately 200 fzet of Pumpkin Valley and @59

fault near depth point 870. Using previous core hole and outcrop data
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indicating at least 500 fzet of Grainger and 700 feet of Chattanooga,

maintaining the 20° dip below the fauit plane and assuming that the

thickness of all units remains constant along strike, then a minimum

bottom hole depth of 2350 feet could be expected at Tennessee 9.

Other interperrtations of this data are possible. As shown in
Figure 13, a sketch by Mr. Bill Brent of the TDG in Knoxville, it is
possible that the Graingar and Chattanooga could be truncated at a

shallower depth.

Figure 14 shows the location of core and stratigraphic data de-

stribed in this report. At the site of Tennessee §, the areal extent of

oY

2 Rome Formazion and Pumpkin Valley Shate (based upon projections of
F sson's T-13 and T-12 sections and the topographic expression of
various formations) appears to be greater than at Teannessee 8. This
could be attributable to a lesser dip on the fault plane, rather than

A

more section. A construction of the apparent areal “thickness' with a

-y

157 dip would indicated tha*t the bottom of the Chattanooga would be at
acproxirmately 2,000 feet, A similar construction using a 30° dip would
clace the bottom of the Chattanooga at 4,200 feet. OQutcrop striks and
dip measurement by Jeran (1965), Haney (1966) and on the seismic-geologic
map of TC-1 indicate that the Grainger, Chattanooga, and Clinch along
Pcor Valley Ridge are more steeply dipping than the Rome. The higher

aips shown at the surface for thesa Tormations reflect the synclinal
structure ¢f Clinch Mountain and Poor Valley., The formation dip can b=
expected to deacreasz as the limbs of tha syncline flatten. This is

ciesrly indicatad by seismic line TC-1 (Figure 10, Plate 1). A con-
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struction using this interpretation s shown in Figure 15. This in-
terpratation would place the bottom of the Chattancoga at approximately
2,700 feet hole deoth, wvery ¢lose to the degth shown on the reintar=
pretated seismic line TC-1. The dip used in this interpretation results
in and extremely large Grainger section, however. This raises the
possibility that the Newman Limestone is present beneath the fault at
the Tennessee 9 well location. The Newman, although not shown on TC-1,
is known to outcrops along Poor Valley Ridge in other locations (Jeran,

1365; Haney, 1966).

5. Interpretations and Recommendations

As the above exercise indicates, the EGSP Tennessee § well is a
true,wildcat, i.e., the determinaticn of formation boundaries can only
_ be made while drilling. Although the existing data are not conclusive,
the Tennessee 9 well has a high probability of encountering a highly
fractured, kerogen rich Chattanooga Shale sequence beneath the fault.
The Clinch Sandstone beneath ths Chattanooga scurce rock has potential
of being a productive raservoir in this location. The drillting, coring,

£

and logging program described in section IV of this report provides ‘or

a dual evaluation program.

A limited number of coras in the Chattanooga will be taken during
drilling since the previous eight EGSP wells in Tennessee have shown a
clean log/rock section intarpretation to be possiole. Tha recommended
coring intervals are:

1. Base of Graingar ~ Too of Chattanooga

26
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2. 180 foot section of Lower Huron member (Figure 8)

3. Base of Chattanooga - Top of Clinch
A 60-foot section of core at the Grainger/Chattanooga boundary is
recommended to enable an accurate projection on the depth to the coring
interval in the Lower Huron. The cost of obtaining a core at this point
during drilling would be less than the cost of mobilizing the logging
company and would provide the same.information. The Lower Huron core is
desirable for geochemical analysis. Another 60-foot core interval at
the base of the Chattanooga and top of Clinch (40 feet of Clinch)

should be taken to characterize this possible reservoir formation.

The logging program recommended for Tennessee § is different than

previous EGSP aad is intended to provide the same information at less

cost. This is described fully in Section IV-Logging Program. .
Since the proposed drilling plan does not include continous coring,
a cutting sample program is recommended. The sampling interval will be

specified by the DOE Technical Projact Personnel.
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IV. DRILLING PROGNOSIS

A.

Well Location

Location: Grainger County, Tennessee
Avondale Quadrangie (7-1/2'")
Latitude: 36°18'56'"N
Longitude: 83°24'33''W
Tennessee Coordinates: 710,300N
2,762,000¢
Elevation: 1100 feet

Lease/Project Agfeement: Appendix E

Drilling and Coring Procedures

Prepare the location to landowner's requirements and as to
minimize impact on the land surface. Remove curbing at road
side to facilitate a turn-in. Apply 2" gravel stone to the
100" x 200' area and dig the reserve pits.

Move in a rotary rig (capacity 3000') and rig up for air
drilling.

Drill a 17-1/2" hole to approximately 20' with air.

Set a joint of 16" 0.D. line pipe and cement by wheelbarrcw.

Drill a 15" hole to approximately 200 feet.

Set 13-3/8'"-484-ST-H4O casing at approximately 200 feet wizth
guide shoe and float collar. Cement with Halliburton using
type A and circulate cement back to surface. Re-cement from
surface around casing if needed.

Drill 7-7/8" hole under the 13-3/8" casing to the top of the

£

23

Devonian Shale. |f no free water has been encountered and the

hoie stays dry, drilling will proceed. |If the open hole

produces too much water for efficient air drilling, this
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saction will be drilled with fluid and a mud pump.

It any free water is enter{ng thé.ho!e, this can cause severe
cavIAg of the Devonian shale and make coring very difficult,
If no water has been found from 200' to the shaie top or after
8-5/8" ;asing has been set, drill 7-7/8" hole through the
shale using dry air, no soap, no foam, to the Chattanooga
shale coring point as picked by the geologist at the well
site.

The geclogist may choose to cut a core at the top of the
Devonian shale for corelation.

At coring point, run a 3-1/2'" x 7-7/8" diamond core head below
a 6-1/4" x 4 x 60! core'barrél with plastic sleeve. Threse
60-foot lengths of oriented core will be taken, marked, and
delivered on site to Cliff Minerals.

Upon-completion of coring through the Lower Huron member of
the Chattanooga Shale, continue drilling through thes base of
the Chattanooga Formation into the top of the Clinch Sandstone
as directed by the geologist on site. During drilling of this
interval, the geologist will designate a3 80-foot core interval
near the base of the Chattanocoga to include the top of the
Clinch Sandstone.

Following completion of drilling, the hole will be electrically
logged. A complete suite of open-hole logs will be run, as
described later.

Following logging, a pariod of time (not to excesed & months)
will be required to detarmine the feasibility of completing

the well.
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15, If the hole is to be compleced for later stimulation or
evaluation, 4-1/2" casiné (k-55, 9.5, STSC) will be run to the
base of the Chattancoga and cemented. A 4-1/2' x 2000-psi
Bradenhead will be welded on top of the casing for stimulation
and testing, |If hole is not to be completed for testing, it
will be plugged and abandoned in ac;ordance with the rules and

regulations of the Tennessee 0il and Gas Board. A schematic

for a well completed for testing is shown in Figure 16,

. Drilling Time Curve

A drilling time curve is shown in Figure 17. It is estimated that

all drilling activities will be completed within 25 days.

0. Rig Specifications

A drilling rig with the following characteristics is needed for the
ESGP~Tennessee § well.

1. Drilling Depth, 7-7/8" hole to 4500'.

2. Capable of circulating mud at 5 barrels per minute against 500
psi.

3. Capable of circulating a minimum of 2,400 cubic feet of air
per minute, with foam or soap.

L, Capable of circulating combinations of air, mud, foam, etc.

5. Circuiation head and Pack-0f7 Equipment for air drilling that
can shut off and hold a maximum wellbore pressure of 520 psi.

Fuel capacity to operate rig for several days minimum,

o
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ONE JOINT 186” PIPE

LEVEL SET AT 20

13%" cASING SET ~ 200’
& CEMENTED BACK TO
SURFACE

8% " CASING SET AND
L3 CEMENTED BACK TO SUR-

POSSIBLE CORE SR Tt
NTERVAL 3 5 FACE [F NEEDED TO SHUT
c
A OFF WATER FrReM 200'-
\ “TO TOP OF DEV. SHALE
(X%}
-
<
7
<
€]
o
O "
z % CORING INTERVAL
= iy
<
3

=7 BASE CHATT. & Y CORING

“““““ TOP OF CLINCH J INTERVAL
4%" cAsING SET AT 50’

BELOW DEVONIAN SHALE

AND CEMENTED

SET A CEMENT PLUG IN
OPEN HOLE OF CLINCH
FORMATION

D 30007 (23507 MINIMUM
ESTIMATED)

FIGURE 15 . EGSP~TENNESSEE NO.9 WELL SCHEMATIC

-
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ESTIMATEZD DRILLING / CORING TIME CURVE
EGSP TENNESSEE WELL NO.9

——r 19 DAYS ——
MOVE IN-RU
0 ——DRILL 174" TO 30' ¢ -
SET 20' OF 16" L
f
DRILL 15" SET 13%' CSG.
TO 200" .
500 DRILL 7' OR 10%
TO + 1600'
1000
|
CUT CORE AT TOP OF
1500 DEV. SRALE
SET 8%, cse.J
DRILL TO DEV. SHALE
2000 =
CORE 180' OF DEV. SK:
DRILL TO TOP OF CLINCH
2500 CORE TGP OF CLINCH }
«DRILL TO + 3000
|
RUN 43" CSG.-0PTIONAL
3000 LOGS— : 7
MIVE RIG OUT
0 5 10 15 20 25
DAYS -
TOTALS ~ R.U.- R.D. = 5 DAYS - MOB./ DEMOSB.
DRILLING = 13 ©
CORING -
LOGS =1 v
25 DAYS / 20 DAYS NET
FIGURE 17. ESTIMATED DRILLING TIME CURVE
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7. Water tankage capacity for 150 barrels water.

8. Pipe racks for maximum 2,000' of 8-5/8" casing.

S. Pipe handling tools for 16" conductor, 13-3/8" surface and
8-5/8" intermediate casing.

10. B.0.P.E., 10" x ser 900 with companion flanges for 13-3/8'" 8R
and 8-5/8' 8R casing.

1. Adequate safety equipﬁent for rig/crew and to protect en-

vironment,

m

Logging Program

-~

The exact suite of logs to be run in Tennessee 9 has not been
determined. The logs td be run will depend upon whether it is possible
to drill a completely dry hole. A typical suite of wall logs run on
EGSP wells includes the following:

DRY-HOLE LOGS
Gamma Ray
Temperature
Sibilation/Noise

Caliper
Formation Density Compensated

WET-HOLE LOGS

Compensated Neutron

Gamma Ray

Formation Density Compensated
Caliper

Dual Induction

Laterolog ~ 8

Borahole Compensatad Sonic
Variabie Qensity

Fracture identification
Coriband Kerogen

If the hole is filled with fluid for wet-hole logging, thers will be
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a high probability that it will become unstable. Hence, if future well
testing is planned, it will be necessary to set 4-1/2 inch casing to
maintain the hole (item 15, Drilling and Coring Procedures). An alter-

nate suite of dry hole logs will provide most of the information obtain-
able from the combined wet and dry log suite. The recommended suite of
logs to be run in Tennessee § is as follows:

1. Dual Induction.

2, Compensated Density Log/Caliper.

3.. Sidewall neutron.

L, Temperature.

5. Noise log.

6. Spectral gamma-ray log.
This recommended suite will not require a fluid ?illed borehole, which
could contribute to an unstable open hole; however, it will provide
~sufficient information for formation analysis. A brief discussion of
sach recommended logging device and the expected information is included

below:

Dual Induction - This is an ''inductance' type resistivity device.

In a dry borehole, it records "medium'' and ''deep'' formation resistivities,
from which the true undisturbed formation resistivity may be determinad.
This device is used to determine the water saluration, porosity, or

water salinity when the othar two parameters are known.

Comsensated Density Log - This device actually records the eiectron

density which is then converted to a bulk density {(porosity). By using

£

a dual detactor system, Sorenhole variations may be compensated for.

When combined with a compensated and/or sidewall nsutron devices, other
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potential uses are:
a. identification of lithology and minerals presant
b. identification of gas-bearing formations
c. determination of hydrocarbon density

d. evaluation of complex lithology

Sidewall Neutron - This is a dual detector ''epithermal’ neutron

device. By recording the ratio of the fast neutron counts, the fluid
filled porosity may be measured with minimal effect from the borehole.
By mounting the neutron source and both detectors in a spring loaded
shoe, the device may be run in dry holes where compensated neutron tape
tools are useless. This log is used (in conjunction with the density
log) for:

a, delineation and analysis of porous intervals

b. identification of gas bearing zones

c. lithology identification and avaluation of shale content.

Temperature Log =< This device may be run in either open or cased

holes. When run in a dry, open hole, the uses are essentially:
a. location of gas producing zone.
b. determination of geothermal gradients.

c. identification of thermal anamolies

Noise Log (SONAN) = This device records down-hole '‘noisa''. Ffre-

quency recordings are taken at four peak levels, usually between 200 and
2,000 hertz. In a dry open hole this device should indicats gas prc-

" ducing strata and any intervals which may 52 sroducing fluid.
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Spectral Gamma Ray Log - This device records the total ratural

gamma activity of the formation and in addition records the relative

concentration of potassium, uranium, and thorium., This device is very

new and preliminary reports indicate that it is an excellent fracture

identification device.

A brief discussion of each logging device used in the typical EGSP

wet and dry suite logging program and the expected information is in-

cluded below:

1.

Compensated Neutron - This is a dual detector, borehole compensated
porosity device. [t is run in combination with the formation
density/gamma-ray/and caliper devices. The uses of this log are:

a. delineation of porous intervals and the determination of their

porosity
b. identification of gas bearing zones
c. tithology identification and evaluation of shale content

Gamma Ray - This device records the natural radicactivity of the
formations. In sedimentary formations this log normally reflects
the shale content of the formations. It may be run in either open
or cased holes and serves as an excellent correlation device.
Compensated Formation Density - This is a pad-type, dual detector,
borehole compensated pcrosity devica. When run in combinaticon with
the compensated neutron device, other potential uses are:

a. identification of lithology and minerals present
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b. detection of gas
c. determination of hydrocarbon density

d. evaluation of complex lithologies

Density data may be integrated with sonic-log information to yield the

mechanical properties of the Tormation matrix. While not conclusive in

itself, the density ''rho'' correction curve may indicate zones of frac-

turing.

b,

Caliper - While simply a recording of borehole diameter, the

Ealiper is important for a number of reasons:

a. determination of borahole diameter required to correct other
!og responses

b. determination of pcrous permeable zones as indicated by the

prasenca of mud=-ca-

o

c. identiftication of ' “ractured' zones where the borehole may be
rugose and/or enlarged.

The caliper is an irtagral part of the Compansated Density/Neutron

system.

Dual Induction/Laterolog 2 - This is a focused type rasistivity

device. [t records three resistivity measurements obtained from

three different ''denths-of-investigation''. From the resistivity

profile obtained, the depth of filtrate invasion and the true

undisturbed formation resistivity may be obtained. This davice is

used to determire thz water saturation, porosity or water salinity

whean 'the cther two parameters are known.

S3orehole Compensateg 3onic - This is a recording of the time, 2T,

required for compressiona! sound wave to travarss one foot of

formation. When used {.. zonjunction with cther porosity devices,

38
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the sonic lcg yields acurate lithology inFSrmation. Integrated
sonic transit times are used as time-depth correlations for seismic
appliications.

Variable Density Log - This is a particular presentation of the
cement bond log. When run {n the open hole, fracturing may be
apparent in the variable density presentation of the sonic wave-
train. When run in its normal cased hole mode, the log is used to:
a. evaluate the effectiveness of the casing-formation cement bond
b. locate cement top

c. check effectiveness of squeeze cementing

A casing collar log is normally run in conjunction with this device,

where applicable when combined with sonic and density data, the mechan-

ical properties of the formation matrix may be determined.

3.

Fracture ldentification - 4 Arm - Dipmeter - This device is run to
determine:

a. formation dip and direction

b. structural identification

c. hole geometry

d. location and evaluation of significant fracturing

|f necessary, the information may be processed to yield a hole survey

and/or to convert log depths to true vertical depths.

9.

Temperature Log ~ This device may be run in either open or cased

holes. The uses are primarily as follows:

a. location of cement top
5. location cf gas producing zcones
c. determine gecthermal gradient

d. locate lost circulation zones and fluid entry zones

39
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This device is capable of recording temperature changes as smal!l as
5° F.
10. Sibilation/Noise Log - This device records down hole ''noise’’.
Frequency recordings are taken at four peak ievels, usually between
200 and 2,000 hertz. This device is used primarily to:
a. Tocate fluid flow and gas entry within or behind the casing
b. locate lost circulation zones
c. determine gas well product within the open hole.
d. locate tubing leaks.
All logs will be digitally recorded and fiftsen (15) copies of each log
will be provided to the DOE Technical Project O0Officer upon completion

of the logging program.
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A. E. Hunt, Assistant Project Manager, Eastern Gas Shales Project

EGSP EXPLORATION PRCSPECTS ASSOCIATED WITH THE NEWMAN RIDGE AND GREINDALE
 SYNCLINES IN EASTERN TENNESSEZ AND SOUTHWESTEZRN VIRGINIA; AND

TRIP REPORT -- TEINNISSEE DIVISION OF GEOLOGY, FNCXVILLE, TEINNZSSZIZ --
DECEMBER 7 AND 8, 1978

December 7 and 8, 1978, I visited Robert {. Milici in Knoxville, Tecnessee.
He was thea still che prianciple iavestigator oa EGSP coatract ZY-73-C-05-319%
with the Temnassee Division of Geology (IDG), for which I am Technical
Project Officer. (He gow is state geologist far the state of Virginia,

but he continues to fulfill his obligaticns to the coatract.) The primary
purpose of mwy visitc was to develop EGSP exploration prospects associatad
with the Newmaa Ridge and Greessdale Synclines in easterz Teansssee and
southwestern Virgiania. Having recently acquired responsibility for this
resource assessment contract, 0ow Bearing completion, I also desired a
first-band overview of the project, which has Deen the focus of sowe con-
troversy recently. At my request, Glean Sundheimer, geophysicist exployved
by Mound Laboratory but statioaed at METC, accompanisd me. His iatimate
uaderstanding of exploration seismology was needed to render an informed,
objective opinion on the significance and credibility of the seismic pro-
£iles and their interpretation abtained under contract that are the crux

of the prospects hers preseazed.

We spent the first day in the field examiniag the geology along several
roads that traverse the Newman Ridge aand Greepdale Syuclines, iacludiag
those followed by the KIS-TCl seismic lipe purchased under coatract.

The experience was valuable in that it snabled me to obtain az iatuitive
understanding of the tectcaic style of the arsa. We also witaessad NX
corinag in progress at the site of core hole #7. We reviewed the regional
tectoaics of the southern Appalachians and its impact on the Devoaian

shale. Out of this review came the sevan exploracion prospects pressanted
herein.
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Backgzround Review

Devenian and Mississippiao strata occur in the corss of the Newman Ridge

and Greeadale Synclines iz northeasterz Tennessee and southwesterm Virgisia
(Figure 1). Apart from these two promigent structures, the stroagly deformed
Valley and Ridge province, iying between the Cumberland Plateau (west)

and the Blue Ridge (east), exposes oanly rocks older thaa Devonian. Prior

to the iaitiation of EGSP Coatract ET-76-C-05-5196 with the Teanessee
Division of Geology (IDG), it was kmown that:

1. Both symclines contain sections of the black Devornian-Mississippian
Chattanooga Shale an order of magmitude thicker taan the 50-100 foot
section underlyiag the Cumberland Plateau.

2. Both synclines are bounded to zhe southeast by major thrust faults
of regional exteat, the Hunter Valley, Clinchpor:, and Saltville
Tarust Faults (Figure 1). The Chattanooga Shale passes iato tie
subsurface beneat:k these southeast dippiag thrusts.

Inasmuch as the shale erodes preferentially relative to tie more resisteat
adjacent units (che Silurian Clinch Sandstoge and the Mississippian Granger
Formation), it is poorly exposed; consequently, its true thickaess aad
internal stratigraphy were esseatially uninmown. Also unkzsown was the
exteat to which the Chattancoga carvied under the Hunter Valley, Clinchport,
and Saltville Thrusts. Resolution of these uakaowas was the object of

the countract.

To define the subsurfaca extent of the Chattanooga Shals, the Teanessee
Divisisn of Geology =stained Geophysical ‘Service, Inc., (GSI) to coanduct
a2 Vibroseis seismic survey along two lines, X1S-TCl aad TC2, crossing

the Valley and Ridge Provimce at right aggles to strike (see Figure 1).
To learn the true thickness and internal stratigraphy of the Chattanocoga
Shale, they spousored a core drilliag program along the two major outcrop
belts of the shale ia northeastern Tennessee (Figure 1). It comsists of
eight diversely located-NX core holes spudded near the upper coatact of
the formation; most of the cores obtained span the eatire shale section.

The Chattapooga Shale is oot imaged oo the seismic reilection profiles
generated by GSI. Appareatly, 1t is largely confined to depths of 3,000 feet
or less; near surface resolution of Vibroseis surveys designed for

regional reconsaissance is very limited. Resolution of strata below

3,000 feet varies from fair %o good. GSI rendered the first interpre-
tation of the seismic profiles after processiag (Tegland, 1378}; it is

very general and lacks geologic credidilicy. R. €. Milici, L. D. Harris
(USGS), and A. T. Statler (in press; reintsrpreted the profiles for the
Tennessee Division of Geology. They had the advantage of many years field
experieace mapping the geology of the souther: Appalachians azd a viable
tectonic model for the region as a whole (Harris & Milici, 1977, USGS
Professional Paper 1018). Their interpre-ation appears o be qualitatively
as near the truth as possible givea available data. Quaatitatively, it is



48

Gruy Federal, Inc.

UGR File #447
Aug 24, 1979

VINIDHIA NYILSIMHLNOS ? FISSINNIL NUILSVI SLINVA LSNHHL ITHALIVS
¥ LHOdHINITO 3HL OL Q3LV1IH S103dSOHd NOILVHO1dX3 dSOd

YOOONYLIVIID HVHE UIOYO | |

FIVHS YOOONVLIVID M SYIUY 10450Ud )
VOOONYLIVIED HYHLIDNNOA )
KOILVRVTIN
[ Wikttt 40 T SU I TN
SINN INLVIS 01 s ° s
. . 00000521 3WOS

\H. .f.» i.a.W
\\N\W\M\\m 335SINNIL .k«

1. G

\ .00..9¢
T

-4

nvigvyyd

> " : ANYIIONND
) r g }

- A,

R o -~ ﬂ\ St

s -.o-.--.ae...o..:“u AM' sfipiy vewmepy

/ ANINININ 00.98



UGR Pile #447
Gruy Federal, Inc.
Aug 24, 1979

kg

_A. E. Buat -3- May 18, 1979

only a rough approximation because the seismic velocities of the various
strata are not known and had to be estimated. Although the Chattamooga
Stale is aot directly imaged on the seismic profiles, its subsurface dis-
tribution is sonetheless restricted by, as it were, two boundary coustraints:

1. Trom above, the distribution of strata exposed at the surface.
2. From below, the interpretation of seismically resolved strata.

The NX core drilling program is neariag complecion; seven core holes have
been drilled; the eighth and final ome will socon be spudded. (Onme of che
previous holes vas prematurely terminated; it must be rereantersd and deep-
eaed.) R. C. Miliei visually logged che cores as thev were taken, noting
structural features (fractures, fractured intervals, folds, etc.) as well

as lithology. Two of the core holes (/4 & #6) produced sigaificaat shows .
of gas. Detailed analysis of the coras (stratigraphic cocrelation, matura-
tion studies, outgassing, etc.) is the respoasibilicty of zhe U.S. Geological
Survey; that work is barsly begun.

Exploration Rationals

Ia oy memo of December 28, 1978, I defined an exploration ratiomale as

"a theory of how several ksown or suspected geological circumsiaaces 2ay
combine to create a favorable eaviroament for the geasration and accumu-
lation of producible hydrocarbons." "Shale specific raticoales are charace
terized by a hypothesized geological mechagism for the creatiom of a natural
fracture system, because the producibility of the shale depends on fracture
permeability."” The sevea Devonian Shale prospects preseated herein are
based on a single exploration razionals, IBlb in the EGSP Exploration
Inventory, Attachment A to my December 28. The rationale states zhat

the Devonian Shale, here repressated by the Chattancoga Shale, should be
anomalously fractured wherever it occuzs iz proximity to detachmeat-

type thrust faults, such as are zhe dominaat tectonic element of the
southern Appalachians. The highest degree of fracturiang ia the shale is
expected where:

1. It occurs immediately above on upper lsvel detaciment (Harris
& Milici, 1977).

2. It occurs in the footwall of a detachment thrust making the
transition betwees rampiang mode and upper level mode.

The geologic structure of the southerz Appalaciiaas is bewilderingly com-
plex in detail; yet, the teczoaic meckanism that produced the structural
coaplexity is fundamentally simple. Prior to deformatioc, the ragion

was a depositional basin consisting of a "cover”" of sedizentary rocis,
some 20,000 feet thick, resting on a2 "basemeat”" of hard crystallioe rocks,
graaites and gneisses. The crustal deformation that produced the major
structures of the southern Appalachians occurred approximately 250 aillioec
years ago, folloving deposition of tle youngest sedizents ia the basia.
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The presuaption of anomalous fracturizg in the Devonian Shale is a neces-
sary, but oot ag all sufficieat, coadition for a viable prospect. Other
factors that ianflueace or izdicate potential gas production must also be
favorable, which they are in the Newman Ridge aad Greendals Synclinmes.

The Chattanooga Shale in the Newman Ridge and Greendale Synclines is

thick; the NX core holes establish a raage of thickness from 500 to

1,500 feet. A subs:zantial proportion of the section is black shale; inter-
bedded siltstone and shale occur near the middle. Conodoat Color Altera-
tioa Indices (CAl) for Devonian and Mississippian rocks range from 1.5

to 2.0 ia the Newmar Ridge Syncline and from 1.5 to 3.0, but mostly 2.3

to 2.0, in the Greecdale Syncline (Harris & Milici, 1977). CAIl in the
range 1.5 to 4.5 indicate thermal maturity coanducive to the geceraticn

of natural gas in commercial quantities. Commercial gas productioa was
achieved in the now-abandoned Early Grove Gas Field situated iz tle
Greendale Syncline just north of the Teanessee state line. Production

was from a Mississippiag age limestonme, but the gas had undoudtedly migrated
upward from the underlying Chattannogs Shale. One well was despened to

the Chattanooga and achieved minor production without stimulationm. NX

core holds No's. 4 and & exhibited substanzial shows of zas; in these

and several other cores the sbale was naturally fraciured.

The Newman Ridge and Greencdale Synclipes are bounded to the southeast by
major southeast dipping thrust faults; the Chattanocoga Shale passes iato
the subsurface beneath these thrusts. Most of the prospects presented

in the pext section call for drilling through the upper plaze of onoe of
these thrusts ia‘order to penetrate the sbale iz the lower plate. Accord-
ing to a old geological rule of <humb, a map unit that is persisteat aleng
strike should be proportionately persistent down dip. Because of the
fundamental nature of southera Aopalachian structures, tkis rule of thumbd
cannot be applied to the Chattanooga Shale. It would be advaastageous to
encounter the shale under a thrust as far downdip as possible in thatc
there is more likelihood of the gas being trapped io the fractures rather
than leaking off to the surface. The danger in drilliag oo far Dback

from the surface trace of the thrust fault is that the thrust may trum-
cate the Chattanocoga Shale in the subsurface up dip of the poiz:t where

the vell penetrates the Jault. Thus, the shale would not be encountered
below the thrust, but rather some older unit. Usfortunately, fhe lack

of shallow resolution seismic along the EGSP purchased lines nakes iz
impossible to know precisely %ow far the Chattanooga Shale carries izto
the subsurface before beiang truncated.

Prospects

In this section [ ideatify seven EGS? exploration prospects iz nortieastera
Tennessee and southwestern Virginia (Figure 1) associazad with the Newmaa
Ridge and Greendale Synclines that are based on the above stated exploration
rationale. I present them for management coasideration racked according

to decreasiag value of a subjectively appraised attractiveness index,
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that is, attractiveness from the present perspective of the EIG3P exploraticn
program, all pertinest factors comsidered. The index is direcily prapor-
tiocal to production potenmtial and logistic ease (lease acquisition, permis-
sion to drill, possible private sector participation, etc.) and inversely
proportional %o dry hole risk, risk of eptirely missing the shale at depth,
and total cost as suggested by the inferred depth of the target iaterval.
The application of some exploration technique, particularly high resolution
skallov seismic, could dramatically =abhapce the attractiveness of some

of these prospects. A factor that affects the logistic ease in testiag
these prospects is the availability of leases. A lease play involving

three majors, Amoco, Exxon, and Chevron is reported te be upderway in

tke area, prodably stimulated by our release to the public of the EGSP
purchased seismic. Cooperative agreements may be possible and should be
pursued.

Prosnect Pl

Ream out to full bore, log, case, perforace, acd stimulate NX core Bole

No. &4 (Pla), or altermatively No. 6 (P1lb), or botia. Both of these cores

are located near the upper coaotact of the principal Chattacooga Shale
ouiczop belt ig the Greendale Syncline; they psnetrate the antire shale
section. Both cores holes had subszantial shows of gas attributable to
specific fractures or fractured intervals in the core. In that respect,

Pla (core hole No. &) is preferraed over Plb (core hole No. 6). The pro-
jected depths of the wells, equivaleat to the thicknsss of cae Ckattagooga,
is 1,500 feet for Pla and 300 for Pib, botk very shallow. Obcaising permis-
sion from landowmers should pose a0 serious problem; since permission to
drill the existing core holes was readily granted. The productica poteantial
is probably low. The black shales penernrated are in close proxizity to

the outcrop; hemce, rock pressures encouatered are likely to be low.

The natural gas shows suggest, however, that the risk of a completely

dry hole is slight. The positive factors, cost aad dry hols =isk, more

than compensate for the negative ome, production poteatial; I rate this

ag attractive prospect.

Prospect P3

Drill two or three wildcat wells through the upper plate of the Saltvillse
Thrust, dut less than a couple miles back from the l=ading edge, betwesn
Lea Spriags and Bean Station, Teanessee. Milici, Harris, & Stacler's,
(in press) interpretation of seismic liane TCl shows the Chatzanocga Shale
carrying back under the Saltville thrust at least that far before being
truncated. The Chattanooga is reasoaably thick, about 500 feetr, aad ia
the correct strutural setting to develop a high degree of fracturing.
Core hole No. 6 (P1b) drilled into the outcrop beltz in the Greencale
s'ncline opposite the prospect displayed a good na:zural show aund the

core was fractured. The logistics of drilling & well in this area seess
at first glance not to be difficult. TVA owns some of the laznd and a
private property owner hearing of our interest approached ae with an
informal offer of cooperation.
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The estimated depth of the prospect is 3,000 faet, shallow from tha aspect
of drilling cost, but deep emough to imsure that the gas has not leaxed
off to the surface. There is some risk, not great, that the Chattancoga
Shale may be cut out or disrupted ia subsurface by some uasuspected struc-
tural complication, e.g., a thrust splay. This is aa attractive prospect.
The production patential is relatively high. The logistics may be uzcom-
plicated; the risks are minimal; asd the cost sbould be reasonable.

Prospect Pé4

Drill a vildcat well in the general vicinity of Alumwell, Teznessee.
According to Milici, Harris, & Statler's (in press) interpretation of

TC2, the Chattanocoga Shale should be eacouatered as a depth of 4,000 feetr
or less forward of the trace of the Saltville thrust. If core bols No. &
-at Pla can be takes as an indication, the shale ought to be very thick
(1,50C feec) and highly fractured; the fractures should coatainm gas at
reasonabls pressure. Again, there is some risk that the Caattagonoga Shale
could be prematurely cut out in the subsurface by small undeteczed faults;
it is more likely, however, to be duplicated by the same, a possible advaz-
tags. I rate tiis prospect reasomably attractive.

Prospect P2

Drill ome or two wildcat wells through ths upper plate of the Huater Valley
Thrust where it is isolate¢ by the Clincaport Thrust in the ge=aeral vicinizy
of Evanstor, Tennessee (Figure S). The wells must be drilled fairly close
to the leading edge of the Hunter Valley Thrust in order %o aveid missing
the Chattanooga Shale altogether. Small feasters (erosiopal windows ia
the upper plate) adjacent to the Climchpert Thrust reveal rocks slder
than Devonian, indicating that the Chattasmooga Shale is truacated by the
Huater Valley Fault somewhere becween its leading edge and the femsters.
One can reasonably guess where the trumcatiocan is likely to occur, but
oaly high resolution shallow seismic can accurately define it. The strati-
graphic thickness of the Chattaacoga Shale im the prospect area is approxi=
mately 500 feet. If the exposure in the borrow pi: less than a mile south
of Soeedville is any indicatiocn (see previous discussioa, page &), tae
shale below the Hunter Valley Thrust is almost cerzainly very highly frac-
tured. I am coccerned, however, that much of the gas may bave dissipated
to the surface through @ 2ighly devesloped fractursd system; the prospect
is a shallow one, perbaps less than 1,000 f2et. ALl of the thrae cores
taken along Chattanooza outgrop in the Newman Ridge syncline were highly
ractured, but tle cors holes eviaced no catural shows. Appraisal is
difficult because of the umcertainties iavolved. Yet, the prospsct is
highly iatriguing acd could be a good one; the cos: of a wildecat or two
should be relatively low.
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Prospegt PS

Drill a vildcat well iz the geaeral viciaity of the Surgeaser Cemetary oo
the Trail of the lLoaesome Pine about 2 miles acrthwest of Kyles Ford,
Teanessee; the prospect is located on the Teanessee-Virgiaia boundary.

The interprecation of seismic line TC2 by Milici, Harris, & Statler (in
press) predicts the Chattanooga Shale belov the Euuter Valley Thrust Faul:
at a depth of 3,000 feet. Stratigraphic thickness of the shale is about
600 feet and it is in the correct structural position to be highly frac-
tured. Core hole No. 3, drilled on the outcrop in the Newman Ridge syn-
cline about § miles away, yielded a somewhat fractured core, but no natural
show. The interpreted seismic profile TC2 suggests that a small buried
thrust splay either duplicates or cuts out the Chattamoogia in the subsurface.
Appraisal of this prospect is difficulc.

Prospect P7

Re-enter, deepen, and stimulate at least two old wells ia the Early Grove
Gas Tield approximately 5 miles southeast of Tilten, VA, This nmow-abandoned
£izld is confined zo a small asticline within a broad strecch of the Green-
dale syncline. It was tie only commercial gas field in the Valley aad
Ridge Province of the ssuthern Appalachians; it produced from Mississippian
age limestone. The amticline is probably the surface expression of a
subsurface thrust splay system (Harris & Milici, 1977). Waether so or

aot, the gas undoubtedly derived from the underlying Chattamooga Shale.

Cne well was drilled into tae shale and obtained minor production without
stimulation. The risk of a dry hole is virtually ail and the production
potential would appear to be good. Logistics (obtainicg permission,
re-entering an abanddned well, etc.) may be diffizult, but cagnot be evalu-
ated without more information. If the undertaking turas out to be faizly
straightforward, a low cost succass could be achieved., I rate this an
uncertain prospect that could markedly improve with more information.

Prospact P6

Drill three wildcat walls through the upper plate of the Saluville Thrust
Fault in the region beatvesn the 23 area and the Cherokee Lake Anticline.
This prospect is an extemsion of Prospect P23; most of what was said about
P3 applies to PS5 also. PH, however, entails a great deal more visk that
the Chattanooga Shale may not be preseat under the Saltville Thrust Fault
than P3. The shale, if it is eacountered, ought to have a greater rock
pressure as a consequeace of greater depth (4,000-3,000 feec) and lateral
distance from the outtrop. I rate Prospect Pé highly speculative. It
shculd not be attempted without the benefit of a local high resolution
seismic survey, and then probably oaly in conjunction with a wildcat in
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A sonic log from the P3 wildcat would be required tc develop

a seisamic velocity profile, without which it would be difficul:t to iatarpret
the high resolution seismic.
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MASSON'S SECTIONS

T-11, T-12, T-33
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g
-
% Grainger County
i : v
bl Section T-11. 3aar Scation Quadrangla. 724,600 N, 2,784,600 E.
i This is the type section cf the Grainger Formation. Ma2asurament made
. in cuts on the northeast side of U.S. 25-E. Sacticen begins about 500
E&. feet south of intersection with dirt road leading to Mountain View
g“” Church and proceeds zoward U.S. 1l-W.
3T Rome Formation (86.0 Feet) Feet
%‘ 69 Not measured.
- 68 Siltstone, indistinctly bedded. 4.0
%?F. 67 Shale, very thickly laminated, grayish red.
b Typical Rome red shale. 5.0
¢§ : €6 Siltstone, thinly bedded. 4.0
2&?l 85 Siltstone, massively bedded, micaceous.
3 Bedding not distinct like that of Grainger. 22.0
%i : 64 Covared. Base of intervzl taken as Rome-
%o Grainger contact and position of Saltville
B faule. Contact probably correct within
A 25 feet. - 51.0
évj. Grainger Formation (487.8 Tzet)
%ﬁ%, Upper Sandstone Member (52.0 Feet)
ZT 63 Sandsteone, very fine to fine grained;
g ; medium to thickly bedded; medium gray,

wezthers light olive gray. Ome foot bed
quartz pebble conglomerate grading into
conglomeratic sandstone abtout 6 feet below
top of interval; minor crossbedding; lower

4 feet very silty shale. 19.0
62 Covered. : 18.0
61 Sandstone, mecdium to fine grain, feldspathic,
medium gray; beds up to 1.5 fezet; very
s 5 thinly bedded near top of interval. 15.0
o Middle Member (301.3 Feet)
A= 60 Shale, thickly laminated, lizght olive
gray, very silty. 30.86
59 Siltstone, singles bed. 0.6
53 Shale, as in unit 60, weacthers .
spheroidally. .4
Glauconice Zoze (7.7 Feet)
37 Shale (glauconitic) with stringers

of light brewn-weathering very
fine grained limesstene. Glauconitic

material grades into shalé adove. 3.6
56 Glauconicic fine grained limestone,

weathers light brown (5YR 3/5). 0.3
35 Glauconice, sand size in natrix of

silt and carbonate; wezthars

dusky blue-grzen (338G 3/2) 1.3
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34 Limestone, very fline grained, sil:y,
g weathers light brown. 0.4
& 33 Shale, glauconiciz. 1.3
52 Limestone, very fine grained, silty,
» weathers light brown. 0.3
33 51 Shale, very silty, almost silts:zome, but
: bedding indistince; light olive gray
with grayish red (5R 4/2) splotches. 39.0
Covered. 192.0

oowm
w O

Shale, very silcy, bedding indiscincet
and {rregular, light olive gray; upper

1.5 feet weathers blackish rad (5R 2/2). 13.0
ég 48 Covered. Protably as above. 4.0
& Basal Siltstone lember (134.5 Feet)
mg 47 Siltstone, medium to thinly bedded,
&£ light olive gray, becoming shaly
h’ii toward top. About & fzer of shale
E interbedded in interval. 24.0
= L8 Shale, silty, weathers light olive gray
) and chipbdy. 1.0
& 43 Siltstene, light olive gray with grayisc
2 red splotches. Single bed. 4.0
43%' 44 Siltstone, weathers light olive gray and
£ grayish red. Single bed. 5.3
'z§‘ 43 Siltstone, thickly to medium bedded,
R * light olive gray. 19.0
TE 42 Shale, vary silty, very thickly laminated,
N light olive grav. 3.0
a5 &1 Siltstone, thickly bedded, light olive
= gray. Beds approximately 2 fest thick. 5.0
gﬁ 40 Siltstone, light clive gray, siangle bed. 4.0
éﬁ% 3% Silecstone, light olive gray with shaly
e partings at top. Single bed. 2.5
; 33 Siltstone, medium bedded with shaly
o P partings. 2.5
3 37 Shala, thickly laminated, light olive gray. 1.9
!;: 36 Silcstone, thickly to medium bedded,
= weathers light olive gray and grayish
ggi red (5R 4/2). Beds are very distinct,
e wall jointed. 47.0
E%‘ 35 Silzstone, weathers grayish red, single
_J‘.,. bad. 4,0
LN 34 Siltstcne, thin to medium bedded with
E? shaly partings. 3.0
=5% 33 Silzstone, thicklv bedded, light olive
i gray. 5.0
ur
s
A_!*
gl
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Feet

Siltstone, weathers peculiarly as though

nodules have weathered out in face of

Juterov. 1.0
Siltstone, chickly bedded, limonirte

¢oating. Base of this interval is

base of Grainger Formation. 3.0

Chattanooga Shale (403.95 Feet)

Shale, very thickly laminated, silty,

weathers light olive gray. 4.0
Silcstone, single bed, nonlaminated,

medium gray. - 0.3
Shale, silty, weathers lumpy, chippy

and dark gray. 2.0
Siltstone, single bed, nonlaminated,

nedium dark gray. 0.1
Shale, as in unitc 28. 2.0
Silestone, single bed, nonlazinated,

0.2

medium dark gray.
Siltstone, single bed, nonlaminated,

medium dark gray. 0.1
Snale, as in unitc 28. 0.5
Siltstone, single bad, nonlaminated,

nedium dark gray. 0.1
Snale, thickly laminated, light olive

gray. 2.0
Siltstone, single bed, nonlaminated,

medium dark gray. .05
Shale, thickly laminated, light'oliva

aray. : 3.5
Siltstone, single bed. 0.2
Shale, as above. 0.4
Siltstone, single bed. 0.2

hale, thickly laminated, light olive

gray. 9.0
Siltstone, single bed. 0.3
Shale, as in unic 135. 0.7
Siltstone, single bed. 0.3
Shale, thickly laminated, weathers light

olive gray, fresh color medium gray.

Not silty. Weathers yellowish gray

and lumpy on outcrop face. 80.0
Shale, grayish black, thinly with some

thickiy laminated, silty. Weathers

to small dark gray plates and chips. 4.3
Covered. 136.0
Shale, thickly laminated, grayish dlack,

very stirff and silety; weachers to

largs chips 10.0
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3
&
Feet
. t
1 7 Siltstone and shale. 3iltstone very
- thickly bedded, individual bads 4
. feet and cver and some shaly partings;
s shale grayish black, thickly to thinly
T laminated, weathers dark gray. his
,}? _ interval has odd relationship to rest
{%é of formation. It appears to be a

channel £ill with dip 30° and rest of
section 15°. Bottom of silts also

appears concave. 26.5
6 Covered. : 2.0
¥ 5 Siltstone, shaly, medium dark gray,
23 weathers to large plates. Individual
AEED sheets up to .4 iach, with fine
% laminations within these boundaries.
e Some thin, laminated silcstonas are
associated. 11.0
4 Siltcstone, bleocky, esseatially single
bed. Nonlaminated. 5.0
22 3 Siltstone, shaly, very dark gray,
s thickly to very thickly laminated
8 to medium bedded; siltstones are
z%;ﬁ finely laminated within larger units;
TaE laminae occur as thin quartz layers
3 which show white against the dark .
=% backgrouni. Weathers to large plates
g and sheets. - 83.0
C ¥ Lower Black Shale Unit (23+ Feet)
I 2 Shals, grayish-black, thinly laminated. 23+
i 1 Covered, not measured.
i T e S R T e e A T S R A e e e



: Section T-12., 4vondale Quadrangle. 718,400 N,
. Szction measured in cuts on northeast side of old U.S.
i of unnamed streaxm Saside vToad. Section heginas

3000 feat from intersectica of road with U.S.

55
54
53
52
51
50
49
48
47
46
] 45
e 44
I 43
éf'%
%g Z; 42
ia&f ' .
e 41
=

Yoy

- ey aeem
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Aug 24, 1979

11-w,

Fome Formacion (52+ Feet)
Not measured.
Sandstone, thin to medium bedded, light-
colored.
Conglomerate, quartz pebble.
Sandstone, as above. Position of Saltville
fault and base of Rome Formation.
Grainger Formactica (543.2 Feet)
Upper Sandstone Member (97.0 Feet)
Sandrtone, very fine grain, beccming fine
grained upward, feldspathic, medium
to thickly bedded, conglomeratic
sandstone near top; poorly preserved
piant fragment, Minor interbedded shale.
Covered.
Sandstone, thinly to medium beddad, mostly
thinly, very fine grained, cross-bedded,
ight olive gray; weathers reddish gray.
Sandstone, medium to thickly bedded, very
fine grained, weathers yellocwish browm.
Two feet of micaceous sandstone in
interval. )
Sandstone, very fine grained, thinly
tc medium beddad.
Sandstone, very-fine grain, single bed.
Middle Member (297.7 Feet)

Shale, thickly laminated, light olive gray.

Silzstone, single bad.

Shale, very thickly laminated, sility,
verges on siltstones but lacks bedding.
Weathers light olive gray and grayish
red.

Glaucenits Zone (9.4 Feet)

Glauconite, sand-sized, with
interbedded calcitic shale.
Micrite, silty with some sand-

sized glauconite.

Glauconite, sand-sized, weathers
dusky blue-green (533G 3/2) and
grayish red purpls (3RP 4/2),

Micrite, silty; wearhers light
brown (5YR 5/5).

Shale, glauconitic.

2,771,20C E.
23<E and
in back c¢f housa atout

in bed
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36

35

34
33

32
31

30
2%

28
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Micrize, siley; weathers yellowish

Shale, glauconitic, pro>ably also
Base Glauconite zone,

linme.
Shalea,
Shale,

Shale,
Shale,

Shale,

prown.

calecicic,
Siltstone, light olive gray.
has yellowish brown punky beds which
were probably limay.
result from laached shells,
Shale, thickly lazinated, light olive gray.
Shale, silty, very thickly teddad,
on siltstones:
(57 8/4).

S
w1znt

thickly laminated,

olive
thickly bedded,
weathers grayish red (SR 4/2).

gray.

Volds appear to

Upper & feet

varging
- W2athers grayish yellow
Lower 5 feat has punky
inctervals suggestive of deeply weatherad

approaches sil:

vary cthickly beddied,
weathers grayish red.

thickly laeminated, waachers right

olive gray and chippy.
thickly bedded,
and grayish red.

Shale,

gray
Shale,

thickly laminated,

weathers 1li

olive gray and chippy,
Silcstone.
thickly

Shale,
Shaie,

bedde

d;

grayisn vad,

Shale,

thickly laminated,

waathers

light olive

tcone;

gray.
nearing siltstone;

ght olive

light

laminarad, light olive gray.
Siltscone, light olive gray.
thickly lazminated, light olive gray.
Silcszon2, part shaly, part distincetly

olive gray; weathers chippy.
grades into bedded siltstone in places.

Diztyoclostus sp., Fenastrellina sp.,

silcy,

light

Almost

weathers light olive gray and

e
Gruy Federal,
Aug 24,

1979
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Izbrexia? sp., Chonetes sp., Ivlothyris? sp.,
zrimesi, Pugnoides? sp.,

Py
SDLTL
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¢lostus farnzl

2nensls, Rhvrchopora? persi-

Dictvo-

nueatz, Rhioidomella missouriensis,

Arthvris?
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Cleiocthvridina ¢f sublamellosa,

Taonurus sp.
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17 Siltstons, lizht olive gray, weathers

gTayish red. Single bed. ) 2.
15 Covered. 3ase of Middle Member. S

2asal Silts:tene Member (148.5 Feet)

15 Siltstone, medium to thickly beddad,

light olive gray; wezthers grayish

red (53R 5/2). abous 20 percent of

interval is silty, light olive gray

shale. : : 25.5
14 Covered, probably shale. 51.0
13 ~Siltstone, very thickly bedded, light '

olive gray; weathers grayish red; few

or no shale partings. 5C.0
12 Siltsrone, medium Hedded. 6.0
11 Siltstone, thickly bedded, weathers light

olive gray actd grayish zed (5R 4/2).

. Base of Grainger Formation. , 1.0
Crattanooga Shale (318+ Feet)

10 Covered. Float 1is deeply weathered

Chattanooga~type snale with inter-

nixed silcstone. Shale non-silty;

PR TR R SO Y R PSR S A AT

‘}".”-‘ ; 7&3{{9'{!;’?!&}3'\\.fmﬁ:u_m&y?fﬂzm'?

i weathers to small plates. 7G.0
o 9 Shale, thinly laminated, very dark gray,

2% weathers platy. 10.0
= 8 Covered. : o 105.0
§§ 7 Siltstone, medium to thickly ‘bedded

si : with some shaly siltstone in middle

g?‘ of interval. - Siltstones nonlacinated,

& neditm to medium dark gray; weathers

;: yellowish brown. 61.0
;g a Siltstone, medium bedded, nonlaminated,

s " no interbedded shale, weathers blocky. 8.0

o
tn

Siltstone, shaly, thinly to very thickly

o laminated to thickly bedded., Siltstones
Eg' are finely laminatad. Cclor very dark
%: ray, weathers medium gray and placy.
- Qutcrop gives appszarance of single silt-
%f‘ stone bed, but this 1is due to jointing. 23.0
§3 4 " Covered. h 17.0
&, 3 Shale, thickly laminated, medium gray;
&= weathers platy. 6.0
e 3 Siltsteone, shaly, very thickly lacinated
= to thickly bedded., Larger units laminated.
£ Color medium dark gray; weathers to thick
£ sheets and blocks. 3Zase of expesure and
gl approximate base of Chattanooga silcscones. 18.0
sz 1 Covered. Not measured.
s
b
ok
3
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i
5 Section T-13. Avendals Quadrzagle. 709,000 N, 2,748,000 E.
b Section measured irn exposures c¢n northeast side of dirt road leading
[ from U.S., Poure 1ll-W to Avondale Springs.
LN B Feat
i Rome Formaticn (103+ Feer)
; 40 Covered., Not nazsured.
¥ 39 Shale and sil:stone, reddish grav, thin to
15 nedium bedded with small fold and thrust
E faulc. : 14.0
%; 38 Covered. Rome type float in bank. Telephone
gé pole opposite large springhouse at tase of
'y interval, ‘ ’ 80.0
37 Covered. Fault contact with Grainger Formation

at base of interval, Location cf contact
intarpreted to. be at base of springhouse.

Sandstone like that at section T-12 projects

to this poine. . : 9.0

RERTE

: f'.'m
Ot .

3. Grainger Formation (537.0 Feat)

é& , Uppar Sandstone Mexbar (23.0 Teet) :
= 36 Sandstone, very fine grained, light olive ’
g& gray. 5.0

2 3s Covared. : 9.0

B 34 Sandstone, thirly-badded, may be cross-

= beddad; very firce-grained, sizilar to

EE‘ sandstone at top of Section T-12. . 9.0

E Middle Member (512.0 Feaet)

. 33 Covered. _ 57.0

E;E- 32 Stltstone, thickly to madiim-bedded,

probably some silty shale in iaterval;

b

N light clive gray. - 14.0
B 31 Covered. 9L.0
%?ﬂ 3¢ Siltstone and vesy siltcy shals; weathers
E; light olive grzy and chizpy. 5.0
g%; 29 Siltstone, thinly bedded, light olive gray. %.O
TN 23 Coverasd, 155.0
] 27 Siltsteone, medium bedded with interbedded

s very silty shalez; shale thickly laminated,

a light olive grav. 17.0
%f 26 Siltstone, single bed. 2.0
o ' 25 Covered. 170.0
% Basal Silzstone Member (42.0 Feet)

. 24 Siltstone, light olive gray, thickly to
5? - ' meditm bedded. 12.0
Eﬁz} 23 Siltstone, single bed, lcwer 2 feet wezthacTs
EFT spheroidally. 5.0
IS 22 Siltstena, as in uaiz 24, 32ase of Grainger
I Tormazion. 25.0
£k
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Chattanocga Shale (232.3+ Feet)

Shale, thickly laminated, weathers splintery
to chippy, however, soze plzty weathering,
nen-silty Chattanoogz-type shale is in this

. interval. The thin siltstone beds of the
transition zone appear to ba absent hare.

Stale, grayish black, thinly laminated,
slightly silty; weathers medium dark
gray into f£lat chips. This interval is
partly covered but 1s definitely
Chattanooga~type shale,

Covered. o

Stale, thickly laminated, weathers light
olive gray. No siltstones observed.
EZxposed in cut bSehind house.

Covered. : .

Siltstene, shaly weathers into stiff shale

 plates. ,

Siltstene, thickly to medium bedded, ver
dazk gray. 3Bedding not uniformly distinct;
appears structureless. Resembles middle
siltstone of T-12; possible small fault Iin
incerval. -

Shale, thickly lazminated, silty, very dark
gray.

Siltstone, light olive gray, nonlaminated,
flaggy. . N -

Shala, very thickly to thieckiy laminated,
very silty, very dark gray with visible
gquartz lazinae. Resembles siltstone until
weathered and then weathers into large
sheets. :

Siltstone, medium dark gray.

Shzle, as ia bed 12.

Siltstonse.

Shale, 2s in bed 1l2Z.

Siltstone.

Shale, as in bed 12.

Siltstons, flaggyv, light olive gray.

Shale, as in bed 12.

Siltstone, laninated, very dark gray, single
bed. Gradational from shale below.

Siltstone, shaly, very thickly to thickly
laminated, dark gray with visible quartz
laminae; looks like flaggy siltstone until
weathered and then weathers lato large
sheets. '

Coveraed. Not measured.

19.0
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Section I-14
Xposures aloﬁg sou
more or less parall
Yoe Chapel and proc

Ductch Valley Quadrangle. 698,800 ¥ , 2,726,200 E.
chwest side of rcad to Noe Chapel and in stream bed
al to road. Measurement begins at exposures opposite
eeds scutheastward along road frem that point.

Rome Formation (69+ Feest) Feet
17 Thickly bedded, light olive grzy siltstone
and silty shale with some prominent
blocky siltstones, which are not typical
of the siltstcnes in the upper part of the
Grainger. Exposure in rear of house. 21.0
16 Covered. Probabls position of Sazltville.
Fault at base of this interval and at top
of siltstone below. 48.0
Grainger Formacion (537.0 Fee: )
Uppar Sandstone Member (31.0 Feex)
13 Silcstone, lignt olive gray, medium to thickly
Sedded, with interbedded thickly laminated
silty shale; weathers chippy. 31.0
Middle Member (378.0 Feet)
14 Covared. 74.0
13 Shale, thickly laminated, to thinlyv bedded,
not silcy, colocr indsterminace. Exposed
in stream bed, forming low rapids. This
unit occupias a racher broad flat valley
at the base of Poor Valley Ridge. 127.0
12 Covared 177.0
Basal Siltstone Member (128.0 Fest
11 Silcstone, mediuvm bedded, probably light
nlive gray, judging from partizsl exposures
alcng road. Zxposed in stream bed. 65.5
1C Covered. Probably shale. 6.0
g Silzstens, single bed. 4.0
3 Covaread. 3.3
7 Siltstone, singlzs bed. 2.0
6 Covered. 29.0
3 Silcscene, thianly bedded, light olive gray. 18.0
Chattanooga Shale (180+ Feat)
4 Shale, grayish black, thinly laminated,
weathers incto smpall plates; this interval
parctly coverad, partly exposed all the way
down to intersaction. 154.0
3 Siltstone, light olive gray, =xposed in
strean bed. ’ 5.0
2 Snale, grayisan black, thinly to thickly lami-
aazad, w=2athers vary dark gray and placy 10.0
1 Shele, light olive gray, cthickly cto thinly
laminated, Net measured. 10.0+
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GRUY FEDERAL, INC.
PRCJECT AGREEMENT
Grainger County Tennessee
. s
TH2IS AGRIEMENT made and enterad into this Z"day of Aru T

1979 by and between Grainger County, Rutledge, Tennessee 37661
{nereinafter referred to as Owner), and Gruy Federal, Inc., 2500
Tanglewilde, Suite 150, of Houston, Texas 77063 i(hereinafzer called

the operator).

WHERCAS the Operator, under contract to DOE-Morgantown Energy
Technology Center, Morgantown, West Virginia, desires to cbtain
cores and logs from the Chattanooca shale (as described in Exhibit
"A") for the purpose of cha:ac:erizing a2 potential source of
unconventional gas on the following described lands and bounded
substantially by lands ncw owned by the undersigned Owna:z, as

fcllows:

on the North bySOuTHEASTERN LAwo I .cuyméiis i1
on the zast by M, S, ,\Dpu‘:'é— 27 J

on the South bylda/rEHEAD LANE * MATREZO Fls?,
on the West by Sy THEASTERA) L .3MD LNVESTMEN TS

and more particularly described by deed gn record in “Wairran:

Deed

[V

Book 136, pages 228, 229, in the Registers' office of Craingszr

County, Tennesses contaiaing 100 acr2s, more or less.

WHEREAS, the undersigned Cwner is the holder of surface and
mineral rights in and to the above-described lands and i: willing
to permit Operator =o drill, core, log ané tes:, Or causes %0 Dba
drilled, cored, logjed and tested, a core hole or test n3i2 (hare-

inafter referred 2o as "the hole") on COwner's said lanis, subjact

to zhe following terms and conditions:
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NOW, THEREFORE, nd” in consideraticn of the premises,
provisions, covenants, terms and conditions herain contained, and
the parties intending to be legally bouad hereby, it is heraby
agreed as £>5llcws:

1. INZORPORATED DOCUMENTS: The fcllowing exhibits are
attached hereto and incorporated herein by reference, including:
Exribit A - Lithologic description and gamma ray log
curve of Chattanocoga Shale in vicinity of
proposed hole.

Exhibit 3 = Authorization for execution of this

Agreement by Judge Norman Acuff,

Exhibit C - Proof oi insurance.
2. DEFINITIONS:
{(a). "Sub-contractor" - Any perscn, ccmpany, partnsrship,

ccrporaticn, or cther entity whose services o

<

materials are sscured by the Operatdr =0 assist

[ad

he performances of any obligaticn or activicy under
the terms ¢£ this Agreement.

(b). "Prill" - Shall mean the drilling of a test hole
capable of being cored, logged and possibly tested
for the purpose of characrterizing the potantial of
the Chattanooga Shale as a source 5f unconventional
gas. Drilling shall rot be construed to include
or reguire that the Operator drill and/or complate
any hole fo the extent necessary to provide a wall
capable of producing oil or gas.

(c). "Cored" - Shall be construed to include all &ty
and methods of coring which, in the sole and
absolute discretion of the Operazor, are necessary or
useful in achieving the objscitives of this Agreem2nt.

(dY. "Logged" -~ Shall be construed to include any and all
methods of logging determined in the sole and absolute
discretion of the Operator %o b2 necessary or ussiul

in achieving the objectives oi this Agresment
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Sﬁaﬂl be construed to include any and

A
(e). 'Tes:edpg-
all methods of testing which, in the sole and
absolute discretion of the Operator, are determined

to be necessary and useful in achieving zhe obiec-

cives of this Agreement.

rhy

3. For a term of twelve (12) calendar moaths fzom =ha cata o
signing of this Agr2ement by all parties, the undersigned Owner
Nereby grants to Operator and its sub-éont:actors, and to the agents,
employees and representatives of the Operator and its sub-contractors
the right to drill, log, core and test a2 hole or holes, together
with such easaments and other rights as might be necessary or
convenient to so drill, core, log and ctes%.

4. Operator, shall select,subjact to consent of the Owner of,
the location of each holeé drilled under this Agreement. It is
understood znd agreed that, Lf the original hoie is lost, is
ozherwise not in mechanical condition to be deapened to the
Caazttanooga Shale, cj is otherwise deemed unsatisfactory in the
sole and absolute discretion of the Operator, then a replacement
hole may be drilled at anotha2r location selected mutuallv by the
Owner and the Cperator. All holes will be drilled, logged, cored
and testad in accordance ;ith prudent operating procedures.

S. As consideration to the Owner for the rights granted
Operator in this Agreement, all data secured or developed hersinafter
by the Operatcr will be made available %o the Owner through the
Federal Goverament's Morgantown Energy Technology Center, ?.0
3280, Morgantown, West Virginia 26305, upon reguast of the Ownar

6. The total depth of any hole drillad shall be detarmined
by the Operator in its scle and absolute discrztibn. Operator
shall ordinarily drill to a total bottom hole depth egual t¢ the
bottom of the Chattanoogz Shale, cr to a depth of 3,000 feet sub-
surface, which ever depth is first encountered. No coring or test-
ing shall be conducted in any geologic formation otier than the

Chattanooga Shale. 1In %the event

i

rat, in the sols2 and absoluce

discretion of the Operator, any hole is Zetermined to be capatle
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of production of gas or oil from the Chattanooga Shale, the Cpera:or

112

agrees to leave the surface casing and other then-installed wellhead

eguipment in and on the hole as full consideration to the Ownar foz

the right to drill and to conduct the other operations authorized

herein and as full settlement of all damages directly caused therebdy.

[¥8

It is agreed and understood by the sarties <hat Cpe:até: does not
guarantee, and does not warrant, that any hole so provided will be
capable of producing oil and/or gas or will be completed to any
extent necessary to provide for the producticn of oil and/er gas.

.

Any additional completion or other additional procedures necessary
to render such hole capable or producing oil and/or gas shall be

the sole and entire responsibility of the Ownex. A full analysis

b4 all-dat; obtained for a given hole under this Agreement, and
a determination by Operater whether said nole is potentially capable
of producing oil and/or gas from the Chattanooga Shale, shall be
made not later than six {6) calendar months £rom the date of
termination of on-site work by Operator on said hole. ¢

7. The Operator shall be respensible to tha Owner for all

indirect damages, including damages dqne to buildings, fences, gates,
tanks and other surface improvements oI the Owner on the above-dass-

cribed lands, if, and only if, said damages arise directly and

proximately from the negligance of ths Operator. Th

®
O
‘0
1]
"
[\
(i
[0}
"
n
or
£
i
e

any dama;;s resulting Zrom the negligence of tha
.y -

repair all damages for which it is liable to the r22scnable satis-
faction of Owner, or shall make reasonable payment %0 ths Owner for
all such damages, within thirty (20) days after complezion of
operations under this Agreemant.

8. Operator agrees to indemnify Owner for, and to nhold Owner
narmless from, any and all claims arising out of operations con-

ducted on the above-dascribed lands by the Cperator t3 the maximunm

ot

extent of twenty million dollars ($20,000,000) general liability

insurance coverage. (A cogy cf proo

m
(o]

£ said insuvanca is attachad

sereto and incorporzted herein as Exhibit C.
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9. Upon termination of operations at each drilling location,

113

if it is determined that such hole is non-productive o0f oil anéd/cr
gas, then Operator shall ccmply with regulitions of the State of
Tennessee appiicable to the status of said hole at that time,
including plugging and abandenment cf said hole.

10, Owner shall retain alil rights to all gas, oil, or minerals
produced from the above-described lands. Operator shall not file
any claim for royalty for any production of gas, oil, or minerals
which could be derived from tha above-described lands.

11. Owner shall provide the necessary authority {(attached
heretc and incorporated herein as Exhibit B) for Judge Norman Acuff
to sicn this Agreement on behalf of Owner and to bind Owner thareby.

12. Owner warrants to the Operator that Owner is the2 holder

of

(40

ull richt, title and interest, in f2e simple to all suzface and
mineral! rights in the above-described lands; that no bther person
or entity holds ary right, title, or interes: in or to the surface
9r sub-surface rights in the above~-described land that might be
injured or jeopardized by the terms of this Agreement, or by per-
formance of the terms of this Agreemen:z; and that Owner will in-
demnify Oparatcr for, and hold Operator harmless from, any and all
claims which might arise frem any known, or unknown, holder of any
right, title, or interest of any kind or nature whatsoever in the
above-described lands resulting from the execution or performance
cf this Agreamant.

13. This Agreement constitutes the whole and entire agreement
be:iween the parties relevant to the matcters set forth heresin and
supersedes all prior or presently existing agreemesnts relevant there-
to, whether writtan or oral. This Agreemant shall not be amendaed or
modified in anyway exé;p: by a separate, subszgquent written instru-
ment executed by all the parties hereto, specifically referring %o

thae provisicn of this Agreement to be amended or modified, and

isgecifically satting forth the nature of the amendnment or modifica-
}:ion 20 be mads.

14. Tgis Agreement shall be executed in multiple duplicate
originals, anyons of which shall be of full force and efifsct.

15. This Agreerent shall be construed and enforced under zhe

laws of the 3Staze of Tannessee.
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16. If any provision c¢f this Agreement shall de found to be
illegal, invalid or othexrwise uneniorceable, then the remaining
osrovisicns ©f this Agreemant shall remain in full force and effsce

commensurate with said remaining provisions and the spirit and

[
o ]
ot
[
o]
ot

of this 2greement, as through said illegal, invalid, or unenforceable
éov~szon had not teen included herein.
17. This Agreem=2nt shall not be assigned, transferred, givan
as a pledge or security, or otherwise encumdbered by either party

without the signed written consent of the other parcty.

WHEREFORZ, Owrer and Operator, intending to be legally bound
hereby have subscribed their hands, names and seals on the dates

indicated below.

GRUY FEDERAL, INC.

/
/ 67 “e H. a"soc* e
Yice Pras ‘de._
GFZAINGER COUNTY TIunNZ33:z:=

DATZ: 7 ﬁ«j . /9 79 3Y: ﬁ&w.aw OQ,J_,Q.Q_,’

. Judge derman AQRES

A C ¥ ¥ C W LEDGHNZNT
State of Tenne 2)

} ss

)

County of Grainger
On thisii:; Ezgiéi 1979, beiore me2, the issuing authozity,
personally agrsared an individuyal known &5 me £o be Judge NcrIman
Acuff, who being cduly deposed and sworn, hereby swears and aifl
that h2 is a Judge of the Courts of Grainger County, Tan:
he is empowered and authorized to execute the accomzanying Agraemens
for and on behalf of said Grainger County, Tennessae and that he
executed and signed the attached Agreement »n beha

County, Tennessee for the intent and purposes set Zorth thera2in.

Swern to 2nd subscribed before mz2 a

Notary Public in and for the County

My Commission Zipires Mavesler 12, 152
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. _ ACKNOVLEDGIENT

STATE OF TENNISSEE

COUNTY OF GRAINGER

On thisg 7th day of August 19735, before me, the
undersigned authority, personally appeared aﬁ individual
known to me to be Robert B, Steffy, who being duly deposed
and sworn hereby swears and affirms that he {s Mznager of
the Pittsburg Operations of Gruy Federal, Inc., and as such
is authorized to sign the name of James H. Hartsock Vice
President of Sruy Federal, Inc. to the foregoing contract
dated August 7, 1979 between Gruy Federal, Inz. and Grainger
County, Tennessee for the intent and'purposes set forth

therein,

Oct. 21, 1979 %MQC‘%L’

My Comaission Expires NOTARY PUBLIC

115
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