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COAL-BED METHANE RESOURCE EVALUATION MONTGOMERY COUNTY, VIRGINIA

C. B. Stanley and A. P. Schultz

ABSTRACT

Three diamond-core holes have been
drilled by the Virginia Division of Mineral
Rescurces under DOE grant DE-FG44-81R410431
to assess the ccal-bed methane resource of
Mississippian coals in a portion of the
Valley coal fields near Blacksburg,
Virginia. Coals of the upper member of the
Mississippian Price Formation were
encountered in two holes at depths ranging
from 1110 to 1462 feet below the surface.
The cored coal samples were immediately
sealed in metal canisters, and tests were
made to determine the volume of gas present
within each sample. This preliminary
report provides details on the regional and
local geolcgv of the area under study, the
thicknesses, elevations, and gas contents
of the coals encountered, and a preliminary
econcmic feasibility analysis.

That analysis was performed £for the
Division of Mineral Resources by Gruy
Petroleum Technology, Incorporated,
Arlington, Virginia. Their evaluation of
the coal-bed methane data suggests that the
resource 1s of marginal value uncer the
assumptions used. However, the potential
dees exist for future cdevelopment if one or
more of the following criteria are met:

1) Thicker coal-bearing intervals with
similar gas contents are discovered
in other parts of the Vallevy coal
fields;

2) Higher coal-bed rethane contents are
found;

3) The profit margin 1is significantly
increased because of reduction of
develotment costs and/or increases in
gas prices.

Because of the ccmplex geologic setting
of the Valley fields, the extreme
variebility of coal thicknesses, and the
paucity of subsurface data, further
drilling 1s necessary 1in oréer to
accuratelv assess the econcmic potential of
coal-bed methane outsicde the studv area.

INTRODUCTION

The Valley coal fields of southwestern
Virginia (Campbell, 1923) contain .the
geologically oldest commercially mined

coals in North America (Kreisa and Rarkach,
1973). The coals are gassy, and during
mining there were many reported instances
of methane-related explosions (Stevens,
1959). Located in the Valley and Ricdge
province of the Southern Appalachians, the
coals of the Valley fields have been more
Ceeply buried and intensely ceformed than
the coal beds of the Pocahontas basin of
the Appalachien Plateau (Carpbell, 1925;
Bartholcrew and Lowry, 1979; Schultz,
1979). As a result of this burial, coals
of the Middle Mississippian Price Formation
are of a low volatile bituninous to
semianthracite  rank {Campbell, 1925).
Coals metamorpnosed to this rank mav
cenerate significant amounts of methane,
and fracture porosity, permeability and
reservolr capacity of the coal beds may be

significantly increased by tectonic
deformation (Kindley, 1982).
Stevens (1959) reported from

conversations with miners that large
quantities of methane were ccmrmonly
liberated during mining, especially when
faults were encountered. Methare related
explosions cccurred in the Parrott, Great
Valley, Hard Coal, ard Merrimac mines in
Montgemery anc Pulaskl ccunties, Virginia
(Stevens, 1959).

Rerorts of high gas content in the coals
of the Valley fields nave led the Virginia
Division of Mineral Resources to initiate
an evaluation of the coal-bed wmethare
resource near Blacksburg, Virginia, uncer
DOE Contract No. DE-FG44-81R410431. This
project was desigred to cbtain reliaple
cdata on the subsurface elevations,
thicknesses, cuality, and gas ccntent of
the Mississippilan coals.

Location of Drill Holes

In order to assess the methane resource
of part of the Valley coal fields. near
Blacksburg, Virginia, three exploratory
diamond core holes were sited at various
positions with respect to regional geologic
structure; near Prices Fork, Sunnyside, and
Merrimac (Figures 1 and 2). Several
criteria were established for the selection
of these sites:

1) Sites were chosen where geological
mapping indicated that there is at
least one thousand feet or strata
above the coal. This amcunt of
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Tectonic index map of a portion of the Southern Appalachian Valley and Ridge and Blue Ridge provinces

showing major regional structures and location of drill holes (modified from Bartholomew, Milici and Schulrz, 1980).
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overburden provides a suifficient
barrier to the migration of gas from
the cocal  bed, increasing the
probability of cobtaining a more
accurate gas estimate for the area
underlain by coal.

2) The drill holes were located well
away from abandoned underground
mines, where the coal bed may have
been partially degassed. Since there
are no accurate maps cof the
underground mines, there is a
possibility of unexpectedly
encountering old workings  when
drilling near the outcrop of the coal
bed (Figure 2).

3) The holes were located in several
structural settings to determine if
there is any relationship between gas
content, volure of gas desorbed, and
geologic structure.

Joy Manufacturing Company of lLa Port,
Indiana, was contracted to drill the holes
with a truck-mounted 22HD drill rig.
Geologists fram the Virginia Division of
Mineral Resources were on site continuously
during drilling, where they measured,
described, and boxed the core, recorded
drilling progress, and sampled the coals
encountered for methane testing. The core
was later reexamined and described in
greater detail before being shipped to the
Division's sample repository in
Charlottesville. Core recovery on the
Sunnyside and Merrimac test wells was one
hundred percent. Recovery on the Prices
Fork test well was, as would be expected
when drilling into extremely folded and
broken strata, much poorer, with some zones
represented only by cuttings in the core
barrel.

Determination of Gas Content

The direct methed of determining the gas
content of coals, which was cdeveloped by
the United States Bureau of Mines, was used
in this study (Diamond and Levine, 1981).
This procedure involves sealing the cored
coal sample in a metal canister frem which
the desorbed gas is periodically bled into
an inverted, water-filled gracduated
cylinder. The gas volume 1is determined by
downward displacement of the water column
(Figure 3A). The desorbed gas is measured
every fifteen minutes for the first two
hours after the sample 1s sealed in the
canister, and thereafter either daily, or
twice daily, depending on the volure of gas
that the sample desorbs. This may continue
for weeks or even months, depending cn the
gas content of the sample.
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FIGURE 3. A) Apparatus used 1n measuring desorbed
gas (from Diamond and Levine, 1981), and B) Table and
plot, depicting method of determining lost gas.

Theoretically, the coal begins to desorb
gas the moment it 1is encountered bv the
drill bit. After coring is ccrpleted, the
core barrel must ke retrieved and emptied
and the core described before the sample
can be sealed in the canister. OCuring this
vericd, a significant arourt of gas mav be
desorbed. The volurme of this "icst E;as"
cannot be measursd directlv, but mav ke
determined graphicallv. Diamoné and Levire
{1981) have develcped a methed of
estimating the volure of lost cas based on
the assurption that, for the first several
hours of emission, the volure of gas
desortzed by a given sample is orepertioral
to the scuare rcot of tre cesorction tire.



A plot of the cuwulative emission after
each reading versus the sguare rcot of the
time the sample has been desorbing should
vield a straight line (Figure 3B). The
intercept line with the X axis is the
square rocot o©of the elapsed time, 1n
minutes, from the time gas desorption
begins until the sample is sealed in the
canister. The negative Y intercept is the
estimated volume, in cubic centimeters, of
the lost gas. In diamond core drilling, if
water is used as a drilling fluid, it is
assumed that the sample begins to desorb
gas one-half the distance to the surface,
where the pressure of the gas in the cecal
begins to exceed the hydrostatic pressure
of the column of water cccupying the drill
hole.

In addition to the estimated volume of
the last gas and the measured volume of gas
desorbed, there is a certain amount of gas
that remains trapped in the coal sample
after natural desorption has ceased. The
volume of this residual gas can be measured
directly by crushing the desorbed coal
sample in a ball mill and then measuring
the volume of gas then released by the
water displacaement method.

Although the total content of the
sample, excluding the lost gas, could be
rapidly determined by placing the sample
directly in a ball mill and grinding it to
a fine powder, Diamond and Levine (1981)
point out that it is important to determine
both the actual volumes of naturally
desorbed and residual gas for each sample.
This is important because the resicdual gas
represents a portion of the total gas
volure that would not naturally flow into a
degassification well. The amount of
residual gas in a coal seam appears to be
directly related to the seams's condition.
Coals that are hard and blccky tend to
desorb gas less readily, thus retaining
higher amounts of residual gas within their
structure. Coals that have been faulted
and sheared have an increase in surface
area and naturally desorb gas in much
greater volumes. Therefore, areas where
coal seams are faulted and severely sheared
but still sealed, may be desirable
lccations to attempt coal degassification
projects.
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GENERAL GEOLOGIC SETTING

Coal-bearing Mississippian strata are
located on the Saltville thrust sheet, one
of several southeast dipping regional-scale
imbricate thrusts that comprise the
Appalachian Valley and Ridge province in
the Blacksburg-Radford area. Near the
study area (Figure 2) clastic and carbonate
rccks of the Saltville thrust sheet range
in age frcm Middle Cambrian to Middle
Mississippian, and form an approximately
13,000 foot-thick southeastdipping
succession, bounded on the northwest by the
Saltville fault and overridden on the
southeast by Lower to Middle Cambrian
carbonates and phyllitic mudstones of the
Pulaski thrust sheet (see Table). Regional
concdont color alteration indexes (CAI) of
Ordovician strata range from 3 to 4 for
rocks of the Saltville thrust sheet and
Table 1. Generalized stratigrachic colum showing
approximate  thickresses of ‘“he rocks of che,
Saltville-Pulaskil thrust sneets.

PERIOD FORMATION THICKNESS: Feet (meters)
New River Price Mtn. Pulaski
(Saltville (Kipps Well) thrust
thrust sheet) sheet
Missis- Maccrady 1605 (490)
sippian
Price 975 (297) 730 (222)
"Chemung" 698 {212) 710 {216)
Brallier 2699 (792) 1759 (536)
1i11boro 850 (259) 2415 (736)
Devonian Needmare 30 {(9) 50 { 50)
Huntersville 30 ( 9) 124 ( 38)
Rocky Gap a0 ( 12)
Keefer 140 { 43) 130 ( 40)
Silurian Rose Hill 127 { 39) 185 ( 56)
Tuscarora 100 { 30) 163 { 50)
Juniata 165 { 5Q) 187 { S7)
Martinsburg 980 (299) 2743 (836)
L Eggleston 158 ( 48)
Ordovician  pccasin 55 ( 17) 37 (1)
Middle Ordovi-
cian fms. 529 (161)
Knox Group 2563 (781)
Conococheaque
Cambrian 1200 (600)
E1brook 1800
Nolichucky 56 (17) (600)

Honaker 82€ (278) Rome 600+

(200)



from 4 to 5 for rocks of the Pulaski thrust
sheet (Harris and Milici, 1977). The
thermal cutoff for the accumulation of
natural gas may correspond to a CAI value
of 4.5 (Epstein, Epstein and Harris, 1977).
Hence, even the older and more deeply
buried strata of the Saltville block are
well within the limit of organic thermal
maturity.

Stratigraphy

Coal-bearing Mississippian rocks in the
study area consist of sandstones,
siltstones, and mudstones of the Maccrady
and Price formations, with the Price
containing a prominent coal-bearing
horizon. The Maccrady Formation 1is the
youngest strata known to have been
deposited prior to Pulaski thrusting and
can be subdivided into two members
(Bartholocmew and Lowry, 1979). The lcwer
rember 1is about 1150 feet thick and
consists of interbedded mottled grayish-red
and greenish-gray mudstones, medium—grained
massive sandstones, mediumn- to
coarse—-grained cross-pedded sandstones and
minor dark gray to black mudstones. The
upper member is about 180 feet thick and
consists of interbedded siltstones,
mudstones, quartz-pebble conglamerates and
coarse—grained conglomeratic sandstones.

In the study area, the Mississippian
Price Formation has been divided into a
basal conglameratic memker, the Cloyd
Conglomerate Member, a lower marine member
and an upper nonrmarine member (Bartlett,
1974; Kreisa and Bambach, 1973; Bartholcmew
and Lowry, 1979) . The coal seams
encountered in the Sunnyside and Merrimac
test wells occur near the transition from
the upper
marine member.

The nonmarine upper menber,approximately
900 feet thick, is characterized by rmottled
grayish-red and greenish—gray mudstone that
gracdes downward 1nto dark gray to black
mudstones, quartzose sandstones and coal.
Two coal seams, the Merrimac and Langhorme,
are areally extensive and have been mined
for many years in this area. The Merrimac
is stratigraphically above the Langhorne
and ranges from 5 to 12 feet thick
(Carmpkell, 1925). The Langhorne seam is
thinner (1 to 3 feet) and is usually
between 10 to 20 feet below the Merrimac.
The marine lower metber orf the Price
Formation is approximately 1500 feet thick
and consists of interbedded micaceous
lithic sandstones, thick quartz-pebble
conglcomerates, quartz arenites, siltstones,
and shales.

nonmarine member to the lower

Rocks of the Pulaski thrust sheet
consist of calcareous, phyllitic mudstones,
argillaceous dolomites, and limestones of
the Lower Cambrian Rome Formation and the
Middle Cambrian Elbrook Formation. Max
Meadows tectonic breccia occurs near the
Rome-Elbrook contact (Ccoper, 1961).

The Rome Formation 1s very poorly
exposed in the study area and is dominantly
interbedded and interlaminated, mottled
grayish-red and greenish-gray, thinly
bedded to thinly laminated, dark and light
gray phylltic mudstones. Fine~grained
dolomite with argillaceocus partings are
also present in the Rome Formation. The
total stratigraphic thickness of the Rcme
Formation has not been determined in the
study area because of both poor exposure
and complex folding and faulting.
Approximately 400 feet of Rcme was drilled
in the Prices Fork test well.

Rocks of the Elbrook Formation and
associated Max Meadows tectonic breccias
are extensively exposed in the study area.
The Elbrook Formation 1s approximately
1900-2300 feet thick and is divided into
three distinct sections. The upper and
middle parts of the Elbrook Formation (1500
feet thick) are dominantly limestones,
argillaceous dolomites, chert-bearing
dolomites, stromatolitic limestones,
massively bedded thrombolitic dolomites and
minor ribbon-banded limestones. Limestone
content increases up—-section while
argillaceous dolcmites decrease.

The lower part of the Elbrook Formation
(400 feet thick) consists of argillaceous
to very argillaceous, thin bedded to thinly
laminated dolomites, massive dark gray
dolomites and algal laminated dolcmitic
limestones. Near the base of the
formation, olive green and light pink
argillaceous dolcmites are interbedded with
gray, very argillaceous to phyllitic thin
bedded dolcmites with thick, stylolitic
shale partings.

Max Meadows  tectonic breccias are
abundant in the lower part of the Elbrook
Formation and upper part of the Rome

Formation. Two general types of breccia
are present; one characterized by gray
dolomite clasts in a crushed dolcmite

matrix, the other by green phyllitic
mudstone and dolomite clasts in a sheared
phyllitic matrix.

Structure
Near Blacksburg, rocks of the Maccrady
Formation ({and locally those of the upper
Price Formation) occur along the



decollement surface of the Pulaski thrust
sheet (Figure 2). Erosion of regicnal
scale folds of the Pulaski and Saltville
thrust sheets has resulted in exposures of
Mississippian rocks in the Price Mountain
window and of Devonian through Ordovician
rocks in the ©East Radford window.
Northwest of the present leading edge of
the Pulaski thrust sheet, Mississippian
coal  bearing roccks  are relatively
undeformed and dip 30-35 degrees to the
southeast, Steeper dips (50-60 degrees)
occur near relatively small scale thrust
faults. Mesoscopic NE-SW trending folds
and associated cleavage are rare and
limited to shaly parts of the Mississippian
section.

By comparison, Mississippian rocks in
the Price Mountain window are folded and
faulted (Figure 2). The overall structure
of the window 1is a fault-modified NE-SW
plunging anticline. Mesocopic folds are
locally abundant on and near the hinge of
the anticline and along major fault zones.
Along the southwest side of the Price
Mountain anticline, two southeast-dipping
thrust faults rise from decollements in the
Mississippian coals and truncate the
anticlinal axis. Locally, these thrusts
place the Price Formation over the Maccrady
Formation and the Maccrady Formation over
dolomites and breccias of the Pulaski
thrust sheet. Coal exposed in the fault
zones is complexly folded, sheared, and
tectonically thickened and thinned
(Schultz, 1979). Abundant smaller scale
normal and reverse faults occur in the
rocks of the window as well as larger high
angle oblique-slip faults, such as the
Merrimac and Slate Branch faults
(Bartholomew and Lowry, 1979). Rocks of
the Pulaski thrust sheet are complexly
deformed and consist of irregularly shaped,
internally folded and faulted masses of the
Rome Formation and Max Meadows brecclas in
a complexly folded and faulted terrain of
the Elbrook Formation. Folds and faults
are abundant and have highly variable
styles and orientations.

CORE DRILLING
The Prices Fork Test Well

The first core hole, the Prices Fork
test well (W-6533), was bequn on January
14, 1982. Located on the Blacksburg
7.5-minute quadrangle at 37°12'44"N
latitude, 80°29'19"W longitude, 2037 feet
elevation, the hole was collared in
dolomites of the Middle Cambrian Elbrocok
Formation (Figure 2). Drilling in this

hole was difficult, due to complexly
folded, faulted, and brecciated rocks of
the Pulaski thrust sheet ({(see discussion on
structure). The Prices Fork well, located
approximately midway between the Price
Mountain window and the leading edge of the
Pulaski thrust sheet, was designed to test
an anticlinal structure indicated by
reports of the depth to the coal-bearing
portion of the Price Formation (Stevens,

1959). The four-inch-diameter hole was
continuously cored using NCD wireline
tools. Drilling  became  increasingly

difficult with depth and, on March 23,
1982, the decision was made to abandon the
hole both because of very poor hole
conditions (caving and squeezing, which
would have required the permanent
installation of 1773 feet of four-inch
steel casing) and the unexpected thickness
of the Pulaski thrust sheet.

The Sunnyside Test Well

The Sunnyside test well (W-6534),
located in the Radford North 7.5-minute
quadrangle at 37°13'48"N latitude,
80°32'30"W longitude, 2015 feet elevation,
was spudded in on April 1, 1982. The well
began in the Middle Mississippian Maccrady
Formation (Figure 2). The first 321 feet
was continuously cored using NCD wireline
tools. Four-inch  steel <casing was
installed and continuous coring was resured
with NX wireline tools. The Maccrady-Price
formational contact was encountered on
April 4, 1982 at 290 feet. The first coal
of the upper member of the Price Formation
was encountered on April 19 at 1110.05
feet, where 0.6 feet of cocal was cored and
sampled for testing. Additional coals were
encountered on April 19, 20, and 21, 1982.
All coals were sealed in metal canisters
and tested for methane gas on the drill
site by the geologists present, and
subsequently in the laboratories of the
United States Bureau of Mines in
Pittsburgh, Pennsylvania.

On April 21, 1982, the lower member oOf
the Price Formation was encountered at a
depth of 1213.1 feet. Due to lack of
stratigraphic control, drilling was
continued to 1672.0 feet to ensure that the
entire coal-bearing sequence had been
penetrated. The hole was completed on May
13, 1982. A full suite of wireline
geophysical well lcgs, including 16"-64"
normal resistivity, spontaneous potential,
natural gamma, gamma-garma cdensity,
neutron, caliper, acoustic velocity,
acoustic televiewer, and pulse temperature
were run on the well on May 17-19 by the
United States Geolocical Survey (Figure 4).
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The Merrimac Test Well

Drilling of the Merrimac test well
(W-6535) , located at 37°12'08"N latitude,
80°25'47"W longitude, 2090 feet elevation,
on the Blacksburg 7.5-minute quadrangle
(Figure 2), was begun on May 20, 1982,
Sited slightly north of the Price Mountain
window in the Pulaski thrust sheet, the
well was spudded into dolomite of the
Middle Cambrian Elbrook Formation.

Because of the difficulties encountered
in coring the Elbrook Formation in "the
Prices Fork test well, a four-and-one-half
inch tricone rock bit was used initially.
The extreme hardness, fine grain size, and
camplete lack of breccia within the Elbrook
Formation in this well made the performance
of the tricone rock poorer than that of a
conventional diamond bit. Coring was
initiated on May 26 at a depth of 45.0 feet
using four-inch NCD wireline tools. The
Pulaski fault was encountered at a depth of
104.6 feet, at which depth the well began
to flow water with good artesian recharge.
This artesian flow continued to the
campletion of the well. The well passed
through the Pulaski fault into mudstones,
siltstones and sandstones of the Middle
Mississippian Maccrady Formation.

On June 6, 1982, the upper member of the
Middle Mississippian Price Formation was
encountered at a depth of 604.19 feet. The

first major coal of the Price Formation was
cored on June 23 at a depth of 1403.5 feet.
Additional coals were encountered that day
and on June 24 and 25. All coals were
sealed in canisters and tested. The lower
member of the Price Formation was
encountered on June 25 at a depth of 1481
feet. The well continued to a total depth
of 1674.0 feet to ensure that the entire
coal-bearing interval had been penetrated.
Drilling was completed on June 28, 1982.
Geophysical well logs, including 16"-64"
normal resistivity, spontaneous potential, .
natural gamma, gamma-gamra density, neutron

and temperature, were run on the well by
the United States Geological Survey (Figure
5).

GEOLOGY OF THE PRICE AND
MACCRADY FORMATIONS OF THE
SUNNYSIDE AND MERRIMAC TEST WELLS

Stratigraphy

Rocks of the lower member of the
Mississippian Maccrady Formation were the
youngest rocks encountered during drilling.
The lower Maccrady is dominantly mottled
grayish-red and greenish—gray mudstones and
siltstones with minor grayish-red and gray
sandstones. Mudstones of the Maccrady
Formation typically

contain irreqularly

FIGURE 6. Typical Maccrady Formation lithologies. A.
red siltstone; C. dark red siltstone.

yellowish—gray carbonate bed; B.

carbonate nodules in a dark



shaped yellowish—gray carbonate nodules and
rarely, thin carbonate beds (Figure 6).

Near Blacksburg, the Price-Maccrady
contact has been placed at the
stratigraphically lowest occurrence of
grayish-red siltstones (Bartholomew and
Lowry, 1979). The contact in both the
Sunnyside and Merrimac wells was placed on
the basis of:

1. a change from dominantly grayish-red
siltstones of the Maccrady Formation
to dominantly gray siltstones and
sandstones of the Price Formation,

and
2. a change from relatively thick
mudstones and minor discrete

sandstones lenses of the Maccrady
Formation to cyclic, fining upward
sandstone deminated packages of the
Price Formation.,

The contact 1s gradational over 100-150 -

feet.

Cycles characteristic of the upper
member of the Price Formation consist of
medium~ to coarse-grained gray sandstones,
with rare basal lithic conglomerates
{(Figure 7) that fine upward into gray
siltstones with interbedded and
interlaminated dark gray to black mudstones
(Figure 8). The cycles are usually capped
by grayish-red or gray mudstones which may
contain  carbonate nodules and rare
carbonate beds similar to those of the
overlying Maccrady Formation. The mudstone
caps are sametimes interrupted by thin
coarsening upward sandstone lenses (Figures
4 and 9). Down section, the cycles
increase in thickness from less than 30
feet to greater than 200 feet and the
mudstone intervals beccme richer in organic
material and coal.

The cocal-bearing intervals in both test
wells are located below an 80 to 100 foot
thick medium—grained sandstone. In the
Sunnyside test well, this coal interval is
approximately 90 feet thick and 1is
dominantly siltstone with minor mudstone
and sandstone (Figures 9 and 10).

The "Merrimac" coal interval was
encountered in the Sunnyside test well at
110.05 feet and is 10.75 feet thick. The
interval consists of six separate coal
seams, totaling 6.7 feet in thickness, that
are separated by bony mudstone and
siltstone (Figure 11). Coal seams of the
"Merrimac" interval range from 0.3 to 2.0
feet thick. The interval is bounded above
and below by thick black mudstores, an
important factor in preventing migration of
methane out of the seams.

Below the "Merrimac" coal interval, two
additional cocal =zones are present. The
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first, possibly the "Langhorne" (Campbell,
1925} interval, was encountered at 1136.4
feet. The seam is 1.8 feet thick and has
mudstone above and belocw. The second coal
interval at 1195.7 feet consists of two
seams, 1.2 and 0.75 feet thick, separated
by a 0.9 fcot thick black mudstone and has
a mudstone roof and sandstone floor.

The coal-bearing interval of the
Merrimac test well is approximately 75 feet
thick and is dominantly black carbonaceous
mudstone with subordinate siltstone and
sandstone. Two major coal intervals and
several minor seams are present (Figures 12
and 13).

The "Merrimac" interval was drilled at
1403.5 feet and consists of three seams
totaling 4.1 feet. The coal seams are
separated by carbonaceous mudstones with
siltstone lenses, making the  total
thickness of the "Merrimac” interval 8.4
feet. Relatively thick mudstone occurs
above and below the coal interval.

The '"Langhorne" coal interval was
encountered at 1420.0 feet and is camposed
of four relatively thin seams totaling 1.9
feet of coal separated by coaly mudstones.
Below the "Langhorne" interval, several
thin, widely spaced seams ranging £rom
0.2-0.8 feet thick are present in a
mudstone deminated sequence.

Belcw the coal-bearing intervals in both
holes are gray, redium- to coarse-grained
sandstones of the lower memper of the Price
Formation. The contact between the upger
and lower wembers is placed at the tep oL
the first sandstone telcw the mudstone-coal
intervals (Fioures 4 and 95). The
sandstones of tre lower mexber c¢f the Price
Formation have many reccgnizable marire

features, such as polyredal ripple
cross-laminations sandy — quartz pebble
conglcrerates (Figure 14) and marine

brachiopcd fossil lags (Figure 15).

Structure

The Prices Fork test well, spudded into
dolomites  of the Elbrcok  Formation,
encountered the first zone of folds, faults
and Max Meadows breccia at approximately
130 feet below the surface (Figure 16).
These highly deformed zones increased in
frequency and thickness downward. Dips
range from horizontal to vertical, changing
frequently. A 70-fcot-thick zone of
intensely folded and fractured dolcmite and
Max Meadows tectonic breccia occurs at the
Elbrook-Rome contact from 840-910 feet. A
major fault at approximatelv 1301 feet
separated relatively undeformed phyllitic



FIGURE 7. Base of typical cycle in the upper member of the Price Formation. A.
with rare lithic fragments B.

rare lithic clasts.

coarse-grained, light gray sandstone
interbedded coarse-to medium grained sandstone with gray shale lamella and thin beds and

FIGURE 8. Middle portion of typical cycle in the upper member of the Price Formaticn. A. mediun
light gray sandstones and siltstones with ripple cross-laminated dark grav to black midstone partings 50 d
ripple cross-laminated dark gray to black mudstones and medium gray, medium- to fine-grained sandstones and

to fine-grained
B beciled
SLORNS.




FIGURE 9. Top of cycle in the upper member of the Price Formation A. B. C. are locations of coal sampled for methane.

Coals occur in dark gray mudstones and gray siltstones.

mudstones of the Rome Formation (dipping
35-40  degrees) from vertically bedded
dolomite of the Elbrook Formation. Fram
this fault to the bottem of the hole
(1773.5 feet) no further Rome occurs and
there is a repeated section of Elbrook.

The Sunnyside test well was sited just
north of the present trace of the Pulaski
fault, near the Price-Maccrady contact
(Figure 2). Outcrops in the vicinity of
the hole expose rocks which are locally
folded and faulted. Similar structures are
present in the test well. At least four
fault zones containing numerous calcite
veins, disrupted bedding, and cleavage were
encountered in the hole (Figure 4). In
general, dips ranged from 20-40 degrees in
the upper part of the hole and gradually
flatten to 0-5 degrees near the bottom.
Coals  encounted in the well were
horizontal.

The coal seams drilled in the Sunnyside
test well are blecky and undeformed.
However, coal exposed in mine workings just
north of the well 1is greatly folded and
sheared. Campbell (1925) reported the
highly variable condition of coals in mines
in this vicinity, ranging from "blocky and
undisturbed" to "crushed and distorted.”

The Merrimac test well was spudded into
dolomite of the Elbrock Formation

Note calcite filled fractures left of B.

approximately 300 feet frcm the northwest
edge of the Price Mountain windew (Figure
2). The Pulaski fault cccurs at 104.6 feet
below the surface and the fault dip is
20-25 degrees, presumably to the northwest.
Above the thrust contact, Elbrook dolomites
are folded, fractured, and brecciated, with
abundant vugs and calcite veins. Although
there are large pod-like masses of Max
Meadows breccias in the vicinity of the
Merrimac test well (Bartholcmew and Lowry,
1979), no breccia was drilled. Instead,
the fault zone consists of highly fractured
dolomite above a six-inch-thick, black,
clay-rich, foliated gouge overlying highly
fractured grayish-red and greenish—gray
mudstones of the Maccrady Formation.

Below the Pulaski thrust, the
Mississippian section is faulted and
contains nUMerous bedding-parallel

slickensided surfaces and calcite veins.
Bedding dips uniformly frem 25 to 35
degrees, probably to the nortlwest, and
flattens froem 10 to 0 degrees below about
1000 feet.

Coals drilled in the Merrimac test well
are tightly folded, highly sheared, and
foliated, consistent with cocal outcrops
(Schultz, 1979) and published descriptions
of coal in mines in Montgomerv County,
Virginia (Campbell, 1925).
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A. "Merrimac" B. "Langhorne”
Interval Intervals
Depth Roof rock: Depth
1110.05 feet puwmwny  mudstone [134.22  feet
0.25 {=——] Bony Mudstone el
e 2.18 —_'_—'_q Mudstone
1.80 “d Coal
0.20 ] Bony Mudstone
0.30 Coal .80 Coal

Bony Mudstone

Mudstone

Coal 1139.18

Total coal thickness: 1.80 fest
Total interval thickness: 4 96 feet

C.

Bony Mudstone

1194.95
2.00 Coal Mudstone
0.20 Mudstone Coal
1.30 Siltstone
Mudstone
0.80 Coal Coal
1198.55
1120.80 Seat sarth: Seat earth:
mudstone sandstone
Total coal thickness: 6.70 feet Total coal thickness: .95 feet
Total interval thickness: 10.75 feet Total interval thickness: 3.60 feet
L.E.V.

FIGURE 11. Detailed descriptions and thicknesses of the coal intervals of the Sunnyside test well (see also Figures 4
and 10).
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FIGURE 13.

"Merrimac"”
A Interval

Depth Roof rock:
1403.50 = mudstone

Coal

Mudstone/
Siltstone

Coal

Mudsione/
Siltstone

Coat

1411.90 Seat eorth:

mudstone

Total coal thickness: 4.10 feet
Total interval thickness: 8.40 feet

"Langhorna” Intervals

B. C.

Depth Roof rock: Depth Roof rock:
1420.00 feet mudstone '444.95 feet I mudstone
i 0.60 Coal
1.00 Coal 1445.55
Seat earth:
0.5 Bone sandsione
Total caat thickness: 0.60 feet
Depth Roof rock:
1461.30 siltstone
Coa!
1462.10 Seat earth:
4.80 Mudstone/ mudstone
Coal partings Total cool thickness: 0.80 feet
o Depth Roof rock:
1478.95 mudstone
0.40 Coal Coal
1.30 Mudstone/ Mudstone
Coal portings Cool
] . 8 Mudst
0.50 Sl Coal ony Mudsione
1428.15 1481.00 i
Seat earth: Seat eorth:
mudstone mudstone
Total coal thickness: .90 feet Totol cooil thickness: 0.45 feel
Total interval thickness: 8.15 feet Totat intervol thickness: 2.05 feet

Detailed descriptions and thicknesses of ccal intervals, Merrimac test well (see also Figures S and 12).
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FIGURE 14, Typical lithologies of the lower Price Formation A.
mudstone streaks. B.
C.
sandstone.

sandy quarts pebble conglomerate with rare iron stone and lithic clasts
large calcite filled fracture with calcite crystals in vugs. D.

thin rudstone bed In mecium=- Lo

medium-grained sandstone with rippledd cross-laminated

(cnlarged At botsmm) |
i ine—grainca
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ECONOMIC FEASIBILITY !

A preliminary feasibility analysis of
production from the coal-bed methane
resource was conducted by Gruy Petroleum
Technology (formerly Gruy Federal). The
analysis, discussed in this section, was of
the type that a sophisticated, commercial
enterprise would undertake to evaluate the
potential of a product or investment in the
very early stages of development or
evaluation. As a potential project
progresses from the idea-stage toward
implementation, increasing effort is
devoted to refinement of assumptions,
specifications, and projections of
alternative outcomes and the likelihood of
each. Greater precision also is required
as the project progresses through
increasingly serious consideration.
Ultimately, a final decision is made to
proceed, abandon, or defer. The general
financial feasibility process is described
in Appendix V, which has been extracted
from our project proposal.

Since the feasibility study is very
preliminary, the primary effort has been
devoted to estimating production from the
methane-drainage wells. It 1is
comparatively easy to approximate drilling
costs, operating costs, tax considerations,
capital requirements for surface equipment,
and gas prices. Moreover, these data are
likely to be different from one project to
another, Thus, the usefulness of the
feasibility information is maximized by
production and economic-life information
which can be adapted to the specific
circumstances and financial considerations
of the potential investor.

Well Productivity and Well Life

Well productivity was estimated by
assuming production would decline
hyperbolically, as is typical for fractured
reservoirs. An initial productivity of 20
Mcf/D was assumed, consistent with the
National Petroleum Council’s opinion that
gas recovery rates in methane-drainage
wells average 3 Mcf/D per foot of coal-seam
thickness (National Petroleum Council,
1980). A production rate of 4.8 Mcf/D was
assumed to be the minimum economic rate at
which a well could be produced; i.e., when
production declined below 4.8 Mcf/D, a well
would be shut in because its operating cost
would exceed the value of the gas produced.

wWell spacings of 10, 20, and 40 acres
were considered, with gas recovery for each
well-spacing calculated from porous-media

]‘Writ:en by Gruy Petroleum Technolcgy Incorporated,
Arlington, Virginia 22202.

flow theory assuming radial, isoctropic
flow. For all spacings, original gas-in-
place was assumed to be 3,220 Mcf/acre,
consistent with the gas desorption tests
made on the coal samples obtained during
drilling.

Gas recovery 1is a function of well
spacing, increasing with increasing well
density. Conversely, well life decreases
with increasing well density because with
less gas to be produced per well, a well's
economic limit is encountered sooner.
Table 2 lists for each well spacing
considered, annual production, and total
recovery over the life of an average well.

Table 2. Annual production (Mcf.l/) for methane drainage

wells, ,
———————— well Spacing-—-—-———--

Year 10-acre 20-acre d0-acre
1 5,888 6,355 6,729
2 4,071 5,021 5,903
3 2,980 4,068 5,221
4 2,274 3,363 4,651
5 1,209 2,828 4,171
6 - 2,410 3,752
7 - 2,080 3,411
8 - 1,566 3,107
9 - - 2,842
10 - - 2,610
11 - - 2,465
12 - - 2,224

13 - - 2,063
14 - - 1,918

15 - - 1,789

Total recovery 16,422 27,691 52,806

Gas-in-place 32,220 64,440 128,880

% recovery 50.97 42.97 40.97

Well life, years 4.65 7.86 15.00

l/l Mcf = one thousand cubic feet

Financial Projections

Five variables appear to be
particularly critical in the development of
financial projections for coal-bed methane
production. The five are well preductivity
(and assumed bhack-pressure), economic well-
life, well cost (and capital for surface
equipment), gas price, and gas quality.
Other less important factors include
operating and maintenance costs, tax rates
(if applicable), severance and production
taxes (state and local), royalties, working
interest division, depletion allowance



Table 3. Profit and loss statements and cash flow estimates at $5.00/Mcf for coal-bed methane of the Price Formation, Montgomery, County, Virginia (dollars in thousands).

Price = §5.00/Mcf

Spacing = 40 acres
Operating/Maintenance = $4800/yr.
Override = O

Depletion = 15

Severance tax = 0%

Compression cost = 10X of gas

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
Total production (MMcf) 6.73  5.91  5.22  4.65  4.17  3.76  3.41  3.11 2.8  2.61 2.41 2,22 2.06 1.92 1.79 52.81
Less: Override - - - - - - - - - - - - - - - -

Net production (MMcf) 6.73 5.91 5.22 4.65  h.17 3.76 3.61 3.11 2.84 2.61 2.61 2,22 2.06 1.92 1.79 52.81
Revenue 33.6 29.5  26.1 23.3 20.9 18.8 17.1  15.5 14.2 13,0 12.0 11.1  10.3 9.6 9.0  264.0

Severance Tax - - - - - - - - - - - - - - - -
Operating, Compression

and Maintenance Cost 8.2 7.8 7.4 7.1 6.9 6.7 6.5 6.4 6.2 6.1 6.0 5.9 5.8 5.7 5.7 98.4
Variable margin 25.4 21.7 18.7 16.2 14.0 12.1 10.6 9.1 8.0 6.9 6.0 5.2 4.5 3.9 3.3 165.6
Less:
Depreciation 17.2 15.1 13.3 11.9 10.6 9.6 8.7 7.9 7.3 6.7 6.2 5.7 5.3 4.9 4.6 135.0
Depletion @152 4.1 3.3 2.7 2.2 1.7 1.2 1.0 .6 3 .1 - - - - - 17.2
Taxable income 4.1 3.3 2.7 2.1 1.7 1.3 .9 .6 .4 .1 ( -2) (.5 (.8 (1.0) (1.3) 13.4
Income tax @502 2.0 1.7 1.3 1.1 .8 .7 .4 .3 .2 .1 (.1) (.2) ( .4) (.5) .7 6.7
PAT 2.1 1.6 1.4 1.0 .9 .6 .5 .3 .2 .0 (.1) (.3) (.4) (.5 (.6) 6.7
Non-cash items 21.3 18.4 16.0 14.1 12.3 10.8 9.7 8.5 7.6 6.8 6.2 5.7 5.3 4.9 4.6 152.2
Cash flow 23.4 20.0 17.4 15.1 13.2 11.4 10.2 8.8 7.8 6.8 6.1 5.4 4.9 4.4 4,0 158.9
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considerations, and some estimate of the
investor's expected rate of return on
investment. The rate of return should
approximate the investor's marginal cost of
capital plus a provision for the riskiness
of the project compared to the investor's
normal undertakings.

Incremental profit and loss, balance
sheet, and cash flow estimates are
developed by year from the data described
above. For example, assume 40-acre spacing
and a constant gas price at the wellhead of
$5.00 per Mcf. Also, assume that the
investor owns the land and mineral rights
so that there is no royalty. Further,
assume that operating and maintenance cost
is $4,800/year, the severance tax rate is
0%, depletion allowance is 15%, and the
cost of compressing the gas to contract
line-pressure is 10% of the gas itself.

This information is converted into
profit and loss statements and cash flow
estimates as shown in Table 3. The total
gas production, less the override or
royalty to the mineral rights owner, is the
net production on which the working
interest (investors) receive revenue at a
contract price per Mcf. Severance and
production taxes are zero in this
illustration for Virginia. The operating,
maintenance, and compression cost is the
assumed $4,800/year plus 10% of the total
production times its contract price. The
10% represents the gas consumed in
compressing of the remaining production to
line pressure. Subtraction yields a
variable margin (referred to as net revenue
in the petroleum industry). The entire
well cost in this example is capitalized
and depreciated in proportion to production
(unit of production basis). Depletion at
15% of working interest revenue and the
depreciation are subtracted to determine
taxable income, which we have taxed at a
composite federal/state rate of 50% to
calculate the after-tax profit. The non-
cash charges against revenue (depreciation
and depletion) are added back to after-tax
profit to determine the annual cash flow.
We will ignore the month or so lag between
production, as well as certain other timing
differences. The same assumptions, but
with a $10.00/Mcf gas price, are the basis
for Table 4.

The result is a cash ocutflow
(investment) for the well followed by an
operating cash inflow. Note the interest
expense is omitted to permit a discounted
cash flow rate of return on investment.
However, a complete project cash flow would
have to take financing costs and repayment
into account.

Well costs, which are detailed in
Table 5, have been used as estimated by TRW
Energy Systems Group (1981) in a study for
the U. S. Department of Energy. Gathering
and distribution system costs have been
omitted because the user, the distance from
the well, and the gas gquality
specifications are not known.

Table 5. Methane drainage well costs,

Drilling: 1,275 ft. @ $40/ft. $ 51,000
Mobilization 20,000
Site preparation and cleanup 18,000
Water pump 21,000
Wellhead equipment 15,000
Stimulation and perforation 17,000
Logging 8,000
Coring 6,000

Total $156,000

The financial projections for 10-, 20-
and 40-acre spacing and various constant
gas prices are summarized in Table 6. The
10-, and 20-acre spacing does not produce
nearly enough gas to generate incremental
variable margin equal to the initial
investment outlay, given the gas content
and coal thickness identified for the two
test wells., Even 40-acre spacing, seven
feet of individual coal seams, and a price
of $5.00/Mcf generates barely enough
incremental margin to cover the investment
outlay. If the price doubled to $10.00 or
if the total coal thickness were 14 feet
(and the price were $5.00/Mcf), the
incremental margin would be about 2.6 times
the investment, making possible a return on
investment around 20%. However, an over-
ride or rovyalty of one-eighth would
significantly reduce the attractiveness
because it is a proportionate reduction of
revenue without affecting costs.

Discussion and Interpretation

The financial data for the specific
test-well data suggest that the potential
investment would not be justified by either
a commercial enterprise or a federal,
state, or local governmental entity (the
difference, of course, is the taxes
payable). The payback and return on
investment at a $5.00 gas price are
inadequate. It is unlikely that a price of
$10.00 would be appropriate even under the
gas-substitution assumption that the gas
would be valued at the price of available
gas replaced.
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Thus, the better target seems to be
thicker coal seams (individual seams
totalling 15 to 20 feet or more),
preferably closer to the surface (reducing
drilling costs). However, even then the
economics may not be attractive if the 40~
acre spacing overstates the achieveable
drainage area.

It is possible that Virginia
Polytechnic Institute and State University
or the Radford Army Ammunition Plant might
be interested in considering the coal-bed
methane possibilities under certain
conditions., However, a total of seven feet
of individual coal seams and substitution
for gas bought at $5.00/Mcf does not seem
sufficiently attractive to warrant the
$156,000 well cost with 40-acre spacing.
Thicker coal of the same gas quality would
be more interesting.

GEOPHYSICAL DATA

Geophysical well logs were run on the
core holes by the United States Geological
Survey and the Department of Geological
Sciences at Virginia Polytechnic Institute
and State University. These logs provide
an accurate means for determining the true
thickness and elevation of coals
encountered in both diamond core and rotary
holes. 1In addition, density logs can be
used to differentiate between coals, which
have densities ranging from 1.725 to 1.925
grams per cubic centimeter, and bone, which
has a density of 2.1 to 2.3 grams per cubic
centimeter. Natural gamma, neutron,
spontaneous potential and resistivity logs
show accurately the subtle variations in
lithology, such as fining and
coarsening-upward sandstone sequences,
sandy and coaly mudstones, and carbonate
beds (Figures 4 and S). Using bore hole
televiewer, acoustic velocity, and caliper
logs, fracture zones and faults can also be
detected.

Temperature logs were run on two wells.
The .. Sunnyside well had a top-hole
temperature of 12.23 degrees Celsius and a
bottamhole temperature of 18.18 degrees
Celsius, with a geothermal gradient of
approximately 0.0036 degrees Celsius per
foot. The Merrimac well had a top-hole
temperature ©f 12.6 degrees Celsius and a
bottom-hole temperature of 18.9 degrees
Celsius, with a geothermal gradient of
0.0038 degrees Celsius per fcot. Ground
water influx and heat generated by drilling
may have influenced these results.

Cecphysical well logs generally augment
core and provide additional information on
the physical characteristics of individual
rock units. In addition, they provide
valuable data that may help with regicnal
stratigraphic correlations and in the
development of future exploration
strategies. If future exploratory holes
are drilled with rotary- or percussion-type
rigs, geophysical logs will provide the
only means of accurately determining the
thicknesses of coals encountered.

Seismic data across a portion of the
Valley field was gathered for the.Virginia
Division of Mineral Resources by the
Department of Geological Sciences, Virginia
Polytechnic Institute and State utilizing
the Department's VIBROSEIS system,
processed, and two seismic record sections
produced (A-A' (Figure 17) and B-B' Figure
18). Southeast dipping strata of the
Saltville thrust sheet can be seen in A-A'
and in the northwestern (left) portion of
B-B'. Resolution is drastically reduced
when the Pulaski fault is crossed in
section B-B' as a result of the camplexly
deformed nature of rocks of the Pulaski
thrust sheet. Gently northwest dipping
strata becomes visible again as the line
leaves the Pulaski sheet and crosses onto
rocks of the Saltville thrust sheet exposed
in the Price Mountain window.
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APPENDIX |. DETAILED LITHOLOGIC DESCRIPTION OF CORE

Well: Prices Fork Test (W-6533)

Farm: VPI & SU

Driller: Joy Manufacturing

Location: Blacksburg 7.5-minute quadrangle

Lat.: 37°12'44"
long.: 80°29'19"

Elevation: 2037 feet

Total depth: 1773.5 feet

Started drilling: January 14, 1982

Finished drilling: March 23, 1982

Sample descriptions by A. P. Schultz, Virginia Division of Mineral Resources

Reference: Core cbtained by Virginia Division of Mineral Resources
through D.0.E. Grant number DE-FG44-81R410431
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PRICES FCRK TEST WELL

INTERVAL (FEET) DESCRIPTICN

0.0-5.0 SOIL. light brown, clay rich

5.0-15.0 SUBSOIL, light red and brown mottled clay

15.0-23.0 SILTY-CLAY, light yellow to brown

23.0-46.5 SAPROLITE, dolomitic light yellowish brown to light brown

MIDDLE CAMBRIAN ELBRCOK FORMATION (lower part)

46.5-51.0 DOLOMITE, alternating tan and gray, fine grained with argillacecus partirgs,
dip 55 degrees

51.0-53.0 DOLCMITE, gray, fine grained, mm laminated, argillaceous with calcite veins
and vugs

53.0-60.0 DOLOMITE, light gray, fine to medium grained, mm-0.5cm laminated; scme wavy
laminations; interlaminated with minor QUARTZ-SILT laminations
(53.9-54.0) , dip 50 degrees

60.0-60.,35 CLAY, light gray

60.35-69.75 DOLOMITE, light gray and tan, fine grained, am bedded, interlaminated with
DOLOMITE, light gray, mm-0.25cm laminated, fine grained and QUARTZ-SILT,
very light gray, 0.25cm laminated

69.75~-73.5 DOLCMITE, tan, fine grained, mm—am laminated, with mmudcracked-disrupted
laminations, argillaceous partings, minor calcite veins; core is badly
weathered

73.5=77.25 CLAY, light gray with dolomite chips

77.25-81.5 DOLCMITE, light tan and gray, fine grained, alternating rm laminated with
2.0cm bedded; QUARTZ-SILT laminations (79.5)

81.5-84.5 CLAY, with dolomite chips

84,5-88.5 DOLOMITE, light brown and gray, fine grained, mm laminated to am bedded with
black argillaceous partings (cuttings frcem 84.3-86.5), dip 40 degrees

88.5-94.5 DOLOMITE, light gray, fine grained, mm-0.25cm laminated, with argillacecus
partings and bedding parallel calcite veins (cuttings from 88.5-94.0)

94.,5-96.75 DOLCMITE, light tan and gray, fine grained, mm-0.25cm laminated

96.75-99.1 DOLCMITE, light gray, medium grained, 0.25mm laminated to 1.0am bedded,

aggy
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99.1-101.3

101.3-101.8

101

105

107

110

113

116

117

125

126

132

135

137

141

147

149.4-153.

153.

.8-105.

.5-107.

.8-110.

.6-113.

.7-116.

.0-117.

.0-125.

.7-126.

.2-132.

.0-135.

.1-137.

.0-141.

.4-147,

.6-149.

7-160.

S

DOLOMITE, dark gqray, coarse grained, mm laminated with QUARTZ-SILT
laminations (100.3), vuggy

DOLOMITE, gray, fine grained, mm laminated

DOLOMITE, dark gray, fine grained, massive, very vuggy and argillaceous near
top

DOLOMITE, tan and gray, fine to medium grained, mm laminated and cm bedced
with argillaceous partings, calcite veins, weathered, dip 40 degrees

DOLOMITE, light gray, medium grained, mm laminated, scme wavy laminations

DOLOMITE, light gray, £fine grained, mm laminated and cm bedded with
argillaceous partings (cuttings frcom 112.0-113.0)

DOLOMITE, dark gray, coarse grained, wavy mm laminated, minor wugs with
calcite crystals

DOLCMITE, dark gray, fine grained, massive

DOLCMITE, light and dark gqray, fine grained, 0.25cm bedded with
interlaminated quartz-silt laminations (cuttings form 117.0-124.0)

DOLCMITE, light gray, medium grained, am bedded

DOLCMITE, tan and gray, mm laminated to am bedded, with argillaceous

partings (stylolitic), weathered and wvuggy, folded (cuttings £rem
126.2-128.0)

BRECCIA, gray, fine grained, dolomite clasts in a dolcmite cataclastic
matrix

BRECCIA, gray and white, massive, dolomite clasts in a calcite matrix
(possible solution breccia, or recrystalized matrix of tectonic breccia)

BRECCIA, gray, dolcmite clasts in a dolamite cataclastic matrix

DOLCMITE, light gray, 0.25cm—am bedded with argillaceous partings, wavy
soft-sediment disrupted laminations, mudcracked, very wvuggy ancé
fractured, folded

DOLCMITE, dark gray, fine grained, massive, highly fractured and vuggy

DOLOMITE, light gray, fine grained, mm laminated to an bedded with
argillaceous partings, fractured, weathered, dip 70 degrees (cuttings
frem 152-153.7)

BRECCIA, gray and white, dolomite clasts in a calcite matrix grading into
zones of DOLOMITE, mm laminated to am bedded wavy, disrupted laminaticns.
very vuggy, highly fractured



160.

165,
les6.
1le7.
168.
170.

170.

179.

181.

190.

194.

201

206.

210.

222,

228,

229,

231.

232.

8-165.9

9-166.9
9-167.8
8-168.5
5-170.0
0-170.1

1-179.9

9-181.0

0-190.0

0-194.5

5-201.5

.5-206.5

5-210.5

5-222.5

5-228.5

5-229.5

5-231.3

3-232.0

0-237.0

(@8]
o

BRECCIA, gray and white, dolomite clasts in a calcite matrix grading into
zones of DOLOMITE, altermating light to dark gray, fine grained, massive
to 3.0cm bedded, vugs with calcite crystals

DOLCMITE, light gray, fine grained, 0.5cm bedded, vuggy and fractured

CLAY, gray

BRECCIA, dolcomite clasts in a cataclastic dolomite matrix

DOLCMITE, dark gray, fine grained, 0.25cm laminated, dip 45 degrees

CLAY, gray

DOLCOMITE, light gray, fine grained, mm laminated with argillaceous partings;
bedding~parallel veins, folded

DOLCMITE, gray, coarse grained, 0.25cm laminated, fractured and weathered

DOLOMITE, light gray, fine grained, mm laminated to 0.25cm bedded with
argillaceous partings (cuttings frcm 188.5-190.0)

DOLOMITE, tan and gray, fine grained, mm laminated to oam bedded,
argillaceous and with argillacecus partings; vuggy, calcite crystals in
vugs

DOLCMITE, light gray, fine grained, 0.5cm-1l.0cm bedded, with very fine,
black, argillaceous laminations and thin stringers of pyrite

DOLOMITE, light gray, fine grained, mm laminated to cm bedded with
argillaceous partings; calcite veins, wvugs near bottom; QUARTZ-SILT
laminations at 201.5 and 203, dip 40 degrees

DOLCMITE, dark gray, fine grained, 0.5cm and 1.0cm bedded, pyrite rich
zones, argillaceous partings, calcite veins

DOLCMITE, light gray, fine grained, mm laminated to <cm bedded with a
argillaceous partings, calcite veins (cuttings from 210.5-222.5)

DOLOMITE, dark gray, coarse grained, 0.25cm bedded, fractured, small wugs
{cuttings from 222,5-228.5)

DOLCMITE, gray, medium grained, mm laminated to 0.5cm bedded (cuttings from
228.5-229.5)

DOLOMITE, dark gray, coarse grained, vuggy (cuttings frem 229.5-231.3)

DOLCMITE, dark gray, very fine grained, massive (cuttings frcm 231.3-232.0)

DOLCMITE, dark gray, very fine grained, massive, rare argillaceous partings,
dip 40 degrees



237.0-240.5

240.5-244.1

241.1-248.75

248,75-267.5

267.5-271.2

271.2-271.4

271.4-278.5

278.5-278.6

278.6-279.8

279.8-279.85
279.85-281.0
281.0-281.9
281.9-282,1

282.1-289.8

289.8-306.5

306.5-318.9

318.9-330.4

330.4-331.0

DOLCMITE, dark gray, fine grained, mm laminated to cm bedcded, argillaceous,
vuggy and fractures

DOLOMITE, light gray, medium grained, mm laminated to 0.5 cm bedded with a
few coarse—grained dolamite laminations, calcite veins, dip 30 degrees
DOLOMITE, light gray, £fine grained, mm laminated to an bedded with

argillaceous partings, vuggy and fractured near base

DOLOMITE, dark gray, fine grained, massive with interlaminated DOLOMITE,
fine grained, mm laminated to am bedded, wvuggy (cuttings freom
248.75-256.0 and from 257.0-266.0), dip 0 degrees

DOLOMITE, light gray, fine grained, mm laminated to cm bedded with
argillaceous partings, very vuggy, jointed

BRECCIA, gray and white, dolcmite clasts in a crystalline calcite matrix

DOLOMITE, light gray, fine grained, mm laminated to an bedded with
argillaceous partings, weathered zones, dip 15 degrees

CHERT, black, fine grained

BRECCIA, gray and white, dolcmite clasts in crystalline calcite matrix
grading into highly fractured DOLCMITE, mm laminated to cm bedded near
base

CHERT, black, fine grained

BRECCIA, gray and white, dolomite clasts in crystalline calcite matrix

DOLOMITE, gray, fine grained, massive, dip 5 degrees

CHERT, black, fine grained

OOLOMITE, light gray, fine grained, mm laminated with argillaceous partings,
vuggy, clacite veins

BRECCIA, gray and white, dolomite clasts in crystalline calcite matrix,
clasts range fraom less than 0.5 an diameter to greater than 3.0 cm
diameter, interbedded and grading into DOLOMITE, light gray, fire
grained, mm laminated to 0.5 cm bedded with argillaceous partings,
calcite veins and vugs (cuttings from 302.0-305.0), dip 40 degrees

DOLOMITE, light gray, £ine grained, mm laminated to <m bedded with
argillaceous partings, vuggy and highly fractured near top, folded

DOLCMITE, light gray, medium grained, mm laminated to cm bedded grading into
BRECCIA, gray and white, dolomite clasts in crystalline calcite matrix,
calcite veins and vugs abundant, folded

BRECCIA, gray and white, dolomite clasts with calcite matrix

FAULT

-



331.0-343.

343.6-351.

351.0-365.

365.8-366.

366.0-372.
372.7-373.

373.4-374.

374.0-399.

399.1-408.
408.5-428.
428.5-435,

435,0-437.

437.0-466.

466.0~-469.

469.0-478.

[08]
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DOLCMITE, 1light gray, fine grained, rm laminated to am bedded with
argillaceous partings; pyrite rich laminations (335.0), stylolitic, dip
ranges from 90 degrees near top to 75 degrees near base

DOLCOMITE, light gray, medium grained, massive to very finely mm laminated,
stylolitic with mm to 0.5 cm black argillaceous partings

DOLOMITE, light gray, fine grained, rmm laminated to au bedded, with
argillaceous partings, several calcite matrix breccia peds; numercus vugs
and calcite veins, stylolitic; medium grained loose sand was recovered
from 2 vugs {approximately 362-363), dip 90 degrees

FAULT
CLAY, black, fine grained, slickensided (fault gouge)

DOLOMITE, light gray, fine to medium grained, mm laminated to cm bedded,
very fine stylolitic laminations near base, vuggy near base, dip 25
degrees

DOLCMITE, gray, medium grained, massive
BRECCIA, white and gray, dolomite clasts in crystalline calcite matrix

DOLOMITE, light gray, fine grained, mm laminated to cm bedded; minor calcite
veins

DOLCMITE, light gray, fine grained, 0.5 an-2.0 cm bedded, with numercus
argillaceous partings, interbedded with BRECCIA, dolcmite clasts in
crystalline calcite matrix (cuttings from 407.0-408.5)

DOLOMITE, light gray, fine grained, mm laminated to cm bedded, with numercus
argillaceous partings, minor calcite veins and vwvugs, brecciated
(approximately 425.0-425.5) and folded (408.5-411.5)

DOLQMITE, alternating light and dark gray, fine grained, mm laminated to cm
bedded, argillaceous , wvugs and disrupted wavy laminations near base
(cuttings from 434.0-435.0)

DOLOMITE, dark gray, fine grained, mm laminated to cm kedded, very vuggy and
folded

DOLOMITE, altermating light and dark gray, fine grained, mm laminated to cm
bedded, with argillaceous partings, fractured, vuggy, stylolitic, dip 35
degrees (cuttings from 437.0-439.0 and 460.5-466.0)

DOLCMITE, dark gray, tine to medium grained, mm laminated, argillacecus
(cuttings from approximately 467.0-468.5)

DOLOMITE, light to dark gray, fine grained, finely mm laminated, minor
calcite veins



38

478.

483.

487.

490.

494,

495.

498,

499,

501.

514.

518.

539.

562.

563.

4-483.0

0-487.0

0-490.0

0-494.5

5-495.8

8-498.5

5-499.6

6=-501.5

5-514.5

5-518.0

0-539.75

75-562.5

5-563.4

4-577.8

BRECCIA, gray and white, dolomite clast in calcite matrix with interbedced
DCOLCMITE, light gray, fine grained, mm laminated, wvuggy and highly
fractured (cuttings from 480.5-481.5)

DOLCMITE, dark gray, medium to coarse grained, mm laminated to cam bedded
with argillaceous partings, fractured (cuttings from 483.0-484.0 and
484.5-487.0), dip 15 degrees

DOLOMITE, sugary white and black, coarse grained, massive, wvugs, calcite
veins and stylolites, dip 28 degrees

DOLOMITE, light gray, fine grained, mm laminated to <m bedded with
argillaceous partings, stylolitic (cuttings frcm 493.5-494.5)

DOLOMITE, light gray, medium grained, mm laminated to 0.5cm bedded with
argillaceous partings

BRECCIA, gray and white, dolomite clast in crystalline calcite matrix
interbedded with DOLOMITE, light gray, coarse grained, 0.5cm bedced,
numercus vugs and fractures

DOLOMITE, dark gray, fine grained, mm laminated to oam bedded with
argillaceous partings

DOLCMITE, light gray, medium grained, massive to cm bedded (cuttings frcm
499.6-500.8); dip 45 degrees

DOLOMITE, light gray, fine grained, mm laminated to 2.0cm bedded, with
argillaceous partings, wavy laminated in places, QUARTZ-SILT laminations
(307.0-508,0) , BRECCIA, dolomite clasts in calcite matrix (513.5-513.7)

DOLOMITE, light gray, fine grained, 0.5cm bedded with argillacecus partings,
stylolitic, pyrite blebs near top, and QUARTZ-SILT laminations near base

FAILT

DOLCMITE, light gray, fine grained, mm laminated to om bedded with
argillaceous partings, numerous calcite veins, crystal filled vugs,
pyritic stylolite seams, interbedded with BRECCIA, dolcomite clast with
calcite matrix (cuttings from approximately 531.0-532.5 and 537.5-539.75)

BRECCIA, dark gray, dolomite clast in coarse grained cataclastic dolcmite
matrix, clasts unsorted, angular to rounded, ranging frcm less than 1.0cm
to greater than 3.0cm in diameter, very vuggy

BRECCIA, dolomite clasts in cataclastic dolomite matrix grades down into

fractured DOLOMITE, mm laminated, interbedded with BRECCIA, dolcmite
clasts in calcite matrix

DOLOMITE, light gray, fine grained, mm laminated to cm bedded, with
argillaceous partings, stylolitic in places, minor wugs and calcite
veins, dip 70 degrees



577.

584.

594,

594,

609.

610.

619.

619.

621.

623.

628.

631.

635.

636.

637.

640.

641.

641.

8-584.1

1-594.3

3-594.5

5-609.5

5-610.0

0-619.5

5-619.55

55-521.0

0-623.6

6-628.5

5-631.5

5-635.4

4-636.2

2-637.0

0-640.1

1-641.5

5-641.9

9-644.0

O

)

BRECCIA, dolomite clasts in crystalline calcite matrix, interbedded with
DOLOMITE, light to dark gray, fine grained, mm laminated to 2.0cm bedded,
fractured, stylolitic argillacecus partings

DOLOMITE, light gray, fine to medium grained, 0.5cm~1.0cm bedded with
argillaceous partings (cuttings alternate with bedded dolomite
throughout) , dip 25 degrees

SHALE, black, fine grained

DOLOMITE, light gray, fine grained, mm laminated with argillaceous partings,
minor wvugs and calcite fractures (cuttings from 597.0-599.5 and
601.0-606.3)

BRECCIA, dolomite clasts in cataclastic dolomite matrix

DOLOMITE, light to dark gray, fine to very fine grained, with argillaceous
seams and mm thick partings

SHALF, black, fine grained, finely laminated

DOLCMITE, dark gray, very fine grained, massive with interlaminated SHALE,
black, fine grained, mm laminated, stylolitic

DOLCMITE, light to dark gray, very fine grained, massive, minor calcite
fractures and vugs

DOLCMITE, dark gray, fine grained, mm laminated to cm bedded, weathered
“rotten rock" in zones (cuttings at top and base), dip 38 degrees

DOLOMITE, light gray, medium to coarse grained, mm laminated, highly
brecciated with numerous wvugs

DOLCMITE, alternating light and dark gray, mm laminated to cm bedded, fine

to medium grained, argillaceous, limy

SHAIE, black, very fine grained, nmm laminated interlaminated with
LIMEY-DOLCMITE, gray, fine grained, very argillaceous

BRECCIA, cdolomite clast in cataclastic dolomite matrix

DOLOMITE, gray, fine to medium grained, mm laminated to cm bedded with
stylolitic seams, limy

DOLCMITE, gray, fine grained, mm laminated, numerous fractures, dip 28
degrees

FAULT
BRECCIA, dolomite clasts in cataclastic dolomite matrix

DOLOMITE, light gray, fine grained, mm laminated to cm bedded, stylolitic



ac

644

646

653

658

705.

711.

724,

725.

740.

744,

767.

768.

773.

775.

776.

776.

777.

.0-646,

.4-653.

.0-658.

.7-705.

3-778.

0-711.

0-724.

0-725.

0-740.

5-744.

0-767.

2-768.

9-773.

0~775.

0-776.

1-776.

6-777.

DOLOMITE, dark gray, fine grained, mm laminated with interlaminated SHALE,
black, fine grained, mm laminated, dip 71 degrees

DOLOMITE, light gray, medium grained, massive, very vuggy (cuttings from
approximately 648.5-653.0)

DOLOMITE, alternating light and dark gray, fine to medium grained, massive
to com bedded, interbedded with BRECCIA, dolomite clasts in calcite
matrix, very vuggy

DOLOMITE, alternating light and dark gray, fine grained, mm laminated to cm
bedded with argillacecus partings, stylolitic, vuggy, fractured, folded
and brecciated, and SHALE, black, fine grained, 2.0cm bedded to very
finely laminated (approximately 670.5-672.0) (cuttings numerous
throughout section)

BRECCIA, dolomite clasts in cataclastic dolomite matrix with minor interbeds
of DOLOMITE, light gray, fine grained, 0.5am bedded, highly fractured
(cuttings at top and from 707.0-708.1)

DOLOMITE, light to dark gray, fine grained, mm laminated to <m bedded, with
argillaceous partings, highly folded (cuttings frem 713.9-717.5 and
721.5-724.0)

BRECCIA, light gray, dolamite clasts in clay matrix

DOLQMITE, light gray, fine grained, mm laminated to am bedded with
argillaceous partings, minor calcite veins, and QUARTZ-SILT laminations
(736.0-736.5) , dip 42 degrees

DOLCMITE, dark gray, fine grained, alternating mm laminated and am beddced,

with black, stylolitic, argillaceous partings, argillaceous to shaly near
base

DOLOMITE, light gray, fine grained, mm laminated to am bedded, with
argillaceous partings, wavy laminated on part (cuttings nurerous
throughout section), dip 22 degrees at base

DOLOMITE, light gray, alternmating medium and fine grained, mm laminated

DOLOMITE, light gray, fine grained, mm laminated to <m bedded with
argillaceous partings, minor calcite fractures, dip 28 degrees

DOLOMITE, dark gray, fine grained, mm laminated to 0.5cm bedded with black
argillaceocus partings

DOLCMITE, light gray, very fine grained, massive

DOLOMITE, light gray, fine grained, mm laminated, with mm laminations or
disseminated pyrite

DOLCMITE, light gray, very fine grained, massive

BRECCIA, gray and white, dolomite clasts in a crystalline calcite matrix



778.

781

787

788.

810.

824

835.

837.

839.

853.

879.

885.

886.

888

888.

2-781.3

.3-787.0

.0-788.2

2-810.0

0-824.5

.5-835.4

4-837.75

75-839.7

7-853.0

0-879.75

75-885.5

5-886.25

25-888.25

.25-888.65

65-891.5

61

DOLCMITE, light gray, very fine grained, massive with minor mm thick calcite
veins

DOLOMITE, dark and light gray, fine grained, mm laminated to massive
(cuttings from 781.3-787.0)

DOLOMITE, light gray, medium grained, cm bedded, wvuggy and fractured, dip 28
degrees (cuttings 6 inches at top)

DOLOMITE, 1light gray, fine grained, mm laminated to om bedded with
argillaceous partings, numerous calcite veins, zones of highly fractured
and brecciated rock (798.5), folded (cuttings from 800.1-801.0 and frcm
807.2-807.5)

DOLCMITE, dark gray, fine to very fine grained, 0.5cm bedded with numerous
argillacecus partings, becomes more argillacecus frcm 819.0-824.5,
numerous calcite fractures, few pyrite blebs, dip 40 degrees (cuttings
fram 810.0-814.5, 817.5-818.5, 819.5-820.0 and 823.0-824.5)

DOLCMITE, light gray, fine grained, mm laminated to am bedded, argillaceous,
numerous calcite veins, disseminated pyrite, dip 43 degrees (cuttings
from 824.5-827.5 and frcm 832.0-833.5)

DOLCMITE, dark gray, medium grained, mm laminated to 0.5an bedded, minor
calcite veins, dip 44 degrees

DOLOMITE, light gray, fine grained, mm laminated to 0.5cm bedded with
argillaceous partings

BRECCIA, gray and white, dolamite clasts in a crystalline calcite matrix
with interbedded DOLCMITE, light gray, fine grained, mm laminated,
intensely folded and fractured, dolomite becomes more argillacecus deown
section and grades into a dolemitic-phyllitic argillite, pale green to
gray (cuttings frcm 848.1-851.75)

BRECCIA, alternating green and gray, dolomite and/or phyllitic argillite
clasts in a cataclastic dolomite (minor calcite) matrix, green phase is
poorly consolidated, gray phase well indurated, interbedded with highly
fractured zones of DOLCMITE, light gray, fine grain, mm laminated

BRECCIA, pale green and gray, dolomite and phyllite clasts in a poorlv
indurated dolomite-clay matrix (cuttings from 882.0-885.0)

SHALE, dolcomitic; gray and green
LOWER CAMBRIAN ROME FORMATION
MUDSTONE, calcareous, mottled green, red-brown, fine grained, massive
bedded, and DOLOMITE, gray, fine grained, fractured
MUDSTONE, calcareous, mottled red, brown and green, massive !

MUDSTONE, calcareous, phyllitic green, fine grained, nmm laminated,
brecciated (all cuttings)



891.5-894.5

894.5-901.5

901.5-905.0

905.0-913.0

913.0-913.75

913.75-919.5

919.5-945.0

945.0-945.75

945,75-946.9
946.9-950.5

950.5-952.5

952.5-956.0

956.0-957.75

957.75-962.75

962.75-966.25

966.25-971.4

971.4-594.1

994.1-1003.25

DOLOMITE, gray, fine grained, mm laminated with green argillaceous partings,
dip 16 degrees

DOLOMITE, gray, fine grained, mm laminated to 0.5cm bedded, interlaminated
with MUDSTONE, phyllitic, calcareous, green (all cuttings)

MUDSTONE, calcarecus, mottled red-brown and green, massive (all cuttings)

MUDSTONE, phyllitic, red-brown to dark red, interlaminated with DOLOMITE,
gray to green, fine grained, mm laminated to 0.5cm bedded with minor
silty laminations and green argillaceous partings, dip 50 degrees

BRECCIA, phyllitic, green

MUDSTONE, phyllitic, dark red, green, massive with interbecdded DOLCMITE,

light gray, fine grained, 0.5 cm bedded, highly fractured with numrerous
calcite veins, dip 48 degrees

DOLOMITE, light gray, fine grained, mm laminated to om bkedded, with
pale—green phyllitic partings, interbedded with PHYLLITE, mottled
red-brown and green (all cuttings)

DOLOMITE, light gray, fine grained, mm laminated to cm bedded with MUDSTONE,
phyllitic, red-brown with green argillacious partings, dip 35 degrees

MUDSTONE, dark red and mottled green
COLOMITE, gray, fine grained, mm laminated

MUDSTONE, phyllitic green and dark red, with interbedded DOLCMITE, gray,
fine grained, dip 34 degrees

MUDSTONE, calcareous, phyllitic, green, with minor dark red laminations

DOLQMITE, argillaceous, light to dark gray, mm laminated to 0.5am bedded,
(all cuttings)

DOLOMITE, light gray, medium grained, mm laminated to cm bedded, with
argillaceous partings, stylolitic and vuggy

DOLOMITE, argillaceous, dark gray, medium to fine grained

BRECCIA, light gray, fine grained, dolomite clasts in a very fine grained
cataclastic dolcmite matrix

DOLOMITE, light to medium gray, fine grained, mm to 0.5cm laminated,
brecciated with MUDSTONE, light green, finely laminated with phyllitic
green partings {cuttings deminate section)

MUDSTCNE, phyllitic, green and dark red streaked massive to mm laminated,
brecciated; with minor DOLCMITE, light gray, fine grained

1003.25-1032,25 DOLCMITE, light to medium gray, fine grained, mm laminated to 2.0cm bedced,

argillaceous partings, stylolitic, wvuggy, calcite veined with MUDSTONE,



1032.25-1035.0

1035.0-1054.3

1054.3-1087.67

1087.67-1113,58

1113.58-1132.5

1132,5-1165.17

1165.17-1179.0

1179.0-1211.0

1211.0-1256.25

1256.25-1278.0

1278.0-1279.0

1279.0-1295.33

1295.33-1301.0

1301.0-1353.75

phyllitic, calcarecus green, massive, brecciated (one-third of section is
cuttings)

MUDSTONE, phyllitic, dark red with very minor green and gray dolomitic
laminaticns

DOLOMITE, light gray, fine grained, argillaceous partings, wvuggy with
MUDSTONE, calcareous, dark green, calcite veined and brecciated (cuttings
throughout section) dip 46 degrees

MUDSTONE, calcarecus, phyllitic, alternating dark red and green
interlaminated and interbedded with DOLOMITE, light gray, fine grained,
stylolitic partings, minor calcite veins

DOLOMITE, alternating light and dark gray, fine graired, mm laminated to cm
bedded, minor argillaceocus partings and MUDSTCNE, phyllitic, green,
massive (cuttings from 1098.5-1101.0), dip 26 degrees

BRECCIA, alternating green and gray, phyllitic rudstone and dolcmite clasts
in a dolomite-calcite cataclastic matrix

DOLOMITE, light gray, mu laminated to massive, green phvllitic partings,
brecciated and interbedded with MUDSTCNE, green, phyllitic., Section is
folded, brecciated, dips range from 5-20 degrees

BRECCIA, green and gray, dominantly phyllitic clasts in matrix of macerated
mudstone and minor brecciated dolcmite, well consolidated

MUDSTONE, alternating and mottled dark red and green, phyllitic, calcareous

and DOLQMITE, light grayish—green, fine grained, massive to an bkedded,
dips 32-51 degrees (cuttings throughout section)

DOLOMITE, light gray, fine to very fine grained, massive to 3.0cm bedded,

and MUDSTCNE, green, phyllitic, calcareous, folded (cuttings numercus
throughout section)

MUDSTCNE, alternating dark red and green, mm laminated, brecciated, dip 40
degrees (Entire section is cuttings and fractured pieces.)

BRECCIA, green, phyllitic clasts in calcite matrix
DOLOMITE, light and dark gray, fine grained, mm laminated to cm bedded, with
minor MIDSTONE, green, phyllitic, section 1s highly folded and
brecciated, dip 35 degrees
BRECCIA, light gray, dolcmite clasts in cataclastic calcareous matrix, vugey
FAULT (Breccia truncates vertical beds below.)
MIDDLE CAMBRIAN ELBROOK FORMATION
DOLCMITE, alternating light ancd dark gray, fine grained with minor green

phyllitic partings, vuggy and fractured, brecciated zones, pvrite rich
and minor MUDSTONE, green, phyllitic, calcareocus. Beds are vertical in



44

1353.

13%6.

1422.

1568.

1578.

l6l0.

1642,

1663.

1672.

1690.

1724.

1750.

1771.

top of section and dip 50 degrees at bottom (cuttings throughtout
section)

75-1396.0 BRECCIA, alternating gray and green, unsorted rounded and angular clasts of
phyllitic mudstone and fine-grained dolcmite ranging from less than
0.5cm=5.0cm long, in a well-indurated matrix of macerated phyllite and
cataclastically crushed dolomite, clasts non-bedded, randemly scatter
(cuttings throughout section)

0-1422,0 MUDSTONE, light green, phyllitic, calcarecus, with interbedded DOLOMITE,
gray-green, fine grained (entire section is cuttings)

0-1568.0 BRECCIA, alternating gray and green, well to poorly indurated, dolcmite and
phyllitic mudstone clasts in a cataclastic calcareous and phyllitic
matrix (cuttings throughout section)

0-1578.0 DOLCMITE, light gray, fine grained mm laminated to massive, wvugav, calcite
veined, grading into highly brecciated zones

0-1610.67 DOLOMITE, gray, fine grained, massive, stylolitic with numerous wugs,
calcite veins and breccia zones, dip 70 degrees

67-1642.8 BRECCIA, gray and green, dolamite <clasts 1n poorly consolidated
clay-dolomite matrix, zone of calcite dominated matrix near bottcm

8-1663.5 DOLCMITE, alternating light and dark gray, fine grained, black stylolitic
partings, dip 40~50 degrees

5-1672.6 BRECCIA, gray, well indurated, crudely layered to massive, dolcmite clasts
in a cataclastic matrix

6-1690.0 DOLCMITE, alternating light and dark gray, fine grained, mm laminated to cm
bedded, brecciated, stylolitic (cuttings throughout section)

0-1724.5 BRECCIA, gray with minor green, dolomite clasts in very well-indurated
cataclastic matrix, zones of recrystallized matrix, clasts range frcm
less than l.0cm to greater than 8.0cm long .

5-1750.0 DOLOMITE, dark gray, fine grained, argillaceous partings, folded and
brecciated '

0-1771.0 BRECCIA, dark gray, dolomite clasts in a cataclastic dolcmite matrix, very
vuggy, crudely layered in zones, recrystallized matrix in zones

0-1773.5 DOLCMITE, dark gray, fine grained, mm laminated to 0.5cm bedded, calcite
veined (cuttings in lower part)

(BOTTCM CF HOLE)



Well: Sunnyside Test (W-6534)

Parm: South "40" Investments

Driller: Joy Manufacturing

Location: Radford North 7.5-minute quadrangle

Lat.: 37°13'48"
Long.: 80°32'30"

Elevation: 2015 feet
Total Depth: 1672.0 feet
Started drilling: April 1, 1982
Finished drilling:May 13, 1982

Sample descriptions by A. P. Schultz, C. B. Stanley, and M. J. Bartholomew;
Virginia Division of Mineral Resources

Reference: Core obtained by Virginia Division of Mineral Resources
through D. O. E. Grant number DE-FG44-81R410431
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INTERVAL (FEET)

0.0-18.0

18.0-38.0

38.0-40.8

40.
44,

70.

8l.
83.
85.

89.

102.

10s.

lo8.

121.
145,

147.

150.
155.
159.
l64.

169.

8-44.1
1-70.0

0-81.0

0-83.0

5-106.
0-108.

2-121.

3-145,
4-147.

4-150.

0-155.
5-159.
5-164.

3-169.

4-171

0-85.45
45-89.0

0-102.5

.3

SUNNYSIDE TEST WELL
DESCRIPTICN

MISSISSIPPIAN MACCRADY FORMATION
CASING, dark red and tan clay and weathered rock cuttings
MUDSTCNE, dark red, with few well-bedded gray lenses, dip 32 degrees
MUDSTCNE, gray, with mottled nodular ironstone
SANDSTONE, dark red, fine grained, with rare green pcds
MUDSTONE, dark red, irregulafly bedded, with green mottles

SANDSTONE, dark red to light gray, fine grained, with abundant dark red
siltstone lenses

SANDSTONE, light gray, fine grained, with minor mudstone streaks
SANDSTONE, light gray, medium grained, with mincr mudstone streaks
SANDSTONE, light gray, fine grained, with mincor mudstone streaks

MUDSTONE, dark red with some green mottling, abundant carbonate lenses, rare
ironstone nodules and rare siltstone streaks

CARBONATE, tan, with mottled green mudstone, irreqularly bedded to massive
MUDSTONE, mottled dark red and olive green, with abundant carbonate nodules

SANDSTONE, light dark red to gray, fine grained, with siltstone partings and
abundant carbonate lenses

SANDSTONE, light gray, medium grained, with silty partings, dip 28 degrees
MUDSTONE, dark red, minor green mottling

SANDSTONE, green with dark red partings, fine to medium grained, with
carbonate nodules

MUDSTCNE/FINE GRAIN SANDSTONE, interbedded, green with dark red mottling
MUDSTCNE, dark red, massive

MUDSTONE, dark red, with tan carbonate ncdules

MUDSTONE/SILTSTONE, interbedded, dark red and green, mottled

SANDSTONE, light gray, fine grained, thick bedded



ag

171.3-175.2
175,2-176.9

176.9-193.7

193.7-201.0
201.0-208.4

208.4-216.3

216.3-237.5

237.5-290.0

290.0-306.2

306.2-307.98
307.98-310.8
310.8-315.0

315.0-328.6

328.6-343.3
343.3-344.0

344.0-350.3

350.3-358.6
358.6-359.0

359.0-364.5

364.5-380.0

380.0-383.45

SILTSTONE, dark red, with mottled green partings
SILTSTONE, dark red, with tan carbonate nodules

SILTSTOME, dark red with green mottling, with fine grained dark rec
sandstone streaks and lenses, and rare dark red mudstone partings

MUDSTONE, green and dark red, mottled, with siltstone lenses
MUDSTONE, mottled dark red and green with abundant carbonate lenses

MUDSTONE, dark red/SANDSTONE, gray, fine grained, interbedded, with rare
dark red siltstone partings

SANDSTCNE, medium gray, medium grained with greenish lenses and mudstone
partings
MUDSTONE, mottled dark red and green, irregularly bkedded, with minor
medium-gray massive to crossbedded siltstone beds near top of unit, rare
carbonate nodules
MISSISSIPPIAN PRICE FORMATICN (upper member)

SANDSTCNE, gray to greenish gray, rfine grained, with siltstone lenses and
partings, dip 20 degrees

MUDSTONE, greenish gray, with siltstone lenses
SANDSTCNE, gray, with minor siltstone and mudstone lenses
MUDSTONE, greenish gray, massive

SILTSTCNE, greenish gray, to sandstone, gray, fine grained, coarsening
upward sequence, abundant greenish—gray mudstone partincgs near base

MUDSTONE, dark red and green, mottled, rare siltstone lenses and partings
MUDSTONE, dark red and green mottled, with abundant carbonate nodules

SANDSTCNE, grayish green, fine grained, massive, with abundant siltstone
partings, fining upward sequence

MUDSTONE, dark red, laminated to irregularly bedded
MUDSTONE, dark red, with abundant carbonate nodules

SILTSTONE, greenish-gray and SANDSTCNE, greenish gray, fine grained,
interbedded

MUDSTCNE, dark red, laminated, with rare green mottled layers

SILTSTNE, dark red, massive



383.

390

393

399.

406.

407

409.

410.

479.
481.
482.
487.
490.
494,
515.
520.
522.

526.

535.
536.

537.

46

45-390.22 GSANDSTONE, greenish gray, fine grained and SILTSTONE, greenish gray.,

.22-393.3

.3-399.0

0-406.8

8-407.8

.8-409.5

5-410.1

1-422.5

.5-444.3
.3-453.0
.0-455.8

.8-479.8

8-481.0
0-482.0
0-487.5
5-490.0
0-494.0
0-515.0
0-520.0
0-522.0
0-526.0

0-535.0

0-536.2
2-537.7

7-538.2

interbedded, abundant carbonate nodules
MUDSTONE, mottled, dark red and greenish gray, massive

SANDSTONE, medium gray, fine grained, with abundant dark—greenish-gray
siltstone partings

MUDSTONE, dark red and green mottled, massive
SILTSTONE, dark greenish gray

MUDSTCNE, dark red and green, mottled, massive
MUDSTONE, dark red, with abundant carbonate nodules

SANDSTONE, medium gray, fine grained, with abundant dark-greenish-gray
siltstone parting and lenses

MIDSTONE, dark red and dark greenish gray, mottled
SILTSTONE, dark greenish gray, massive
MUDSTONE, dark gray, massive

SANDSTONE, medium gray, fine grained and SILTSTONE, medium gray,
interbedded, massive

MUDSTONE, dark gray, with greenish—-gray siltstone streaks

MUDSTCNE, dark red and gray, mottled

MUDSTCNE, dark gray, massive

MUDSTONE, dark red and dark gray, mottled

MUDSTONE, dark gray

MUDSTONE, dark red and dark gray, mottled

MUDSTONE, dark gray, with minor dark red mottling, disrupted bedding
MUDSTONE, dark red and dark gray, mottled

MUDSTONE, dark gray, disrupted bedding

MUDSTONE, dark red and gray green, mottled, rare green siltstone partings,
dip 40 degrees '

MUDSTONE, light olive green, massive, broken at top
MUDSTONE, light clive green with tan carbonate nodules

MUDSTCNE, light olive green, massive



5C

538.2-539.2
539.2-539.6
539.6-542.4
542.4-543.8
543.8-546.85
546.85-547.3
547.3-548.9
548.9-553.6
553.6-555.05
555.05-557.09
557.09-557.87

557.87-574.2

574.2-577.37
577.37-588.13

588.13-594.75

594.75-595.47
595.47-597.9

597.9-599.6

599.6-602.1
602.1-607.29

607.29-609.04

609.04-612.07
612.07-612.72
612.72-614.62

614.62-617.85

MUDSTONE, dark red, massive

MUDSTCNE, olive green, massive

SILTSTCNE, light olive green, finely laminated
MUDSTONE, olive green, silty

MUDSTCNE, mottled dark red and olive green
MUDSTONE, olive green with minor dark red mottles
MUDSTCNE, light olive green, with siltstone laminae
SANDSTONE, very fine grained, wavy laminated
MUDSTONE, dark olive green, massive

MUDSTONE, dark red and gray-green, mottled
MUDSTCNE, olive gray, massive

SANDSTONE, very fine grained, with interbedded siltstones and minor mudstone
partings, light olive green, and rare tan carbconate streaks

MUDSTONE, olive green, massive
MUDSTONE, dark red and light olive green, nmottled to crudely layered

MUDSTCNE, light olive green with interbedded siltstone, minor tan carbonate
blebs

MUDSTONE, dark olive gray with black partings and minor dark red mottles
SILTSTONE, olive green, massive, carbonate blebs near top

SANDSTONE, very fine 'grained, with siltstone interbeds, light olive gray,
minor carbonate blebs

MUDSTONE, dark olive green, massive, carbonate streaks
MUDSTONE, dark red with minor olive green mottles, massive

MUDSTCONE, very silty, light olive green and rare dark red mottling, with tan
carbonate nodules

MUDSTONE, light olive green, slightly silty, rare dark red mottling
MUDSTCNE, dark red, massive
SANDSTONE, light olive green to dark red ,fine grained, massive

MUDSTONE, olive green and dark red, laminated, mottled tan carbonate near
top '



617.85-619.05
619.05-619.65
619.65-622.74
622.74-625.5

625.5-630.93

630.93-632.53
632.53-634.33
634.33-644.43
644.43-646,37

646.37-651.42

651.42-655.2
655.2-657.85
657.85-661.65
661.65-622,65
662.65~669.4
669.4-669.8
669.8-674.68
674.68-677.49
677.49-686.7
686.7-690.25

690.25-713.56

713.56-714.57
714.57-717.73
717.73-728.16

728.16-749.74

749,74-750.86

N
—

MUDSTCNE, tan and light olive green mottled, massive

MUDSTONE, dark red and green, silty, massive

CARBONATE, tan, and mudstone, light olive green, mottled

MUDSTONE, light olive green, silty

MUDSTONE, dark red, minor olive green

MUDSTCNE, light olive green, minor carbonate blebs

MUDSTONE/SILTSTONE, interbedded, light olive green

MUDSTCNE, silty, interbedded dark red and dark olive green

SANDSTONE, very fine grained, with interbedded silty rudstone, olive grav

MUDSTCNE, silty, olive green with dark gray streaks, rare dark red laminae,
rare carbonate blebs

MUDSTONE, gray-green, massive, minor carbonate blebs, dip 10 degrees
MUDSTONE, dark olive green, with abundant tan carkonate

SILTSTONE, light gray, interbedded mudstone, light gray

SANDSTCNE, medium grained, light gray

MUDSTCNE, gray with interbedded siltstones, massive

FAULT ZONE, disrupted green mudstone with calcite infilling, slickensided
MUDSTONE, gray, massive

SILTSTCNE, gray, with interbedcded mudstone

MUDSTONE, olive, massive

MUDSTCONE, dark red and light olive green, mottled, rare carbonate streaks

MUDSTONE, with interbedded siltstone gravish green, rare carbonate streaks
in top 3.0 ft.

SILTSTCNE, tan with black streaks, massive
SILTSTONE, with interbedded mudstones
MUDSTONE, dark olive green to gray, minor siltstone laminae, massive

MUDSTONE, dark red and light olive green, minor silt laminae, rare carbcnate
near top

MUDSTCNE, light olive green, tan carbonate nodules abundant



750.86-756.44

756.44-764.48

764.48-773.7

773.7-781.11

781.11-786.,

786.98-790

790.26-79%4.

794.11-795

98

.26

11

.0

795.0-797.25

797.25-811.

811.43-815.
815.08-815.

815,51-818.

818.85-826.

826.69-831,

831.68-833.

833.73-839.
839.35-842.
842.63-844,
844;89-847.

847.39-850.
850.73-851.

851.97-852.

43

08

51

85

69

68

73

35

63

89

39

73

97

97

SILTSTONE, with interbedded mudstone, light gray, horizontally beddec
SANDSTONE, fine grained, and siltstone, interbedded, light gray

SANDSTONE, fine to medium grained, alternating light and medium gray, 1-6 am
thick bedding, crossbedded, rippled

SANDSTONE, medium to coarse grained, horizontal sets with subtle cross
lamination, light gray, erosional base

MUDSTONE, alternating dark gray and gray green, soft sediment slump features
MUDSTONE, light gray with dark gray streaks

SILTSTONE, light gray, with medium gray mudstone lenses

MUDSTCNE, medium gray, massive

SILTSTONE, with mudstone interbedded, medium gray

MUDSTONE, medium to dark gray, alternating massive to thinly laminated ccaly
partings, rare burrows

MUDSTONE, black, finely laminated, rare coal partings
MUDSTCNE/SILTSTONE, interbedded, medium gray

MUDSTONE, dark gray green, with black, irreqular, mudstone flow structures,
rare carbonate ncdules

MUDSTONE, olive green, with mottled tan carbonate nodules

SILTSTCNE, greenish gray with medium gray mudstone partings, ripple
cross—-laminated
MUDSTONE, medium gray, with light gray siltstone laminae

SANDSTONE, fine grained, light gray with interbedded and interlaminated
dark-gray mudstone, flaser bedded near base

MUDSTCNE, dark gray, with interbedded siltstones, light gray (mm laminae),
flaser bedding, disrupted bedding

SANDSTONE, fine to medium grained, alternating light to medium gray, miror
fracture at 844.6

MUDSTONE, dark gray with interbedded siltstones, light gray (mm laminae),
flaser bedded

MUDSTONE, dark gray to black, massive, dip 17 cdegrees

MUDSTCNE, dark gray, with mottled tan carbonate burrcow filling

- CARECONATE, tan, and mudstone, medium gray, interbedded, disrupted bedding



852.97-853.59
853,59-859.7
859.7-861.8
861.8-863.05

863.05-864.,15

864.15-867.8
867.8-880.35
880.35-880.76
880.76-882.66
882.66-884,02

884.02-895.0

895.0-918.85

918.85-926.55

926.55-944.72

944.72-946.92

946.92-951.08

951.08-953.38
953.38-955.33
955.33-958.23

958.23-960.0

960.0-967.61

967.61-973.06

973.06-974.6

(@]
(S}

CARBONATE, light gray, massive

MUDSTONE, gray green, massive

SANDSTCNE, fine grained, light gray with dark gray mudstone laminae
SILTSTONE/MUDSTONE, alternating dark and medium gray, convoluted bedding

MUDSTCNE,,
pyrite

dark gray, soft sediment slump, carbonaceous blebs, abundant

SILTSTONE, gray-green, massive, minor carbcnate near top
MUDSTCNE, gray-green, massive

CARBONATE, light gray to white, massive

MUDSTCNE, tan to olive, with black mottling

MUDSTONE, light olive green with tan to brown mottled ironstone

MUDSTONE,
lenses

light olive green, rare ironstone nodules, massive, rare silty

SILTSTONE with 1 to 3 cm interbedded fine grained sandstones,
ironstone nodules and stringers

scme with

SANDSTONE, medium grained, greenish gray, rare shale interclasts

MUDSTONE, dark olive gray, disrupted and convoluted bedding, rare pods of
fine grained sandstone and rare ironstone ncdules

MUDSTCNE, dark gray to black, minor silty laminae

SILTSTONE, medium gray, with 1 to 2 am brown ironstone nodules that exhibit
irreqular boundaries, dip 0 degrees

MUDSTCNE, grayish green, finely laminated

SANDSTCNE, fine grained, medium gray, massive

MUDSTCNE, olive gray, slightly silty, massive, rare dark-gray streaks

SILTSTCNE, light olive gravy with medium gray mottling and massive mudstone,
olivg gray, with brown ironstone and rare medium-gray silt partings,
massive

MUDSTONE, dark gray to black, black mottling

MUDSTONE, light gray to pale olive gray, with black mottling and 0.5 to 1.0
mm ironstone nodules ’

MUDSTONE, dark gray to black, rooted, ccaly partings
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974.6-976.2

976.2-976.9

976.9-980.8

980.8-984.3

984.3-985.5

985.5-992.35

992.35-995.25

995.25-1001.0

1001.

1009.

1020.

1020.
1020.
1026.
1026.
1026.
1027.
1027.

1027.

1035.
1035.

1041.

1044.

0-1009.12

12-1020.0

0-1020.15

15-1020.8
8-1026.22
22-1026.29
29-1026.49
49-1027.01
01-1027.7
7-1027.83

83-1035.1

1-1035.47
47-1041.97

97-1044.39

39-1072.2

BCNE, shaly

MUDSTONE, black, carbonacecus, and siltstone, medium gray, interbedded,
abundant plant fragments

MUDSTONE, gray green, mottled, massive, minor ironstone pebbles
MUDSTONE, alternating medium and dark gray, minor cm thick silty laminae
MUDSTONE, bony, black, massive

SANDSTONE, fine grained, medium gray, faint ripple cross-lamination, silty
near base, gradational lower contact

MUDSTONE, medium to dark gray, with silty lenses, sharp lower contact

SANDSTONE, very fine to fine grained, fining upward, faintly ripple
cross—laminated

SANDSTONE, medium gray, medium grained, faintly laminated to massive

SANDSTONE, medium gray, coarse grained, massive to very faintly
cross~laminated, rare plant fragments

LITHIC CONGLOMERATE, ironstone and shale pebble, matrix supported, very
coarse sand

SANDSTCNE, medium gray, very coarse grained, massive

SANDSTONE, light gray, medium grained, massive

BONE

LITHIC CONGLOMERATE, shale pebble, coarse sandstone matrix

MUDSTONE, dark olive gray, mottled

SANDSTONE, coarse grained, light gray, shale partings and rare coal spars
LITHIC CONGLOMERATE, shale pebble, coarse sandstone matrix

SANDSTONE, light gray, medium grained, massive, coarsens near base, rare
coal spars

LITHIC CONGLCMERATE, ironstone pebble, sand matrix
SANDSTONE, light gray, coarse grained, with coal partings

SANDSTONE, very coarse grained, light to medium gray, with -aburndant
l-cm-long ironstcone and shale pebbles, plant fragments, cross-bedded

SANDSTONE, medium grained, light gray, cross-bedded to massive, rare pebbles
and shale partings



1072.

1072.

1074.
1074.
1078.

1079.

1086

1088.
1089.
1091.

1093.

1094.

1098.
1099.
1104.
1105.
1108.
1110.
1110.

1110.

1112
1112
1113
1114

1115

2-1072.35

35-1074.44

44~1074.72
72-1078.88
88-1079.18

18-1086.17
.17-1088.88

88-1089.58
58-1091.05
05-1093.05

05-1094.95
95-1098.,19

19-1099.03
03-1104.33
33-1105.0
0-1108.42
42-111.05
05-1110.65
65~1110.9
9-1112.7
.7-1112.9
.9-1113.2
.2-1114.5
.5-1115.7

.7-1116.5

o
n

LITHIC CONGLCMERATE, shale pebbles, medium-grained sand matrix

MUDSTCNE, dark gray to black, with interbedded light-gray silt lenses that
exhibit ripple cross-laminations

SANDSTCNE, light gray, medium grained, massive
MUDSTONE, dark gray to black, massive, minor light gray silt lenses

SANDSTONE, light gray, fine to medium grained, ripple cross-laminated

MUDSTONE, dark gray, laminated, with interbedded ripple cross-laminated
siltstone lenses
SANDSTONE, light gray, fine grained, with mudstcone streaks and dark gray

mudstone beds up to 0.2 ft. thick, ripple cross-laminated
MUDSTONE, black, massive
SANDSTONE, light gray, medium grained, with mudstone streaks, flaser bedded
MUDSTONE, dark gray, with fine-grained sandstone lenses, dip 4 degrees

MUDSTONE, dark gray, and sandstone,
ripple cross-laminated

light gray, fine grained, interbedced

MUDSTONE, dark gray with silty laminae,
dewatering structures

ripple cross-laminated, numerous

SILTSTCONE, medium gray, massive

MUDSTONE, dark gray, with interbedded silts, ripple cross-laminated
SANDSTCNE, light gray, very fine grained, ripple cross-laminated
MUDSTONE, dark gray, with interbedded ripple cross-laminated silts
MUDSTONE, dark gray, massive

COAL, dull, blocky

BCNY MUDSTONE, black, massive

CQAL, dull, blocky with minor black mudstone partings

MUDSTCNE, bony, black, massive

COAL, dull, blocky with minor black mudstone streaks

MUDSTONE, black, bony

COAL, dull, blecky

MUDSTONE, black, bony



1116.5-1118.5
1118.5-1118.7
1118.7-1120.0
1129.0-1120.8
1120.8-1128.03

1128.03-1134.22

1134.22-1136.4
1136.4-1138.2
1138.2-1139.18
1139.18-1139.88
1139.88-1140.88
1140.88-1142.46
1142.46-1146.65
1146.65-1146.85
1146.85-1150.7
1150.7-1151.3
1151.3-1156.45

1156.45-1183.4

1183.4-1184.8

1184,8-1187.4
1187.4-1192.35
1192.35-1194.4

1194,4-1194.95

1194.95-1195.7

1195.7-1196.9

COAL, dull blocky

MUDSTONE, black, massive

SILTSTONE, light gray, with dark gray mudstone partings, bioturbated
COAL, dull, blocky

MUDSTONE, dark gray to black, massive, dull coal partings

SANDSTCNE, light gray, fine grained, with interbedded mudstone, ripple
cross-laminated, with soft sediment deformation, calcite filled fractures

MUDSTCNE, black, massive, calcite~filled fractures

CCAL, dull, blocky

MUDSTONE, black, massive

MUDSTCNE, black, and siltstone, light gray, interlaminated
MUDSTONE, black, massive

MUDSTCNE, black, and siltstone, light gray, interlaminated
MUDSTCNE, medium gray, massive

MUDSTONE, medium gray, and siltstone, light gray, interlaminated
MUDSTONE, black to dark gray, massive, minor siltstone partings

SANDSTCNE, light gray, fine grained, ripup clasts and convolute bedding
MUDSTONE, dark gray to black, minor cocaly partings and siltstone lenses

SILTSTONE, medium gray, with interlaminated fine grained, light gray
sandstone, massive to ripple cross-laminated

SANDSTCNE, light gray to medium gray, mucstcre

partings

ripple cross-laminated,

SILTSTCNE, argillaceous, medium gray, subtle ripple cross-laminated
SANDSTCNE, medium gray, medium grained, massive
SANDSTCNE, light gray, very fine grained, ripple cross-laminated

SANDSTCNE, light gray
cross-laminated

and mudstone, dark gray, interbedded, ripple

MUDSTONE, black, massive

COBL, dull, blocky



119%6.

1197,

1198

1202.

1207.

1213.

1223.

1232.

1233.

1237

1239.

1243,

1244,

1249.

1260.

1265.

1266.

1270

1272

9-1197.8

8-1198.55

.55-1202.5

5-1207.37

37-1213.1

1-1223.21

21-1231.05

1-1233.63

63-1237.23

.23-1239.23

23-1243.5%

59-1244.99

99-1249.47

47-1260.16

16-1265.9

9-1266.5

5-1270.3

.3-1272.38

.38-1276.66
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MUDSTONE, black, massive
COAL, dull, blocky
SANDSTCNE, medium gray, very fine grained, ripple cross-laminated

SANDSTCNE, light gray, fine grained and MUDSTONE, dark gray, interlaminated,
ripple cross-laminated

MUDSTONE, dark gray to black, with minor interlaminated siltstone, minor coal
partings
MISSISSIPPIAN PRICE FORMATION (lower member)

SANDSTONE, light gray, fine grained, cross-laminated, waQy dark gray to black
mudstone partings

SILTSTONE, alternating light to medium gray, with dark gray mudstone,
rippled cross-laminated :

SILTSTONE, medium to dark gray, interlaminated with mudstone, dark gray to
black, wavy laminated, rippled cross-laminated

SANDSTONE, light to medium gray, medium grained with dark gray to black
mudstone partings

MUDSTCNE, dark gray interlaminated with light gray siltstone, wavy laminated

SILTSTCNE, light to medium gray, interlaminated with wavy, dark gray
mudstone

SANDSTONE, light gray, fine to medium grained, interlaminated with dark gray
mudstone, disrupted

MUDSTONE, dark gray, irregularly laminated with minor fine grained sandstcre
partings

SANDSTONE, light gray, medium grained, with dark gray rmudstone streaks, dip
3 degrees '

SANDSTONE, light gray, coarse grained, with minor coaly partings and
fractures

SANDSTONE, light gray, medium grained, extensively fractured with calcite
filled veins

SANDSTONE, light gray, medium grained, fractured

SANDSTONE, light gray, medium grained, with numerous mm coal partings and
calcite filled fractures

SANDSTCNE, light gray, fine grained, laminated, minor mudstone streaks and
ironstone chips



1276.66-1294.

1294,23-1294.

1294,28-1294.

23

28

4

1294.4-1316.61

1316,61-1320.

1320.66-1337.

1337,15-1370.

1370.35-1373.

1373.46-1383.

1383.43-1383.
1383.91~-1385.

1385.86-1386.

1386.03.1392.

1392.68-1394.

1394.5-1405.0

66

15

35

46

43

91

86

03

68

5

1405.0-1407.35

1407.35-1415.0

1415,0-1417.65

1417.65-1468.7

SANDSTONE, light gray, with alternating medium gray laminae, medium grained,
flat laminated, few ironstone pebbles, rare 1 to 3 mm-thick coaly
partings

LITHIC CONGLCMERATE, ironstone pebbles in coarse grained sand matrix

SANDSTCNE, light gray, medium grained with interbedded coal partings

SANDSTONE, light gray, medium to coarse grained, ripple cross-laminated to

massive with up to 2 cm black mudstone partings, rare ironstone and shale

pebbles

MUDSTONE, dark gray to black, with interlaminated siltstone, ripple
cross-laminated

SANDSTONE, light gray, medium to coarse grained, dominantly massive

SANDSTONE,medium to fine grained, dominantly massive, with mudstone
partings, shale and ironstone pebbles

MUDSTONE, dark gray and SANDSTONE, light gray, medium grained, alternating,
massive to finely laminated, rare ironstone pebbles

SANDSTCNE, light gray, medium grained, massive, with very minor shale ripup
features, dip 0 degrees

MUDSTCNE, dark gray, massive
SANDSTONE, light gray, medium to fine grained, rmudstone partings rare

LITHIC CONGLQMERATE, shale pebbles in a medium grained, light gray sandstcne
matrix

SANDSTONE, medium gray, medium to coarse grained, fining upward, dominantly
massive

SILTSTONE, medium gray and MUDSTONE, dark gray, interbedded, cross-bedded,
ripup features, dip 0 degrees

SANDSTONE, light gray, fine to medium grained, massive, with interbedcded
siltstone, minor plant fragments

SANDSTONE, light gray, coarse grained, massive to laminated, cross-bedded,
graded beds

SANDSTONE, light gray, medium grained, massive to laminated, with
conglameratic lenses of ironstone and mudstone pebbles in a medium
grained sandstone matrix

MUDSTONE, dark gray, with lenses of fine grained sandstone

SANDSTCNE,medium to dark gray, medium grained, ripple cross-laminated with
interlaminated dark gray mudstones and rare conglomeratic lenses



1468.7-1493.2

1493.2-1506.0

1506.0-1517.2

1517.2-1528.28

1528.28-1528.8

1528.8-1530.0

1530.0-1534.68

1534.68-1534.98

1534.98-1557.23

1557.23-1560.33

1560.33-1573.64

1573.64-1573.84

1573.84-1574.49

1574.49-1575.54

1575.54-1576.44

1576.44-1577.04

1577.04~1578.69

1578.69-1580.09

1580.09-1581.84

o
[Xe)

SANDSTONE, redium gray, fine grained with minor lithic conglcmerates,
containing quartz pebbles

scme

SANDSTONE, medium gray, fine grained and SILTSTONE, with interbedded dark gray
mudstone

SANDSTONE, medium gray, fine grained, with lithic conglemerates containing
broken fossils at: 1507.4-1508.0 and 1016.0-1017.2

SILTSTCNE/MUDSTONE, dark gray, interbedded, with disrupted bedding

SILTSTONE, medium gray, extensively fractured, with calcite filled veins and
vugs

SILTSTONE, medium gray, fractured and broken
SILTSTONE, medium gray, with
brachiopods at 1530.0~1530.25,
interbedded dark—gray mudstone

fossil-hash lenses containing marine
1530.87-1531.07, and 1531.67-1532.22, and

POLYMICTIC LITHIC CONGLCMERATE, greywacke and orthoquartzite pebbles up to 6
an, with a matrix of siltstone and fossil hash

SANDSTONE, medium gray, fine grained, dominantly massive, with minor rippled

mudstone  partings,
concentrations at:

lithic conglamerate lenses, and fossil
1543.47-1543.97, 1553.08-1553.78, 1556.96-1557.11

hash

SILTSTONE, very pale moderate red,

with scattered fossil lags and rare
lithic conglamerate lenses

SANDSTCNE, medium gray, fine grained, with lithic conglcmerate lenses and
fossil-hash concentrations at: 1563.03-1563.71, 1564.78-1565.03
CALCITE FILLED FRACTURE, vuggy euhedral calcite rhcmbs

SANDSTCNE, medium gray, fine to medium grained, laminated, with dark gray
mudstone streaks '

PCLYMICTIC LITHIC CONGLOMERATE containing siltstone, quartzite,
ironstone, and shale pebbles, up to 2 cm, fines upward, scoured base

SANDSTONE, medium fine grained, cross-laminated, with rare quartzite
pebbles

LITHIC CONGLCMERATE, with quartzite, ironstone and shale pebbles up to 2
cm in diameter

SANDSTONE, light gray, medium grained, with dark gray mudstone streaks

LITHIC CONGLOMERATE, containing flat pebbles of mudstone and ironstone, and
mudstone ripup clasts

MUDSTONE, dark gray, massive
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1581.
1583

1585

1630.
1630.
1633.
1639.
1645,

1646

84~-1583.02

.02-1585.1

.1-1630.03

03-1630.76
76-1633.19
19-1639.33
33-1645.82

82-1646.25

.25-1672.0

SILTSTONE, medium gray, very finely laminated

MUDSTCNE, medium gray, with light gray flecks

SANDSTONE, light gray, fine grained, with interbedded silty dark gray
mudstones, wavy laminated to bedded, extensively burrowed, minor lithic
conglomerates

SANDY SHALE MUDFLCW, medium gray

SANDSTONE, light gray, fine grained, massive, with l-cm-laminated mudstones
SANDY SHALE MUDFLCW

SANDSTONE, light gray, fine grained, with interbedded dark gray siltstcne
SANDY SHALE MUDFLCOW

SANDSTONE, light gray, fine grained, with interkbedded dark gray mudstores,
extensively burrowed, dip 0 degrees

(BOTTCM OF HOLE)

f



Well: Merrimac Test (W-6535)

Farm: V.P.I, & S. U,

Driller: Joy Manufacturing

Locaticon: Blacksburg 7.5-minute quadrangle

Lat.: 37°12'08"
Long.: 80°25'47"

Elevation: 2090 feet
Total Depth: 1674 feet
Started drilling: May 20, 1982
Finished drilling:June 28, 1982

Sample descriptions by C. B. Stanley and A. P. Schultz, Virginia
Division of Mineral Resources

Reference: Core cbtained by Virginia Division of Mineral Resources
through D. O. E. Grant number DE-FG44-81R410431






INTERVAL

0.0-45.0

45,0-49.5

49.5-60.0

60,0-76.2

76.2-93.5

93.5-104.6

104.

111

114,

137.
195.
196.

197.

207.
214,
214.
225,
229.

229,

6-111.5

.5-114.0

0-137.1

1-195.0
0-196.0
0-197.4

4-207.1

1-214.4
4-214.55
55-225.2
2-229.0
0-229.3

3-230.9

MERRIMAC TEST WELL
MIDDLE CAMBRIAN EIBROOK FORMATION
DOLCMITE, dark gray, fine grained, chips, rotary drilled
DOLCMITE, dark gray, massive, fréctured

DOLOMITE, medium gray, 0.5cm-l.0cm laminae, stylolitic partings and calcite
filled fractures '

DOLOMITE, cark gray, fine to medium grained, fractured and veined, irregqular
stylolites

DOLCMITE, dark gray, laminated, highly fractured, with calcite filled wugs
and veins

DOLOMITE, dark gray, brecciated, abundant stylolites, 0.5 at base is black
stylolitic clay-rich gouge '

PULASKI FAULT

MIDDLE MISSISSIPPIAN MACCRADY FORMATION
MUDSTONE, dark red and mottled green, massive, highly fractured
MUDSTONE, dark red, brecciated, with well developed foliation

MODSTONE, dark red, and SILTSTONE, dark red, interbedded and interlaminated,
with rare brecciated horizons

MIDSTONE, dark red, rare siltstone partings, and rare brecciated zones
SANDSTONE, dark red, fine grained
MIDSTCNE, dark red and mottled gray, massive

MUDSTONE, dark red and mottled gray, and SILTSTONE, dark red, <{inely
laminated, interbedded

MUDSTONE, dark red, massive

SANDSTONE, greenish gray, fine grained, massive

MUDSTONE, dark red, with interbedded finely laminated SILTSTCNE, dark red
MUDSTONE, dark red, laminated

SILTSTONE, dark red and gray, mottled

MUDSTONE, dark red, laminated



230.9-232.15 MUDSTONE, dark red, massive, with abundant carbonate nodules

232.15~-233.15 MUDSTONE, dark red, massive

233.15-238.1 SANDSTONE, mottled dark red and gray, fine to medium grained

238.1-242,2 SILTSTCNE, dark red, with interlaminated and interbedded mudstone, dark red
242,2-245.1 MUDSTONE, dark red, laminated

245.1-256.3 SILTSTONE, dark red, laminated/MUDSTONE, dark red +to greenish gray,
interbedded

256.3-318.2 MUDSTCNE, dark red to dark greenish gray, laminated to mottled, with minor
dark red and gray mottled siltstone partings

318.2-321.8 SANDSTONE, dark red, fine grained, massive
321.8-324.0 MUDSTONE, dark red, massive

324.0-330.1 MUDSTONE, dark red and gray-green and SILTSTONE, greenish gray to dark red,
interbedded

330.1-335.0 SANDSTCNE, dark red and gray, mottled, fine grained, with minor siltstone
streaks and lenses

335.0~-337.8 MUDSTONE, dark red and gray, mottled, laminated

337.8-342.8 SILTSTONE, dark red and green, mottled, with interbedded dark red mudstone
and dark red, medium grained sandstone

342.8-349.5 MUDSTONE, dark red to greenish-gray, massive to laminated

349.5-352.7 SILTSTONE, dark red and gray, mottled, massive, and SANDSTONE, dark red and
gray, fine to medium grained, interbedded

352.7-355.0 MUDSTONE, dark red and gray, mottled, massive

355.0-355.2 SILTSTCNE, dark red and green, mottled

355.2-356.1 MUDSTONE, dark red and green, mottled

356.1-357.2 SANDSTONE, dark red and gray—green, mottled, silty to fine grained, massive
357.2~-359.5 MUDSTONE, dark red and green, mottled, massive

359.5-361.0 SILTSTCNE, dark red and green, mottled

361.0-363.8 MUDSTONE, dark red and green, mottled, massive

ey
r - <

363.8-379.0 SANDSTONE, dark red, massive to cross-bedded, silty near top of unit
lithic conglcmerate near base

379.0-331.2 MUDSTCNE, dark red, massive



381l.
381.
384.
386.

392.

401.
403.

404.

408.

411.

415,
418.
419.

419.

424.

430.

435.

444.

450.

459,
470.

474.

478.

2-381.
6-384.
1-386.
8-392.

2-401.

8-403.
9-404.

9-408.

5-411.

5-415.

3-418.
0-419.

0-419.

0

45

45-424.8

8-430.01

01-435.0

0-444.

82-450.01

82

01-459.2

2-470.
1-474.

7-478.

95-481.09

1
7

95

CARBCNATE, tan, massive

SILTSTCNE, dark red and green mottled, with tan carbonate nodules
SANDSTONE, dark red, fine grained, massive to cross-pbedded
MUDSTCNE, dark red with minor gray lenses

MUDSTONE, dark red and gray, mottled to streaked, with mottled dark red and
gray siltstone, fine grained sandstone lenses and partings

MUDSTONE, mottled gray and dark red
MUDSTONE, medium gray, massive

SILTSTCONE, dark red to mottled dark red and gray, with minor mottled cdark
red and gray mudstone partings

MUDSTONE, dark red and gray, mottled

SANDSTCNE, dark red and gray, mottled, fine grained, with dark red mudstone
partings

MUDSTONE, dark red and gray, mottled
SANDSTONE, medium gray to mottled gray and dark red, fine grained
CARBCNATE, tan, with mudstone streaks

MUDSTCNE, dark red and gray, mottled, with minor tan carbonate nodules near
top

SANDSTONE, gray to dark red, with interbedded to interlaminated dark red and
gray mudstone and siltstone ;

MUDSTCNE, dark red and gray, mottled, massive

SANDSTONE, dark red, fine grained, cross-bedded to massive, with interbedded
and interlaminated mudstones and siltstones

MUDSTONE, dark red, laminated to massive, with minor dark red siltstone
streaks

SILTSTCNE, MUDSTCNE, and fine grained SANDSTONE, interlaminated to
interbedded, dark red to mottled dark red and gray

SANDSTONE, dark red, fine grained, minor gray mottled zones
MUDSTONE, dark red and gray, mottled, massive

SANDSTONE, dark red to mottled dark red and gray, fine grained, with
interbedded dark red siltstone and mudstones

MUDSTONE, dark red, massive



€€

481.
483.
487.

488.

493.
502.
508.

509.

517.

525.

530

566.
567.
568.
568.
570.
570Q.

572.

575.

579.

593.

595.

09-483.8
8-487.2
2-488.2

2-499.5

5-502.1
1-508.6
6-509.98

98-517.9

9-522.6

.6-525.2

2-530.8

.8-566.0

0-567.0
0-568.4
4-568.9
9-570.2
2-570.55
55-572.23

23-575.,52

52-579.75

75-593.53

53-595.87

87-601.17

SANDSTONE, dark red, fine grained, massive
MUDSTONE, mottled dark red, green, and gray, massive
MUDSTONE, mottled dark red and gray, with tan carbonate nodules

MUDSTONE, mottled dark red and grayish green, massive, with minor dark red
siltstone partings

SILTSTONE, gray with minor dark red mottling, calcite veins and ncdules
MUDSTONE, dark red with minor gray laminae
SILTSTONE, dark red and gray mottled, with minor dark red mudstone partings

MUDSTONE, gray to mottled dark red and gray, laminated, with minor siltstone
partings and tan carbonate nodules near base

SILTSTONE, dark red and gray, with mottled dark red and gray mudstone and
dark red fine grained sandstone partings

MUDSTCNE, dark red, laminated

SANDSTCNE, mottled dark red and gray, fine grained, silty near top, massive

MUDSTONE, dark red and minor grayish green mottling, and minor interbedded
grayish—green massive siltstone, dark red fine grained sandstone, and
rare carbonate ncdules

SILTSTONE, mottled dark red and grayish green, massive

SANDSTCNE, mottled gray and dark red, fine grained

SILTSTCNE, rottled dark red and gray, massive

MUDSTONE, mottled dark red and gray, massive

SILTSTONE, medium gray, massive

SANDSTCNE, dark red, fine grained

MUDSTONE, dark red, massive, abundant tan carbonate nodules in bottom half
of unit

SANDSTONE, dark red to mottled dark red and gray, massive to ripple
cross-laminated, medium to fine grained, fining upward, rare tan
carbonate nodules near top

SILTSTONE, dark red and medium gray, mottled, minor very fine—grained sand
lenses and mudstone streaks

MUDSTONE, dark red, massive

SILTSTCNE, dark red and medium gray, mottled



601.

604.

608.

610.
616.
617.

620.

624

628.
630.
647,

649,

675

676

677.

689.

693.

698.

708.
713.
717.

721.

17-604.19

19-608.

55-610.

5-616.7
7-617.3
3-620.3

35-624.

.63-628.

41-630.
16-647.
29-649.

96-675.

.47-676.

.02-677.

25-689

3-693.4

44-698.

61-708.

55

5

5

63
41
16
29
96

47

02

25

.3

4

61

07

07-713.8

8-717.34

34-721.0

0-727.25

MUDSTONE, dark red and medium gray, mottled, with calcite filled fractures,
fault contact at base

FAULT
MIDDLE MISSISSIPPIAN PRICE FORMATION (upper wember)
SILTSTCNE, light gray, massive to finely laminated

SILTSTONE, medium gray, with numerous dark gray to black organic-rich,
pyritic streaks

MUDSTONE, dark red with minor grayish—green streaks and mottles
SILTSTCONE, light gray, massive

MUDéTONE, dark red and medium gray, mottled

SILTSTONE, light to medium gray, with dark gray wavy laminae
MUDSTONE, medium gray, with interbedded siltstone, dark gray, massive
MUDSTONE, light grayish green with minor dark red mottling

MUDSTONE, dark red with minor medium gray mottles, silty

SANDSTONE, medium gray, very fine grained, massive, finely laminated

MUDSTCNE, dark red and light.gray, mottled and streaked, silty, numerous tan
carbonate nodules and streaks

SANDSTCNE, light gray, fine grained, massive
MUDSTONE, dark red and light gray streaks, alternating
SANDSTONE, medium gray, medium grained, massive

SANDSTONE, medium to light gray, medium to coarse grained, with medium aray
mudstone chips and laminae

SANDSTONE, light gray, medium grained, massive, numerous calcite filled
fractures

SILTSTONE, medium gray, massive, with interlaminated, interbedded fire
grained sandstone

SANDSTONE, medium gray, fine to medium grained, with dark gray laminations
MUDSTONE, dark red, massive, with rare greenish-gray mottling
SILTSTONE, medium gray, with fine grained sandstone, light grayv

MUDSTCNE, dark red, massive

€7
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727.25-730.7

730.7-740.82

740,82-743.67
743.67-760,8

760.8-768.0

768.0-771.32
771.32-779.43

779.43-787.61

787.61-789.87

789.87-800.09

800.09-804.55

804,55-807.45

807.45-808.65

808.65-820.26

820.26-829.0

829.0-832.08

832.08-838.66

838.66-841.76

841.76-843.5

843.5-848.1

848.1-850.28

850.28-858.25

MUDSTONE, light olive gray, laminated

SILTSTCONE, light gray, laminated, with minor mudstone streaks, calcite
filled fractures

MUDSTONE, medium to dark gray, minor dark red mottles
SILTSTONE, medium gray, with dark gray to black mudstone partings

MUDSTONE, olive green and dark gray mottled, interbedded silts, with rare
carbonate nodules and ironstone pebbles

MUDSTCNE, dark red and grayish-green, mottled
SILTSTCNE, medium gray massive, rare dark gray mud streaks

MJIDSTONE, interlaminated and mottled dark red and dark gray, calcite filled,
slickensided fractures

SILTSTONE, medium gray, massive

MUDSTONE, dark red, to gray, massive, mottled, calcite filled fractures,
slickensided

SILTSTONE, medium gray with thinly bedded, very fine grained sandstone

SANDSTONE, medium to dark gray, medium to coarse grained, fining upward,
with minor carbonaceous streaks

MUDSTONE, dark red and dark gray, mottled

SILTSTCNE, medium to dark gray, mudstone streaks and numerous calcite f£illed
fractures

MUDSTCNE, dark red to mottled dark red and medium gray, massive

MUDSTONE, olive green, with abundant tan mottled éarbonate nodules and
streaks

SILISTCNE, light gray-green and SBNDSTONE, light gray-green, very fine
grained, interbedded, calcite filled fractures

MUDSTCNE, medium gray with dark red mottles, with minor siltstone lenses

SENDSTCNE, light gray, very fine grained, with very finely laminated
mudstone

MUDSTONE, dark gray to grayish green, bioturbated, minor irreqular black
stringers

SILTSTONE, greenish gray, with light tan mottled carbonate

SILTSTCNE, grayish green, laminated with minor black streaks



858.
860.
863.
866.
880.

884,

887.

91z2.
926.
932.
934.

936.

941.

941.

943,

946.

966.
969.

984,

1008.6-1014.35

1014.35-1018.5¢%

1018,55-1021.3

25-860.88
88-863.46
46-866.11
11-880.76
76-884.73

73-887.23

23-912.04

04-926.5
5-932.93
93-934.33
33-936.85

85-941.35

35-941.85

85-943.9

9-946.22

22-966.75

75-969.57

57-984.45

45-1008.6

1021.3-1031.6

MUDSTONE, dark red and medium gray, mottled, to massive dark red
MUDSTCNE, olive gray and tan, mottled, dominantly carbonate
SANDSTONE, medium to light gray, fine to medium grained, massive
MUDSTCNE, alternating dark red and medium gray, massive
SANDSTONE, medium gray, fine grained, silty, massive

MUDSTONE, dark grayish green with dark red streaks, massive to finely
laminated

SILTSTONE, medium gray, finely laminated, with mincr dark red siltstone
streaks, calcite and pyrite filled fractures

MUDSTONE, dark red, massive and SILTY MUDSTONE, grayish—green, interbedded
SILTSTONE, light gray, with interbedded very fine grained sandstone, massive
MUDSTONE, dark grayish green, minor dark red streaks extensively burrowed
SILTSTCNE, mottled light gray—green and dark red

SANDSTONE, light to medium gray, fining upward sequence, fine to medium
grained, calcite filled fractures

FAULT ZONE, brecciated gray mudstone, disrupted bedding, large calcite
filled fractures

MUDSTONE, medium gray, massive

SILTSTONE, medium gray, laminated and massive with interbedded SANDSTCNE,
light gray, fine grained, laminated

MUDSTCNE, medium to dark gray, with interbedded SILTSTCNE, light grav,
laminated, mottled ironstone, bicturbated

SILTY MUDSTONE, dark red and light grayish green, mottled

SILTSTONE, medium gray, with interbedded, interlaminated mecdium to dark gray
mudstone

SILTSTONE, medium gray, massive and MUDSTCNE, mottled dark red and grav to
massive dark red

SANDSTONE, light gray, fine to medium grained, massive, with mincr silty
streaks

MUDSTCNE, dark gray, with interlaminated light gray siltstcne
SANDSTONE, light gray, medium grained, massive

MUDSTCONE, medium to dark gray, massive
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1031.6-1033.9

1033.9-1038.9

1038.9-1039.6

1039.6-1045.59

1045.59-1049.
1049.84~-1051.
1051.85-1053.

1053.95-1063.

1063.21-1067.

1067.36-1068.

1068.84-1079.

1079,07-1099.

1099.36-1104,

1104.21-1108

1108.17-1112.

1112.95-1127.

1127.78-1131.
1131.58-1132.

1132,79-1142.

1142.35-1144

1144,77-1153,

1153.83-1157.

84

3¢

84

07

36

21

.17

95

78

58
79

35

.77

83

95

SILTSTONE, medium gray, minor dark grayish-green blebs

SILTSTONE, medium gray to greenish gray, with minor tan carbonate nodules
and streaks

CARBONATE, tan with minor medium gray mudstone rottles

MUDSTONE, grayish green, massive, with zones of carbcnate partings
SILTSTONE, grayish green, argillaceous, with ironstone ncdules
MUDSTONE, light olive green to gray, burrowed

CARBCNATE MUDSTCNE, tan and grayish green

SILTSTCNE, grayish green, with interbedded very fine grained massive
sandstone, minor carbonate blebs and mottled organic-rich pcds

MUDSTCNE, greenish gray, with minor dark red mottling, massive, and minor
carbonate nodules

MUDSTCNE, dark red with minor gray mottling, massive

MUDSTONE, grayish green, with tan carbonate mottles,
streaks, and irreqular ironstone nodules

black organic-rich

SANDSTONE, medium gray, medium to cocarse grained, massive

MUDSTONE, dark to medium gray, massive to burrowed, abundant pyrite in
organic-rich partings

SILTSTONE, medium gray, massive to laminated

MUDSTCNE, black to dark gray, irregularly laminated, slurped

SILTSTCNE, grayish green, massive,
organic-rich mudstone beds

minor calcite veins, minor dark grav,

SANDSTONE, light gray, fine to medium grained, massive

SILTSTONE, medium to dark gray, massive

MUDSTONE, dark gray, finely laminated to massive, burrcwed, with numerous
tan ironstone ncdules and streaks
SILTSTCNE, medium grayish green, minor ironstone nodules, and black

organic-rich streaks

MUDSTCNE, dark gray to grayish green, massive to burrowed, with few larcge
ironstone blebs at base

SILTSTONE, medium gray, massive, with interbedded fine grained sandstone,
light gray

-



1157.

1173.

1176.

1178.

1183.

1184,

1188.

1189,

1197

1203

1208.

1208.

1212

1221.

1232.

1233.

1239.

1248.

95-1173.

58-1176.

66-1178.

86-1183.

37-1184.

99-1188.

35-1189.
05-1197.

.72-1203.

16-1208.

58

66

8€

37

35

05

72

0

.0-1208.1¢6

3

3-1212.85

.85-1221.

99-1232.

55-1233.

99

55

0

0-1239.54

54-1248.

0

0-1249.52

MUDSTONE, dark gray, finely laminated, with interbedded and interlaminated
light gray SILTSTCNE, finely laminated to massive, minor coaly partings,
ripple cross-laminated, slightly fractured, small scale ball and pillcw
structures abundant in interlaminated units

SANDSTONE, medium to light gray, very coarse to fine grained, with
interbedded/interlaminated SILTSTONE and MUDSTONE, abundant coal spars,
and ironstone chips, with LITHIC CONGLOMERATE at base, consisting of
shale chips and ircnstone pebbles, erosicnal base, fining upward sequence

MUDSTONE, black, coaly, massive to finely laminated

MUDSTCNE, dark greenish gray, carbonate rich, with abundant tan irregular

carbonate nodules and streaks, with rare irregular ironstone nodules and
streaks

MUDSTONE, grayish green, with black organic-rich streaks, massive

SILTSTONE, medium gray, interlaminated with dark gray mudstone, rare massive
ironstone

SANDSTONE, light gray, medium to fine grained, finely laminated
MUDSTONE, dark gray and black, mottled, with minor ironstone blebs, massive
SILTSTONE, medium gray, massive to finely laminated

MUDSTONE, medium to dark gray, with interbedded, interlaminated SILTSTCNE,
medium gray

COAL, bright, highly sheared, slickensided

MUDSTONE, medium to dark gray, abundant tan ironstone ncdules, ccaly
partings near top of unit

SILTSTONE, grayish green, with numerous ironstone ncdules, massive to
laminated

MUDSTONE, medium to dark gray with interbedded, interlaminated SILTSTCNE,
medium gray, massive to finely ripple cross-laminated, abundant bedding
parallel films of pyrite

MASSIVE IRONSTONE, light brown to tan

MUDSTONE, medium gray, massive, and SILTSTONE, redium gray, massive,
abundant ironstone blebs, interbedded

MUDSTCNE, dark gray to black, massive, with numerous coal streaks and spars,
silty in places

SANDSTONE,. very fine grained, with interbedded SILTSTONE and MUDSTCNE,
medium to light gray, with LITHIC CONGLCMERATE at base, ccntaining
ironstone clasts, scoured base, wavy bedded, anastamosing organic

partings

71
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1249,

1254.

1254.

1271.

52-1254.0

0-1254.95

95-1271.06

06-1285.85

1285.85-1286.4

1286.4-1297.98

1297.

130e6.

1337.

1356.

1366.

1369.

1403.

1404.

1407.

1408.

1410.
1411.

1420.

98-1306.0

0-1337.7

7-1356.98

93-1366.22

22-1369.15

15-1403.5

5-1404.95

95-1407.7

7-1408.9

9-1410.45

45-1411.9
9-1420.0

0-1421.0

MUDSTONE, dark gray to black, abundant plant fragments, fracture surfaces
have abundant pale green copper mineral residue and crusts of bormite,
chalcopyrite, and pyrite

NODULAR IRONSTCNE, dark brown, with grayish-green mudstone

SILTSTONE, light gray, massive to finely ripple cross-laminated, with brown
ironstone nodules

SANDSTONE, light gray, medium to coarse grained, massive to faintly ripple
cross—-laminated, rare ironstone pebbles and coal spars near base

MUDSTONE, dark gray, massive, with ironstone blebs

SANDSTONE, light gray, medium to coarse grained, ripple cross-laminated,
with numerous coal spars and partings and minor shale and ironstone
pebbles, fractures have films of pyrite, bornite, and chalcopyrite

SILTSTONE, medium gray, laminated

SANDSTCNE, medium to light gray, medium to coarse grained, massive to ripple
cross-laminated, numerous coal spars, partings, and shale chips, rars
ironstone pebbles, numerous calcite filled fractures

SANDSTONE, medium gray, £ine grained, with mudstone streaks, ripple
cross-laminated, and LITHIC CCNGLOMERATE, with shale, siltstone and
ironstone pebbles in a matrix of light grav, medium grained sandstone

SANDSTONE, light gray, fine to coarse grained, with interbedded medium grav

siltstones, rare ironstone pebbles and abundant coal spars near base,
erosional base

MUDSTONE, medium to dark gray, burrowed, with coal partings, and siltstone,
medium gray, ripple cross-laminated, interbedded

MUDSTONE, black, massive, abundant coal partings and laminae, with minor
silty beds that are ripple cross-laminated

CCAL, bright, sheared

MUDSTONE, dark gray, with silty lenses, common coaly partings, rare calcite
filled fractures

CQAL, bright, sheared

MUDSTONE, dark gray to black, silty in places, calcite filled fractures,
abundant coal partings

CCAL, bright, sheafed
MUDSTONE, black to dark grayv, massive, rooted near too of unit

CCAL, bright, sheared



1421.
1421.
1425,
1426.
1427,
1428,
1444,

1445,

1450.

1451.

1453.

1461.

1462.

1478,
1479,
1480.

1480.

1481.

1547.

1549.

1597.

1598.

0-1421.15

15-1425.95
95-1426.35
35-1427.65
65-1428.15
15-1444.95
95-1445.55

55-1450.0

0-1451.2

2-1453.2

2-1461.3

3-1462.1

1-1478.95

95-1479.15
15-1480,2
2-1480.45

45-1481.0

0-1547.6

6-1549.75

75-1597.43

43-1598.78

78-1628.4

BCNE, sheared

MUDSTONE, black, massive, with abundant coal partings up to 0.3 ft. thick
COAL, bright, sheared

MUDSTCNE, black, massive, abundant coal partings

COAL, bright, sheared

MUDSTONE, black, massive, with coal near base, folded

COAL, bright, sheared

SANDSTONE, light gray, mediun to fine grained, massive and ripple
cross—-laminated

SILTSTONE, medium gray with polymedal ripple cross-lamination

SANDSTCNE, light gray, medium grained, massive to finely laminated with
minor shale chips and carbonacecus partings

SILTSTCNE, medium gray, with fine grained sandstone lenses, ripple
cross-laminated rare coal partings

COAL, bright, sheared

MUDSTONE, medium to dark gray, massive, silty 1n places, fracture zone at
1467.0-1468.0

CCAL, bright, sheared
MUDSTCNE, black, massive, abundant coal partings
COAL, bright, sheared
MUDSTONE, black, with abundant bone and ccal partings
MIDDLE MISSISSIPPIAN PRICE FORMATION (lower mermber)
SILTSTONE, medium to light gray, massive to interlaminated with dark grav
mudstone, polymodal oscillation ripple cross-lamination, rare lithic

conglamerate at 1528.0-1529.0, major fracture zone, with disrupted and
truncated bedding surfaces and numerous calcite velns from 1496.2-1500.2

MUDSTONE, medium to dark gray, with interlaminated light gray siltstone

SANDSTCNE, light to medium gray, fine to medium grained, massive to
laminated, with minor dark gray mudstone streaks

SANDSTONE, light gray, ccarse grained, massive

SILTSTONE, medium gray, ripple cross-laminated, shale chips



1628.4-1634.07 LITHIC CONGLOMERATE, mudstone and ironstone pebbles, with interbedcded light
gray, medium grained sandstone

1634.07-1644.0 MUDSTONE, black, with interlaminated fine grained, light gray sandstone

1644.0-1645.54 MUDSTONE, dark gray, and light gray medium grained sandstone, interlaminated
and interbedded

1645.54-1659.4 SANDSTONE, light gray, medium to coarse grained, with rare mud chips and
mudstone laminae

1659.4-1660.33 LITHIC CCNGLCMERATE, ironstone and shale pebbles in a medium grained, light
gray sandstone matrix

1660.33-1671.3 SANDSTCNE, light gray, fine to medium grained, mudstone streaks rare,

massive, calcite filled fractures, with a 0.15 ft. basal LITHIC
CONGLOMERATE, consisting of siltstone and shale pebbles

1671.3-1674.0 MUDSTONE, dark gray, massive

(BOTTCM OF HOLE)
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APPENDIX 1Il. PRELIMINARY COAL-RESOURCE ESTIMATE
OF MONTGOMERY AND PULASKI COUNTIES

by
Jares A. Henderson, Jdr.

This coal-rescurce estimate should be used &s & guide
to the relative abundance of ccal in Montgomery and Pulaski
counties anc nct as an absolute quantity of coel. F£< more
drilling and detailed mapping is done, this estimate should
ana will be revisec tc reflect new infcrmation.

The procedure and terminclogy used in this rescurce
estimate are consistent with those cutlined ty the U. S.
Geolcgical Survey and the U. S. Bureau of lines (197€).
Resource estimates in this report include icentifiecd
(combination of measured, incicated, and inferred) anc
hypothetical. Eecause the data poirts eve cistributed
non-uniformly along the coal outcrcp, icentified resources
vere grouped and estimatec in a belt approximately three
niles wide parallel to the outcrep. Hypothetical rescurces
consist of those estimated frcm the idertified resource line
to the furthest extent of the cecal under the thrust sheets
to the scutheast (see map). The limit of the ccal uncer
the thrust sheet was taken from Bartholcmew (167¢). Threse
areas were outlined on a 1:24,0C00 map and planiretered
using a Numonics 1224 digitizer. Freas were then calcuiated
tc the nearest acre.

The average thickness (£ feet) used for the estimete

¢f identified resources is &r avercge of €0 measurecrents.
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Nawport McDonatds Miit Glenvar

O Approximate core hole locations

Eldonﬁhod resource
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=eA\\

White Gate Staffordsvilie N Radford Narth
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EE; Blacksburg ironto

Elliston

y

. Miles
Pulaski | County \\_Monlqomery County

!

Pulaski Dublin Radfard \ South Rinar

Identified and hypothetical coal resources of Pulaski anc Montgomery ccounties.

Because ccrrelaticrs in the Valley fields are tertative at
Lest, no attempt was mace to estimate resources by bed. n
areas where published correlaticns or present exposures
indicate twoc beds, the total coal thickness wac used. It
should be noted that most mezsurements are ¢¥ cre tecd and
not composite measurements. The average thickness was
rounced to the closest lovier whole foct even though accepted
rounding Frocedures would rcund to the rext higher vwhole
foot. An average thickness estimate of 1.2 feet was used

for the hypothetical rescurce area (Caorcen Wccd, perscnre]

cemmunicaticn, 1982,



Lo

The areas for idertified and hypotheticel rescurces
were then multipliec ty the average thickness ir each
category, five feet and 1.2 feet respectiveiy, tc cbtain
acre-feet. Acre-feet were then multiplied ty 2,C00
tons/acre-foct tc get the estimatec tonnage figure.

Ccal resources in Mcntgeomery and Pulaski counties are

estimeted at 1,196,598,000 short tons (see tatle).

Acreage Acre-Fect Tonnage

Montgomery  Pulaski Total Montgomery  Pulaski Total Hontgonery Pulaski

Total

g1

Identified 58,583 43,344 101,927 292,915 216,720 509,635 585,830,000 433,440,000 1,019,270,000
Hypothetical 35,543 38,260 73,803 42,652 45,912 88,564 85,304,000 91,824,000 177,128,000

Total 94,126 81,604 175,730 335,567 262,632 598,199 671,134,000 525,264,000 1,196,398,000

Montgomery County contains 671,124,000 short tons or £6.1%

cf the total. <Ccal is estimated to cccur under 175,720

acres (53.6%) in Montgomery County. Most of the estimatecd
coal resource, 1,019,270,000 short tons (€£.2% cf the total},

is in the identifiec resource category.

REFEPENCES

Bartholomew, M. J., 1979, Prelimirary report on the Valley
coal fields as a potential scurce of gas, in Methane
project: Yirginia Pivisicn of Mineral Resources
Open-file Repert 79-1, 10 p.

U. S. Bureau of Mines and U. S. Ceclogical Survewv, 107¢,

P

Coal resource classification system of the U. S$. Rureau

¢f Mines anc U. S. CGeclcgical Survev: LU. S. CGeclocicea]l

o
¢i1ce

Survey Bulletin 145C-E, 7 p.
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APPENDIX IV. COAL ANALYSES FOR TWELVE COAL SAMPLES
FROM WELL NUMBERS W-6534 AND W-6535 MONTGOMERY COUNTY, VIRGINIA

A1l

ash-fusior temperatures

number the analyses
ads-received,

Testing, Somerset, Fernsylvania.

Sample Number Holsture

. 1933 1;2?
1934 I:;I
1935 0:;%
1936 0:1
1937 I_.—EG
1938 lz;?
1939 0;]
1986 025
1987 0:27
1988 I:Eﬁ
1989 0;9
1990 O-;;

seccnd,
moisture and ash free.

Proximate Analysis

valatile
Matter

n.

1

13,
13,
18.

16

.28
19.

16

33
48
84

11.69

10.
.66
6.

19
.89

Al
.38
.59

.58
.10
.15

.10
.82
A3

.00
L2
.94
W75
.84
.87
47
.56
.40

.29

56
04

.96
12,
N

04

Fixed

Carbon

a7.
LY
80.

S7.
58.
.16

81

£6.
67,
N

10
S8
84

“
06

15
8

.53
.09
Al

.48
.28
.25

.4
.22
.57

.00
.69
.06

7
.88
.11

.76
.29
.10

.10
Al
n

.3
.80
.96

.62
.0}
.29

11.84
11.96

12.07
12.19

19.13
19.28

9.00
19.15

22.45
22.69

33.24
33.54

1.1
27.93

in

Hydrogen

2
2
4

CLe Wow AL LLL LEOL AL AL

[RENYNY

[RYNYN)

[T Y

2.50
2.
4.09

0

.99
.90
.08

L2
.25
n

.76
N
.10

.36
.27
.90

.56
.48
.95

.58
.51
.00

.21
15
.90

.10
.04
.76

.94

.86
.10

1

64
97

18
n
79

Carban

51

S1.
87.

n
n

76
9N

80.
81,
92.

80.
a0.
92.

n.
J2,
.40

89

73.
13,
9l.

70.
90.

.18

N
8s

.83
64,
89.

2
9t

.30
.96
90.

a9

.26
83.
9.

86
68

.23
17.
e

05

30
1
15

08
83
05

63

cocc

—-—oo ocoo

ocoo

~on COoo OOoOP ooOo

cow ooo

ooo

Ritrogen
0.6)
0.

1.08

62

.27
.28

39

82
83

.08

15
16
84

Al
n
8%

18
19
90

83
&4
96

89
30
u

49
19
61

66
55
8s

.57

s7

.86

.58
.58
.80

analyses except Btu/lb, free-sweilircg index and
percent,

For each serple

and third,

are reported three ways:
moisture free,
A11 analyses

first,

by Ceochemicel

Ultimate Analysis

QOxyqen

[LYWEN B L SOsE RN RNRW GRW i

- e

oW

4.02
3.
5.35

14

4.51
kR
5.03

60

.52
N

4]

.41
.78
.97

.49
.59
.08

A7
.28
.59

.07
.26
.57

.35
.70
.60

.84
A7
.92

.98
.08
.00

.36
.59
.40

.97
.3
.68

Sulfur

97
98
66

—oo

44
44
62

oco

40
41
§2

coo

3
”
41

1
3
39

coco ocoo

s
36
4]

oo

7
37
42

coo

79
80
99

51
52
64

coo ocoo

62
53
81

coo

45
46
69

oo ocoo
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lleat of
Conbust fon Forms of Sulfur Ash Fusion Tenperatures F°
Alr-dried free Swelling Inftial Softening Flyld Ory Mineral Matter Free [Qry Mineral Matter Free ‘Moist Mineral Matter
Sanple Nunber  Btu/lb loss Sulfate Pyrftic Organic ladex Ceformation Temperature Temperature fixed Carbon volatile Matter Free Btu dank

1933 8,619 0.19 0.01 0.64 0.32 0.5 2,690 2,800+ 2,800+ 86.4 13.6 15445 i
8,708 — 0.01 0.65 0.32 — — — —
14,794 — 0.02 t.1o 0.54 — — — —

1934 10,681 0.39 0.0} 0.10 0.33 ' 0.5 2,670 2,780 2,800+ 88.1 15.9 16370 Tub
10,797 — 0.01 0.10 0.33 — — — —
15,093 — 0.01 0.14 0.4 — — — —

1935 14,958 0.26 0.01 0.04 0.35 0.5 2,470 2,580 2,660 87.2 12.8 15406 sa
12,069 — 0.01 0.04 0.36 — — — -
15,244 — 0.01 0.05 0.46 — — — —

1936 13,977 0.00 0.02 Q.02 0.1 Q.5 2,260 2,440 2.520 88.3 mn.7 15580 sa
14,077 — 0,02 0.02 0.33 — — — —
15,558 — 0.02 0.02 0.3 — — — —

1937 12,795 0.28 0.01 0.02 0.30 0.5 2,800+ 2,800+ 2,800+ 88.8 n.z 16457 ca
12,93 — 0,01 0.02 0.30 — — — —
15,405 — 0.01 0.02 0.3 — — — —

1938 13,537 0.10 0.01 0.01 0.3 0.5 2,800+ 2,800+ 2,800¢ 87.7 12.3 15536 sa
13,678 — 0.0} 0.01 0.34 — — — —
15,536 — 0.0l 0.01 0.39 — — — —

1939 13,479 0.20 0.0! 0.01 0.35 0.5 2,490 2,600 2,670 86.2 13.8 15514 sa
13,605 - 0.0) 0.0t 0.35 — — — —
15,493 - 0.0l 0.01 0.40 — — — —

1986 12,470 0.10 0.0} 0.46 0.32 0.0 2,320 2,370 2.470 87.4 12.6 16373 sa
12,262 — 0.01 0.46 0.3) — — —
15,190 — 0.0} 0.57 0.4} —_ — — —

1987 12,209 0.10 0.02 0.16 0.13 0.0 2,380 2,470 2.620 87.% 12.4 15383 sa
12,304 — 0.02 0.7 0.33 — — —
15,218 — 0.02 0.2t 0.41 — — — —

1988 11,633 0.40 0.01 0.29 0.32 0.0 2,190 2,510 2,690 90.2 9.8 15384 sa
11,752 — 0.0) 0.29 0.33 — — — —
15,207 — o.01 0.38 0.42 — — — —

1989 9,811 0.10 0.02 0.16 0.27 0.0 2,800+ 2,8004 2,800+ To87.8 12.2 15329 sa
9.899 — 0.02 0.18 0.28 — — — —
14,895 — 0.03 0.24 0.42 — — — —

1990 10,750 0.00 0.01 0.30 0.35 0.0 2,440 2,640 2,140 86.4 13.6 15378 sa
10,825 — 0.01 0.30 0.35 — — — —
15,020 — 0.01 0.42 0.49 — — — —

Dry minera)-matter-free fixed carton, dry mineral-matter-free volatile
matter and moist mineral-matter-free Bty calculated using Parr formulas
(ASTM D388-82 p 240},



APPENDIX V. FINANCIAL FEASIBILITY OF COAL-BED METHANE
RESOURCES IN MONTGOMERY COUNTY, VIRGINIA

The determination of financial feasibility of coal-
bed methane drainage in the Blacksburg-Radford area,
Montgomery County, Virginia, requires analysis of the
entire project through end use. A thorough feasibility
analysis also is necessary to ensure that a full set of
estimated economic data for each stage of the project will
be available for government agencies and private investors.
They will use it together with engineering and institutional
information and test drilling data to assess the feasibility
of developing and utilizing specific unconventional gas
resources in the region and to assist in obtaining grants,
loans, and Toan assistance. Since the potential users of the
information will vary widely in financial sophistication, the
analytic techniques for determining financial feasibility also
will have to be explained and detailed sufficiently to serve
as a prototype for subsequent independent analyses.

An entire project through end use would include locating
a likely resource, drilling, completion and testing of a
production well, development of distribution facilities and
identification of a technically feasible end use. This
proposal will fine-tune the siting and then obtain core data
which will substantially characterize the resource methane
potential and quality. The methane characteristics and
resulting value together with flow estimates, royalty rates,

estimated siting, drilling, completion, operating and
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¢istribution costs and werking cepital will permit
develcpment of a finarcial enelysis ccvering the econoric
life ¢f a typical weil.

Since the economic araiysis will ultimately determine
the attractiveress c¢f the proposed project, the elerments c¢cf
this analysis are discussecd in ccrsiderakie detail in the

section fcllcwing.
Financial Anelvtic Process

The broad yet penetrating financial anelvsis of the
type required by lerge corporaticns and which we propose to
use integrates all the aspects of the project, including
the magnitude of the unconventicnal gas rescurce itself,
the facilities requirec¢ for its productior, the market for
the product, the proposer's rescurces (e.g., manacement
technical capakility, ard access tc funds), current anc
future competitiveress, environmental impacts, and
socio-economic effects. The output frcm the analysis relps
identify the project's finarcial csuitability, corsiderirg
all tre various inputs. Thus, the financial anelysic
provicdes the focus for_integrated gvaluation ¢f the
overall prcject as vwell as scrutiny of rparticular details.

The financial enaiytic process will irclude *he

following compcnents:

1. Identify sitirg costs (assume leases, access

and permits are in place).

-



2, Identify and analyze capital recquirements

and project economic life,

. Estimate incremental ccsts and obtain

valuation cf methane from intendecd user.

4, CLevelop annual income statements and

depreciation methods.
5. PLevelop annual cash fiow estimates.

6. Celculate financial evaluation measures:
Prefit margin after taxes
Payback
Internal (CCF) rate of return cn investment

Internal rate of return cr stcckheiders' eguity
7. Identify other project-relatecd costs.

€. Pnalyze the sernsitivity cf the project's

firnancial profile.
8. Develop a risk analysis,

1C. PReview the eccnoric ard financial analysis
and related recommencaticns with the

intended user.
11. Prepare cata &nd eveluaticn for incliusicn

in final report.

The purpose of investrent analysis 1¢ tc cdetermine

whether a project under consideration grovides toth a

&7
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competitive product and an acdequate returr cn investrent
for the level of risk involved. The acdequacy ¢f the

return cenerated is measured in several ways; the variou

n

measures taken together provide & ccrposite incicaticn cf
the sufficiency of the return. The finarcial measures
which are impcrtant to this feasibility stucy include
operating income, return on sales, pericd end curmulative
net cash flows, balance sheets, payback, and discountec
cash flow internal rate cf return. Each cf these
finarncial measures tells us something &tout the project,

but not encugh to be used exclusively.

Operating Income. During the overall eccnomic 1ife of

the project, operating income is an impcrtant measure cf
the project's ability to generate a return cr investwent,
An ability to maintain a substantial or crowing cperating

inceme in constant-dollar terms is &an impcrtant indication

of the likelihocd of generating the cash flows anticipated.

Also, the larger the operating income, the greater the
percentacge depletion allovance chargeable against incere,
up to the legal 1imit. Fowever, the creratinc income ic
only an indicator, since the maximization ¢f the internal
rate of return requires acceleration cf the nor-cesh
charges, such as depreciation, intc the early years. The

acceleration cf depreciation terds to reduce cperctirg

income in the early vears and creates & tax shielcd trat

L



defers some tax Tiabilities anc related cash pavments intc
later years. A tracdeoff is made in determinirg the most
appropriate depreciation method. The cdeferral needs of
the investcrs and the company must be balanced against

the desire not tc forege nor-cash cepletion ailowence
charges unnecessarily by recucing operatirng income in the
project's early years through excessive cepreciaticn

acceleration.

Return on Sales. A stable or irproving rercentace return

on sales is consistent with & healthy &bility tc recover
costs anc maintain profitability. Since the percertace
margin is influenced by depreciation skewing, aralvtic
adjustment of the data is recuired to urderstand thre

quality of the profit mergir and its trend.

Cash Flow. Another vitally important measure 1S the cacsh

flow on a period-tby-period basis, as well as & cunulative
net cash flow. The proposed project may be spectacularly
profitabtle over the long run but bteyond the mears ¢of the
investing entity if the peak cumulative cash cutfiow 15
too larce. The peak cash need {rmaximum cumulative ret
outflow) frequently is difficult to identify because it
does not necessarily ccincide with the end of the pericd
analyzed. The peak may occur at some pecint within tre
periocd, fcr & numrber cf reasons (e.g.. seascnal factors,

timing ¢f tax debt and interest payments, unfcreseer iacs



in collections of accounts receivable). If a corpany or
indivicdual is unaware of that hidden peak, &n urknown

risk of tankruptcy or extraorcdirarily expersive refirearcing
is present. Gur aralysis will icentify the range of peak

cumulative cutflow tc help avoid such a surprise.

Balance Sheet. Period and cumulative cesh flows must be

meshed with the company's talance sheet forecasts ir orcer
to identify the necessary external firancing and develap

an appropriate financing plan (e.g., choice c¢f debt ard
equity mix, debt type anc term, equity type). The financing
plan must take intoc account the relative strength c¥ the
existing talance sheet and the abtility tc service cebt and
meet the anticipated schedule of princirpal repayment. The
plan must be developed assuming & prudent cdebt/eauity
relationship capable of withstanding both cyclicel business
adversity and an investment cutcome less prcfitatle than
expected. However, for this particular project, we will
not attempt to differentiate tetween debt and equity
finarcing. We will require a sufficiently high return or

investrnent to cover either scurce of funds.

Payback. The period-by-period ret cash flows fcr the
project, exclusive of financing considerations, forn thre
basis for a payback measure. The initial steges of an

investment project invclive substential cutlays of cash ir

anticipation c¢f future inflows. Payback idertifies thre

-
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length of time required for the streeam 0f cash crecceeds
procucec by an investment to equel the criginal acgaregate
c¢ash ocutiay required by the investment. In other vords,
payback determines the rumber of months or yeers that will
elapse before the ccmpany reaches an undiscounted cast
flow breakeven. Payback as a measure of an investment's
merits has two wesknesses that prevent its exclusive vse.
It does nct consicder césh flows after pavback is received,
and it dces not value cash proceeds differently besed on
when they were received. In pericds of high irflaticn

and where uncertainties are high, a reiatively shorter

payback is required.

Internal Rate of Return. The discotnted-cash-flcw interna’

rate of return is a financial evaluation technicgue that
overcories the shortcomings of other methcds menticnred
above (Bierman and Smidt, 19€6; Merritt anc Svkes, 1G€2).
It assigns greater value to cash flcws thst occur earlier
in the project 1ife. It also caonsiders cash flcvic aver
the entire 1ife cf the investment. The interral! rate cT
return method (IRR) inveclves solving @ simple mathematical
relationship to determine the compound rate of interest
that will make the present value of the cash proceeds
expected from an irvestment equal tc the present value oF
the cash outlays requirecd by the investment. The

solution interest rate is the IFR anc¢ is determined throuagh

«0

—



a trial-znd-error process.

(Computer programs are

readily availetle to minimize the otlierwicse cunbersore

anc¢ time-consuming arithmetic process.)

Cemplex cash

flov patterns can give more than crne scluticn IRR, but

the present project should irvclve relatively

straightforward cash-flocw profiles that will rct result

in multiple sclutions,

The discounted-cash-Flow IRR, tocaether with the

other finarcial evaluation elements, will prcvide a

composite tasis for essessircg the attractiveress cf the

investment propocal.

is summarized in the following table.

Measure

Income Statements

Profit Margin

Cash Flow

Ealance Sheet

Payback

Ciscountec Cash
Flow IRR

The centribution of each rmeasure

FINANCIAL EVALUATICN MEASURES

Information Providec

Annual operating incomes

Relative margin stabitity

Period and cumulative ret
cutlays and inflows

Mix of assets anc Tiatilities
and available financing
leverage

Length of time until cacsh
inflows equal origiral
outlays

Ccmpouncd rate c¢f return on
investment

'se cf Measure

Profit anrd cash
generation indicator

Icentify profit stability
and security

Icentify cash neeqs
anc¢ inflows

Serves as tasis for
finarcing plan in
cerjunction viith cash
flow arnd income
statererts

Identifies lerath cof tire
urtil beit ie¢ beck

Corpare 10 hurcle rate
¢t return, cther oroject
IRR's, ard ccrporate IRF
cbiectives
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The comporents ¢of our financial analysic--capital
requirements, investment analysis, other project-related
costs, sensitivity, anrd risk cnalysis--are discussed

separately telow.

Cther Project-Related Costs. The other project-releated
costs, vhich we have defired as thcse cutsice tre scope
of the explicit project design, may be substantially
beneficial. Since our project involves only the craincce
of coal-tec methane and its low-pressire transmission, no

significant "other costs" are anticipated. Tnsteac, we

envision substantial tenefits, such as:

Favorable lccal ecconomic impect of & developing

local energy resource
Addition to the domestic erergy surpiy

Fendering a currently urmineable rescurce safe

for further processing

Existing state, county, end municipal facilities ard
staffing are considered more than acequate to serve the
very modest needs ¢f the methane recovery precject. In
fact, the project will make resource and geolcgic
information available to governmental offices anc
interested universities which they Tack at present., If
we do encounter any significart and unanticipated other
costs that would impact the overall worth ¢¥ the propcsed
project, we would develop & finarcial anaiysis
inccrporating thcse other costs to deterriine the relative

merit c¢f the overall precject.
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The analysis cf costs ascociated with envirenmental
considerations and any regative sociceconomic impacts

would be incorporatecd similarly.

Sensitivity and Risk Analysis. Modern finarcial anclysis

of capital investment projects entails sensitivity analysis

followed by risk enalysis. Sensitivity analysis is the
manipulation of the variables in a prcject tc determine
which cnes have significant leverage on *he firarcial

evaluaticn measures. Frequently trke variables are
altered 5 or 1C percent on either side of the central
estimate for the variable and the investment analysis is
recalculated for each alteration. When a specific
relevant range for manipulaticn is icentified, it is used
in place ¢f the original alterations. This type of
analysis identifies for management the specific finarcial
implications of potentially uncontrollatle variationrs.
It alsec gives manacgement an oppcrtunity to identify
rossible responses that would capitalize cn the favcrable
variations and that weulcd blunt unfavorable impacts.

bie articipate that it will te necessary to develop
sensitivities for several factors in the project.

Significant sensitivities may include:

Well 1ife

Well productivity

Capital expenditures

Natural gas price

Operating expenses

Cistribution costs

Goverrment incentives (e.a., cepletion elliowence,
depreciation, grant repayment schecule)

Inflation rates

Cost of capital '

Equiprent anc permit lead times

-



Some of these factors may turn out to be of little
impcrtance, while others may have a very significant
lTeverage on the project's firarcial success.

Rick analysis will be applied to those foctors that
have significart leverage, as identified in the sensitivity
analysis. There are several approaches tc risk &aralyvsis,
reflecting varying levels of sophistication and "real-woerld"
experience recarding the prcposed prcject. Althcough we
are capatle of performing a Monte Carlc simuiation of cur
project, we feel that such an approach is nct eppropriate
fer this feasibility stucdy. For the purpcse of this
study, we will utilize a simpler technique to identify
the range of pctential financial cutcomes.

Cur approach tc risk aralysis will ercompass fboth
uncertainty and statistical risk and will irvclve
develcopment of bouncary data and a resultirg envelope of
outcomes around our central best estimate. 1The envelcgpe
will te determinec ty simulitaneous assumption of fTirst
the more optimistic values and then the mcre pessimistic
values for the variables demornstratirg significant leverage
on our project. This ervelope of alternative cutcomes will
be ceveloped for all tre financial evaluation measures
noted above, as vell as fcr the period-by-rericd cperating
incore projections, cash flow, ard hbalance sheets.

Subjective prcbabilities will be estimated for the
risk-analysis variables sc thet we car estimate the
overall Tikelihocd of achieving each c* the three levels.

Cf course, the protability of reaching the pessimistic
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outccme will be greater than that of attainira the
best-estimatec level. Tre best estimate, in turn, will

have a greater likelihcod than the cptimistic level. Tre

relative Tikelihood of the three cutcomes will be &arrayec
with the relative financial merits (e.g., IRP. rayback,
operating prcfit) of the three tc ircrease management's
uncerstanding cf the relative risks and revierds of tre
investment project.

The mechanics ¢f the firarcial eveluation techniqgues,
cperating income statements, cash flow statements, talance
sheets, firarcing plans and corporate cebt capacity,
sensitivity enalysis, and risk analysis are well krown.
These concepts are presented in a variety of texts,

including those in the reference Tist fcllewing this

section.

Partial ITlustration c¢f Financial Enclysis

Gruy Federal's previous work with methane drairace
engineering and financial feasibility analyses permits us
to hypothesize a financial profile ¢f such an investrment.
Thus, we can illustrate scme of our analytic methrcdolcgy
althcugh the aate showr should not be construed as a
target.

The following table shows & ten year prcjectiocon ¢f
methane production, a related series of rrcfit and loss

statements, cash flows and a discountecd cash flow return
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on investment. Ve have assumed procducticn c¢f ES tcf/day
for 3-1/2 years with producticn declining at 15% per year

thereafter. We also have assumec & well life of ten years

and a constant intrastate price cf $2.5C for natural gas.

The initial well investment of $125,CCC in the illustraticon

-is paid back in about 4-1/2 years, arcd the disccuntecd casl

flow internal rate of return is 15%.
Final financial feasibility cetermination will recuire
evaluaticn against the investment criteria used by the

intended user,
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