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# # 4272295023: MAJOR GEOLOGY
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THAMMASAK KOEDNOK: INFLUENCE OF CLAY AND SHALE SMEAR IN FAULT
ZONE ON THE POTENTIAL SEALING OF HYDROCARBON IN BLOCK B8/32,
PATTANI BASIN, GULF OF THAILAND. THESIS ADVISOR: ASSISTANT
PROFESSOR PUNYA CHARUSIRI, Ph.D., THESIS CO-ADVISOR: LUCA RIGO DE
RIGHI, Ph.D., 257 pp. ISBN 974-17-3052-7.

Fault seal study is aimed at identifying and evaluating influence of clay and shale smear in
a fault zone in the hydrocarbon-bearing reservoirs, Benchamas-A field of Block B8/32, Pattani
basin in the Gulf of Thailand. Six alternated sequences of 1,230 ft (378 m)-thick sands and shales
from 9 drill holes, were selected for this study. Gamma-ray log interpretation indicates that these
interbeds are mostly fluvial in origin, and two clay-dominated horizons (av. 220 ft or 68 m) suggest
a lacustrine environment. Subsurface data from selected reservoir sand horizons, in a descending
order, as U-C6, U-B2, U-B3, U-B4, U-B5, and U-B6 with thickness varying from 14 to 75 ft
(4 to 18 m), were used for constructing top depth structure (reservoir sand horizon) maps,
net-sand (isopach) maps, and a fault-plane section (or Allan fault diagram). Based on the top
depth structure map, the N-trending fault in Benchamas-A field shows a normal sense of
movement with high-dip angles to the east and a total vertical displacement of 325 ft (100 m). The
net-sand maps indicate large volumes of reservoir sand located in the upthrown eastern side of the
fault plane. To analyze the fault seal 3 majors consecutive stages are involved. The first stage is to
investigate trapping potential using fault-plane-section analysis. Result from fault-plane-section, a
total of 8 sand horizons for both upthrown and downthrown sides of a fault plane, have potentials
for fault sealing. They are U-C6, U-B2, U-B3, and U-B5 sand horizons in the upthrown side and the
U-B6, U-B3, U-B4, and U-B6 sand horizons in the downthrown side. However, 4 sand horizons
including the U-B4 and U-B6 of the upthrown side and the U-B2 and U-B5 of the downthrown side,
have leakage potentials where each horizon is juxtaposed against one another across the fault.
The second stage is to evaluate fault seals using the shale gouge ratio (SGR) based on calculated
shale volumes, bed thickness, and fault throws. The SGR values of 40 to 42% are calculated for
the U-B4 sand horizon juxtaposed against the U-B2 sand horizon and 62 to 86% for the U-B6 and
the U-B5 horizons. These SGR values are obviously greater than the threshold SGR values
(15-20%) for static’ hydrocarbon sealing. The third step.is to confirm seal capacity by using
pore-pressure profile. The result shows-that the across-fault pressure difference varies from 5 to
23 psi (0.3 to 1.5 bar). Such values of pressure difference suggest good sealing capacity in the
sand offset areas.

In conclusion, the studied fault in Benchamas-A field can be sealed by clay and shale
smears on the fault plane. Furthermore, the methodology and the result in this research can be

applied to predict the fault seal capacity in the other areas of similar lithologies and structures.
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CHAPTER |

INTRODUCTION

1.1 Background

Faults play an important role in creating hydrocarbon traps in Benchamas-A
field. For a better appreciation of the risks associated with fault-controlled
prospects and of the production from faulted fields, it is important to understand
the processes that contribute to fault seals (Yielding et al., 1997). In fact, the
problems that happen to prediction of reservoir distribution is difficult because of
multiple faults, complex reservoir and seal geometry, and the opportunities of
cross-fault leakage and migration (Williamson, 1992). The reason of many
hydrocarbon fields in Thailand is related to structural trap especially fault trap
therefore faults are possibly their sealed by clay smear (Pradidtan and Dook,
1992). Furthermore, clay smear plays an important part in upthrown fault trap at
Pru Krathiam-B01, Phitsanulok, where a 312 ft (95 meters) oil column in deltaic
“K” sand is sealed laterally by clay smear from overlying lacustrine deposits, and
by juxtaposition against the same clays across the fault (Bal et al., 1992).
Moreover, fault seal study in the North Pailin field, Pattani basin, the Gulf of
Thailand shows fault is an effective seal to make the low-pay wells across a
faults (Muangsuwan, 1998). Therefore fault seal study is one challenging topic to

study and search for answer why the fault can be sealed.

Fault seal study has many methodologies to investigate the potential sealing
on a fault surface. For example fault-plane section (Allan fault diagram) was used
to predict trapped area in faulted closure (Allan, 1989); fault slicing, clay
smearing and pore-pressure distribution were used to indicated strong seal
potential along the fault plane (Jev et al., 1993); cores rock in fault zone and
capillary pressure were used to correlate the properties of sheared zones with

their trapping capacity (Berg et al., 1995); fluid types, pressure and organic
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geochemistry were used to identify fluid composition in juxtaposed sands

(Alexander, 1998); and shale gouge ratio (SGR) was used to predict clay smear

on fault surface that can act as a seal (Yielding et al., 1997).

Fault seal study in this research was focused on influence of clay and shale
to smear on the fault plane that caused to fault seals in Benchamas-A field,
Pattani basin, the Gulf of Thailand. Clay smear study can be defined two types of
lithology dependent attributes; they are gouge ratio and smear factor. Gouge
ratio is an estimating of the proportion of fine-grained material entrained into the
fault gouge from wall rocks. Smear factor methods (including clay smear
potential and shale smear factor) estimate the profile thickness of shale drown
along the fault zone during faulting (Yielding et al., 1997). As regard, a clay
smear study by shale gouge ratio had performed many fields such as the
Gullfaks field (North sea), Nun river field (Niger delta) and Oseberg Syd (North
sea) as an aid to improve reservoir management of this complexly faulted
structure. Therefore shale gouge ratio the same algorithm had been selected to

predict clay smear in this research.

The cause of clay and shale in study area deposits in fluvial system some
shale have more thickness in the duration of the flooding but some shale
alternated or interbedded with sand beds in lithological sequence (U-B5 to U-C6).
It is too difficult to apply algorithm directly in thick heterogeneous (sand-shale)
seqguences because it is often not feasible to map every shale bed and consider
its effect at the fault surface. Therefore, shale gouge ratio algorithm had been
applied because this ‘algorithm considers only the "bulk properties of the
sequence at the scale of the throw windrow and it is easiest way to count the
slipped beds in sand-shale sequence. Furthermore shale gouge ratio algorithm
widely used to analyze fault seal study in petroleum exploration. For example
The Gullfaks field (North sea), a shale gouge ratio of about 20% (volume of shale
in the slipped interval) is a typical threshold between minimal across-fault

pressure difference and significant seal (Yielding et al., 1999).
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1.3

3
A number of mechanisms have been recognized whereby fault planes can

as a seal, show as stated below (Watts, 1987; Knipe, 1992);

1) Juxtaposition, in which reservoir sands are offset against a

low-permeability unit (e.g., shale) with a high entry pressure;

2) Clay smear (i.e., entrainment of clay or shale) into the fault plane,

thereby giving the fault itself a high entry pressure;

3) Cataclasis, which is the crushing of sand grains to produce a fault
gouge of finer grained material, again giving the fault high entry

pressure; and

4) Diagenesis, when preferential cementation along an originally
permeable fault plane may partially or completely remove porosity,

ultimately creating a hydraulic seal.

Objectives
Objectives in this study are:

1) To study and analyze properties of clay and shale due to the deformation

on fault zone;

2) To find the best appropriate method to analyze the information of clay and

shale smear on fault plane;

3) To identify potential sealing by using clay and shale smear on fault plane

as a significant factor of evaluation; and

4) To evaluate influence of clay and shale smear on fault zone and discuss.

Study area

The Benchamas field is located in northwest of the Tantawan field in the

concession area Block B8/32, Pattani Basin in the Gulf of Thailand
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(Figure 1.1). The Benchamas field is one of major ChevronTexaco’s production

fields in the Gulf of Thailand. The Benchamas field currently produces
approximately 160 million cubic feet of natural gas and 50,000 barrels of oil per

day.

Benchamas-A field is a part of the Benchamas field that was selected to
investigate the fault seal potential. The cause of hydrocarbons is trapped in fault
closures and these fault look seem, it is controlled reservoir distribution on both
side of upthrown and downthrown the Benchamas-A Fault. The Benchamas-A
field was separated from the other Benchamas fields by the N-trending horst
block (Figure 1.2). These field lies between latitude 10°29°30” N to 10°32’00” N
and longitude 101°16’16” E to 101°17'28” E. Approximate area is 11.5 square

kilometers.

There are 9 exploration and production wells, namely A, B, C,D, E, F, I, H
and J (Figure 1.2). These 9 wells can be divided into two groups by using
Benchamas-A Fault classified, they are upthrown side in the north (include: A, C,

D, E, F and J) and down thrown side in the south (include: I, B).

1.4 Data sources

The data of study in Benchamas-A field have been kindly provided by
ChevronTexaco (Chevron Offshore (Thailand) Limited) (Atip Muangsuwan,

January 22, 2001). The data can be concluded as stated below:
1. Final well reports of the 9 wells (A, B, C, D, E, F, H, | and J);

2. Electrical wireline logs of the 9 wells (A, B, C, D, E, F, H, I and J) comprise
caliper, gamma ray, resistivity, density - neutron and sonic log. Total depth

to run logs was about 32,760 feet;

3. Results of repeat formation test (RFT) of 7 wells (A, B, D, E, F, | and J).
Total test about 292 points;

4. Top depth structure map of 5 horizons (U-C, U-A, U-B6 and U-C6 scale 1:
10000);
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5. Fault traces of 6 studies sand horizon onto the top depth structure map.
They are U-C6, U-B2, U-B3, U-B4, U-B5, and U-B6; and
6. Well log key beds, of wells D and F.
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Figure 1.1 Location of the study area and concession areas block B8/32 in the

Pattani Basin, the Gulf of Thailand (modified after Department of Mineral

Resources, 2002).



Figure 1.2 Top U-A horizon depth structure map shows the location of the
studied wells and in side the yellow rectangle represents studied fault in the
Benchamas-A field (modified after ChevronTexaco, 2001).



15 Previous works

There are many previous works and different algorithms that identify or
predict fault sealing by clay smears. This section divided previous works into 2
sections. First it introduces the algorithms that have been proposed by other

authors. Second it presents the previous studies that related to clay smear.
Algorithms for predicting clay smear

Bouvier et al. (1989) presented a study of the Nun River field in the Niger
Delta. They described a clay smear potential (CSP) as a means of estimating the
likelihood of clay smearing in area of sand-to-sand juxtaposition on fault. The
clay smear potential is stated to represent the relative amount of clay that has
been smeared from individual shale source beds at the certain point along the
fault plane. CPS is stated to (1) increase with shale source bed thickness, (2)
increase with the number of source beds displaced past a particular point along
fault plane, and (3) decrease with increased fault throw. The equation

represented in equation (Eg-1.1)

CSP =2 [(Shale bed thickness) 2 / Distance from source bed] (Eg-1. 1)

In the CSP algorithm equation (Eg-1.1), The shale bed thickness is
raised to the power of 2. This has been justified by fluid dynamics arguments by
Lehner and Pilaar (1996), who stated that the out-flux from the shale or clay layer
should be proportional to the square of its thickness if the material undergoes
Newtonian flow. CSP as defined by equation (Eg-1.1) then has dimensions of

distance. Therefore, The CSP was modified as below.

Smear factor = 2 [(Shale bed thickness)" / (Distance from source bed) "]

(Eg-1. 2)
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The exponents m and n can be regarded as additional variables whose

values may be justified by experimental or observational studies. When m = n,
the result is dimensionless and is therefore independent of the units of

measurement.

Lindsay et al. (1993) proposed a shale smear factor to constrain the
likelihood of shale smear continuity. Based on their observations of abrasion

smears in a lithified sequence, they define the shale smear factor (SSF).

SSF = Fault throw / Shale layer thickness (Eg-1. 3)

The shale smear factor remains constant between the offset terminations
because it does not depend on smear distance. From case study of 80 faults,
Lindsay et al. (1993) concluded that shale smears may become incomplete for
an SSF greater than 7. The smaller values of SSF are more likely to correspond
to continuous smears and therefore to sealing layer on fault surface. The values
of SSF are not additive for compound smears because thin shale gives higher
SSF and dominate the sum. In example, a simple application of SSF values
would take the minimum value (most sealing) from the relevant shale beds at that
point on the fault. Gibson (1994) presented observations from the Columbus
Basin, offshore Trinidad. He showed that self-juxtaposed sands from poor fault
seals and that significant fault seals are formed when clay smearing is able to
occur down the fault plane. He applied the SSF method of Lindsay et al. (1993)
and concluded-that the more significant seals are developed where SSF is less
than 4.

The CSP, smear factor, and SSF algorithms described depend upon a
consideration of the thickness and offset of individual shale beds. Conversely,
such an approach may be difficult to apply directly in thick heterogeneous
sequences because it is often not feasible to map or count every shale bed and

consider its effect at the fault surface.
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Yielding et al. (1997) suggest the simpler approach of considering only the

bulk properties of the sequence at the scale of reservoir mapping. They call the
shale gouge ratio (SGR), which is simply the percentage of shale or clay in the
slipped interval (to estimate the composition of subsurface fault zone). The shale
thicknesses are measured in a “window” with a height equal to the throw;
therefore, this window represents the column of rock that has slid past this point
on the fault. When extended for cases where the stratigraphic breakdown is by
reservoir zone rather than by individual beds. Then the net contribution of
fine-grained material from each reservoir zone can be related to the clay content
and thickness of the zone analyze. This parameter likely is good guide to the
proportion of phyllosilicates in the fault zone material (Foxford et al., 1998).
Furthermore, He was applied the pore pressure in reservoir zone between
upthrow side and downthrow side to supported the potential fault sealing. SGR
has been calibrated in this way for a number of data sets, including the adjacent
Gullfaks Ser field. In general, static sealing behavior is observed when SGR is
above 15-20 %; higher-pressure differences correlate with larger values of SGR.
The other example, the Brent-Brent overlap data show a small static seal [up to
22 psi. (1.5 bar)] developing at gouge ratios of 15-20%. This is in excellent

agreement with earlier calibrations from various areas (Yielding et al., 1997)

SGR = [(zone thickness) x (zone clay fraction)] / Fault throw x 100% (Eq-1.4)

The relationship of CSP, SSF and SGR can be summary-in this way, clay/
shale 'smear indicate that their geometries are dependent on the thickness of
source bed and on the fault throw or smear distance. These relationships have
been used to define a number of fault-surface attributes that describe the
likelihood of smears being developed at a particular point on the fault surface.

These attributes are as follows.
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1) Clay smear potential (CSP) Bouvier et al., (1989), which is the sum of

(thickness?/distance) for shale beds.

2) Generalized smear factor, which is the sum of (thickness"/distance™) for

shale beds, with optional exponents for both thickness and distance.
3) Shale smear factor (SSF) (Lindsay et al., 1993), equal to throw/thickness.

4) Shale gouge ratio (SGR), which is net shale/clay percentage in the slipped

interval.

Applying these algorithms to fault surface in a variety of data sets shows that
they can be related together, the plot for SGR has similar distribution to that for
CSP. No fault-sealed hydrocarbons are observed at values of less than 20%
because the shale content of the slipped interval is too low. Above 20%, the
maximum observed pressure difference progressively increases, reaching about
100 psi (about ~7 bar) at SGR of about 60%. This relationship agrees well with
the statement by Weber (1987, p. 97) “ it usually requires some 25 to 30% of
shale to render a fault sealing”. The distribution for SSF is almost a mirror image
of that for SGR. Seal in not cbserved at SSF greater than 6, which agree very
well with the outcrop observations of Lindsay et al. (1993) that shale smears may
become incomplete for an SFF greater than 7.

Previous clay smear study

Vavra et al. (1984) presented the capacity of a seal to hold back
hydrocarbons is- thus controlled hy the size of the ' largest interconnected
continuous pore throats and the relative densities of the hydrocarbon (oil or gas)

and formation water.

Weber (1987) presented his research. The relationship between amount
of shale in slipped interval and pressure difference across fault that “it usually

requires some 25 to 30% of shale to render a fault sealing.
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Sneider (1987) presented any rock type can form a seal in the subsurface
provided that minimum displacement pressure of the potential seal rock is
greater than the established buoyancy pressure of the hydrocarbons within the

accumulation.

Allan (1989) presented the Allan diagram or fault plan section that can
used to predict: (1) which closures have a high probability of being traps and (2)
the amounts of hydrocarbons these traps could contain. Further more this

diagram can used to explain the migration pathway on fault plan.

Bouvier et al. (1989) calibrated their CPS calculation against known
sealing and no sealing faults, and divided the observed range into high, medium,
and low CPS. Low CPS represents little chance for the presence of continuous
clay smear seal that can trap hydrocarbons. Jev et al. (1993) used the same
technique on the Akaso field (in the Niger Delta) and quoted a CPS of less than
15 as no sealing and CSP of more than 30 as sealing for faults bounding
undrilled prospects.

Bal et al. (1992) presented the trap geometries in the Phitsanulok basin
are complex, and structures are generally faulted. Clay smear along fault planes
are increased hydrocarbon columns and trap volumes. These traps often require

3D seismic data for proper resolution.

Jev et al. (1993) studied fault seal in Akaso field, Nigeria. They used fault
slicing, clay smearing and RFT pressure data on fault trapping and dynamic
leakage to investigate the back-split fault and main antithetic fault indicated

strong seal potential with possible “leak windows” along the fault planes.
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Gibson (1994) applied the shale smear factor (SSF) method of Lindsay et
al. (1993) and concluded that the more significant seals are developed where

SSF is less that 4 (i.e., the shale bed is more that 25% of the displaced section.).

Berg and Avery (1995) studied and described the characteristics of shear
zones in core. The sheared zone display fabrics similar to Riedel shear and are
termed wispy, crenulate, conjugate and miniscate, in order of increasing
deformation. In addition Berg and Avery discussed the soft-sediment
deformation, the term “fault” denotes the slip surface or displacement surface.
The term “sheared zone” denotes the associated, highly deformed sediment
adjacent to the fault. The sealing properties of growth faults gave the result,
sheared zone are effeciive seals because ductile deformation has homogenized
the original sediments and resulted in a uniform distribution of small pore and
cause of increased capillary pressure (high displacement pressures) that hence

increasing seal capacity in the sheared zone.

Fristad (1996) provided a fault-seal calibration for a group of structures in
the Brent province of the North Sea. The faults cut the deltaic Brent Group
reservoir sequence, which at the time of faulting was less than 500 meters deep.
This shallow -burial depth would suggest that the clays were unconsolidated

during faulting, and evidence of clay smearing is seen in core.

Jardine (1997) presented the dominant petroleum system in Pattani basin
is made up of Miocene gas-generating terrestrial coals/ shale and Oligocene
oil-prone lacustrine shale. The structure evolution was favorable for entrapment
of the expelled gas and oil. The main phase of lifting and basin subsidence that
initially created the productive graben systems occurred in the early and middle

Miocene.
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Knipe (1997) presented the juxtaposition diagram that can used to analyze
fault juxtaposition and sealing. The diagrams are based on the interaction of rock
lithology and fault displacement (throw) magnitude to control juxtapositions and

fault seal types.

Yielding et al. (1997) presented the factors control the likelihood of clay/
shale smearing: (1) thicker source beds can produce thicker clay smears;
(2) shear-type smears decrease in thickness with distance from the source layer;
(3) abrasion-type smears decrease in thickness with increasing throw; and
(4) multiple source beds can give a combined continuous smear. These
relationships imply that a quantitative approach to clay smear prediction might be

possible.

Fisher and Knipe (1998) studies the relationship between shale gouge
ratio and outcrop and classified fault rock is fundamentally based on their
composition and hence shale gouge ratio (SGR) can be thought of as a predictor
of fault-rock types for simple fault zone. Fault rocks with phyllosilicate content
< ca. 15-20% are typically cataclasites or disaggergation zone, those with > ca.
40% phyllosilicate are clay shale smears, and intermediate compositions are
sometimes referred to as: clay-matrix gouges (Gibson, 1998) or Phyllosilicate-
framework fault rock (Fisher and Knipe, 1998).

Gibson (1998) studied and measurement permeability of fault gouge
samples in siliciclastic strata of the Columbus basin, offshore Trinidad. When
increased phyllosilicate content results is lower permeability for the fault gouge.

Yielding et al. (1999) presented the Brent Group oil-water contact (OWC)

on the upthrown side lies above the downthrown Brent Group, and hence the
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footwall Brent Group oil and gas are trapped by juxtaposition against Upper

Jurassic shales. On the downthrown side, however, the oil-bearing Brent Group

is juxtaposed against the upthrown water-bearing Brent Group.

Bracken et al. (2000) presented the structural-stratigraphic model of
Oligocene and Miocene reservoirs in Block B8/32, Gulf of Thailand. Benchamas
reservoirs occur in braid belt and sandy, upper estuarine fluvio-deltaic sandstone.
Reservoir intervals alternate with carbonaceous mudstones with relatively few
reservoir quality sandstone beds. The fine-grained mudstones probably acted as
regional seals during hydrocarbon migration and now act as top-seals in fault

compartments.

Teerman et al. (2000) presented Benchamas field produces primarily light
oil. The main source rock area is in the deeper graben areas to the east of the
fields, in the Pattani Trough. A regional decrease in thermal gradient from
concession areas to the south puts Block B8/32 in favorable location for bout gas
and liquids generation. Faulting strongly controls migration pathways and seals.

Yielding et al. (2002) suggested that a shale gouge ratio value between 15
to 20% represented a threshold value between non-sealing and sealing fault in
the Oseberg Syd.



CHAPTER II

GENERAL GEOLOGY OF PATTANI BASIN, GULF OF THAILAND

2.1 Geology of the northern part of the Gulf of Thailand overview

Numerous Tertiary basins are located in the northern part of the gulf of
Thailand, namely Sakhon, Paknam, Hua Hin, North Western, Western, Kra, East
Kra, North Kra, Prachuap, Chumphon and the northern part of Pattani basin. The
Tertiary basins in the area are intracratonic rift basin (Pradidtan and Dook, 1992).

The northern part basin of the Gulf of Thailand appears to lie near the
intersection of two major strike-slip fault systems (Figure 2.1). The NW-SE
trending Three Pagodas Fault appears from the Myanmar border and appears to
extend into the northern part of the Gulf. The NE-SW trending Ranong Fault cuts
across peninsular Thailand and may extend into the north-western part of the
Gulf (Achalabuti, 1974, and Polachan and Sattayarak, 1989). Polachan (1988)
suggested that the dextral movement of the NW-SE strike-slip faults and the
sinistral movement of the NE-SW strike-slip conjugate faults probably had

occurred initially in the Oligocene.

In South East Asia, Tertiary tectonic has largely been caused by the
interaction of the Indian and Eurasian plates (Figure 2.2). The Indian plate
separated from Africa during Late Cretaceous time and through northward
movement, eventually collided with the Eurasian plate in the Eocene. With
continued penetration to the north, South East Asia was slowly pushed out to the
southeast and progressively rotated clockwise, with the angle of subduction
changing from perpendicular to oblique (Tapponnier et al., 1986). Progressively
increasing oblique subduction accelerated dextral movement of the NW-SE

strike-slip faults, including the Three Pagodas and Ping Faults.

The Gulf of Thailand can be divided by the N-S trending Ko Kra ridge into
two areas, West and East. According to Bunopas (1981), the west Area, where
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numerous narrow and small Tertiary basins are located, appears to be situated in

the Shan-Thai block. The East Area, where the Pattani and Malay basins are

located, appears to be part of the Indochina block.
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Figure 2.1  Structure elements indicate indicating dextral shear in the northern
part of the Gulf of Thailand (Pradidtan and Dook, 1992).
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Figure 2.2  Tectonic map of Southeast Asia and the South China Sea showing
the patterns of major faults and their relative movements. SFS (Sumatran fault
system); MFZ (Mergui fault zone); TPFZ (Three Padodas fault zone); SFZ
(Sagaing fault zone); RKFZ (Ranong and Klong Marui fault zone); MPFZ (Mae
Ping fault zone); UFZ (Uttaradit fault zone); NTFZ (Northern Thailand fault zone)
and RRFZ (Red River fault zone) (Packham, 1993).
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The western and eastern parts of the Gulf of Thailand appear to be part of

the Shan-Thai and Indochina blocks respectively. Pre-Tertiary basement in the
northern part of the Gulf has been encountered by several wells. Lithologies
penetrated include; Permian carbonates, Mesozoic carbonates, Paleozoic
metaclastics and Cretaceous granite (Pradidtan and Dook, 1992). Tertiary
sequences, unconformably overlying the Pre-Tertiary, are almost entirely
nonmarine sediments. Paul and Lian (1975) described the presence of the Late
Middle Miocene Unconformity in the Pattani basin. Woolland and Haws (1976)
also recognized its presence elsewhere in the Gulf of Thailand. By comparison
with radioactive dating of the unconformity in the Phitsanulok basin (Legendre et

al., 1988), an absolute age between 10.4 to 13.6 Ma is suggested.

Pradidtan et al. (1990) use the unconformity to suggest two stratigraphic
groups for the Tertiary sequences. Overlying the unconformity is Chao Phraya
group. The second group, beneath the unconformity is named after the basin in

which it occurs.
Post-rift sequence

Since the formation of the unconformity, generally quiescent thermal
subsidence has been taking place. The lithology of the Chao Phraya group is
rather homogeneous with relatively uniform thicknesses of approximately 3280 ft
(1000 meters). A more marine influence is seen in the eastern basinal area.
Flood plain and fluviatile sediments are predominant, with more littoral and
paludal sediments occurring.in the upper part of the group.

Syn-rift sequence

The stratigraphic' groups below the unconformity are syn-rift related and
were deposited in separate basins, particularly the lower and middle parts of the
sequences. Therefore, they are potentially unique. In general, three distinct unit;
Upper, Middle, and Lower can be recognized in these groups. In a few basins,
four units have also been identified (Figure 2.3). Generally, these syn-rift

sequences comprise alluvial and lacustrine sediments.
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Figure 2.3 Generalized chronostratigraphics summary of the basins in the
northern part of the Gulf of Thailand (Pradidtan and Dook, 1992).
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A map on top of the Pre-Tertiary basement and a regional cross section

illustrated in Figure 2.4 respectively, show the geometry and distribution of the
basin in the northern part of the Gulf. Tertiary basins generally have half-graben
geometry and are controlled by major boundary fault zone. The major boundary
faults lie N-S trends and are products of extensional tectonics. The throw of
these faults are extremely large. However, lateral variations in throw are
frequently found. The major movement occurred in the early stage, during the
Late Oligocene to Early Miocene, but analyses of the fault system suggest
periods of rejuvenation (Pradidtan and Dook, 1992). Beside the boundary fault,
numerous normal faults bout listric and basement involved can be identified.
Generally, these lie in N-S trends. The throw of these faults are much less than

the throw of the major boundary fault, and they are sufficient to isolate reservoirs.

2.2  Geology of Pattani basin
2.2.1 Structural evolution

The Pattani basin is the largest of a series of elongate N-S trending
tertiary rifts formed in the Gulf of Thailand in response to the northward
movement and collision of Indian plate into Eurasia. Initial rifting in the Oligocene
(40-50 Ma.) created localized haft-grabens where oil-prone lacustrine shales
were deposited in shallow lakes rimmed by alluvial fan complexes. The internally
drained sub-basin coalesced in the lower Miocene during the main basin-forming
rifing phase and river flow became the dominant drainage mechanism. As the
Pattani basin subsided throughout the Miocene, gas-pone coals and
carbonaceous shales formed in low-lying swamps dissected by fluvial flood-plain
system. Sediments are non-marine in origin, mainly fluvio-lacustrine deposits.
However, the eastern portion was influenced by marine incursion during the early
Miocene age. A variety of trap types present in the basin such as anticlinal faults,
tilted faults, rollover, and buried hills. A number of oil and gas fields have been
found in Pattani. Most of the gas fields are distributed all over the central part of
the Pattani basin while oil fields are gathered in the shallower part of the basin
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margin. The characteristic of hydrocarbon bearing reservoirs in Pattani basin is

found in Oligocene to middle Miocene fluvial and fluvial-deltaic sandstone. The
data source rock chemists suggested two main sources of hydrocarbon in the
area. The first source rock facie is the Miocene fluvial-deltaic coals and
carbonaceous shale contains land plant debris is the primary source of gas and
condensate in the region. The second source facie are the Oligocene, oil-prone
lacustrine shale. The organic matter is dispersed, terrestrially derived, type Il
kerogen with minor type Il kerogen and primarily consists of vitrinite. The average
total organic carbon (TOC) contents are generally low to moderate (0.2-1.4
wt.%). The hydrogen index (HI) average is 100 mg HC/g TOC, the hydrocarbon
potential range from 0.01 to 2.5 mg HC/g rock and the quality of the organic
matter ranges from 0.31 to 1.9 mg HC/g TOC (Bustin and Chonchawalit, 1995).

The structural evolution of the Pattani region can be divided into seven

main stages (Jardine, 1997):

1) Pre-rift folding and uplift of pre-Tertiary accreted basement terranes

from the Cretaceous to the Eocene;

2) Initial rifting and creation of localized sub-basins (half-grabens) from
late Eocene to late Oligocene time;

3) Structural inversion and erosion at the end of the Oligocene;

4) Rifting and basin formation in the lower Miocene;

5) Post-rift collapse and basin subsidence in the middle Miocene;

6) Widespread erosion in latest-middle to early upper Miocene time; and
7) Continued basin subsidence from the upper Miocene to the present.

During the main rifting and basin formation phase in the early and middle
Miocene, Pattani trough subsided quite rapidly. “Accommodation” graben
systems consisting of series of opposing normal faults developed in response to

the rapid extension and deepening.
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2.2.2 Depositional system

Since Oligocene time, more than 25000 ft of sediment thickness have
been deposited in the central Pattani basin Figure 2.5. The basin fill is comprised
of non-marine and marginal marine siliciclastic sediments shed from adjoining
highlands to the north, east, and west. The various provenances provided
sediment influx of differing characteristics, forming variability in reservoir size,

reservoir quality, and source richness across the basin.

Five major sequences are identified (Figure 2.6), reflecting low-order
relative sea-level changes during the Neogene. Two periods of non-deposition
occur near 25 mya and 10 mya, represented by the Mid-Tertiary Unconformity

(MTU) and the mid-Miocene Unconformity (MMU) respectively.

The evolution of the depositional environments active in the Pattani during
Tertiary time began with initial localized lacustrine and alluvial deposition in the
Oligocene (Sequence 1), changing to mostly fluvial and alluvial deposition in the
lower Miocene (Sequence 2), to transgressive fluvial and marginal marine
deposition in the lower middle Miocene (Sequence 3), then overall regressive
fluvial and alluvial deposition in the upper middle Miocene (Sequence 4), and
predominately transgressive marginal marine deposition in the upper Miocene
(Sequence 5) (Jardine, 1997).

The main hydrocarbon-bearing reservoirs in the Pattani are fluvial and
fluvial-deltaic sandstones within-Sequences 4, 3, and upper Sequence 2. These
sequences, overall sand percentages increase towards the basin margins where
the main sediment source provinces are located. Major basin faults and graben
systems guide fluvial meander-belt trends and create localized sand build-ups

along downthrown fault blocks.

The timing of the structural evolution of the Pattani basin was favorable for
entrapment of the expelled gas and oil. The main phase of rifting and basin
subsidence, which initially created the productive graben systems, occurred in
the early and middle Miocene. Therefore, the major fault system existed to trap
hydrocarbons (mostly gas) expelled from Sequences 2 and 3 over a relatively
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long period of time, from the middle Miocene to the present. Continued fault
movements since the mid-Miocene is an important factor controlling variations of
hydrocarbon pool size and abundances throughout the Pattani basin. Moreover
oil generation and preservation occurs in cooler, shallower areas along the basin
flanks, particularly in the northern Pattani where heat flows are lower.
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Figure 2.5 Idealized west-east cross section of the Pattani-basin (Bustin and

Chonchawalit, 1997).



GULF OF THAILAND
PATTANI BASIN STRATIGRAPHIC SUMMARY
—
= (AN} W (==
= oS w
g ¥ w = < |3 =
- = — - (¥ =
] o = = 5|8 =]
2= = =| 2| =
== = = = [=F-1 L
| T] =T - e i)
5 om | 2| 8E
GENERALIZED LITHOLOGY W
i 2
g [ )
e
GREY CLAYSTONES, = w w
EXTENSIWE COALS i} &
— 1= [}
AND SHALE. i = i
= = o
5 ;% w 5 W
= ]
POINT BARS AND = E w @
CHANNEL $4HOS = = =z =
=L i [ =
a = =] =
o e = =
— =1 &
o N — =
- e = =
10 =
RED BEDS, POINT 2
BARE AMD CHAMMEL | = = -
== w
4 SAMDS, FEN COALS = <, =
=] = o
T Lol S 2 ]
L 4 = =
GREY SHALES g uw i = 73]
W F f o b = =
3 AND COALE zfe % 15 =
&
=
INTERBEDDED 4 : = =
GREY SHALE/ RED = X
BEDS. FLUNWIAL % = % g
2 POINT BAR AMD & =4 = o ]
] e 2 =
CHANNEL SANDS, o = 20| = =
= [ oy : o o
COALS LOCALLY = ] g i
[}
O“ERPRESSURED § 5
. o] 25
LACUSTRINE + = z
SHALES AND £ ; 30| w & o
= T
1 ALLLMASL FaN = ; o EoOH
% = ] =
COMPLEXES — 35 o i
MULTIFLE = =) =
UHCONF ORMITIES
o,
PRETERTIARY COMPLEY, e —
5
or
CRETACEDUS GRANITES it = :
BWPLACED INTO PALAEDZOIC 2 - g w
i [n o
. w
(s =
AND MESOZ0IC ki &
SEQUENCES =

24

Figure 2.6 Stratigraphic summaries of the major depositional sequences within

the Pattani basin (modified after Jardine, 1997).



CHAPTER 1lI

GENERAL GEOLOGY BENCHAMAS-A

3.1 Geology of Benchamas field

Benchamas field is a one majority production field of Chevron Offshore
(Thailand) limited (ChevronTexaco) in Block B8/32 in the northern Pattani
basin, the Gulf of Thailand. Benchamas field is currently producing
approximately 160 million cubic feet of natural gas and 50,000 barrels of oil

per day.

Benchamas field can be divided into three sub-basinal structures there
are Benchamas-A, Benchamas-B, and Benchamas-C. The hydrocarbon
reservoirs in this area are distributed in fault compartments. Oligocene and
Miocene sand are the primary reservoir targets. Hydrocarbon reservoir occur

in braid-belt and sandy, upper estuarine fluvio-deltaic sandstone.

Reservoir-bearing intervals alternate with carbonaceous mudstones
with relatively few reservoir quality sandstone beds (Bracken et al., 2000).
The main source rock area is in the deeper graben areas to the east of the
field, in the Pattani Trough. A regional decrease in thermal gradient from
concession areas to the south puts Block B8/32 in a favorable location for
both gas and liquids generation. Faulting strongly controls migration pathways
and seals. Both oils and condensates display variations in isotopic
composition  and  their capillary 'gas-chromatography character, suggesting
differences in source input. Characterization of type Il and llI/lll kerogens by
pyrolysis and organic petrology indicate the occurrence of several different
source facies and depositional environment. Restricted penetration of
potential source rock intervals and lateral facies changes limits interpretation

of source rock occurrence (Teerman et al., 2000).
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3.2 Geology of Benchamas-A field

3.2.1 Field structure

The Benchamas-A field is located to the eastern flank of the main
N-trending horst block in the Benchamas field (Figure 3.1). The main fault lies
in N-S trends at the western of Benchamas-A field. The throw of this fault is
extremely large (> 700 ft). However, lateral variations in throw are frequently
found. The main fault is products of extensional tectonics, which created the
sub-basinal haft-graben in adjacent area of this fault. Benchamas-A field is

one another sub-basin that formed during extensional tectonic.

Benchamas-A field appears to lie near the intersection of two normal
faults. They are Benchamas-A Fault and Benchamas-B Fault. Both faults
have dip direction lie parallel together. Benchamas-B Fault appears in the
western flank of Benchamas-A field. This fault makes the boundary
Benchamas-A field separated form the main N-trending horst block. This fault
have strike direction NW-SE, average dip angle 75°, dip direction to NE and
throw vary from 625 to 750 ft. The Benchamas-B Fault cuts through the
horizon in a descending order, as U-C, U-B, and U-A. The other planar fault
namely Benchamas-A Fault. This fault appears in the eastern flank of
Benchamas-A field. This fault have strike direction NE-SW, average dip angle
64°, dip direction to NE and throw vary from 210 to 325 ft.

The Benchamas-A Fault separated the Benchamas-A field into 2 areas
they are upthrown areas at the north and downthrown areas at the south. The
main production area'is located in the upthrown side of the Benchamas-A
Fault, whereas the downthrown side have a few well penetrated in this
compartment. However, the result of drilling in-well B and | show a good

reservoir quality in downthrown side.

The horizon U-C, U-B, and U-A in upthrown side, they are gentle
dipping to the NNE. The down-dip of these horizons appears at the north,

whereas the up-dip appears at the south.

The horizon in downthrown side is steep dipping to the east.
The down-dip appears at the east. The deepest area is located in the eastern

area, whereas the highest area is located nearby the western of block.
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Fault traps along both flanks (west and east) of Benchamas-A field are
controller the hydrocarbon migration and accumulation in this area. Figure 3.2
displays the different depth of hydrocarbon-water contact in overlap reservoir

sand between upthrown and downthrown side of Benchamas-A Fault.
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Figure 3.1 Top depth U-A structure map of Benchamas-A field (modified

after ChevronTexaco, 2001).
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Figure 3.4 Two transgressive intervals (av. 220 ft) appear in well log correlation across the Benchamas-A Fault, suggest that the lacustrine environment (at the top lines indicate the

maximum flooding surface). At the left represents the gamma ray log and at the right represents the shale volume (Vsh) log in each well.
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3.2.2 Stratigraphic
3.2.2.1 Depositional system

Since Oligocene time, the sedimentary strata have been deposited in
the Benchamas field. The basin fill is comprised of non-marine clastic
sediment from adjoining highlands to the east. The depositional system in this
area is controlled by water level (sea level?). The evolution of the depositional
environment active in the Benchamas-A field happened at the same time of
Pattani basin started extension. Duration Tertiary began with initial localized
lacustrine and alluvial deposition in the Oligocene (Deep gray claystone),
relative to tectonic event erosion and extension, changing to mostly fluvial
deposition, in the lower Miocene (Red beds sequence), to transgressive fluvial
and shallow water (marginal marine?) deposition in the middle to upper
Miocene (Shallow gray clays), and predominately transgressive marginal

marine deposition in the upper Miocene.

The cause of log pattern shown 2 cycles transgressive of the maximum
flooding (hot shale) in this area (massive shale thickness > 130 ft below
formation U-B5 and upper U-B1). When using these shale beds did a well
correlation between well to well can be used to describe the depositional

evolution into 3 phases for this area (Figure 3.4).

Oligocene time, the predominant of transgressive sequences appear in
the area (U-A to U-B6). The location of deepest area in basin can be located
at the southeast of the basin. Because the log-patterns shown the dominated
bell shaped curves (fining upward) in this interval and the high clay/ shale
thickness appear several _more than 120 ft in well D, E, F, and H, these
suggests low energy deposits region in the lacustrine. Whereas, well C, A,
and J appear the log patterns shown dense sand beds in the same interval
this suggests the sediment transported into the area from the north and N-W

of the area.

Lower to middle Miocene, the regressive sequences is dominate in the
area and that to changed the depositional system in the area to fluvial system
alternated with local flooding (U-B5 to U-B1). This sequences look seem the

high transported energy supplied more sediments into the area and created
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the sand layers distributed around the area. This sand layers are importance

because they are the main target reservoirs in these sequences.

Middle to upper Miocene, the transgressive sequence dominant in the
area again. This time look seem transgressive sequences appear in cover
mostly area of Benchamas-A field. The log patterns can be indicated the

maximum flooding surface lower sand horizon U-C6.
3.2.2.2 Lithological units

The penetrated from drilling exploration and production wells can
basically be sub-divided into three gross lithological units, they are Shallow
Gray Clays, Red beds sequence and Deeper Gray Claystone. The following
divisions are based depend on a combination of cuttings samples and initial
log correlations. The lithological units were deposited within a fluvio-lacustrine
depositional system. The potential reservoir formation contains three maijority
horizons separated by intraformational seals. From youngest to oldest, these
are the U-C, U-B and U-A horizon.

Lithological detail

Shallow Gray Clays: This section is dominated by light greenish
gray-to-gray soft claystones with coal beds and rare shell fragments.
These are commonly interbedded with very fine-to-fine grained loosely
cemented sands or sandstone.

Red beds sequence: This section consisted of abundant thin to
massive (up to 70 feet TVD.) sandstone interbedded with varicolored
red brown, non-calcareous claystones. These claystones became
firmer with depth as overburden increases. The sandstone are
generally composed of clear, translucent gray to light brown, fine to
coarse quartz grains held together in slightly to very argillaceous
matrix. The sandstone was generally broken up into their individual
grains and cementation was often difficult to discern. The top of this
interval was picked lithologically at well site when red-brown claystones

became predominate in the cuttings sample.

Deeper Gray claystones: The deeper gray claystones were picked by

Maersk for their final report and termed by Maersk as “ Top Lacustrine
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Shale” claystones in this section of the wells were light to medium gray
with some dark carbonaceous material appearing. Minor sandstones
were light to dark gray, fine to coarse grained, occasionally very

coarse, subangular to subrounded, with an argillaceous matrix.

3.2.3 Benchamas-A reservoir

The majority reservoir, oil and gas accumulations within lower to middle
Miocene sandstone, deposited within a fluvial system of low to moderate
energy meandering channels. Sand thickness for these units range from 15 to
100 feet. Porosity ranges from 10% to 26%. The secondary reservoir target is
deeper, late Oligocene to early Miocene, sand thickness for these units range

from 5 to 25 feet and porosity is variable ranging from 5% to 18%.

Table 3.1  Summary of net pay sand and net sand in each horizon.

Net sand to Gross
WELL Net pay / horizon ratio Sand to shale ratio | Net pay / well
(feet) in horizon (feet)
uCc UB UA | UC UB UA | UC UB U-A
A 0 211 77 13 25 18 15 33 22 288
B 10 207 66 20 23 23 25 30 30 283
C 40 163 N/A 49 26 N/A 96 35 N/A 203
D 0 162 77 16 17 11 19 20 12 239
E 0 147 29 16 18 8 19 22 8 176
F 146 194 76 24 26 19 32 35 23 416
H 106 - 126 65 23 22 24 30 28 32 297
I 42 106 105 19 23 15 23 30 18 253
J 0 99 54 17 33 14 20 49 16 153
Average | 38 157 68 22 24 17 31 31 20 -

Note: N/A = well did not penetrate.



The net-to-gross ratio when classified by based on horizon, every
horizon presented low net-to-gross ratio. However if consider to the net pay
per horizon, in the main sand horizon U-B have net pay highest. The cause of
low net-to-gross ratio due to shale is a predominance of rock sequence in
every well (Table 3.1). Shale bed appears in the formed of high thickness
shale column (50 to 225 ft) and some interbedded in sand beds (12 to 25 ft).

3.2.4 Fault seal

Faulting strongly controls migration pathway and seals (Figure 3.5).
The cause of Benchamas-A Fault and Benchamas-B Fault are effectively
control the reservoirs distribution between upthrown and downthrown that can
observing the hydrocarbon distribution shows the hydrocarbons are trapped at
sand/ sand overlaps, suggesting that clay smear contributes to the fault seal.
The result of fault seal study on the Benchamas-A Fault can be classified 2
types of the fault seal in the Benchamas-A field. First, juxtaposition seals in
which faulting juxtapose rock types or lithologies with different permeability
(sand reservoir overlap with shale bed). For example reservoir formation U-C6
and U-B3, both upthrown and downthrown are juxtaposed against shale and
created hydrocarbon trapped along the fault. Second, fault seal by clay
smears that occurs by fine-grained materials such as shale and clay have
slipped past this part of fault surface. The minimum shale gouge ratio (SGR)
values (40% of SGR) that calculated from the Benchamas-A Fault when
calibrated with differential pressure (AP = 9-psi) across a fault suggest the
leaked area (U-B6 upthrown offset U-B5 downthrown) is sealed by clay

smear.

When consider to the fine-grained source bed that provided amount of
clay to slipped interval. Clay and shale sequences of fluvial system in this
area are effective to generate clay smear along a fault plane. The
characteristic of clastic sequences that appears in this area, shale and clay
are predominant in the stratigraphic sequences. The massive shale beds 30

to 150 ft in thickness have been repeated appear in intervals of well log,
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whereas sand beds 10 to 65 ft in thick appear discontinue in thickness and

some sand interbedded by shale.

The migration of hydrocarbon in the Benchamas-A field have controlled
by lateral lithology continuity and faulting. When the hydrocarbons have left
the source rock they migrated through the up-dip bedding to the highest
closure and fill-up this closure. When this closure have saturated with
hydrocarbon, they start fill backward into the lower closure such as fault

closure Benchamas-A Fault.
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Figure 3.5 Allan fault diagram represents a potential fault sealing by

observing the different hydrocarbons contact depth. Moreover, this diagram

represents the overlap sand horizons between upthrown and downthrown

(yellow color).



CHAPTER IV

METHODOLOGY

In this chapter, it is the methodology that using to analyze fault seal by
influence of clay and shale smear on fault plane. All of the methodologies in
this research referenced the methodology given by Needham et al. (1996),
Yielding et al. (1997), Knipe (1997) and Freeman et al. (1998). However some
systematic study in this research have to changed some step, which can be
applied for these research. The work flow diagram that is used to explain the

work step in this study has shown in Figure 4.1.

41 Literature review

In this chapter, it is the methodologies that using to analyze fault seal
by influence of clay and shale smear on fault plane. All of the methodologies
in this research referenced to the methodology given by Needham et al.
(1996), Yielding et al. (1997), Knipe (1997) and Freeman et al. (1998).
However for the available data in the study area, the systematic of study in
this research have to changed some details, which can be apply for this study.

The analytical of studying.is based on the following assumptions:

1) The hanging wall stratigraphy is same as the footwall stratigraphy
(Allan, 1989).

2) Each well has only one hydrostatic pressure gradient (assume a

common aquifer in all reservoir zones).

3) All reservoir zones in the hanging wall are wet sand and have the same

aquifer as the footwall (the same reason as the assumption no.1).

4) Where there are non-reservoirs (shale) juxtaposed against reservoirs (sands),
those juxtaposed areas have sealing potential (Allan, 1989).
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Figure 4.1 Diagram of the overview workflows for fault seal study.
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The typical procedure is as follows.

1)

2)

3)

4)

o)

6)

Well log correlation. The characteristics of well log curves are used
to correlate the horizon from well to well and create the stratigraphic
layers model. These stratigraphic layers will give the ideal
stratigraphic continuity on the fault plane that is used to analyze for

calculation the shale gouge ratio in next step.

To calculate the shale volume (Vsh.) from well log. These shale
volumes were assigned to each stratigraphic layer. Then the detail
of stratigraphic layer includes; the zonal averages of Vsh. and bed
thickness. The Benchamas-A fault is located was analyzed by using
shale volume (Vsh.) data from well F, H, B and |. The reason to
chose these wells to analyze because they are located adjacent to

the Benchamas-A Fault.

Fault traces at 6 mapped horizons are used to construct the top

depth structure map and net sand (isopach) map on each horizon.

The top sand depth on each structure map and the bed thickness of
net sand map are used to create the Allan fault diagram (fault-plane
section). In addition the grid line on the fault surface has been
generate and use this grid node as a framework (grid node size 25
x 25 feet) for calculating a variety of attributes, such as fault throw
along the fault, clay smear parameters and pore pressure
distribution. For example, the depth difference between footwall and
hanging wall for each horizon defines the fault throw at that point;
these observations ‘can be grid to give the throw distribution over
the fault surface.

Juxtaposition analysis, the detailed mapping of the Allan fault
diagram is used to define the location of potential leakage area on
the fault.

Calculate clay smear by using the shale gouge ratio (SGR) method.
Compositional data (e.g. Vsh., bed thickness, bed number) in
slipped interval are used, in conjunction with the fault displacement,

to calculate shale gouge ratio for estimate fault seal capacity.
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7) To compare with pore pressure data. Repeat formation tester (RFT)
measurements for each reservoir on both sides of the fault were
input to display the pore pressure field in each fault block and

across-fault pressure differences.

8) The results of fault seal study by clay smearing, have to answer the
basic questions as below;

1) Which reservoir units are juxtaposed, and where?

2) Where on a fault surface is there seal and where is there

leakage?

3) What is the likelihood that sealed reservoir juxtaposition will
support across-fault pressure difference?

4) Which smear type is happen in fault zone?

4.2 Conceptual method
4.2.1 Log correlation

Data from 9 wells are available to correlate the horizon from well to
well. The depth on each horizon is evaluated by using the gamma ray
log that recorded in the well of study area. The characteristic
relationship between gamma ray curves of each well in the same fault
block, they showed the same continuous of pattern. Ligo, L. (personal
communication, -~ February 27, 2002) mentioned the typically
characteristic of pattern that used for correlated gamma ray log, it is the
strongheaded curve of gamma ray or “hot shale” which recorded in the
zone of high thickness shale (massive shale). The cause of using shale
beds for correlation the horizon is because the characteristic of
depositional of fine grain (Shale and Clay) when, they were deposited
in the low energy region the formed bed was appearances in lateral
(horizon) continuity. The characteristics that had mention can be
observed in the section between 6850 to 6910 feet and 8830 to 8895
feet (in well F, E, D, H, A, J, B, I, C) and all of them is helpful to

correlate the lithology continuity on each horizon. But not of all the well
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log data give the same characteristics; some well cannot be detected
hot shale bed. Therefore the other techniques have to apply such as
correlate by the thickness of bed, seismic cross section or sometime

RFT were applied to check the same hydrostatic region.
4.2.2 Volume of shale calculation

For gathering clay-volume (Vsh) data, Petrophysical analysis of well

data is used to define the clay or shale fraction in each stratigraphic unit.

Shale content, or volume of shale, is an important quantitative result of
log analysis. Several methods can be used, depending on the logs available.

Shale can be distributed in several different ways, as shown in Figure 4.2

Clean Laminar Dispersed Structurai
Sand Shale hale Shale

Figure 4.2 Shale matrix show, how shale is distributed in shaly sand (Crain,
2000).

The common-shale indicating logs are the gamma ray (GR) that used in this
research. The units of measurement for GR are API units or counts per

second.

Estimation of shale content is done by observation of the gamma ray
log with respect to the clean line (GRmin) and the shale base line (GRmax) (both
values, they are the first order to calculate Vsh., when the minimum and
maximum log readings is a linear interpolation). The base lines for the GR

are shown in Figure 3.3 The shale base line for the gamma ray log may alter
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with whole depth due to changes in logging instrumentation, hole size, mud
properties, and varying shale character. Therefore, the shale base line should
be chosen specifically in the shale immediately below the formation of
interest. However, the clean line have been chosen quite some distance from
the zone of interest if no clean sands may be nearby. If the well does not
penetrate shale below the zone of interest, the shale base line must be
chosen from the nearest shale above the zone. However shale properties
may need to be adjusted by comparing shale volume calculated from logs
with core description, thin section point count data, X-ray diffraction data, or
scanning electron microscope data, the reason is too closely to get the result

the best assumption of shale volume.

Shale volume from the gamma ray

The response equation for the gamma ray log follows the classical form:

GR = PHle * Sxo * GRw (water term) A
+ PHle * (1 - Sxo) * GRh (hydrocarbon term)
+ Vsh * GRsh (shale term) ’ (Eg-4.1)
+ (1-Vsh - PHle) * Sum (Vi * GRi) (matrix term)

Where: GRh =log reading in 100% hydrocarbon
GRi = log reading in 100% of the component of matrix rock
GR  =log reading
GRsh = log reading in"100% shale
GRw = log reading in 100% water
PHle = effective porosity (fractional)
Sxo = water saturation in invaded zone (fractional)
Vi = volume of the component of matrix rock

Vsh = volume of shale (fractional
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Both GRw and GRh are zero. GRi is equal to the background radiation in
non-shaly rock and is called GRmin. GRsh is the log reading in shale, called
GRmax. The effect of porosity is very small, so that term also is assumed to be

zero. The response equation thus reduces to:

GR = VSh * GRmaX + (1 - VSh) * GRmm (EQ'4.2)

When solved for Vsh, equation 2 becomes:

In the study area, the gamma ray is not a linear prediction of shale
volume. Then the shale volume calculation has to modify the linearly derived
shale volume to obtain a more satisfying answer. The better method is
“Schlumberger Clavier equation for Tertiary sediments” have been applied
to calculate shale volume that can give more accuracy of shale volume in this
area. When compared; the nonlinear values (shale volume) is more closely
approximate the shale content described in the cutting samples, conventional
cores and sidewall cores. Then the second order shale volume has been applied

in equation (Eqg-4.4)
Vshc = 0.083 3 (2 373Vsha) _'1) (Eq-4.4)
Where:
Vshg = shale content from GR or SP (fractional)

Vshc = shale content corrected for non-linear effects (fractional)
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4.2.3 Top depth structure map and net sand (isopach) map

To construct the structure map and net sand map in this section, have to
understand the subsurface topography across the fault and use them to construct
the Allan fault diagram. Furthermore the structure map can be applied to
investigate the migration pathway and accumulation area of hydrocarbon in each

horizon.

Top depth structure map: The fault trace lines (Figure 4.4) are the
boundary that is used to control and limit the contour lines. The top sand depth
(Table 5.1) in each horizon is the factors to generate the contour interval and

distribution of contour on map.

Net sand (isopach) map: This process have the same methods to
construct the structure map, which is using the same fault trace line and structure
map in each horizon to control and limit the contour lines. In addition, the net
sand thickness is used to generate the contour interval and contour distribution
on map. The net sand map in this process is the isopach map that was measured

only the thickness of sand reservoir (Vshale cut off < 35%).



Figure 4.4 Example Fault trace line and the top sand in depth located on the

well pathways on horizon. (modified from ChevronTexaco, 2002).
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4.2.4 Fault-plane-section analysis (Allan fault diagram)

In this study, the analytical technique of fault-plane-section analysis have
been used the Allan fault diagram analysis to approach and identify fault traps
and probable permeability pathways along fault study. Fault-plane sections allow
for quick identification of lithological and fluid juxtaposition across a fault (Allan,
1989). As defined by Allan (1989), a fault-plane section is “ A display of the
geometry of stratigraphy brought into contact by fault displacement, i.e., two side
of a fault juxtaposed”. (Also termed “fault section” or “ fault surface section”). The
plane of the section is not vertical, as in normal cross-section, but is the plane of
the fault.

This fault plane was generated by assume “a fault would be a smooth
surface passing through the foot-wall and hanging-wall cutoffs mapped on each
horizon” (Yielding et al., 1999). The critical parameters to generate a fault-plane
section in this part include structure, closure style, fault geometries and
stratigraphic geometry. The need of the best structure map and stratigraphic
correlation between wells in the area study are the importance factor. Better
maps generate better fault-plane sections. Stratigraphic geometry is often the
most difficult parameter to derive and often must be extrapolated over long
distance and estimated from depositional models derived from seismic and
subsurface data. Stratigraphic geometry is the thickness and distribution of

permeable and impermeable units.

In this research was investigated the trapping potential of fault by virtue of
stratigraphic juxtaposition. Six of the top depth reservoir structure and net sand
maps including six horizons of, U-C6, U-B2, U-B3, U-B4, U-B5 and U-B6 were
used to created the fault-plane section and stratigraphic units (reservoir
zonations). The top depth structure contours on each horizon represented as the
top sand wherever this contour line was cutoff by fault trace at any depth, it is the
position of stratigraphic unit on the fault-plane section in depth as show in Figure
4.4 and the sand thickness from net sand maps were projected from the top

sand, it was represented the thickness of the sand horizon unit along a fault.



The ideal to analyses fault plane section is based on the following simple

assumption (Allan, 1989):
1. Fault itself has no sealing properties.

2. Fault is not an open conduit.

3. Trapping and migration relationships a fault based on the fault

juxtaposed stratigraphy.

The assumptions that cause of sealing fault or non-sealing fault in this research

can be classified as follow the Table 4.1.
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Figure 4.5 Example of fault-plane section; the ideal to generate fault plane by

using horizon fault intersection line is projected onto the fault surface along

trajectories to the plane (Yielding et al., 1997).
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Table 4.1  Classification the potential sealing fault on fault-plane section.

Classification Seal Non-seal
1. Impermeable bed juxtaposed against permeable bed Yes No
2. Permeable bed against permeable bed Yes Yes
3. Difference fluid between sand on sand juxtaposition Yes Yes
4. Same fluid between sand on sand juxtaposition Yes Yes
5. Same fluid and same hydrocarbon level contact between No Yes

sand on sand juxtaposition (GOC, GWC, OWC)

6. Same fluid but difference hydrocarbon level contact Yes No

between sand on sand juxtaposition

7. Difference pore-pressure distribution sand on sand juxtaposition Yes No

Note: GOC = gas oil contact; GWC = gas water contact; OWC = oil water contact.

4.2.5 Shale gouge ratio (SGR) evaluation

The algorithm for predicting clay smear prediction in this research is the
shale gouge ratio (SGR), it was defined in publications by Yielding et al. (1997)
and Freeman et al. (1998). The shale gouge ratio is used to estimate the
composition of subsurface fault zone, which is the proportion of shaly material in

the fault zone.

The basic assumption in the Shale Gouge Ratio (SGR) algorithms is that
the fault-gouge composition is governed by the buck composition of the wall
rocks that have slipped past that point on the fault (Yielding et al. 1998). Faulting
through clean sandstones generates cataclasites, whereas dragging clay beds
along the fault generates clay smear. Fault seal in sand shale sequences is
broadly predictable. The method is the juxtaposition pattern of the units at the
fault plane. In general many traps, juxtaposition seal of shale against sand is a

main component of the trap geometry, when the shale sequence thickness more
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than sand sequence thickness. However, areas of sand against sand
juxtaposition can also contribute to the trap because of the presence of fault rock,
which impede fluid flow. Clay-rich fault rock tends to form the better seals
because they contain finer-grained material and therefore have smaller
pore-throats (Gibson, 1998). The first order controls on fault rock development
are the lithologies (clay content) in the faulted sequence and amount of offset on
the fault.

Classification of fault rocks is fundamentally based on their composition
(Fisher and Knipe, 1998), and hence Shale Gouge Ratio (SGR) can be thought
of as a predictor of fault-rock types for simple fault zone. Also Shale Gouge Ratio
(SGR) likely is a good guide to the proportion of phyllosilicates in the fault zone
material (Foxford et al., 1998). Fault rock with phyllosilicates content less than 15
to 20% are typically cataclasites or disaggergation zone, those with more than
40% phyllosilicates are clay smears, and intermediate compositions (15-40%)
are sometime referred to as clay-matrix gouge (Gibson, 1998) or phyllosilicates

framework fault rocks (Fisher and Knipe, 1998).

In 1992 Knipe suggested “ The mixture of phyllosilicates and framework
(impure sandstone) silicates generates fault rocks where the porosity and
permeability are controlled by the creations of anastomosing networks of
micro-smears around framework fragments or clast. Then anastomosing zones
of micro-smears may have properties similar to clay smears”. The relationship
between hydraulic properties of a fault zone through a clastic sequence is
strongly influenced by the proportion of phyllosilicates in the fault zone material
(Gibson, ©1998; Foxford et-al. 1998). Then cause of hydraulic seal and
non-communications of hydraulic properties between sand juxtaposed footwall
and hanging wall because increased phyllosilicates contain reduces the
pore-throat size and correspondingly increases the capillary pressure of the
gouge.The cutoff shale gouge ratio value for this research was selected the SGR

values between 15 to 20% to identify the fault sealing or leakage in the overlap
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sand area between sand horizon upthrown and downthrown. SGR has been
calibrated in comparisons of SGR and pressure difference for a number of data
sets (Yielding et al., 1997). In general, static sealing behavior is observed when
SGR is above 15-20%; higher pressure differences correlate with larger values of
SGR.

The following factors control the likelihood of clay/shale smearing (Yielding
at el., 1997);

1). Thicker source beds can produce thicker clay smears;
2) Shear-type smears decrease in thickness with distance from the source layer;
3) Abrasion-type smears decrease in thickness with increasing throw; and
4) Multiple source beds can give a combined continuous smear
Calculation of Shale Gouge Ratio (SGR) requires input of the shale

content of the faulted section or can illustrate in Figure 4.6

The equation as show below:

SGR = Z [(zone thickness) x (zone clay fraction)] / Fault throw x 100% (Eq-4.5)
Where:

Az, = individual thickness of rock in slipped interval.
Vsh. = volume of shale is‘in individual thickness.
t = throw window is the vertical slipped thickness that considered at any

point on fault plane.

The various degree of shale gouge ratio in triangle diagram or Allan fault diagram
grid cells, this research had been referenced the shale gouge ratio interval from
manual Badleys’s Triangle software and display in the same interval (e.g. 0-10%,
10-20%, 20-30%, etc.).
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Color-coding for SGR (modified from Triangle software manual, 2001)
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Figure 4.6 Diagram showing the definition of shale gouge ratio (SGR). For a

sequence of reservoir zones with specified Vshale or Vclay (Vcl,) and thickness

(Az,), The SGR equals the net shale (or clay) content in the rock interval that has

slipped past any point on the fault. tis the fault throw (vertical component of slip)

(modified from Quantitative Fault Seal Prediction; Yielding et al., 1997).
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4.2.6 Repeat formation test (RFT) evaluation

The result repeat formation test (RFT) in this section can be used the
virtue of difference pore-pressure between upthrow and down throw defines the
across-fault pressure difference along the fault plane (fault surface). It is
assumed that within each layer in each compartment there are no pressure
barriers, that is, all the changes in pressure field occur across the faults (Yielding,
1999).

The pore-pressure profile is defined by the repeat formation test data
(RFT) in a well, in a fault-bound block can be used to construct the pressure field
for the near side of each bounding fault to that block. This process involves
tracking the pressure trend along each reservoir zone from the well to the fault
using the appropriate fluid densities. The pore-pressure data can be classification
fluid type and interpretation the physical properties of fluid in test zone such as
fluid density, the depth of fluid contact (GOC, GWC and OWC) and how much
fluid column high that can be derived from this pressure properties. By taking
several pressures different depths in hydrocarbon zone. The measuring
hydrocarbon pressures and the hydrocarbon is continues, the pressure is a
function of depth and all pressure plotted against depth, should lie on a same
straight line (difference kind of fluid, difference straight line). The pressure at any
point can be derided from a law’s of hydrostatic in equation (Eg-3.6) (static

condition).

P = fluid density x gravitational const. x height of fluid column  (Eg-4.6)

And when consider through continuous fluid column

Pz =P+ [poffuid - g * (Z — Zn)] (Eq-4.7) or



Pz = P + [Grad. of fuid - (Z — Zin)]

Where

Grad. offuis = gradient of fluid (p o fuid -

(Eq-4.8)

Zin = initial depth

Z = consider pressure at any depth

Pz = pressure at depth Z

Pin = pressure at depth Zi

poriuia = density of fluid

g = gravitational const.

Hormal S1atic
Gradient

pressyre

Figure 4.7

Pressure-depth relationships within a single fluid network. The top

of the water column for system is in contact with the atmosphere (Dahlberg,

1994).
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Pressures from locations at various depths in the system (Figure 4.7) are
plotted on the graph at the right. All pressures in the fluid lie along the same line,
which represents the normal static gradient for the system. Pressure in the
confined gas portions of the system plot on the high side of the normal static
gradient, since the gas is compressed by water pressure to an a mount
proportional to the relative depth below the surface of gas-water interface. Such
as, the pressure in gas body P, Q (which is the deepest in the system) is greater

than point H, and B.

[FORGE] ATMOSPHERE]
"'"
A 5
SYSTEM 1 SYSTEM 2 SYSTEM 3|8l . __. =L\ N
e :QF: ~Eri_f"-"’
\ LN
oe ' EwpE
d "
r: (yr, (2}
“ L} [}
h @ o7 by mp
Srane <Y wR e
Gradieni & %
o 82 %s
CRR
K ‘Lo“?q‘::\“
\:I. m*‘mn
al
pressure

Figure 4.8 Pressure-depth relationships when original single network system
is subdivided into three separate, isolated systems with the fluids acted on by

different external influences (Dahlberg, 1994).

Figure 4.8 shows the system in Figure 4.7 has been rearranged into
three-separated system (in geology e.g. fault, barrier flow). System 1 is confined
are exposed to heat, which raises the internal fluid pressure significantly. When

the pressure reference points are plotted on the pressure-depth graph, the line
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along which they lie reflects an elevated gradient for this system. The system 2,
independent of the others, is under compression from the small piston located
above point C, the proportional elevation in pressure at all locations within the
system refer to Pascal’s principal is reflected in the gradient, which is displaced
significantly to the right of normal static gradient. And system 3, the system is the
same original, as the normal static pressure. Then the fluid system and network

can be applied to the pore fluids in rock.

Analysis and interpretation of RFT log data

A set of pressure-depth data from one RFT run has been record in Excel
file for plotting in graph pressure-depth and analyze. The principal, pressure and
depth both have the relationship in linear equation. Then when plotted data
should lie on a same straight line. The pressure data from RFT log that using for

analyzing is the shut-in pressure as showed in Figure 4.9.

The assumptions to analyze RFT data:

1. Each well has only one hydrostatic pressure gradient (hydrostatic normal

pressure in all reservoirs).

2. All reservoir zones in hanging wall are water wet and have the same

aquifer as the footwall.

3. The pressure is a function of depth and all pressure plotted against depth,

should lie on a same straight line.

4. Each layer in each compartment there are no pressure barriers, that is, all

the changes in pressure field occur across the faults (Yielding, 1999).

Data interpretation

1. In pressure-depth graph, each (1/slope) value is represented kind of fluid
gradient.

2. The intersection point between two slope line is represented the transition

zone or depth difference fluid contact in the system.
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3. The continuous RFT data on a same straight line between well to well is

represented reservoir continuity.

Table 4.2 Relationships among specific gravity, API gravity, hydrostatic pressure
gradient (psi/ft), and total dissolved solids for brines (Dahlberg, 1994).

Specific gravity API Hydrostatic Total
gravity pressure gradient solids (ppm)
2.50 -7.5 1.083 210,000
2.00 -5.2 0.866 175,800
1.50 -2.7 0.650 143,500
1.25 3.0 0.541 69,500
1.20 10.0 0.520 0
1.14 (brines and heavy oils) 17.0 0.494
1.12 25.0 0.485
1.10 35.0 0.476
1.05 45.0 0.455
1 (fresh water) 60.0 0.433
0.95 0.411
0.90 0.390
0.85 (light oil) 0.368
0.80 0.346
0.70 0.303
0.55 0.238
0.50 0.216
0.40 (gas) 0.130
0.20 0.086
0.15 0.065

0.10 0.043
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Figure 4.9 Example RFT data plotted in pressure-depth diagram. The gradient
lines represent the different type of fluid in the same pay sand of well D in the

Benchamas-A field.
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4.3 Workflow

This section, the steps are used to analyze fault seal had been explain in

logic diagram as show below:

1. Fluvial system 1
2. Max. WWater flooding == O

surface

YWell log
data

Wy'ell correlation RFT checking

1Well log correation chart
1.1 Line B-I-F-H-D-A-J
1.2 Line B-I-F-H-E-C
2_Table Top! Base sand,
Sand thickness

B B

Figure 4.10 Chart illustrates workflow for the well correlation.



1. “shale spreadshest

2. Awerage Vshale in - @
slipped interval

Garnma-ray log
value

GRmax GRmin

Vshg = (GR — GRmin} / (GRmMax — GRmin) Every 5 ft recard
(Ei-4.3)

Vshc = 0,083 * {[2* (3.7°¥shg)] - 1)
{Eq-4.4)

/ Depth
/ correlation /

1. “shale spreadsheet
2. %'shale log

3. Awerage “shale from
well 1&F and B&H

&

Figure 4.11 Chart illustrates workflow for the shale volume calculation.
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1. Structure map
2. Met-sand map

1. Top/base sand
2. Fault trace

Structure map & Met-sand map
construction

1. Structure map (lsopach)
U-Ch, U-B2, U-B3, U-B4
lU-B5, and LJ-BE

2. Met-sand map
L-CE, -B2, U-B3, L-B4
L-B5, and |-BE

L)
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Figure 4.12 Chart illustrates workflow for top the depth structure map and net-

sand map construction.
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1. Allan fault diagrarm

————— 4
2. Area potential _O

sealing and leaking

1. Hydrocarbon
contact depth
2. Structure map
3.Met-sand map
(U-CE U-B2, U-B3,
B4, U-B5, andU-BE)

Co-ordinate:
(distance along fault, depth)
(GWC, GOC, and OWC)

Distance along the
fault & depth plot
(200 -2000 ft)
25325 ft grid cell

1. Allan fault diagram

2. Overlap area sand-shale

3. Overlap area sand-sand

4 Hydrocarbon contact depth
on fault plane

5. Throw along fault

Fotential
zealing

Fault leaking 7
YWyhen sand-sand
overlap

Fault sealing when sand-shale
overlap
Mo fluid communication

Figure 4.13 Chart illustrates workflow for the fault-plane-section (Allan fault

diagram) construction.
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overlap area

1.5GK in gand-sand

2. Sealings non-sealing

Lithologic

potential sealing

well close to fault

1. %Wshale, sourec
bed thickness
2. Throwe weid o

SGR =¥ [(zone thickness) = (zone clay fraction)] s Fault throw = 100%

(Eg-3.59)
SGR == 20%
Sealing fault
Mon-sealing fault
Fault rack
SGR=/=20% 20%=5SGR=40% 0% = =SGR
cataclasites phyllosilicate- clay smear
framework

]

Figure 4.14 Chart

calculation.

illustrates workflow for the shale gouge ratio (SGR)



1. Pare-pressure profile
2. Reservair connectivity = ‘@
3. Hydrocarbon contact
depth

1. RFT test

2 Wvell correlation
depth

Pressureédepth plot
diagram

Resenmir overlap reseraoir

Same stack trend line
ar fluid gradient
superimposed

Diffarent
fluid type

Sarme reserir have
any well show fluid
contact

Reservoir connectivity
(same fluid type) or
fluid 2 phase reservoir)

Check the second
fluid trend line

Cross fault interprettion

Figure 4.15 Chart illustrates workflow for the pore-pressure profile.
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Hesenmir
discantinuity

(capillary seal)

C'mss.faultﬂinferpretafiﬁn

1. Unit overlap across the fault
2. Fluid trend line

Diffarent fluid trend line
Different fluid contact depth
different fluid type

Fault sealing Fault leakage

Capillary pressure seal

Figure 4.15 (continue).
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1. Fault sealing in the averlap

area Benchamas-A fault A _®
2. Effective SGR to fault seal

3. Pressure difference across

a fault between overlap sands

Area potential leakage (overlap sand)
U-B4 upthrowen %3, L-B2 downthrown
U-BE upthrowen %5, LUBS downthrown

Fare-pressure profile

represent
no resemnoir communicate N

Y

SGR represent

potential sealing
N

Y

@Y

N/ H

Fault
sealing

Fault
leakage

N/ Y

Some caues
make
fault seal failure

Figure 4.16 Chart illustrates workflow for the results interpretation.
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CHAPTER V

RESULTS

This section concluded the results of data analysis, which divided into
10 parts. The analysis of each part had used the methodology and

interpretation that had been mention in the chapter 4.

5.1 Well log correlation

The total 9 geophysical log data from 9 drill holes in the Benchamas-A
field have employed to correlate lithology from well to well. The 3 main
horizons in a descending order, as U-C, U-B and U-A are presented in well
log. The individual characteristics in each horizon were used to correlate rock
horizons through Benchamas-A field. The log patterns and characteristics of
six sand horizons namely U-C6, U-B2, U-B3, U-B4, U-B5 and U-B6 presented
the blocky log pattern and occasional fining-upward profile that represent the
fluvial channel system. The top and base sand horizons are used to study

presented in Table 5.1 and well log correlation Figures 5.1 and 5.2.

5.2 Volume of shale

The results of shale volume. calculation-have presented in log column
of shale volume with gamma-ray log (Figure 5.1 and 5.2) (see shale volume
result in appendix A: shale volume spreadsheet). Shale volumes in reservoir
vary from 0 to 35%. Every reservoirs are presented high shale volume
contents because in some sand bed interbedded with shale. Shale beds are
generally 40 to 80 ft thick and high thickness shale beds present in the
transgressive sequences, it is located between horizon U-B5 and U-B6. This
shale beds vary in thickness from 110 to 310 ft. They appear laterally cover
the area of Benchamas-A field (Figure 5.1). The comparative sand to shale

ratio in each main horizon were presented in Table 5.2, shale beds are the
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Shale beds

izons.

hor

in every main

predominance of the rock sequences

appear about of 76 to 83% of gross thickness in each horizon.

Top and base of the reservoir sand horizon in the Benchamas-A

Table 5.1
field.
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Note: [-] = the top or base disappeared from well log.
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Figure 5.1  North to south well log correlation in Benchamas-A field. Well B-I-F-H-D-A-J. Gamma-ray log presents at left, whereas Vshale logs presents at the left side of the well log in each
well. At the left represent the gamma-ray log and at the right represent the shale volume log.
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Table 5.2  Summary of the sand to shale ratio in each horizon interval the

Benchamas-A field.

WELL | Netpay /honzon  |Met sand to Graoss ratio]  Sand to shale ratio | Net pay [ well
(faet) In horizan (feet)
LCco B VA UC UB UAJUC UB  UA

Mo | 1947 24 k| 19132 B B 416
106 [T B8° 47 23 S SB Y RAN NS0 28 | A2 297
| 42 |00 108 519080 4 SN[V 30 | 1B 253
J 0 | 8 oAl [#eisam | i PNy 49 | 1B 153
Average | 38 | 1500 B0 | 2. 2, 17 L3 | 31 A

A B (MG | & | ¥ | B | T | e | 84 | 28 s
B 10 |207 | 66 |l Es g3 ( 25 | 30 | A ik
C 0B Nal e B O NAlE | B 203
I 0 | 15ceemeintetil W17 <sissld | 20 | 1) 23
E 0 | TE Lty | ABNINENSELT | 22 | 6 176
F

H

5.3 Top depth structure map and Net sand map

Top depth structure map of reservoir sand horizon U-C6, U-B2, U-B3,
U-B4, U-BS5 and U-B6 had been constructed and they are used to describe
the structure in the study area. The Benchamas-B Fault separated
Benchamas-A field from the main N-trending horst block, Benchamas-A block
moved downward to the east. The Benchamas-B Fault is the boundary at the
western flank of Benchamas-A field that setup fault traps at the western side.
At the eastern flank, the Benchamas-A Fault appears in direction NE-SW and
separated Benchamas-A field into two areas, they are upthrown areas and
downthrown areas. The Benchamas-A Fault is a fault boundary at the eastern
flank of Benchamas-A field. The hydrocarbon traps along this fault on both
side of upthrown and downthrown. Almost horizons in upthrown present down
dip direction to the north, whereas the horizons in downthrown present the

down dip direction to the east.
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Top depth structure map and net sand map description

Horizon U-C6 sand reservoirs are distributed from sub sea depths of
6530 to 6800 ft in the upthrown side and 6800 to 6950 ft in the
downthrown (Figure 5.3). The high sand thickness (> 50 ft) appears at
the location of well F and H (Figure 5.4). Sand beds gradually
decreases in thickness to the north. Well F and H encountered oill
reservoir 58 ft and 73 ft in thickness whereas, the other wells in the
same fault compartment encountered wet sand at the north The
oil-water contact presents at depth 6691 ft. Downthrown, well B and |

encountered wet sand 17 ft and 27 ft.

Horizon U-B2 sand reservoirs are distributed from sub sea depths of
6900 to 7250 ft in upthrown and 7160 to 7300 ft in downthrown (Figure
5.5). The high sand thickness (> 40ft) appears at the location of well C,
F and H (Figure 5.6). The up-dip appears at the south of area. The
upthrown appears wet sand, whereas the downthrown presents gas
reservoir. Well | encountered gas reservoir 41 ft. Gas-water contact
presents at depth 7212 ft.

Horizon U-B3 this horizon, sheet sand covers in the area. Sand
reservoirs are distributed from sub sea depths of 6900 to 7250 ft in
upthrown and 7160 to 7300 ft in downthrown (Figure 5.7). The average
sand thickness is 22 ft. The up-dip bedding appears at the south of
area where well'A, C, D, E, F, H, and J encountered gas reservoir 16,
37, 23,25, 17, 21, and 22 ftin sequent (Figure 5.8). Gas-water contact
in upthrown presents at depth 7292 ft, whereas downthrown appears

wet sand.

Horizon U-B4 sand reservoirs are distributed from sub sea depths of
7130 to 7390 ft in upthrown and 7360 to 7500 ft in downthrown (Figure
5.9). The high sand thickness (> 40ft) appears at the location of well F
(Figure 5.10). The up-dip appears at the south of area. The upthrown
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appears wet sand, whereas the downthrown presents the gas
reservoir. Well | encountered into gas reservoir 30 ft in thickness.

Gas-water contact presents at depth 7421 ft.

Horizon U-B5 sand reservoirs are distributed from sub sea depths of
7450 to 7750 ft in upthrown and 7730 to 8050 ft in downthrown (Figure
5.11). Wells C and E encountered gas reservoir 40 ft and 43 ft in
thickness (Figure 5.12). The up-dip appears at the south of area. The
upthrown appears gas reservoir, gas-water-contact presents at depth
7683 ft, whereas the downthrown appears gas reservoir, gas-water
contact presents at depth 8018 ft. Well B and | encountered gas

reservoir 30 ft and 21 ft in thickness.

Horizon U-B6 only this horizon, the deposition look seem sediment in
the location well F and H have deposited in low energy region due to
sand bed gradual decreases thickness to the south. Sand reservoirs
are distributed from sub sea depths of 7750 to 8000 ft in upthrown and
8090 to 8200 ft in downthrown (Figure 5.13). Well A, C, D, E, F and H
encountered gas zone 48, 64, 74, 49, 52 and 49 ft in sequent, well J
encountered gas and oil zone 100 ft (Figure 5.14). The up-dip appears
at the south of area. The upthrown presents gas-water contact at depth
7854 ft and oil-water contact at depth 7974 ft whereas, the downthrown
appears gas reservoir, gas-water-contact presents at depth 8311 ft.
Well B.and | encountered gas reservoir 17 ft.and 27 ft.in thickness.
Well B the pore-pressure represents  sub-normal pressure, these

indicated horizon U-B6 downthrown have reservoir discontinuity.
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Figure 5.3 Top U-C6 reservoir depth structure map of Benchamas-A field.
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Figure 5.4 U-C6 net sand (isopach) map of Benchamas-A field.
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Figure 5.5 Top U-B2 reservoir depth structure map of Benchamas-A field.
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Figure 5.6 U-B2 net sand (isopach) map of Benchamas-A field.
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Figure 5.7 Top U-B3 reservoir depth structure map of Benchamas-A field.
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Figure 5.8 U-B3 net sand (isopach) map of Benchamas-A field.
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Figure 5.10 U-B4 net sand (isopach) map of Benchamas-A field.
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Figure 5.11 Top U-C5 reservoir depth structure map of Benchamas-A field.



LESEHD =T
« i WELL PIRE TRATICN
o -
el
Lget-L L
| L
(- }
[IL=TTTEY ] pEd
| mul R Comtmar innarval 4 faan
| ppirlst B0 i i
1
= ],

Figure 5.12 U-B5 net sand (isopach) map of Benchamas-A field.
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5.4 Fault-plane-section analysis

Allan fault diagram was constructed from top depth structure and net
sand maps as shown in Figure 5.15. The distance along the fault from (-200)
to 2000 ft is used to consider the potential sealing on the Benchamas-A Fault.
Area potential sealing and leakage across the Benchamas-A Fault can be
identified into 2 groups they are;

First, sand-to-shale (reservoir to nonreservoir) juxtaposition, this
juxtaposition consists of horizon U-C6 upthrown and downthrown, U-B2
upthrown, U-B3 upthrown and downthrown, U-B4 downthrown, U-B5

upthrown, U-B6 downthrown.

Second, sand-to-sand (reservoir to reservoir) juxtaposition, this
sand-to-sand offset consists of horizon U-B4 upthrown juxtaposed against
U-B2 downthrown and U-6 upthrown juxtaposed against U-B5 downthrown.
The sand-to-shale juxtaposition is considered as a sealing fault in structure

closure whereas sand-to-sand juxtaposition is considered as a leakage fault.

Sand-to-shale juxtaposition can be recognized as the lithological
sealing because fault cannot be act as an open conduit when hydrocarbon-
bearing sand-on-shale closures are present (Alexander et al., 1998).
Therefore the horizon U-C6 upthrown and downthrown, U-B2 upthrown, U-B3
upthrown and downthrown, U-B4 downthrown, U-B5 upthrown, and U-B6
downthrown, all of them have sealed by lithological sealing. Moreover, when
consider to the level of hydrocarbon contacts, all of them have different depth

contact across Benchamas-A Fault (Figure 5.16).

Sand-to-sand juxtaposition can be recognized as the fault is an open
conduit or hydrocarbon can be spill across Benchamas-A Fault. Horizon
U-B4 upthrown against U-B2 downthrown and U-6 upthrown against U-B5
downthrown these overlap sands appear on the fault-plane section but the
hydrocarbon contact depth in both side of fault appear different contact depth
and fluid are the different type (Figures 5.17 (a) and (b)). However, to
investigate the potential sealing, have to confirm with pore-pressure (RFT
test) and check fluids have communicated between sand-to-sand

juxtaposition or not.
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Figure 5.16 Cross-section diagram illustrates the reservoir sand horizons
juxtaposed against the other sand horizons across the Benchamas-A Fault.
The sand horizons juxtaposed against clay/ shale bed across a fault
considered as a fault sealing, whereas the sand horizons juxtaposed against

the other sand across a fault consider as a fault leakage unit.
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5.5  Migration and entrapment of hydrocarbon in study area

The migration of hydrocarbon in Benchamas-A field have controlled by
lateral lithology continuity and fault closure. When the hydrocarbons have left
the source rock they migrated through the up-dip bedding to the highest
closure and filllup this closure unit this closure have saturated with
hydrocarbon, they will start fill backward to the lower closure such as along a
fault closure. The probability of hydrocarbon can be migrated across
Benchamas-A Fault, it would be happened before or early movement of
Benchamas-A Fault. Because the values of shale gouge ratio got high 30 to
40% when this Benchamas-A Fault, has started to move in a few feet (25-50
ft). Moreover, on the Benchamas-A Fault have sealed by clay smear that is
more effective to trap the hydrocarbon accumulated in both side of faulted
compartments. Therefore the location that appropriated to hydrocarbon
accumulation would be happened at the up-dip closure adjacent
Benchamas-A Fault (Figure 5.18).

7/

/ UPTHROWN

L A A

Figure 5.18 Hydrocarbon migration and entrapment model of Benchamas-A
field. The hydrocarbon reservoirs occur in sand layers with entrapping shale
sequences and normal faulting. Yellow and gray color represent sand and
shale beds respectively. Red and green color represent gas and oil

respectively. The red arrows represent the hydrocarbon migration pathways.
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5.6 Result of shale gouge ratio (SGR)

The results of shale gouge ratio in overlap areas on the fault plane

have been displayed into two algorithms and both represent similar results.

First, using the Vshale, source bed thickness, and throw from Allan
fault diagram to calculate SGR. These results were assigned into the grid
cells for presenting the degree of SGR on the fault plane (Figure 5.19). The
results have changed with throw along the fault. Wet sand horizons U-B4
upthrown overlap with gas reservoir U-B2 downthrown shown 40 to 43% of
SGR, whereas the overlap area gas and oil reservoir U-B6 upthrown overlap
with U-B5 downthrown shown 62 to 86% of SGR.

Second, using the Vshale, source bed thickness, and throw from
juxtaposition diagram to calculated SGR values by using the juxtaposition
diagram. The result on juxtaposition diagram displays the shale gouge ratio
only the overlap sand-sand, therefore the SGR values have changed with
throw until the end of interested interval. Wet sand U-B4 upthrown overlap
with gas reservoir U-B2 downthrown shown 40 to 60% of SGR (Figure 5.20
(a)), whereas the overlap area gas and oil reservoir U-B6 upthrown overlap
with U-B5 downthrown presents 50 to 70% of SGR (Figure 5.20 (b)). The
comparison of SGR results in the leakage area from the Allan fault diagram
with the cutoff SGR value at 20% (Yielding et al., 1999) that indicate all the
overlap sand-sand area on the Benchamas-A Fault have sealed potentials.

As a result both algorithms were presented, showing the Benchamas-A
Fault was sealed. Moreover, high SGR values appear in this fault zone
represented high phyllosilicates content in-the fault zone material (Foxford et
al., 1998). For this reason the pore-throat size could be decreased and
correspondingly increases the capillary entry pressure of the gouge, this
association is an answer “ How does the clay smear can make a fault seal?”
More ever, the minimum SGR in Benchamas-A Fault is higher than 40%, this
represents fault seal by clay smears mechanism. Therefore Benchamas-A
Fault is high probability to generate clay smear along the fault plane and traps

hydrocarbon along the fault.



Table 5.3  Average shale volume (Vshale) data are used in analyzing

Benchamas-A Fault.

Vshale average from F and | Vshale average from H and B

Depth  Formation  Vsh. Depth Formation Vsh.

feet name avy. feet name avy.
0-25 ] ozo 0-25 R
2560 0.32 2560 011
50-75 0.10 50-75 : S 003
75-100 0.67 75-100 072
100-125 0.90 100-125 0.80
125180 0.81 125150 080
150-175 0.71 160475 i Bhi D43
175-200 0.55 175-200 0.60
200-225 0.97 200-225 052
225050 i b L) 257650 07
250-275 045 250-275 0.68
275-300 013 278-300 0.43
300-325 0.7 300-325 0.68
326-350 0.92 326-360 | 1 018
350-375 012 350-375 002
375-400 01 375-400 0.94
400-425 0.56 400-425 0.75
425-450 0.44 425-450 0.29
450-476  [GELERS S 016 450-475 0.79
475-500 0.86 478-500 0.76
500-525 0.56 A00-525 0.09
625-550 0.87 525550 0.14
BRO-676  [GHILEB4: G DJ0 B60-6575 0.92
575-600 0.94 575-600 0.79
RO0-625 0.55 BO0-625 0.33
B25-BE0  iiniiiii [ h25-5500 067
BE0-675 0.72 BED-B7E i i D42
B75-700 0.96 B75-700 0.55
700-725 0.75 700-725 0.58
725750 & g 725-780 0.78
760-775 0.92 7E0-775 0.59
775-800 0.94 776-800 1.00
A00-625 0.23 800-825-. [ 5 023
f25-550 0.47 f26-550 072
A50-875 0.57 AE0-875 0.87
g7e-o00  [GUEBS | 019 875000 ~ DEB
900-925 0.92 o00-g25 i G 009
525-940 085 | 975-5400 0.&0
950-975 0.74 950-375 0.93
9751000 0.92 975-1000 i 0.3
1000-1025 0.83 1000-1025 0.95
1025-1080 0.56 1025-1080 | 0.66
1050-1075 0.83 1050-1075 3 0.14
1075-1100 0.83 1075-1100 0.86
1100-1125 0.86 1100-1125 0.8a
1125-11450 0.69 1125-1150 [ 019
1150-1175 0.83 1150-1175 0.42
1175-1200 [ 086 25| 0190 1176-1200 [ 0.23
1200-1225 |: 0.190
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Figure 5.20 Juxtaposition diagram illustrating the variation of shale gouge ratio (SGR) with throw for typical horizons U-C6, U-B2, U-B3, U-B4, U-B5, and U-B6. Horizontal lines represent

upthrown reservoir zone, and diagonal lines represent downthrown zone. The SGR calculation uses the Vshale values listed in Table 5.3. In (a), SGR was calculated by using average Vshale

from well F and I. (modified from Triangle diagram manual, 2001).
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5.7 Pore pressure distribution

The pore-pressure profile defined by the RFT data in a well in a fault-
bound block can be used to construct the pressure field for the near side of
each bounding fault to that block. This process involves tracking the pressure
trend along each reservoir zone from the well to the fault using the
appropriate fluid densities. It is assumed that within each layer in each
compartment there are no pressure barriers, that is, all the changes in
pressure-field occur across the fault. Figure 5.21 represent the pore-pressure
distribution in Benchamas-A field and gave ideal reservoir continuity across

Benchamas-A Fault.

5.7.1 Pore-pressure distribution in each horizon

The result of RFT analyze in this part have been classified by 6
horizons. The RFT data in each well as the same horizon are used to
construct the pore pressure field. Therefore these pore pressure will give the
detail of fluid properties such as fluid gradient, type, column high, continuity

and contact depth. The details of analysis have been explained as below.

Horizon U-C6

RFT data from well F and | were used to analyze in this horizon.

Horizon overview:  This horizon has the RFT data test 1 well in upthrown

side and 1 well in downthrown side. Then the data overview can be used the
individual data in well F-and I to explain the result in this horizon (Figures
5.22 and 5.23).

Fluid-type: -~ Oil

Fluid gradient:

Upthrown side: Oil gradient = 0.3059 psil/ft
Water gradient = 0.4101 psi/ft
Downthrown side: Oil gradient = 0.2910 psi/ft

Water gradient = 0.4147 psilft
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Fluid contact depth:

Upthrown side: OWC = 6691 ft

Downthrown side: OWC = 6905 ft

Horizon U-B2

RFT data from well F and | were used to analyze in this horizon.

Horizon overview: This horizon has the RFT data test, 1 well in upthrown

side and 1 well in downthrown side. Then the data overview can be used the
individual data in well F and | to explain the result in this horizon (Figures
5.24 and 5.25).

Fluid type: Gas and water.

Fluid gradient:

Upthrown side: N/A (wet sand) psi/ft
Water gradient = 0.4205 psi/ft
Downthrown side: Gas gradient = 0.0883 psi/ft
Water gradient = 0.4147 psilft

Fluid contact depth:

Upthrown side: GWC = N/Aft

Downthrown side: GWC = 7235 ft



Depth (ft.)

2400
5700

2600

2800

Pressure (psia.)

3000

3200

3400

3600

5800

5900

6000

6100

6200

6300

6400

B

6500

6600

6700

o”

6800

6900

99

7000

x4

7100

7200

7300

7400

e

owell F
A well D
Awell |
owell J
x well A
e well E
+well B

7500

7600

7700

7800

7900

8000

8100

8200

8300

¥
111]

8400

8500

’.-n'm

B>

diagram shown pore-pressure distribution in Benchamas-A field.

Figure 5.21 Repeat formation test (RFT) data plotted in pressure-depth
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Horizon U-B3

RFT data from well F, E, D, J and | were used to analyze in this

horizon.

Horizon overview: This horizon has the RFT data test, 4 wells in upthrown

side and 1 well in downthrown side. Then the data overview can be used the
individual data in well | to explain the result in downthrown horizon, whereas
the conclusion RFT analyze from wells F, E, D and J are used to explain the

result in upthrown side (Figures 5.26 and 2.27).

Fluid type: Gas and water.

Fluid gradient:

Upthrown side: Gas gradient = 0.0776psi/ft
Water gradient = 0.4207 psi/ft
Downthrown side: N/A (wet sand) psi/ft
Water gradient = 0.4079 psi/ft

Fluid contact depth:

Upthrown side: GWC =7292 ft
Downthrown side: GWC = N/A ft

Horizon U-B4

RFT data from well F, E, D, J, B and | were used to analyze in this

horizon.

Horizon overview: This horizon has the RFT data test, 4 wells in upthrown

side and 2 wells in downthrown side. Then the data overview can be used the
conclusion RFT analyze from well |, and B are used to explain the result in
downthrown side. Whereas only data in well F can be used to explain the
result in up thrown horizon because the other test points in well E, D and J

there are not fit on curve when analyze the gradient (Figures 5.28 and 5.29).

Fluid type: Gas and water.



Fluid gradient:

Upthrown side:

Downthrown side:

Fluid contact depth:

Upthrown side:

Downthrown side:

Horizon U-B5
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Gas gradient = N/A (wet sand) psi/ft
Water gradient = 0.4207 psi/ft
Gas gradient = 0.0772 psi/ft

Water gradient = 0.4138 psi/ft

GWC = N/A ft
GWC = 7449 ft

RFT data from well F, E, D, B, and | were used to analyze in this

horizon.

Horizon overview: This horizon has the RFT data test, 3 wells in upthrown
side and 2 well in downthrown side. Then the data overview can be used the
conclusion RFT analyze. The wells |, and B are used to explain the result in
downthrown side. And the wells F, E, D are used to explain the result in
upthrown side. Water summary from well F, E and D is used to calculate
GWC (Figures 5.30 and 5.31).

Fluid type: Gas.

Fluid gradient:

Upthrown side:

Downthrown side:

Fluid contact depth:

Upthrown side:

Downthrown side:

Gas gradient =0.0980 psi/ft
Water gradient =0.4176 psi/ft
Gas gradient = 0.1047 psi/ft

Water gradient = 0.4138 psilft

GWC = 7683 ft
GWC = 8018 ft
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Horizon U-B6

RFT data from well F, E, D, J, B, and | were used to analyze in this

horizon.

Horizon overview: This horizon has the RFT data test, 4 wells in upthrow

side and 2 well in downthrown side. Then the data overview can be used the
conclusion RFT analyze. The wells |, and B are used to explain the result in
downthrown side. And the wells F, E, D and J are used to explain the result in

upthrown side (Figures 5.32 and 5.33).
Fluid type: Gas, Oil and Water.

Fluid gradient:

Upthrown side: Gas gradient = 0.0852 psi/ft
Oil gradient = 0.2439 psi/ft
Water gradient = 0.4571 psil/ft

Downthrown side: Gas gradient = 0.0953 psi/ft
Water gradient = 0.4147 psi/ft

Fluid contact depth:

Upthrown side: GOC =7854 ft
OWC =7974 ft

Downthrown side: - GWC ='8311 ft
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Figure 5.22 Pressure-depth diagram shown pore-pressure distribution in the

oil reservoir horizon U-C6 upthrown side.
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Figure 5.23 Pressure-depth diagram shown pore-pressure distribution in the

oil reservoir horizon U-C6 downthrown side.
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Figure 5.24 Pressure-depth diagram shown pore-pressure distribution in the

wet sand horizon U-B2 upthrown side.
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Figure 5.25 Pressure-depth diagram shown pore-pressure distribution in the

gas reservoir sand horizon U-B2 downthrown side.
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Figure 5.26 Pressure-depth diagram shown pore-pressure distribution in the

gas reservoir sand horizon U-B3 upthrown side.
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Figure 5.27 Pressure-depth diagram shown pore-pressure distribution in the

wet sand horizon U-B3 downthrown side.
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Figure 5.28 Pressure-depth diagram shown pore-pressure distribution in the

wet sand horizon U-B4 upthrown side.




110

Pressure (psig.)
2950 3000 3050 3100 3150 3200 3250 3300 3350

7250 | | - | | | | | |

7300 ~ b

7350 ~
T
()
= 7400 - y = 12.953x - 33489
= y = 84.444x - 247131 Gas Grad. = 0.0772 psi/ft.
8 gas Grad. = 0.0118 psi/ft. )

. _Well BGWC @ 7435 ft
GWC @ 7449 ft
7450 — — — e e e e P e e m— f——
y = 16248 #2833.3 wat)(;r=62r:c;| 2 %_4113177'63;i/ft
water well B Grad.=0.6558 psi/ft. ’ ' psitL.
possible sub-normal pressure zone.
7500 ~
y =2.4168x - 189.35
Main water Grad. = 0.4138 psi/ft. o
7550 -

Figure 5.29 Pressure-depth diagram shown pore-pressure distribution in the

gas reservoir horizon U-B4 downthrown side.
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Figure 5.30 Pressure-depth diagram shown pore-pressure distribution in the

gas reservoir horizon U-B5 upthrown side.
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Figure 5.31 Pressure-depth diagram shown pore-pressure distribution in the
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ir horizon U-B5 downthrown side.
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Figure 5.32 Pressure-depth diagram shown pore-pressure distribution in the

gas and oil reservoir horizon U-B6 upthrown side.
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Figure 5.33 Pressure-depth diagram shown pore-pressure distribution in the

gas reservoir horizon U-B6 downthrown side.
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5.7.2 Horizon sand-to-sand juxtaposition

The wet sand horizon U-B4 in the upthrown side juxtaposed against
gas reservoir horizon U-B2 in downthrown side, both sand have different fluid
type (Figure 5.34). The wet sand horizon U-B4 has water gradient about
0.4135 psi/ft, whereas the gas reservoir horizon U-B2 in downthrown has a
gas gradient about 0.0883 psi/ft, water gradient about 0.4147 psi/ft, and GWC
at 7235 ft. Figure 5.34 is a schematic cross section across the Benchamas-A
Fault showing the considerable amount of sand horizon U-B4 upthrown offset
with gas reservoir horizon U-B2 downthrown. The gas-water contact (GWC) in
gas reservoir U-B2 in the downthrown side lies below the wet sand horizon
U-B4 downthrown.

The pressure data (Figure 5.35) shows that reservoir horizon U-B2
downthrown is overpressured by about 15 psi with respect to the upthrown
U-B4 sand horizon at the offset sand (7147 to 7175 ft), hence these two
sands are different fluid compartment. Moreover, in the case of Benchamas-A
Fault not seal and sand horizon U-B4 upthrown has pore-pressure lowers
than U-B2 gas reservoir, fluid like a gas phase must be cross-flow across the
Benchamas-A Fault by buoyancy drive and accumulated into U-B4 sand
horizon. For this reason the overlap sand between U-B4 upthrown and U-B2
downthrown can be recognized as the fluid networks did not occur across the
fault and that fluid accumulation took place in the isolating compartments,
hence gas reservoir U-B2 downthrown is sealed by capillary seal at these

overlap area (28 ft).

The gas and oil reservoir horizon U-B6 in the upthrown juxtaposed
against downthrown gas reservoir horizon U-B5 (7739 to 7904 ft), both side
have some fluid different type (Figure 5.36). U-B6 upthrown consists of gas
and oil, gas gradient 0.0852 psi/ft, and oil gradient about 0.2439 psi/ft, GOC at
7854 ft, and OWC at 7974 ft. The gas reservoir U-B5 downthrown has a gas
gradient about 0.1047 psi/ft and GWC at 8018 ft.

Hydrocarbon contacted depth in both sands are different level contact
(Figure 5.37). When compared the pore-pressure between reservoir horizon

U-B6 upthrown against U-B5 downthrown, the different pressure across a
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fault vary from 5 to 10 psi, both reservoirs are completely different fluid

gradient lines and separated form the other one (cannot superimpose). As the

same case before, if Benchamas-A Fault is not seal the pressure must be

make equalize pressure between the upper-part where gas is bearing sands

juxtaposition. For this reason, the overlap sand horizons between U-B6

upthrown and U-B5 downthrown can be recognized both sands are not fluid in

communication across the Benchamas-A Fault, hence hydrocarbon reservoir

U-B6 upthrown and U-B5 downthrown is sealed by capillary seal at these

overlap area (265 ft).
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U-B2 down thrown i ;
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Figure 5.34 Cross-section across a fault where the overlap sands horizons
U-B4 upthrown and U-B2 downthrown (distance a long the fault = 250 ft).

U-B4 upthrown is wet sand, whereas U-B2 downthrown is gas reservoir and
GWC at 7235 ft. The overlap = 17 ft in vertical.
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Figure 5.35 Pressure-depth diagram shown pore-pressure distribution in
horizon U-B4 upthrown and U-B2 downthrown. The maximum across-fault

pressure difference = 21 psi at the top of reservoir horizon U-B2 downthrown.
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Figure 5.36 (a) Cross-section of overlap sand horizon U-B6 upthrown and
U-B5 downthrown (distance a long the fault = 0 ft). U-B6 upthrown is the gas
and oil reservoir, GOC at 7854 ft, and OWC at 7974 ft, whereas U-B5
downthrown is gas reservoir and GWC at 8018 ft. The overlap = 22 ft.
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Figure 5.36 (b) Cross-section of overlap sand U-B6 upthrown and U-B5

downthrown (distance a long the fault = 1100 ft). The overlap = 21 ft in

vertical.
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Figure 5.37 Pressure-depth diagram shown pore-pressure distribution in

horizon U-B6 upthrown and U-B5 downthrown. The differential pressure

across-fault = 8 to 10 psi.
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5.8 Cross-fault pressure difference and static seal

Shale gouge ratio is, in itself, not a measure of sealing capacity of the
fault surface. Instead, they are estimates of the relative likelihood of clay
smear being developed at the fault surface. In order to use these attributes as
estimates of seal capacity, it must be calibrated in datasets where sealing
behavior is documented from well data (Yielding, 1999). The difference
between these distributions is the pressure difference across the fault zone. In
the case of static seal (preproduction) this pressure difference is a minimum

estimate of the seal capacity (capillary entry pressure) of the fault zone.
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Figure 5.38 Fault seal capacity plots for Benchamas-A Fault, illustrating the
relationship between across-pressure difference and shale gouge ratio (SGR).
Each point corresponds to one grid node on the offset area (attributes gridded
at 25325 ft). Line of the weakest fault seal was derived from Yielding et al.,
(2002).
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The seal capacity on Benchamas-A Fault have investigated by
comparison of the shale gouge ratio and across-fault pressure difference, at
sand horizon U-B4 upthrown overlap with the gas reservoir horizon U-B2
downthrown and the gas-oil reservoir U-B6 upthrown offset with the gas
reservoir U-B5 downthrown. The dashed line represents an estimate of seal
capacity of the fault. Points close to this line are expected to be near the
capillary entry pressure for that part of the fault, i.e. may be critical in
controlling the seal potential. The interpretation of this plot is that the area
below the envelope represents the static fault seals, whereas the area above
the envelope represents seal failure of fault rocks (Figure 5.38). The
minimum of shale gouge ratio at 40% that can be supported across-fault
pressure difference at 9 psi and rapidly increasing seal capacity when the
shale gouge ratio 40 to 42%. Moreover, all of the datasets that plotted in
Figure 5.38 lie in the area of static seal and no any overlap sands have
pressure flow across the Benchamas-A Fault (at AP = 0). This indicates the
Benchamas-A Fault seals, at any overlap sands on a fault surface. The
minimum SGR represent at 40% that means the number of fine-grained
source beds, shale volumes, and fault throw are the factors to generate the

high number of SGR on the Benchamas-A Fault.

5.9 Result of clay smear in fault zone

Benchamas-A Fault is considered as a fault sealing by clay smear. For
every overlap interval are presented shale gouge ratio higher than 40%. The
overlap sands U-B4 upthrown against U-B2 downthrown and U-B6 upthrown
against U-B5 downthrown both areas have shale gouge ratio higher than 20%
that is used to indicate the general minimum seal capacity in knew fault
sealing and non-sealing (Yielding et al., 1999). Moreover, pore-pressure and
fluid properties between upthrown and downthrown in overlap sand
represented no fluid in communication across Benchamas-A Fault because
on the overlap sands have capillary seal by fine-grain material, i.e.,

phyllosilicate.
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5.10 Potential fault sealing prediction model on Benchamas-B Fault

The Benchamas-B Fault is located at the western of Benchamas-A
field. This fault is one important fault trap because this fault controls the
structure closure at the western of basin. This fault has the throw higher than
Benchamas-A Fault and the lithological detail would be the same therefore
the clay smear is possible to created seal on this fault as same as
Benchamas-A Fault. Additionally, the comparison of shale gouge ratio results
that calculated from the juxtaposition diagram and Allan fault plane (grid cells)
(Figures 5.19, 5.20, and b) both algorithms gave the similar results.
Therefore the juxtaposition diagram could be applied to estimate the potential

sealing on Benchamas-B Fault.

To estimate the potential sealing on this Benchamas-B Fault, the
juxtaposition diagram had been applied to investigate the shale gouge ratio
history and compare these shale gouge ratio value with the shale gouge ratio
in Benchamas-A Fault that effective to seals and traps hydrocarbon on the

faulted reservoirs.

The juxtaposition diagram (Bentley and Barry, 1991, and Knipe 1997)
was constructed to present the overlap sands and shale gouge ratio history
that presented at each throw in the overlap sand areas onto the fault plane.
The horizontal lines represent an upthrown side to a fault, the diagonal lines
represent the downthrown side. Throw increases linearly to the right (shown
along the top margin). The triangular and parallelogram area represent the
different zone juxtapositions at various parts of a fault plane. Shale volume
value from the adjacent wells has been assigned to the reservoir zones. At
every location on the juxtaposition diagram (Figure 5.39), the shale volumes
in slipped interval have been used to calculate shale gouge ratio, which is
then displayed using the color-coding. Blue represents low shale gouge ratio,
i.e., low phyllosilicate content in the fault gouge. Such areas will be expected
to have low capillary entry pressure and relatively good permeability.
Conversely, the red areas have high shale gouge ratio, indicating shaly fault

gouge with high capillary entry pressure and low fault zone permeability.
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LEGEND

Figure 5.39 Benchamas-B Fault locates in the western area of the

Benchamas-A field. The red rectangular represents the area of fault study.
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Assumptions are used to interpret the potential sealing of

Benchamas-B Fault as follows;

1)

2)

3)

4)

The upthrown stratigraphy is the same as downthrown stratigraphy.
By using well data from well B, C, E, F, H, and [;

Where there is non-reservoir (shales) juxtaposed against reservoir
(sands), those juxtaposed area have sealing potential (Allan, 1989);

Potential fault sealing have presented by triangle diagram that can
represent only the history degree of shale gouge ratio in the overlap
area (since there are no throw data); and

Fault has potential sealing at 20% SGR and 40% indicate seal by
clay smearing.

The juxtaposition diagrams in Figure 5.40 represent the potential sealing

model on the Benchamas-B Fault at the western of basin. The color-coding

represents the degree of shale gouge ratio at any overlap sand between

upthrown and downthrown on the Benchamas-B Fault plane. The reservoir
sand that present in the Figure 5.40 include sand horizon U-C6, U-B2, U-B3,
U-B4, U-B5, and U-B6. Figure 5.40 can be used to describe sealing potential

on the Benchamas-B Fault as follow below;

1)

2)

3)

To estimate the potential sealing, this process has divided the
datasets for interpretation into 2 groups. At the northern part of the
Benchamas-B Fault (area 1) using the dataset form well C, E, H,
and F to calculated the SGR values that represent in Figure 5.40
(a). The other dataset (area2) using the data from well B and | to

calculated the SGR values that represent in Figure 5.40 (b).

At any overlap sands, the value of shale gouge ratio represents
higher than 40% when throw more than 100 ft.

When the upper sand horizon moved downward to overlap the other
lower sand horizon, shale gouge ratio presents higher than 40% at
any overlap sand, these represents more probability clay smear

occurs on fault plane.
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4) The cause of throw on the Benchamas-B Fault > 450 ft, this throw is
higher than Benchamas-A Fault throws. Therefore the shale gouge
ratio would be presented at a high throw that due to move pass

many fine-grained source beds.

5) The comparative degree of shale gouge ratio looks similar between

Benchamas-B Fault and Benchamas-A Fault.

In conclusion, the Benchamas-B Fault is more probability to seal by clay
smears like the Benchamas-A Fault the cause of high degree of shale gouge
ratio and higher than 20%. Moreover, the hydrocarbon traps along the
Benchamas-B Fault can observe in the upthrown and downthrown sides of
the Benchamas-A field. Therefore, the hydrocarbon distribution in the western

area have controlled by the Benchamas-B Fault.
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(b) SGR calculated by using lithological data from well B, and I.

Figure 5.40 Juxtaposition diagram present the offset sand and shale gouge
ratio history that happen at each throw on the overlap sand horizons between
upthrown and downthrown side of Benchamas-B Fault (modified from

Juxtaposition diagram manual, 2001).



CHAPTER VI

DISCUSSION

Based on the results in previous chapter, there are enough data to

make a discussion, which can be divided into 4 topics as shown below.

6.1 Well correlation across the fault

Regarding to the early stage of procedures, well correlations have to
be applied to correlate the rock layer across a fault. The result, at the first
time, is that horizons U-B5 and U-B6 at downthrown side displayed a
movement pattern (throw) less than the upper rock layers on the fault-plane
section. In reality, fault structure is unlikely to display like this. Therefore, the
well correlations have to be rechecked by using interval thickness and pore-
pressure profile to correlate rock layers U-B5 and U-B6 in downthrown side.
The second result displayed a movement pattern similar to the upper layers.
Therefore, cause of uncorrected horizon correlation across-fault could lead to

errors of Allan fault diagram and affect fault seal interpretation.

6.2 Evaluation of the average horizon thickness across the fault

SGR calculation needs input data from the average shale volume and
bed thickness of well pairs adjacent to the fault to calculate and display the
sealing potentials on the fault plane. To evaluate the average values of both
parameters across a fault require careful investigation. Because the horizon
thickness that appears in well pairs across a fault is not be the same. Some
are similar in and some very different in thickness. Therefore this value is very
sensitive to error and may cause seal predicting variation. For example, Table
5.3 presents the average Vshale interval of 25 ft, before this table was
created, the well pairs data (GR log, Vshale log) adjacent to the fault were
used to correlate the best matching of rock layer thickness across a fault. One

problem that happened and caused confusion in calculation of the average
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thickness of sand horizon across a fault, it is the large difference in thickness
appears in each the well pairs. For example, horizon U-C6 in well pairs B and
H all are the same lithological unit but are different in thickness. To solve this
problem and to obtain the reasonable outcome, the average bed thickness
was used to control the interval thickness in horizon U-C6, a thickness of 25 ft
appears in well B, whereas 95 ft in thickness appears in well H. Therefore, the
calculated average bed thickness of 60 ft across fault is applied to control
amount of interval thickness for horizon U-C6. The displayed interval
thickness would be little higher than or close to 60 ft, then 75 ft was assigned
into the average bed thickness for horizon U-C6 and divided the thickness of
horizon into 3 intervals (25+25+25 = 75 ft).

6.3 Influence of clay and shale smears on fault zones

Clay and shale smear is an effectiveness to create fault seals in the
clastic (sand-shale) sequences. The Benchamas-A field consists of thick
sand-shale sequences as it appears in the lithological column. When fault
cuts through these sequences, the amount of fine-grained materials will
supply into the fault zone and cause the high capillary entry pressure due to
fine grain materials have small pore-throat size that can be increased seal
capacity in fault zone (Yielding et al., 2002). This high capillary entry pressure
can balance the buoyancy pressure generated by the height of hydrocarbon
column. For the Benchamas-A field the capillary pressure is not high when
compared to the seal capacity on the Benchamas-A Fault (see Figure 5.38).
Because the SGR at 40% can supports the across-fault pressure difference to
147 psi (Benchamas-A Fault = 9 psi). Therefore, the seal capacity for

Benchamas-A Fault could support mare hydrocarbon column height.

6.4 Comparison with the other SGR researches

Fault seal analysis in this research, was done using only manual
process to generate the results. Based on this current result, the horizon and
stratigraphic correlation across a fault is recommended in the routine work for

generating a fault-plane section, such as uncorrected sand horizon
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correlation. Application of FAPS software (Fault Analysis Projection System)
(Yielding et al., 1999) is considered as the alternative way to study fault seal
capacity. Because this software can generates the high resolution of
fault—-plane section. So this correlation problems can be solve by this

software.

Muangsuwan (1998) studied the fault seal affect to low-pay wells in the
North Pailin field, Pattani basin, Gulf of Thailand. The FAPS software (Fault
Analysis Projection System) was applied to generate reservoir juxtapositions
and to calculate and calibrate fault seal estimates. Testing result reveals
reasonable achievement, and the result can answer all basic questions such
as which reservoir units are juxtaposed, and where on a fault surface is

sealed and where the leakage is etc.

However, as shown in Figure 6.1 the result of fault seal capacity of this
research is compared with those of the other SGR researchers, as Northern
North Sea, Niger Delta, and Gulf of Thailand. The data set for Benchamas-A
field as shown by dots of yellow, green, and red color. The data set for
Benchamas-A field are plotted at the boundary between the data sets of the
Gulf of Thailand or the North Pailin field (red area) and some those of
Northern North Sea.

The comparison of result data with the other researches can be

discussed as stated below.

Data set of fault seal for the Benchamas-A Fault laid on the left side of
the data set of the fault seal analysis of the North Pailin field in the Gulf of
Thailand (red-area), Figure-6.1 represents-the result of the fault seal capacity
for The Benchamas-A field consistent to the North Pailin field due to the high
SGR values but small across-fault pressure difference. The cause of the small
size of hydrocarbon reservoirs in the Pattani basin, it is a reason of small
across-fault pressure difference in the overlap reservoir-reservoir.
Additionally, the similar of SGR values of both fields would be they are located
in the same basin that similar the lithology and structure styles (sand shale

sequences in fluvial system and high fault throw).
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The cause of high SGR value in the Benchamas-A field may be due to
many factors, such as depositional system, alternated clay/ shale sequences,
advantage of multiple fine-grained source bed sequences, high thickness of
fine-grained source beds, large throws and different clay mineral deposits.
Therefore, in this section one would compare the Benchamas-A field with the
other areas in the scope of similar sequences/ lithologies (sand/ shale
sequences) and structure style. The minimum of SGR value at the
Benchamas-A Fault (40%) is higher than some part of the Gullfaks field in
Northern North Sea (Figure 6.1), this is probably the cause of different
characteristic of fine-grained source beds. The fine-grained source beds in the
Benchamas-A field are much thick and appear alternated with sand beds.
Upon faulting, these fine-grained source beds can be continuously supply
more fine-grained materials into the slipped interval by integrating of
fine-grained materials. This can lead to high fault seal capacity in the

Benchamas-A field.

In general the static seal on the fault plane needs the shale gouge ratio
just only 15 to 20 percents to creates fault sealing. For example, in the
Gullfaks field represented a small static seal developing at gouge ratios of 15
to 20 percents in the sand self-juxtaposition (Yielding et al., 1999). Therefore,
in the Benchamas-A field represents the minimum shale gouge ratio up to 40
percent that mean the Benchamas-A Fault is more possible all the overlapped
sands on the fault plane have seal and traps hydrocarbon along the fault

plane.

Niger Delta is another example of fault seal study, the stratigraphic
sequences comprise a delta-plain, delta-front sand and shale and a varyingly
thick sequence of continental sands of predominantly fluvio-deltaic origin (Jev
et al., 1993). The fault sealing appeared when SGR value is higher than 20%
and probably reaching about 100 psi at SGR of about 60% (Yielding et al.,
1999). The low SGR happened in the overlapped area of the upper part of the
fault plane where small throws or in the self-juxtaposition occurred in the
massive sand bed. Conversely, the likelihood of clay smear then increases
downward again as the clays become thicker and more closely spaced. This

increases SGR in the Niger Delta field looks similar to the Benchamas-A field
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due to multiple of fine-grained source beds that induced the high fine-grained

material into the fault zone and increased fault seal capacity.

Therefore in areas where sediments bear similar lithology and structure
styles, shale gouge ratio distribution on the fault-plane section can be
employed to evaluate fault seal capacity. This theses study gives an insight
into the importance of sealing and leaking faults in term of basic evaluating
and developing faulted field. Moreover, the manual process in this research is
the basic to teach and train the software users to understand the basic of fault
seal analysis and can solve the problem that would be happened during the

process interpretation.
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CHAPTER VII

CONCLUSION

Analysis on clay and shale smear in the fault zone can indicate and identify
smearing that has effectively created a fault seal in the Benchamas-A field in Block
B8/32, Pattani basin in the Gulf of Thailand. The results from this research can be

concluded below.

Log interpretation indicates that six sequences of 1,230 ft (378 m)-thick
alternated sandstone and shale sequences are mostly fluvial in origin. Moreover,
well log correlations combined with top depth structure maps indicate that clay/ shale
beds distributed in the laterally covered area of the Benchamas-A field can prevent
the vertical migration of hydrocarbon in the fault compartments. The reservoir, oil
and gas accumulations within late Oligocene to middle Miocene sandstone,
deposited within a fluvial system of low to moderate energy meandering channels.
Sand thicknesses for these units vary from 15 to 100 ft, based on net-sand (isopach)
maps, large volumes of reservoir sand locate nearby Benchamas-A Fault in the
southern part of the study area. Faults in the Benchamas-A field show normal sense
of movement with high-dip angles (64°) to the east and approximately vertical
displacement of about 325 ft. The faults are regarded half-graben. The initial
hydrocarbon-water contacts onto the top depth structure maps indicate the
hydrocarbon accumulation area is located inthe south where the NNW-trending fault
(the Benchamas-B Fault) intersects the N-trending fault (the Benchamas-A Fault).
The fault-plane section (or Allan fault diagram) can be used to analyze the qualitative
fault seal properties. Eight sand horizons for both upthrown and downthrown sides of
a fault plane have potentials for fault sealing when these sand horizons are
juxtaposed against the shale bed across the fault plane. These sand horizons
include the U-C6, U-B2, U-B3, and U-B5 sand horizons in the upthrown and U-B6,
U-B3, U-B4, and U-B6 sand horizons in the downthrown. However, four sand
horizons have potential of leakages where the sand horizons juxtaposed against the

other sand horizons across the fault plane. These leakage areas include, the
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upthrown U-B4 sand horizon juxtaposed with the downthrown U-B2 sand horizon,
the overlap varies from 8 to 17 ft and the upthrown U-B6 sand horizon juxtaposed
with the downthrown U-B5 sand horizon, at the overlap vary from 8 to 25 ft.

To calculate the SGR values in the sand overlap areas represented
guantitative potential seal within the range of 40 to 42% in the overlap sand
upthrown U-B4 and the downthrown U-B2 and 62 to 86% in the overlap sand
upthrown U-B6 and the downthrown U-B5. The SGR (> 20%) in overlap reservoir
sand areas indicate that the Benchamas-A Fault have been sealed and the cause of
SGR value higher than 40% that indicated this fault sealed by clay smear
mechanism. Causes of high SGR values are due to 2 factors including, A) Tertiary
fine-grained source beds of lacustrine and fluvial clay/ shale sequences and B) high
vertical slip of fault movement. The clay and shale beds in this study area can be
regarded as the excellent fine-grained source because they can provide high
volumes of fine-grained materials in to the fault zone and lead to high capillary entry
pressure in the fault zone. Pore-pressure profile confirms that the Benchamas-A
Fault has sealed. There are 3 supporting evidences. The first evidence is that
across-fault pressure difference presented varies from 5 to 23 psi. The second one
is that no fluid gradient lines are superimposed between the overlap reservoir sands.
This indicates that fluid networks did not occur across the fault and that fluid
accumulation took place in the isolating compartments. The third one is that different
fluid contact depth at 263 ft for gas and at 43 ft for oil appear in the overlap reservoir
sand horizon U-B6 upthrown against the reservoir sand horizon U-B5 downthrown.
Therefore, fluids cannot flow across the fault to equalize the across-fault pressure

difference.

In conclusion, through the methodology and results, this research can be
applied to predict and evaluate the risk of the critical fault seal capacity in the other
areas of similar lithologies and structural trap. Furthermore geological history,
geopressure, field production history, core samples, etc. can be used for effective
fault seal prediction in the future. They are still required to be used for improvement

and calibration for the best fault seal attribute.
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Table A.1 Shale volume (Vsh) calculation from well: A

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
98 | 160 60 0.3800 0.21 5000
123 | 160 60 0.6300 0.43 5005
135 | 160 60 0.7500 0.57 5010
106 | 160 60 0.4600 0.27 5015
130 | 160 60 0.7000 0.51 5020
140 | 160 60 0.8000 0.64 5025
65 | 160 60 0.0500 0.02 5030
65 | 160 60 0.0500 0.02 5035
68 | 160 60 0.0800 0.04 5040
75 | 160 60 0.1500 0.07 5045
155 | 160 60 0.9500 0.89 5050
150 | 160 60 0.9000 Wil l:2) 5055
150 | 160 60 0.9000 0.79 5060
99 | 160 60 0.3900 0.22 5065
77 | 160 60 0.1700 0.08 5070
60 | 160 60 0.0000 0.00 5075
60 | 160 60 0.0000 0.00 5080
75 | 160 60 0.1500 0.07 5085
70 | 160 60 0.1000 0.04 5090
60 | 160 60 0.0000 0.00 5095
55 | 160 60 -0.0500 0.00 5100
121 | 160 60 0.6100 0.41 5105
160 | 160 60 1.0000 1.00 5110
166 | 160 60 1.0600 1.00 5115
165 | 160 60 1.0500 1.00 5120
125 | 160 60 0.6500 0.45 5125
98 | 160 60 0.3800 0.21 5130
72 | 160 60 0.1200 0.05 5135
148 | 160 60 0.8800 0.76 5140
161 | 160 60 1.0100 1.00 5145
148 | 160 60 0.8800 0.76 5150
150 | 160 60 0.9000 0.79 5155
183 | 160 60 1.2300 1.00 5160
163 | 160 60 1.0300 1.00 5165
1751 160 60 1.1500 1.00 5170
129 | 160 60 0.6900 0.50 5175
185 | 160 60 1.2500 1.00 5180
160 | 160 60 1.0000 1.00 5185
173 | 160 60 1.1300 1.00 5190
190 | 160 60 1.3000 1.00 5195
155 | 160 60 0.9500 0.89 5200
170 | 160 60 1.1000 1.00 5205
108 | 160 60 0.4800 0.29 5210
150 | 160 60 0.9000 0.79 5215
135 | 160 60 0.7500 0.57 5220
125 | 160 60 0.6500 0.45 5225
200 | 160 60 1.4000 1.00 5230

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min| GR.fraction | Vsh. (feet)
150 | 160 | 60 0.9000 0.79 5235
153 | 160 | 60 0.9300 0.85 5240
165 | 160 | 60 1.0500 1.00 5245
170 | 160 | 60 1.1000 1.00 5250
163 | 160 | 60 1.0300 1.00 5255
150 | 160 | 60 0.9000 0.79 5260
142 | 160 | 60 0.8200 0.67 5265
140 | 160 | 60 0.8000 0.64 5270
133 | 160 | 60 0.7300 0.54 5275
140 | 160 | 60 0.8000 0.64 5280
130 | 160 | 60 0.7000 0.51 5285
133| 160 | 60 0.7300 0.54 5290
1201 160 | 60 0.6000 0.40 5295
173| 160 | 60 1.1300 1.00 5300
187 | 160 | 60 1.2700 1.00 5305
142 | 160 | 60 0.8200 0.67 5310
157| 160 | 60 0.9700 0.93 5315
197 | 160 | 60 1.3700 1.00 5320
200 | 160 | 60 1.4000 1.00 5325
146 | 160 | 60 0.8600 0.73 5330
157 | 160 | 60 0.9700 0.93 5335
140 | 160 | 60 0.8000 0.64 5340
153 | 160 | 60 0.9300 0.85 5345
140 | 160 | 60 0.8000 0.64 5350
1151 160 | 60 0.5500 0.35 5355
100 | 160 | 60 0.4000 0.23 5360
85 | 160 | 60 0.2500 0.13 5365
110 | 160 | 60 0.5000 0.31 5370
67 | 160 | 60 0.0700 0.03 5375
60 | 160 | 60 0.0000 0.00 5380
60 | 160 | 60 0.0000 0.00 5385
54.1 160 | 60 -0.0600 0.00 5390
62 | 160 | 60 0.0200 0.01 5395
80 | 160 | 60 0.2000 0.10 5400
168.] 160 | 60 1.0800 1.00 5405
127 160 | 60 0.6700 0.47 5410
1581 160 | 60 0.9800 0.95 5415
112 | 160 | 60 0.5200 0.32 5420
1771 160 | 60 1.1700 1.00 5425
1551 160 | 60 0.9500 0.89 5430
140 | 160 | 60 0.8000 0.64 5435
134 | 160 | 60 0.7400 0.56 5440
150 | 160 | 60 0.9000 0.79 5445
117 | 160 | 60 0.5700 0.37 5450
187 | 160 | 60 1.2700 1.00 5455
1951 160 | 60 1.3500 1.00 5460
183 | 160 | 60 1.2300 1.00 5465
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Table A.1 Shale volume (Vsh) calculation from well: A (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
141 | 160 60 0.8100 0.65 5470
200 | 160 60 1.4000 1.00 5475
161 | 160 60 1.0100 1.00 5480
150 | 160 60 0.9000 0.79 5485
124 | 160 60 0.6400 0.44 5490
127 | 160 60 0.6700 0.47 5495
170 | 160 60 1.1000 1.00 5500
130 | 160 60 0.7000 0.51 5505
160 | 160 60 1.0000 1.00 5510
126 | 160 60 0.6600 0.46 5515
1751 160 60 1.1500 1.00 5520
120 | 160 60 0.6000 0.40 5525
132 | 160 60 0.7200 0.53 5530
130 | 160 60 0.7000 0.51 5535
150 | 160 60 0.9000 0.79 5540
157 | 160 60 0.9700 0.93 5545
100 | 160 60 0.4000 0.28 5550
107 | 160 60 0.4700 0.28 5555
85 | 160 60 0.2500 0.138 5560
200 | 160 60 1.4000 1.00 5565
155 | 160 60 0.9500 0.89 5570
187 | 160 60 1.2700 1.00 5575
130 | 160 60 0.7000 0.51 5580
164 | 160 60 1.0400 1.00 5585
1611 160 60 1.0100 1.00 5590
1121 160 60 0.5200 0.32 5595
127 |1 160 60 0.6700 0.47 5600
1651 160 60 1.0500 1.00 5605
160 | 160 60 1.0000 1.00 5610
109 | 160 60 0.4900 0.30 5615
80 | 160 60 0.2000 0.10 5620
68 | 160 60 0.0800 0.04 5625
62 | 160 60 0.0200 0.01 5630
65 | 160 60 0.0500 0.02 5635
65 | 160 60 0.0500 0.02 5640
58 |.160 60 -0.0200 0.00 5645
63 | 160 60 0.0300 0.01 5650
65 | 160 60 0.0500 0.02 5655
120 | 160 60 0.6000 0.40 5660
115 | 160 60 0.5500 0.35 5665
143 | 160 60 0.8300 0.68 5670
178 | 160 60 1.1800 1.00 5675
82 | 160 60 0.2200 0.1 5680
150 | 160 60 0.9000 0.79 5685
1241 160 60 0.6400 0.44 5690
200 | 160 60 1.4000 1.00 5695
140 | 160 60 0.8000 0.64 5700

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min| GR.fraction | Vsh. (feet)
150 | 160 | 60 0.9000 0.79 5705
98 | 160 | 60 0.3800 0.21 5710
107 | 160 | 60 0.4700 0.28 5715
93 | 160 | 60 0.3300 0.18 5720
62 | 160 | 60 0.0200 0.01 5725
65 | 160 | 60 0.0500 0.02 5730
53 | 160 | 60 -0.0700 0.00 5735
1951 160 | 60 1.3500 1.00 5740
140 | 160 | 60 0.8000 0.64 5745
165 | 160 | 60 1.0500 1.00 5750
1551 160 | 60 0.9500 0.89 5755
157 | 160 | 60 0.9700 0.93 5760
102 | 160 | 60 0.4200 0.24 5765
88 | 160 | 60 0.2800 0.14 5770
120 | 160 | 60 0.6000 0.40 5775
72 | 160 | 60 0.1200 0.05 5780
72 | 160 | 60 0.1200 0.05 5785
104 | 160 | 60 0.4400 0.26 5790
62 | 160 | 60 0.0200 0.01 5795
78 | 160 | 60 0.1800 0.09 5800
80 | 160 | 60 0.2000 0.10 5805
81 160 | 60 0.2100 0.10 5810
60 | 160 | 60 0.0000 0.00 5815
55 | 160 | 60 -0.0500 0.00 5820
1271 160 | 60 0.6700 0.47 5825
47 | 160 | 60 -0.1300 0.00 5830
85 | 160 | 60 0.2500 0.13 5835
150 | 160 | 60 0.9000 0.79 5840
136 | 160 | 60 0.7600 0.58 5845
140 | 160 | 60 0.8000 0.64 5850
1051 160 | 60 0.4500 0.27 5855
1501 160 | 60 0.9000 0.79 5860
153 1 160 | 60 0.9300 0.85 5865
168 | 160 | 60 1.0800 1.00 5870
190°| 155 | 43 1.3125 1.00 5875
161 | 165 | 43 1.0536 1.00 5880
200 | 185 | 43 1.4018 1.00 5885
185 | 155 | 43 1.2679 1.00 5890
158 | 155 | 43 1.0268 1.00 5895
168 | 155 | 43 1.1161 1.00 5900
150 | 155 | 43 0.9554 0.90 5905
153 | 165 | 43 0.9821 0.96 5910
130 | 155 | 43 0.7768 0.60 5915
143 | 165 | 43 0.8929 0.78 5920
165 | 155 | 43 1.0893 1.00 5925
200 | 155 ] 43 1.4018 1.00 5930
123 1 155 | 43 0.7143 0.53 5935
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Table A.1 Shale volume (Vsh) calculation from well: A (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
139 | 155 43 0.8571 0.72 5940
130 | 155 43 0.7768 0.60 5945
150 | 155 | 43 0.9554 0.90 5950
137 | 155 | 43 0.8393 0.69 5955
167 | 155 | 43 1.1071 1.00 5960
1451 155 | 43 0.9107 0.81 5965
112 | 155 43 0.6161 0.42 5970
150 | 155 | 43 0.9554 0.90 5978
138 | 155 | 43 0.8482 0.71 5980
152 | 155 | 43 0.9732 0.94 5985
163 | 155 | 43 0.9821 0.96 5990
162 | 155 | 43 1.0625 1.00 5995
163 | 155 | 43 0.9821 0.96 6000
173 | 155 | 43 1.1607 1.00 6005
180 | 155 | 43 1.2232 1.00 6010
199 | 155 | 43 1.3929 1.00 6015
150 | 155 | 43 0.9554 0.90 6020
168 | 155 43 1.1161 1.00 6025
183 | 155 43 1.2500 1.00 6030
153 | 155 43 0.9821 0.96 6035
100 | 155 43 0.5089 0.31 6040
175 | 155 43 1.1786 1.00 6045
135 | 155 43 0.8214 0.67 6050
128 | 155 43 0.7589 0.58 6055
140 | 155 43 0.8661 0.74 6060
200 | 155 43 14018 1.00 6065
140 | 155 43 0.8661 0.74 6070
157 | 155 43 1.0179 1.00 6075
130 | 155 43 0.7768 0.60 6080
105 | 155 43 0.5536 0.36 6085
110 | 155 43 0.5982 0.40 6090
195 | 155 43 1.3571 1.00 6095
160 | 155 43 1.0446 1.00 6100
150 | 155 43 0.9554 0.90 6105
153 | 155 43 0.9821 0.96 6110
92 | 155°| 43 0.4375 0.26 6115
59 | 155 43 0.1429 0.07 6120
150 | 155 43 0.9554 0.90 6125
178 | 155 43 1.2054 1.00 6130
130 | 155 43 0.7768 0.60 6135
133 | 155 43 0.8036 0.64 6140
150 | 155 43 0.9554 0.90 6145
1251 155 43 0.7321 0.55 6150
153 | 155 43 0.9821 0.96 6155
110 | 155 43 0.5982 0.40 6160
110 | 155 43 0.5982 0.40 6165
163 | 155 43 1.0714 1.00 6170

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min| GR.fraction | Vsh. (feet)
61 155 | 43 0.1607 0.08 6175
81 155 | 43 0.3393 0.18 6180
134 1 155 | 43 0.8125 0.65 6185
120 | 155 | 43 0.6875 0.49 6190
52 | 155 | 43 0.0804 0.04 6195
50 | 165 ] 43 0.0625 0.03 6200
78 | 155 ] 43 0.3125 0.17 6205
68 | 165 ] 43 0.2232 0.11 6210
60 | 155 ] 43 0.1518 0.07 6215
75 | 165 ] 43 0.2857 0.15 6220
1451 155 | 43 0.9107 0.81 6225
152 | 155 | 43 0.9732 0.94 6230
139 | 155 | 43 0.8571 0.72 6235
1451 165 | 43 0.9107 0.81 6240
149 | 165 | 43 0.9464 0.88 6245
130 | 165 | 43 0.7768 0.60 6250
1951 177 | 60 1.1538 1.00 6255
187 | 177 | 60 1.0855 1.00 6260
190 | 177 | 60 171111 1.00 6265
140 | 177 | 60 0.6838 0.49 6270
103 | 177 | 60 0.3675 0.20 6275
147 | 177 | 60 0.7436 0.56 6280
145 1 177 | 60 0.7265 0.54 6285
175 | 177 | 60 0.9829 0.96 6290
173 | 177 | 60 0.9658 0.92 6295
112 | 177 | 60 0.4444 0.26 6300
168 | 177 | 60 0.8376 0.69 6305
132 | 177 | 60 0.6154 0.42 6310
120 | 177 | 60 0.5128 0.32 6315
110 | 177 | 60 0.4274 0.25 6320
137 1 177 | 60 0.6581 0.46 6325
190 | 177 | 60 11111 1.00 6330
164 | 177 | 60 0.8889 0.78 6335
150 | 177 | 60 0.7692 0.59 6340
100 177 | 60 0.3419 0.19 6345
180 | 177 | 60 1.0256 1.00 6350
157 177 | 60 0.8291 0.68 6355
123 | 177 | 60 0.5385 0.34 6360
149 1 177 | 60 0.7607 0.58 6365
12| 177 | 60 0.4444 0.26 6370
87 | 177 | 60 0.2308 0.1 6375
145 | 177 | 60 0.7265 0.54 6380
148 1 177 | 60 0.7521 0.57 6385
158 | 177 | 60 0.8376 0.69 6390
120 | 177 | 60 0.5128 0.32 6395
143 | 177 | 60 0.7094 0.52 6400
105 | 177 | 60 0.3846 0.22 6405
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Table A.1 Shale volume (Vsh) calculation from well: A (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
168 | 177 60 0.9231 0.84 6410
180 | 177 60 1.0256 1.00 6415
133 | 177 60 0.6239 0.42 6420
173 | 177 60 0.9658 0.92 6425
170 | 177 60 0.9402 0.87 6430
150 | 177 60 0.7692 0.59 6435
178 | 177 60 1.0085 1.00 6440
128 | 177 60 0.5812 0.38 6445
180 | 177 60 1.0256 1.00 6450
160 | 177 60 0.8547 0.72 6455
157 | 177 60 0.8291 0.68 6460
160 | 177 60 0.8547 0.72 6465
168 | 177 60 0.8376 0.69 6470
168 | 177 60 0.9231 0.84 6475
160 | 177 60 0.8547 0.72 6480
181 | 177 60 1.0342 1.00 6485
200 | 177 60 1.1966 1.00 6490
176 | 177 60 0.99156 0.98 6495
192 | 177 60 1.1282 1.00 6500
170 | 177 60 0.9402 0.87 6505
173 | 177 60 0.9658 0.92 6510
185 | 177 60 1.0684 1.00 6515
147 177 60 0.7436 0.56 6520
137 | 177 60 0.6581 0.46 6525
110 | 177 60 0.4274 0.25 6530
168 | 177 | 60 0.9231 0.84 6535
96 | 177 60 0.3077 0.16 6540
79 | 177 60 0.1624 0.08 6545
61 177 60 0.0085 0.00 6550
55 | 177 60 -0.0427 0.00 6555
44 | 177 60 -0.1368 0.00 6560
50 | 177 60 -0.0855 0.00 6565
179 | 177 60 1.0171 1.00 6570
159 | 177 60 0.8462 0.71 6575
178 | 177 60 1.0085 1.00 6580
177 | A77 60 1.0000 1.00 6585
189 | 177 60 0.8462 0.71 6590
165 | 177 60 0.8974 0.79 6595
181 177 60 1.0342 1.00 6600
10| 177 60 0.4274 0.25 6605
138 | 177 60 0.6667 0.47 6610
165 | 177 60 0.8974 0.79 6615
170 | 177 60 0.9402 0.87 6620
142 | 177 60 0.7009 0.51 6625
162 | 177 60 0.8718 0.75 6630
200 | 177 60 1.1966 1.00 6635
177 177 60 1.0000 1.00 6640

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min| GR.fraction | Vsh. (feet)
190 | 177 | 60 171111 1.00 6645
13| 177 | 60 0.4530 0.27 6650
175 | 177 | 60 0.9829 0.96 6655
165 | 177 | 60 0.8974 0.79 6660
147 1 177 | 60 0.7436 0.56 6665
130 | 177 | 60 0.5983 0.40 6670
150 | 177 | 60 0.7692 0.59 6675
100 | 177 | 60 0.3419 0.19 6680
1711 177 | 60 0.9487 0.89 6685
193 | 177 | 60 1.1368 1.00 6690
180 | 177 | 60 1.0256 1.00 6695
110 | 177 | 60 0.4274 0.25 6700
167 1 177 | 60 0.8291 0.68 6705
150 | 177 | 60 0.7692 0.59 6710
158 | 177 | 60 0.7949 0.63 6715
170 | 177 | 60 0.9402 0.87 6720
162 | 177 | 60 0.8718 0.75 6725
120 | 177 | 60 0.5128 0.32 6730
196 | 177 | 60 1.1624 1.00 6735
186 | 177 | 60 1.0769 1.00 6740
170 | 177 | 60 0.9402 0.87 6745
135 | 177 | 60 0.6410 0.44 6750
63 | 177 | 60 0.0256 0.01 6755
67 | 177 | 60 0.0598 0.03 6760
62 | 177 | 60 0.0171 0.01 6765
80 | 177 | 60 0.1709 0.08 6770
60 | 177 | 60 0.0000 0.00 6775
75 | 177 | 60 0.1282 0.06 6780
83 | 177 | 60 -0.0598 0.00 6785
54 | 177 | 60 -0.0513 0.00 6790
18] 177 | 60 0.4957 0.30 6795
85 | 177 | 60 0.2137 0.10 6800
18| 177 | 60 0.4957 0.30 6805
99 | 177 | 60 0.3333 0.18 6810
51 177 | 60 -0.0769 0.00 6815
66 | 177 | 60 0.0513 0.02 6820
54| 177 | 60 -0.0513 0.00 6825
59 | 177 | 60 -0.0085 0.00 6830
200 | 177 | 60 1.1966 1.00 6835
180 | 177 | 60 1.0256 1.00 6840
140 | 177 | 60 0.6838 0.49 6845
160 | 177 | 60 0.8547 0.72 6850
154 1 177 | 60 0.8034 0.64 6855
1731 177 | 60 0.9658 0.92 6860
160 | 177 | 60 0.8547 0.72 6865
200 | 177 | 60 1.1966 1.00 6870
172 | 177 | 60 0.9573 0.90 6875
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Table A.1 Shale volume (Vsh) calculation from well: A (continued)

147

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
200 | 177 60 1.1966 1.00 6880
163 | 177 60 0.8803 0.76 6885
103 | 177 60 0.3675 0.20 6890
185 | 177 60 1.0684 1.00 6895
187 | 177 60 1.0855 1.00 6900
165 | 177 | 60 0.8974 0.79 6905
180 | 177 60 1.0256 1.00 6910
145 | 177 60 0.7265 0.54 6915
165 | 177 60 0.8120 0.65 6920
108 | 177 60 0.4103 0.23 6925
55 | 177 60 -0.0427 0.00 6930
60 | 177 60 0.0000 0.00 6935
60 | 177 60 0.0000 0.00 6940
65 | 177 60 0.0427 0.02 6945
54 | 177 60 -0.0513 0.00 6950
120 | 177 60 0.5128 0.32 6955
160 | 177 60 0.8547 0.72 6960
143 | 177 60 0.7094 0.52 6965
197 | 177 60 1.1709 1.00 6970
180 | 177 60 1.0256 1.00 6975
200 | 177 60 1.1966 1.00 6980
130 | 177 | 60 0.5983 0.40 6985
178 | 177 60 1.0085 1.00 6990
150 | 177 | 60 0.7692 0.59 6995
133 | 177 60 0.6239 0.42 7000
168 | 177 | 60 0.9231 0.84 7005
172 177 60 0.9548 0.90 7010
140 | 177 | 60 0.6838 0.49 7015
145 177 60 0.7265 0.54 7020
147 | 177 | 60 0.7436 0.56 7025
1211 177 | 60 0.5214 0.33 7030
1683 | 177 60 0.7949 0.63 7035
60 | 177 60 0.0000 0.00 7040
50 | 177 60 -0.0855 0.00 7045
186 | 177 60 1.0769 1.00 7050
150 | 177 60 0.7692 0.59 7055
180 | 177 60 1.0256 1.00 7060
127 | 177 60 0.5726 0.37 7065
79 | 177 60 0.1624 0.08 7070
82 | 177 | 60 0.1880 0.09 7075
65 | 177 60 0.0427 0.02 7080
175 | 177 60 0.9829 0.96 7085
115 177 60 0.4701 0.28 7090
150 | 177 60 0.7692 0.59 7095
60 | 177 60 0.0000 0.00 7100
152 | 177 60 0.7863 0.62 7105
134 | 177 60 0.6325 0.43 7110

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min| GR.fraction | Vsh. (feet)
103 | 177 | 60 0.3675 0.20 7115
128 | 177 | 60 0.5812 0.38 7120
90 | 177 | 60 0.2564 0.13 7125
75 | 177 | 60 0.1282 0.06 7130
75 | 177 | 60 0.1282 0.06 7135
73 | 177 | 60 0.1111 0.05 7140
140 | 177 | 60 0.6838 0.49 7145
1951 177 | 60 1.1538 1.00 7150
198 | 177 | 60 1.1795 1.00 7155
168 | 177 | 60 0.8376 0.69 7160
1751 177 | 60 0.9829 0.96 7165
130 | 177 | 60 0.5983 0.40 7170
190 | 177 | 60 11111 1.00 7175
1321 177 | 60 0.6154 0.42 7180
133 | 177 | 60 0.6239 0.42 7185
130 | 177 | 60 0.5983 0.40 7190
200 | 177 | 60 1.1966 1.00 7195
79 | 177 | 60 0.1624 0.08 7200
60 | 177 | 60 0.0000 0.00 7205
60 | 177 | 60 0.0000 0.00 7210
143 | 177 | 60 0.7094 0.52 7215
118 | 177 | 60 0.4957 0.30 7220
120 | 177 | 60 0.5128 0.32 7225
200 | 177 | 60 1.1966 1.00 7230
200 | 177 | 60 1.1966 1.00 7235
143 | 177 | 60 0.7094 0.52 7240
1751 177 | 60 0.9829 0.96 7245
190 | 177 | 60 171111 1.00 7250
1951 177 | 60 1.1538 1.00 7255
152 | 177 | 60 0.7863 0.62 7260
84 | 177 | 60 0.2051 0.10 7265
159 | 177 | 60 0.8462 0.71 7270
180 | 177 | 60 1.0256 1.00 7275
110 | 177 | 60 0.4274 0.25 7280
123 177 | 60 0.5386 0.34 7285
143 | 177 | 60 0.7094 0.52 7290
45| 177 | 60 -0.1282 0.00 7295
50 | 177 | 60 -0.0855 0.00 7300
50 | 177 | 60 -0.0855 0.00 7305
53 | 177 | 60 -0.0598 0.00 7310
63 | 177 | 60 0.0256 0.01 7315
50 | 177 | 60 -0.0855 0.00 7320
75 | 177 | 60 0.1282 0.06 7325
200 | 177 | 60 1.1966 1.00 7330
163 | 177 | 60 0.8803 0.76 7335
177 1 200 | 50 0.8467 0.71 7340
1771 200 | 50 0.8467 0.71 7345




Table A.1 Shale volume (Vsh) calculation from well: A (continued)
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Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
176 | 200 50 0.8400 0.70 7350
182 | 200 50 0.8800 0.76 7355
195 | 200 50 0.9667 0.92 7360
1751 200 50 0.8333 0.69 7365
161 | 200 50 0.7400 0.56 7370
157 | 200 50 0.7133 0.52 7375
190 | 200 50 0.9333 0.86 7380
173 | 200 50 0.8200 0.67 7385
108 | 200 50 0.3867 0.22 7390
127 | 200 50 0.5133 0.32 7395
200 | 200 50 1.0000 1.00 7400
200 | 200 50 1.0000 1.00 7405
169 | 200 50 0.7933 0.63 7410
73 | 200 50 0.1533 0.07 7415
52 | 200 50 0.0133 0.01 7420
60 | 200 50 0.0667 0.03 7425
60 | 200 50 0.0667 0.08 7430
62 | 200 50 0.0800 0.04 7435
103 | 200 50 0.3533 0.19 7440
159 | 200 50 0.7267 0.54 7445
140 | 200 50 0.6000 0.40 7450
162 | 200 50 0.7467 0.57 7455
190 | 200 50 0.9333 0.86 7460
135 | 200 50 0.5667 0.37 7465
200 | 200 50 1.0000 1.00 7470
187 | 200 50 0.9133 0.82 7475
193 | 200 50 0.9533 0.90 7480
200 | 200 50 1.0000 1.00 7485
200 | 200 50 1.0000 1.00 7490
160 | 200 50 0.7333 0.55 7495
200 | 200 50 1.0000 1.00 7500
139 | 200 50 0.5933 0.39 7505
181 | 200 50 0.8733 0.75 7510
118 | 200 50 0.4533 0.27 7515
65 | 200 50 0.1000 0.04 7520
87 |.200 50 0.2467 0.12 7525
199 | 200 50 0.9933 0.98 7530
155 | 200 50 0.7000 0.51 7535
128 | 200 50 0.5200 0.32 7540
168 | 200 50 0.7867 0.62 7545
162 | 200 50 0.7467 0.57 7550
200 | 200 50 1.0000 1.00 7555
118 | 200 50 0.4533 0.27 7560
193 | 200 50 0.9533 0.90 7565
181 | 200 50 0.8733 0.75 7570
135 | 200 50 0.5667 0.37 7575
200 | 200 50 1.0000 1.00 7580

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min| GR.fraction | Vsh. (feet)
47 | 200 | 50 -0.0200 0.00 7585
79 | 200 | 50 0.1933 0.09 7590
1551 200 | 50 0.7000 0.51 7595
200 | 200 | 50 1.0000 1.00 7600
78 | 200 | 50 0.1867 0.09 7605
63 | 200 | 50 0.0867 0.04 7610
60 | 200 | 50 0.0667 0.03 7615
53 | 200 | 50 0.0200 0.01 7620
52 | 200 | 50 0.0133 0.01 7625
180 | 200 | 50 0.8667 0.74 7630
193 | 200 | 50 0.9533 0.90 7635
178 | 200 | 50 0.8533 0.72 7640
165 | 200 | 50 0.7667 0.59 7645
180 | 200 | 50 0.8667 0.74 7650
91 | 200 | 50 0.2733 0.14 7655
105 ] 200 | 50 0.3667 0.20 7660
130 | 200 | 50 0.5333 0.34 7665
73 | 200 | 50 0.1533 0.07 7670
42 | 200 | 50 -0.0533 0.00 7675
70 | 200 | 50 0.1333 0.06 7680
162 | 200 | 50 0.7467 0.57 7685
188 | 200 | 50 0.9200 0.83 7690
190 | 200 | 50 0.9333 0.86 7695
1741 200 | 50 0.8267 0.68 7700
1521 200 | 50 0.6800 0.49 7705
180 | 200 | 50 0.8667 0.74 7710
198 | 200 | 50 0.9867 0.97 7715
130 | 200 | 50 0.5333 0.34 7720
190 | 200 | 50 0.9333 0.86 7725
1951 200 | 50 0.9667 0.92 7730
200 | 200 | 50 1.0000 1.00 7735
160 | 200 | 50 0.7333 0.55 7740
200 | 200 | 50 1.0000 1.00 7745
200 | 200 | 50 1.0000 1.00 7750
1657 200 | 50 0.7000 0.51 7755
1551 200 | 50 0.7000 0.51 7760
170} 200 | 50 0.8000 0.64 7765
130 | 200 | 50 0.5333 0.34 7770
170 | 200 | 50 0.8000 0.64 7775
198 | 200 | 50 0.9867 0.97 7780
170 | 200 | 50 0.8000 0.64 7785
182 | 200 | 50 0.8800 0.76 7790
190 | 200 | 50 0.9333 0.86 7795
108 | 200 | 50 0.3867 0.22 7800
167 | 200 | 50 0.7800 0.61 7805
180 | 200 | 50 0.8667 0.74 7810
130 | 200 | 50 0.5333 0.34 7815




Table A.1 Shale volume (Vsh) calculation from well: A (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
82 | 200 50 0.2133 0.10 7820
47 | 200 50 -0.0200 0.00 7825
58 | 200 50 0.0533 0.02 7830
75 | 200 50 0.1667 0.08 7835
74 | 200 50 0.1600 0.08 7840
70 | 200 50 0.1333 0.06 7845
67 | 200 50 0.1133 0.05 7850
199 | 200 50 0.9933 0.98 7855
120 | 200 50 0.4667 0.28 7860
65 | 200 50 0.1000 0.04 7865
67 | 200 50 0.1133 0.05 7870
62 | 200 50 0.0800 0.04 7875
74 | 200 50 0.1600 0.08 7880
95 | 200 50 0.3000 0.16 7885
66 | 200 50 0.1067 0.05 7890
92 | 200 50 0.2800 0.14 7895
198 | 200 50 0.9867 0.97 7900
104 | 200 50 0.3600 0.20 7905
53 | 200 50 0.0200 0.01 7910
51 | 200 50 0.0067 0.00 7915
60 | 200 50 0.0667 0.03 7920
47 | 200 50 -0.0200 0.00 7925
48 | 200 50 -0.0133 0.00 7930
75 | 200 50 0.1667 0.08 7935
178 | 200 50 0.8533 0.72 7940
194 | 200 50 0.9600 0.91 7945
187 | 200 50 0.9133 0.82 7950
185 | 200 50 0.9000 0.79 7955
155 | 200 50 0.7000 0.51 7960
170 | 200 50 0.8000 0.64 7965
1721 200 50 0.8133 0.66 7970
143 | 200 50 0.6200 0.42 7975
184 | 200 50 0.8933 0.78 7980
186 | 200 50 0.9067 0.81 7985
187 | 200 50 0.9133 0.82 7990
170 | .200 50 0.8000 0.64 7995
200 | 200 50 1.0000 1.00 8000
115 | 200 50 0.4333 0.25 8005
140 | 200 50 0.6000 0.40 8010
182 | 200 50 0.8800 0.76 8015
98 | 200 50 0.3200 0.17 8020
84 | 200 50 0.2267 0.1 8025
73 | 200 50 0.1533 0.07 8030
43 | 200 50 -0.0467 0.00 8035
60 | 200 50 0.0667 0.03 8040
161 | 200 50 0.7400 0.56 8045
178 | 200 50 0.8533 0.72 8050

Vsh.calculation (Clavier EqQ.) Depth
GR. | Max | Min| GR.fraction | Vsh. (feet)
154 | 200 | 50 0.6933 0.50 8055
120 | 200 | 50 0.4667 0.28 8060
1211 200 | 50 0.4733 0.28 8065
1751 200 | 50 0.8333 0.69 8070
172 | 200 | 50 0.8133 0.66 8075
154 | 200 | 50 0.6933 0.50 8080
181 200 | 50 0.8733 0.75 8085
1411 200 | 50 0.6067 0.41 8090
181 200 | 50 0.8733 0.75 8095
158 | 200 | 50 0.7200 0.53 8100
140 | 200 | 50 0.6000 0.40 8105
79 | 200 | 50 0.1933 0.09 8110
65 | 200 | 50 0.1000 0.04 8115
72 | 200 | 50 0.1467 0.07 8120
160 | 200 | 50 0.7333 0.55 8125
139 | 200 | 50 0.5933 0.39 8130
197 ] 200 | 50 0.9800 0.95 8135
190 | 200 | 50 0.9333 0.86 8140
1851 200 | 50 0.9000 0.79 8145
160 | 200 | 50 0.7333 0.55 8150
1751 200 | 50 0.8333 0.69 8155
136 | 200 | 50 0.5733 0.37 8160
161 | 200 | 50 0.7400 0.56 8165
157 | 200 | 50 0.7133 0.52 8170
162 | 200 | 50 0.7467 0.57 8175
170 | 200 | 50 0.8000 0.64 8180
163 | 200 | 50 0.7533 0.57 8185
57 | 200 | 50 0.0467 0.02 8190
50 | 200 | 50 0.0000 0.00 8195
62 | 200 | 50 0.0800 0.04 8200
62 | 200 | 50 0.0800 0.04 8205
67| 200 | 50 0.1133 0.05 8210
62 | 200 | 50 0.0800 0.04 8215
65 | 200 | 50 0.1000 0.04 8220
130} 200 | 50 0.5338 0.34 8225
110 | 200 | 70 0.3077 0.16 8230
163 | 200 | 70 0.7154 0.53 8235
150 | 200 | 70 0.6154 0.42 8240
200 | 200 | 70 1.0000 1.00 8245
100 | 200 | 70 0.2308 0.1 8250
197 | 200 | 70 0.9769 0.95 8255
128 | 200 | 70 0.4462 0.26 8260
185 200 | 70 0.8846 0.77 8265
1951 200 | 70 0.9615 0.91 8270
194 | 200 | 70 0.9538 0.90 8275
160 | 200 | 70 0.6923 0.50 8280
157 | 200 | 70 0.6692 0.47 8285
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Table A.1 Shale volume (Vsh) calculation from well: A (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min| GR.fraction | Vsh. (feet)
90 | 200 | 70 0.1538 0.07 8525
190 | 200 | 70 0.9231 0.84 8530
200 | 200 | 70 1.0000 1.00 8535
200 | 200 | 70 1.0000 1.00 8540
200 | 200 | 70 1.0000 1.00 8545
1051 200 | 70 0.2692 0.14 8550
110 | 200 | 70 0.3077 0.16 8555
119] 200 | 70 0.3769 0.21 8560
110 | 200 | 70 0.3077 0.16 8565
110 | 200 | 70 0.3077 0.16 8570

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
120 | 200 70 0.3846 0.22 8290
102 | 200 70 0.2462 0.12 8295
195 | 200 70 0.9615 0.91 8300
200 | 200 70 1.0000 1.00 8305
1721 200 70 0.7846 0.62 8310
200 | 200 70 1.0000 1.00 8315
1741 200 70 0.8000 0.64 8320
190 | 200 70 0.9231 0.84 8325
170 | 200 70 0.7692 0.59 8330
200 | 200 70 1.0000 1.00 8335
165 | 200 70 0.7308 0.55 8340
200 | 200 70 1.0000 1.00 8345
60 | 200 70 -0.0769 0.00 8350
170 | 200 70 0.7692 0.59 8355
74 | 200 70 0.0308 0.01 8360
72 | 200 70 0.0154 0.01 8365
80 | 200 70 0.0769 0.08 8370
200 | 200 70 1.0000 1.00 8375
200 | 200 70 1.0000 1.00 8380
126 | 200 70 0.4308 0.25 8385
180 | 200 70 0.8462 0.71 8390
153 | 200 70 0.6385 0.44 8395
90 | 200 70 0.1538 0.07 8400
77 | 200 70 0.0538 0.02 8405
100 | 200 70 0.2308 0.1 8410
85 | 200 70 0.1154 0.05 8415
84 | 200 70 0.1077 0.05 8420
62 | 200 70 -0.0615 0.00 8425
200 | 200 70 1.0000 1.00 8430
148 | 200 70 0.6000 0.40 8435
120 | 200 70 0.3846 0.22 8440
200 | 200 70 1.0000 1.00 8445
192 | 200 70 0.9385 0.87 8450
130 | 200 70 0.4615 0.27 8455
77 | 200 70 0.0538 0.02 8460
200 | 200 70 1.0000 1.00 8465
200 | 200 70 1.0000 1.00 8470
80 | 200 70 0.0769 0.03 8475
100 | 200 70 0.2308 0.1 8480
200 | 200 70 1.0000 1.00 8485
1771 200 70 0.8231 0.67 8490
170 | 200 70 0.7692 0.59 8495
200 | 200 70 1.0000 1.00 8500
195 | 200 70 0.9615 0.91 8505
100 | 200 70 0.2308 0.1 8510
200 | 200 70 1.0000 1.00 8515
138 | 200 70 0.5231 0.33 8520
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Table A.2 Shale volume (Vsh) calculation from well: B

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)

1151 160 | 30 0.654 0.46 4650
130 | 160 | 30 0.769 0.59 4655
105 | 160 | 30 0.577 0.38 4660
1251 160 | 30 0.731 0.55 4665
48 | 160 | 30 0.138 0.06 4670
50 | 160 | 30 0.154 0.07 4675
63 | 160 | 30 0.254 0.13 4680
60 | 160 | 30 0.231 0.11 4685
50 | 160 | 30 0.154 0.07 4690
100 | 160 | 30 0.538 0.34 4695
65 | 160 | 30 0.269 0.14 4700
100 | 160 | 30 0.538 0.34 4705
63 | 160 | 30 0.254 0.13 4710
82 | 160 | 30 0.400 0.23 4715
150 | 160 | 30 0.923 0.84 4720
120 | 160 | 30 0.692 0.50 4725
1131 160 | 30 0.638 0.44 4730
75 1 160 | 30 0.346 0.19 4735
67 | 160 | 30 0.285 0.15 4740
60 | 160 | 30 0.231 0.11 4745
58 | 160 | 30 0.215 0.11 4750
60 | 160 | 30 0.231 0.11 4755
160 | 160 | 30 1.000 1.00 4760
165 160 | 30 1.038 1.00 4765
140 ] 160 | 30 0.846 0.71 4770
143 | 160 | 30 0.869 0.74 4775
140 | 160 | 30 0.846 0.71 4780
160 | 160 | 30 1.000 1.00 4785
140 | 160 | 30 0.846 0.71 4790
147 | 160 | 30 0.900 0.79 4795
138 | 160 | 30 0.831 0.68 4800
170 | 160 | 30 1.077 1.00 4805
147 | 160 | 30 0.900 0.79 4810
1451 160 | 30 0.885 0.77 4815
120 | 160 | 30 0.692 0.50 4820
155 | 160 | 30 0.962 0.91 4825
133 | 160 | 30 0.792 0.63 4830
108 | 160 | 30 0.600 0.40 4835
167 | 160 | 30 1.054 1.00 4840
58 | 160 | 30 0.215 0.11 4845
1651 160 | 30 0.962 0.91 4850
140 | 160 | 30 0.846 0.71 4855
140 | 160 | 30 0.846 0.71 4860
163 | 160 | 30 0.946 0.88 4865
148 | 160 | 30 0.908 0.81 4870
140 | 160 | 30 0.846 0.71 4875
178 1 160 | 30 1.138 1.00 4880

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
1421 160 | 30 0.862 0.73 4885
157 | 160 | 30 0.977 0.95 4890
174 1 160 | 30 1.108 1.00 4895
150 | 160 | 30 0.923 0.84 4900
130 | 160 | 30 0.769 0.59 4905
142 | 160 | 30 0.862 0.73 4910
157 | 160 | 30 0.977 0.95 4915
118 | 160 | 30 0.677 0.48 4920
1451 160 | 30 0.885 0.77 4925
190 | 160 | 30 1.231 1.00 4930
120 | 160 | 30 0.692 0.50 4935
140 | 160 | 30 0.846 0.71 4940
147 1 160 | 30 0.900 0.79 4945
160 | 160 | 30 1.000 1.00 4950
168 | 160 | 30 1.062 1.00 4955
158 | 160 | 30 0.985 0.96 4960
1381 160 | 30 0.831 0.68 4965
132 |1 160 | 30 0.785 0.62 4970
65 | 160 | 30 0.269 0.14 4975
58 | 160 | 30 0.215 0.11 4980
55 | 160 | 30 0.192 0.09 4985
120 | 160 | 30 0.692 0.50 4990
150 | 160 | 30 0.923 0.84 4995
165 160 | 30 1.038 1.00 5000
1221 160 | 30 0.708 0.52 5005
150 | 160 |30 0.923 0.84 5010
1751 160 | 30 1.115 1.00 5015
120 | 160 | 30 0.692 0.50 5020
80 | 160 | 30 0.385 0.22 5025
93 | 160 | 30 0.485 0.29 5030
85 | 160 | 30 0.423 0.24 5035
80| 160 | 30 0.385 0.22 5040
73 1160 | 30 0.331 0.18 5045
150 | 160 | 30 0.923 0.84 5050
190°| 160 | 30 1.231 1.00 5055
87 | 160 | 30 0.438 0.26 5060
103 | 160 | 30 0.562 0.36 5065
140 | 160 | 30 0.846 0.71 5070
200 ] 160 | 30 1.308 1.00 5075
150 | 160 | 30 0.923 0.84 5080
168 | 160 | 30 0.985 0.96 5085
160 | 160 | 30 1.000 1.00 5090
170 | 160 | 30 1.077 1.00 5095
160 | 160 | 30 1.000 1.00 5100
142 | 160 | 30 0.862 0.73 5105
150 | 160 | 30 0.923 0.84 5110
150 | 160 | 30 0.923 0.84 5115
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Table A.2 Shale volume (Vsh) calculation from well: B (continued)

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)

63 | 160 | 30 0.254 0.13 5120
75 1160 | 30 0.346 0.19 5125
133 | 160 | 30 0.792 0.63 5130
162 | 160 | 30 1.015 1.00 5135
180 | 160 | 30 1.154 1.00 5140
142 | 160 | 30 0.862 0.73 5145
130 | 160 | 30 0.769 0.59 5150
153 | 160 | 30 0.946 0.88 5155
1651 160 | 30 0.962 0.91 5160
128 | 160 | 30 0.754 0.57 5165
80 | 160 | 30 0.385 0.22 5170
65 | 160 | 30 0.269 0.14 5175
160 | 160 | 30 1.000 1.00 5180
150 | 160 | 30 0.923 0.84 5185
140 |1 160 | 30 0.846 0.71 5190
1551 160 | 30 0.962 0.91 5195
138 |1 160 | 30 0.831 0.68 5200
80 | 160 | 30 0.385 0.22 5205
58 | 160 | 30 0.215 0.11 5210
67 | 160 | 30 0.285 0.15 5215
70 | 160 | 30 0.308 0.16 5220
70 | 160 | 30 0.308 0.16 5225
80 | 160 | 30 0.385 0.22 5230
162 ] 160 | 30 1.015 1.00 9235
1101 160 | 30 0.615 0.42 5240
1121 160 | 30 0.631 0.43 5245
67 | 160 | 30 0.285 0.15 5250
70 | 160 | 30 0.308 0.16 5255
70 | 160 | 30 0.308 0.16 5260
65 | 160 | 30 0.269 0.14 5265
67 | 160 | 30 0.285 0.15 5270
60 | 160 | 30 0.231 0.1 5275
70 | 160 | 30 0.308 0.16 5280
82 | 160 | 30 0.400 0.23 5285
55 1160 | 30 0.192 0.09 5290
98 | 160} 30 0.523 0.33 5295
127 | 160 | 30 0.746 0.56 5300
163 | 160 | 30 0.946 0.88 5305
150 | 160 | 30 0.923 0.84 5310
170 | 160 | 30 1.077 1.00 5315
150 | 160 | 30 0.923 0.84 5320
1731 160 | 30 1.100 1.00 5325
168 | 160 | 30 1.062 1.00 5330
138 | 160 | 30 0.831 0.68 5335
122 1 160 | 30 0.708 0.52 5340
1151 160 | 30 0.654 0.46 5345
140 | 160 | 30 0.846 0.71 5350

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)

1451 160 | 30 0.885 0.77 5355
1451 160 | 30 0.885 0.77 5360
130 | 160 | 30 0.769 0.59 5365
140 | 160 | 30 0.846 0.71 5370
140 | 160 | 30 0.846 0.71 5375
150 | 160 | 30 0.923 0.84 5380
168 | 160 | 30 1.062 1.00 5385
160 | 160 | 30 1.000 1.00 5390
160 | 160 | 30 1.000 1.00 5395
181 | 160 | 30 1.162 1.00 5400
189 | 160 | 30 1.223 1.00 5405
155 | 160 | 30 0.962 0.91 5410
1451 160 | 30 0.885 0.77 5415
168 | 160 | 30 0.985 0.96 5420
1551 160 | 30 0.962 0.91 5425
127 | 160 | 30 0.746 0.56 5430
1351 160 | 30 0.808 0.65 5435
120 | 160 | 30 0.692 0.50 5440
70 | 160 | 30 0.308 0.16 5445
62 | 160 | 30 0.246 0.12 5450
82 | 160 | 30 0.400 0.23 5455
85 | 160 | 30 0.423 0.24 5460
118 | 160 | 30 0.677 0.48 5465
1421 160 | 30 0.862 0.73 5470
1751 160 | 30 1.115 1.00 5475
180 | 160 | 30 1.154 1.00 5480
65 | 160 | 30 0.269 0.14 5485
142 | 160 | 30 0.862 0.73 5490
130 | 160 | 30 0.769 0.59 5495
132 | 160 | 30 0.785 0.62 5500
77 1160 | 30 0.362 0.20 5505
60| 160 | 30 0.231 0.1 5510
60 | 160 | 30 0.231 0.1 5515
5571160 | 30 0.192 0.09 5520
53] 160 | 30 0.177 0.08 5525
57 |1 160 | 30 0.208 0.10 5530
50°) 160 | 30 0.164 0.07 5535
70 | 160 | 30 0.308 0.16 5540
78 | 160 | 30 0.369 0.20 5545
78 | 160 | 30 0.369 0.20 5550
80 | 160 | 30 0.385 0.22 5555
60 | 160 | 30 0.231 0.1 5560
59 | 160 | 30 0.223 0.11 5565
90 | 160 | 30 0.462 0.27 5570
140 | 160 | 30 0.846 0.71 5575
140 | 160 | 30 0.846 0.71 5580
1211 160 | 30 0.700 0.51 5585
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Table A.2 Shale volume (Vsh) calculation from well: B (continued)

153

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)

80 | 160 | 30 0.385 0.22 5590
68 | 160 | 30 0.292 0.15 5595
62 | 160 | 30 0.246 0.12 5600
60 | 160 | 30 0.231 0.1 5605
70 | 160 | 30 0.308 0.16 5610
53 | 160 | 30 0.177 0.08 5615
52 |1 160 | 30 0.169 0.08 5620
120 | 160 | 30 0.692 0.50 5625
80 | 160 | 30 0.385 0.22 5630
100 | 160 | 30 0.538 0.34 5635
80 | 160 | 30 0.385 0.22 5640
200 ] 160 | 30 1.308 1.00 5645
142 | 160 | 30 0.862 0.73 5650
170 | 160 | 30 1.077 1.00 5655
160 | 160 | 30 1.000 1.00 5660
1451 160 | 30 0.885 0.77 5665
170 | 160 | 30 1.077 1.00 5670
130 | 160 | 30 0.769 0.59 5675
140 | 160 | 30 0.846 0.71 5680
130 | 160 | 30 0.769 0.89 5685
1871 160 | 30 1.208 1.00 5690
200 ] 160 | 30 1.308 1.00 5695
167 | 160 | 30 1.054 1.00 5700
200 ] 160 | 30 1.308 1.00 5705
1971 160 | 30 1.285 1.00 5710
128 | 160 | 30 0.754 0.57 5715
168 | 160 | 30 1.062 1.00 5720
1251 160 | 30 0.731 0.55 5725
1151 160 | 30 0.654 0.46 5730
158 | 160 | 30 0.985 0.96 5735
147 | 160 | 30 0.900 0.79 5740
123 | 160 | 30 0.715 0.53 5745
150 | 160 | 30 0.923 0.84 5750
117 |1 160 | 30 0.669 0.47 5755
1251 160 | 30 0.731 0.55 5760
1751 160 | 30 1.115 1.00 5765
185 | 160 | 30 1.192 1.00 5770
190 | 160 | 30 1.231 1.00 5775
42 | 160 | 30 0.092 0.04 5780
60 | 160 | 30 0.231 0.11 5785
55 |1 160 | 30 0.192 0.09 5790
110 | 160 | 30 0.615 0.42 5795
110 | 160 | 30 0.615 0.42 5800
163 | 160 | 30 0.946 0.88 5805
148 | 160 | 30 0.908 0.81 5810
198 | 160 | 30 1.292 1.00 5815
1211 160 | 30 0.700 0.51 5820

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)

178 | 160 | 30 1.138 1.00 5825
143 | 160 | 30 0.869 0.74 5830
174 1 160 | 30 1.108 1.00 5835
190 | 160 | 30 1.231 1.00 5840
150 | 160 | 30 0.923 0.84 5845
148 | 160 | 30 0.908 0.81 5850
190 | 160 | 30 1.231 1.00 5855
143 | 160 | 30 0.869 0.74 5860
120 | 160 | 30 0.692 0.50 5865
53 | 160 | 30 0.177 0.08 5870
70 | 160 | 30 0.308 0.16 5875
62 | 160 | 30 0.246 0.12 5880
78 | 160 | 30 0.369 0.20 5885
62 | 160 | 30 0.246 0.12 5890
70 | 160 | 30 0.308 0.16 5895
120 | 160 | 30 0.692 0.50 5900
100 | 160 | 30 0.538 0.34 5905
1421 160 | 30 0.862 0.73 5910
1451 160 | 30 0.885 0.77 5915
178 | 160 | 30 1.138 1.00 5920
160 | 160 | 30 1.000 1.00 5925
100 | 160 | 30 0.538 0.34 5930
90 | 160 | 30 0.462 0.27 5935
200 | 160 | 30 1.308 1.00 5940
140 |1 160 | 30 0.846 0.71 5945
120 | 160 |30 0.692 0.50 5950
118 | 160 | 30 0.677 0.48 5955
160 | 160 | 30 1.000 1.00 5960
60 | 160 | 30 0.231 0.1 5965
52 |1 160 | 30 0.169 0.08 5970
68 | 160 | 30 0.292 0.15 5975
80| 160 | 30 0.385 0.22 5980
67 | 160 | 30 0.285 0.15 5985
200 1160 | 30 1.308 1.00 5990
120 160 | 30 0.692 0.50 5995
150 | 160 | 30 0.923 0.84 6000
163 | 160 | 30 1.028 1.00 6005
143 | 160 | 30 0.869 0.74 6010
150 | 160 | 30 0.923 0.84 6015
142 | 160 | 30 0.862 0.73 6020
150 | 160 | 30 0.923 0.84 6025
147 | 160 | 30 0.900 0.79 6030
128 | 160 | 30 0.754 0.57 6035
108 | 160 | 30 0.600 0.40 6040
110 ] 160 | 30 0.615 0.42 6045
108 | 160 | 30 0.600 0.40 6050
78 |1 160 | 30 0.369 0.20 6055




Table A.2 Shale volume (Vsh) calculation from well: B (continued)

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)

80 | 160 | 30 0.385 0.22 6060
62 | 160 | 30 0.246 0.12 6065
58 | 160 | 30 0.215 0.1 6070
55 1160 | 30 0.192 0.09 6075
62 | 160 | 30 0.246 0.12 6080
165 | 160 | 30 1.038 1.00 6085
1211 160 | 30 0.700 0.51 6090
150 | 160 | 30 0.923 0.84 6095
113 | 160 | 30 0.638 0.44 6100
98 | 160 | 30 0.523 0.33 6105
142 | 160 | 30 0.862 0.73 6110
158 | 160 | 30 0.985 0.96 6115
160 | 160 | 30 1.000 1.00 6120
85 | 160 | 30 0.423 0.24 6125
98 | 160 | 30 0.523 0.33 6130
147 |1 160 | 30 0.900 0.79 6135
90 | 160 | 30 0.462 0.27 6140
70 | 160 | 30 0.308 0.16 6145
120 | 160 | 30 0.692 0.50 6150
110 | 160 | 30 0.615 0.42 6155
180 | 160 | 30 1.154 1.00 6160
150 | 160 | 30 0.923 0.84 6165
160 | 160 | 30 1.000 1.00 6170
138 |1 160 | 30 0.831 0.68 6175
128 1 160 | 30 0.754 0.57 6180
83 | 160 | 30 0.408 0.23 6185
168 | 160 | 30 1.062 1.00 6190
165 | 160 | 30 1.038 1.00 6195
140 | 160 | 30 0.846 0.71 6200
180 | 160 | 30 1.154 1.00 6205
140 | 160 | 30 0.846 0.71 6210
1551 160 | 30 0.962 0.91 6215
1121 160 | 30 0.631 0.43 6220
142 | 160 | 30 0.862 0.73 6225
167 | 160 | 30 1.054 1.00 6230
182 | 160 | 30 1.169 1.00 6235
122 | 160 | 30 0.708 0.52 6240
140 | 160 | 30 0.846 0.71 6245
102 | 160 | 30 0.554 0.36 6250
158 | 160 | 30 0.985 0.96 6255
103 | 160 | 30 0.562 0.36 6260
138 | 160 | 30 0.831 0.68 6265
140 | 160 | 30 0.846 0.71 6270
170 | 160 | 30 1.077 1.00 6275
190 | 160 | 30 1.231 1.00 6280
140 | 160 | 30 0.846 0.71 6285
1351 160 | 30 0.808 0.65 6290

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)

140 | 160 | 30 0.846 0.71 6295
140 | 160 | 30 0.846 0.71 6300
197 | 160 | 30 1.285 1.00 6305
140 | 160 | 30 0.846 0.71 6310
165 | 160 | 30 1.038 1.00 6315
138 | 160 | 30 0.831 0.68 6320
132 | 160 | 30 0.785 0.62 6325
58 | 160 | 30 0.215 0.11 6330
58 | 160 | 30 0.215 0.1 6335
182 | 160 | 30 1.169 1.00 6340
168 | 160 | 30 1.062 1.00 6345
137 | 160 | 30 0.823 0.67 6350
163 | 160 | 30 1.023 1.00 6355
1351 160 | 30 0.808 0.65 6360
78 | 160 | 30 0.369 0.20 6365
68 | 160 | 30 0.292 0.15 6370
70 | 160 | 30 0.308 0.16 6375
60 | 160 | 30 0.231 0.11 6380
63 | 160 | 30 0.254 0.13 6385
60 | 160 | 30 0.231 0.11 6390
58 | 160 | 30 0.215 0.11 6395
120 | 160 | 30 0.692 0.50 6400
150 | 160 | 30 0.923 0.84 6405
1971 160 | 30 1.285 1.00 6410
160 | 160 | 30 1.000 1.00 6415
160 | 160 | 30 1.000 1.00 6420
170 | 160 | 30 1.077 1.00 6425
163 | 160 | 30 1.023 1.00 6430
138 | 160 | 30 0.831 0.68 6435
100 | 160 | 30 0.538 0.34 6440
50 | 160 | 30 0.154 0.07 6445
551 160 | 30 0.192 0.09 6450
53 |1 160 | 30 0.177 0.08 6455
58 1160 | 30 0.215 0.11 6460
571 160 | 30 0.208 0.10 6465
62 | 160 | 30 0.246 0.12 6470
58] 160 | 30 0.215 0.11 6475
58 | 160 | 30 0.215 0.1 6480
60 | 160 | 30 0.231 0.1 6485
58 | 160 | 30 0.215 0.1 6490
60 | 160 | 30 0.231 0.1 6495
80 | 160 | 30 0.385 0.22 6500
120 | 160 | 30 0.692 0.50 6505
100 | 160 | 30 0.538 0.34 6510
78 | 160 | 30 0.369 0.20 6515
70 | 160 | 30 0.308 0.16 6520
70 | 160 | 30 0.308 0.16 6525
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Table A.2 Shale volume (Vsh) calculation from well: B (continued)

155

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
70 | 160 | 30 0.308 0.16 6530
72 1160 | 30 0.323 0.17 6535
65 | 160 | 30 0.269 0.14 6540
75 1160 | 30 0.346 0.19 6545
110 | 160 | 30 0.615 0.42 6550
160 | 160 | 30 1.000 1.00 6555
108 | 160 | 30 0.600 0.40 6560
60 | 160 | 30 0.231 0.11 6565
160 | 160 | 30 1.000 1.00 6570
150 | 160 | 30 0.923 0.84 6575
150 | 160 | 30 0.923 0.84 6580
165 | 160 | 30 1.038 1.00 6585
170 | 160 | 30 1.077 1.00 6590
183 | 160 | 30 1177 1.00 6595
138 | 160 | 30 0.831 0.68 6600
137 | 160 | 30 0.823 0.67 6605
1321 160 | 30 0.785 0.62 6610
130 | 160 | 30 0.769 0.59 6615
130 | 160 | 30 0.769 0.59 6620
1551 160 | 30 0.962 0.91 6625
1231 160 | 30 0.715 0.53 6630
130 | 160 | 30 0.769 0.59 6635
1251 160 | 30 0.731 0.55 6640
1451 160 | 30 0.885 0.77 6645
140 | 160 | 30 0.846 0.71 6650
137 1 160 | 30 0.823 0.67 6655
138 | 160 | 30 0.831 0.68 6660
140 | 160 | 30 0.846 0.71 6665
1211 160 | 30 0.700 0.51 6670
1751 160 | 30 1.115 1.00 6675
165 | 160 | 30 1.038 1.00 6680
190 | 160 | 30 1.231 1.00 6685
160 | 160 | 30 1.000 1.00 6690
142 | 160 | 30 0.862 0.73 6695
160 | 160 | 30 1.000 1.00 6700
162 | 160 | 30 1.015 1.00 6705
100 | 160 | 30 0.538 0.34 6710
200 | 160 | 30 1.308 1.00 6715
150 | 160 | 30 0.923 0.84 6720
142 | 160 | 30 0.862 0.73 6725
162 | 160 | 30 1.015 1.00 6730
170 | 160 | 30 1.077 1.00 6735
168 | 160 | 30 1.062 1.00 6740
1251 160 | 30 0.731 0.55 6745
1251 160 | 30 0.731 0.55 6750
1431 160 | 30 0.869 0.74 6755
1451 160 | 30 0.885 0.77 6760

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
138 | 160 | 30 0.831 0.68 6765
140 | 160 | 30 0.846 0.71 6770
158 | 160 | 30 0.985 0.96 6775
75 1160 | 30 0.346 0.19 6780
57 | 160 | 30 0.208 0.10 6785
162 | 160 | 30 1.015 1.00 6790
120 | 160 | 30 0.692 0.50 6795
165 | 160 | 30 1.038 1.00 6800
140 | 160 | 30 0.846 0.71 6805
130 | 160 | 30 0.769 0.59 6810
142 | 160 | 30 0.862 0.73 6815
195 | 160 | 30 1.269 1.00 6820
180 | 160 | 30 1.154 1.00 6825
160 | 160 | 30 1.000 1.00 6830
130 | 160 | 30 0.769 0.59 6835
165 | 160 | 30 1.038 1.00 6840
1781 160 | 30 1.138 1.00 6845
1791 160 | 30 1.146 1.00 6850
160 | 160 | 30 1.000 1.00 6855
1451 160 | 30 0.885 0.77 6860
176 | 160 | 30 1.123 1.00 6865
1701 160 | 30 1.077 1.00 6870
178 | 160 | 30 1.138 1.00 6875
150 | 160 | 30 0.923 0.84 6880
170 ] 160 | 30 1.077 1.00 6885
180 | 160 | 30 1.154 1.00 6890
1568 | 160 | 30 0.985 0.96 6895
200 | 160 | 30 1.308 1.00 6900
162 | 160 | 30 1.015 1.00 6905
160 | 160 | 30 1.000 1.00 6910
158 | 160 | 30 0.985 0.96 6915
781 160 | 30 0.369 0.20 6920
180 | 160 | 30 1.154 1.00 6925
140 | 160 | 30 0.846 0.71 6930
103 160 | 24 0.581 0.38 6935
118 | 160 | 24 0.691 0.50 6940
58] 160 | 24 0.250 0.13 6945
60 | 160 | 24 0.265 0.13 6950
70 | 160 | 24 0.338 0.18 6955
100 | 160 | 24 0.559 0.36 6960
150 | 160 | 24 0.926 0.84 6965
130 | 160 | 24 0.779 0.61 6970
103 | 160 | 24 0.581 0.38 6975
200 ] 160 | 24 1.294 1.00 6980
120 | 160 | 24 0.706 0.52 6985
1701 160 | 24 1.074 1.00 6990
160 | 160 | 24 1.000 1.00 6995




Table A.2 Shale volume (Vsh) calculation from well: B (continued)

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)

110 | 160 | 24 0.632 0.43 7000
103 | 160 | 24 0.581 0.38 7005
75 1160 | 24 0.375 0.21 7010
177 | 160 | 24 1.125 1.00 7015
160 | 160 | 24 1.000 1.00 7020
170 | 160 | 24 1.074 1.00 7025
138 | 160 | 24 0.838 0.69 7030
130 | 160 | 24 0.779 0.61 7035
183 | 160 | 24 1.169 1.00 7040
160 | 160 | 24 1.000 1.00 7045
1741 160 | 24 1.103 1.00 7050
177 | 160 | 24 1.125 1.00 7055
1521 160 | 24 0.941 0.87 7060
132 | 160 | 24 0.794 0.63 7065
190 | 160 | 24 1.221 1.00 7070
95 | 160 | 24 0.522 0.33 7075
200 | 160 | 24 1.294 1.00 7080
150 | 160 | 24 0.926 0.84 7085
1331 160 | 24 0.801 0.64 7090
65 | 160 | 24 0.301 0.16 7095
60 | 160 | 24 0.265 0.13 7100
57 | 160 | 24 0.243 0.12 7105
60 | 160 | 24 0.265 0.13 7110
73 1 160 | 24 0.360 0.20 apeteity
200 | 160 | 24 1.294 1.00 7120
150 | 160 | 24 0.926 0.84 7125
120 | 160 | 24 0.706 0.52 7130
62 | 160 | 24 0.279 0.14 7135
50 | 160 | 24 0.191 0.09 7140
68 | 160 | 24 0.324 0.17 7145
50 | 160 | 24 0.191 0.09 7150
165 | 160 | 24 1.037 1.00 7155
1131 160 | 24 0.654 0.46 7160
1151 160 | 24 0.669 0.47 7165
70 | 160 | 24 0.338 0.18 7170
70 | 160} 24 0.338 0.18 7175
180 | 160 | 24 1.147 1.00 7180
140 | 160 | 24 0.853 0.72 7185
160 | 160 | 24 1.000 1.00 7190
167 | 160 | 24 1.051 1.00 7195
180 | 160 | 24 1.147 1.00 7200
172 | 160 | 24 1.088 1.00 7205
1821 160 | 24 1.162 1.00 7210
180 | 160 | 24 1.147 1.00 7215
200 | 160 | 24 1.294 1.00 7220
140 | 160 | 24 0.853 0.72 7225
1701 160 | 24 1.074 1.00 7230

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)

167 | 160 | 24 1.051 1.00 7235
102 | 160 | 24 0.574 0.37 7240
116 | 160 | 24 0.676 0.48 7245
110 | 160 | 24 0.632 0.43 7250
50 | 160 | 24 0.191 0.09 7255
40 | 160 | 24 0.118 0.05 7260
87 | 160 | 24 0.463 0.28 7265
60 | 160 | 24 0.265 0.13 7270
160 | 160 | 24 1.000 1.00 7275
164 | 160 | 24 1.029 1.00 7280
145 | 160 | 24 0.890 0.78 7285
130 | 160 | 24 0.779 0.61 7290
178 1 160 | 24 1.132 1.00 7295
163 | 160 | 24 1.022 1.00 7300
150 | 160 | 24 0.926 0.84 7305
168 | 160 | 24 0.985 0.97 7310
130 | 160 | 24 0.779 0.61 7315
200 | 160 | 24 1.294 1.00 7320
163 | 160 | 24 1.022 1.00 7325
160 | 160 | 24 1.000 1.00 7330
158 | 160 | 24 0.985 0.97 7335
1051 160 | 24 0.596 0.40 7340
1161 160 | 24 0.669 0.47 7345
45 | 160 | 24 0.154 0.07 7350
50 | 160 | 24 0.191 0.09 7355
173 | 160 | 24 1.096 1.00 7360
168 | 160 | 24 1.059 1.00 7365
168 | 160 | 24 1.059 1.00 7370
190 | 160 | 24 1.221 1.00 7375
120 | 160 | 24 0.706 0.52 7380
1801 160 | 24 1.147 1.00 7385
150 | 160 | 24 0.926 0.84 7390
130 | 160 | 24 0.779 0.61 7395
158 | 160 | 24 0.985 0.97 7400
200°) 160 | 24 1.294 1.00 7405
123 | 160 | 24 0.728 0.54 7410
172} 160 | 24 1.088 1.00 7415
160 | 160 | 24 1.000 1.00 7420
45 |1 160 | 24 0.154 0.07 7425
60 | 160 | 24 0.265 0.13 7430
53 | 160 | 24 0.213 0.10 7435
58 | 160 | 24 0.250 0.13 7440
55 | 160 | 24 0.228 0.11 7445
45 | 160 | 24 0.154 0.07 7450
50 | 160 | 24 0.191 0.09 7455
60 | 160 | 24 0.265 0.13 7460
105 | 160 | 24 0.596 0.40 7465
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Table A.2 Shale volume (Vsh) calculation from well: B (continued)

157

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
73 1160 | 24 0.360 0.20 7470
102 | 160 | 24 0.574 0.37 7475
190 | 160 | 24 1.221 1.00 7480
193 | 160 | 24 1.243 1.00 7485
1251 160 | 24 0.743 0.56 7490
165 | 160 | 24 1.037 1.00 7495
160 | 160 | 24 1.000 1.00 7500
157 | 160 | 24 0.978 0.95 7505
1851 160 | 24 1.184 1.00 7510
1731 160 | 24 1.096 1.00 7515
1801 160 | 24 1.147 1.00 7520
120 | 160 | 24 0.706 0.52 7525
1231 160 | 24 0.728 0.54 7530
45 | 160 | 24 0.154 0.07 7535
40 | 160 | 24 0.118 0.05 7540
60 | 160 | 24 0.265 0.13 7545
53 | 160 | 24 0.213 0.10 7550
50 | 160 | 24 0.191 0.09 7555
52 | 160 | 24 0.206 0.10 7560
160 | 160 | 24 1.000 1.00 7565
1331 160 | 24 0.801 0.64 7570
100 | 160 | 24 0.559 0.36 7575
50 | 160 | 24 0.191 0.09 7580
188 | 160 | 24 1.206 1.00 7585
150 | 160 | 24 0.926 0.84 7590
1211 160 | 24 0.713 0.52 7595
190 | 160 | 24 1.221 1.00 7600
187 | 160 | 24 1.199 1.00 7605
180 | 160 | 24 1.147 1.00 7610
120 | 160 | 24 0.706 0.52 7615
177 1 160 | 24 1.125 1.00 7620
172 | 160 | 24 1.088 1.00 7625
130 | 160 | 24 0.779 0.61 7630
130 | 160 | 24 0.779 0.61 7635
138 | 160 | 24 0.838 0.69 7640
98 | 160| 24 0.544 0.35 7645
50 | 160 | 24 0.191 0.09 7650
55 |1 160 | 24 0.228 0.11 7655
53 | 160 | 24 0.213 0.10 7660
60 | 160 | 24 0.265 0.13 7665
67 | 160 | 24 0.316 0.17 7670
157 | 160 | 24 0.978 0.95 7675
200 | 160 | 24 1.294 1.00 7680
200 ] 160 | 24 1.294 1.00 7685
190 | 160 | 24 1.221 1.00 7690
170 | 160 | 24 1.074 1.00 7695
138 | 160 | 24 0.838 0.69 7700

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)

130 | 160 | 24 0.779 0.61 7705
95 | 160 | 24 0.522 0.33 7710
50 | 160 | 24 0.191 0.09 7715
62 | 160 | 24 0.279 0.14 7720
1101 160 | 24 0.632 0.43 7725
180 | 160 | 24 1.147 1.00 7730
178 1 160 | 24 1.132 1.00 7735
1751 160 | 24 1.110 1.00 7740
160 | 160 | 24 1.000 1.00 7745
190 | 160 | 24 1.221 1.00 7750
178 1 160 | 24 1.132 1.00 7755
185 | 160 | 24 1.184 1.00 7760
150 | 160 | 24 0.926 0.84 7765
110 | 160 | 24 0.632 0.43 7770
160 | 160 | 24 1.000 1.00 7775
150 | 160 | 24 0.926 0.84 7780
60 | 160 | 24 0.265 0.13 7785
117 | 160 | 24 0.684 0.49 7790
95 | 160 | 24 0.522 0.33 7795
60 | 160 | 24 0.265 0.13 7800
110 | 160 | 24 0.632 0.43 7805
137 1 160 | 24 0.831 0.68 7810
165 | 160 | 24 1.037 1.00 7815
1701 160 | 24 1.074 1.00 7820
1201 160 | 24 0.706 0.52 7825
157 | 160 | 24 0.978 0.95 7830
140 | 160 | 24 0.853 0.72 7835
165 | 160 | 24 1.037 1.00 7840
155 | 160 | 24 0.963 0.92 7845
172 | 160 | 24 1.088 1.00 7850
1821 160 | 24 1.162 1.00 7855
140 | 160 | 24 0.853 0.72 7860
150 | 160 | 24 0.926 0.84 7865
122 1160 | 24 0.721 0.53 7870
70) 160 | 24 0.338 0.18 7875
63 | 160 | 24 0.287 0.15 7880
457} 160 | 24 0.154 0.07 7885
60 | 160 | 24 0.265 0.13 7890
80 | 160 | 24 0.412 0.24 7895
80 | 160 | 24 0.412 0.24 7900
80 | 160 | 24 0.412 0.24 7905
180 | 160 | 24 1.147 1.00 7910
1451 160 | 24 0.890 0.78 7915
162 | 160 | 24 1.015 1.00 7920
150 | 160 | 24 0.926 0.84 7925
1251 160 | 24 0.743 0.56 7930
187 | 160 | 24 1.199 1.00 7935




Table A.2 Shale volume (Vsh) calculation from well: B (continued)

158

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)

200 | 160 | 24 1.294 1.00 7940
150 | 160 | 24 0.926 0.84 7945
180 | 160 | 24 1.147 1.00 7950
177 | 160 | 24 1.125 1.00 7955
167 | 160 | 24 1.051 1.00 7960
113 | 160 | 24 0.654 0.46 7965
170 1 160 | 24 1.074 1.00 7970
110 | 160 | 24 0.632 0.43 7975
102 1 160 | 24 0.574 0.37 7980
138 | 160 | 24 0.838 0.69 7985
118 1 160 | 24 0.691 0.50 7990
50 | 160 | 24 0.191 0.09 7995
60 | 160 | 24 0.265 0.13 8000
62 | 160 | 24 0.279 0.14 8005
60 | 160 | 24 0.265 0.13 8010
70 | 160 | 24 0.338 0.18 8015
187 1 160 | 24 1.199 1.00 8020
150 | 160 | 24 0.926 0.84 8025
197 | 160 | 24 1.272 1.00 8030
1821 160 | 24 1.162 1.00 8035
180 | 160 | 24 1.147 1.00 8040
1551 160 | 24 0.963 0.92 8045
140 |1 160 | 24 0.853 0.72 8050
55 | 160 | 24 0.228 0.1 8055
60 | 160 | 24 0.265 0.13 8060
50 | 160 | 24 0.191 0.09 8065
42 | 160 | 24 0.132 0.06 8070
60 | 160 | 24 0.265 0.13 8075
155 | 160 | 24 0.963 0.92 8080
170 | 160 | 24 1.074 1.00 8085
155 | 160 | 24 0.963 0.92 8090
150 | 160 | 24 0.926 0.84 8095
198 | 160 | 24 1.279 1.00 8100
180 | 160 | 24 1.147 1.00 8105
200 | 160 | 24 1.294 1.00 8110
195 | 160 | 24 1.257 1.00 8115
150 | 160 | 24 0.926 0.84 8120
198 | 160 | 24 1.279 1.00 8125
150 | 160 | 24 0.926 0.84 8130
90 | 160 | 24 0.485 0.29 8135
45 |1 160 | 24 0.154 0.07 8140
113 | 160 | 24 0.654 0.46 8145
140 | 160 | 24 0.853 0.72 8150
70 | 160 | 24 0.338 0.18 8155
65 | 160 | 24 0.301 0.16 8160
78 | 160 | 24 0.397 0.22 8165
70 | 160 | 24 0.338 0.18 8170

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)

70 | 160 | 24 0.338 0.18 8175
130 | 160 | 24 0.779 0.61 8180
83 | 160 | 24 0.434 0.25 8185
62 | 160 | 24 0.279 0.14 8190
75 1160 | 24 0.375 0.21 8195
200 | 160 | 24 1.294 1.00 8200
188 | 160 | 24 1.206 1.00 8205
119 160 | 24 0.699 0.51 8210
188 | 160 | 24 1.206 1.00 8215
150 | 160 | 24 0.926 0.84 8220
200 | 160 | 24 1.294 1.00 8225
162 | 160 | 24 1.015 1.00 8230
167 1 160 | 24 0.978 0.95 8235
200 ] 160 | 24 1.294 1.00 8240
190 | 160 | 24 1.221 1.00 8245
190 | 160 | 24 1.221 1.00 8250
1121 160 | 24 0.647 0.45 8255
200 | 160 | 24 1.294 1.00 8260
138 | 160 | 24 0.838 0.69 8265
103 | 160 | 24 0.581 0.38 8270
68 | 164 | 40 0.226 0.11 8275
62 | 164 | 40 0.177 0.08 8280
45 | 164 | 40 0.040 0.02 8285
42 | 164 | 40 0.016 0.01 8290
50 | 164 | 40 0.081 0.04 8295
48 | 164 | 40 0.065 0.03 8300
47 | 164 | 40 0.056 0.02 8305
40 | 164 | 40 0.000 0.00 8310
177 | 164 | 40 1.105 1.00 8315
157 | 164 | 40 0.944 0.88 8320
132 | 164 | 40 0.742 0.56 8325
126 | 164 | 40 0.694 0.50 8330
131 | 164 | 40 0.734 0.55 8335
150 | 164 | 40 0.887 0.77 8340
135| 164 | 40 0.766 0.59 8345
1751 164 | 40 1.089 1.00 8350
170} 164 | 40 1.048 1.00 8355
1751 164 | 40 1.089 1.00 8360
1751 164 | 40 1.089 1.00 8365
170 | 164 | 40 1.048 1.00 8370
178 | 164 | 40 1.113 1.00 8375
110 | 164 | 40 0.565 0.37 8380
155 | 164 | 40 0.927 0.84 8385
140 | 164 | 40 0.806 0.65 8390
190 | 164 | 40 1.210 1.00 8395
1751 164 | 40 1.089 1.00 8400
179 | 164 | 40 1.121 1.00 8405




Table A.2 Shale volume (Vsh) calculation from well: B (continued)

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)

170 | 164 | 40 1.048 1.00 8410
175 | 164 | 40 1.089 1.00 8415
150 | 164 | 40 0.887 0.77 8420
137 | 164 | 40 0.782 0.61 8425
160 | 164 | 40 0.968 0.93 8430
178 | 164 | 40 1.113 1.00 8435
165 | 164 | 40 1.008 1.00 8440
170 | 164 | 40 1.048 1.00 8445
172 1 164 | 40 1.065 1.00 8450
163 | 164 | 40 0.911 0.81 8455
152 | 164 | 40 0.903 0.80 8460
168 | 164 | 40 1.032 1.00 8465
172 1 164 | 40 1.065 1.00 8470
170 | 164 | 40 1.048 1.00 8475
183 | 164 | 40 1.153 1.00 8480
145 | 164 | 40 0.847 0.71 8485
162 | 164 | 40 0.984 0.96 8490
90 | 164 | 40 0.403 0.23 8495
50 | 164 | 40 0.081 0.04 8500
48 | 164 | 40 0.065 0.03 8505
55 | 164 | 40 0.121 0.06 8510
60 | 164 | 40 0.161 0.08 8515
67 | 164 | 40 0.218 0.11 8520
65 | 164 | 40 0.202 0.10 8525
65 | 164 | 40 0.202 0.10 8530
60 | 164 | 40 0.161 0.08 8535
200 | 164 | 40 1.290 1.00 8540
155 | 164 | 40 0.927 0.84 8545
45 | 164 | 40 0.040 0.02 8550
80 | 164 | 40 0.323 0.17 8555
78 | 164 | 40 0.306 0.16 8560
58 | 164 | 40 0.145 0.07 8565
55 | 164 | 40 0.121 0.06 8570
42 | 164 | 40 0.016 0.01 8575
187 | 164 | 40 1.185 1.00 8580
190 | 164 | 40 1.210 1.00 8585
185 | 164 | 40 1.169 1.00 8590
157 | 164 | 40 0.944 0.88 8595
188 | 164 | 40 1.194 1.00 8600
177 | 164 | 40 1.105 1.00 8605
128 | 164 | 40 0.710 0.52 8610
180 | 164 | 40 1.129 1.00 8615
90 | 164 | 40 0.403 0.23 8620
165 | 164 | 40 1.008 1.00 8625
121 | 164 | 40 0.653 0.46 8630
160 | 164 | 40 0.968 0.93 8635
170 | 164 | 40 1.048 1.00 8640

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
80 | 164 | 40 0.323 0.17 8645
60 | 164 | 40 0.161 0.08 8650
50 | 164 | 40 0.081 0.04 8655
50 | 164 | 40 0.081 0.04 8660
52 | 164 | 40 0.097 0.04 8665
57 | 164 | 40 0.137 0.06 8670
1551 164 | 40 0.927 0.84 8675
160 | 164 | 40 0.968 0.93 8680
1791 164 | 40 1121 1.00 8685
163 | 164 | 40 0.992 0.98 8690
130 | 164 | 40 0.726 0.54 8695
170 | 164 | 40 1.048 1.00 8700
122 |1 164 | 40 0.661 0.46 8705
180 | 164 | 40 1.129 1.00 8710
70 | 164 | 40 0.242 0.12 8715
80 | 164 | 40 0.323 0.17 8720
80 | 164 | 40 0.323 0.17 8725
100 | 164 | 40 0.484 0.29 8730
138 | 164 | 40 0.790 0.62 8735
100 | 164 | 40 0.484 0.29 8740
67 | 164 | 40 0.218 0.11 8745
1951 164 | 40 1.250 1.00 8750
150 | 164 | 40 0.887 0.77 8755
75 | 164 | 40 0.282 0.15 8760
160 | 164 | 40 0.968 0.93 8765
188 | 164 | 40 1.194 1.00 8770
200 | 164 | 40 1.290 1.00 8775
130 | 164 | 40 0.726 0.54 8780
190 | 164 | 40 1.210 1.00 8785
147 | 164 | 40 0.863 0.73 8790
168 | 164 | 40 1.032 1.00 8795
154 | 164 | 40 0.919 0.83 8800
170 | 164 | 40 1.048 1.00 8805
125|164 | 40 0.685 0.49 8810
170 164 | 40 1.048 1.00 8815
170 | 164 | 40 1.048 1.00 8820
150 | 164 | 40 0.887 0.77 8825
190 | 164 | 40 1.210 1.00 8830
150 | 164 | 40 0.887 0.77 8835
150 | 164 | 40 0.887 0.77 8840
90 | 164 | 40 0.403 0.23 8845
60 | 164 | 40 0.161 0.08 8850
142 | 164 | 40 0.823 0.67 8855
180 | 164 | 40 1.129 1.00 8860
200 | 164 | 40 1.290 1.00 8865
100 | 164 | 40 0.484 0.29 8870
180 | 164 | 40 1.129 1.00 8875
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Table A.2 Shale volume (Vsh) calculation from well: B (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
130 | 164 | 40 0.726 0.54 8880
200 | 164 | 40 1.290 1.00 8885
185 | 164 | 40 1.169 1.00 8890
190 | 164 | 40 1.210 1.00 8895
190 | 164 | 40 1.210 1.00 8900
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Table A.3 Shale volume (Vsh) calculation from well: C

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
140] 138 43 1.0211 1.00 4300
118] 138 43 0.7895 0.62 4305
120] 138 43 0.8105 0.65 4310
125] 138 43 0.8632 0.73 4315
122| 138 43 0.8316 0.68 4320
122] 138] 43 0.8316 0.68 4325
128| 138] 43 0.8947 0.79 4330
132] 138] 43 0.9368 0.86 4335
120 138] 43 0.8105 0.65 4340
130 138] 43 0.9158 0.82 4345
120] 138] 43 0.8105 0.65 4350
132] 138] 43 0.9368 0.86 4355
125] 138] 43 0.8632 0.73 4360
103] 138] 43 0.6316 0.43 4365
120 138] 43 0.8105 0.65 4370
108| 138] 43 0.6842 0.49 4375
63| 138] 43 0.2105 0.10 4380
551 138] 43 0.1263 0.06 4385
551 138] 43 0.1263 0.06 4390
701 138] 43 0.2842 0.15 4395
122| 138] 43 0.8316 0.68 4400
130 138] 43 0.9158 0.82 4405
130 138] 43 0.9158 0.82 4410
120 138] 43 0.8105 0.65 4415
122 138] 43 0.8316 0.68 4420
118] 138 43 0.7895 0.62 4425
125] 138 43 0.8632 0.73 4430
130 138] 43 0.9158 0.82 4435
135] 138] 43 0.9684 0.93 4440
120 138] 43 0.8105 0.65 4445
951 138] 43 0.5474 0.35 4450
102] 138] 43 0.6211 0.42 4455
871 138] 43 0.4632 0.28 4460
75| 138] 43 0.3368 0.18 4465
45 138 43 0.0211 0.01 4470
42| 1381 @ 43| -0.0105 0.00 4475
60| 138] 43 0.1789 0.09 4480
52| 138] 43 0.0947 0.04 4485
127 138] 43 0.8842 0.77 4490
701 138] 43 0.2842 0.15 4495
60| 138] 43 0.1789 0.09 4500
53| 138] 43 0.1053 0.05 4505
12| 138] 43 0.7263 0.54 4510
78] 138] 43 0.3684 0.20 4515
60| 138] 43 0.1789 0.09 4520
65| 138] 43 0.2316 0.12 4525
52| 138] 43 0.0947 0.04 4530

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
47| 138] 43 0.0421 0.02 4535
551 138| 43 0.1263 0.06 4540
125] 138| 43 0.8632 0.73 4545
120] 138| 43 0.8105 0.65 4550
127 138 43 0.8842 0.77 4555
130] 138| 43 0.9158 0.82 4560
118] 138 43 0.7895 0.62 4565
120] 138| 43 0.8105 0.65 4570
115] 138 43 0.7579 0.58 4575
160| 138] 43 1.2316 1.00 4580
135] 138] 43 0.9684 0.93 4585
120 138] 43 0.8105 0.65 4590
68| 138 43 0.2632 0.13 4595
501 138 43 0.0737 0.03 4600
62| 138 43 0.2000 0.10 4605
53] 138| 43 0.1053 0.05 4610
77| 138 43 0.3579 0.20 4615
78] 138| 43 0.3684 0.20 4620
125] 138 43 0.8632 0.73 4625
140] 138 43 1.0211 1.00 4630
122 138 43 0.8316 0.68 4635
110 138] 43 0.7053 0.51 4640
127 138 43 0.8842 0.77 4645
1151 138 43 0.7579 0.58 4650
1301 138 43 0.9158 0.82 4655
138] 138| 43 1.0000 1.00 4660
145] 138| 43 1.0737 1.00 4665
135] 138| 43 0.9684 0.93 4670
133] 138| 43 0.9474 0.88 4675
115] 138f 43 0.7579 0.58 4680
130] 138 43 0.9158 0.82 4685
1201 138] 43 0.8105 0.65 4690
134] 138| 43 0.9579 0.91 4695
125] 138| 43 0.8632 0.73 4700
128] 138| 43 0.8947 0.79 4705
133| 138] 43 0.9474 0.88 4710
135]) 138| @ 43 0.9684 0.93 4715
122] 138| 43 0.8316 0.68 4720
140 138] 43 1.0211 1.00 4725
145] 138| 43 1.0737 1.00 4730
115] 138 43 0.7579 0.58 4735
138] 138| 43 1.0000 1.00 4740
120] 138| 43 0.8105 0.65 4745
113] 138| 43 0.7368 0.55 4750
150] 138 43 1.1263 1.00 4755
127] 138| 43 0.8842 0.77 4760
110] 138| 43 0.7053 0.51 4765
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Table A.3 Shale volume (Vsh) calculation from well: C (continued)

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
110] 138 43 0.7053 0.51 4770
93| 138 43 0.5263 0.33 4775
951 138 43 0.5474 0.35 4780
100] 138 43 0.6000 0.40 4785
60| 138 43 0.1789 0.09 4790
60| 138 43 0.1789 0.09 4795
60| 138 43 0.1789 0.09 4800
57| 138 43 0.1474 0.07 4805
163] 138 43 1.2632 1.00 4810
140] 138 43 1.0211 1.00 4815
130 138] 43 0.9158 0.82 4820
142] 138] 43 1.0421 1.00 4825
110] 138] 43 0.7053 0.51 4830
125] 138] 43 0.8632 0.73 4835
80| 138] 43 0.3895 0.22 4840
200| 138| 43 1.6526 1.00 4845
65| 138] 43 0.2316 0.12 4850
551 138 43 0.1263 0.06 4855
751 138] 43 0.3368 0.18 4860
60 138] 43 0.1789 0.09 4865
67 138] 43 0.2526 0.13 4870
140 138] 43 1.0211 1.00 4875
152| 138 43 1.1474 1.00 4880
122] 138] 43 0.8316 0.68 4885
106| 138] 43 0.6632 0.47 4890
105] 138 43 0.6526 0.45 4895
118] 138 43 0.7895 0.62 4900
75| 138 43 0.3368 0.18 4905
65| 138 43 0.2316 0.12 4910
63| 138] 43 0.2106 0.10 4915
60| 138] 43 0.1789 0.09 4920
90| 138] 43 0.4947 0.30 4925
60| 138] 43 0.1789 0.09 4930
60| 138] 43 0.1789 0.09 4935
68| 138] 43 0.2632 0.13 4940
63| 138] 43 0.2105 0.10 4945
67| 138] 43 0.2526 0.13 4950
55| 138 43 0.1263 0.06 4955
53] 138 43 0.1053 0.05 4960
53] 138 43 0.1053 0.05 4965
60| 138 43 0.1789 0.09 4970
77| 138 43 0.3579 0.20 4975
95| 138 43 0.5474 0.35 4980
80| 138 43 0.3895 0.22 4985
90| 138 43 0.4947 0.30 4990
62| 138 43 0.2000 0.10 4995
571 138] 43 0.1474 0.07 5000

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
125] 138| 43 0.8632 0.73 5005
110] 138| 43 0.7053 0.51 5010
132] 138| 43 0.9368 0.86 5015
122] 138| 43 0.8316 0.68 5020
80| 138| 43 0.3895 0.22 5025
128| 138| 43 0.8947 0.79 5030
118] 138| 43 0.7895 0.62 5035
122] 138| 43 0.8316 0.68 5040
125] 138| 43 0.8632 0.73 5045
115] 138| 43 0.7579 0.58 5050
140] 138 43 1.0211 1.00 5055
122] 138| 43 0.8316 0.68 5060
122] 138| 43 0.8316 0.68 5065
137] 138| 43 0.9895 0.97 5070
143] 138| 43 1.0526 1.00 5075
142] 138| 43 1.0421 1.00 5080
123] 138| 43 0.8421 0.70 5085
145] 138| 43 1.0737 1.00 5090
133] 138 43 0.9474 0.88 5095
971 138| 43 0.5684 0.37 5100
135| 138] 43 0.9684 0.93 5105
140| 138| 43 1.0211 1.00 5110
135| 138] 43 0.9684 0.93 5115
180 138] 43 1.4421 1.00 5120
60| 138 43 0.1789 0.09 5125
73] 138| 43 0.3158 0.17 5130
65] 138| 43 0.2316 0.12 5135
65| 138| 43 0.2316 0.12 5140
801 138 43 0.3895 0.22 5145
142] 138f 43 1.0421 1.00 5150
130] 138 43 0.9158 0.82 5155
120] 138| 43 0.8105 0.65 5160
137] 138| 43 0.9895 0.97 5165
128] 138| 43 0.8947 0.79 5170
130] 138 43 0.9158 0.82 5175
82| 138| 43 0.4105 0.23 5180
62| 138| @ 43 0.2000 0.10 5185
67] 138| 43 0.2526 0.13 5190
701 138 43 0.2842 0.15 5195
72| 138 43 0.3053 0.16 5200
60| 138| 43 0.1789 0.09 5205
48| 138] 43 0.0526 0.02 5210
48| 138 43 0.0526 0.02 5215
47| 138 43 0.0421 0.02 5220
85] 138 43 0.4421 0.26 5225
135] 138 43 0.9684 0.93 5230
143| 138 43 1.0526 1.00 5235
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Table A.3 Shale volume (Vsh) calculation from well: C (continued)

163

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
103] 138 43 0.6316 0.43 5240
115] 138 43 0.7579 0.58 5245
120] 138 43 0.8105 0.65 5250
103] 138 43 0.6316 0.43 5255
83| 138] 43 0.4211 0.24 5260
90| 138] 43 0.4947 0.30 5265
80| 138] 43 0.3895 0.22 5270
78] 138 43 0.3684 0.20 5275
60| 138 43 0.1789 0.09 5280
125] 138 43 0.8632 0.73 5285
120] 138 43 0.8105 0.65 5290
145] 138 43 1.0737 1.00 5295
90| 138] 43 0.4947 0.30 5300
177] 138] 43 1.4105 1.00 5305
128| 138] 43 0.8947 0.79 5310
107] 138] 43 0.6737 0.48 5315
125] 138] 43 0.8632 0.73 5320
110] 138] 43 0.7053 0.51 5325
120 138] 43 0.8105 0.65 5330
160 138] 43 1.2316 1.00 5335
140 138 43 1.0211 1.00 5340
130 138] 43 0.9158 0.82 5345
133] 138] 43 0.9474 0.88 5350
138] 138] 43 1.0000 1.00 5355
158| 138] 43 1.2105 1.00 5360
105] 138 43 0.6526 0.45 5365
150] 138 43 1.1263 1.00 5370
155] 138 43 1.1789 1.00 5375
118] 138] 43 0.7895 0.62 5380
125] 138] 43 0.8632 0.73 5385
120 138] 43 0.8105 0.65 5390
102] 138] 43 0.6211 0.42 5395
132] 138] 43 0.9368 0.86 5400
113] 138] 43 0.7368 0.55 5405
122| 138] 43 0.8316 0.68 5410
120|138} 43 0.8105 0.65 5415
130 138] 43 0.9158 0.82 5420
118] 138] 43 0.7895 0.62 5425
140 138] 43 1.0211 1.00 5430
110 138] 43 0.7053 0.51 5435
113] 138] 43 0.7368 0.55 5440
140 138] 43 1.0211 1.00 5445
138] 138] 43 1.0000 1.00 5450
145] 138] 43 1.0737 1.00 5455
147 138] 43 1.0947 1.00 5460
127] 138] 43 0.8842 0.77 5465
118] 138] 43 0.7895 0.62 5470

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
140] 138| 43 1.0211 1.00 5475
145] 138| 43 1.0737 1.00 5480
971 138| 43 0.5684 0.37 5485
100] 138| 43 0.6000 0.40 5490
120] 138| 43 0.8105 0.65 5495
110] 138| 43 0.7053 0.51 5500
47| 138 43 0.0421 0.02 5505
47| 138] 43 0.0421 0.02 5510
70| 138 43 0.2842 0.15 5515
130| 138| 43 0.9158 0.82 5520
160| 138| 43 1.2316 1.00 5525
122] 138| 43 0.8316 0.68 5530
118] 138| 43 0.7895 0.62 5535
110] 138| 43 0.7053 0.51 5540
135] 138| 43 0.9684 0.93 5545
105] 138 43 0.6526 0.45 5550
200] 138| 43 1.6526 1.00 5555
143] 138| 43 1.0526 1.00 5560
103| 138] 43 0.6316 0.43 5565
108] 138| 43 0.6842 0.49 5570
1001 138 43 0.6000 0.40 5575
58| 138 43 0.1579 0.07 5580
48| 138 43 0.0526 0.02 5585
45| 138 43 0.0211 0.01 5590
90| 138 43 0.4947 0.30 5595
95] 138| 43 0.5474 0.35 5600
1501 138| 43 1.1263 1.00 5605
130] 138| 43 0.9158 0.82 5610
110] 138| 43 0.7053 0.51 5615
135] 138f 43 0.9684 0.93 5620
110] 138 43 0.7053 0.51 5625
102 138| 43 0.6211 0.42 5630
88| 138| 43 0.4737 0.28 5635
75] 138| 43 0.3368 0.18 5640
53] 138| 43 0.1058 0.05 5645
571 138| 43 0.1474 0.07 5650
60| 138 43 0.1789 0.09 5655
62| 138| 43 0.2000 0.10 5660
62| 138| 43 0.2000 0.10 5665
63| 138| 43 0.2105 0.10 5670
102] 138 43 0.6211 0.42 5675
120] 138| 43 0.8105 0.65 5680
78] 138| 43 0.3684 0.20 5685
62| 138| 43 0.2000 0.10 5690
110 138] 43 0.7053 0.51 5695
138 138 43 1.0000 1.00 5700
97| 138 43 0.5684 0.37 5705




Table A.3 Shale volume (Vsh) calculation from well: C (continued)

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
133] 138 43 0.9474 0.88 5710
127] 138 43 0.8842 0.77 5715
160] 138 43 1.2316 1.00 5720
147] 138] 43 1.0947 1.00 5725
122] 138] 43 0.8316 0.68 5730
122] 138] 43 0.8316 0.68 5735
122| 138] 43 0.8316 0.68 5740
85| 138] 43 0.4421 0.26 5745
125] 138] 43 0.8632 0.73 5750
100| 138] 43 0.6000 0.40 5755
178| 138 43 1.4211 1.00 5760
138| 138] 43 1.0000 1.00 5765
120 138] 43 0.8105 0.65 5770
80| 138] 43 0.3895 0.22 5715
180 138] 43 1.4421 1.00 5780
122] 138] 43 0.8316 0.68 5785
140 138] 43 1.0211 1.00 5790
98| 138] 43 0.5789 0.38 5795
110] 138] 43 0.7053 0.51 5800
128| 138] 43 0.8947 0.79 5805
133] 138] 43 0.9474 0.88 5810
120 138] 43 0.8105 0.65 5815
120 138] 43 0.8105 0.65 5820
130 138] 43 0.9158 0.82 5825
118] 138] 43 0.7895 0.62 5830
110] 138 43 0.7053 0.51 5835
153 138 43 1.1579 1.00 5840
110] 138 43 0.7053 0.51 5845
127] 138 43 0.8842 0.77 5850
140 138] 43 1.0211 1.00 5855
143] 138] 43 1.0526 1.00 5860
163| 138] 43 1.2632 1.00 5865
138] 138] 43 1.0000 1.00 5870
122] 138] 43 0.8316 0.68 5875
130 138] 43 0.9158 0.82 5880
1101 138} = 43 0.7053 0.51 5885
138| 138] 43 1.0000 1.00 5890
130 138] 43 0.9158 0.82 5895
135] 138] 43 0.9684 0.93 5900
110 138] 43 0.7053 0.51 5905
98| 138] 43 0.5789 0.38 5910
165] 138] 43 1.2842 1.00 5915
120 138] 43 0.8105 0.65 5920
125] 138] 43 0.8632 0.73 5925
120] 138] 43 0.8105 0.65 5930
118] 138] 43 0.7895 0.62 5935
83| 138] 43 0.4211 0.24 5940

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
140] 138| 43 1.0211 1.00 5945
118] 138| 43 0.7895 0.62 5950
160] 138 43 1.2316 1.00 5955
125] 138| 43 0.8632 0.73 5960
125] 138 43 0.8632 0.73 5965
65| 138| 43 0.2316 0.12 5970
138] 138 43 1.0000 1.00 5975
115] 138| 43 0.7579 0.58 5980
122] 138 43 0.8316 0.68 5985
125| 138] 43 0.8632 0.73 5990
118 138] 43 0.7895 0.62 5995
95| 138| 43 0.5474 0.35 6000
53| 138 43 0.1053 0.05 6005
60| 138| 43 0.1789 0.09 6010
128] 138| 43 0.8947 0.79 6015
103| 138] 43 0.6316 0.43 6020
1351 138 43 0.9684 0.93 6025
158| 138| 43 1.2105 1.00 6030
138| 138 43 1.0000 1.00 6035
1401 138 43 1.0211 1.00 6040
701 138| 43 0.2842 0.15 6045
47| 138 43 0.0421 0.02 6050
45| 138 43 0.0211 0.01 6055
42| 138 43| -0.0105 0.00 6060
45| 138 43 0.0211 0.01 6065
591 138| 43 0.1684 0.08 6070
98] 138| 43 0.5789 0.38 6075
115] 138| 43 0.7579 0.58 6080
117] 138 43 0.7789 0.61 6085
122] 138f 43 0.8316 0.68 6090
127 138 43 0.8842 0.77 6095
117] 138 43 0.7789 0.61 6100
132] 138| 43 0.9368 0.86 6105
128] 138| 43 0.8947 0.79 6110
150] 138 43 1.1263 1.00 6115
135| 138 43 0.9684 0.93 6120
1201 138 43 0.8105 0.65 6125
126] 138 43 0.8737 0.75 6130
65| 138 43 0.2316 0.12 6135
200| 138 43 1.6526 1.00 6140
1301 138 43 0.9158 0.82 6145
123 138 43 0.8421 0.70 6150
158| 138] 43 1.2105 1.00 6155
17| 138] 43 0.7789 0.61 6160
83| 138] 43 0.4211 0.24 6165
118| 138] 43 0.7895 0.62 6170
103| 138] 43 0.6316 0.43 6175
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Table A.3 Shale volume (Vsh) calculation from well: C (continued)

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
115] 138 43 0.7579 0.58 6180
70| 138 43 0.2842 0.15 6185
125] 138 43 0.8632 0.73 6190
102] 138 43 0.6211 0.42 6195
120 138] 43 0.8105 0.65 6200
143] 138] 43 1.0526 1.00 6205
126] 138] 43 0.8737 0.75 6210
120 138] 43 0.8105 0.65 6215
120 138] 43 0.8105 0.65 6220
110 138] 43 0.7053 0.51 6225
142| 138 43 1.0421 1.00 6230
140 138] 43 1.0211 1.00 6235
100] 138] 43 0.6000 0.40 6240
123] 138] 43 0.8421 0.70 6245
140 138] 43 1.0211 1.00 6250
110 138] 43 0.7053 0.51 6255
100 138] 43 0.6000 0.40 6260
117] 138] 43 0.7789 0.61 6265
951 138] 43 0.5474 0.35 6270
98| 138] 43 0.5789 0.38 6275
145 138] 43 1.0737 1.00 6280
118] 138] 43 0.7895 0.62 6285
120 138] 43 0.8105 0.65 6290
108| 138] 43 0.6842 0.49 6295
145] 138] 43 1.0737 1.00 6300
108| 138 43 0.6842 0.49 6305
133] 138 43 0.9474 0.88 6310
110] 138 43 0.7053 0.51 6315
108| 138] 43 0.6842 0.49 6320
125] 138] 43 0.8632 0.73 6325
62| 138] 43 0.2000 0.10 6330
102] 138] 43 0.6211 0.42 6335
122| 138] 43 0.8316 0.68 6340
105] 138] 43 0.6526 0.45 6345
45 138 43 0.0211 0.01 6350
50| 138| 43 0.0737 0.03 6355
501 138 43 0.0737 0.03 6360
50| 138 43 0.0737 0.03 6365
138] 138 43 1.0000 1.00 6370
135] 138 43 0.9684 0.93 6375
128] 138 43 0.8947 0.79 6380
142] 138 43 1.0421 1.00 6385
140 138 43 1.0211 1.00 6390
128| 138] 43 0.8947 0.79 6395
115] 138] 43 0.7579 0.58 6400
140 138] 43 1.0211 1.00 6405
140 138] 43 1.0211 1.00 6410

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
135] 138| 43 0.9684 0.93 6415
130] 138| 43 0.9158 0.82 6420
130] 138| 43 0.9158 0.82 6425
100] 138| 43 0.6000 0.40 6430
130] 138 43 0.9158 0.82 6435
150 138| 43 1.1263 1.00 6440
130] 138 43 0.9158 0.82 6445
107] 138| 43 0.6737 0.48 6450
135] 138 43 0.9684 0.93 6455
138| 138] 43 1.0000 1.00 6460
78] 138 43 0.3684 0.20 6465
82| 138| 43 0.4105 0.23 6470
160 138 43 1.2316 1.00 6475
60| 138 43 0.1789 0.09 6480
63| 138 43 0.2105 0.10 6485
68| 138| 43 0.2632 0.13 6490
80| 138 43 0.3895 0.22 6495
1401 138| 43 1.0211 1.00 6500
1401 138 43 1.0211 1.00 6505
152| 138| 43 1.1474 1.00 6510
140] 138 43 1.0211 1.00 6515
132 138 43 0.9368 0.86 6520
90| 138] 43 0.4947 0.30 6525
118| 138] 43 0.7895 0.62 6530
1001 138] 43 0.6000 0.40 6535
90| 138| 43 0.4947 0.30 6540
120] 138| 43 0.8105 0.65 6545
120] 138| 43 0.8105 0.65 6550
1401 138| 43 1.0211 1.00 6555
125] 138f 43 0.8632 0.73 6560
80| 138| 43 0.3895 0.22 6565
155] 138| 43 1.1789 1.00 6570
135] 138| 43 0.9684 0.93 6575
681 138] 43 0.2632 0.13 6580
78] .138| 43 0.3684 0.20 6585
58] 138| 43 0.1579 0.07 6590
501 138| @ 43 0.0737 0.03 6595
551 138| 43 0.1263 0.06 6600
68] 138 43 0.2632 0.13 6605
551 138| 43 0.1263 0.06 6610
501 138| 43 0.0737 0.03 6615
120] 138| 43 0.8105 0.65 6620
162| 138] 43 1.2526 1.00 6625
130] 138 43 0.9158 0.82 6630
100] 138 43 0.6000 0.40 6635
190] 138| 43 1.5474 1.00 6640
180] 138 43 1.4421 1.00 6645
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Table A.3 Shale volume (Vsh) calculation from well: C (continued)

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
100] 138 43 0.6000 0.40 6650
58| 138 43 0.1579 0.07 6655
52| 138 43 0.0947 0.04 6660
58| 138 43 0.1579 0.07 6665
50| 138 43 0.0737 0.03 6670
471 138] 43 0.0421 0.02 6675
60| 138] 43 0.1789 0.09 6680
120| 138| 43 0.8105 0.65 6685
80| 138 43 0.3895 0.22 6690
82| 138 43 0.4105 0.23 6695
70| 138 43 0.2842 0.15 6700
63| 138 43 0.2105 0.10 6705
1471 138] 43 1.0947 1.00 6710
147| 138 43 1.0947 1.00 6715
130| 138| 43 0.9158 0.82 6720
83| 138 43 0.4211 0.24 6725
80| 138 43 0.3895 0.22 6730
62| 138 43 0.2000 0.10 6735
113] 138 43 0.7368 0.55 6740
177] 138| 43 1.4105 1.00 6745
175| 138| 43 1.3895 1.00 6750
130| 138| 43 0.9158 0.82 6755
110] 138| 43 0.7053 0.51 6760
115] 138| 43 0.7579 0.58 6765
80| 138 43 0.3895 0.22 6770
135] 138 43 0.9684 0.93 6775
120] 138 43 0.8105 0.65 6780
90| 138 43 0.4947 0.30 6785
451 138 43 0.0211 0.01 6790
451 138 43 0.0211 0.01 6795
52| 138 43 0.0947 0.04 6800
52| 138 43 0.0947 0.04 6805
58| 138 43 0.1579 0.07 6810
157] 138 43 1.2000 1.00 6815
160] 138 43 1.2316 1.00 6820
153] 138 43 1.1579 1.00 6825
162| 138| 43 1.2526 1.00 6830
160 138] 43 1.2316 1.00 6835
155] 138] 43 1.1789 1.00 6840
140 138] 43 1.0211 1.00 6845
155] 138] 43 1.1789 1.00 6850
145] 138] 43 1.0737 1.00 6855
140 138] 43 1.0211 1.00 6860
120 138] 43 0.8105 0.65 6865
701 138] 43 0.2842 0.15 6870
501 138] 43 0.0737 0.03 6875
47| 138| 43 0.0421 0.02 6880

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
501 138| 43 0.0737 0.03 6885
501 138| 43 0.0737 0.03 6890
130] 138| 43 0.9158 0.82 6895
951 138| 43 0.5474 0.35 6900
118] 138 43 0.7895 0.62 6905
58] 138| 43 0.1579 0.07 6910
701 138 43 0.2842 0.15 6915
60| 138 43 0.1789 0.09 6920
55| 138| 43 0.1263 0.06 6925
501 138 43 0.0737 0.03 6930
501 138| 43 0.0737 0.03 6935
55| 138| 43 0.1263 0.06 6940
87] 138| 43 0.4632 0.28 6945
121] 138| 43 0.8211 0.67 6950
70] 138] 43 0.2842 0.15 6955
65| 138 43 0.2316 0.12 6960
157] 138 43 1.2000 1.00 6965
120] 138 43 0.8105 0.65 6970
110 138| 43 0.7053 0.51 6975
58| 138 43 0.1579 0.07 6980
55| 138| 43 0.1263 0.06 6985
55| 138 43 0.1263 0.06 6990
52| 138 43 0.0947 0.04 6995
57| 138| 43 0.1474 0.07 7000
501 138 43 0.0737 0.03 7005
45| 138] 43 0.0211 0.01 7010
47] 138] 43 0.0421 0.02 7015
60| 138 43 0.1789 0.09 7020
105] 138| 43 0.6526 0.45 7025
142] 138f 43 1.0421 1.00 7030
155] 138| 43 1.1789 1.00 7035
110] 138| 43 0.7053 0.51 7040
110] 138| 43 0.7053 0.51 7045
132] 138| 43 0.9368 0.86 7050
130] 138| 43 0.9158 0.82 7055
190| 138| 43 1.5474 1.00 7060
130]) 138| = 43 0.9158 0.82 7065
100] 138 43 0.6000 0.40 7070
130] 138 43 0.9158 0.82 7075
122] 138| 43 0.8316 0.68 7080
142| 138 43 1.0421 1.00 7085
87| 138] 43 0.4632 0.28 7090
118] 138 43 0.7895 0.62 7095
167 138] 43 1.3053 1.00 7100
1301 138] 43 0.9158 0.82 7105
1401 138] 43 1.0211 1.00 7110
90| 138] 43 0.4947 0.30 7115
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Table A.3 Shale volume (Vsh) calculation from well: C (continued)

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
145] 138 43 1.0737 1.00 7120
110] 145 40 0.6667 0.47 7125
100] 145 40 0.5714 0.37 7130
113] 145] 40 0.6952 0.50 7135
40| 1451 40 0.0000 0.00 7140
40| 1451 40 0.0000 0.00 7145
43| 1451 40 0.0286 0.01 7150
47| 1451 40 0.0667 0.03 A
42| 145] 40 0.0190 0.01 7160
43| 145 40 0.0286 0.01 7165
41] 145 40 0.0095 0.00 7170
42| 145 40 0.0190 0.01 7175
141| 145 40 0.9619 0.91 7180
137] 145 40 0.9238 0.84 7185
120 1451 40 0.7619 0.59 7190
123] 145] 40 0.7905 0.62 7195
130] 145] 40 0.8571 0.72 7200
150 145] 40 1.0476 1.00 7205
110 1451 40 0.6667 0.47 7210
62| 145] 40 0.2095 0.10 7215
40| 1451 40 0.0000 0.00 7220
40| 1451 40 0.0000 0.00 7225
421 145] 40 0.0190 0.01 7230
110 145] 40 0.6667 0.47 7235
170 1451 40 1.2381 1.00 7240
153| 145 40 1.0762 1.00 7245
140] 145 40 0.9524 0.89 7250
150 145] 40 1.0476 1.00 7255
140] 145] 40 0.9524 0.89 7260
130 145] 40 0.8571 0.72 7265
120 1451 40 0.7619 0.59 7270
150 145] 40 1.0476 1.00 7275
100] 145] 40 0.5714 0.37 7280
120 145] 40 0.7619 0.59 7285
133] 145] 40 0.8857 0.77 7290
118] 145} 40 0.7429 0.56 7295
140| 145] 40 0.9524 0.89 7300
153 145] 40 1.0762 1.00 7305
137 1451 40 0.9238 0.84 7310
90| 145] 40 0.4762 0.29 7315
63| 145] 40 0.2190 0.11 7320
143] 145] 40 0.9810 0.96 7325
120 145] 40 0.7619 0.59 7330
140 145] 40 0.9524 0.89 7335
127 1451 40 0.8286 0.68 7340
90| 145] 40 0.4762 0.29 7345
160| 1451 40 1.1429 1.00 7350

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
147] 145 40 1.0190 1.00 7355
142] 145 40 0.9714 0.93 7360
137] 145 40 0.9238 0.84 7365
140] 145 40 0.9524 0.89 7370
113| 145] 40 0.6952 0.50 7375
143] 145 40 0.9810 0.96 7380
108] 145 40 0.6476 0.45 7385
81| 145| 40 0.3905 0.22 7390
42| 1451 40 0.0190 0.01 7395
68| 145| 40 0.2667 0.14 7400
157 145 40 1.1143 1.00 7405
140] 145| 40 0.9524 0.89 7410
105] 145 40 0.6190 0.42 7415
1401 145| 40 0.9524 0.89 7420
170 145] 40 1.2381 1.00 7425
140] 145 40 0.9524 0.89 7430
127 145] 40 0.8286 0.68 7435
120] 145 40 0.7619 0.59 7440
173| 145] 40 1.2667 1.00 7445
163] 145 40 11714 1.00 7450
145 145 40 1.0000 1.00 7455
140| 145| 40 0.9524 0.89 7460
125] 145 40 0.8095 0.65 7465
160 145] 40 1.1429 1.00 7470
145] 145 40 1.0000 1.00 7475
138] 145| 40 0.9333 0.86 7480
108] 145[ 40 0.6476 0.45 7485
102] 145 40 0.5905 0.39 7490
35] 145] 40| -0.0476 0.00 7495
501 145 40 0.0952 0.04 7500
53] 145| 40 0.1238 0.06 7505
60| 145| 40 0.1905 0.09 7510
571 145 40 0.1619 0.08 7515
601 145| 40 0.1905 0.09 7520
57] 145 40 0.1619 0.08 7525
501 145) 40 0.0952 0.04 7530
162] 145| = 40 1.1619 1.00 7535
155] 145 40 1.0952 1.00 7540
125] 145 40 0.8095 0.65 7545
135] 145 40 0.9048 0.80 7550
140| 145] 40 0.9524 0.89 7555
120] 145 40 0.7619 0.59 7560
110] 145 40 0.6667 0.47 7565
170 145] 40 1.2381 1.00 7570
137 1451 40 0.9238 0.84 7575
107| 145] 40 0.6381 0.44 7580
148| 145 40 1.0286 1.00 7585
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Table A.3 Shale volume (Vsh) calculation from well: C (continued)

168

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
130] 145 40 0.8571 0.72 7825
701 145| 40 0.2857 0.15 7830
42| 145] 40 0.0190 0.01 7835
40| 145] 40 0.0000 0.00 7840
39] 145| 40| -0.0095 0.00 7845
501 145| 40 0.0952 0.04 7850
40| 145] 40 0.0000 0.00 7855
63| 145| 40 0.2190 0.11 7860
58] 145| 40 0.1714 0.08 7865
45| 145] 40 0.0476 0.02 7870
45| 145 40 0.0476 0.02 7875
150] 145 40 1.0476 1.00 7880
100] 145 40 0.5714 0.37 7885
110] 145| 40 0.6667 0.47 7890
115] 124 27 0.9072 0.81 7895
132] 124 27 1.0825 1.00 7900
40| 124 27 0.1340 0.06 7905
501 124 27 0.2371 0.12 7910
35| 124 27 0.0825 0.04 7915
104] 124 27 0.7938 0.63 7920
120| 124 27 0.9588 0.91 7925
150 124 27 1.2680 1.00 7930
145] 124 27 1.2165 1.00 7935
120] 124 27 0.9588 0.91 7940
110 124 27 0.8557 0.72 7945
120] 124 27 0.9588 0.91 7950
130] 124 27 1.0619 1.00 7955
87| 124 27 0.6186 0.42 7960

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
123] 145 40 0.7905 0.62 7590
100] 145 40 0.5714 0.37 7595
158| 145 40 1.1238 1.00 7600
143 145 40 0.9810 0.96 7605
101| 145 40 0.5810 0.38 7610
159 145 40 1.1333 1.00 7615
120| 145 40 0.7619 0.59 7620
90| 145 40 0.4762 0.29 7625
120| 145 40 0.7619 0.59 7630
38| 145 401 -0.0190 0.00 7635
401 145] 40 0.0000 0.00 7640
43| 145] 40 0.0286 0.01 7645
401 145] 40 0.0000 0.00 7650
160| 145] 40 1.1429 1.00 7655
110 145] 40 0.6667 0.47 7660
150] 145 40 1.0476 1.00 7665
140 145 40 0.9524 0.89 7670
163| 145 40 11714 1.00 7675
120| 145 40 0.7619 0.59 7680
159] 145 40 1.1333 1.00 7685
163| 145 40 11714 1.00 7690
142 145] 40 0.9714 0.93 7695
135] 145] 40 0.9048 0.80 7700
115] 145] 40 0.7143 0.53 7705
140 1451 40 0.9524 0.89 7710
105] 145 40 0.6190 0.42 7715
138] 145 40 0.9333 0.86 7720
140| 145] 40 0.9524 0.89 7725
140] 145] 40 0.9524 0.89 7730
110 145] 40 0.6667 0.47 7735
140 1451 40 0.9524 0.89 7740
158| 145] 40 1.1238 1.00 7745
145] 145] 40 1.0000 1.00 7750
165] 145] 40 1.1905 1.00 7755
162| 145 40 1.1619 1.00 7760
140|145} 40 0.9524 0.89 7765
150 145] 40 1.0476 1.00 7770
150 145] 40 1.0476 1.00 7775
140 145] 40 0.9524 0.89 7780
100| 145] 40 0.5714 0.37 7785
140 145 40 0.9524 0.89 7790
150 145] 40 1.0476 1.00 7795
123| 145 40 0.7905 0.62 7800
143] 145] 40 0.9810 0.96 7805
157| 145 40 1.1143 1.00 7810
118] 145] 40 0.7429 0.56 7815
140 145 40 0.9524 0.89 7820




Table A.4 Shale volume (Vsh) calculation from well: D

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
93 | 183 | 60 0.2683 0.14 4200
100 | 183 | 60 0.3252 0.17 4205
1251 183 | 60 0.5285 0.33 4210
110 | 183 | 60 0.4065 0.23 4215
103 | 183 | 60 0.3496 0.19 4220
130 | 183 | 60 0.5691 0.37 4225
150 | 183 | 60 0.7317 0.55 4230
158 | 183 | 60 0.7967 0.63 4235
150 | 183 | 60 0.7317 0.55 4240
180 | 183 | 60 0.9756 0.94 4245
123 | 183 | 60 0.5122 0.32 4250
140 | 183 | 60 0.6504 0.45 4255
136 | 183 | 60 0.6179 0.42 4260
1651 183 | 60 0.7724 0.60 4265
140 |1 183 | 60 0.6504 0.45 4270
130 | 183 | 60 0.5691 0.37 4275
1451 183 | 60 0.6911 0.50 4280
140 | 183 | 60 0.6504 0.45 4285
120 | 183 | 60 0.4878 0.30 4290
100 | 183 | 60 0.3252 0.17 4295
103 | 183 | 60 0.3496 0.19 4300
105 ] 183 | 60 0.3659 0.20 4305
56 | 183 | 60 -0.0325 0.00 4310
60 | 183 | 60 0.0000 0.00 4315
95 | 183 | 60 0.2846 0.15 4320
150 | 183 | 60 0.7317 0.55 4325
143 | 183 | 60 0.6748 0.48 4330
150 | 183 | 60 0.7317 0.55 4335
140 | 183 | 60 0.6504 0.45 4340
130 | 183 | 60 0.5691 0.37 4345
132 | 183 | 60 0.5854 0.39 4350
127 | 183 | 60 0.5447 0.35 4355
1251 183 | 60 0.5285 0.33 4360
150 | 183 | 60 0.7317 0.55 4365
150 | 183 | 60 0.7317 0.55 4370
113 1 183 | 60 0.4309 0.25 4375
108 | 183 | 60 0.3902 0.22 4380
90 | 183 | 60 0.2439 0.12 4385
68 | 183 | 60 0.0650 0.03 4390
68 | 183 | 60 0.0650 0.03 4395
70 | 183 | 60 0.0813 0.04 4400
66 | 183 | 60 0.0488 0.02 4405
60 | 183 | 60 0.0000 0.00 4410
100 | 183 | 60 0.3252 0.17 4415
70 | 183 | 60 0.0813 0.04 4420
68 | 183 | 60 0.0650 0.03 4425
65 | 183 | 60 0.0407 0.02 4430

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
73 | 183 | 60 0.1057 0.05 4435
68 | 183 | 60 0.0650 0.03 4440
90 | 183 | 60 0.2439 0.12 4445
75 | 183 | 60 0.1220 0.06 4450
72 | 183 | 60 0.0976 0.04 4455
70 | 183 | 60 0.0813 0.04 4460
72 | 183 | 60 0.0976 0.04 4465
78 | 183 | 60 0.1463 0.07 4470
66 | 183 | 60 0.0488 0.02 4475
62 | 183 | 60 0.0163 0.01 4480
90 | 183 | 60 0.2439 0.12 4485
1451 183 | 60 0.6911 0.50 4490
168 | 183 60 0.8780 0.76 4495
137 | 183 | 60 0.6260 0.43 4500
1331 183 | 60 0.5935 0.39 4505
140 | 183 | 60 0.6504 0.45 4510
162 | 183 | 60 0.7480 0.57 4515
1351 183 | 60 0.6098 0.41 4520
140 | 183 | 60 0.6504 0.45 4525
110 | 183 | 60 0.4065 0.23 4530
106 | 183 | 60 0.3740 0.21 4535
55 | 183 | 60 -0.0407 0.00 4540
60 | 183 | 60 0.0000 0.00 4545
50 | 183 | 60 -0.0813 0.00 4550
53 | 183 | 60 -0.0569 0.00 4555
55 | 183 | 60 -0.0407 0.00 4560
110 | 183 | 60 0.4065 0.23 4565
100 | 183 | 60 0.3252 0.17 4570
90 | 183 | 60 0.2439 0.12 4575
80 | 183} 60 0.1626 0.08 4580
65 | 183 | 60 0.0407 0.02 4585
62 1183 | 60 0.0163 0.01 4590
60 [ 183 | 60 0.0000 0.00 4595
58 1183 | 60 -0.0163 0.00 4600
901183 | 60 0.2439 0.12 4605
120| 183 | 60 0.4878 0.30 4610
78 1183 60 0.1463 0.07 4615
72 | 183 | 60 0.0976 0.04 4620
68 | 183 | 60 0.0650 0.03 4625
140 | 183 | 60 0.6504 0.45 4630
145 | 183 | 60 0.6911 0.50 4635
160 | 183 | 60 0.8130 0.66 4640
143 | 183 | 60 0.6748 0.48 4645
123 | 183 | 60 0.5122 0.32 4650
143 | 183 | 60 0.6748 0.48 4655
140 | 183 | 60 0.6504 0.45 4660
150 | 183 | 60 0.7317 0.55 4665
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Table A.4 Shale volume (Vsh) calculation from well: D (continued)
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Vsh.calculation (Clavier EqQ.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
140 | 183 | 60 0.6504 0.45 4670
1451 183 | 60 0.6911 0.50 4675
148 | 183 | 60 0.7154 0.53 4680
1351 183 | 60 0.6098 0.41 4685
150 | 183 | 60 0.7317 0.55 4690
186 | 183 | 60 1.0244 1.00 4695
146 | 183 | 60 0.6992 0.51 4700
158 | 183 | 60 0.7967 0.63 4705
150 | 183 | 60 0.7317 0.55 4710
1251 183 | 60 0.5285 0.33 4715
120 | 183 | 60 0.4878 0.30 4720
1451 183 | 60 0.6911 0.50 4725
158 | 183 | 60 0.7967 0.63 4730
150 | 183 | 60 0.7317 0.55 4735
1471 183 | 60 0.7073 0.52 4740
150 | 183 | 60 0.7317 0.65 4745
1531 183 | 60 0.7561 0.58 4750
150 | 183 | 60 0.7317 0.55 4755
148 1 183 | 60 0.7154 0.53 4760
130 | 183 | 60 0.5691 0.37 4765
103 | 183 | 60 0.3496 0.19 4770
95 | 183 | 60 0.2846 0.15 4775
160 | 183 | 60 0.8130 0.66 4780
200 | 183 | 60 1.1382 1.00 4785
1521 183 | 60 0.7480 0.57 4790
170 | 183 | 60 0.8943 0.78 4795
148 | 183 | 60 0.7154 0.53 4800
1351 183 | 60 0.6098 0.41 4805
147 | 183 | 60 0.7073 0.52 4810
140 | 183 | 60 0.6504 0.45 4815
137 | 183 | 60 0.6260 0.43 4820
1421 183 | 60 0.6667 0.47 4825
140 | 183 | 60 0.6504 0.45 4830
150 | 183 | 60 0.7317 0.55 4835
140 | 183 | 60 0.6504 0.45 4840
150 | 183 | 60 0.7317 0.55 4845
140 | 183 | 60 0.6504 0.45 4850
128 | 183 | 60 0.5528 0.35 4855
110 | 183 | 60 0.4065 0.23 4860
1121 183 | 60 0.4228 0.24 4865
118 | 183 | 60 0.4715 0.28 4870
78 | 183 | 60 0.1463 0.07 4875
65 | 183 | 60 0.0407 0.02 4880
70 | 183 | 60 0.0813 0.04 4885
68 | 183 | 60 0.0650 0.03 4890
70 | 183 | 60 0.0813 0.04 4895
140 | 183 | 60 0.6504 0.45 4900

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
145 | 183 | 60 0.6911 0.50 4905
160 | 183 | 60 0.8130 0.66 4910
148 | 183 | 60 0.7154 0.53 4915
133 | 183 | 60 0.5935 0.39 4920
88 | 183 | 60 0.2276 0.11 4925
70 | 183 | 60 0.0813 0.04 4930
72 | 183 | 60 0.0976 0.04 4935
70 | 183 | 60 0.0813 0.04 4940
164 1 183 | 60 0.7642 0.59 4945
180 | 183 | 60 0.9756 0.94 4950
158 | 183 | 60 0.7967 0.63 4955
158 | 183 | 60 0.7967 0.63 4960
150 | 183 | 60 0.7317 0.55 4965
107 | 183 | 60 0.3821 0.21 4970
1701 183 | 60 0.8943 0.78 4975
150 | 183 | 60 0.7317 0.55 4980
138 | 183 | 60 0.6341 0.44 4985
163 | 183 | 60 0.8374 0.69 4990
68 | 183 | 60 0.0650 0.03 4995
68 | 183 | 60 0.0650 0.03 5000
126 | 183 | 60 0.5366 0.34 5005
1251 183 | 60 0.5285 0.33 5010
75 | 183 | 60 0.1220 0.06 5015
62 | 183 | 60 0.0163 0.01 5020
68 | 183 | 60 0.0650 0.03 5025
78 | 183 | 60 0.1463 0.07 5030
88 | 183 | 60 0.2276 0.11 5035
88 | 183 | 60 0.2276 0.11 5040
1251 183 | 60 0.5285 0.33 5045
128 | 183 | 60 0.5528 0.35 5050
115 | 183 | 60 0.4472 0.26 5055
1211183 | 60 0.4959 0.30 5060
61 | 183 | 60 0.0081 0.00 5065
68 | 183 | 60 0.0650 0.03 5070
581183 | 60 -0.0163 0.00 5075
130| 183 | 60 0.5691 0.37 5080
120 | 183 | 60 0.4878 0.30 5085
137 | 183 | 60 0.6260 0.43 5090
130 | 183 | 60 0.5691 0.37 5095
140 | 183 | 60 0.6504 0.45 5100
1562 | 183 | 60 0.7480 0.57 5105
65 | 183 | 60 0.0407 0.02 5110
80 | 183 | 60 0.1626 0.08 5115
125 | 183 | 60 0.5285 0.33 5120
150 | 183 | 60 0.7317 0.55 5125
160 | 183 | 60 0.8130 0.66 5130
148 | 183 | 60 0.7154 0.53 5135




Table A.4 Shale volume (Vsh) calculation from well: D (continued)

Vsh.calculation (Clavier EqQ.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
1351 183 | 60 0.6098 0.41 5140
150 | 183 | 60 0.7317 0.55 5145
146 | 183 | 60 0.6992 0.51 5150
178 | 183 | 60 0.9593 0.91 5155
155 | 183 | 60 0.7724 0.60 5160
150 | 183 | 60 0.7317 0.55 5165
148 | 183 | 60 0.7154 0.53 5170
90 | 183 | 60 0.2439 0.12 5175
80 | 183 | 60 0.1626 0.08 5180
75 1 183 | 60 0.1220 0.06 5185
85 | 183 | 60 0.2033 0.10 5190
80 | 183 | 60 0.1626 0.08 5195
72 1 183 | 60 0.0976 0.04 5200
103 | 183 | 60 0.3496 0.19 5205
170 | 183 | 60 0.8943 0.78 5210
178 | 183 | 60 0.9593 0.91 5215
140 | 183 | 60 0.6504 0.45 5220
1411 183 | 60 0.6585 0.46 5225
1562 | 183 | 60 0.7480 0.57 5230
138 | 183 | 60 0.6341 0.44 5235
138 | 183 | 60 0.6341 0.44 5240
128 | 183 | 60 0.5528 0.35 5245
128 |1 183 | 60 0.5528 0.35 5250
160 | 183 | 60 0.8130 0.66 5255
1451 183 | 60 0.6911 0.50 5260
138 | 183 | 60 0.6341 0.44 5265
155 | 183 | 60 0.7724 0.60 5270
150 | 183 | 60 0.7317 0.55 5275
1451 183 | 60 0.6911 0.50 5280
150 | 183 | 60 0.7317 0.55 5285
190 | 183 | 60 1.0569 1.00 5290
197 | 183 | 60 1.1138 1.00 5295
148 | 183 | 60 0.7154 0.53 5300
1551 183 | 60 0.7724 0.60 5305
158 | 183 | 60 0.7967 0.63 5310
152 1 183 60 0.7480 0.57 5315
142 | 183 | 60 0.6667 0.47 5320
138 | 183 | 60 0.6341 0.44 5325
142 1 183 | 60 0.6667 0.47 5330
128 | 183 | 60 0.5528 0.35 5335
100 | 183 | 60 0.3252 0.17 5340
102 | 183 | 60 0.3415 0.18 5345
95 | 183 | 60 0.2846 0.15 5350
70 | 183 | 60 0.0813 0.04 5355
82 | 183 ] 60 0.1789 0.09 5360
140 | 183 | 60 0.6504 0.45 5365
178 | 183 | 60 0.9593 0.91 5370

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
125 | 183 | 60 0.5285 0.33 5375
178 | 183 | 60 0.9593 0.91 5380
130 | 183 | 60 0.5691 0.37 5385
1351 183 | 60 0.6098 0.41 5390
82 | 183 | 60 0.1789 0.09 5395
128 | 183 | 60 0.5528 0.35 5400
120 | 183 | 60 0.4878 0.30 5405
138 | 183 | 60 0.6341 0.44 5410
190 | 183 | 60 1.0569 1.00 5415
120 | 183 | 60 0.4878 0.30 5420
180 | 183 | 60 0.9756 0.94 5425
138 | 183 | 60 0.6341 0.44 5430
148 | 183 | 60 0.7154 0.53 5435
140 | 183 | 60 0.6504 0.45 5440
160 | 183 | 60 0.8130 0.66 5445
1351 183 | 60 0.6098 0.41 5450
130 | 183 | 60 0.5691 0.37 5455
150 | 183 | 60 0.7317 0.55 5460
162 1 183 | 60 0.7480 0.57 5465
1451 183 | 60 0.6911 0.50 5470
135 | 183 | 60 0.6098 0.41 5475
1151 183 | 60 0.4472 0.26 5480
150 | 183 | 60 0.7317 0.55 5485
150 | 183 | 60 0.7317 0.55 5490
140 | 183 | 60 0.6504 0.45 5495
102 | 183 | 60 0.3415 0.18 5500
1151 183 | 60 0.4472 0.26 5505
158 | 183 | 60 0.7967 0.63 5510
130 | 183 | 60 0.5691 0.37 5515
160 | 183 | 60 0.8130 0.66 5520
150 | 183 | 60 0.7317 0.55 5525
1621183 | 60 0.7480 0.57 5530
1471 183 | 60 0.7073 0.52 5535
140 | 183 | 60 0.6504 0.45 5540
1381183 | 60 0.6341 0.44 5545
150 | 183 | 60 0.7317 0.55 5550
145 1183 | 60 0.6911 0.50 5555
105 | 183 | 60 0.3659 0.20 5560
87 | 183 | 60 0.2195 0.11 5565
87 | 183 | 60 0.2195 0.11 5570
72 | 183 | 60 0.0976 0.04 5575
70 | 183 | 60 0.0813 0.04 5580
65 | 183 | 60 0.0407 0.02 5585
72 | 183 | 60 0.0976 0.04 5590
55 | 183 | 60 -0.0407 0.00 5595
200 | 183 | 60 1.1382 1.00 5600
138 | 185 | 66 0.6050 0.41 5605
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Table A.4 Shale volume (Vsh) calculation from well: D (continued)

Vsh.calculation (Clavier EqQ.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
115 | 185 | 66 0.4118 0.24 5610
165 | 185 | 66 0.8319 0.68 5615
152 | 185 | 66 0.7227 0.54 5620
143 | 185 | 66 0.6471 0.45 5625
183 | 185 | 66 0.9832 0.96 5630
150 | 185 | 66 0.7059 0.52 5635
148 | 185 | 66 0.6891 0.50 5640
150 | 185 | 66 0.7059 0.52 5645
100 | 185 | 66 0.2857 0.15 5650
130 | 185 | 66 0.5378 0.34 5655
135 185 | 66 0.5798 0.38 5660
150 | 185 | 66 0.7059 0.52 5665
154 | 185 | 66 0.7395 0.56 5670
158 | 185 | 66 0.7731 0.60 5675
170 | 185 | 66 0.8739 0.75 5680
140 | 185 | 66 0.6218 0.42 5685
140 | 185 | 66 0.6218 0.42 5690
1351 185 | 66 0.5798 0.38 5695
150 | 185 | 66 0.7059 0.52 5700
123 ] 185 | 66 0.4790 0.29 5705
1151 185 | 66 0.4118 0.24 5710
102 | 185 | 66 0.3025 0.16 5715
127 | 185 66 0.5126 0.32 5720
1451 185 | 66 0.6639 0.47 5725
68 | 185 | 66 0.0168 0.01 5730
60 | 185 | 66 -0.0504 0.00 5735
78 | 185 | 66 0.1008 0.05 5740
68 | 185 66 0.0168 0.01 5745
73 | 185 | 66 0.0588 0.08 5750
83 | 185 66 0.1429 0.07 5755
70 | 185 | 66 0.0336 0.01 5760
72 | 185 | 66 0.0504 0.02 5765
100 | 185 | 66 0.2857 0.15 5770
113 | 185 | 66 0.3950 0.22 5775
97 | 185 66 0.2605 0.13 5780
108 | 185 66 0.3529 0.19 5785
112 | 185 | 66 0.3866 0.22 5790
80 | 185 | 66 0.1176 0.05 5795
60 | 185 66 -0.0504 0.00 5800
67 | 185 66 0.0084 0.00 5805
70 | 185 | 66 0.0336 0.01 5810
60 | 185 | 66 -0.0504 0.00 5815
65 | 185 | 66 -0.0084 0.00 5820
68 | 185 | 66 0.0168 0.01 5825
60 | 185 | 66 -0.0504 0.00 5830
62 | 185 66 -0.0336 0.00 5835
73 |1 185 | 66 0.0588 0.03 5840

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
140 | 185 | 66 0.6218 0.42 5845
138 | 185 | 66 0.6050 0.41 5850
155 | 185 | 66 0.7479 0.57 5855
102 | 185 | 66 0.3025 0.16 5860
60 | 185 | 66 -0.0504 0.00 5865
178 1 185 | 66 0.9412 0.87 5870
1451 185 | 66 0.6639 0.47 5875
138 | 185 | 66 0.6050 0.41 5880
128 | 185 | 66 0.5210 0.33 5885
130 | 185 | 66 0.5378 0.34 5890
150 | 185 | 66 0.7059 0.52 5895
122 | 185 | 66 0.4706 0.28 5900
147 | 185| 66 0.6807 0.49 5905
147 | 185 | 66 0.6807 0.49 5910
1481 185 | 66 0.6891 0.50 5915
140 | 185 | 66 0.6218 0.42 5920
140 | 185 | 66 0.6218 0.42 5925
1421 185 | 66 0.6387 0.44 5930
1650 | 185 | 66 0.7059 0.52 5935
1551 185 | 66 0.7479 0.57 5940
118 | 185 | 66 0.4370 0.26 5945
133 | 185 | 66 0.5630 0.36 5950
133 | 185 | 66 0.5630 0.36 5955
102 | 185 | 66 0.3025 0.16 5960
110 | 185 | 66 0.3697 0.20 5965
138 | 185 | 66 0.6050 0.41 5970
113 |1 185 | 66 0.3950 0.22 5975
80 | 185 | 66 0.1176 0.05 5980
117 | 185 | 66 0.4286 0.25 5985
135 | 185 | 66 0.5798 0.38 5990
198 | 185 | 66 1.1092 1.00 5995
132|185 | 66 0.5546 0.36 6000
160 | 185 | 66 0.7899 0.62 6005
1121 185 | 66 0.3866 0.22 6010
1481185 | 66 0.6891 0.50 6015
140| 185 | 66 0.6218 0.42 6020
145 | 185 | 66 0.6639 0.47 6025
148 | 185 | 66 0.6891 0.50 6030
125 | 185 | 66 0.4958 0.30 6035
138 | 185 | 66 0.6050 0.41 6040
100 | 185 | 66 0.2857 0.15 6045
115 | 185 | 66 0.4118 0.24 6050
132 | 185 | 66 0.5546 0.36 6055
200 | 185 | 66 1.1261 1.00 6060
145 | 185 | 66 0.6639 0.47 6065
140 | 185 | 66 0.6218 0.42 6070
138 | 185 | 66 0.6050 0.41 6075
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Table A.4 Shale volume (Vsh) calculation from well: D (continued)

173

Vsh.calculation (Clavier EqQ.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
132 | 185 | 66 0.5546 0.36 6080
116 | 185 | 66 0.4202 0.24 6085
155 | 185 | 66 0.7479 0.57 6090
140 | 185 | 66 0.6218 0.42 6095
142 | 185 | 66 0.6387 0.44 6100
160 | 185 | 66 0.7899 0.62 6105
163 | 185 | 66 0.7311 0.55 6110
150 | 185 | 66 0.7059 0.52 6115
138 | 185 | 66 0.6050 0.41 6120
110 | 185 | 66 0.3697 0.20 6125
65 | 185 | 66 -0.0084 0.00 6130
53 | 185 | 66 -0.1092 0.00 6135
55 | 185 | 66 -0.0924 0.00 6140
57 | 185 | 66 -0.0756 0.00 6145
68 | 185 | 66 0.0168 0.01 6150
70 | 185 | 66 0.0336 0.01 6155
63 | 185 | 66 -0.0252 0.00 6160
1451 190 | 60 0.6538 0.46 6165
138 | 190 | 60 0.6000 0.40 6170
170 | 190 | 60 0.8462 0.71 6175
130 | 190 | 60 0.5385 0.34 6180
120 | 190 | 60 0.4615 0.27 6185
1401 190 | 60 0.6154 0.42 6190
158 1 190 | 60 0.7538 0.57 6195
1421 190 | 60 0.6308 0.43 6200
110 | 190 | 60 0.3846 0.22 6205
198 | 190 | 60 1.0615 1.00 6210
190 | 190 | 60 1.0000 1.00 6215
130 | 190 | 60 0.5385 0.34 6220
140 | 190 | 60 0.6154 0.42 6225
1521 190 | 60 0.7077 0.52 6230
1551 190 | 60 0.7308 0.55 6235
1221 190 | 60 0.4769 0.29 6240
183 | 190 | 60 0.9462 0.88 6245
120 | 190 | 60 0.4615 0.27 6250
1251 190 | 60 0.5000 0.31 6255
100 | 190 | 60 0.3077 0.16 6260
140 | 190 | 60 0.6154 0.42 6265
120 | 190 | 60 0.4615 0.27 6270
1771 190 | 60 0.9000 0.79 6275
140 | 190 | 60 0.6154 0.42 6280
138 | 190 | 60 0.6000 0.40 6285
110 | 190 | 60 0.3846 0.22 6290
1421 190 | 60 0.6308 0.43 6295
148 | 190 | 60 0.6769 0.48 6300
150 | 190 | 60 0.6923 0.50 6305
87 | 190 | 60 0.2077 0.10 6310

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
118 | 190 | 60 0.4462 0.26 6315
153 | 190 | 60 0.7154 0.53 6320
158 | 190 | 60 0.7538 0.57 6325
128 | 190 | 60 0.5231 0.33 6330
108 | 190 | 60 0.3692 0.20 6335
128 1 190 | 60 0.5231 0.33 6340
90 | 190 | 60 0.2308 0.11 6345
160 | 190 | 60 0.7692 0.59 6350
162 1 190 | 60 0.7846 0.62 6355
128 | 190 | 60 0.5231 0.33 6360
130 | 190 | 60 0.5385 0.34 6365
1651 190 | 60 0.8077 0.65 6370
173 1 190 | 60 0.8692 0.74 6375
148 | 190 | 60 0.6769 0.48 6380
1251 190 | 60 0.5000 0.31 6385
103 | 190 | 60 0.3308 0.18 6390
53 | 190 | 60 -0.0538 0.00 6395
55 |1 190 | 60 -0.0385 0.00 6400
59 | 190 | 60 -0.0077 0.00 6405
55 | 190 | 60 -0.0385 0.00 6410
105 | 190 | 60 0.3462 0.19 6415
140 | 190 | 60 0.6154 0.42 6420
70 | 190 | 60 0.0769 0.03 6425
70 | 190 | 60 0.0769 0.03 6430
75 1190 | 60 0.1154 0.05 6435
70 | 190 | 60 0.0769 0.03 6440
130 | 190 | 60 0.5385 0.34 6445
170 | 190 | 60 0.8462 0.71 6450
162 | 190 | 60 0.7077 0.52 6455
180 | 190 | 60 0.9231 0.84 6460
132 | 190 | 60 0.5538 0.36 6465
1381190 | 60 0.6000 0.40 6470
187 190 | 60 0.9769 0.95 6475
1351 190 | 60 0.5769 0.38 6480
13271190 | 60 0.5538 0.36 6485
67| 190 | 60 0.0538 0.02 6490
65 190 | 60 0.0385 0.02 6495
63 | 190 | 60 0.0231 0.01 6500
52 | 190 | 60 -0.0615 0.00 6505
50 | 190 | 60 -0.0769 0.00 6510
110 | 190 | 60 0.3846 0.22 6515
148 | 190 | 60 0.6769 0.48 6520
165 | 190 | 60 0.8077 0.65 6525
120 | 190 | 60 0.4615 0.27 6530
150 | 190 | 60 0.6923 0.50 6535
200 |1 190 | 60 1.0769 1.00 6540
128 | 190 | 60 0.5231 0.33 6545




Table A.4 Shale volume (Vsh) calculation from well: D (continued)

Vsh.calculation (Clavier EqQ.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
130 | 190 | 60 0.5385 0.34 6550
170 | 190 | 60 0.8462 0.71 6555
140 | 190 | 60 0.6154 0.42 6560
150 | 190 | 60 0.6923 0.50 6565
1751 190 | 60 0.8846 0.77 6570
158 | 190 | 60 0.7538 0.57 6575
120 | 190 | 60 0.4615 0.27 6580
90 | 190 | 60 0.2308 0.11 6585
63 | 190 | 60 0.0231 0.01 6590
63 | 190 | 60 0.0231 0.01 6595
70 1 190 | 60 0.0769 0.08 6600
160 | 190 | 60 0.7692 0.59 6605
162 | 190 | 60 0.7846 0.62 6610
157 | 190 | 60 0.7462 0.56 6615
120 | 190 | 60 0.4615 0.27 6620
180 | 190 | 60 0.9231 0.84 6625
160 | 190 | 60 0.7692 0.59 6630
120 | 190 | 60 0.4615 0.27 6635
140 |1 190 | 60 0.6154 0.42 6640
1421 190 | 60 0.6308 0.43 6645
1421 190 | 60 0.6308 0.43 6650
1181 190 | 60 0.4462 0.26 6655
150 | 190 | 60 0.6923 0.50 6660
1521 190 | 60 0.7077 0.52 6665
130 | 190 | 60 0.5385 0.34 6670
162 | 190 | 60 0.7846 0.62 6675
160 | 190 | 60 0.7692 0.59 6680
110 | 190 | 60 0.3846 0.22 6685
200 |1 190 | 60 1.0769 1.00 6690
165 | 190 | 60 0.8077 0.65 6695
158 | 190 | 60 0.7538 0.57 6700
110 | 190 | 60 0.3846 0.22 6705
105 | 190 | 60 0.3462 0.19 6710
72 1190 | 60 0.0923 0.04 6715
128 | 190 | 60 0.5231 0.33 6720
55 1190} 60 -0.0385 0.00 6725
60 | 190 | 60 0.0000 0.00 6730
60 | 190 | 60 0.0000 0.00 6735
62 | 190 | 60 0.0154 0.01 6740
68 | 190 | 60 0.0615 0.03 6745
68 | 190 | 60 0.0615 0.03 6750
70 | 190 | 60 0.0769 0.03 6755
50 | 190 | 60 -0.0769 0.00 6760
118 | 190 | 60 0.4462 0.26 6765
93 | 190 | 60 0.2538 0.13 6770
72 1190 | 60 0.0923 0.04 6775
70 | 190 | 60 0.0769 0.03 6780

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
63 | 190 | 60 0.0231 0.01 6785
72 | 190 | 60 0.0923 0.04 6790
167 | 190 | 60 0.8231 0.67 6795
140 | 190 | 60 0.6154 0.42 6800
1821 190 | 60 0.9385 0.87 6805
158 | 190 | 60 0.7538 0.57 6810
1431 190 | 60 0.6385 0.44 6815
180 | 190 | 60 0.9231 0.84 6820
190 | 190 | 60 1.0000 1.00 6825
130 | 190 | 60 0.5385 0.34 6830
1871 190 | 60 0.9769 0.95 6835
1721 190 | 60 0.8615 0.73 6840
1751 190 | 60 0.8846 0.77 6845
123 1 190 | 60 0.4846 0.29 6850
1701 190 | 60 0.8462 0.71 6855
1701 190 | 60 0.8462 0.71 6860
90 | 190 | 60 0.2308 0.1 6865
100 | 190 | 60 0.3077 0.16 6870
92 1190 | 60 0.2462 0.12 6875
63 | 190 | 60 0.0231 0.01 6880
112 | 190 | 60 0.4000 0.23 6885
75 |1 190 | 60 0.1154 0.05 6890
130 | 190 | 60 0.5385 0.34 6895
150 | 190 | 60 0.6923 0.50 6900
108 | 190 | 60 0.3692 0.20 6905
162 | 190 | 60 0.7846 0.62 6910
1451 190 | 60 0.6538 0.46 6915
122 | 190 | 60 0.4769 0.29 6920
160 | 190 | 60 0.7692 0.59 6925
162 | 190 | 60 0.7846 0.62 6930
172 | 190 | 60 0.8615 0.73 6935
1701190 | 60 0.8462 0.71 6940
138 | 190 | 60 0.6000 0.40 6945
162 | 190 | 60 0.7846 0.62 6950
1751190 | 60 0.8846 0.77 6955
162| 190 | 60 0.7846 0.62 6960
170 | 190 | 60 0.8462 0.71 6965
138 | 190 | 60 0.6000 0.40 6970
110 | 190 | 60 0.3846 0.22 6975
55 1 190 | 60 -0.0385 0.00 6980
60 | 190 | 60 0.0000 0.00 6985
60 | 190 | 60 0.0000 0.00 6990
58 | 190 | 60 -0.0154 0.00 6995
62 | 190 | 60 0.0154 0.01 7000
112 | 190 | 60 0.4000 0.23 7005
110 | 190 | 60 0.3846 0.22 7010
1451 190 | 60 0.6538 0.46 7015
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Table A.4 Shale volume (Vsh) calculation from well: D (continued)

Vsh.calculation (Clavier EqQ.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
160 | 190 | 60 0.7692 0.59 7020
172 1 190 | 60 0.8615 0.73 7025
73 1190 | 60 0.1000 0.04 7030
70 | 190 | 60 0.0769 0.03 7035
1751 190 | 60 0.8846 0.77 7040
150 | 190 | 60 0.6923 0.50 7045
80 | 190 | 60 0.1538 0.07 7050
70 | 190 | 60 0.0769 0.03 7055
73 1190 | 60 0.1000 0.04 7060
68 | 190 | 60 0.0615 0.03 7065
63 | 190 | 60 0.0231 0.01 7070
60 | 190 | 60 0.0000 0.00 7075
70 1 190 | 60 0.0769 0.03 7080
70 | 190 | 60 0.0769 0.03 7085
87 | 190 | 60 0.2077 0.10 7090
90 | 190 | 60 0.2308 0.11 7095
83 | 190 | 60 0.1769 0.08 7100
92 | 190 | 60 0.2462 0.12 7105
120 | 190 | 60 0.4615 0.27 7110
110 | 190 | 60 0.3846 0.22 7115
150 | 190 | 60 0.6923 0.50 7120
132 | 190 | 60 0.5538 0.36 7125
160 | 190 | 60 0.7692 0.59 7130
187 | 190 | 60 0.9769 0.95 7135
132 | 190 | 60 0.5538 0.36 7140
128 | 190 | 60 0.5231 0.33 7145
167 | 190 | 60 0.8231 0.67 7150
140 | 190 | 60 0.6154 0.42 7155
1121 190 | 60 0.4000 0.23 7160
123 | 208 | 52 0.4551 0.27 7165
50 | 208 | 52 -0.0128 0.00 7170
52 | 208 | 52 0.0000 0.00 7175
52 | 208 | 52 0.0000 0.00 7180
52 | 208 | 52 0.0000 0.00 7185
53 | 208 | 52 0.0064 0.00 7190
172 | 208 | 52 0.7692 0.59 7195
162 | 208 | 52 0.7051 0.51 7200
108 | 208 | 52 0.3590 0.20 7205
190 | 208 | 52 0.8846 0.77 7210
170 | 208 | 52 0.7564 0.58 7215
165 | 208 | 52 0.7244 0.54 7220
150 | 208 | 52 0.6282 0.43 7225
140 | 208 | 52 0.5641 0.37 7230
160 | 208 | 52 0.6923 0.50 7235
110 | 208 | 52 0.3718 0.21 7240
168 | 208 | 52 0.7436 0.56 7245
100 | 208 | 52 0.3077 0.16 7250

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
170 | 208 | 52 0.7564 0.58 7255
165 | 208 | 52 0.7244 0.54 7260
130 | 208 | 52 0.5000 0.31 7265
127 | 208 | 52 0.4808 0.29 7270
135 | 208 | 52 0.56321 0.34 7275
47 | 208 | 52 -0.0321 0.00 7280
45 | 208 | 52 -0.0449 0.00 7285
57 | 208 | 52 0.0321 0.01 7290
60 | 208 | 52 0.0513 0.02 7295
52 | 208 | 52 0.0000 0.00 7300
50 | 208 | 52 -0.0128 0.00 7305
178 | 208 | 52 0.8077 0.65 7310
180 | 208 | 52 0.8205 0.67 7315
165 | 208 | 52 0.7244 0.54 7320
1701 208 | 52 0.7564 0.58 7325
200 | 208 | &2 0.9487 0.89 7330
180 | 208 | 52 0.8205 0.67 7335
143 | 208 | 62 0.5833 0.38 7340
168 | 208 | 52 0.6795 0.48 7345
140 | 208 | 52 0.5641 0.37 7350
142 1 208 | 52 0.5769 0.38 7355
140 | 208 | 52 0.5641 0.37 7360
100 | 208 | 52 0.3077 0.16 7365
162 | 208 | 52 0.7051 0.51 7370
150 | 208 | 52 0.6282 0.43 7375
140 | 208 | 52 0.5641 0.37 7380
130 | 208 | 52 0.5000 0.31 7385
180 | 208 | 52 0.8205 0.67 7390
130 | 208 | 52 0.5000 0.31 7395
140 | 208 | 52 0.5641 0.37 7400
145 | 208 | 52 0.5962 0.40 7405
1701 208 | 52 0.7564 0.58 7410
120 | 208 | 52 0.4359 0.25 7415
188 | 208 | 52 0.8718 0.75 7420
1751208 | 52 0.7885 0.62 7425
161| 208 | 52 0.6987 0.51 7430
197 | 208 | 52 0.9295 0.85 7435
132 | 208 | 52 0.5128 0.32 7440
150 | 208 | 52 0.6282 0.43 7445
140 | 208 | 52 0.5641 0.37 7450
142 1 208 | 52 0.5769 0.38 7455
165 | 208 | 52 0.6603 0.46 7460
170 | 208 | 52 0.7564 0.58 7465
102 | 208 | 52 0.3205 0.17 7470
190 | 208 | 52 0.8846 0.77 7475
187 | 208 | 52 0.8654 0.74 7480
132 | 208 | 52 0.5128 0.32 7485
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Table A.4 Shale volume (Vsh) calculation from well: D (continued)

176

Vsh.calculation (Clavier EqQ.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
182 | 208 | 52 0.8333 0.69 7490
150 | 208 | 52 0.6282 0.43 7495
140 | 208 | 52 0.5641 0.37 7500
130 | 208 | 52 0.5000 0.31 7505
1751 208 | 52 0.7885 0.62 7510
150 | 208 | 52 0.6282 0.43 7515
135 | 208 | 52 0.5321 0.34 7520
185 | 208 | 52 0.8526 0.72 7525
180 | 208 | 52 0.8205 0.67 7530
180 | 208 | 52 0.8205 0.67 7535
178 | 208 | 52 0.8077 0.65 7540
160 | 208 | 52 0.6923 0.50 7545
65 | 208 | 52 0.0833 0.04 7550
63 | 208 | 52 0.0705 0.03 7555
63 | 208 | 52 0.0705 0.03 7560
52 | 208 | 52 0.0000 0.00 7565
60 | 208 | 52 0.0513 0.02 7570
63 | 208 | 52 0.0705 0.03 7575
58 | 208 | 52 0.0385 0.02 7580
43 | 208 | 52 -0.0577 0.00 7585
130 | 208 | 52 0.5000 0.31 7590
128 | 208 | 52 0.4872 0.30 7595
170 | 208 | 52 0.7564 0.58 7600
140 | 208 | 52 0.5641 0.37 7605
82 | 208 | 52 0.1923 0.09 7610
160 | 208 | 52 0.6923 0.50 7615
165 | 208 | 52 0.7244 0.54 7620
170 | 208 | 52 0.7564 0.58 7625
123 | 208 | 52 0.4551 0.27 7630
160 | 208 | 52 0.6923 0.50 7635
160 | 208 | 52 0.6923 0.50 7640
193 | 208 | 52 0.9038 0.80 7645
161 | 208 | 52 0.6987 0.51 7650
185 | 208 | 52 0.8526 0.72 7655
80 | 208 | 52 0.1795 0.09 7660
185 | 208 | 52 0.8526 0.72 7665
120 | 208 | 52 0.4359 0.25 7670
200 | 208 | 52 0.9487 0.89 7675
185 | 208 | 52 0.8526 0.72 7680
190 | 208 | 52 0.8846 0.77 7685
183 | 208 | 52 0.8397 0.70 7690
170 | 208 | 52 0.7564 0.58 7695
150 | 208 | 52 0.6282 0.43 7700
145 | 208 | 52 0.5962 0.40 7705
168 | 208 | 52 0.7436 0.56 7710
1351 208 | 52 0.5321 0.34 7715
170 | 208 | 52 0.7564 0.58 7720

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
170 | 208 | 52 0.7564 0.58 7725
183 | 208 | 52 0.8397 0.70 7730
142 | 208 | 52 0.5769 0.38 7735
175 | 208 | 52 0.7885 0.62 7740
167 | 208 | 52 0.7372 0.55 7745
167 | 208 | 52 0.7372 0.55 7750
138 | 208 | 52 0.5513 0.35 7755
1521 208 | 52 0.6410 0.44 7760
110 | 208 | 52 0.3718 0.21 7765
168 | 208 | 52 0.7436 0.56 7770
168 | 208 | 52 0.6795 0.48 7775
140 | 208 | 52 0.5641 0.37 7780
1351 208 | 52 0.5321 0.34 7785
142 | 208 | 52 0.5769 0.38 7790
180 | 208 | 52 0.8205 0.67 7795
160 | 208 | 52 0.6923 0.50 7800
195 | 208 | 52 0.9167 0.82 7805
1851 208 | 62 0.8526 0.72 7810
138 | 208 | 52 0.5513 0.35 7815
1151 208 | 52 0.4038 0.23 7820
58 | 208 | 52 0.0385 0.02 7825
75 | 208 | 52 0.1474 0.07 7830
68 | 208 | 52 0.1026 0.05 7835
68 | 208 | 52 0.1026 0.05 7840
60 | 208 | 52 0.0513 0.02 7845
175 | 208 | 52 0.7885 0.62 7850
1351 208 | 52 0.5321 0.34 7855
70 | 208 | 52 0.1154 0.05 7860
68 | 208 | 52 0.1026 0.05 7865
70 | 208 | 52 0.1154 0.05 7870
70 | 208 | 52 0.1154 0.05 7875
67 1208 | 52 0.0962 0.04 7880
67 | 208 | 52 0.0962 0.04 7885
65 | 208 | 52 0.0833 0.04 7890
681208 | 52 0.1026 0.05 7895
67 | 208 | 52 0.0962 0.04 7900
56 1208 | 62 0.0192 0.01 7905
167 | 208 | 52 0.7372 0.55 7910
160 | 208 | 52 0.6923 0.50 7915
160 | 208 | 52 0.6923 0.50 7920
145 | 208 | 52 0.5962 0.40 7925
172 | 208 | 52 0.7692 0.59 7930
178 | 208 | 52 0.8077 0.65 7935
158 | 208 | 52 0.6795 0.48 7940
133 | 208 | 52 0.5192 0.32 7945
1562 | 208 | 52 0.6410 0.44 7950
123 | 208 | 52 0.4551 0.27 7955




Table A.4 Shale volume (Vsh) calculation from well: D (continued)

Vsh.calculation (Clavier EqQ.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
117 | 208 | 52 0.4167 0.24 7960
160 | 208 | 52 0.6923 0.50 7965
100 | 208 | 52 0.3077 0.16 7970
150 | 208 | 52 0.6282 0.43 7975
173 | 208 | 52 0.7756 0.60 7980
140 | 208 | 52 0.5641 0.37 7985
165 | 208 | 52 0.6603 0.46 7990
148 | 208 | 52 0.6154 0.42 7995
105 | 208 | 52 0.3397 0.18 8000
130 | 208 | 52 0.5000 0.31 8005
160 | 208 | 52 0.6923 0.50 8010
162 | 208 | 52 0.7051 0.51 8015
161 | 208 | 52 0.6987 0.51 8020
200 | 208 | 52 0.9487 0.89 8025
186 | 208 | 52 0.8590 0.73 8030
200 | 208 | 52 0.9487 0.89 8035
1851 208 | 52 0.8526 0.72 8040
160 | 208 | 52 0.6923 0.50 8045
42 |1 208 | 52 -0.0641 0.00 8050
45 | 208 | 52 -0.0449 0.00 8055
120 | 208 | 52 0.4359 0.25 8060
1451 208 | 52 0.5962 0.40 8065
160 | 208 | 52 0.6923 0.50 8070
1471 208 | 52 0.6090 0.41 8075
1551 208 | 52 0.6603 0.46 8080
182 | 208 | 52 0.8333 0.69 8085
120 | 208 | 52 0.4359 0.25 8090
115 | 208 | 52 0.4038 0.23 8095
118 | 208 | 52 0.4231 0.24 8100
85 | 208 | 52 0.2115 0.10 8105
50 | 208 | 52 -0.0128 0.00 8110
55 | 208 | 52 0.0192 0.01 8115
50 | 208 | 52 -0.0128 0.00 8120
73 |1 208 | 52 0.1346 0.06 8125
63 | 208 | 52 0.0705 0.03 8130
140 | 208 | 62 0.5641 0.37 8135
1721 208 | 52 0.7692 0.59 8140
164 | 208 | 52 0.7179 0.53 8145
178 | 208 | 52 0.8077 0.65 8150
1751 208 | 52 0.7885 0.62 8155
170 | 208 | 52 0.7564 0.58 8160
163 | 208 | 52 0.7115 0.52 8165
173 | 208 | 52 0.7756 0.60 8170
170 | 208 | 52 0.7564 0.58 8175
150 | 208 | 52 0.6282 0.43 8180
170 | 208 | 52 0.7564 0.58 8185
1411 208 | 52 0.5705 0.37 8190

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
112 | 208 | 52 0.3846 0.22 8195
98 | 208 | 52 0.2949 0.15 8200
83 | 208 | 52 0.1987 0.10 8205
55 | 208 | 52 0.0192 0.01 8210
58 | 208 | 52 0.0385 0.02 8215
55 | 208 | 52 0.0192 0.01 8220
1351 208 | 52 0.5321 0.34 8225
178 1 208 | 52 0.8077 0.65 8230
1751 208 | 52 0.7885 0.62 8235
138 | 208 | 52 0.5513 0.35 8240
1151 208 | 52 0.4038 0.23 8245
160 | 208 | 52 0.6923 0.50 8250
110 | 208 | 52 0.3718 0.21 8255
160 | 208 | 52 0.6923 0.50 8260
160 | 208 | 52 0.6923 0.50 8265
150 | 208 | 52 0.6282 0.43 8270
1751 208 | 52 0.7885 0.62 8275
140 | 208 | 52 0.5641 0.37 8280
172 | 208 | 52 0.7692 0.59 8285
130 | 208 | 52 0.5000 0.31 8290
120 | 208 | 52 0.4359 0.25 8295
142 | 208 | 52 0.5769 0.38 8300
127 | 208 | 52 0.4808 0.29 8305
103 | 208 | 52 0.3269 0.18 8310
142 ] 208 | 52 0.5769 0.38 8315
168 | 208 | 52 0.7436 0.56 8320
1231 208 | 52 0.4551 0.27 8325
140 | 208 | 52 0.5641 0.37 8330
160 | 223 | 56 0.6228 0.42 8335
130 | 223 | 56 0.4431 0.26 8340
138 | 223 | 56 0.4910 0.30 8345
187 223 | 56 0.7844 0.62 8350
200 | 223 | 56 0.8623 0.73 8355
192 | 223 | 56 0.8144 0.66 8360
1971223 | 56 0.8443 0.70 8365
153| 223 | 56 0.5808 0.38 8370
135|223 | 56 0.4731 0.28 8375
178 | 223 | 56 0.7305 0.55 8380
182 | 223 | 56 0.7545 0.58 8385
198 | 223 | 56 0.8503 0.71 8390
143 | 223 | 56 0.5210 0.33 8395
55 | 223 | 56 -0.0060 0.00 8400
58 | 223 | 56 0.0120 0.00 8405
60 | 223 | 56 0.0240 0.01 8410
57 | 223 | 56 0.0060 0.00 8415
55 | 223 | 56 -0.0060 0.00 8420
50 | 223 | 56 -0.0359 0.00 8425
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Table A.4 Shale volume (Vsh) calculation from well: D (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
147 | 223 | 56 0.5449 0.35 8430
165 | 223 | 56 0.6527 0.45 8435
200 | 223 | 56 0.8623 0.73 8440
160 | 223 | 56 0.6228 0.42 8445
97 | 223 | 56 0.2455 0.12 8450
120 | 223 | 56 0.3832 0.21 8455
168 | 223 | 56 0.6707 0.47 8460
140 | 223 | 56 0.5030 0.31 8465
187 | 223 | 56 0.7844 0.62 8470
182 | 223 | 56 0.7545 0.58 8475
87 | 223 | 56 0.1856 0.09 8480
163 | 223 | 56 0.6407 0.44 8485
160 | 223 | 56 0.6228 0.42 8490
200 | 223 | 56 0.8623 0.73 8495
177 1 223 | 56 0.7246 0.54 8500
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Table A.5 Shale volume (Vsh) calculation from well: E

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
120 | 133 | 35 0.8673 0.74 6050
1251 133 | 35 0.9184 0.83 6055
122 | 133 | 35 0.8878 0.77 6060
197 | 133 | 35 1.6531 1.00 6065
122 | 133 | 35 0.8878 0.77 6070
150 | 133 | 35 1.1735 1.00 6075
105 | 133 | 35 0.7143 0.53 6080
120 | 133 | 35 0.8673 0.74 6085
93 | 1383 ] 35 0.5918 0.39 6090
40 | 133 | 35 0.0510 0.02 6095
140 | 133 | 35 1.0714 1.00 6100
105 | 133 | 35 0.7143 (}fo8 6105
133 | 133 | 35 1.0000 1.00 6110
127 | 133 | 35 0.9388 0.87 6115
1251 133 | 35 0.9184 0.83 6120
120 | 133 | 35 0.8673 0.74 6125
45 | 133 | 35 0.1020 0.05 6130
43 | 133 | 35 0.0816 0.04 6135
41 | 133 ] 35 0.0612 0.03 6140
42 | 133 | 35 0.0714 0.08 6145
50 | 133 | 35 0.1531 0.07 6150
44 | 133 | 35 0.0918 0.04 6155
1251 133 | 35 0.9184 0.83 6160
113 | 133 | 35 0.7959 0.63 6165
120 | 133 | 35 0.8673 0.74 6170
130 | 133 | 35 0.9694 0.93 6175
1251 133 | 35 0.9184 0.83 6180
100 | 133 | 35 0.6633 0.47 6185
90 | 133 ] 35 0.5612 0.36 6190
110 | 133 | 35 0.7653 0.59 6195
120 | 133 | 35 0.8673 0.74 6200
138 | 133 | 35 1.0510 1.00 6205
120 | 133 | 35 0.8673 0.74 6210
130 | 133 | 35 0.9694 0.93 6215
140 | 133 | 35 1.0714 1.00 6220
140 | 133 85 1.0714 1.00 6225
140 | 133 | 35 1.0714 1.00 6230
162 | 133 | 35 1.2959 1.00 6235
1151 133 | 35 0.8163 0.66 6240
98 | 133 | 35 0.6429 0.44 6245
73 1 133 ] 35 0.3878 0.22 6250
110 | 133 | 35 0.7653 0.59 6255
83 | 133 ] 35 0.4898 0.30 6260
108 | 133 | 35 0.7449 0.56 6265
57 1 133 ] 35 0.2245 0.1 6270
130 | 133 | 35 0.9694 0.93 6275
128 | 133 | 35 0.9490 0.89 6280

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
98 | 133 | 35 0.6429 0.44 6285
100 | 133 | 35 0.6633 0.47 6290
47 | 133 | 35 0.1224 0.06 6295
1221 133 | 35 0.8878 0.77 6300
1171 133 | 35 0.8367 0.69 6305
140 | 133 | 35 1.0714 1.00 6310
1251 133 | 35 0.9184 0.83 6315
100 | 133 | 35 0.6633 0.47 6320
140 | 133 | 35 1.0714 1.00 6325
138 | 133 | 35 1.0510 1.00 6330
1101 133 | 35 0.7653 0.59 6335
140 | 133 | 35 1.0714 1.00 6340
125 1 133 35 0.9184 0.83 6345
83 | 183 | 35 0.4898 0.30 6350
1251 133 | 35 0.9184 0.83 6355
1L55K[%] 33985 1.2245 1.00 6360
110 | 183 | 35 0.7653 0.59 6365
108 | 133 | 35 0.7449 0.56 6370
150 | 133 | 35 1.1735 1.00 6375
142 1 133 | 35 1.0918 1.00 6380
138 | 183 | 35 1.0510 1.00 6385
110 | 133 | 35 0.7653 0.59 6390
17561 133 | 35 1.4286 1.00 6395
1251 133 | 35 0.9184 0.83 6400
140 | 133 | 35 1.0714 1.00 6405
123 | 133 | 35 0.8980 0.79 6410
95 | 133 | 35 0.6122 0.41 6415
150 | 133 | 35 1.1735 1.00 6420
50 | 133 | 35 0.1531 0.07 6425
41 | 133} 35 0.0612 0.03 6430
42 |1 133 | 35 0.0714 0.03 6435
541133 | 35 0.1939 0.09 6440
43 1133 | 35 0.0816 0.04 6445
120 ' 133 | 35 0.8673 0.74 6450
128 1133 | 35 0.9490 0.89 6455
1381 133 | 85 1.0510 1.00 6460
157 1°133 | 35 1.2449 1.00 6465
130 | 133 | 35 0.9694 0.93 6470
1251 133 | 35 0.9184 0.83 6475
162 | 133 | 35 1.2959 1.00 6480
100 | 133 | 35 0.6633 0.47 6485
60 | 133 | 35 0.2551 0.13 6490
1431 133 | 35 1.1020 1.00 6495
120 | 133 | 35 0.8673 0.74 6500
80 | 133 | 35 0.4592 0.27 6505
45 | 133 | 35 0.1020 0.05 6510
62 | 133 | 35 0.2755 0.14 6515
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Table A.5 Shale volume (Vsh) calculation from well: E (continued)

180

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
1251 133 | 35 0.9184 0.83 6520
123 | 133 | 35 0.8980 0.79 6525
100 | 133 | 35 0.6633 0.47 6530
40 | 133 | 35 0.0510 0.02 6535
45 | 133 | 35 0.1020 0.05 6540
63 | 133 ] 35 0.2857 0.15 6545
100 | 133 | 35 0.6633 0.47 6550
163 | 133 | 35 1.3061 1.00 6555
155 | 133 | 35 1.2245 1.00 6560
110 | 133 | 35 0.7653 0.59 6565
140 | 133 | 35 1.0714 1.00 6570
100 | 133 | 35 0.6633 0.47 6575
135 133 | 35 1.0204 1.00 6580
140 | 133 | 35 1.0714 1.00 6585
143 | 133 | 35 1.1020 1.00 6590
150 | 133 | 35 1.1735 1.00 6595
138 | 133 | 35 1.0510 1.00 6600
50 | 133 | 35 0.1531 0.07 6605
60 | 133 ] 35 0.2551 0.13 6610
135 133 | 35 1.0204 1.00 6615
110 | 133 | 35 0.7653 0.59 6620
150 | 133 | 35 1.1735 1.00 6625
140 |1 133 | 35 1.0714 1.00 6630
120 | 133 | 35 0.8673 0.74 6635
105 | 133 | 35 0.7143 0.53 6640
120 | 133 | 35 0.8673 0.74 6645
82 | 133 | 35 0.4796 0.29 6650
95 | 133 | 35 0.6122 0.41 6655
93 | 133 | 35 0.5918 0.39 6660
40 | 133 | 35 0.0510 0.02 6665
42 1 133 ] 35 0.0714 0.03 6670
43 | 133 | 35 0.0816 0.04 6675
42 | 133 | 35 0.0714 0.03 6680
50 | 133 | 35 0.1531 0.07 6685
138 | 133 | 35 1.0510 1.00 6690
103 | 133 85 0.6939 0.50 6695
140 | 133 | 35 1.0714 1.00 6700
110 | 133 | 35 0.7653 0.59 6705
45 | 133 | 35 0.1020 0.05 6710
50 | 133 | 35 0.1531 0.07 6715
62 | 133 ] 35 0.2755 0.14 6720
67 | 133 ] 35 0.3265 0.17 6725
61 | 133 ] 35 0.2653 0.14 6730
51 |1 133 | 35 0.1633 0.08 6735
48 | 133 | 35 0.1327 0.06 6740
54 |1 133 | 35 0.1939 0.09 6745
52 1 133 | 35 0.1735 0.08 6750

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
1221 133 | 35 0.8878 0.77 6755
72 | 133 | 35 0.3776 0.21 6760
63 | 133 | 35 0.2857 0.15 6765
46 | 133 | 35 0.1122 0.05 6770
1551 133 | 35 1.2245 1.00 6775
1431 133 | 35 1.1020 1.00 6780
157 1 133 | 35 1.2449 1.00 6785
62 | 133 | 35 0.2755 0.14 6790
40 | 133 | 35 0.0510 0.02 6795
48 | 133 | 35 0.1327 0.06 6800
1731 133 | 35 1.4082 1.00 6805
110 | 133 | 35 0.7653 0.59 6810
140 | 133 | 35 1.0714 1.00 6815
1951 133 | 35 1.6327 1.00 6820
1421 133 | 35 1.0918 1.00 6825
147 1 133 | 35 1.1429 1.00 6830
137 | 183 | 35 1.0408 1.00 6835
120 | 133 | 35 0.8673 0.74 6840
1051 133 | 35 0.7143 0.53 6845
1351 133 | 35 1.0204 1.00 6850
90 | 183 | 35 0.5612 0.36 6855
11561 133 | 35 0.8163 0.66 6860
55 | 133 | 35 0.2041 0.10 6865
57 | 133 | 35 0.2245 0.1 6870
158 | 133 | 35 1.2551 1.00 6875
150 | 133 | 35 1.1735 1.00 6880
130 | 133 | 35 0.9694 0.93 6885
1421 133 | 35 1.0918 1.00 6890
1701 133 | 35 1.3776 1.00 6895
160 | 133 | 35 1.2755 1.00 6900
1451 133 | 35 1.1224 1.00 6905
1401133 | 35 1.0714 1.00 6910
150 [ 133 | 35 1.1735 1.00 6915
167 1 133 | 35 1.3469 1.00 6920
971133 | 35 0.6327 0.43 6925
62| 133 | 85 0.2755 0.14 6930
100 |°133 | 35 0.6633 0.47 6935
150 | 140 | 32 1.0926 1.00 6940
130 | 140 | 32 0.9074 0.81 6945
1251 140 | 32 0.8611 0.73 6950
120 | 140 | 32 0.8148 0.66 6955
107 | 140 | 32 0.6944 0.50 6960
1451 140 | 32 1.0463 1.00 6965
137 1 140 | 32 0.9722 0.94 6970
11561 140 | 32 0.7685 0.59 6975
1171140 | 32 0.7870 0.62 6980
178 1 140 | 32 1.3519 1.00 6985




Table A.5 Shale volume (Vsh) calculation from well: E (continued)

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
130 | 140 | 32 0.9074 0.81 6990
140 | 140 | 32 1.0000 1.00 6995
150 | 140 | 32 1.0926 1.00 7000
150 | 140 | 32 1.0926 1.00 7005
120 | 140 | 32 0.8148 0.66 7010
143 | 140 | 32 1.0278 1.00 7015
120 | 140 | 32 0.8148 0.66 7020
75 | 140 | 32 0.3981 0.23 7025
40 | 140 | 32 0.0741 0.03 7030
55 | 140 | 32 0.2130 0.10 7035
57 | 140 | 32 0.2315 0.1 7040
60 | 140 | 32 0.2593 0.13 7045
53 | 140 | 32 0.1944 0.09 7050
53 | 140 | 32 0.1944 0.09 7055
55 | 140 | 32 0.2130 0.10 7060
55 | 140 | 32 0.2130 0.10 7065
80 | 140 | 32 0.4444 0.26 7070
53 | 140 | 32 0.1944 0.09 7075
50 | 140 | 32 0.1667 0.08 7080
5 | 140 | 32 -0.2500 0.00 7085
138 | 140 | 32 0.9815 0.96 7090
140 | 140 | 32 1.0000 1.00 7095
135 | 140 | 32 0.9537 0.90 7100
153 | 140 | 32 1.1204 1.00 7105
120 1 140 | 32 0.8148 0.66 7110
107 | 140 | 32 0.6944 0.50 7115
1421 140 | 32 1.0185 1.00 7120
140 | 140 | 32 1.0000 1.00 7125
85 | 140 | 32 0.4907 0.30 7130
105 | 140 | 32 0.6759 0.48 7135
90 | 140 | 32 0.5370 0.34 7140
60 | 140 | 32 0.2593 0.13 7145
70 | 140 | 32 0.3519 0.19 7150
50 | 140 | 32 0.1667 0.08 7155
60 | 140 | 32 0.2593 0.13 7160
95 | 140| 32 0.5833 0.38 7165
85 | 140 | 32 0.4907 0.30 7170
108 | 140 | 32 0.7037 0.51 7175
60 | 140 | 32 0.2593 0.13 7180
55 | 140 | 32 0.2130 0.10 7185
45 | 140 | 32 0.1204 0.05 7190
45 | 140 | 32 0.1204 0.05 7195
47 | 140 | 32 0.1389 0.06 7200
112 | 140 | 32 0.7407 0.56 7205
135 | 140 | 32 0.9537 0.90 7210
90 | 140 | 32 0.5370 0.34 7215
157 | 140 | 32 1.1574 1.00 7220

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
142 | 140 | 32 1.0185 1.00 7225
118 | 140 | 32 0.7963 0.63 7230
117 | 140 | 32 0.7870 0.62 7235
50 | 140 | 32 0.1667 0.08 7240

38 | 140 | 32 0.0556 0.02 7245

42 1 140 | 32 0.0926 0.04 7250

38 | 140 | 32 0.0556 0.02 7255

35 | 140 | 32 0.0278 0.01 7260

60 | 140 | 32 0.2593 0.13 7265

120 | 140 | 32 0.8148 0.66 7270
1651 140 | 32 1.2315 1.00 7275
137 | 140 | 32 0.9722 0.94 7280
160 | 140 | 32 1.1852 1.00 7285
160 | 140 | 32 1.1852 1.00 7290
1471 140 | 32 1.0648 1.00 7295
138 | 140 | 32 0.9815 0.96 7300
140 | 140 | 32 1.0000 1.00 7305
140 | 140 | 32 1.0000 1.00 7310
142 1 140 | 32 1.0185 1.00 7315
153 | 140 | 32 1.1204 1.00 7320
87 | 140 | 32 0.5093 0.32 7325

168 | 140 | 32 1.2593 1.00 7330
1321 140 | 32 0.9259 0.84 7335
110 | 140 | 32 0.7222 0.53 7340
110 | 140 | 32 0.7222 0.53 7345
155 | 140 | 32 1.1389 1.00 7350
158 | 140 | 32 1.1667 1.00 7355
135 | 140 | 32 0.9537 0.90 7360
140 | 140 | 32 1.0000 1.00 7365
135 | 140 | 32 0.9537 0.90 7370
108 | 140 | 32 0.7037 0.51 7375
138140 | 32 0.9815 0.96 7380
150 | 140 | 32 1.0926 1.00 7385
1421140 | 32 1.0185 1.00 7390
128140 | 32 0.8889 0.78 7395
142 140 | 82 1.0185 1.00 7400
134|140 | 82 0.9444 0.88 7405
120 | 140 | 32 0.8148 0.66 7410
105 | 140 | 32 0.6759 0.48 7415
120 | 140 | 32 0.8148 0.66 7420
50 | 140 | 32 0.1667 0.08 7425

42 1 140 | 32 0.0926 0.04 7430

145 | 140 | 32 1.0463 1.00 7435
110 | 140 | 32 0.7222 0.53 7440
137 | 140 | 32 0.9722 0.94 7445
107 | 140 | 32 0.6944 0.50 7450
135 | 140 | 32 0.9537 0.90 7455
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Table A.5 Shale volume (Vsh) calculation from well: E (continued)
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Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
132 | 140 | 32 0.9259 0.84 7460
145 | 140 | 32 1.0463 1.00 7465
180 | 140 | 32 1.3704 1.00 7470
160 | 140 | 32 1.1852 1.00 7475
157 1 140 | 32 1.1574 1.00 7480
145 | 140 | 32 1.0463 1.00 7485
160 | 140 | 32 1.1852 1.00 7490
140 | 140 | 32 1.0000 1.00 7495
80 | 140 | 32 0.4444 0.26 7500
123 | 140 | 32 0.8426 0.70 7505
54 | 140 | 32 0.2037 0.10 7510
40 | 140 | 32 0.0741 0.03 7515
47 | 140 | 32 0.1389 0.06 7520
55 | 140 | 32 0.2130 0.10 7525
60 | 140 | 32 0.2593 0.13 7530
50 | 140 | 32 0.1667 0.08 7535
42 1 140 | 32 0.0926 0.04 7540
38 | 140 | 32 0.0556 0.02 7545
58 | 140 | 32 0.2407 0.12 7550
136 | 140 | 32 0.9630 0.92 7555
1421 140 | 32 1.0185 1.00 7560
133 | 140 | 32 0.9352 0.86 7565
180 | 140 | 32 1.3704 1.00 7570
150 | 140 | 32 1.0926 1.00 7575
1751 140 | 32 1.3241 1.00 7580
170 | 140 | 32 1.2778 1.00 7585
133 | 140 | 32 0.9352 0.86 7590
180 | 140 | 32 1.3704 1.00 7595
150 | 140 | 32 1.0926 1.00 7600
92 | 140 | 32 0.5556 0.36 7605
155 140 | 32 1.1389 1.00 7610
163 | 140 | 32 1.2130 1.00 7615
132 | 140 | 32 0.9259 0.84 7620
133 | 140 | 32 0.9352 0.86 7625
130 | 140 | 32 0.9074 0.81 7630
120 | 1401 32 0.8148 0.66 7635
48 | 140 | 32 0.1481 0.07 7640
120 | 140 | 32 0.8148 0.66 7645
142 | 140 | 32 1.0185 1.00 7650
150 | 140 | 32 1.0926 1.00 7655
130 | 140 | 32 0.9074 0.81 7660
128 | 140 | 32 0.8889 0.78 7665
130 | 140 | 32 0.9074 0.81 7670
150 | 140 | 32 1.0926 1.00 7675
180 | 140 | 32 1.3704 1.00 7680
135 | 140 | 32 0.9537 0.90 7685
157 | 140 | 32 1.1574 1.00 7690

Vsh.calculation (Clavier Eq.) Depth

GR. | Max | Min | GR.fraction Vsh. (feet)
175 | 140 | 32 1.3241 1.00 7695
160 | 140 | 32 1.1852 1.00 7700
161 | 140 | 32 1.1944 1.00 7705
150 | 140 | 32 1.0926 1.00 7710
148 |1 140 | 32 1.0741 1.00 7715
140 | 140 | 32 1.0000 1.00 7720
1211 140 | 32 0.8241 0.67 7725
110 | 140 | 32 0.7222 0.53 7730
160 | 140 | 32 1.1852 1.00 7735
140 | 140 | 32 1.0000 1.00 7740
162 | 140 | 32 1.2037 1.00 7745
170 | 140 | 32 1.2778 1.00 7750
140 | 140| 32 1.0000 1.00 7755
140 [ 140 | 32 1.0000 1.00 7760
138 | 140 | 32 0.9815 0.96 7765
100 | 140 | 32 0.6296 0.43 7770
50 | 140 | 32 0.1667 0.08 7775

50 | 140 | 82 0.1667 0.08 7780

65 | 140 | 32 0.3056 0.16 7785

55 | 140 | 32 0.2130 0.10 7790

54 | 140 | 32 0.2037 0.10 7795

100 | 140 | 32 0.6296 0.43 7800
72 | 140 | 32 0.3704 0.21 7805

58 | 140 | 32 0.2407 0.12 7810

62 | 140 | 32 0.2778 0.14 7815

62 | 140 | 32 0.2778 0.14 7820

60 | 140 | 32 0.2593 0.13 7825

100 | 140 | 32 0.6296 0.43 7830
130 | 140 | 32 0.9074 0.81 7835
165 | 140 | 32 1.2315 1.00 7840
130 | 140 | 32 0.9074 0.81 7845
551140 | 32 0.2130 0.10 7850

42 1 140 | 32 0.0926 0.04 7855

40 | 140 | 32 0.0741 0.03 7860

401140 | 32 0.0741 0.03 7865

4571 140 | 32 0.1204 0.05 7870

43 140 | 32 0.1019 0.05 7875

50 | 140 | 32 0.1667 0.08 7880

38 | 140 | 32 0.0556 0.02 7885

140 | 140 | 32 1.0000 1.00 7890
142 | 140 | 32 1.0185 1.00 7895
130 | 140 | 32 0.9074 0.81 7900
160 | 140 | 32 1.1852 1.00 7905
150 | 140 | 32 1.0926 1.00 7910
152 | 140 | 32 1.1111 1.00 7915
152 |1 140 | 32 11111 1.00 7920
135 | 140 | 32 0.9537 0.90 7925




Table A.5 Shale volume (Vsh) calculation from well: E (continued)
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Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
155 | 140 | 32 1.1389 1.00 7930
145 | 140 | 32 1.0463 1.00 7935
198 | 140 | 32 1.5370 1.00 7940
142 | 140 | 32 1.0185 1.00 7945
168 | 140 | 32 1.2593 1.00 7950
140 | 140 | 32 1.0000 1.00 7955
125 | 140 | 32 0.8611 0.73 7960
160 | 140 | 32 1.1852 1.00 7965
133 | 140 | 32 0.9352 0.86 7970
140 | 140 | 32 1.0000 1.00 7975
100 | 140 | 32 0.6296 0.43 7980
48 | 140 | 32 0.1481 0.07 7985
40 | 140 | 32 0.0741 0.03 7990
140 | 140 | 32 1.0000 1.00 7995
127 | 140 | 32 0.8796 0.76 8000
138 | 140 | 32 0.9815 0.96 8005
120 | 140 | 32 0.8148 0.66 8010
138 | 140 | 32 0.9815 0.96 8015
163 | 140 | 32 1.2130 1.00 8020
150 | 140 | 32 1.0926 1.00 8025
1101 140 | 32 0.7222 0.53 8030
85 | 140 | 32 0.4907 0.30 8035
102 1 140 | 32 0.6481 0.45 8040
85 | 140 | 32 0.4907 0.30 8045
115 | 140 | 32 0.7685 0.59 8050
157 | 140 | 32 1.1574 1.00 8055
140 1 140 | 32 1.0000 1.00 8060
110 | 140 | 32 0.7222 0.53 8065
100 [ 140 | 32 0.6296 0.43 8070
137 | 140 | 32 0.9722 0.94 8075
160 | 140 | 32 1.1852 1.00 8080
150 | 140 | 32 1.0926 1.00 8085
120 | 140 | 32 0.8148 0.66 8090
130 | 140 | 32 0.9074 0.81 8095
150 | 140 | 32 1.0926 1.00 8100
110 | 140| 32 0.7222 0.53 8105
122 | 140 | 32 0.8333 0.69 8110
147 | 140 | 32 1.0648 1.00 8115
107 | 140 | 32 0.6944 0.50 8120
132 | 140 | 32 0.9259 0.84 8125
160 | 140 | 32 1.1852 1.00 8130
130 | 140 | 32 0.9074 0.81 8135
120 | 140 | 32 0.8148 0.66 8140
128 | 140 | 32 0.8889 0.78 8145
100 | 140 | 32 0.6296 0.43 8150
120 | 140 | 32 0.8148 0.66 8155
130 | 140 | 32 0.9074 0.81 8160

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
65 | 140 | 32 0.3056 0.16 8165
123 | 140 | 32 0.8426 0.70 8170
138 | 140 | 32 0.9815 0.96 8175
60 | 140 | 32 0.2593 0.13 8180
160 | 140 | 32 1.1852 1.00 8185
160 | 140 | 32 1.1852 1.00 8190
140 | 140 | 32 1.0000 1.00 8195
110 | 140 | 32 0.7222 0.53 8200
160 | 140 | 32 1.1852 1.00 8205
140 | 140 | 32 1.0000 1.00 8210
130 | 140 | 32 0.9074 0.81 8215
153 | 140 | 32 1.1204 1.00 8220
140 | 140| 32 1.0000 1.00 8225
120 [ 140 | 32 0.8148 0.66 8230
80 | 140 | 32 0.4444 0.26 8235
115 | 140 | 32 0.7685 0.59 8240
135 | 140 | 32 0.9537 0.90 8245
142 | 140 | 32 1.0185 1.00 8250
145 | 140 | 32 1.0463 1.00 8255
165 | 140 | 32 1.2315 1.00 8260
1683 | 140 | 32 1.1204 1.00 8265
141 | 140 | 32 1.0093 1.00 8270
1151 140 | 32 0.7685 0.59 8275
108 | 140 | 32 0.7037 0.51 8280
158 | 140 | 32 1.1667 1.00 8285
170 | 140 | 32 1.2778 1.00 8290
150 | 140 | 32 1.0926 1.00 8295
62 | 140 | 32 0.2778 0.14 8300
72 | 140 | 32 0.3704 0.21 8305
60 | 140 | 32 0.2593 0.13 8310
63 | 140 | 32 0.2870 0.15 8315
162140 | 32 1.2037 1.00 8320
150 | 140 | 32 1.0926 1.00 8325
1451140 | 32 1.0463 1.00 8330
180|140 | 32 1.3704 1.00 8335
120 | 140 | 82 0.8148 0.66 8340
140 (140 | 82 1.0000 1.00 8345
97 | 140 | 32 0.6019 0.40 8350
73 | 140 | 32 0.3796 0.21 8355
75 | 140 | 32 0.3981 0.23 8360
67 | 140 | 32 0.3241 0.17 8365
55 | 140 | 32 0.2130 0.10 8370
40 | 140 | 32 0.0741 0.03 8375
190 | 155 | 46 1.3211 1.00 8380
141 | 155 | 46 0.8716 0.75 8385
90 | 155 | 46 0.4037 0.23 8390
130 | 155 | 46 0.7706 0.60 8395




Table A.5 Shale volume (Vsh) calculation from well: E (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
100 | 155 | 46 0.4954 0.30 8400
142 | 155 | 46 0.8807 0.76 8405
107 | 155 | 46 0.5596 0.36 8410
200 | 165 | 46 1.4128 1.00 8415
140 | 165 | 46 0.8624 0.73 8420
170 | 155 | 46 1.1376 1.00 8425
110 | 155 | 46 0.5872 0.39 8430
110 | 155 | 46 0.5872 0.39 8435
197 | 165 | 46 1.3853 1.00 8440
160 | 155 | 46 1.0459 1.00 8445
100 | 165 | 46 0.4954 0.30 8450
170 | 155 | 46 1.1376 1.00 8455
120 | 165 | 46 0.6789 0.48 8460
110 | 155 | 46 0.5872 0.39 8465
100 | 165 | 46 0.4954 0.30 8470
120 | 155 | 46 0.6789 0.48 8475
85 | 165 | 46 0.3578 0.20 8480
180 | 155 | 46 1.2294 1.00 8485
185 | 165 | 46 1.2752 1.00 8490
150 | 165 | 46 0.9541 0.90 8495
140 | 165 | 46 0.8624 0.73 8500
120 | 155 | 46 0.6789 0.48 8505
108 | 165 | 46 0.5688 0.37 8510
117 | 155 | 46 0.6514 0.45 8515
130 | 165 | 46 0.7706 0.60 8520
190 | 165 | 46 1.3211 1.00 85625
62 | 165 | 46 0.1468 0.07 8530
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Table A.6 Shale volume (Vsh) calculation from well: F

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
155 | 138 | 38 1.1700 1.00 5700
110 | 138 | 38 0.7200 0.53 5705
155 | 138 | 38 1.1700 1.00 5710
1351 138 | 38 0.9700 0.93 5715
125 | 138 | 38 0.8700 0.74 5720
155 | 138 | 38 1.1700 1.00 5725
145 | 138 | 38 1.0700 1.00 5730
1951 138 | 38 1.5700 1.00 5735
165 | 138 | 38 1.1700 1.00 5740
1551 138 | 38 1.1700 1.00 5745
140 | 138 | 38 1.0200 1.00 5750
1251 138 | 38 0.8700 0.74 6755
190 | 138 | 38 1.5200 1.00 5760
160 | 138 | 38 1.2200 1.00 5765
180 | 138 | 38 1.4200 1.00 5770
1271 138 | 38 0.8900 0.78 &
100 | 138 | 38 0.6200 0.42 5780
60 | 138 | 38 0.2200 0.11 5785
150 | 138 | 38 1.1200 1.00 5790
1551 138 | 38 1.1700 1.00 5795
140 | 138 | 38 1.0200 1.00 5800
70 | 138 | 38 0.3200 017 5805
40 | 138 | 38 0.0200 0.01 5810
40 | 138 | 38 0.0200 0.01 5815
45 | 138 | 38 0.0700 0.03 5820
40 | 138 | 38 0.0200 0.01 5825
158 | 138 | 38 1.2000 1.00 5830
110 | 138 | 38 0.7200 0.53 5835
1451 138 | 38 1.0700 1.00 5840
165 | 138 | 38 1.2700 1.00 5845
1451 138 | 38 1.0700 1.00 5850
200 | 138 | 38 1.6200 1.00 5855
120 | 138 | 38 0.8200 0.67 5860
160 | 138 | 38 1.2200 1.00 5865
150 | 138 | 38 1.1200 1.00 5870
110 | 138 | 38 0.7200 0.53 5875
1751 138 | 38 1.3700 1.00 5880
148 | 138 | 38 1.1000 1.00 5885
110 | 138 | 38 0.7200 0.53 5890
100 | 138 | 38 0.6200 0.42 5895
72 1 138 | 38 0.3400 0.18 5900
62 | 138 | 38 0.2400 0.12 5905
61 | 138 | 38 0.2300 0.1 5910
1251 138 | 38 0.8700 0.74 5915
1251 138 | 38 0.8700 0.74 5920
110 | 138 | 38 0.7200 0.53 5925
105 | 138 | 38 0.6700 0.47 5930

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
50 | 138 | 38 0.1200 0.05 5935
50 | 138 | 38 0.1200 0.05 5940
50 | 138 | 38 0.1200 0.05 5945
50 | 138 | 38 0.1200 0.05 5950
70 | 138 | 38 0.3200 0.17 5955
97 | 138 | 38 0.5900 0.39 5960
70 | 138 | 38 0.3200 0.17 5965
170 | 138 | 38 1.3200 1.00 5970
1451 138 | 38 1.0700 1.00 5975
150 | 138 | 38 1.1200 1.00 5980
120 | 138 | 38 0.8200 0.67 5985
110 | 138 | 38 0.7200 0.53 5990
60 | 138 | 38 0.2200 0.11 5995
60 | 138 | 38 0.2200 0.1 6000
60 | 138 | 38 0.2200 0.1 6005
60 | 138 | 38 0.2200 0.11 6010
67 | 138 | 38 0.2900 0.15 6015
157 |1 138 | 38 1.1900 1.00 6020
85 | 138 | 38 0.4700 0.28 6025
158 | 138 | 38 1.2000 1.00 6030
1151 138 | 38 0.7700 0.60 6035
150 | 138 | 38 1.1200 1.00 6040
178 | 138 | 38 1.4000 1.00 6045
150 | 138 | 38 1.1200 1.00 6050
120 | 138 | 38 0.8200 0.67 6055
122 | 138 | 38 0.8400 0.70 6060
ASef=|=F58 I4 38 0.9900 0.98 6065
100 | 138 | 38 0.6200 0.42 6070
140 | 138 | 38 1.0200 1.00 6075
115 | 138 | 38 0.7700 0.60 6080
145 | 138 | 38 1.0700 1.00 6085
140| 138 | 38 1.0200 1.00 6090
160 | 138 | 38 1.2200 1.00 6095
180| 138 | 38 1.4200 1.00 6100
1181 138 | 38 0.8000 0.64 6105
110 | 138/| 38 0.7200 0.53 6110
1601 138 | 38 1.2200 1.00 6115
130 | 138 | 38 0.9200 0.83 6120
120 | 138 | 38 0.8200 0.67 6125
140 | 138 | 38 1.0200 1.00 6130
70 | 138 | 38 0.3200 0.17 6135
40 | 138 | 38 0.0200 0.01 6140
60 | 138 | 38 0.2200 0.11 6145
140 | 138 | 38 1.0200 1.00 6150
150 | 138 | 38 1.1200 1.00 6155
170 | 138 | 38 1.3200 1.00 6160
160 | 138 | 38 1.2200 1.00 6165
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Table A.6 Shale volume (Vsh) calculation from well: F (continued)
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Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
140 | 138 | 38 1.0200 1.00 6170
100 | 138 | 38 0.6200 0.42 6175
110 | 138 | 38 0.7200 0.53 6180
135 | 140 | 42 0.9490 0.89 6185
110 | 140 | 42 0.6939 0.50 6190
165 | 140 | 42 1.15631 1.00 6195
1451 140 | 42 1.0510 1.00 6200
150 | 140 | 42 1.1020 1.00 6205
110 | 140 | 42 0.6939 0.50 6210
125 | 140 | 42 0.8469 0.71 6215
60 | 140 | 42 0.1837 0.09 6220
65 | 140 | 42 0.2347 0.12 6225
130 | 140 | 42 0.8980 0.79 6230
50 | 140 | 42 0.0816 0.04 6235
90 | 140 | 42 0.4898 0.30 6240
130 | 140 | 42 0.8980 0.79 6245
130 | 140 | 42 0.8980 0.79 6250
140 | 140 | 42 1.0000 1.00 6255
1551 140 | 42 1.1531 1.00 6260
105 140 | 42 0.6429 0.44 6265
165 | 140 | 42 1.2551 1.00 6270
170 |1 140 | 42 1.3061 1.00 6275
150 | 140 | 42 1.1020 1.00 6280
130 | 140 | 42 0.8980 0.79 6285
170 | 140 | 42 1.3061 1.00 6290
160 | 140 | 42 1.2041 1.00 6295
160 | 140 | 42 1.2041 1.00 6300
90 | 140 | 42 0.4898 0.30 6305
170 | 140 | 42 1.3061 1.00 6310
190 | 140 | 42 1.5102 1.00 6315
1451 140 | 42 1.0510 1.00 6320
1451 140 | 42 1.0510 1.00 6325
140 | 140 | 42 1.0000 1.00 6330
120 | 140 | 42 0.7959 0.63 6335
70 | 140 | 42 0.2857 0.15 6340
150 | 140 42 1.1020 1.00 6345
1451 140 | 42 1.0510 1.00 6350
160 | 140 | 42 1.2041 1.00 6355
140 | 140 | 42 1.0000 1.00 6360
150 | 140 | 42 1.1020 1.00 6365
130 | 140 | 42 0.8980 0.79 6370
135 | 140 | 42 0.9490 0.89 6375
150 | 140 | 42 1.1020 1.00 6380
170 | 140 | 42 1.3061 1.00 6385
150 | 140 | 42 1.1020 1.00 6390
130 | 140 | 42 0.8980 0.79 6395
80 | 140 | 42 0.3878 0.22 6400

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
140 | 140 | 42 1.0000 1.00 6405
150 | 140 | 42 1.1020 1.00 6410
170 | 140 | 42 1.3061 1.00 6415
165 | 140 | 42 1.2551 1.00 6420
153 | 140 | 42 1.1327 1.00 6425
11561 140 | 42 0.7449 0.56 6430
90 | 140 | 42 0.4898 0.30 6435
140 | 140 | 42 1.0000 1.00 6440
110 | 140 | 42 0.6939 0.50 6445
150 | 140 | 42 1.1020 1.00 6450
150 | 140 | 42 1.1020 1.00 6455
100 | 140 | 42 0.5918 0.39 6460
180 | 140 | 42 1.4082 1.00 6465
190 | 140 | 42 1.5102 1.00 6470
100 | 140 | 42 0.5918 0.39 6475
125 | 140 | 42 0.8469 0.71 6480
75 | 140 | 42 0.3367 0.18 6485
60 | 140 | 42 0.1837 0.09 6490
60 | 140 | 42 0.1837 0.09 6495
60 | 140 | 42 0.1837 0.09 6500
125 | 140 | 42 0.8469 0.71 6505
70 | 140 | 42 0.2857 0.15 6510
55 | 140 | 42 0.1327 0.06 6515
55 | 140 | 42 0.1327 0.06 6520
100 | 140 | 42 0.5918 0.39 6525
130 | 140 | 42 0.8980 0.79 6530
1551 140 | 42 1.1531 1.00 6535
140 | 140 | 42 1.0000 1.00 6540
165| 140 | 42 1.1531 1.00 6545
180 | 140 | 42 1.4082 1.00 6550
1551 140 | 42 1.1531 1.00 6555
90 | 140 | 42 0.4898 0.30 6560
90 | 140 | 42 0.4898 0.30 6565
80| 140 | 42 0.3878 0.22 6570
55 ] 140 | 42 0.1327 0.06 6575
65 | 140 | 42 0.2347 0.12 6580
55 | 140 | 42 0.1327 0.06 6585
65 | 140 | 42 0.2347 0.12 6590
60 | 140 | 42 0.1837 0.09 6595
100 | 140 | 42 0.5918 0.39 6600
80 | 140 | 42 0.3878 0.22 6605
80 | 140 | 42 0.3878 0.22 6610
70 | 140 | 42 0.2857 0.15 6615
65 | 140 | 42 0.2347 0.12 6620
60 | 140 | 42 0.1837 0.09 6625
50 | 140 | 42 0.0816 0.04 6630
170 1 140 | 42 1.3061 1.00 6635




Table A.6 Shale volume (Vsh) calculation from well: F (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
120 | 140 | 42 0.7959 0.63 6640
150 | 140 | 42 1.1020 1.00 6645
140 | 140 | 42 1.0000 1.00 6650
200 | 140 | 42 1.6122 1.00 6655
1851 140 | 42 1.4592 1.00 6660
120 | 140 | 42 0.7959 0.63 6665
170 | 140 | 42 1.3061 1.00 6670
190 | 140 | 42 1.5102 1.00 6675
1851 140 | 42 1.4592 1.00 6680
140 | 140 | 42 1.0000 1.00 6685
200 | 140 | 42 1.6122 1.00 6690
170 | 140 | 42 1.3061 1.00 6695
150 | 140 | 42 1.1020 1.00 6700
110 | 140 | 42 0.6939 0.50 6705
200 | 140 | 42 1.6122 1.00 6710
110 | 140 | 42 0.6939 0.50 6715
120 | 140 | 42 0.7959 0.63 6720
200 | 140 | 42 1.6122 1.00 6725
135 140 | 42 0.9490 0.89 6730
150 | 140 | 42 1.1020 1.00 6735
180 | 140 | 42 1.4082 1.00 6740
200 | 140 | 42 1.6122 1.00 6745
140 | 140 | 42 1.0000 1.00 6750
170 | 140 | 42 1.3061 1.00 6755
180 | 140 | 42 1.4082 1.00 6760
160 | 140 | 42 1.2041 1.00 6765
170 | 143 | 39 1.2596 1.00 6770
140 | 143 | 39 0.9712 0.93 6775
165 | 143 | 39 1.2115 1.00 6780
150 | 143 | 39 1.0673 1.00 6785
170 | 143 | 39 1.2596 1.00 6790
165 | 143 | 39 1.2115 1.00 6795
120 | 143 | 39 0.7788 0.61 6800
40 | 143 | 39 0.0096 0.00 6805
70 | 143 | 39 0.2981 0.16 6810
60 | 1437 39 0.2019 0.10 6815
60 | 143 | 39 0.2019 0.10 6820
70 | 143 | 39 0.2981 0.16 6825
190 | 143 | 39 1.4519 1.00 6830
140 | 143 | 39 0.9712 0.93 6835
140 |1 143 | 39 0.9712 0.93 6840
55 | 143 | 39 0.1538 0.07 6845
60 | 143 ] 39 0.2019 0.10 6850
55 | 143 | 39 0.1538 0.07 6855
55 | 143 | 39 0.1538 0.07 6860
45 | 143| 39 0.0577 0.02 6865
165 | 143 | 39 1.2115 1.00 6870

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
180 | 143 | 39 1.3558 1.00 6875
145 | 143 | 39 1.0192 1.00 6880
180 | 143 | 39 1.3558 1.00 6885
120 | 143 | 39 0.7788 0.61 6890
190 | 143 | 39 1.4519 1.00 6895
130 | 143 | 39 0.8750 0.75 6900
140 | 143 | 39 0.9712 0.93 6905
60 | 143 | 39 0.2019 0.10 6910
65 | 143 | 39 0.2500 0.13 6915
60 | 143 | 39 0.2019 0.10 6920
65 | 143 | 39 0.2500 0.13 6925
60 | 143 | 39 0.2019 0.10 6930
50 | 143 | 39 0.1058 0.05 6935
50 | 143 | 39 0.1058 0.05 6940
55 | 143 | 39 0.1538 0.07 6945
70 | 143 | 39 0.2981 0.16 6950
80 | 143 | 39 0.3942 0.22 6955
165 | 143 | 39 1.2115 1.00 6960
180 | 143 | 39 1.3558 1.00 6965
100 | 143 | 39 0.5865 0.39 6970
150 | 143 | 39 1.0673 1.00 6975
195 | 143 | 39 1.5000 1.00 6980
180 | 143 | 39 1.3558 1.00 6985
130 | 143 | 39 0.8750 0.75 6990
170 | 143 | 39 1.2596 1.00 6995
130 | 143 | 39 0.8750 0.75 7000
165 | 143 | 39 1.2115 1.00 7005
90 | 143 | 39 0.4904 0.30 7010
170 | 143 | 39 1.2596 1.00 7015
160 | 143 | 39 1.1635 1.00 7020
90 | 143 | 39 0.4904 0.30 7025
15| 143 | 39 0.7308 0.55 7030
70 | 143 | 39 0.2981 0.16 7035
43| 143 | 39 0.0385 0.02 7040
561 143 | 39 0.1538 0.07 7045
50 | 143 39 0.1058 0.05 7050
18071 143 | 39 1.3558 1.00 7055
160 | 143 | 39 1.1635 1.00 7060
100 | 143 | 39 0.5865 0.39 7065
70 | 143 ] 39 0.2981 0.16 7070
170 | 143 | 39 1.2596 1.00 7075
175 | 143 | 39 1.3077 1.00 7080
115 | 143 | 39 0.7308 0.55 7085
200 | 143 | 39 1.5481 1.00 7090
150 | 143 | 39 1.0673 1.00 7095
160 | 143 | 39 1.1635 1.00 7100
123 | 143 | 39 0.8077 0.65 7105

187



Table A.6 Shale volume (Vsh) calculation from well: F (continued)

188

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
190 | 143 | 39 1.4519 1.00 7110
130 | 143 | 39 0.8750 0.75 7115
200 | 143 | 39 1.5481 1.00 7120
1751 143 | 39 1.3077 1.00 7125
120 | 143 | 39 0.7788 0.61 7130
140 | 143 | 39 0.9712 0.93 7135
50 | 143 | 39 0.1058 0.05 7140
50 | 143 | 39 0.1058 0.05 7145
55 | 143 | 39 0.1538 0.07 7150
50 | 143 | 39 0.1058 0.05 7155
55 | 143 | 39 0.1538 0.07 7160
45 | 1431 39 0.0577 0.02 7165
50 | 143 | 39 0.1058 0.05 7170
200 | 143 | 39 1.5481 1.00 7175
185 | 143 | 39 1.4038 1.00 7180
1951 143 | 39 1.5000 1.00 7185
150 | 143 | 39 1.0673 1.00 7190
200 | 143 | 39 1.5481 1.00 7195
120 | 143 39 0.7788 0.61 7200
110 | 143 | 39 0.6827 0.49 7205
95 | 143 | 39 0.5385 0.34 7210
100 | 143 | 39 0.5865 0.39 7215
60 | 143 | 39 0.2019 0.10 7220
60 | 143 | 39 0.2019 0.10 7225
1251 1431 39 0.8269 0.68 7230
190 | 143 | 39 1.4519 1.00 7235
180 | 143 | 39 1.8558 1.00 7240
180 | 143 | 39 1.3558 1.00 7245
95 | 143 ] 39 0.5385 0.34 7250
160 | 143 | 39 1.1635 1.00 7255
180 | 143 | 39 1.3558 1.00 7260
185 | 143 | 39 1.4038 1.00 7265
120 | 143 | 39 0.7788 0.61 7270
160 | 143 | 39 1.1635 1.00 7275
1351 143 | 39 0.9231 0.84 7280
100 | 143 39 0.5865 0.39 7285
120 | 143 | 39 0.7788 0.61 7290
1351 143 | 39 0.9231 0.84 7295
140 |1 143 | 39 0.9712 0.93 7300
40 | 143 | 39 0.0096 0.00 7305
50 | 143 | 39 0.1058 0.05 7310
40 | 143 39 0.0096 0.00 7315
195 | 143 | 39 1.5000 1.00 7320
1951 143 | 39 1.5000 1.00 7325
200 | 143 | 39 1.5481 1.00 7330
190 | 143 | 39 1.4519 1.00 7335
100 | 143 | 39 0.5865 0.39 7340

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
200 |1 150 | 32 1.4237 1.00 7345
200 | 150 | 32 1.4237 1.00 7350
130 | 150 | 32 0.8305 0.68 7355
150 | 150 | 32 1.0000 1.00 7360
1751 150 | 32 1.2119 1.00 7365
1551 150 | 32 1.0424 1.00 7370
130 | 150 | 32 0.8305 0.68 7375
50 | 150 | 32 0.1525 0.07 7380
40 | 150 | 32 0.0678 0.03 7385
65 | 150 | 32 0.2797 0.14 7390
60 | 150 | 32 0.2373 0.12 7395
60 | 150 | 32 0.2373 0.12 7400
65 | 160 | 32 0.2797 0.14 7405
55 | 160 | 32 0.1949 0.09 7410
70 | 160 | 32 0.3220 0.17 7415
65 | 150 | 32 0.2797 0.14 7420
60 | 160 | 32 0.2373 0.12 7425
60 | 150 | 32 0.2373 0.12 7430
60 | 160 | 32 0.2373 0.12 7435
1651 160 | 32 1.0424 1.00 7440
105 | 150 | 32 0.6186 0.42 7445
100 | 160 | 32 0.5763 0.38 7450
75 | 150 | 32 0.3644 0.20 7455
80 | 150 | 32 0.4068 0.23 7460
90 | 160 | 32 0.4915 0.30 7465
80 | 150 | 32 0.4068 0.23 7470
55=|=t50: |4 32 0.1949 0.09 7475
170 | 150 | 32 1.1695 1.00 7480
180 | 150 | 32 1.2542 1.00 7485
160 | 150 | 32 1.0847 1.00 7490
180 | 150 | 32 1.2542 1.00 7495
170 150 | 32 1.1695 1.00 7500
165 | 150 | 32 1.1271 1.00 7505
190| 150 | 32 1.3390 1.00 7510
160} 150 | 32 1.0847 1.00 7515
140 | 150 | 32 0.9153 0.82 7520
15071 150 [ 32 1.0000 1.00 7525
190 | 150 | 32 1.3390 1.00 7530
200 |1 150 | 32 1.4237 1.00 7535
140 | 150 | 32 0.9153 0.82 7540
180 | 150 | 32 1.2542 1.00 7545
160 | 150 | 32 1.0847 1.00 7550
140 | 150 | 32 0.9153 0.82 7555
170 | 150 | 32 1.1695 1.00 7560
130 | 150 | 32 0.8305 0.68 7565
140 | 150 | 32 0.9153 0.82 7570
180 | 150 | 32 1.2542 1.00 7575




Table A.6 Shale volume (Vsh) calculation from well: F (continued)

189

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
140 | 150 | 32 0.9153 0.82 7580
150 | 150 | 32 1.0000 1.00 7585
120 | 150 | 32 0.7458 0.56 7590
170 | 150 | 32 1.1695 1.00 7595
160 | 150 | 32 1.0847 1.00 7600
130 | 150 | 32 0.8305 0.68 7605
140 | 150 | 32 0.9153 0.82 7610
200 | 160 | 32 1.4237 1.00 7615
165 | 150 | 32 1.1271 1.00 7620
1751 150 | 32 1.2119 1.00 7625
130 | 150 | 32 0.8305 0.68 7630
1951 150 | 32 1.3814 1.00 7635
100 | 150 | 32 0.5763 0.38 7640
1951 150 | 32 1.3814 1.00 7645
100 | 150 | 32 0.5763 0.38 7650
1701 150 | 32 1.1695 1.00 7655
200 ] 150 | 32 1.4237 1.00 7660
140 | 150 | 32 0.9153 0.82 7665
130 ] 160 | 32 0.8305 0.68 7670
1251 150 | 32 0.7881 0.62 7675
110 ] 160 | 32 0.6610 0.46 7680
120 | 150 | 32 0.7458 0.56 7685
180 | 160 | 32 1.2542 1.00 7690
1451 150 | 32 0.9576 0.90 7695
180 | 150 | 32 1.2542 1.00 7700
170 | 150 | 32 1.1695 1.00 7705
120 | 150 | 32 0.7458 0.56 7710
160 | 150 | 32 1.0847 1.00 7715
160 | 150 | 32 1.0847 1.00 7720
200 | 160 | 32 1.4237 1.00 7725
140 | 150 | 32 0.9153 0.82 7730
120 | 150 | 32 0.7458 0.56 7735
1751 150 | 32 1.2119 1.00 7740
1751 150 | 32 1.2119 1.00 7745
45 | 150 | 32 0.1102 0.05 7750
40 | 150 32 0.0678 0.03 7755
80 | 150 | 32 0.4068 0.23 7760
45 | 150 | 32 0.1102 0.05 7765
60 | 150 | 32 0.2373 0.12 7770
150 | 150 | 32 1.0000 1.00 7775
1251 160 | 32 0.7881 0.62 7780
95 | 160 | 32 0.5339 0.34 7785
70 | 150 | 32 0.3220 0.17 7790
60 | 150 | 32 0.2373 0.12 7795
60 | 150 | 32 0.2373 0.12 7800
80 | 150 | 32 0.4068 0.23 7805
50 | 150 | 32 0.1525 0.07 7810

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
60 | 150 | 32 0.2373 0.12 7815
45 | 150 | 32 0.1102 0.05 7820
160 | 150 | 32 1.0847 1.00 7825
1551 150 | 32 1.0424 1.00 7830
170 | 150 | 32 1.1695 1.00 7835
120 | 150 | 32 0.7458 0.56 7840
140 | 150 | 32 0.9153 0.82 7845
70 | 150 | 32 0.3220 0.17 7850
90 | 160 | 32 0.4915 0.30 7855
180 | 150 | 32 1.2542 1.00 7860
170 | 164 | 40 1.0484 1.00 7865
177 | 164 | 40 1.1048 1.00 7870
180 | 164 | 40 1.1290 1.00 7875
110 | 164 | 40 0.5645 0.37 7880
160 | 164 | 40 0.9677 0.93 7885
170 | 164 | 40 1.0484 1.00 7890
177 | 164 | 40 1.1048 1.00 7895
150 | 164 | 40 0.8871 0.77 7900
180 | 164 | 40 0.7258 0.54 7905
160 | 164 | 40 0.9677 0.93 7910
150 | 164 | 40 0.8871 0.77 7915
140 | 164 | 40 0.8065 0.65 7920
180 | 164 | 40 1.1290 1.00 7925
200 | 164 | 40 1.2903 1.00 7930
145 ] 164 | 40 0.8468 0.71 7935
180 | 164 | 40 1.1290 1.00 7940
120 | 164 | 40 0.6452 0.45 7945
177 | 164 | 40 1.1048 1.00 7950
170 | 164 | 40 1.0484 1.00 7955
170 | 164 | 40 1.0484 1.00 7960
130 | 164 | 40 0.7258 0.54 7965
180| 164 | 40 1.1290 1.00 7970
195 | 164 | 40 1.2500 1.00 7975
140°| 164 | 40 0.8065 0.65 7980
1151 164 | 40 0.6048 0.40 7985
120 | 164 | 40 0.6452 0.45 7990
50 | 164 | 40 0.0806 0.04 7995
70 | 164 | 40 0.2419 0.12 8000
55 | 164 | 40 0.1210 0.06 8005
50 | 164 | 40 0.0806 0.04 8010
140 | 164 | 40 0.8065 0.65 8015
195 | 164 | 40 1.2500 1.00 8020
180 | 164 | 40 1.1290 1.00 8025
115 | 164 | 40 0.6048 0.40 8030
140 | 164 | 40 0.8065 0.65 8035
137 | 164 | 40 0.7823 0.61 8040
170 | 164 | 40 1.0484 1.00 8045




Table A.6 Shale volume (Vsh) calculation from well: F (continued)

190

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
125 | 164 | 40 0.6855 0.49 8050
165 | 164 | 40 1.0081 1.00 8055
160 | 164 | 40 0.9677 0.93 8060
155 | 164 | 40 0.9274 0.84 8065
160 | 164 | 40 0.9677 0.93 8070
180 | 164 | 40 1.1290 1.00 8075
170 | 164 | 40 1.0484 1.00 8080
160 | 164 | 40 0.9677 0.93 8085
165 | 164 | 40 0.9274 0.84 8090
165 | 164 | 40 1.0081 1.00 8095
170 | 164 | 40 1.0484 1.00 8100
180 | 164 | 40 1.1290 1.00 8105
1751 164 | 40 1.0887 1.00 8110
105 | 164 | 40 0.5242 0.33 8115
180 | 164 | 40 1.1290 1.00 8120
180 | 164 | 40 1.1290 1.00 8125
195 ] 164 | 40 1.2500 1.00 8130
155 | 164 | 40 0.9274 0.84 8135
167 | 164 | 40 1.0242 1.00 8140
105 | 164 | 40 0.5242 0.33 8145
140 | 164 | 40 0.8065 0.65 8150
165 | 164 | 40 1.0081 1.00 8155
165 | 164 | 40 1.0081 1.00 8160
180 | 164 | 40 1.1290 1.00 8165
110 | 164 | 40 0.5645 0.37 8170
180 | 164 | 40 1.1290 1.00 8175
180 | 164 | 40 1.1290 1.00 8180
120 | 164 | 40 0.6452 0.45 8185
160 | 164 | 40 0.9677 0.93 8190
180 | 164 | 40 1.1290 1.00 8195
180 | 164 | 40 1.1290 1.00 8200
180 | 164 | 40 1.1290 1.00 8205
135 | 164 | 40 0.7661 0.59 8210
140 | 164 | 40 0.8065 0.65 8215
160 | 164 | 40 0.9677 0.93 8220
140 | 164 | 40 0.8065 0.65 8225
120 | 164 | 40 0.6452 0.45 8230
160 | 164 | 40 0.9677 0.93 8235
120 | 164 | 40 0.6452 0.45 8240
90 | 164 | 40 0.4032 0.23 8245
65 | 164 | 40 0.2016 0.10 8250
80 | 164 | 40 0.3226 0.17 8255
70 | 164 | 40 0.2419 0.12 8260
70 | 164 | 40 0.2419 0.12 8265
100 | 164 | 40 0.4839 0.29 8270
135 | 164 | 40 0.7661 0.59 8275
197 | 164 | 40 1.2661 1.00 8280

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
140 | 164 | 40 0.8065 0.65 8285
60 | 164 | 40 0.1613 0.08 8290
70 | 164 | 40 0.2419 0.12 8295
75 | 164 | 40 0.2823 0.15 8300
105 | 164 | 40 0.5242 0.33 8305
80 | 164 | 40 0.3226 0.17 8310
70 | 164 | 40 0.2419 0.12 8315
60 | 164 | 40 0.1613 0.08 8320
55 | 164 | 40 0.1210 0.06 8325
200 | 164 | 40 1.2903 1.00 8330
120 | 164 | 40 0.6452 0.45 8335
110 | 164 | 40 0.5645 0.37 8340
197 | 164 | 40 1.2661 1.00 8345
150 | 164 | 40 0.8871 0.77 8350
180 | 164 | 40 1.1290 1.00 8355
180 | 164 | 40 1.1290 1.00 8360
110 | 164 | 40 0.5645 0.37 8365
120 | 164 | 40 0.6452 0.45 8370
100 | 164 | 40 0.4839 0.29 8375
170 | 164 | 40 1.0484 1.00 8380
200 | 164 | 40 1.2903 1.00 8385
60 | 164 | 40 0.1613 0.08 8390
180 | 164 | 40 1.1290 1.00 8395
150 | 164 | 40 0.8871 0.77 8400
200 | 164 | 40 1.2903 1.00 8405
200 | 164 | 40 1.2903 1.00 8410
130 | 164 | 40 0.7258 0.54 8415
200 | 164 | 40 1.2903 1.00 8420
110 | 164 | 40 0.5645 0.37 8425
60 | 164 | 40 0.1613 0.08 8430
200 | 164 | 40 1.2903 1.00 8435
200| 164 | 40 1.2903 1.00 8440
150 | 164 | 40 0.8871 0.77 8445
1751 164 | 40 1.0887 1.00 8450
1901 164 | 40 1.2097 1.00 8455
110 | 164 | 40 0.5645 0.37 8460
160} 164 | 40 0.9677 0.93 8465
200 | 164 | 40 1.2903 1.00 8470
200 | 164 | 40 1.2903 1.00 8475
70 | 164 | 40 0.2419 0.12 8480
200 | 164 | 40 1.2903 1.00 8485
145 | 164 | 40 0.8468 0.71 8490
200 | 164 | 40 1.2903 1.00 8495
160 | 164 | 40 0.9677 0.93 8500
190 | 164 | 40 1.2097 1.00 8505
110 | 164 | 40 0.5645 0.37 8510
160 | 164 | 40 0.9677 0.93 8515




Table A.6 Shale volume (Vsh) calculation from well: F (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
110 | 164 | 40 0.5645 0.37 8520
200 | 164 | 40 1.2903 1.00 8525
130 | 164 | 40 0.7258 0.54 8530
175 | 164 | 40 1.0887 1.00 8535
190 | 164 | 40 1.2097 1.00 8540
150 | 164 | 40 0.8871 0.77 8545
200 | 164 | 40 1.2903 1.00 8550
120 | 164 | 40 0.6452 0.45 8555
100 | 164 | 40 0.4839 0.29 8560
140 | 164 | 40 0.8065 0.65 8565
180 | 164 | 40 1.1290 1.00 8570
200 | 164 | 40 1.2903 1.00 8575
200 | 164 | 40 1.2903 1.00 8580
200 | 164 | 40 1.2903 1.00 8585
190 | 164 | 40 1.2097 1.00 8590
110 | 164 | 40 0.5645 0.37 8595
90 | 164 | 40 0.4032 0.23 8600
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Table A.7 Shale volume (Vsh) calculation from well: H

192

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
100 | 158 | 68 0.3556 0.19 5200
82 | 158 | 68 0.1556 0.07 5205
80 | 158 | 68 0.1333 0.06 5210
90 | 158 | 68 0.2444 0.12 5215
97 | 158 | 68 0.3222 0.17 5220
73 | 168 | 68 0.0556 0.02 5225
75 |1 158 | 68 0.0778 0.03 5230
80 | 158 | 68 0.1333 0.06 5235
80 | 158 | 68 0.1333 0.06 5240
75 | 168 | 68 0.0778 0.03 5245
65 | 158 | 68 -0.0333 0.00 5250
95 | 158 | 68 0.3000 0.16 5255
48 | 158 | 68 -0.2222 0.00 5260
78 | 158 | 68 0.1111 0.05 5265
68 | 158 | 68 0.0000 0.00 5270
68 | 158 | 68 0.0000 0.00 5275
63 | 158 | 68 -0.0556 0.00 5280
75 | 158 | 68 0.0778 0.03 5285
82 | 158 | 68 0.1556 0.07 5290
117 | 158 | 68 0.5444 0.35 5295
110 | 158 | 68 0.4667 0.28 5300
121 | 158 | 68 0.5889 0.39 5305
105 | 168 | 68 0.4111 0.24 5310
120 | 158 | 68 0.5778 0.38 5315
125 | 168 | 68 0.6333 0.43 5320
90 | 158 | 68 0.2444 0.12 5325
88 | 158 | 68 0.2222 0.1 5330
75 |1 168 | 68 0.0778 0.03 5335
62 | 158 | 68 -0.0667 0.00 5340
52 | 168 | 68 -0.1778 0.00 5345
60 | 158 | 68 -0.0889 0.00 5350
150 | 158 | 68 0.9111 0.81 5355
150 | 158 | 68 0.9111 0.81 5360
153 | 158 | 68 0.9444 0.88 5365
142 1 158 | 68 0.8222 0.67 5370
153 | 158 | 68 0.9444 0.88 5375
152 | 158 | 68 0.9333 0.86 5380
117 | 158 | 68 0.5444 0.35 5385
118 | 158 | 68 0.5556 0.36 5390
115 | 158 | 68 0.56222 0.33 5395
70 | 158 | 68 0.0222 0.01 5400
62 | 158 | 68 -0.0667 0.00 5405
63 | 158 | 68 -0.0556 0.00 5410
70 | 168 | 68 0.0222 0.01 5415
78 | 168 | 68 0.1111 0.05 5420
70 | 168 | 68 0.0222 0.01 5425
62 | 158 | 68 -0.0667 0.00 5430

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
1563 | 158 | 68 0.9444 0.88 5435
87 | 158 | 68 0.2111 0.10 5440
138 | 158 | 68 0.7778 0.61 5445
98 | 158 | 68 0.3333 0.18 5450
82 | 158 | 68 0.1556 0.07 5455
80 | 158 | 68 0.1333 0.06 5460
90 | 158 | 68 0.2444 0.12 5465
85 | 158 | 68 0.1889 0.09 5470
62 | 158 | 68 -0.0667 0.00 5475
116 | 158 | 68 0.5222 0.33 5480
110 | 158 | 68 0.4667 0.28 5485
97 | 168 | 68 0.3222 0.17 5490
130 | 158 | 68 0.6889 0.50 5495
122 | 158 | 68 0.6000 0.40 5500
143 | 158 | 68 0.8333 0.69 5505
137 | 158 | 68 0.7667 0.59 5510
117 1 168 | 68 0.5444 0.35 5515
121 | 158 | 68 0.5889 0.39 5520
117 1 168 | 68 0.5444 0.35 5525
100 | 158 | 68 0.3556 0.19 5530
73 | 168 | 68 0.0556 0.02 5535
60 | 158 | 68 -0.0889 0.00 5540
75 | 158 | 68 0.0778 0.03 5545
62 | 158 | 68 -0.0667 0.00 5550
62 | 158 | 68 -0.0667 0.00 5555
67 | 158 | 68 -0.0111 0.00 5560
138 | 158 | 68 0.7778 0.61 5565
95 | 1568 | 68 0.3000 0.16 5570
110 | 158 | 68 0.4667 0.28 5575
133 | 158 | 68 0.7222 0.53 5580
82 | 158 | 68 0.1556 0.07 5585
1501 158 | 68 0.9111 0.81 5590
73 | 158 | 68 0.0556 0.02 5595
160 | 158 | 68 1.0222 1.00 5600
80 ] 1568 | 68 0.1333 0.06 5605
70 | 168.| 68 0.0222 0.01 5610
83 | 168 68 0.1667 0.08 5615
80 | 158 | 68 0.1333 0.06 5620
55 | 168 | 68 -0.1444 0.00 5625
63 | 158 | 68 -0.0556 0.00 5630
82 | 158 | 68 0.1556 0.07 5635
168 | 158 | 68 11111 1.00 5640
163 | 158 | 68 1.0556 1.00 5645
117 | 158 | 68 0.5444 0.35 5650
175 | 158 | 68 1.1889 1.00 5655
170 | 158 | 68 1.1333 1.00 5660
180 | 158 | 68 1.2444 1.00 5665




Table A.7 Shale volume (Vsh) calculation from well: H (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
170 | 158 | 68 1.1333 1.00 5670
165 | 158 | 68 1.0778 1.00 5675
102 | 158 | 68 0.3778 0.21 5680
110 | 158 | 68 0.4667 0.28 5685
130 | 158 | 68 0.6889 0.50 5690
170 | 158 | 68 1.1333 1.00 5695
200 | 158 | 68 1.4667 1.00 5700
150 | 158 | 68 0.9111 0.81 5705
140 | 158 | 68 0.8000 0.64 5710
143 | 158 | 68 0.8333 0.69 5715
178 1 158 | 68 1.2222 1.00 5720
150 | 158 | 68 0.9111 0.81 5725
1471 158 | 68 0.8778 0.76 5730
170 | 158 | 68 1.1333 1.00 5735
163 | 158 | 68 0.9444 0.88 5740
168 | 158 | 68 11111 1.00 5745
170 ] 168 | 68 1.1333 1.00 5750
1721 158 | 68 1.1556 1.00 5755
150 | 168 | 68 0.9111 0.81 5760
1421 158 | 68 0.8222 0.67 5765
160 | 158 | 68 1.0222 1.00 5770
1751 158 | 68 1.1889 1.00 5775
197 | 168 | 68 1.4333 1.00 5780
200 | 158 | 68 1.4667 1.00 5785
168 | 158 | 68 11111 1.00 5790
160 | 158 | 68 1.0222 1.00 5795
128 | 158 | 68 0.6667 0.47 5800
105 | 158 | 68 0.4111 0.24 5805
177 | 158 | 68 1.2111 1.00 5810
190 | 158 | 68 1.3556 1.00 5815
153 | 158 | 68 0.9444 0.88 5820
173 | 158 | 68 1.1667 1.00 5825
98 | 158 | 68 0.3333 0.18 5830
157 | 158 | 68 0.9889 0.97 5835
180 | 158 | 68 1.2444 1.00 5840
123 | 158 | 68 0.6111 0.41 5845
175 | 158 | 68 1.1889 1.00 5850
197 | 158 | 68 1.4333 1.00 5855
155 | 168 | 68 0.9667 0.92 5860
87 | 158 | 68 0.2111 0.10 5865
155 | 168 | 68 0.9667 0.92 5870
140 | 158 | 68 0.8000 0.64 5875
182 | 158 | 68 1.2667 1.00 5880
170 | 158 | 68 1.1333 1.00 5885
143 | 158 | 68 0.8333 0.69 5890
168 | 158 | 68 171111 1.00 5895
143 | 168 | 68 0.8333 0.69 5900

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
190 | 158 | 68 1.3556 1.00 5905
177 | 158 | 68 1.2111 1.00 5910
200 | 158 | 68 1.4667 1.00 5915
140 | 158 | 68 0.8000 0.64 5920
168 | 158 | 68 11111 1.00 5925
110 | 158 | 68 0.4667 0.28 5930
118 | 158 | 68 0.5556 0.36 5935
127 1 158 | 68 0.6556 0.46 5940
63 | 158 | 68 -0.0556 0.00 5945
50 | 158 | 68 -0.2000 0.00 5950
170 | 158 | 68 1.1333 1.00 5955
168 | 158 | 68 171111 1.00 5960
160 | 158 | 68 1.0222 1.00 5965
158 | 158 | 68 1.0000 1.00 5970
130 | 168 | 68 0.6889 0.50 5975
120 | 158 | 68 0.5778 0.38 5980
55 | 168 | 68 -0.1444 0.00 5985
55 | 158 | 68 -0.1444 0.00 5990
65 | 168 | 68 -0.0333 0.00 5995
68 | 158 | 68 0.0000 0.00 6000
62 | 168 | 68 -0.0667 0.00 6005
62 | 168 | 68 -0.0667 0.00 6010
90 | 158 | 68 0.2444 0.12 6015
1431 158 | 68 0.8333 0.69 6020
118 | 158 | 68 0.5556 0.36 6025
145 | 158 | 68 0.8556 0.72 6030
180 | 158 | 68 1.2444 1.00 6035
122 | 158 | 68 0.6000 0.40 6040
125 158 | 68 0.6333 0.43 6045
155 | 158 | 68 0.9667 0.92 6050
200 | 158 | 68 1.4667 1.00 6055
80 | 158 | 68 0.1333 0.06 6060
70 | 158 | 68 0.0222 0.01 6065
62 ['158 | 68 -0.0667 0.00 6070
67 /| 168 | 68 -0.0111 0.00 6075
70 | 168 | 68 0.0222 0.01 6080
65 | 168 68 -0.0333 0.00 6085
90 | 158 | 68 0.2444 0.12 6090
75 | 158 | 68 0.0778 0.03 6095
90 | 158 | 68 0.2444 0.12 6100
138 | 158 | 68 0.7778 0.61 6105
140 | 158 | 68 0.8000 0.64 6110
132 | 158 | 68 0.7111 0.52 6115
132 | 158 | 68 0.7111 0.52 6120
131 | 158 | 68 0.7000 0.51 6125
145 | 158 | 68 0.8556 0.72 6130
1421 158 | 68 0.8222 0.67 6135
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Table A.7 Shale volume (Vsh) calculation from well: H (continued)

194

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
138 | 158 | 68 0.7778 0.61 6140
125 | 158 | 68 0.6333 0.43 6145
120 | 158 | 68 0.5778 0.38 6150
153 | 158 | 68 0.9444 0.88 6155
160 | 158 | 68 1.0222 1.00 6160
1751 158 | 68 1.1889 1.00 6165
120 | 158 | 68 0.5778 0.38 6170
170 | 162 | 65 1.0825 1.00 6175
1751 162 | 65 1.1340 1.00 6180
1251 162 | 65 0.6186 0.42 6185
1650 | 162 | 65 0.8763 0.75 6190
187 | 162 | 65 1.2577 1.00 6195
160 | 162 | 65 0.9794 0.95 6200
160 | 162 | 65 0.9794 0.95 6205
165 | 162 | 65 1.0309 1.00 6210
168 | 162 | 65 1.0619 1.00 6215
133 | 162 | 65 0.7010 0.51 6220
158 | 162 | 65 0.9588 0.91 6225
190 | 162 | 65 1.2887 1.00 6230
160 | 162 | 65 0.9794 0.95 6235
190 | 162 | 65 1.2887 1.00 6240
170 | 162 | 65 1.0825 1.00 6245
167 | 162 | 65 1.0515 1.00 6250
190 | 162 | 65 1.2887 1.00 6255
140 | 1621 65 0.7732 0.60 6260
200 | 162 | 65 1.3918 1.00 6265
158 | 162 | 65 0.9588 0.91 6270
155 | 162 | 65 0.9278 0.85 6275
142 | 162 | 65 0.7938 0.63 6280
123 | 162 | 65 0.5979 0.40 6285
120 | 162 | 65 0.5670 0.37 6290
100 | 162 | 65 0.3608 0.20 6295
197 | 162 | 65 1.3608 1.00 6300
160 | 162 | 65 0.9794 0.95 6305
158 | 162 | 65 0.9588 0.91 6310
158 | 162 65 0.9588 0.91 6315
195 | 162 | 65 1.3402 1.00 6320
170 | 162 | 65 1.0825 1.00 6325
163 | 162 | 65 0.9072 0.81 6330
107 | 162 | 65 0.4330 0.25 6335
1731 162 | 65 1.1134 1.00 6340
190 | 162 | 65 1.2887 1.00 6345
165 | 162 | 65 1.0309 1.00 6350
100 | 162 | 65 0.3608 0.20 6355
160 | 162 | 65 0.9794 0.95 6360
168 | 162 | 65 1.0619 1.00 6365
150 | 162 | 65 0.8763 0.75 6370

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
190 | 162 | 65 1.2887 1.00 6375
190 | 162 | 65 1.2887 1.00 6380
160 | 162 | 65 0.9794 0.95 6385
168 | 162 | 65 1.0619 1.00 6390
1551 162 | 65 0.9278 0.85 6395
150 | 162 | 65 0.8763 0.75 6400
50 | 162 | 65 -0.1546 0.00 6405
100 | 162 | 65 0.3608 0.20 6410
45 | 162 | 65 -0.2062 0.00 6415
47 | 162 | 65 -0.1856 0.00 6420
167 | 162 | 65 1.0515 1.00 6425
140 | 162 | 65 0.7732 0.60 6430
190 | 162 65 1.2887 1.00 6435
147 | 162 | 65 0.8454 0.70 6440
142 |1 162 | 65 0.7938 0.63 6445
140 | 162| 65 0.7732 0.60 6450
150 | 162 | 65 0.8763 0.75 6455
200 | 162 | 65 1.3918 1.00 6460
1151 162 | 65 0.5155 0.32 6465
160 | 162 | 65 0.9794 0.95 6470
175 | 162 | 65 1.1340 1.00 6475
190 | 162 | 65 1.2887 1.00 6480
192 | 162 | 65 1.3093 1.00 6485
120 | 162 | 65 0.5670 0.37 6490
57 | 162 | 65 -0.0825 0.00 6495
75 | 162 | 65 0.1031 0.05 6500
140 | 162 | 65 0.7732 0.60 6505
160 | 162 | 65 0.9794 0.95 6510
160 | 162 | 65 0.9794 0.95 6515
138 | 162 | 65 0.7526 0.57 6520
140 | 162 | 65 0.7732 0.60 6525
190 | 162 | 65 1.2887 1.00 6530
160 | 162 | 65 0.8763 0.75 6535
140 |162 | 65 0.7732 0.60 6540
2001162 | 65 1.3918 1.00 6545
1167 1621 65 0.5155 0.32 6550
190 | 162 65 1.2887 1.00 6555
165 | 162 | 65 1.0309 1.00 6560
140 | 162 | 65 0.7732 0.60 6565
75 | 162 | 65 0.1031 0.05 6570
78 | 162 | 65 0.1340 0.06 6575
90 | 162 | 65 0.2577 0.13 6580
70 | 162 | 65 0.0515 0.02 6585
60 | 162 | 65 -0.0515 0.00 6590
85 | 162 | 65 0.2062 0.10 6595
58 | 162 | 65 -0.0722 0.00 6600
200 | 162 | 65 1.3918 1.00 6605




Table A.7 Shale volume (Vsh) calculation from well: H (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
180 | 162 | 65 1.1856 1.00 6610
140 | 162 | 65 0.7732 0.60 6615
195 | 162 | 65 1.3402 1.00 6620
170 | 162 | 65 1.0825 1.00 6625
190 | 162 | 65 1.2887 1.00 6630
190 | 162 | 65 1.2887 1.00 6635
120 | 162 | 65 0.5670 0.37 6640
92 | 162 | 65 0.2784 0.14 6645
13| 162 | 65 0.4948 0.30 6650
63 | 162 | 65 -0.0206 0.00 6655
73 | 162 | 65 0.0825 0.04 6660
68 | 162 | 65 0.0309 0.01 6665
70 | 162 | 65 0.0515 0.02 6670
67 | 162 | 65 0.0206 0.01 6675
110 | 162 | 65 0.4639 0.28 6680
108 | 162 | 65 0.4433 0.26 6685
65 | 162 | 65 0.0000 0.00 6690
78 | 162 | 65 0.1340 0.06 6695
72 | 1621 65 0.0722 0.03 6700
72 | 162 | 65 0.0722 0.08 6705
68 | 162 | 65 0.0309 0.01 6710
62 | 162 | 65 -0.0309 0.00 6715
150 | 162 | 65 0.8763 0.75 6720
123 | 162 | 65 0.5979 0.40 6725
63 | 162 | 65 -0.0206 0.00 6730
65 | 162 | 65 0.0000 0.00 6735
178 | 162 | 65 1.1649 1.00 6740
1751 162 | 65 1.1340 1.00 6745
130 | 162 | 65 0.6701 0.47 6750
122 | 162 | 65 0.5876 0.39 6755
78 | 162 | 65 0.1340 0.06 6760
83 | 162 | 65 0.1856 0.09 6765
188 | 162 | 65 1.2680 1.00 6770
170 | 182 | 63 0.8992 0.79 6775
130 | 182 | 63 0.5630 0.36 6780
178 | 1821 63 0.9664 0.92 6785
180 | 182 | 63 0.9832 0.96 6790
105 | 182 | 63 0.3529 0.19 6795
1871 182 | 63 1.0420 1.00 6800
200 | 182 | 63 1.1513 1.00 6805
190 | 182 | 63 1.0672 1.00 6810
150 | 182 | 63 0.7311 0.55 6815
1171182 | 63 0.4538 0.27 6820
200 | 182 | 63 1.1513 1.00 6825
200 | 182 | 63 1.1513 1.00 6830
127 | 182 | 63 0.5378 0.34 6835
200 | 182 | 63 1.1513 1.00 6840

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
150 | 182 | 63 0.7311 0.55 6845
185 | 182 | 63 1.0252 1.00 6850
98 | 182 | 63 0.2941 0.15 6855
165 | 182 | 63 0.7731 0.60 6860
1951 182 | 63 1.1092 1.00 6865
146 | 182 | 63 0.6975 0.51 6870
163 | 182 | 63 0.8403 0.70 6875
1551 182 | 63 0.7731 0.60 6880
1051 182 | 63 0.3529 0.19 6885
65 | 182 | 63 0.0168 0.01 6890
45 | 182 | 63 -0.1513 0.00 6895
62 | 182 | 63 -0.0084 0.00 6900
62 | 182 63 -0.0084 0.00 6905
50 | 182 | 63 -0.1092 0.00 6910
138 | 182 | 63 0.6303 0.43 6915
140 | 182 63 0.6471 0.45 6920
157 1 182 | 63 0.7899 0.62 6925
130 | 182 63 0.5630 0.36 6930
150 | 182 | 63 0.7311 0.55 6935
60 | 182 | 63 -0.0252 0.00 6940
65 | 182 | 63 0.0168 0.01 6945
65 | 182 | 63 0.0168 0.01 6950
68 | 182 | 63 0.0420 0.02 6955
60 | 182 | 63 -0.0252 0.00 6960
60 | 182 | 63 -0.0252 0.00 6965
178 | 182 | 63 0.9664 0.92 6970
180 | 182 | 63 0.9832 0.96 6975
143 | 182 | 63 0.6723 0.48 6980
200 | 182 | 63 1.1513 1.00 6985
178 | 182 | 63 0.9664 0.92 6990
100 | 182 | 63 0.3109 0.16 6995
87 1182 | 63 0.2017 0.10 7000
72 | 182 | 63 0.0756 0.03 7005
70 1182 | 63 0.0588 0.03 7010
851182 | 63 0.1849 0.09 7015
72 1 182] 63 0.0756 0.03 7020
60 | 182 63 -0.0252 0.00 7025
58 | 182 | 63 -0.0420 0.00 7030
60 | 182 | 63 -0.0252 0.00 7035
62 | 182 | 63 -0.0084 0.00 7040
60 | 182 | 63 -0.0252 0.00 7045
87 | 182 | 63 0.2017 0.10 7050
195 | 182 | 63 1.1092 1.00 7055
1751 182 | 63 0.9412 0.87 7060
192 | 182 | 63 1.0840 1.00 7065
190 | 182 | 63 1.0672 1.00 7070
180 | 182 | 63 0.9832 0.96 7075

195



Table A.7 Shale volume (Vsh) calculation from well: H (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
200 | 182 | 63 1.1513 1.00 7080
160 | 182 | 63 0.8151 0.66 7085
190 | 182 | 63 1.0672 1.00 7090
120 | 182 | 63 0.4790 0.29 7095
1211 182 | 63 0.4874 0.30 7100
173 | 182 | 63 0.9244 0.84 7105
165 | 182 | 63 0.8571 0.72 7110
117 | 182 63 0.4538 0.27 7115
1211 182 | 63 0.4874 0.30 7120
117 | 182 63 0.4538 0.27 W28
82 | 182 | 63 0.1597 0.07 7130
65 | 182 | 63 0.0168 0.01 7135
55 | 182 | 63 -0.0672 0.00 7140
50 | 182 | 63 -0.1092 0.00 7145
60 | 182 63 -0.0252 0.00 7150
167 | 182 | 63 0.8739 0.75 7155
1121 182 | 63 0.4118 0.24 7160
180 | 182 | 63 0.9832 0.96 7165
185 | 182 | 63 1.0252 1.00 7170
170 | 182 | 63 0.8992 0.79 7175
1171 182 | 63 0.4538 0.27 7180
200 | 182 | 63 1.1513 1.00 7185
130 | 182 | 63 0.5630 0.36 7190
1351 182 | 63 0.6050 0.41 7195
1751 182 | 63 0.9412 0.87 7200
200 | 182 | 63 1.1513 1.00 7205
1751 182 | 63 0.9412 0.87 7210
190 | 182 | 63 1.0672 1.00 7215
198 | 182 | 63 1.1345 1.00 7220
1351 182 | 63 0.6050 0.41 7225
58 | 182 | 63 -0.0420 0.00 7230
50 | 182 | 63 -0.1092 0.00 7235
58 | 182 | 63 -0.0420 0.00 7240
60 | 182 63 -0.0252 0.00 7245
60 | 182 63 -0.02562 0.00 7250
55 | 182| 63 -0.0672 0.00 7255
55 | 182 | 63 -0.0672 0.00 7260
70 | 182 | 63 0.0588 0.03 7265
63 | 182 | 63 0.0000 0.00 7270
200 | 182 | 63 1.1513 1.00 7275
200 | 182 | 63 1.1513 1.00 7280
165 | 182 | 63 0.8571 0.72 7285
190 | 182 | 63 1.0672 1.00 7290
173 | 182 | 63 0.9244 0.84 7295
182 | 182 | 63 1.0000 1.00 7300
200 | 182 | 63 1.1513 1.00 7305
130 | 182 | 63 0.5630 0.36 7310

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
172 | 182 | 63 0.9160 0.82 7315
160 | 182 | 63 0.8151 0.66 7320
198 | 182 | 63 1.1345 1.00 7325
135 182 | 63 0.6050 0.41 7330
200 | 182 | 63 1.1513 1.00 7335
160 | 182 | 63 0.8151 0.66 7340
1421 182 | 63 0.6639 0.47 7345
130 | 182 | 63 0.5630 0.36 7350
200 | 182 | 63 1.1513 1.00 7355
1921 182 | 63 1.0840 1.00 7360
1701 182 | 63 0.8992 0.79 7365
170 | 182 | 63 0.8992 0.79 7370
180 | 182 63 0.9832 0.96 7375
168 | 182 | 63 0.8824 0.76 7380
170 1 182 | 63 0.8992 0.79 7385
165 | 182| 63 0.8571 0.72 7390
150 | 182 | 63 0.7311 0.55 7395
110 | 182 63 0.3950 0.22 7400
57 | 182 | 63 -0.0504 0.00 7405
70 | 182 | 63 0.0588 0.03 7410
52 | 182 | 63 -0.0924 0.00 7415
50 | 182 | 63 -0.1092 0.00 7420
42 | 182 | 63 -0.1765 0.00 7425
50 | 182 | 63 -0.1092 0.00 7430
160 | 182 | 63 0.8151 0.66 7435
187 | 182 | 63 1.0420 1.00 7440
200 | 182 | 63 1.1513 1.00 7445
200 | 200 | 60 1.0000 1.00 7450
195 | 200 | 60 0.9643 0.92 7455
160 | 200 | 60 0.7143 0.53 7460
178 | 200 | 60 0.8429 0.70 7465
180 200 | 60 0.8571 0.72 7470
170 | 200 | 60 0.7857 0.62 7475
122 |-200 | 60 0.4429 0.26 7480
182200 | 60 0.8714 0.75 7485
190| 200-| 60 0.9286 0.85 7490
170 | 200 | 60 0.7857 0.62 7495
200 | 200 | 60 1.0000 1.00 7500
183 | 200 | 60 0.8786 0.76 7505
187 | 200 | 60 0.9071 0.81 7510
200 | 200 | 60 1.0000 1.00 7515
180 | 200 | 60 0.8571 0.72 7520
90 | 200 | 60 0.2143 0.10 7525
60 | 200 | 60 0.0000 0.00 7530
163 | 200 | 60 0.7357 0.55 7535
160 | 200 | 60 0.7143 0.53 7540
170 | 200 | 60 0.7857 0.62 7545
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Table A.7 Shale volume (Vsh) calculation from well: H (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
190 | 200 | 60 0.9286 0.85 7550
160 | 200 | 60 0.7143 0.53 7555
192 | 200 | 60 0.9429 0.87 7560
200 | 200 | 60 1.0000 1.00 7565
158 | 200 | 60 0.7000 0.51 7570
180 | 200 | 60 0.8571 0.72 7575
200 | 200 | 60 1.0000 1.00 7580
190 | 200 | 60 0.9286 0.85 7585
187 | 200 | 60 0.9071 0.81 7590
130 | 200 | 60 0.5000 0.31 7595
177 | 200 | 60 0.8357 0.69 7600
162 | 200 | 60 0.7286 0.54 7605
48 | 200 | 60 -0.0857 0.00 7610
40 | 200 | 60 -0.1429 0.00 7615
42 | 200 | 60 -0.1286 0.00 7620
50 | 200 | 60 -0.0714 0.00 7625
53 | 200 | 60 -0.0500 0.00 7630
62 | 200 | 60 0.0143 0.01 7635
130 | 200 | 60 0.5000 0.31 7640
190 | 200 | 60 0.9286 0.85 7645
200 ] 200 | 60 1.0000 1.00 7650
143 | 200 | 60 0.5929 0.39 7655
190 | 200 | 60 0.9286 0.85 7660
170 |1 200 | 60 0.7857 0.62 7665
180 | 200 | 60 0.8571 0.72 7670
1951 200 | 60 0.9643 0.92 7675
200 | 200 | 60 1.0000 1.00 7680
178 | 200 | 60 0.8429 0.70 7685
90 | 200 | 60 0.2143 0.10 7690
147 | 200 | 60 0.6214 0.42 7695
200 | 200 | 60 1.0000 1.00 7700
140 | 200 | 60 0.5714 0.37 7705
200 | 200 | 60 1.0000 1.00 7710
200 | 200 | 60 1.0000 1.00 7715
200 | 200 | 60 1.0000 1.00 7720
190 | 200 | 60 0.9286 0.85 7725
200 | 200 | 60 1.0000 1.00 7730
187 | 200 | 60 0.9071 0.81 7735
200 | 200 | 60 1.0000 1.00 7740
130 | 200 | 60 0.5000 0.31 7745
168 | 200 | 60 0.7714 0.60 7750
170 | 200 | 60 0.7857 0.62 7755
180 | 200 | 60 0.8571 0.72 7760
200 | 200 | 60 1.0000 1.00 7765
110 | 200 | 60 0.3571 0.20 7770
163 | 200 | 60 0.7357 0.55 7775
150 | 200 | 60 0.6429 0.44 7780

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
90 | 200 | 60 0.2143 0.10 7785
83 | 200 | 60 0.1643 0.08 7790
197 | 200 | 60 0.9786 0.95 7795
170 | 200 | 60 0.7857 0.62 7800
183 | 200 | 60 0.8786 0.76 7805
1731 200 | 60 0.8071 0.65 7810
190 | 200 | 60 0.9286 0.85 7815
190 | 200 | 60 0.9286 0.85 7820
1851 200 | 60 0.8929 0.78 7825
162 |1 200 | 60 0.7286 0.54 7830
200 | 200 | 60 1.0000 1.00 7835
1851 200 | 60 0.8929 0.78 7840
198 | 200 | 60 0.9857 0.97 7845
120 | 200 | 60 0.4286 0.25 7850
43 | 200 | 60 -0.1214 0.00 7855
52 | 200 | 60 -0.0571 0.00 7860
60 | 200 | 60 0.0000 0.00 7865
70 | 200 | 60 0.0714 0.03 7870
78 | 200 | 60 0.1286 0.06 7875
1751 200 | 60 0.8214 0.67 7880
193 | 200 | 60 0.9500 0.89 7885
160 | 200 | 60 0.7143 0.53 7890
85 | 200 | 60 0.1786 0.09 7895
1651 200 | 60 0.7500 0.57 7900
140 | 200 | 60 0.5714 0.37 7905
190 | 200 | 60 0.9286 0.85 7910
50 | 200 | 60 -0.0714 0.00 7915
68 | 200 | 60 0.0571 0.02 7920
60 | 200 | 60 0.0000 0.00 7925
53 | 200 | 60 -0.0500 0.00 7930
197 | 200 | 60 0.9786 0.95 7935
1921 200 | 60 0.9429 0.87 7940
180 | 200 | 60 0.8571 0.72 7945
150 |-200 | 60 0.6429 0.44 7950
180200 | 60 0.8571 0.72 7955
180°| 2001 60 0.8571 0.72 7960
140 | 200 | 60 0.5714 0.37 7965
180 | 200 | 60 0.8571 0.72 7970
170 | 200 | 60 0.7857 0.62 7975
180 | 200 | 60 0.8571 0.72 7980
163 | 200 | 60 0.7357 0.55 7985
190 | 200 | 60 0.9286 0.85 7990
1563 | 200 | 60 0.6643 0.47 7995
200 | 200 | 60 1.0000 1.00 8000
190 | 200 | 60 0.9286 0.85 8005
150 | 200 | 60 0.6429 0.44 8010
194 | 200 | 60 0.9571 0.90 8015
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Table A.7 Shale volume (Vsh) calculation from well: H (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
158 | 200 | 60 0.7000 0.51 8020
180 | 200 | 60 0.8571 0.72 8025
200 | 200 | 60 1.0000 1.00 8030
200 | 200 | 60 1.0000 1.00 8035
190 | 200 | 60 0.9286 0.85 8040
90 | 200 | 60 0.2143 0.10 8045
160 | 200 | 60 0.7143 0.53 8050
165 | 200 | 60 0.7500 0.57 8055
180 | 200 | 60 0.8571 0.72 8060
187 | 200 | 60 0.9071 0.81 8065
170 | 200 | 60 0.7857 0.62 8070
130 | 200 | 60 0.5000 0.31 8075
190 | 200 | 60 0.9286 0.85 8080
198 | 200 | 60 0.9857 0.97 8085
140 | 200 | 60 0.5714 0.37 8090
140 | 200 | 60 0.5714 0.37 8095
95 | 200 | 60 0.2500 0.13 8100
58 | 200 | 60 -0.0143 0.00 8105
60 | 200 | 60 0.0000 0.00 8110
193 | 200 | 60 0.9500 0.89 8115
140 | 200 | 60 0.5714 0.37 8120
1551 200 | 60 0.6786 0.48 8125
200 ] 200 | 60 1.0000 1.00 8130
190 | 200 | 60 0.9286 0.85 8135
160 | 200 | 60 0.7143 0.53 8140
178 | 200 | 60 0.8429 0.70 8145
198 | 200 | 60 0.9857 0.97 8150
1951 200 | 60 0.9643 0.92 8155
130 | 200 | 60 0.5000 0.31 8160
197 | 200 | 60 0.9786 0.95 8165
160 | 200 | 60 0.7143 0.53 8170
100 | 200 | 60 0.2857 0.15 8175
132 | 200 | 60 0.5143 0.32 8180
150 | 200 | 60 0.6429 0.44 8185
137 | 200 | 60 0.5500 0.35 8190
197 | 200 | 60 0.9786 0.95 8195
180 | 200 | 60 0.8571 0.72 8200
170 | 200 | 60 0.7857 0.62 8205
1351 200 | 60 0.5357 0.34 8210
200 | 200 | 60 1.0000 1.00 8215
1351 200 | 60 0.5357 0.34 8220
200 | 200 | 60 1.0000 1.00 8225
180 | 200 | 60 0.8571 0.72 8230
1151 200 | 60 0.3929 0.22 8235
200 | 200 | 60 1.0000 1.00 8240
158 | 200 | 60 0.7000 0.51 8245
185 | 200 | 60 0.8929 0.78 8250

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
180 | 200 | 60 0.8571 0.72 8255
155 | 200 | 60 0.6786 0.48 8260
200 | 200 | 60 1.0000 1.00 8265
180 | 200 | 60 0.8571 0.72 8270
198 | 200 | 60 0.9857 0.97 8275
120 | 200 | 60 0.4286 0.25 8280
1321 200 | 60 0.5143 0.32 8285
110 | 200 | 60 0.3571 0.20 8290
70 | 200 | 60 0.0714 0.03 8295
70 | 200 | 60 0.0714 0.03 8300
68 | 200 | 60 0.0571 0.02 8305
58 | 200 | 60 -0.0143 0.00 8310
183 | 200 | 60 0.8786 0.76 8315
187 | 200 | 60 0.9071 0.81 8320
178 1 200 | 60 0.8429 0.70 8325
150 | 200 | 60 0.6429 0.44 8330
150 | 200 | 60 0.6429 0.44 8335
160 | 200 | 60 0.7143 0.53 8340
193 | 200 | 60 0.9500 0.89 8345
200 | 200 | 60 1.0000 1.00 8350
170 | 200 | 60 0.7857 0.62 8355
1951 200 | 60 0.9643 0.92 8360
100 | 200 | 60 0.2857 0.15 8365
67 | 200 | 60 0.0500 0.02 8370
70 | 200 | 60 0.0714 0.03 8375
200 | 200 | 60 1.0000 1.00 8380
1568 | 200 | 60 0.7000 0.51 8385
197 | 200 | 60 0.9786 0.95 8390
1451 200 | 60 0.6071 0.41 8395
62 | 200 | 60 0.0143 0.01 8400
70 | 200 | 60 0.0714 0.03 8405
751200 | 60 0.1071 0.05 8410
90 | 200 | 60 0.2143 0.10 8415
80 ['200 | 60 0.1429 0.07 8420
70200 | 60 0.0714 0.03 8425
45 | 2001 60 -0.1071 0.00 8430
182 | 200 | 60 0.8714 0.75 8435
158 | 200 | 60 0.7000 0.51 8440
160 | 200 | 60 0.7143 0.53 8445
182 | 200 | 60 0.8714 0.75 8450
123 | 200 | 60 0.4500 0.27 8455
200 | 200 | 60 1.0000 1.00 8460
195 | 200 | 60 0.9643 0.92 8465
200 | 200 | 60 1.0000 1.00 8470
200 | 200 | 60 1.0000 1.00 8475
165 | 200 | 60 0.6786 0.48 8480
155 | 200 | 60 0.6786 0.48 8485

198



Table A.8 Shale volume (Vsh) calculation from well: |

199

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
45 | 168 | 48 -0.0273 0.00 4800
50 | 168 | 48 0.018 0.01 4805
58 | 168 | 48 0.091 0.04 4810
58 | 168 | 48 0.091 0.04 4815
75 | 158 | 48 0.245 0.12 4820
79 | 168 | 48 0.282 0.15 4825
85 | 158 | 48 0.336 0.18 4830
90 | 158 | 48 0.382 0.21 4835
100 | 158 | 48 0.473 0.28 4840
90 | 158 | 48 0.382 0.21 4845
60 | 158 | 48 0.109 0.05 4850
53 | 158 | 48 0.045 0.02 4855
70 | 158 | 48 0.200 0.10 4860
60 | 158 | 48 0.109 0.05 4865
79 | 168 | 48 0.282 0.15 4870
62 | 158 | 48 0.127 0.06 4875
70 | 168 | 48 0.200 0.10 4880
62 | 158 | 48 0.127 0.06 4885
70 | 168 | 48 0.200 0.10 4890
158 | 168 | 48 1.000 1.00 4895
175 | 168 | 48 1.155 1.00 4900
170 | 158 | 48 1.109 1.00 4905
185 | 168 | 48 1.245 1.00 4910
150 | 168 | 48 0.927 0.84 4915
162 | 168 | 48 1.036 1.00 4920
152 | 158 | 48 0.945 0.88 4925
120 | 158 | 48 0.655 0.46 4930
90 | 158 | 48 0.382 0.21 4935
65 | 158 | 48 0.155 0.07 4940
60 | 158 | 48 0.109 0.05 4945
77 | 158 | 48 0.264 0.13 4950
112 | 158 | 48 0.582 0.38 4955
108 | 158 | 48 0.545 0.35 4960
90 | 158 | 48 0.382 0.21 4965
150 | 158 | 48 0.927 0.84 4970
143 | 158 | 48 0.864 0.73 4975
113 | 158 | 48 0.591 0.39 4980
130 | 158 | 48 0.745 0.56 4985
120 | 158 | 48 0.655 0.46 4990
170 | 158 | 48 1.109 1.00 4995
150 | 158 | 48 0.927 0.84 5000
152 | 168 | 48 0.945 0.88 5005
110 | 168 | 48 0.564 0.36 5010
62 | 158 | 48 0.127 0.06 5015
85 | 168 | 48 0.336 0.18 5020
87 | 158 | 48 0.355 0.19 5025
75 | 168 | 48 0.245 0.12 5030

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
83 | 158 | 48 0.318 0.17 5035
80 | 158 | 48 0.291 0.15 5040
70 | 158 | 48 0.200 0.10 5045
120 | 158 | 48 0.655 0.46 5050
200 | 158 | 48 1.382 1.00 5055
160 | 158 | 48 1.018 1.00 5060
170 | 158 | 48 1.109 1.00 5065
158 | 158 | 48 1.000 1.00 5070
140 | 158 | 48 0.836 0.69 5075
127 | 158 | 48 0.718 0.53 5080
150 | 158 | 48 0.927 0.84 5085
98 | 168 | 48 0.455 0.27 5090
90 | 158 | 48 0.382 0.21 5095
87 | 168 | 48 0.355 0.19 5100
60 | 168 | 48 0.109 0.05 5105
70 | 158 | 48 0.200 0.10 5110
60 | 168 | 48 0.109 0.05 5115
62 | 158 | 48 0.127 0.06 5120
53 | 168 | 48 0.045 0.02 5125
68 | 158 | 48 0.182 0.09 5130
65 | 168 | 48 0.155 0.07 5135
132 | 168 | 48 0.764 0.59 5140
145 | 168 | 48 0.882 0.76 5145
167 | 158 | 48 1.082 1.00 5150
160 | 168 | 48 1.018 1.00 5155
152 | 158 | 48 0.945 0.88 5160
180 | 168 | 48 1.200 1.00 5165
182 | 158 | 48 1.218 1.00 5170
185 | 158 | 48 1.245 1.00 5175
137 | 158 | 48 0.809 0.65 5180
1751 158 | 48 1.155 1.00 5185
1431 158 | 48 0.864 0.73 5190
140 | 158 | 48 0.836 0.69 5195
15 158 | 48 0.609 0.41 5200
651158 | 48 0.155 0.07 5205
58 | 168 | 48 0.091 0.04 5210
70 | 168 | 48 0.200 0.10 5215
100 | 158 | 48 0.473 0.28 5220
102 | 158 | 48 0.491 0.30 5225
95 | 1568 | 48 0.427 0.25 5230
90 | 158 | 48 0.382 0.21 5235
143 | 158 | 48 0.864 0.73 5240
110 | 168 | 48 0.564 0.36 5245
173 | 158 | 48 1.136 1.00 5250
130 | 168 | 48 0.745 0.56 5255
120 | 158 | 48 0.655 0.46 5260
70 | 158 | 48 0.200 0.10 5265




Table A.8 Shale volume (Vsh) calculation from well: | (continued)
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Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
98 | 158 | 48 0.455 0.27 5270
170 | 158 | 48 1.109 1.00 5275
133 | 158 | 48 0.773 0.60 5280
170 | 158 | 48 1.109 1.00 5285
97 | 158 | 48 0.445 0.26 5290
80 | 158 | 48 0.291 0.15 5295
73 | 158 | 48 0.227 0.1 5300
85 | 158 | 48 0.336 0.18 5305
77 | 158 | 48 0.264 0.13 5310
70 | 168 | 48 0.200 0.10 56315
78 | 168 | 48 0.273 0.14 5320
60 | 158 | 48 0.109 0.05 5325
173 | 168 | 48 1.136 1.00 5330
197 | 168 | 48 1.355 1.00 5335
155 | 168 | 48 0.973 0.94 5340
183 | 158 | 48 1.227 1.00 5345
170 | 158 | 48 1.109 1.00 5350
153 | 158 | 48 0.955 0.90 5355
145 | 168 | 48 0.882 0.76 5360
143 | 158 | 48 0.864 0.73 5365
200 | 158 | 48 1.382 1.00 5370
148 | 158 | 48 0.909 0.81 5375
158 | 158 | 48 1.000 1.00 5380
115 | 158 | 48 0.609 0.41 5385
123 | 158 | 48 0.682 0.49 5390
57 | 168 | 48 0.082 0.04 5395
70 | 158 | 48 0.200 0.10 5400
55 | 168 | 48 0.064 0.03 5405
70 | 158 | 48 0.200 0.10 5410
65 | 158 | 48 0.155 0.07 5415
78 | 158 | 48 0.273 0.14 5420
60 | 158 | 48 0.109 0.05 5425
80 | 158 | 48 0.291 0.15 5430
160 | 158 | 48 1.018 1.00 5435
142 | 158 | 48 0.855 0.72 5440
110 | 158 | 48 0.564 0.36 5445
120 | 158 | 48 0.655 0.46 5450
140 | 158 | 48 0.836 0.69 5455
65 | 158 | 48 0.155 0.07 5460
58 | 168 | 48 0.091 0.04 5465
62 | 158 | 48 0.127 0.06 5470
70 | 168 | 48 0.200 0.10 5475
80 | 158 | 48 0.291 0.15 5480
63 | 158 | 48 0.136 0.06 5485
80 | 158 | 48 0.291 0.15 5490
72 | 168 | 48 0.218 0.1 5495
80 | 158 | 48 0.291 0.15 5500

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
75 | 168 | 48 0.245 0.12 5505
73 | 168 | 48 0.227 0.1 5510
147 | 158 | 48 0.900 0.79 5515
137 | 158 | 48 0.809 0.65 5520
197 | 165 | 44 1.264 1.00 5525
130 | 165 | 44 0.711 0.52 5530
1731 165 | 44 1.066 1.00 5535
160 | 165 | 44 0.959 0.91 5540
160 | 165 | 44 0.959 0.91 5545
168 | 165 | 44 0.942 0.87 5550
1701 165 | 44 1.041 1.00 5555
105 | 165 | 44 0.504 0.31 5560
200 | 165 | 44 1.289 1.00 5565
150 | 165 | 44 0.876 0.75 5570
170 | 165 | 44 1.041 1.00 5575
197 | 165 | 44 1.264 1.00 5580
187 | 165 | 44 1.182 1.00 5585
127 | 165 | 44 0.686 0.49 5590
140 | 165 | 44 0.793 0.63 5595
160 | 165 | 44 0.959 0.91 5600
200 | 165 | 44 1.289 1.00 5605
198 | 165 | 44 1.273 1.00 5610
130 | 165 | 44 0.711 0.52 5615
143 | 165 | 44 0.818 0.66 5620
158 | 165 | 44 0.942 0.87 5625
143 | 165 | 44 0.818 0.66 5630
194 | 165 | 44 1.240 1.00 5635
162 | 165 | 44 0.975 0.94 5640
147 | 165 | 44 0.851 0.71 5645
163 | 165 | 44 0.983 0.96 5650
170 | 165 | 44 1.041 1.00 5655
123 | 165 | 44 0.653 0.46 5660
1471 165 | 44 0.851 0.71 5665
180 | 165 | 44 1.124 1.00 5670
1701165 | 44 1.041 1.00 5675
165°| 165 | 44 1.000 1.00 5680
163 | 165 | 44 0.983 0.96 5685
200 | 165 | 44 1.289 1.00 5690
1731 165 | 44 1.066 1.00 5695
170 | 165 | 44 1.041 1.00 5700
118 |1 165 | 44 0.612 0.41 5705
150 | 165 | 44 0.876 0.75 5710
120 | 165 | 44 0.628 0.43 5715
185 | 165 | 44 1.165 1.00 5720
162 | 165 | 44 0.975 0.94 5725
90 | 165 | 44 0.380 0.21 5730
70 | 165 44 0.215 0.1 5735




Table A.8 Shale volume (Vsh) calculation from well: | (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
53 | 165 | 44 0.074 0.03 5740
57 | 165 | 44 0.107 0.05 5745
63 | 165 44 0.157 0.07 5750
65 | 165 | 44 0.174 0.08 5755
60 | 165 44 0.132 0.06 5760
63 | 165 | 44 0.157 0.07 5765
160 | 165 | 44 0.959 0.91 5770
198 | 165 | 44 1.273 1.00 5775
178 1 165 | 44 1.107 1.00 5780
138 | 165 | 44 0.777 0.61 5785
110 | 165 | 44 0.545 0.35 5790
178 | 165 | 44 1.107 1.00 5795
135 | 165 | 44 0.752 0.57 5800
172 | 165 | 44 1.058 1.00 5805
180 | 165 | 44 1.124 1.00 5810
137 | 165 | 44 0.769 0.89 5815
1121 165 | 44 0.562 0.36 5820
165 | 165 | 44 0.917 0.83 5825
150 | 165 | 44 0.876 0.75 5830
98 | 165 | 44 0.446 0.26 5835
80 | 165 | 44 0.298 0.16 5840
70 | 165 | 44 0.215 0.11 5845
187 | 165 | 44 1.182 1.00 5850
150 | 165 | 44 0.876 0.75 5855
118 | 165 | 44 0.612 0.41 5860
177 | 165 | 44 1.099 1.00 5865
142 | 165 | 44 0.810 0.65 5870
175 | 165 | 44 1.083 1.00 5875
143 | 165 | 44 0.818 0.66 5880
142 | 165 | 44 0.810 0.65 5885
155 | 165 | 44 0.917 0.83 5890
110 | 165 | 44 0.545 0.35 5895
108 | 165 | 44 0.529 0.33 5900
112 | 165 | 44 0.562 0.36 5905
120 | 165 | 44 0.628 0.43 5910
105 | 165 44 0.504 0.31 5915
90 | 165 | 44 0.380 0.21 5920
70 | 165 | 44 0.215 0.1 5925
60 | 165 | 44 0.132 0.06 5930
190 | 165 | 44 1.207 1.00 5935
180 | 165 | 44 1.124 1.00 5940
148 | 165 | 44 0.860 0.73 5945
160 | 165 | 44 0.959 0.91 5950
170 | 165 | 44 1.041 1.00 5955
105 | 165 | 44 0.504 0.31 5960
127 | 165 | 44 0.686 0.49 5965
197 | 165 | 44 1.264 1.00 5970

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
78 | 165 | 44 0.281 0.15 5975
60 | 165 44 0.132 0.06 5980
67 | 165 44 0.190 0.09 5985
60 | 165 44 0.132 0.06 5990
59 | 165 | 44 0.124 0.06 5995
165 | 165 | 44 1.000 1.00 6000
102 | 165 | 44 0.479 0.29 6005
122 | 165 | 44 0.645 0.45 6010
110 | 165 | 44 0.545 0.35 6015
140 | 165 | 44 0.793 0.63 6020
1731 165 | 44 1.066 1.00 6025
162 | 165 | 44 0.975 0.94 6030
160 | 165 | 44 0.959 0.91 6035
140 | 165 | 44 0.793 0.63 6040
165 | 165 | 44 1.000 1.00 6045
160 | 165 | 44 0.959 0.91 6050
200 | 165 | 44 1.289 1.00 6055
168 | 165 | 44 0.942 0.87 6060
200 | 165 | 44 1.289 1.00 6065
175 | 165 | 44 1.083 1.00 6070
110 | 165 | 44 0.545 0.35 6075
170 | 165 | 44 1.041 1.00 6080
107 | 165 | 44 0.521 0.33 6085
155 | 165 | 44 0.917 0.83 6090
198 | 165 | 44 1.273 1.00 6095
160 | 165 | 44 0.959 0.91 6100
150 | 165 | 44 0.876 0.75 6105
192 | 165 | 44 1.223 1.00 6110
97 | 165 | 44 0.438 0.26 6115
157 | 165 | 44 0.934 0.86 6120
130 | 165 | 44 0.711 0.52 6125
1271165 | 44 0.686 0.49 6130
130 | 165 | 44 0.711 0.52 6135
195 |'165 | 44 1.248 1.00 6140
1651165 | 44 1.000 1.00 6145
168| 165 | 44 1.025 1.00 6150
170 | 165/ 44 1.041 1.00 6155
80 | 165 | 44 0.298 0.16 6160
118 | 165 | 44 0.612 0.41 6165
65 | 165 | 44 0.174 0.08 6170
50 | 165 | 44 0.050 0.02 6175
60 | 165 44 0.132 0.06 6180
78 | 165 | 44 0.281 0.15 6185
100 | 165 | 44 0.463 0.28 6190
147 1 165 | 44 0.851 0.71 6195
145 | 165 | 44 0.835 0.69 6200
200 | 165 | 44 1.289 1.00 6205

201



Table A.8 Shale volume (Vsh) calculation from well: | (continued)

202

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
140 | 165 | 44 0.793 0.63 6210
170 | 165 | 44 1.041 1.00 6215
150 | 165 | 44 0.876 0.75 6220
165 | 165 | 44 1.000 1.00 6225
170 | 165 | 44 1.041 1.00 6230
122 | 165 | 44 0.645 0.45 6235
145 | 165 | 44 0.835 0.69 6240
67 | 165 | 44 0.190 0.09 6245
60 | 165 | 44 0.132 0.06 6250
55 | 165 | 44 0.091 0.04 6255
60 | 165 44 0.132 0.06 6260
165 | 165 | 44 1.000 1.00 6265
128 | 165 | 44 0.694 0.50 6270
165 | 165 | 44 1.000 1.00 6275
200 | 165 | 44 1.289 1.00 6280
133 | 165 | 44 0.736 0.65 6285
150 | 165 | 44 0.876 0.75 6290
185 | 165 | 44 1.165 1.00 6295
162 | 165 | 44 0.975 0.94 6300
163 | 165 | 44 0.901 0.80 6305
108 | 165 | 44 0.529 0.33 6310
120 | 165 | 44 0.628 0.43 6315
160 | 165 | 44 0.959 0.91 6320
1421 165 | 44 0.810 0.65 6325
160 | 165 | 44 0.959 0.91 6330
145 | 165 | 44 0.835 0.69 6335
140 | 165 | 44 0.793 0.63 6340
138 | 165 | 44 0.777 0.61 6345
140 | 165 | 44 0.793 0.63 6350
108 | 165 | 44 0.529 0.33 6355
50 | 165 | 44 0.050 0.02 6360
63 | 165 | 44 0.157 0.07 6365
132 | 165 | 44 0.727 0.54 6370
140 | 165 | 44 0.793 0.63 6375
100 | 165 | 44 0.463 0.28 6380
123 | 165 44 0.653 0.46 6385
60 | 165 | 44 0.182 0.06 6390
58 | 165 | 44 0.116 0.05 6395
68 | 165 | 44 0.198 0.10 6400
60 | 165 | 44 0.132 0.06 6405
62 | 165 | 44 0.149 0.07 6410
62 | 165 | 44 0.149 0.07 6415
63 | 165 | 44 0.157 0.07 6420
62 | 165 44 0.149 0.07 6425
50 | 165 | 44 0.050 0.02 6430
55 | 165 | 44 0.091 0.04 6435
60 | 165 | 44 0.132 0.06 6440

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
65 | 165 44 0.174 0.08 6445
140 | 165 | 44 0.793 0.63 6450
170 | 165 | 44 1.041 1.00 6455
195 | 165 | 44 1.248 1.00 6460
200 | 165 | 44 1.289 1.00 6465
197 | 165 | 44 1.264 1.00 6470
170 | 165 | 44 1.041 1.00 6475
190 | 165 | 44 1.207 1.00 6480
145 | 165 | 44 0.835 0.69 6485
162 | 165 | 44 0.975 0.94 6490
1201 165 | 44 0.628 0.43 6495
153 | 165 | 44 0.901 0.80 6500
108 | 165 | 44 0.529 0.33 6505
143 | 165 | 44 0.818 0.66 6510
130 | 165 | 44 0.711 0.52 6515
180 | 165 | 44 1.124 1.00 6520
178 | 165 | 44 1.107 1.00 6525
172 | 165 | 44 1.058 1.00 6530
110 | 165 | 44 0.545 0.35 6535
90 | 165 | 44 0.380 0.21 6540
180 | 165 | 44 1124 1.00 6545
120 | 165 | 44 0.628 0.43 6550
163 | 165 | 44 0.901 0.80 6555
1421 165 | 44 0.810 0.65 6560
1151 165 | 44 0.587 0.39 6565
80 | 165 | 44 0.298 0.16 6570
178 | 165 | 44 1.107 1.00 6575
183 | 165 | 44 1.149 1.00 6580
162 | 165 | 44 0.975 0.94 6585
130 | 165 | 44 0.711 0.52 6590
150 | 165 | 44 0.876 0.75 6595
130 | 165 | 44 0.711 0.52 6600
170 1 165 | 44 1.041 1.00 6605
80 |'165 | 44 0.298 0.16 6610
1701165 | 44 1.041 1.00 6615
1765 165 | 44 1.083 1.00 6620
145 | 165/ 44 0.835 0.69 6625
140 | 165 | 44 0.793 0.63 6630
180 | 165 | 44 1.124 1.00 6635
160 | 165 | 44 0.959 0.91 6640
140 | 165 | 44 0.793 0.63 6645
178 | 165 | 44 1.107 1.00 6650
158 | 165 | 44 0.942 0.87 6655
180 | 165 | 44 1.124 1.00 6660
197 | 165 | 44 1.264 1.00 6665
177 | 165 | 44 1.099 1.00 6670
160 | 165 | 44 0.959 0.91 6675




Table A.8 Shale volume (Vsh) calculation from well: | (continued)

203

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
200 | 165 | 44 1.289 1.00 6680
160 | 165 | 44 0.959 0.91 6685
152 | 165 | 44 0.893 0.78 6690
200 | 165 | 44 1.289 1.00 6695
140 | 165 | 44 0.793 0.63 6700
117 | 165 | 44 0.603 0.40 6705
168 | 165 | 44 0.942 0.87 6710
170 | 165 | 44 1.041 1.00 6715
98 | 165 | 44 0.446 0.26 6720
177 | 165 | 44 1.099 1.00 6725
197 | 165 | 44 1.264 1.00 6730
200 | 165 | 44 1.289 1.00 6735
180 | 165 | 44 1.124 1.00 6740
165 | 165 | 44 0.917 0.83 6745
178 1 165 | 44 1.107 1.00 6750
178 | 165 | 44 1.107 1.00 6755
170 | 165 | 44 1.041 1.00 6760
190 | 165 | 44 1.207 1.00 6765
160 | 165 | 44 0.959 0.91 6770
170 | 165 | 44 1.041 1.00 6775
174 | 165 44 1.074 1.00 6780
178 | 172 | 37 1.044 1.00 6785
182 | 1721 37 1.074 1.00 6790
145 172 | 37 0.800 0.64 6795
140 | 172 37 0.763 0.59 6800
135 | 172 | 37 0.726 0.54 6805
78 | 172 | 37 0.304 0.16 6810
78 | 172 | 37 0.304 0.16 6815
130 | 172 ] 37 0.689 0.50 6820
M"r 172 37 0.593 0.39 6825
60 | 172 | 37 0.170 0.08 6830
59 | 172 | 37 0.163 0.08 6835
180 | 172 | 37 1.059 1.00 6840
170 | 172 ] 37 0.985 0.97 6845
60 | 172 ] 37 0.170 0.08 6850
50 | 172} 37 0.096 0.04 6855
53 | 172 | 37 0.119 0.05 6860
78 | 172 | 37 0.304 0.16 6865
54 | 172 | 37 0.126 0.06 6870
60 | 172 ] 37 0.170 0.08 6875
173 1 172 | 37 1.007 1.00 6880
157 | 172 37 0.889 0.78 6885
130 | 172 ] 37 0.689 0.50 6890
155 | 172 | 37 0.874 0.75 6895
170 | 172 | 37 0.985 0.97 6900
160 | 172 | 37 0.911 0.81 6905
198 | 172 | 37 1.193 1.00 6910

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
165 | 172 | 37 0.948 0.89 6915
130 | 172 ] 37 0.689 0.50 6920
170 | 172 ] 37 0.985 0.97 6925
200 | 172 | 37 1.207 1.00 6930
108 | 172 | 37 0.526 0.33 6935
145 | 172 | 37 0.800 0.64 6940
190 | 172 | 37 1.133 1.00 6945
143 | 172 | 37 0.785 0.62 6950
180 | 172 | 37 1.059 1.00 6955
187 | 172 37 0.741 0.56 6960
170 | 172 | 37 0.985 0.97 6965
120 | 172 | 37 0.615 0.41 6970
130 | 1727 37 0.689 0.50 6975
140 | 172 | 37 0.763 0.59 6980
98 | 172 | 37 0.452 0.27 6985
178 | 1727 37 1.044 1.00 6990
150 | 172 | 37 0.837 0.69 6995
163 | 172 37 0.933 0.86 7000
187 | 172 | 37 1.111 1.00 7005
165 | 172 | 37 0.948 0.89 7010
98 | 172 | 37 0.452 0.27 7015
108 | 172 | 37 0.526 0.33 7020
62 | 1721 37 0.185 0.09 7025
57 | 172 | 37 0.148 0.07 7030
78 | 172 37 0.304 0.16 7035
80 | 172 | 37 0.319 0.17 7040
60 | 172 | 37 0.170 0.08 7045
ISRINI2F| A3 7, 0.281 0.15 7050
83 | 172 37 0.341 0.18 7055
95 | 172} 87 0.430 0.25 7060
100 | 172 | 37 0.467 0.28 7065
130|172 | 37 0.689 0.50 7070
90 | 172 37 0.393 0.22 7075
77 172 | 37 0.296 0.15 7080
80 172 | 37 0.319 0.17 7085
70| 172 | 37 0.244 0.12 7090
116 | 4727 37 0.578 0.38 7095
70 | 172 | 37 0.244 0.12 7100
200 | 172 | 37 1.207 1.00 7105
187 | 172 | 37 1111 1.00 7110
197 | 172 | 37 1.185 1.00 7115
120 | 172 | 37 0.615 0.41 7120
150 | 172 | 37 0.837 0.69 7125
185 | 172 | 37 1.096 1.00 7130
180 | 172 | 37 1.059 1.00 7135
150 | 172 | 37 0.837 0.69 7140
181 172 | 37 1.067 1.00 7145




Table A.8 Shale volume (Vsh) calculation from well: | (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
195 | 172 ] 37 1.170 1.00 7150
162 | 172 37 0.926 0.84 7155
163 | 172 | 37 0.933 0.86 7160
163 | 172 | 37 0.933 0.86 7165
95 | 172 | 37 0.430 0.25 7170
60 | 172 37 0.170 0.08 7175
60 | 172 | 37 0.170 0.08 7180
63 | 172 37 0.193 0.09 7185
70 | 172 37 0.244 0.12 7190
78 | 172 | 37 0.304 0.16 WL.O8,
80 | 172 ] 37 0.319 0.17 7200
55 | 172 | 37 0.133 0.06 7205
60 | 172 37 0.170 0.08 7210
150 | 172 | 37 0.837 0.69 7215
130 | 172 | 37 0.689 0.50 7220
170 | 172 ] 37 0.985 0.97 22
168 | 172 | 37 0.970 0.93 7230
190 | 172 | 37 1.133 1.00 7235
168 | 172 | 37 0.896 0.79 7240
83 | 172 ] 37 0.341 0.18 7245
68 | 172 37 0.230 0.11 7250
57 | 172 | 37 0.148 0.07 7255
60 | 172 | 37 0.170 0.08 7260
70 | 172 | 37 0.244 0.12 7265
87 | 172 | 37 0.370 0.21 7270
160 | 172 | 37 0.911 0.81 7275
M3 172 37 0.563 0.36 7280
62 | 172 37 0.185 0.09 7285
60 | 172 ] 37 0.170 0.08 7290
65 | 172 37 0.207 0.10 7295
68 | 172 37 0.230 0.1 7300
52 | 172 | 37 0.111 0.05 7305
57 | 1721 37 0.148 0.07 7310
178 | 172 37 1.044 1.00 7315
200 | 172 | 37 1.207 1.00 7320
187 | 1727 37 1111 1.00 7325
185 | 172 | 37 1.096 1.00 7330
160 | 172 | 37 0.911 0.81 7335
170 | 172 | 37 0.985 0.97 7340
180 | 172 | 37 1.059 1.00 7345
165 | 172 | 37 0.948 0.89 7350
183 | 172 | 37 1.081 1.00 7355
142 | 172 | 37 0.778 0.61 7360
125 | 172 | 37 0.652 0.45 7365
60 | 172 37 0.170 0.08 7370
62 | 172 37 0.185 0.09 7375
73 | 1721 37 0.267 0.14 7380

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
65 | 172 37 0.207 0.10 7385
60 | 172 37 0.170 0.08 7390
45 | 172 37 0.059 0.03 7395
160 | 172 | 37 0.911 0.81 7400
170 | 172 | 37 0.985 0.97 7405
200 | 172 | 37 1.207 1.00 7410
195 | 172 | 37 1.170 1.00 7415
163 | 172 | 37 0.933 0.86 7420
195 1 172 | 37 1.170 1.00 7425
187 | 172 37 0.741 0.56 7430
198 | 172 | 37 1.193 1.00 7435
85 | 172 | 37 0.356 0.19 7440
100 | 1727 37 0.467 0.28 7445
163 | 172 | 37 0.859 0.73 7450
138 | 172 | 37 0.748 0.57 7455
120 | 1727 37 0.615 0.41 7460
175 | 172 | 37 1.022 1.00 7465
180 | 172 37 1.059 1.00 7470
150 | 172 | 37 0.837 0.69 7475
1655 | 172 | 37 0.874 0.75 7480
98 | 172 | 37 0.452 0.27 7485
52 | 172 | 37 0.111 0.05 7490
50 | 172 | 37 0.096 0.04 7495
67 | 172 37 0.222 0.1 7500
78 | 1721 37 0.304 0.16 7505
62 | 172 | 37 0.185 0.09 7510
130 | 172 | 37 0.689 0.50 7515
142 | 172 | 37 0.778 0.61 7520
140 | 172 37 0.763 0.59 7525
110 | 172} 87 0.541 0.34 7530
145 1 172 | 37 0.800 0.64 7535
1811172 37 1.067 1.00 7540
190 [ 172 | 37 1.133 1.00 7545
170 172 | 37 0.985 0.97 7550
1851172 | 37 1.096 1.00 7555
200 172 | 37 1.207 1.00 7560
185 | 1727| 37 1.096 1.00 7565
163 | 172 | 37 0.933 0.86 7570
180 | 172 | 37 1.059 1.00 7575
1365 | 172 | 37 0.726 0.54 7580
125 1 172 | 37 0.652 0.45 7585
100 | 172 | 37 0.467 0.28 7590
87 | 172 | 37 0.370 0.21 7595
50 | 172 | 37 0.096 0.04 7600
55 | 172 | 37 0.133 0.06 7605
55 | 172 | 37 0.133 0.06 7610
58 | 172 | 37 0.156 0.07 7615
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Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
200 | 172 | 37 1.207 1.00 7620
200 | 172 | 37 1.207 1.00 7625
150 | 172 ] 37 0.837 0.69 7630
200 | 172 | 37 1.207 1.00 7635
180 | 172 | 37 1.059 1.00 7640
200 | 172 | 37 1.207 1.00 7645
170 | 172 | 37 0.985 0.97 7650
10| 172 37 0.541 0.34 7655
120 | 172 | 37 0.615 0.41 7660
97 | 172 37 0.444 0.26 7665
65 | 1721 37 0.207 0.10 7670
60 | 172 | 37 0.170 0.08 7675
170 | 172 | 37 0.985 0.97 7680
182 | 172 37 1.074 1.00 7685
180 | 172 | 37 1.059 1.00 7690
140 | 172 37 0.763 0.69 7695
142 | 172 | 37 0.778 0.61 7700
165 | 172 37 0.948 0.89 7705
180 | 172 | 37 1.059 1.00 7710
192 | 172 37 1.148 1.00 7715
190 | 172 | 37 1.133 1.00 7720
180 | 172 | 37 1.059 1.00 7725
170 | 1721 37 0.985 0.97 7730
170 | 172 | 37 0.985 0.97 7735
45 | 172 | 37 0.059 0.03 7740
70 | 172 | 37 0.244 0.12 7745
80 | 172 ] 37 0.319 0.17 7750
63 | 172 37 0.193 0.09 7755
65 | 172 37 0.207 0.10 7760
47 | 172 | 37 0.074 0.03 7765
45 [ 172 | 37 0.059 0.03 7770
192 | 172 | 37 1.148 1.00 7775
178 | 172 | 37 1.044 1.00 7780
150 | 172 | 37 0.837 0.69 7785
180 | 175 | 40 1.037 1.00 8020
160 | 175 40 0.889 0.78 8025
182 | 175 | 40 1.0562 1.00 8030
195 | 1756 | 40 1.148 1.00 8035
160 | 175 | 40 0.889 0.78 8040
200 | 175 | 40 1.185 1.00 8045
100 | 175 | 40 0.444 0.26 8050
200 | 175 | 40 1.185 1.00 8055
200 | 175 | 40 1.185 1.00 8060
195 | 175 40 1.148 1.00 8065
190 | 175 | 40 111 1.00 8070
140 | 175 40 0.741 0.56 8075
200 | 175 | 40 1.185 1.00 8080

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
140 | 172 | 37 0.763 0.59 7790
200 | 172 | 37 1.207 1.00 7795
160 | 172 | 37 0.911 0.81 7800
110 | 172 ] 37 0.541 0.34 7805
143 | 172 | 37 0.785 0.62 7810
170 | 175 40 0.963 0.92 7815
160 | 175 40 0.889 0.78 7820
1751 175 40 1.000 1.00 7825
160 | 175 40 0.815 0.66 7830
142 | 175 40 0.756 0.58 7835
1401 175 | 40 0.741 0.56 7840
138 | 1751 40 0.726 0.54 7845
128 | 1751 40 0.652 0.45 7850
175 | 1756 | 40 1.000 1.00 7855
187 1 175 | 40 1.089 1.00 7860
190 | 175 40 1111 1.00 7865
180 | 175 | 40 1.037 1.00 7870
170 | 175 40 0.963 0.92 7875
140 | 175 | 40 0.741 0.56 7880
200 | 175 | 40 1.185 1.00 7885
140 | 175 40 0.741 0.56 7890
170 | 175 | 40 0.963 0.92 7895
190 | 1751 40 1111 1.00 7900
200 | 175 | 40 1.185 1.00 7905
200 | 175 | 40 1.185 1.00 7910
175 | 175 | 40 1.000 1.00 7915
140 | 1751 40 0.741 0.56 7920
138 | 175 | 40 0.726 0.54 7925
160 | 175 40 0.889 0.78 7930
162 | 175 40 0.904 0.80 7935
180 | 175 | 40 1.037 1.00 7940
1801175 | 40 1.037 1.00 7945
170 | 175 | 40 0.963 0.92 7950
193 |'175 | 40 1.133 1.00 7955
1701175 | 40 0.963 0.92 7960
200°] 175 | 40 1.185 1.00 7965
165 | 175 40 0.926 0.84 7970
178 | 175 | 40 1.022 1.00 7975
200 | 175 | 40 1.185 1.00 7980
145 | 175 | 40 0.778 0.61 7985
140 | 175 | 40 0.741 0.56 7990
188 | 175 40 1.096 1.00 7995
1951 175 | 40 1.148 1.00 8000
1751 175 | 40 1.000 1.00 8005
160 | 175 | 40 0.889 0.78 8010
200 | 175 | 40 1.185 1.00 8015
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Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
180 | 175 40 1.037 1.00 8085
120 | 175 | 40 0.593 0.39 8090
57 | 175 ] 40 0.126 0.06 8095
50 | 175 | 40 0.074 0.03 8100
80 | 175 40 0.296 0.15 8105
65 | 175 40 0.185 0.09 8110
63 | 175 40 0.170 0.08 8115
65 | 175 40 0.185 0.09 8120
67 | 1751 40 0.200 0.10 8125
67 | 1751 40 0.200 0.10 8130
65 | 1751 40 0.185 0.09 8135
138 | 175 | 40 0.726 0.54 8140
200 | 175 | 40 1.185 1.00 8145
187 | 175 | 40 1.089 1.00 8150
180 | 175 | 40 1.037 1.00 8155
190 | 175 | 40 1111 1.00 8160
150 | 175 | 40 0.815 0.66 8165
125 | 175 | 40 0.630 0.43 8170
200 | 175 | 40 1.185 1.00 8175
200 | 175 | 40 1.185 1.00 8180
200 | 175 | 40 1.185 1.00 8185
150 | 175 40 0.815 0.66 8190
200 | 175 | 40 1.185 1.00 8195
183 | 175 40 1.059 1.00 8200
190 | 175 | 40 1111 1.00 8205
160 | 175 | 40 0.889 0.78 8210
180 | 175 | 40 1.037 1.00 8215
142 | 175 | 40 0.756 0.58 8220
137 | 175 | 40 0.719 0.58 8225
198 | 175 | 40 1.170 1.00 8230
185 | 175 | 40 1.074 1.00 8235
50 | 175 | 40 0.074 0.03 8240
53 | 175 | 40 0.096 0.04 8245
63 | 175 40 0.170 0.08 8250
52 | 175 | 40 0.089 0.04 8255
59 | 1757} 40 0.141 0.07 8260
130 | 175 | 40 0.667 0.47 8265
185 | 1756 | 40 1.074 1.00 8270
190 | 175 | 40 111 1.00 8275
180 | 175 40 1.037 1.00 8280
183 | 175 40 1.059 1.00 8285
158 | 175 | 40 0.874 0.75 8290
180 | 175 40 1.037 1.00 8295
1751 175 | 40 1.000 1.00 8300
108 | 175 | 40 0.504 0.31 8305
200 | 175 | 40 1.185 1.00 8310
130 | 175 40 0.667 0.47 8315

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
60 | 175 40 0.148 0.07 8320
180 | 175 40 1.037 1.00 8325
123 | 175 | 40 0.615 0.41 8330
182 | 175 40 1.052 1.00 8335
183 | 175 | 40 1.059 1.00 8340
163 | 175 40 0.911 0.81 8345
1751 175 | 40 1.000 1.00 8350
162 | 175 | 40 0.904 0.80 8355
190 | 175 | 40 1111 1.00 8360
127 | 1751 40 0.644 0.45 8365
167 | 175 | 40 0.941 0.87 8370
170 | 175 | 40 0.963 0.92 8375
160 | 1751 40 0.889 0.78 8380
142 | 175 | 40 0.756 0.58 8385
170 | 175 | 40 0.963 0.92 8390
186 | 175 | 40 1.081 1.00 8395
108 | 175 | 40 0.504 0.31 8400
185 | 175 | 40 1.074 1.00 8405
200 | 175 | 40 1.185 1.00 8410
180 | 175 | 40 1.037 1.00 8415
195 | 175 | 40 1.148 1.00 8420
200 | 175 | 40 1.185 1.00 8425
150 | 175 40 0.815 0.66 8430
130 | 175 40 0.667 0.47 8435
120 | 175 40 0.593 0.39 8440
57 | 175 | 40 0.126 0.06 8445
80 | 1751 40 0.296 0.15 8450
107 | 175 | 40 0.496 0.30 8455
78 | 1751 40 0.281 0.15 8460
77 | 175} 40 0.274 0.14 8465
70 | 1751 40 0.222 0.1 8470
108 | 175 | 40 0.504 0.31 8475
200 | 175 | 40 1.185 1.00 8480
95 |'175 | 40 0.407 0.23 8485
1401175 | 40 0.741 0.56 8490
60 | 1751 40 0.148 0.07 8495
170 | 1757 40 0.963 0.92 8500
160 | 175 | 40 0.889 0.78 8505
178 1 175 | 40 1.022 1.00 8510
173 | 175 40 0.985 0.97 8515
200 | 175 | 40 1.185 1.00 8520
183 | 175 | 40 1.059 1.00 8525
133 | 175 | 40 0.689 0.50 8530
193 | 175 | 40 1.133 1.00 8535
170 | 175 40 0.963 0.92 8540
187 | 175 40 1.089 1.00 8545
180 | 175 | 40 1.037 1.00 8550
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Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
185 | 185 | 56 1.000 1.00 8790
135 185 | 56 0.612 0.41 8795
100 | 185 | 56 0.341 0.18 8800
118 | 185 | 56 0.481 0.29 8805
180 | 185 | 56 0.961 0.91 8810
200 | 185 | 56 1.116 1.00 8815
185 | 185 | 56 1.000 1.00 8820
165 | 185 | 56 0.845 0.70 8825
101 | 185 | 56 0.349 0.19 8830
167 | 185 | 56 0.860 0.73 8835
170 | 185 | 56 0.884 0.77 8840
187 | 185 | 56 1.016 1.00 8845
180 | 185 | 56 0.961 0.91 8850
110 | 185 | 56 0.419 0.24 8855
160 | 185 | 56 0.806 0.65 8860
80 | 185 | 56 0.186 0.09 8865
180 | 185 | 56 0.961 0.91 8870
200 | 185 | 66 1.116 1.00 8875
118 | 185 | 56 0.481 0.29 8880
187 | 185 | 56 1.016 1.00 8885
133 | 185 | 56 0.597 0.40 8890
197 | 185 | 56 1.093 1.00 8895
187 | 185 | 56 1.016 1.00 8900
192 | 185 | 56 1.054 1.00 8905
1451 185 | 56 0.690 0.50 8910
200 | 185 | 56 1.116 1.00 8915
100 | 185 | 56 0.341 0.18 8920
200 | 185 | 56 1.116 1.00 8925
67 | 185 56 0.085 0.04 8930
190 | 185 | 56 1.039 1.00 8935
1451 185 | 56 0.690 0.50 8940
190 | 185 | 56 1.039 1.00 8945
180 | 185 | 56 0.961 0.91 8950
95 |'185 | 56 0.302 0.16 8955
1271185 | 56 0.550 0.35 8960

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
160 | 175 40 0.889 0.78 8555
132 | 175 | 40 0.681 0.49 8560
190 | 175 | 40 1111 1.00 8565
93 | 175 40 0.393 0.22 8570
140 | 175 | 40 0.741 0.56 8575
190 | 175 40 1111 1.00 8580
103 | 175 | 40 0.467 0.28 8585
67 | 1751 40 0.200 0.10 8590
70 | 1751 40 0.222 0.1 8595
60 | 175 40 0.148 0.07 8600
77 | 1751 40 0.274 0.14 8605
72 | 175 ] 40 0.237 0.12 8610
73 | 1751 40 0.244 0.12 8615
60 | 175 40 0.148 0.07 8620
82 | 175 | 40 0.311 0.16 8625
63 | 175 40 0.170 0.08 8630
100 | 175 | 40 0.444 0.26 8635
195 | 175 | 40 1.148 1.00 8640
170 | 185 | 56 0.884 0.77 8645
155 | 185 | 56 0.767 0.59 8650
197 | 185 | 56 1.093 1.00 8655
120 | 185 | 56 0.496 0.30 8660
178 | 185 | 56 0.946 0.88 8665
170 | 185 | 56 0.884 0.77 8670
140 | 185 | 56 0.651 0.45 8675
200 | 185 | 56 1.116 1.00 8680
155 | 185 | 56 0.767 0.59 8685
1451 185 | 56 0.690 0.50 8690
120 | 185 | 56 0.496 0.30 8695
137 | 185 | 56 0.628 0.43 8700
92 | 185 56 0.279 0.14 8705
190 | 185 | 56 1.039 1.00 8710
200 | 185 | 56 1.116 1.00 8715
178 | 185 | 56 0.946 0.88 8720
200 | 185 | 56 1.116 1.00 8725
168 | 185 56 0.868 0.74 8730
150 | 185 | 56 0.729 0.54 8735
179 | 185 | 56 0.953 0.90 8740
177 | 185 56 0.938 0.87 8745
170 | 185 | 56 0.884 0.77 8750
198 | 185 | 56 1.101 1.00 8755
190 | 185 | 56 1.039 1.00 8760
170 | 185 | 56 0.884 0.77 8765
197 | 185 | 56 1.093 1.00 8770
137 | 185 | 56 0.628 0.43 8775
200 | 185 | 56 1.116 1.00 8780
140 | 185 | 56 0.651 0.45 8785




Table A.9 Shale volume (Vsh) calculation from well: J

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
110 | 167 | 53 0.5000 0.31 4500
95 | 167 | 53 0.3684 0.20 4505
78 | 167 | 53 0.2193 0.11 4510
73 | 167 | 53 0.1754 0.08 4515
57 | 167 | 53 0.0351 0.01 4520
70 | 167 | 53 0.1491 0.07 4525
63 | 167 | 53 0.0877 0.04 4530
62 | 167 | 53 0.0789 0.03 4535
60 | 167 | 53 0.0614 0.03 4540
52 | 167 | 53 -0.0088 0.00 4545
1751 167 | 53 1.0702 1.00 4550
160 | 167 | 53 0.9386 0.87 4555
168 | 167 | 53 1.0088 1.00 4560
142 | 167 | 53 0.7807 0.61 4565
1568 | 167 | 53 0.9211 0.83 4570
154 | 167 | 53 0.8860 0.77 4575
150 | 167 | 53 0.8509 0.71 4580
130 | 167 | 53 0.6754 0.48 4585
158 | 167 | 53 0.9211 0.83 4590
168 | 167 | 53 1.0088 1.00 4595
140 | 167 | 53 0.7632 0.59 4600
140 | 167 | 53 0.7632 0.59 4605
113 | 167 | 53 0.5263 0.33 4610
52 | 167 | 53 -0.0088 0.00 4615
65 | 167 | 53 0.1053 0.05 4620
58 | 167 | 53 0.0439 0.02 4625
58 | 167 | 53 0.0439 0.02 4630
54 | 167 | 53 0.0088 0.00 4635
55 | 167 | 53 0.0175 0.01 4640
53 | 167 | 53 0.0000 0.00 4645
54 | 167 | 53 0.0088 0.00 4650
55 | 167 | 53 0.0175 0.01 4655
55 | 167 | 53 0.0175 0.01 4660
60 | 167 | 53 0.0614 0.03 4665
62 | 167 | 53 0.0789 0.03 4670
55 | 167 | 583 0.0175 0.01 4675
60 | 167 | 53 0.0614 0.03 4680
55 | 167 | 53 0.0175 0.01 4685
58 | 167 | 53 0.0439 0.02 4690
78 | 167 | 53 0.2193 0.1 4695
73 | 167 | 53 0.1754 0.08 4700
72 | 167 | 53 0.1667 0.08 4705
62 | 167 | 53 0.0789 0.03 4710
67 | 167 | 53 0.1228 0.06 4715
60 | 167 | 53 0.0614 0.03 4720
145 | 167 | 53 0.8070 0.65 4725
130 | 167 | 53 0.6754 0.48 4730

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
87 | 167 | 53 0.2982 0.16 4735
63 | 167 | 53 0.0877 0.04 4740
132 | 167 | 53 0.6930 0.50 4745
158 | 167 | 53 0.9211 0.83 4750
128 | 167 | 53 0.6579 0.46 4755
77 | 167 | 53 0.2105 0.10 4760
60 | 167 | 53 0.0614 0.03 4765
70 | 167 | 53 0.1491 0.07 4770
70 | 167 | 53 0.1491 0.07 4775
65 | 167 | 53 0.1053 0.05 4780
68 | 167 | 53 0.1316 0.06 4785
73 | 167 | 53 0.1754 0.08 4790
65 | 167 | 53 0.1053 0.05 4795
138 | 167 | 53 0.7456 0.56 4800
137 | 167 | 53 0.7368 0.55 4805
88 | 167 | 53 0.3070 0.16 4810
80 | 167 | 53 0.2368 0.12 4815
75 | 167 | 83 0.1930 0.09 4820
78 | 167 | 53 0.2193 0.1 4825
67 | 167 | 53 0.1228 0.06 4830
120 | 167 | 53 0.5877 0.39 4835
75 | 167 | 53 0.1930 0.09 4840
112 | 167 | 53 0.5175 0.32 4845
147 | 167 | 53 0.8246 0.67 4850
142 1 167 | 53 0.7807 0.61 4855
125 | 167 | 53 0.6316 0.43 4860
150 | 167 | 53 0.8509 0.71 4865
158 | 167 | 53 0.9211 0.83 4870
190 | 167 | 53 1.2018 1.00 4875
200 | 167 | 63 1.2895 1.00 4880
162 | 167 | 53 0.9561 0.90 4885
153|167 | 53 0.8772 0.76 4890
127 | 167 | 53 0.6491 0.45 4895
160 | 167 | 53 0.9386 0.87 4900
1321167 | 53 0.6930 0.50 4905
1527 167 | 53 0.8684 0.74 4910
170 | 167 53 1.0263 1.00 4915
163 | 167 | 53 0.9649 0.92 4920
165 | 167 | 53 0.9825 0.96 4925
153 | 167 | 53 0.8772 0.76 4930
155 | 167 | 53 0.8947 0.79 4935
145 | 167 | 53 0.8070 0.65 4940
140 | 167 | 53 0.7632 0.59 4945
163 | 167 | 53 0.9649 0.92 4950
1751 167 | 53 1.0702 1.00 4955
135 | 167 | 53 0.7193 0.53 4960
185 | 167 | 53 1.1579 1.00 4965
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Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
132 | 167 | 53 0.6930 0.50 4970
140 | 167 | 53 0.7632 0.59 4975
150 | 167 | 53 0.8509 0.71 4980
128 | 167 | 53 0.6579 0.46 4985
130 | 167 | 53 0.6754 0.48 4990
90 | 167 | 53 0.3246 0.17 4995
147 1 167 | 53 0.8246 0.67 5000
60 | 167 | 53 0.0614 0.03 5005
65 | 167 | 53 0.1053 0.05 5010
60 | 167 | 53 0.0614 0.03 5015
60 | 167 | 53 0.0614 0.08 5020
200 | 167 | 53 1.2895 1.00 5025
195 | 167 | 53 1.2456 1.00 5030
170 | 167 | 53 1.0263 1.00 5035
123 | 167 | 53 0.6140 0.41 5040
158 | 167 | 53 0.9211 0.83 5045
151 | 167 | 53 0.8596 0.73 5050
120 | 167 | 53 0.5877 0.39 5055
140 | 167 | 53 0.7632 0.59 5060
97 | 167 | 53 0.3860 0.22 5065
79 | 167 | 53 0.2281 0.11 5070
93 | 167 | 53 0.3509 0.19 5075
60 | 167 | 53 0.0614 0.03 5080
61 | 167 | 53 0.0702 0.03 5085
97 | 167 | 53 0.3860 0.22 5090
105 | 167 | 53 0.4561 0.27 5095
165 | 167 | 53 0.9825 0.96 5100
173 | 167 | 53 1.0526 1.00 5105
162 | 167 | 53 0.9561 0.90 5110
185 | 167 | 53 1.1579 1.00 5115
138 | 167 | 53 0.7456 0.56 5120
150 | 167 | 53 0.8509 0.71 5125
160 | 167 | 53 0.9386 0.87 5130
135 | 167 | 53 0.7193 0.53 5135
150 | 167 | 53 0.8509 0.71 5140
160 | 167 | 53 0.9386 0.87 5145
1562 | 167 | 53 0.8684 0.74 5150
150 | 167 | 53 0.8509 0.71 5155
140 | 167 | 53 0.7632 0.59 5160
132 | 167 | 53 0.6930 0.50 5165
78 | 167 | 53 0.2193 0.1 5170
70 | 167 | 53 0.1491 0.07 5175
67 | 167 | 53 0.1228 0.06 5180
162 | 167 | 53 0.9561 0.90 5185
145 | 167 | 53 0.8070 0.65 5190
150 | 167 | 53 0.8509 0.71 5195
137 | 167 | 53 0.7368 0.55 5200

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
130 | 167 | 53 0.6754 0.48 5205
125 | 167 | 53 0.6316 0.43 5210
73 | 167 | 53 0.1754 0.08 5215
65 | 167 | 53 0.1053 0.05 5220
65 | 167 | 53 0.1053 0.05 5225
65 | 167 | 53 0.1053 0.05 5230
60 | 167 | 53 0.0614 0.03 5235
55 | 167 | 53 0.0175 0.01 5240
65 | 167 | 53 0.1053 0.05 5245
65 | 167 | 53 0.1053 0.05 5250
84 | 167 | 53 0.2719 0.14 5255
138 | 167 | 53 0.7456 0.56 5260
126 | 167 | 53 0.6404 0.44 5265
130 | 167 | 53 0.6754 0.48 5270
73 | 167 | 53 0.1754 0.08 5275
70 | 167 | 83 0.1491 0.07 5280
70 | 167 | 53 0.1491 0.07 5285
65 | 167 | 83 0.1053 0.05 5290
65 | 167 | 53 0.1053 0.05 5295
60 | 167 | 53 0.0614 0.03 5300
63 | 167 | 53 0.0877 0.04 5305
75 | 167 | 53 0.1930 0.09 5310
68 | 167 | 53 0.1316 0.06 5315
110 | 167 | 53 0.5000 0.31 5320
140 | 167 | 53 0.7632 0.59 5325
150 | 167 | 53 0.8509 0.71 5330
147 | 167 | 53 0.8246 0.67 5335
175 | 167 | 53 1.0702 1.00 5340
1711 167 | 53 1.0351 1.00 5345
150 | 167 | 63 0.8509 0.71 5350
155 | 167 | 53 0.8947 0.79 5355
165|167 | 53 0.9825 0.96 5360
120 | 167 | 53 0.5877 0.39 5365
120 |167 | 53 0.5877 0.39 5370
200167 | 53 1.2895 1.00 5375
70| 167 | 53 0.1491 0.07 5380
67 | 167 53 0.1228 0.06 5385
73 | 167 | 53 0.1754 0.08 5390
80 | 167 | 53 0.2368 0.12 5395
73 | 167 | 53 0.1754 0.08 5400
75 | 167 | 53 0.1930 0.09 5405
82 | 167 | 53 0.2544 0.13 5410
78 | 167 | 53 0.2193 0.1 5415
153 | 167 | 53 0.8772 0.76 5420
158 | 167 | 53 0.9211 0.83 5425
152 | 167 | 53 0.8684 0.74 5430
170 | 167 | 53 1.0263 1.00 5435




Table A.9 Shale volume (Vsh) calculation from well: J (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
145 | 167 | 53 0.8070 0.65 5440
158 | 167 | 53 0.9211 0.83 5445
145 | 167 | 53 0.8070 0.65 5450
150 | 167 | 53 0.8509 0.71 5455
165 | 167 | 53 0.9825 0.96 5460
160 | 167 | 53 0.9386 0.87 5465
163 | 167 | 53 0.8772 0.76 5470
180 | 167 | 53 1.1140 1.00 5475
137 | 167 | 53 0.7368 0.55 5480
138 | 167 | 53 0.7456 0.56 5485
160 | 167 | 53 0.9386 0.87 5490
110 | 167 | 53 0.5000 0.31 5495
131 | 167 | 53 0.6842 0.49 5500
70 | 167 | 53 0.1491 0.07 5505
82 | 167 | 53 0.2544 0.13 5510
163 | 167 | 53 0.9649 0.92 5515
165 | 167 | 53 0.8947 0.79 5520
150 | 167 | 53 0.8509 0.71 55625
135 | 167 | 53 0.7193 0.53 5530
130 | 167 | 53 0.6754 0.48 5535
155 | 167 | 53 0.8947 0.79 5540
1421 167 | 53 0.7807 0.61 5545
105 | 167 | 53 0.4561 0.27 5550
98 | 167 | 53 0.3947 0.22 5555
110 | 167 | 53 0.5000 0.31 5560
80 | 167 | 53 0.2368 0.12 5565
65 | 167 | 53 0.1053 0.05 5570
60 | 167 | 53 0.0614 0.03 5575
58 | 167 | 53 0.0439 0.02 5580
73 | 167 | 53 0.1754 0.08 5585
68 | 167 | 53 0.1316 0.06 5590
68 | 167 | 53 0.1316 0.06 5595
140 | 167 | 53 0.7632 0.59 5600
180 | 167 | 53 1.1140 1.00 5605
160 | 167 | 53 0.9386 0.87 5610
130 | 167 | 63 0.6754 0.48 5615
150 | 167 | 53 0.8509 0.71 5620
167 | 167 | 53 1.0000 1.00 5625
147 1 167 | 53 0.8246 0.67 5630
180 | 167 | 53 1.1140 1.00 5635
142 | 167 | 53 0.7807 0.61 5640
155 | 167 | 53 0.8947 0.79 5645
143 | 167 | 53 0.7895 0.62 5650
110 | 167 | 53 0.5000 0.31 5655
150 | 167 | 53 0.8509 0.71 5660
200 | 167 | 53 1.2895 1.00 5665
138 | 167 | 53 0.7456 0.56 5670

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
110 | 167 | 53 0.5000 0.31 5675
100 | 167 | 53 0.4123 0.24 5680
150 | 167 | 53 0.8509 0.71 5685
140 | 167 | 53 0.7632 0.59 5690
125 | 167 | 53 0.6316 0.43 5695
122 | 167 | 53 0.6053 0.41 5700
140 | 167 | 53 0.7632 0.59 5705
165 | 167 | 53 0.8947 0.79 5710
137 | 167 | 53 0.7368 0.55 5715
125| 167 | 53 0.6316 0.43 5720
122 | 167 | 53 0.6053 0.41 5725
120 | 167 | 53 0.5877 0.39 5730
160 | 167 | 53 0.9386 0.87 5735
165 | 167 | 53 0.9825 0.96 5740
177 1 167 | 53 1.0877 1.00 5745
145 | 167 | 53 0.8070 0.65 5750
132 | 167 | 53 0.6930 0.50 5755
140 | 167 | 63 0.7632 0.59 5760
168 | 167 | 53 0.9211 0.83 5765
143 | 167 | 53 0.7895 0.62 5770
141 | 167 | 53 0.7719 0.60 5775
102 | 167 | 53 0.4298 0.25 5780
185 | 167 | 53 1.1579 1.00 5785
182 | 167 | 53 1.1316 1.00 5790
160 | 167 | 53 0.9386 0.87 5795
145 | 167 | 53 0.8070 0.65 5800
168 | 167 | 53 1.0088 1.00 5805
127 | 167 | 53 0.6491 0.45 5810
108 | 167 | 53 0.4825 0.29 5815
80 | 167 | 53 0.2368 0.12 5820
65 | 167 | 53 0.1053 0.05 5825
581167 | 53 0.0439 0.02 5830
73 | 167 | 53 0.1754 0.08 5835
75 167 | 53 0.1930 0.09 5840
1401167 | 53 0.7632 0.59 5845
130°| 167 | 53 0.6754 0.48 5850
138 | 167 53 0.7456 0.56 5855
135 | 167 | 53 0.7193 0.53 5860
1751 167 | 53 1.0702 1.00 5865
105 | 167 | 53 0.4561 0.27 5870
167 | 167 | 53 1.0000 1.00 5875
142 | 167 | 53 0.7807 0.61 5880
200 | 167 | 53 1.2895 1.00 5885
118 | 167 | 53 0.5702 0.37 5890
138 | 167 | 53 0.7456 0.56 5895
147 | 167 | 53 0.8246 0.67 5900
135 | 167 | 53 0.7193 0.53 5905
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Table A.9 Shale volume (Vsh) calculation from well: J (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
155 | 167 | 53 0.8947 0.79 5910
90 | 167 | 53 0.3246 0.17 5915
120 | 167 | 53 0.5877 0.39 5920
200 | 167 | 53 1.2895 1.00 5925
160 | 167 | 53 0.9386 0.87 5930
150 | 167 | 53 0.8509 0.71 5935
163 | 167 | 53 0.8772 0.76 5940
140 | 167 | 53 0.7632 0.59 5945
100 | 167 | 53 0.4123 0.24 5950
147 | 167 | 53 0.8246 0.67 5955
162 | 167 | 53 0.9561 0.90 5960
163 | 167 | 53 0.9649 0.92 5965
200 | 167 | 53 1.2895 1.00 5970
200 | 167 | 53 1.2895 1.00 5975
115 | 167 | 53 0.5439 0.35 5980
163 | 167 | 53 0.8772 0.76 5985
163 | 167 | 53 0.8772 0.76 5990
150 | 167 | 53 0.8509 0.71 5995
170 | 167 | 53 1.0263 1.00 6000
148 | 167 | 53 0.8333 0.69 6005
157 | 167 | 53 0.9123 0.82 6010
135 167 | 53 0.7193 0.53 6015
157 | 167 | 53 0.9123 0.82 6020
150 | 167 | 53 0.8509 0.71 6025
167 | 167 | 53 1.0000 1.00 6030
150 | 167 | 53 0.8509 0.71 6035
148 | 167 | 53 0.8333 0.69 6040
140 | 167 | 53 0.7632 0.59 6045
130 | 167 | 53 0.6754 0.48 6050
92 | 167 | 53 0.3421 0.19 6055
80 | 167 | 53 0.2368 0.12 6060
87 | 167 | 53 0.2982 0.16 6065
65 | 167 | 53 0.1053 0.05 6070
60 | 167 | 53 0.0614 0.03 6075
140 | 167 | 53 0.7632 0.59 6080
103 | 167 | 53 0.4386 0.26 6085
160 | 167 | 53 0.9386 0.87 6090
160 | 167 | 53 0.9386 0.87 6095
115 | 167 | 53 0.5439 0.35 6100
78 | 167 | 53 0.2193 0.1 6105
62 | 167 | 53 0.0789 0.03 6110
53 | 167 | 53 0.0000 0.00 6115
63 | 167 | 53 0.0877 0.04 6120
55 | 167 | 53 0.0175 0.01 6125
160 | 167 | 53 0.9386 0.87 6130
150 | 167 | 53 0.8509 0.71 6135
132 | 167 | 53 0.6930 0.50 6140

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
174 | 167 | 53 1.0614 1.00 6145
158 | 167 | 53 0.9211 0.83 6150
140 | 167 | 53 0.7632 0.59 6155
145 | 167 | 53 0.8070 0.65 6160
150 | 167 | 53 0.8509 0.71 6165
120 | 167 | 53 0.5877 0.39 6170
168 | 167 | 53 0.9211 0.83 6175
130 | 167 | 53 0.6754 0.48 6180
127 | 167 | 53 0.6491 0.45 6185
73 | 167 | 53 0.1754 0.08 6190
65 | 167 | 53 0.1053 0.05 6195
82 | 167 | 53 0.2544 0.13 6200
168 | 167 | 53 1.0088 1.00 6205
172 | 167 | 53 1.0439 1.00 6210
110 | 167 | 53 0.5000 0.31 6215
158 | 167 | 53 0.9211 0.83 6220
138 | 167 | 53 0.7456 0.56 6225
110 | 167 | 83 0.5000 0.31 6230
130 | 167 | 53 0.6754 0.48 6235
131 | 167 | 53 0.6842 0.49 6240
110 | 167 | 53 0.5000 0.31 6245
163 | 167 | 53 0.8772 0.76 6250
160 | 167 | 53 0.9386 0.87 6255
150 | 167 | 53 0.8509 0.71 6260
1451 167 | 53 0.8070 0.65 6265
117 | 167 | 53 0.5614 0.36 6270
150 | 167 | 53 0.8509 0.71 6275
150 | 167 | 53 0.8509 0.71 6280
155 | 167 | 53 0.8947 0.79 6285
170 | 167 | 63 1.0263 1.00 6290
200 | 167 | 53 1.2895 1.00 6295
200|167 | 53 1.2895 1.00 6300
160 | 167 | 53 0.9386 0.87 6305
120 |167 | 53 0.5877 0.39 6310
1581167 | 53 0.9211 0.83 6315
150°| 167 | 53 0.8509 0.71 6320
140 | 167/ 53 0.7632 0.59 6325
145 | 167 | 53 0.8070 0.65 6330
140 | 167 | 53 0.7632 0.59 6335
120 | 167 | 53 0.5877 0.39 6340
140 | 167 | 53 0.7632 0.59 6345
140 | 167 | 53 0.7632 0.59 6350
137 | 167 | 53 0.7368 0.55 6355
130 | 167 | 53 0.6754 0.48 6360
150 | 167 | 53 0.8509 0.71 6365
150 | 167 | 53 0.8509 0.71 6370
100 | 167 | 53 0.4123 0.24 6375
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Table A.9 Shale volume (Vsh) calculation from well: J (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
150 | 167 | 53 0.8509 0.71 6380
160 | 167 | 53 0.9386 0.87 6385
127 | 167 | 53 0.6491 0.45 6390
90 | 167 | 53 0.3246 0.17 6395
165 | 167 | 53 0.9825 0.96 6400
90 | 167 | 53 0.3246 0.17 6405
180 | 167 | 53 1.1140 1.00 6410
167 | 167 | 53 1.0000 1.00 6415
150 | 167 | 53 0.8509 0.71 6420
150 | 167 | 53 0.8509 0.71 6425
165 | 167 | 53 0.8947 0.79 6430
140 | 167 | 53 0.7632 0.59 6435
180 | 167 | 53 1.1140 1.00 6440
150 | 167 | 53 0.8509 0.71 6445
166 | 167 | 53 0.9912 0.98 6450
128 | 167 | 53 0.6579 0.46 6455
151 | 167 | 53 0.8596 0.73 6460
140 | 167 | 53 0.7632 0.59 6465
100 | 167 | 53 0.4123 0.24 6470
85 | 167 | 53 0.2807 0.14 6475
60 | 167 | 53 0.0614 0.03 6480
67 | 167 | 53 0.1228 0.06 6485
68 | 167 | 53 0.1316 0.06 6490
82 | 167 | 53 0.2544 0.13 6495
200 | 167 | 53 1.2895 1.00 6500
105 | 167 | 53 0.4561 0.27 6505
143 | 167 | 53 0.7895 0.62 6510
147 | 167 | 53 0.8246 0.67 6515
140 | 167 | 53 0.7632 0.59 6520
178 | 167 | 53 1.0965 1.00 6525
145 | 167 | 53 0.8070 0.65 6530
125 | 167 | 53 0.6316 0.43 6535
180 | 167 | 53 1.1140 1.00 6540
173 | 167 | 53 1.0526 1.00 6545
120 | 167 | 53 0.5877 0.39 6550
159 | 167 | 53 0.9298 0.85 6555
168 | 167 | 53 1.0088 1.00 6560
150 | 167 | 53 0.8509 0.71 6565
147 1 167 | 53 0.8246 0.67 6570
163 | 167 | 53 0.9649 0.92 6575
110 | 167 | 53 0.5000 0.31 6580
17| 167 | 53 0.5614 0.36 6585
41 | 167 | 53 -0.1053 0.00 6590
50 | 167 | 53 -0.0263 0.00 6595
52 | 167 | 53 -0.0088 0.00 6600
50 | 167 | 53 -0.0263 0.00 6605
50 | 167 | 53 -0.0263 0.00 6610

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
155 | 167 | 53 0.8947 0.79 6615
162 | 167 | 53 0.9561 0.90 6620
170 | 167 | 53 1.0263 1.00 6625
143 | 167 | 53 0.7895 0.62 6630
200 | 167 | 53 1.2895 1.00 6635
174 | 167 | 53 1.0614 1.00 6640
163 | 167 | 53 0.8772 0.76 6645
153 | 167 | 53 0.8772 0.76 6650
135 | 167 | 53 0.7193 0.53 6655
120 | 167 | 53 0.5877 0.39 6660
143 | 167 | 53 0.7895 0.62 6665
158 | 167 | 53 0.9211 0.83 6670
115 | 167 | 53 0.5439 0.35 6675
145 | 167 | 53 0.8070 0.65 6680
60 | 167 | 53 0.0614 0.03 6685
115 | 167 | 53 0.5439 0.35 6690
120 | 167 | 53 0.5877 0.39 6695
120 | 167 | &3 0.5877 0.39 6700
200 | 167 | 53 1.2895 1.00 6705
150 | 167 | 53 0.8509 0.71 6710
188 | 167 | 53 1.1842 1.00 6715
170 | 167 | 53 1.0263 1.00 6720
139 | 167 | 53 0.7544 0.58 6725
125 | 167 | 53 0.6316 0.43 6730
160 | 167 | 53 0.9386 0.87 6735
160 | 167 | 53 0.9386 0.87 6740
1151 167 | 53 0.5439 0.35 6745
80 | 167 | 53 0.2368 0.12 6750
60 | 180 | 45 0.1111 0.05 6755
60 | 180 | 45 0.1111 0.05 6760
65 | 180 | 45 0.1481 0.07 6765
60| 180 | 45 0.1111 0.05 6770
65 | 180 | 45 0.1481 0.07 6775
65 |'180 | 45 0.1481 0.07 6780
601180 | 45 0.1111 0.05 6785
87 | 180 | 45 0.3111 0.16 6790
117 | 180 45 0.5333 0.34 6795
100 | 180 | 45 0.4074 0.23 6800
78 | 180 | 45 0.2444 0.12 6805
80 | 180 | 45 0.2593 0.13 6810
70 | 180 | 45 0.1852 0.09 6815
65 | 180 | 45 0.1481 0.07 6820
65 | 180 | 45 0.1481 0.07 6825
120 | 180 | 45 0.5556 0.36 6830
130 | 180 | 45 0.6296 0.43 6835
100 | 180 | 45 0.4074 0.23 6840
50 | 180 | 45 0.0370 0.02 6845
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Table A.9 Shale volume (Vsh) calculation from well: J (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
60 | 180 | 45 0.1111 0.05 6850
100 | 180 | 45 0.4074 0.23 6855
57 | 180 | 45 0.0889 0.04 6860
1731 180 | 45 0.9481 0.89 6865
170 | 180 | 45 0.9259 0.84 6870
139 | 180 | 45 0.6963 0.50 6875
200 | 180 | 45 1.1481 1.00 6880
170 | 180 | 45 0.9259 0.84 6885
163 | 180 | 45 0.8741 0.75 6890
140 | 180 | 45 0.7037 0.51 6895
150 | 180 | 45 0.7778 0.61 6900
1451 180 | 45 0.7407 0.56 6905
190 | 180 | 45 1.0741 1.00 6910
160 | 180 | 45 0.8519 0.71 6915
150 | 180 | 45 0.7778 0.61 6920
170 |1 180 | 45 0.9259 0.84 6925
178 1 180 | 45 0.9852 0.97 6930
1531 180 | 45 0.8000 0.64 6935
178 1 180 | 45 0.9852 0.97 6940
139 ] 180 | 45 0.6963 0.50 6945
180 | 180 | 45 1.0000 1.00 6950
1171 180 | 45 0.5333 0.34 6955
198 |1 180 | 45 1.1333 1.00 6960
139 ] 180 | 45 0.6963 0.50 6965
200 | 180 | 45 1.1481 1.00 6970
139 | 180 | 45 0.6963 0.50 6975
163 | 180 | 45 0.8741 0.75 6980
147 | 180 | 45 0.7556 0.58 6985
160 | 180 | 45 0.8519 0.71 6990
128 | 180 | 45 0.6148 0.41 6995
90 | 180 | 45 0.3333 0.18 7000
160 | 180 | 45 0.8519 0.71 7005
188 | 180 | 45 1.0593 1.00 7010
170 | 180 | 45 0.9259 0.84 7015
165 | 180 | 45 0.8889 0.78 7020
173 1 180 | 45 0.9481 0.89 7025
127 1 180 | 45 0.6074 0.41 7030
182 | 180 | 45 1.0148 1.00 7035
1251 180 | 45 0.5926 0.39 7040
1471 180 | 45 0.7556 0.58 7045
152 | 180 | 45 0.7926 0.63 7050
110 | 180 | 45 0.4815 0.29 7055
68 | 180 | 45 0.1704 0.08 7060
68 | 180 | 45 0.1704 0.08 7065
60 | 180 | 45 0.1111 0.05 7070
55 | 180 | 45 0.0741 0.03 7075
68 | 180 | 45 0.1704 0.08 7080

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
58 | 180 | 45 0.0963 0.04 7085
70 | 180 | 45 0.1852 0.09 7090
78 | 180 | 45 0.2444 0.12 7095
200 | 180 | 45 1.1481 1.00 7100
150 | 180 | 45 0.7778 0.61 7105
167 | 180 | 45 0.9037 0.80 7110
1721 180 | 45 0.9407 0.87 7115
160 | 180 | 45 0.8519 0.71 7120
110 | 180 | 45 0.4815 0.29 7125
168 | 180 | 45 0.9111 0.81 7130
178 | 180 | 45 0.9852 0.97 7135
152 | 180 | 45 0.7926 0.63 7140
133 | 180 | 45 0.6519 0.45 7145
113 | 180 | 45 0.5037 0.31 7150
130 | 180 | 45 0.6296 0.43 7155
70 | 180 | 45 0.1852 0.09 7160
80 | 180 | 45 0.2593 0.13 7165
60 | 180 | 45 0.1111 0.05 7170
60 | 180 | 45 0.1111 0.05 7175
60 | 180 | 45 0.1111 0.05 7180
50 | 180 | 45 0.0370 0.02 7185
53 | 180 | 45 0.0593 0.03 7190
50 | 180 | 45 0.0370 0.02 7195
1421 180 | 45 0.7185 0.53 7200
140 ] 180 | 45 0.7037 0.51 7205
64 | 180 | 45 0.1407 0.07 7210
130 | 180 | 45 0.6296 0.43 7215
165 | 180 | 45 0.8889 0.78 7220
168 | 180 | 45 0.9111 0.81 7225
150 | 180 | 45 0.7778 0.61 7230
167 | 180 | 45 0.9037 0.80 7235
160 | 180 | 45 0.8519 0.71 7240
183 | 180 | 45 1.0222 1.00 7245
145 11180 | 45 0.7407 0.56 7250
1471180 | 45 0.7556 0.58 7255
100°| 180 | 45 0.4074 0.23 7260
55 | 180 | 45 0.0741 0.03 7265
55 | 180 | 45 0.0741 0.03 7270
55 | 180 | 45 0.0741 0.03 7275
58 | 180 | 45 0.0963 0.04 7280
108 | 180 | 45 0.4667 0.28 7285
160 | 180 | 45 0.8519 0.71 7290
1451 180 | 45 0.7407 0.56 7295
160 | 180 | 45 0.8519 0.71 7300
110 | 180 | 45 0.4815 0.29 7305
1411 180 | 45 0.7111 0.52 7310
118 | 180 | 45 0.5407 0.34 7315
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Table A.9 Shale volume (Vsh) calculation from well: J (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
150 | 180 | 45 0.7778 0.61 7320
177 | 180 | 45 0.9778 0.95 7325
140 | 180 | 45 0.7037 0.51 7330
177 | 180 | 45 0.9778 0.95 7335
100 | 180 | 45 0.4074 0.23 7340
90 | 180 | 45 0.3333 0.18 7345
90 | 180 | 45 0.3333 0.18 7350
92 | 180 | 45 0.3481 0.19 7355
50 | 180 | 45 0.0370 0.02 7360
1151 180 | 45 0.5185 0.32 7365
100 | 180 | 45 0.4074 0.23 7370
128 | 180 | 45 0.6148 0.41 7375
134 | 180 | 45 0.6593 0.46 7380
90 | 180 | 45 0.3333 0.18 7385
60 | 180 | 45 0.1111 0.05 7390
57 | 180 | 45 0.0889 0.04 7395
1121 180 | 45 0.4963 0.30 7400
122 | 180 | 45 0.5704 0.37 7405
120 | 180 | 45 0.5556 0.36 7410
63 | 180 | 45 0.1333 0.06 7415
110 | 180 | 45 0.4815 0.29 7420
170 | 180 | 45 0.9259 0.84 7425
160 | 180 | 45 0.8519 0.71 7430
180 | 180 | 45 1.0000 1.00 7435
139 | 180 | 45 0.6963 0.50 7440
170 | 180 | 45 0.9259 0.84 7445
137 | 180 | 45 0.6815 0.49 7450
113 | 180 | 45 0.5037 0.31 7455
170 | 180 | 45 0.9259 0.84 7460
168 | 180 | 45 0.9111 0.81 7465
1251 180 | 45 0.5926 0.39 7470
165 | 180 | 45 0.8889 0.78 7475
200 | 180 | 45 1.1481 1.00 7480
190 | 180 | 45 1.0741 1.00 7485
178 | 180 | 45 0.9852 0.97 7490
139 | 180 | 45 0.6963 0.50 7495
165 | 180 | 45 0.8889 0.78 7500
157 | 180 | 45 0.8296 0.68 7505
120 | 180 | 45 0.5556 0.36 7510
180 | 180 | 45 1.0000 1.00 7515
150 | 180 | 45 0.7778 0.61 7520
1451 180 | 45 0.7407 0.56 7525
1551 180 | 45 0.8148 0.66 7530
1731 180 | 45 0.9481 0.89 7535
113 | 180 | 45 0.5037 0.31 7540
50 | 180 | 45 0.0370 0.02 7545
50 | 180 | 45 0.0370 0.02 7550

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
50 | 180 | 45 0.0370 0.02 7555
57 | 180 | 45 0.0889 0.04 7560
55 | 180 | 45 0.0741 0.03 7565
50 | 180 | 45 0.0370 0.02 7570
53 | 180 | 45 0.0593 0.03 7575
60 | 180 | 45 0.1111 0.05 7580
160 | 180 | 45 0.8519 0.71 7585
200 | 180 | 45 1.1481 1.00 7590
1651 180 | 45 0.8148 0.66 7595
200 | 180 | 45 1.1481 1.00 7600
158 | 180 | 45 0.8370 0.69 7605
165 | 180 | 45 0.8889 0.78 7610
165 | 180 | 45 0.8889 0.78 7615
148 | 180 | 45 0.7630 0.59 7620
110 | 180 | 45 0.4815 0.29 7625
180 | 180 | 45 1.0000 1.00 7630
175 | 180 | 45 0.9630 0.92 7635
178 | 180 | 45 0.9852 0.97 7640
200 | 180 | 45 1.1481 1.00 7645
200 | 180 | 45 1.1481 1.00 7650
50 | 180 | 45 0.0370 0.02 7655
160 | 180 | 45 0.8519 0.71 7660
65 | 180 | 45 0.1481 0.07 7665
65 | 180 | 45 0.1481 0.07 7670
65 | 180 | 45 0.1481 0.07 7675
70 | 180 | 45 0.1852 0.09 7680
120 | 180 | 45 0.5556 0.36 7685
160 | 180 | 45 0.8519 0.71 7690
110 | 180 | 45 0.4815 0.29 7695
80 | 180 | 45 0.2593 0.13 7700
70 | 180 | 45 0.1852 0.09 7705
741180 | 45 0.2148 0.1 7710
70 | 180 | 45 0.1852 0.09 7715
74 |'180 | 45 0.2148 0.1 7720
651180 | 45 0.1481 0.07 7725
68 | 180 | 45 0.1704 0.08 7730
55 | 180 | 45 0.0741 0.03 7735
173 | 180 | 45 0.9481 0.89 7740
180 | 180 | 45 1.0000 1.00 7745
150 | 180 | 45 0.7778 0.61 7750
120 | 180 | 45 0.5556 0.36 7755
93 | 180 | 45 0.3556 0.19 7760
50 | 180 | 45 0.0370 0.02 7765
60 | 180 | 45 0.1111 0.05 7770
44 1 180 | 45 -0.0074 0.00 7775
48 | 180 | 45 0.0222 0.01 7780
55 | 180 | 45 0.0741 0.03 7785
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Table A.9 Shale volume (Vsh) calculation from well: J (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
50 | 180 | 45 0.0370 0.02 7790
165 | 180 | 45 0.8889 0.78 7795
159 | 180 | 45 0.8444 0.70 7800
1451 180 | 45 0.7407 0.56 7805
192 | 180 | 45 1.0889 1.00 7810
170 | 180 | 45 0.9259 0.84 7815
160 | 180 | 45 0.8519 0.71 7820
1751 180 | 45 0.9630 0.92 7825
176 | 180 | 45 0.9704 0.93 7830
200 | 180 | 45 1.1481 1.00 7835
123 | 180 | 45 0.5778 0.38 7840
1951 180 | 45 11111 1.00 7845
180 | 180 | 45 1.0000 1.00 7850
1567 | 180 | 45 0.8296 0.68 7855
1371 180 | 45 0.6815 0.49 7860
80 | 180 | 45 0.2593 0.13 7865
40 | 180 | 45 -0.0370 0.00 7870
123 | 180 | 45 0.5778 0.38 7875
150 | 180 | 45 0.7778 0.61 7880
190 | 180 | 45 1.0741 1.00 7885
150 | 180 | 45 0.7778 0.61 7890
1851 180 | 45 1.0370 1.00 7895
142 | 180 | 45 0.7185 0.53 7900
150 | 180 | 45 0.7778 0.61 7905
200 | 180 | 45 1.1481 1.00 7910
192 | 180 | 45 1.0889 1.00 7915
200 | 180 | 45 1.1481 1.00 7920
147 | 180 | 45 0.7556 0.58 7925
60 | 180 | 45 0.1111 0.05 7930
59 | 180 | 45 0.1037 0.05 7935
60 | 180 | 45 0.1111 0.05 7940
87 | 180 | 45 0.3111 0.16 7945
78 | 180 | 45 0.2444 0.12 7950
53 | 180 | 45 0.0593 0.03 7955
63 | 180 | 45 0.1333 0.06 7960
81 | 180 | 45 0.2667 0.14 7965
85 | 180 | 45 0.2963 0.15 7970
157 | 180 | 45 0.8296 0.68 7975
80 | 180 | 45 0.2593 0.13 7980
80 | 180 | 45 0.2593 0.13 7985
75 | 180 | 45 0.2222 0.1 7990
82 | 180 | 45 0.2741 0.14 7995
133 | 180 | 45 0.6519 0.45 8000
130 | 180 | 45 0.6296 0.43 8005
160 | 180 | 45 0.8519 0.71 8010
72 |1 180 | 45 0.2000 0.10 8015
75 | 180 | 45 0.2222 0.1 8020

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
75 |1 180 | 45 0.2222 0.1 8025
65 | 180 | 45 0.1481 0.07 8030
58 | 180 | 45 0.0963 0.04 8035
63 | 180 | 45 0.1333 0.06 8040
55 | 180 | 45 0.0741 0.03 8045
60 | 180 | 45 0.1111 0.05 8050
1651 180 | 45 0.8148 0.66 8055
180 | 180 | 45 1.0000 1.00 8060
1771 180 | 45 0.9778 0.95 8065
180 | 180 | 45 1.0000 1.00 8070
139 | 180 | 45 0.6963 0.50 8075
172 | 180 | 45 0.9407 0.87 8080
132 | 180 | 45 0.6444 0.45 8085
170 | 180 | 45 0.9259 0.84 8090
178 1 180 | 45 0.9852 0.97 8095
120 | 180 | 45 0.5556 0.36 8100
1951 180 | 45 11111 1.00 8105
183 | 180 | 45 1.0222 1.00 8110
1951 180 | 45 11111 1.00 8115
133 | 180 | 45 0.6519 0.45 8120
127 | 180 | 45 0.6074 0.41 8125
1421 180 | 45 0.7185 0.53 8130
125 | 180 | 45 0.5926 0.39 8135
73 1 180 | 45 0.2074 0.10 8140
74 | 180 | 45 0.2148 0.1 8145
57 | 180 | 45 0.0889 0.04 8150
57 1 180 | 45 0.0889 0.04 8155
50 | 180 | 45 0.0370 0.02 8160
160 | 180 | 45 0.8519 0.71 8165
170 | 180 | 45 0.9259 0.84 8170
1751 180 | 45 0.9630 0.92 8175
1451180 | 45 0.7407 0.56 8180
1771180 | 45 0.9778 0.95 8185
145 11180 | 45 0.7407 0.56 8190
951180 | 45 0.3704 0.21 8195
180°| 180 | 45 1.0000 1.00 8200
170 | 180| 45 0.9259 0.84 8205
190 | 180 | 45 1.0741 1.00 8210
147 1 180 | 45 0.7556 0.58 8215
170 | 180 | 45 0.9259 0.84 8220
170 | 180 | 45 0.9259 0.84 8225
160 | 180 | 45 0.8519 0.71 8230
162 | 180 | 45 0.8667 0.74 8235
107 | 180 | 45 0.4593 0.27 8240
160 | 180 | 45 0.8519 0.71 8245
150 | 180 | 45 0.7778 0.61 8250
180 | 180 | 45 1.0000 1.00 8255
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Table A.9 Shale volume (Vsh) calculation from well: J (continued)

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
160 | 180 | 45 0.8519 0.71 8260
1151 180 | 45 0.5185 0.32 8265
185 | 180 | 45 1.0370 1.00 8270
110 | 180 | 45 0.4815 0.29 8275
110 | 180 | 45 0.4815 0.29 8280
120 | 180 | 45 0.5556 0.36 8285
180 | 180 | 45 1.0000 1.00 8290
170 | 180 | 45 0.9259 0.84 8295
120 | 180 | 45 0.5556 0.36 8300
138 | 180 | 45 0.6889 0.50 8305
138 | 180 | 45 0.6889 0.50 8310
92 | 180 | 45 0.3481 0.19 8315
1151 180 | 45 0.5185 0.32 8320
100 | 180 | 45 0.4074 0.23 8325
70 | 180 | 45 0.1852 0.09 8330
50 | 180 | 45 0.0370 0.02 8335
160 | 180 | 45 0.8519 0.71 8340
1731 180 | 45 0.9481 0.89 8345
180 | 180 | 45 1.0000 1.00 8350
187 | 180 | 45 1.0519 1.00 8355
177 | 180 | 45 0.9778 0.95 8360
190 | 180 | 45 1.0741 1.00 8365
130 | 180 | 45 0.6296 0.43 8370
1871 180 | 45 1.0519 1.00 8375
140 | 180 | 45 0.7037 0.51 8380
1951 180 | 45 11111 1.00 8385
165 | 180 | 45 0.8889 0.78 8390
80 | 180 | 45 0.2593 0.13 8395
110 | 180 | 45 0.4815 0.29 8400
1251 180 | 45 0.5926 0.39 8405
80 | 180 | 45 0.2593 0.13 8410
60 | 180 | 45 0.1111 0.05 8415
63 | 180 | 45 0.1333 0.06 8420
50 | 180 | 45 0.0370 0.02 8425
52 | 180 | 45 0.0519 0.02 8430
142 | 180 | 45 0.7185 0.53 8435
180 | 180 | 45 1.0000 1.00 8440
180 | 180 | 45 1.0000 1.00 8445
178 | 180 | 45 0.9852 0.97 8450
185 180 | 45 1.0370 1.00 8455
120 | 180 | 45 0.5556 0.36 8460
200 | 180 | 45 1.1481 1.00 8465
190 | 180 | 45 1.0741 1.00 8470
130 | 180 | 45 0.6296 0.43 8475
200 | 180 | 45 1.1481 1.00 8480
107 | 180 | 45 0.4593 0.27 8485
1251 180 | 45 0.5926 0.39 8490

Vsh.calculation (Clavier Eq.) Depth
GR. | Max | Min | GR.fraction Vsh. (feet)
117 |1 180 | 45 0.5333 0.34 8495
160 | 180 | 45 0.8519 0.71 8500
197 | 180 | 45 1.1259 1.00 8505
1451 180 | 45 0.7407 0.56 8510
140 | 180 | 45 0.7037 0.51 8515
160 | 180 | 45 0.8519 0.71 8520
170 | 180 | 45 0.9259 0.84 8525
1421 180 | 45 0.7185 0.53 8530
1751 180 | 45 0.9630 0.92 8535
70 | 180 | 45 0.1852 0.09 8540
58 | 180 | 45 0.0963 0.04 8545
75 | 180 | 45 0.2222 0.11 8550
70 | 180 | 45 0.1852 0.09 8555
187 | 180 | 45 1.0519 1.00 8560
190 | 180 | 45 1.0741 1.00 8565
187 | 180 | 45 1.0519 1.00 8570
120 | 180 | 45 0.5556 0.36 8575
197 | 180 | 45 1.1259 1.00 8580
139 |1 180 | 45 0.6963 0.50 8585
180 | 180 | 45 1.0000 1.00 8590
200 | 200 | 60 1.0000 1.00 8595
180 | 200 | 60 0.8571 0.72 8600
179 | 200 | 60 0.8500 0.71 8605
1251 200 | 60 0.4643 0.28 8610
72 | 200 | 60 0.0857 0.04 8615
200 | 200 | 60 1.0000 1.00 8620
200 | 200 | 60 1.0000 1.00 8625
120 | 200 | 60 0.4286 0.25 8630
180 | 200 | 60 0.8571 0.72 8635
200 | 200 | 60 1.0000 1.00 8640
100 | 200 | 60 0.2857 0.15 8645
971200 | 60 0.2643 0.13 8650
1571 200 | 60 0.6929 0.50 8655
70 |'200 | 60 0.0714 0.03 8660
2001200 | 60 1.0000 1.00 8665
2007] 200 | 60 1.0000 1.00 8670
1761200 | 60 0.8214 0.67 8675
170 | 200 | 60 0.7857 0.62 8680
128 | 200 | 60 0.4857 0.29 8685
108 | 200 | 60 0.3429 0.19 8690
128 | 200 | 60 0.4857 0.29 8695
200 | 200 | 60 1.0000 1.00 8700
200 ] 200 | 60 1.0000 1.00 8705
1251 200 | 60 0.4643 0.28 8710
190 | 200 | 60 0.9286 0.85 8715
178 | 200 | 60 0.8429 0.70 8720
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APPENDIX B
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REPEAT FORMATION TESTER DATA:

Well:
Horizon/ test#:

[=

U-C6/ # 19,20,21,22,23,24,25,26,27,28,28.

Record test Fluid type
Pressure (psi.) Depth (ft.)  Grad. To depth above from log
2817.60 6574.3 oil
2819.40 6580.9 0.2727 oil
2822.08 6589.2 0.3229 oil
2824.60 6597.4 0.3073 oil
2829.80 6614.0 0.3133 oil
2832.00 6621.5 0.2933 oil
2834.13 6629.0 0.2840 oil
Linear equasion from pressure Vs. depth plot.
Oil Y1 =3.2692X1 - 2636.7
Estimate water Y2 =2.4386X2 - 266.73
Solve for fluid contact:
Slope Cons
Equation1 vyl 3.2692  -2636.7
Equation 2 y2 24386  -266.73
Co-ordinate x = 2853.32
Hydrocarbon contact depth y = 6691 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand: 6564 2800
6564 2860
Base sand: 6634 2800
6634 2860
Contact plot:
Xwl = 2805 Ywl = 6573.54 ft.
Xw2 = 2845 Yw2 = 6671.09 ft.
OWC:
X = 2800 y= 6691
2860 6691

Pressure (psig.)

2800.00 2810.00 2820.00 2830.00 2840.00 2850.00

6540

6550 1

6560 1

Top sand @ 6564 ft.

6570 4
6580
6590 -
6600 -
6610 {
6620

6630 4

y =3.2692x - 2636.7
Oil Grad.= 0.3059 psifft.

Depth (feet)

6640 1

6650 1

6660 1

6670 1

6680 1

6690 1

6700

6710

|
Y = 2.4386x - 266.73
Main water Grad.= 0.4101 psi/ft.

Assume OWC @ 6691 ft.

6720

Figure B.1 Pressure-depth diagram represents pore-pressure profile in horizon U-C6 of well F

RFT analyze/ data: U-C6
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REPEAT FORMATION TESTER DATA:

Well: |
Horizon/ test#: U-C6/ #5,6,9,10,11.

Record test Fluid type
Pressure (psi.) Depth (ft.)  Grad. To depth above from log
2910.05 6812.7 oil
2915.11 6829.7 0.2976 oil
2923.54 6859.0 0.2877 oil
2921.88 6852.0 0.2371 oil
2926.50 6869.5 0.2640 oil
Linear equasion from pressure Vs. depth plot.
Oil Y1 =3.4365X1 - 3188.1
Estimate water Y2 =2.4115X2 - 177.63
Solve for fluid contact:
Slope Cons
Equation1 vyl 3.4365 -3188.1
Equation 2 y2 24115 -177.63
Co-ordinate x = 2937.04
Hydrocarbon contact depth y = 6905 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand: 6809 2890
6809 2950
Base sand: 6878 2890
6878 2950
Contact plot:
Xwl = 2905 Ywl = 6827.78 ft.
Xw2 = 2940 Yw2 = 6912.18 ft.
OWC:
X = 2890 y= 6905
2950 6905

6780

Pressure (psig.)

2895.00 2905.00 2915.00 2925.00 2935.00 2945.00

6790 1

6800 -

\ Top sand @ 6890 ft.

6810 4

6820 «‘

6830

6840 1

6850

Depth (feet)

6860

6870

y = 3.4365x - 3188.1
Oil Grad. = 0.2910 psilft.

Base sand @ 6950 ft.

6880

6890

6900

6910

6920

Assume OWC @ 6905 ft.

y =2.4115x - 177.63 N
Water Grad.= 0.4147 psilft. N

6930

Figure B.2

RFT analyze/ data: U-C6

Pressure-depth diagram represents pore-pressure profile in horizon U-C6 of well |
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REPEAT FORMATION TESTER DATA:

Well: F
Horizon/ test#: U-B2/ # 30,31,32,33.
Record test Fluid type
Pressure (psi.) Depth (ft.) Grad. To depth above from log
2945.12 6916.0 water
2949.00 6924.5 0.4565 water
2952.73 6933.1 0.4337 water
2960.61 6952.7 0.4020 water
Linear equasion from pressure Vs. depth plot.
Sand wet Y1 =2.3783X1 - 88.801
Estimate water Y2 =2.4386X2 - 266.73
Solve for fluid contact:
Slope Cons
Equation1 y1 2.3783  -88.801
Equation 2 y2 2.4386  -266.73
Co-ordinate x = 2950.73
Main water contact depth y= 6929 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand: 6905 2930
6905 2980
Base sand: 6955 2930
6955 2980
Contact plot:
Xwl = 2940 Ywl = 6902.75 ft.
Xw2 = 2970 Yw2 = 6975.91 ft.

2930.00

Pressure (psig.)
2940.00 2950.00 2960.00 2970.00 2980.00

6870

6880 1

6890 -

6900

6910 «‘

6920

Depth (feet)

6930

6940

6950 1

y = 2.3783x - 88.801
Water Grad.= 0.4205 psilft.

6960 -

y = 2.4386X - 266.73
Main water Grad.= 0.4101 psi/ft.

6970

Figure B.3 Pressure-depth diagram represents pore-pressure profile in horizon U-B2 of well F

RFT analyze/ data: U-B2
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REPEAT FORMATION TESTER DATA:
Well: | Pressure (psig.)
Horizon/ test##: U-B2/#16,17,18,19,20. 3050.00 3060.00 3070.00 3080.00 3090.00
7160.0 : : :
Record test Fluid type
Pressure (psi.) Depth (ft.) Grad. To depth above from log
3069.21 7181.0 gas
3069.92 7190.1 0.0780 gas |
3070.78 7199.1 0.0956 gas % Top sand @ 7173 ft.
3071.43 7206.4 0.0890 gas \
7180.0
y =11.32x - 27562
Gas Grad. = 0.0883 psilft.
Linear equasion from pressure Vs. depth plot.
7190.0
Gas Y1=11.32X1 - 27562
Estimate water Y2 =2.4115X2 - 177.63
) 7200.0
Solve for fluid contact:
Slope Cons o
Equation1 y1 11.32  -27562 <
Equation2 y2 24115  -177.63 ECE10.0 1 Base sand @ 7212 ft.
Co-ordinate x = 3073.96 o3
Hydrocarbon contact depth  y = 7235 ft. e
Formation data: 7220.0
depth (feet) Pressure (psi)
Top sand: 7173 3050
7173 3090
Base sand: 7212 3050 7230.0 4
7212 3090
| _AssumeGWC @72356ft,_ __ __ N . . — — — — _|
Contact plot: 7240.0
Xwl = 3055 Ywl = 7189.50 ft.
Xw2 = 3080 Yw2 = 7249.79 ft. y =2.4115x - 177.63
Main water Grad. = 0.4147 psi/ft.
GWC: 7250.0
X = 3050 y= 7235
3090 7235
7260.0

Figure B.4 Pressure-depth diagram represents pore-pressure profile in horizon U-B2 of well |

RFT analyze/ data: U-B2



REPEAT FORMATION TESTER DATA:

Well: F
Horizon/ test#: U-B3/ # 34,35,37,42.
Record test Fluid type
Pressure (psi.) Depth (ft) Grad. To depth above from log
3086.89 7037.5 gas
3087.43 7044.3 0.0794 gas
3087.90 7049.5 0.0904 gas

Linear equasion from pressure Vs. depth plot.

Gas Y1 =11.899X1 - 29692
Estimate water Y2 =2.4386X2 - 266.73

Solve for fluid contact:

Slope Cons
Equation1 y1 11.899 -29692
Equation2 y2 24386  -266.73
Co-ordinate x = 3110.36
Hydrocarbon contact depth  y = (possible) 7318 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand: 7034 3060
7034 3120
Base sand: 7053 3060
7053 3120
Contact plot:
Xwl = 3070 Ywl = 7219.77 ft.
Xw2 = 3110 Yw2 = 7317.32 ft.

3060.00

3070.00 3080.00

Pressure (psig.)
3090.00

3100.00 3110.00 3120.00

7010.0

7020.0 -

7030.0 -

Top sand @ 7034 ft.

7040.0 -

7050.0 -

Depth (feet)

y = 11.899x - 29692

Gas Grad. = 0.084 psilft.

Base sand @ 7053 ft.

7060.0 -

7070.0 -

7080.0 -

Assume GWC @

7318 ft.

7090.0

Figure B.5 Pressure-depth diagram represents pore-pressure profile in horizon U-B3 of well F

RFT analyze/ data: U-B3
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REPEAT FORMATION TESTER DATA:

Well: E
Horizon/ test#: U-B3/#4,5,6.
Record test Fluid type
Pressure (psi.) Depth (ft) Grad. To depth above from log
3095.82 71445 gas
3096.20 7153.2 0.0437 gas
3096.75 7160.3 0.0775 gas

Linear equasion from pressure Vs. depth plot.

Gas Y1 =16.698X1 - 44550
Estimate water Y2 =2.4246X2 - 231.88

Solve for fluid contact:

Slope Cons
Equation1 y1 16.698 -44550
Equation2 y2 24246  -231.88
Co-ordinate x = 3104.94
Hydrocarbon contact depth  y = (possible) 7296 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand: 7140 3070
7140 3130
Base sand: 7165 3070
7165 3130
Contact plot:
Xwl = 3070 Ywl = 7211.64 ft.
Xw2 = 3110 Yw2 = 7308.63 ft.

3070.00

Pressure (psig.)
3080.00 3090.00 3100.00

3110.00 3120.00 3130.00

Z140:0F===

7120.0 A

7130.0 A

Top sand @ 7140 ft.

7140.0

7150.0 -

Depth (feet)

7160.0

y = 16.698x - 44550
Gas Grad. = 0.0598 psifft.

7170.0 A

7180.0

7190.0

Assume GWC @ 7296 ft.

7200.0

Figure B.6 Pressure-depth diagram represents pore-pressure profile in horizon U-B3 of well E

RFT analyze/ data: U-B3
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REPEAT FORMATION TESTER DATA:

Well: D
Horizon/ test#: U-B3/#6,7,8.
Record test Fluid type
Pressure (psi.) Depth (ft) Grad. To depth above from log
3100.82 7172.2 gas
3101.53 7178.8 0.1076 gas
3101.73 7186.3 0.0267 gas

Linear equasion from pressure Vs. depth plot.

Gas Y1 = 13.859X1 - 35802
Estimate water Y2 =2.3927X2 -132.51

Solve for fluid contact:

Slope Cons
Equation1 y1 13.859 -35802
Equation2 y2 2.3927 -132.51
Co-ordinate x = 3110.81
Hydrocarbon contact depth  y = (possible) 7311 ft.

Formation data:

depth (feet) Pressure (psi)

Top sand: 7167 3070
7167 3130
Base sand: 7192 3070
7192 3130

Contact plot:

Xwl = 3070 Ywl = 7213.08 ft.
Xw2 = 3110 Yw2 = 7308.79 ft.

3070.00

Pressure (psig.)

3080.00  3090.00 3100.00 3110.00 3120.00  3130.00

7140.0

7150.0 A

7160.0 -

7170.0 -

7180.0 -

Depth (feet)

7190.0 A

y = 13.859x - 35802
Gas Grad. = 0.0721 psilft.

Base sand @ 7192 ft.

7200.0 -

7210.0 -

7220.0

7230.0

Assume GWC @ 7311 ft.

Figure B.7 Pressure-depth diagram represents pore-pressure profile in horizon U-B3 of well D

RFT analyze/ data: U-B3
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REPEAT FORMATION TESTER DATA:
Well: J
Horizon/ test#: U-B3/#6,7,8.
7240.0
Record test Fluid type
Pressure (psi.) Depth (ft) Grad. To depth above from log
3103.42 7269.0 gas
3103.63 72717 0.0778 gas 7950.0.4
3103.92 7277.1 0.0537 gas &
3104.61 7282.5 0.1278 gas
7260.0 -
Linear equasion from pressure Vs. depth plot.
Gas Y1=11.315X1 - 27847 7270.0 A
Estimate water Y2 =2.3033X2 + 137.96
Solve for fluid contact:
__ 7280.0
Slope Cons 3
Equation1 yl1 11.315 -27847 =
Equation 2 y2 2.3033  137.96 =
Co-ordinate x = 3105.40 8
Hydrocarbon contact depth  y = (possible) 7291 ft. 7290.0 +
Formation data:
depth (feet) Pressure (psi)
Top sand: 7260 3080 |
7260 3130 (el
Base sand: 7286 3080
7286 3130
7310.0 A
Contact plot:
Xwl = 3070 Ywl = 7209.09 ft.
Xw2 = 3110 Yw2 = 7301.22 ft.
7320.0 A
7330.0

3080.00

Pressure (psig.)

3090.00 3100.00

3110.00

3120.00 3130.00

y =11.315x - 27847
Gas Grad. = 0.8884 psi/ft.

nd @.7286 ft,

Assume GWC @ 7291 ft.

Figure B.8 Pressure-depth diagram represents pore-pressure profile in horizon U-B3 of well J

RFT analyze/ data: U-B3
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REPEAT FORMATION TESTER DATA:

Well: |
Horizon/ test#: U-B3/ # 24,25,26.

Record test Fluid type

Pressure (psi.) Depth (ft)  Grad. To depth above from log
3090.40 7286.9 water
3094.77 7297.9 0.3973 water
3100.10 7310.7 0.4164 water

Linear equasion from pressure Vs. depth plot.

Sand wet Y1 =2.4517X1 - 289.81
Estimate water Y2 =2.4168X2 - 189.35

Solve for fluid contact:

Slope Cons
Equation1 y1 24517  -289.81
Equation2 y2 24168  -189.35
Co-ordinate x = 2878.51
Main water contact depth y = (possible) 6767 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand: 7282 3060
7282 3130
Base sand: 7313 3060
7313 3130
Contact plot:
Xwl = 3080 Ywl = 7254.39 ft.
Xw2 = 3110 Yw2 = 7326.90 ft.

7240.0

Pressure (psig.)

3060.00 3070.00 3080.00 3090.00 3100.00 3110.00 3120.00 3130.00

7250.0 -

7260.0 -

7270.0 A

7280.0 -

N y = 2.4168x - 189.35
. Main water Grad.=0.4138 psi/ft.

o Top.sand @ 7282 ft.

7290.0 -

Depth (feet)

7300.0 -

7310.0 -

y =2.4517x - 289.81
Water Grad.= 0.4079 psi/ft.

Base.sand @.7313 ft...]

7320.0 A

7330.0 A

7340.0

Figure B.9 Pressure-depth diagram represents pore-pressure profile in horizon U-B3 of well |

RFT analyze/ data: U-B3
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REPEAT FORMATION TESTER RESERVOIR ZONE DATA:

Well: F,E,D,J (Upthrown side)
Horizon: U-B3
Record test Well
Pressure (psi.) Depth (ft.) Fluid type Test
3086.89 7037.5 gas F
3087.43 7044.3 gas F
3087.90 7049.5 gas F
3095.82 7144.5 gas E
3096.20 7153.2 gas E
3096.75 7160.3 gas E
3100.82 7172.2 gas D
3101.53 7178.8 gas D
3101.73 7186.3 gas D
3103.42 7269.0 gas J
3103.63 7271.7 gas J
3103.92 7277.1 gas J
3104.61 7282.5 gas J
Linear equasion from pressure Vs. depth plot.
GAS Y1 =12.894X1 - 32772
MAIN WATER Y2 =2.377X2-93.778
Solve for fluid contact: Slope Cons
Equation1 y1 12.894 -32772
Equation2 y2 2.377  -93.778
Co-ordinate x = 3107.18
Hydrocarbon contact depth y = (GWC) 7292 ft.
Contact plot
X Y
GWC 2900 7292
3250 7292
Main water
X1= 3000 Yl= 7037.222
X2 = 3200 Y2= 7512.622

2900
6900

Pressure (psig.)
2950 3000 3050 3100 3150 3200 3250

6950 -

7000 -

7050 -

7100 -

7150 -

Depth (feet)

7200

7250 A

7300

7350 A

7400 -

y =12.894x - 32772
Gas Grad.= 0.0776 psifft.

Assume Main GWC @ 7292 ft.

y =2.377x-93.778
Main water grad.= 0.4207 psil/ft.

Figure B.10 Pressure-depth diagram represents pore-pressure profile in horizon U-B3 of well F, E, D.

RFT analyze/ data: U-B3

227



REPEAT FORMATION TESTER RESERVOIR ZONE DATA:

Well: | (Down thrown side)
Horizon: U-B3
Record test Well

Pressure (psi.) Depth (ft.) Fluid type Test
3090.40 7286.9 water |
3094.77 7297.9 water |
3100.10 7310.7 water |

Linear equasion from pressure Vs. depth plot.

Sand wet Y1 =2.4517X1 - 289.81

Main water Y2 =2.4168X2 - 189.35

Main water

X1= 3050 Yl= 7181.89

X2 = 3150 Y2= 7423.57

2950

3000

Pressure (psig.)
3050 3100 3150 3200

3250

7150

7200 A

7250 A

7300 -

Depth (feet)

7350 A

7400 -

y = 2.4517x - 289.81
Water Grad.=0.4079 psilft.

y = 2.4168x - 189.35
Main water Grad.= 0.4138 psilft.

7450

Figure B.11 Pressure-depth diagram represents pore-pressure profile in horizon U-B3 of well I.

RFT analyze/ data: U-B3
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REPEAT FORMATION TESTER DATA:

Well:
Horizon/ test#:

F
U-B4/ # 43,44,45,46,47.

Record test Fluid type
Pressure (psi.) Depth (ft.)  Grad. To depth above from log
3042.9 71435
3043.90 7144.4 1.1111 water
3046.71 7151.2 0.4132 water
3049.88 7158.0 0.4662 water
3054.61 7171.6 0.3478 water
0.4091
Linear equasion from pressure Vs. depth plot.
Sand wet Y1 =2523X1-535.61
Estimate water Y2 =2.386X2 - 266.73
Solve for fluid contact:
Slope Cons
Equation1 vyl 2523 -535.61
Equation2 y2 24386  -266.73
Co-ordinate x = 3185.78
Main water contact depth y= 7502 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand: 7135 3020
7135 3080
Base sand: 7172 3020
7172 3080
Contact plot:
Xwl = 3030 Ywl = 7122.23 ft.
Xw2 = 3060 Yw2 = 7195.39 ft.

3020
7110

Pressure (psig.)
3030 3040 3050 3060 3070
. , .

3080

7120 A

7130 A

Top sand @ 7140 ft.

7140 ~

7150 ~

Depth (feet)

7160

7170 A

y =2.4184x - 216.57

water Grad.= 0.4135 psi/ft.

Base sand @ 7165 ft.

7180 A

7190 ~

7200 -

y =2.4166x - 208.14 \
Mainwater Grad. = 0.4138 psi/ft. N

Figure B.12 Pressure-depth diagram represents pore-pressure profile in horizon U-B4 of well F.

RFT analyze/ data: U-B4
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REPEAT FORMATION TESTER DATA:

Well: |
Horizon/ test#: U-B4/ # 27,28,29.

Record test Fluid type
Pressure (psi.) Depth (ft.)  Grad. To depth above from log
3154.57 7371.8
3154.97 7379.9 0.0494 gas
3155.98 7390.8 0.0927 gas

Linear equasion from pressure Vs. depth plot.

Gas Y1 =12.953X1 - 33489
Estimate water Y2 =2.4115X2 - 177.63

Solve for fluid contact:

Slope Cons
Equation1 vyl 12.953 -33489
Equation2 y2 24115 -177.63
Co-ordinate x = 3160.02
Hydrocarbon contact depth  y =(possible) 7443 ft.

Formation data:

depth (feet) Pressure (psi)
Top sand: 7370 3130
7370 3180
Base sand: 7400 3130
7400 3180
Contact plot:
Xwl = 3135 Ywl = 7382.42 ft.
Xw2 = 3170 Yw2 = 7466.83 ft.
GWC:
X = 3130 y= 7443
3180 7443

3130.00
7350

Pressure (psig.)
3160.00 3170.00 3180.00

3140.00 3150.00

7360 +

7370

Top sand @ 7370 ft.

7380 4

1390 -—

7400

y = 12.953x - 33489
Gas Grad. = 0.0772 psifft.

Base sand @ 7400 ft.

Depth (feet)

7410

7420 +

7430 4

7440 4

7450 -

y=2.4115x-177.63  ~
Main water Grad. = 0.4147 psi/ft.-_

Figure B.13 Pressure-depth diagram represents pore-pressure profile in horizon U-B4 of well I.

RFT analyze/ data: U-B4
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REPEAT FORMATION TESTER DATA:

Well: B
Horizon/ test#: U-B4/ #11,12,13,14.
Record test Fluid type
Pressure (psi.) Depth (ft.)  Grad. To depth above from log
3014.48 7425.5
3014.57 7433.1 0.0118 gas
3024.54 7450.3 0.5797 water
3039.23 7472.7 0.6558 water
Linear equasion from pressure Vs. depth plot.
Gas Y1 =84.444X1 - 247131
Water zone Y2 =1.5248X2 + 2838.3
Estimate water Y3 =2.219X3 + 440.02
Solve for fluid contact:
Slope Cons

Equation1 vyl

Equation2 y2

Co-ordinate x1 =
Hydrocarbon contact depth  y =(GWC)

Formation data:

depth (feet)
Top sand: 7423
7423
Base sand: 7474
7474
Contact plot:
Xwl = 3100 Ywl =
Xw2 = 3150 Yw2 =
GWC:
X = 2990 y=

3090

84.444  -247131
1.5248 2838.3
3014.61

7435 ft.

Pressure (psi)

2990
3090
2990
3090

73
74

18.92 ft.
29.87 ft.
7435
7435

2990.00

Pressure (psig.)
3040.00 3090.00

3140.00 3190.00

7380

7390 +

7400 +

7410 4

7420 +

Top sand @ 7423 ft.

7430 +

7440 -

7450

Depth (feet)

7460 4

7470

y = 84.444x - 247131
gas Grad. = 0.0118 psifft.
Assume GWC @ 7435 ft.

y =1.5248x + 2838.3
water Grad. = 0.6558 psi/ft.

possible this zone sub-no

° Base sand @ 7474

7480 +

7490 +

7500

7510 4

7520 -

rmal pressure

ft.

y = 2.219x + 440.02
water Grad.= 0.4507 psilft.

Figure B.14 Pressure-depth diagram represents pore-pressure profile in horizon U-B4 of well B.

RFT analyze/ data: U-B4
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REPEAT FORMATION TESTER RESERVOIR ZONE DATA:

Well: F,E,D,J (Upthrown side)
Horizon: U-B4
Record test Well
Pressure (psi.) Depth (ft.) Fluid type Test
3042.90 71435 water F
3043.90 7144.4 water F
3046.71 7151.2 water F
3049.88 7158.0 water F
3054.61 7171.6 water F
Linear equasion from pressure Vs. depth plot.
Sand wet 2.6058X1 - 787.82
Estimate water :2.377X2 - 93.778
Solve for fluid contact:
Slope Cons
Equation1 1yl 2.6058 -787.82
Equation 2 y2 2377 -93.778
Co-ordinate x = 3033.40
Main water contact depth y= 7117 ft.
Main water
X1= 3000 Yl= 7037.222
X2 = 3150 Y2= 7393.772

2900

Pressure (psig.)
2950 3000 3050 3100 3150 3200
. , . ,

3250
)

7000

7050

7100 +

7150 -

Depth (feet)

7200 -

7250 -

7300 -

7350 -

y =2377x - 93.778
Main water Grad. = 0.4207 psilft.

y = 2.4184x - 216.57

water Grad. = 0.4135 psi/ft.
Only data from well F is used
to analyze U-B4 wet sand.

Figure B.15 Pressure-depth diagram represents pore-pressure profile in horizon U-B4 of well F, E, D, J.

RFT analyze/ data: U-B4

232



REPEAT FORMATION TESTER RESERVOIR ZONE DATA:

Well: I and B (Down thrown side)
Horizon: U-B4
Record test Well
Pressure (psi.) Depth (ft.) Fluid type Test
3154.57 7371.8 gas |
3154.97 7379.9 gas |
3155.98 7390.8 gas |
3014.48 7425.5 gas B
3014.57 7433.1 gas B
3024.54 7450.3 water B
3039.23 7472.7 water B
Linear equasion from pressure Vs. depth plot.
GAS (main) Y1 =12.953X1 - 33489
WATER Y2 =2.4115X2 - 177.63
GAS (well B) Y3 =84.444X3 - 247131
Water (well B) Y4 =1.5248X4 + 2838.3
Water(down th) Y5 =2.4168X5 - 189.35
Solve for fluid contact: Slope Cons
Equation1 vyl 12.953 -33489
Equation2 y2 24115 -177.63
Equation 3 y3 84.444  -247131
Equation 4 y4 1.5248 2838.3
Equation5 y5 24168  -189.35
Co-ordinate x1 = 3160.02
Hydrocarbon contact depth  y1 = (GWC) well | 7443 ft.
Co-ordinate x3 = 3014.61
Hydrocarbon contact depth Y3 = (GWC) sub. 7435 ft.
Co-ordinate x1 = 3160.50
Hydrocarbon contact depth  y1 = (GWC) main 7449 ft.
Contact plot
X Y
GWC well B 2950 7443
3350 7443
GWC sub. 2950 7435
3100 7435
GWC main 2950 7449
3350 7449
Main water down throw side.
X1= 3100 Yl= 7302.73
X2 = 3200 Y2 = 7544.41

Pressure (psig.)
2950 3000 3050 3100 3150 3200 3250 3300 3350

7250 L L - L L L L L I}

7300 - o

7350 -
T
Q
= 7400 4— y =12.953x - 33489
=) y = 84.444x - 247131 Gas Grad. = 0.0772 psifft.
a gas Grad. = 0.0118 psi/ft.

Assume GWC @ 7435 ft.
————— = Assume well B GWC @ 7443 ft.
7450 eSS S kT Am T
Assume Main GWC @ 7449 ft.
_ y =2.4115x - 177.63
y = 1.5248x + 2838.3 > )
water well B Grad.= 0.6558 psi/ft. water Grad. = 0.4147 psift.
possible sub-normal pressure zone.
7500
y = 2.4168x - 189.35 1
Main water Grad. = 0.4138 psi/ft. ©
7550 -

Figure B.16 Pressure-depth diagram represents pore-pressure profile in horizon U-B4 of well B, I.

RFT analyze/ data: U-B4
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REPEAT FORMATION TESTER DATA:

Well:
Horizon/ test#:

|
U-B5/ # 40,41,42.

Record test Fluid type
Pressure (psi.) Depth (ft.) Grad. To depth above from log
3371.39 7740.9 gas
3372.96 7755.7 0.1061 gas
3373.70 7769.5 0.0536 gas
Linear equasion from pressure Vs. depth plot.
Gas Y1 =11.92X1 - 32446
Estimate water Y2 =2.4115X2 - 177.63
Solve for fluid contact:
Slope Cons
Equation1 vyl 11.92 -32446
Equation2 y2 24115 -177.63
Co-ordinate  x = 3393.63
Hydrocarbon contact depth  y =(possible) 8006 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand: 7738 3350
7738 3400
Base sand: 7771 3350
7771 3400
Contact plot:
Xwl = 3360 Ywl = 7925.01 ft.
Xw2 = 3390 Yw2 = 7997.36 ft.
GWC:
X = 3350 y= 8006
3400 8006

3350.00

Pressure (psig.)
3360.00 3370.00 3380.00

3390.00 3400.00

7700.0

7710.0 A

7720.0 A

7730.0 -

Top sand @ 7737 ft.

7740.0 -

7750.0 A

7760.0 -

Depth (feet)

7770.0 -

Base sand @ 7771 ft.

7780.0 A

7790.0 -

7800.0 -

7810.0 ~

7820.0 -

y =11.92x - 32446
Gas Grad.= 0.0839 psi/ft.

Assume GWC @ 8006 ft.

Figure B.17 Pressure-depth diagram represents pore-pressure profile in horizon U-B5 of well I.

RFT analyze/ data: U-B5
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REPEAT FORMATION TESTER DATA:

Well: B
Horizon/ test#: U-B5/ # 27,28,29.

Record test Fluid type
Pressure (psi.) Depth (ft.) Grad. To depth above from log
3385.87 7878.0 gas
3386.29 7885.3 0.0575 gas
3387.02 7894.1 0.0830 gas
Linear equasion from pressure Vs. depth plot.
Gas Y1 =13.783X1 - 38790
Estimate water Y2 =2.219X2 + 440.02
Solve for fluid contact:
Slope Cons
Equation1 vyl 13.783 -38790
Equation2 y2 2.219 440.02
Co-ordinate  x = 3392.43
Hydrocarbon contact depth  y =(possible) 7968 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand: 7876 3360
7876 3410
Base sand: 7897 3360
7897 3410
Contact plot:
Xwl = 3370 Ywl = 7918.05 ft.
Xw2 = 3390 Yw2 = 7962.43 ft.
GWC:
X = 3360 y= 7968
3410 7968

3360.00

Pressure (psig.)
3370.00 3380.00 3390.00

3400.00 3410.00

7860.0

7870.0 -

Top sand @ 7876 ft.

7880.0 -

7890.0 -

y = 13.783x - 38790
Gas Grad. = 0.0725 psi/ft.

Base sand @ 7897 ft.

7900.0 -

Depth (feet)

7910.0 -

7920.0 -

7930.0 -

7940.0 -

7950.0 -

Assume GWC @ 7968 ft.
y = 2.219x + 440.02° ™,
main water Grad.= 0.4507 psifit.

Figure B.18 Pressure-depth diagram represents pore-pressure profile in horizon U-B5 of well B.

RFT analyze/ data: U-B5
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REPEAT FORMATION TESTER DATA:

Well: F
Horizon/ test#: U-B5/ # 58,59.
Record test Fluid type
Pressure (psi.) Depth (ft.) Grad. To depth above from log
3246.08 7459.3 gas
3247.23 7472.3 0.0885 gas
Linear equasion from pressure Vs. depth plot.
Gas Y1 =11.304X1 - 29236
Estimate water Y2 =2.4386X2 - 266.73
Solve for fluid contact:
Slope Cons
Equation1 vyl 11.304 -29236
Equation2 y2 24386  -266.73
Co-ordinate  x = 3267.68
Hydrocarbon contact depth  y =(possible GWC) 7702 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand: 7450 3220
7450 3270
Base sand: 7479 3220
7479 3270
Contact plot:
Xwl = 3230 Ywl = 7609.95 ft.
Xw2 = 3250 Yw2 = 7658.72 ft.
GWC:
X = 3220 y= 7702
3270 7702

3220.00

Pressure (psig.)
3230.00 3240.00 3250.00

3260.00 3270.00

7410.0

7420.0

7430.0

7440.0

Top sand @ 7450 ft.

7450.0

7460.0

Depth (feet)

7470.0

y = 11.304x - 29236
Gas Grad.= 0.0885 psi/ft.

Base sand @ 7479 ft.

7480.0

7490.0

7500.0

7510.0 4

7520.0 -

Assume GWC @ 7702 ft.

Figure B.19 Pressure-depth diagram represents pore-pressure profile in horizon U-B5 of well F.

RFT analyze/ data: U-B5
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REPEAT FORMATION TESTER DATA:

Well:
Horizon/ test#:

E
U-B5/ #11,12,13,14.

Record test Fluid type
Pressure (psi.) Depth (ft.) Grad. To depth above from log
3251.09 7513.5 gas
3251.88 7523.8 0.0767 gas
3252.67 7533.2 0.0840 gas
3253.52 7543.5 0.0825 gas
Linear equasion from pressure Vs. depth plot.
Gas Y1=12.3X1- 32473
Estimate water Y2 =2.4246X2 - 231.88
Solve for fluid contact:
Slope Cons
Equation1 vyl 12.3 -32473
Equation2 y2 24246  -231.88
Co-ordinate  x = 3264.79
Hydrocarbon contact depth  y =(possible) 7684 ft.

Formation data:
Top sand:

Base sand:

Contact plot:

Xwl = 3230

Xw2 = 3250
GWC:

X = 3220

3280

depth (feet) Pressure (psi)
7508 3220
7508 3280
7555 3220
7555 3280
Ywl = 7599.58 ft.
Yw2 = 7648.07 ft.
y= 7684

7684

3220.00

Pressure (psig.)
3230.00 3240.00 3250.00 3260.00 3270.00  3280.00

7460.0

7470.0

7480.0 4

7490.0

7500.0

Top sand @ 7508 ft.

7510.0

7520.0

7530.0

7540.0 4

Depth (feet)

7550.0

y =12.3x - 32473
Gas Grad.= 0.0813 psifft.

Base sand @ 7555 ft.

7560.0

7570.0

7580.0

7590.0 4 -

7600.0 1

7610.0

7620.0 -

y = 2.4386x - 266.73
main water Grad. = 0.4124 psilft.

“\ .~ Assume GWC @ 7684 ft.

Figure B.20 Pressure-depth diagram represents pore-pressure profile in horizon U-B5 of well E.

RFT analyze/ data: U-B5
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REPEAT FORMATION TESTER DATA:

Well:
Horizon/ test#:

D
U-B5/ #13,12,11,10.

Record test Fluid type
Pressure (psi.) Depth (ft.) Grad. To depth above from log
3255.90 7555.3 gas
3256.23 7565.2 0.0333 gas
3257.19 7573.5 0.1157 gas
3257.83 7582.6 0.0703 gas
Linear equasion from pressure Vs. depth plot.
Gas Y1 =12.894X1 - 34425
Estimate water Y2 =2.3927X2 - 132.51
Solve for fluid contact:
Slope Cons
Equation1 vyl 12.894 -34425
Equation2 y2 2.3927  -132.51
Co-ordinate  x = 3265.55
Hydrocarbon contact depth  y =(possible) 7681 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand: 7548 3220
7548 3290
Base sand: 7588 3220
7588 3290
Contact plot:
Xwl = 3230 Ywl = 7595.91 ft.
Xw2 = 3250 Yw2 = 7643.77 ft.
GWC:
X = 3220 y= 7681
3290 7681

Pressure (psig.)

3220.00 3230.00 3240.00 3250.00 3260.00 3270.00 3280.00 3290.00

7510.0

7520.0

7530.0

7540.0

Top sand @ 7548 ft.

7550.0

7560.0

7570.0

7580.0

Depth (feet)

y =12.894x - 34425
Gas Grad.= 0776 psilft.

Base sand @ 7588 ft.

7590.0 +

7600.0 4

7610.0 4

7620.0

7630.0 1

7640.0

7650.0 -

y.= 2.4166x - 208.14.
Gas Grad. = 0.4138 psi/k.

Ass

e GWC @ 7681 ft.

Figure B.21 Pressure-depth diagram represents pore-pressure profile in horizon U-B5 of well D.

RFT analyze/ data: U-B5
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REPEAT FORMATION TESTER RESERVOIR ZONE DATA:

Well: F,E,D (Upthrown side)
Horizon: U-B5
Record test Well
Pressure (psi.) Depth (ft.) Fluid type Test
3246.08 7459.3 gas F
3247.23 74723 gas F
3251.09 7513.5 gas E
3251.88 7523.8 gas E
3252.67 7533.2 gas E
3253.52 7543.5 gas E
3255.90 7555.3 gas D
3256.23 7565.2 gas D
3257.19 7573.5 gas D
3257.83 7582.6 gas D
Linear equasion from pressure Vs. depth plot.
GAS Y1 =10.199X1 - 25645
WATER Y2 =2.3949X2 - 142.97
Solve for fluid contact: Slope Cons
Equation1 yl 10.199 -25645
Equation2 y2 2.3949  -142.97
Co-ordinate  x = 3267.77
Hydrocarbon contact depth Y = (GWC) 7683 ft.
Contact plot
X Y
GWC 3150 7683
3350 7683
Main water
X1= 3200 Yl= 7520.71
X2 = 3300 Y2= 7760.2

31

Pressure (psig.)
50 3200 3250 3300 3350
, . )

7350

7450 H

7500 -

7550 -

7600 -

Depth (feet)

7650 -

7700 -

7750 A

7800 -

7850 -

7400

y = 10.199x - 25645
Grad. = 0.0980 psi/ft.

Assume Main GWC @ 7683 ft.

y = 2.3949x - 142.97 .
water Grad. = 0.4176 psi/ft. N

Figure B.22 Pressure-depth diagram represents pore-pressure profile in horizon U-B5 of well F, E, D.

RFT analyze/ data: U-B5
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REPEAT FORMATION TESTER RESERVOIR ZONE DATA:
Well: 1,B (Down thrown side) Pressure (psig.)
Hori : U-B5
orizon 3250 3300 3350 3400 3450
Record test Well 7600 ‘ ‘ ‘ ‘
Pressure (psi.) Depth (ft.) Fluid type Test
3371.39 7740.9 gas |
3372.96 7755.7 gas |
3373.70 7769.5 gas | 7650 -
3385.87 7878.0 gas B
3386.29 7885.3 gas B "\
3387.02 7894.1 gas B N
N y = 9.5473x - 24445
(eS A Gas Grad. = 0.1047 psilft.
Linear equasion from pressure Vs. depth plot. 7750 1
GAS Y1 =9.5473X1 - 24445 .
WATER Y2 =2.4138X2 - 189.35 o
Solve for fluid contact: Slope Cons 7800 -
Equation1 yl 9.5473 -24445
Equation2 y2 24138  -189.35 =
Co-ordinate  x = 3400.25 3
Hydrocarbon contact depth Y = (GWC) 8018  ft. = 7850 -
‘g
Contact plot o .
X Y
GWC 3250 8018
3450 8018 79001 N
y = 2.4138x - 189.35 N
mian water Grad.= 0.4138 psi/ft.
Main water Down thrown side
X1= 3300 Yl= 7776.19 7950
X2 = 3400 Y2= 8017.57
8000 - R
Assume Main GWC @ 8018 ft.
8050 -
8100 -

Figure B.23 Pressure-depth diagram represents pore-pressure profile in horizon U-B5 of well B, I.

RFT analyze/ data: U-B5



REPEAT FORMATION TESTER DATA:

Well:
Horizon/ test#:

F
U-B6/ # 60,61,62,63,64.

Record test Fluid type
Pressure (psi.) Depth (ft.) Grad. To depth above from log
3364.02 7754.7 gas
3364.97 7764.6 0.0960 gas
3368.41 7799.8 0.0977 gas
3369.14 7808.8 0.0811 gas
3369.96 7817.8 0.0911 gas
Linear equasion from pressure Vs. depth plot.
Gas Y1 =10.559X1 - 27765
Estimate water Y2 =2.4386X2 - 266.73
Solve for fluid contact:
Slope Cons
Equation 1 y1 10.559 -27765
Equation 2 y2 24386  -266.73
Co-ordinate x = 3386.32
Hydrocarbon contact depth  y =(possible) 7991 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand U-B6/1: 7748 3340
7748 3390
Base sand: 7770 3340
7770 3390
Top sand U-B6/2: 7789 3340
7789 3390
7821 3340
7821 3390
Contact plot:
Xwl = 3360 Ywl = 7926.97 ft.
Xw2 = 3380 Yw2 = 7975.74 ft.
GWC:
X= 3220 y= 7991
3270 7991

Depth (feet)

3340.00

Pressure (psig.)
3350.00 3360.00 3370.00

3380.00

3390.00

7710.0

7720.0 -

7730.0

7740.0 H

Top sand/1 @ 7748 ft.

77500

7760.0 -

Base sand/1 @ 7770 ft.

7770.0

7780.0 -

y = 10.559x - 27765
Gas Grad.= 0.0947 psilft.

Top sand/2 @ 7789 ft.

7790.0

7800.0 -

7810.0 -

7820.0 -

Base sand/2 @ 7821 ft.

7830.0 -
7840.0 -
7850.0 -
7860.0 -
7870.0 -
7880.0 1.
7890.0 -
7900.0 +
7910.0

7920.0 -

7930.0 -

y = 2.4386x - 266.73

N mainwater Grad. = 0.4101 psi/ft.

Assume GWC @ 7991 fte;

Figure B.24 Pressure-depth diagram represents pore-pressure profile in horizon U-B5 of well F.

RFT analyze/ data:

U-B6
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REPEAT FORMATION TESTER DATA:

Well:
Horizon/ test#:

E
U-B6/ # 68,69,70,71,72,73,74,75,76,77,78.

Record test Fluid type
Pressure (psi.) Depth (ft.) Grad. To depth above from log
3366.59 7778.4 gas
3367.20 7785.7 0.0836 gas
3368.18 7794.7 0.1089 gas
3369.59 7811.0 0.0865 gas
3370.23 7819.2 0.0780 gas
3370.63 7824.9 0.0702 gas
3374.50 7858.3 0.1159 oil
3378.76 7873.0 0.2898 oil
3380.64 7880.3 0.2575 oil
3382.45 7886.8 0.2785 oil
Linear equasion from pressure Vs. depth plot.
Gas Y1 =10.559X1 - 27765
Oil Y1 = 3.5898X1 - 4255.6
Estimate water Y3 =2.4246X2 - 231.88
Solve for fluid contact:
Slope Cons
Equation 1 y1 11.322 -30338
Equation 2 y2 3.5898  -4255.6
Equation 3 y3 24246  -231.88
Co-ordinate x1 = 3373.22
Hydrocarbon contact depth y = (GOC) 7854 ft.
Co-ordinate x2 = 3453.24
Hydrocarbon contact depth y = possible (OWC) 8141 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand U-B6/1: 7770 3340
7770 3410
Base sand: 7830 3340
7830 3410
Top sand U-B6/2: 7849 3340
7849 3410
7890 3340
7890 3410
Contact plot:

Xwl = 3350 Ywl = 7890.53 ft.
Xw2 = 3390 Yw2 = 7987.51 ft.
GOC: X= 3340 y= 7854

3410 7854
OWC: X= 3340 y= 8141
3410 8141

7740.0

Pressure (psig.)

3340.00 3350.00 3360.00 3370.00 3380.00 3390.00 3400.00 3410.00

7750.0 -

7760.0 -

Top sand/1 @ 7770 ft.

7770.0

7780.0 -

7790.0 -

7800.0 -

7810.0 -

7820.0 -

7830.0

y =11.322x - 30338
Gas Grad.= 0.0883 psi/ft.

Base sand/1 @ 7830 ft.

7840.0 -

7850.0 "

Depth (feet)

7860.0 -

7880.0 -

7890.0

7870.0 1.

Top sand/2 @ 7849 ft.

y = 3.5898x - 4255.6
Oil Gard.=0.2786 psift.

Base sand/2 @ 7890 ft.

7900.0 -

7910.0 -

7920.0 -

7930.0 -

7940.0 -

7950.0 -

y = 2.4246x - 231.88!

. main water Grad.=0.4124 pjj/ft.

Assume OWC @ 8141 ft.

Figure B.25 Pressure-depth diagram represents pore-pressure profile in horizon U-B5 of well E.

RFT analyze/ data: U-B6
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REPEAT FORMATION TESTER DATA:

Well: D
Horizon/ test#: U-B6/ # 16,15,14,19,18,17,20.

Record test Fluid type
Pressure (psi.) Depth (ft.) Grad. To depth above from log
3369.86 7826.7 gas
3370.55 7835.1 0.0821 gas
3371.42 7843.5 0.1036 gas
3375.01 7870.4 0.1335 oil
3377.27 7878.8 0.2690 oil
3380.09 7889.0 0.2765 oil
3383.16 7899.0 0.3070 oil
Linear equasion from pressure Vs. depth plot.
Gas Y1 =10.722X1 - 28303
Oil Y1 =3.5139X1 - 3988.9
Estimate water Y3 =2.3927X2 -132.51
Solve for fluid contact:
Slope Cons
Equation 1 y1 10.722 -28303
Equation 2 y2 3.5139  -3988.9
Equation 3 y3 2.3927 -132.51
Co-ordinate x1 = 3373.16
Hydrocarbon contact depth y = (GOC) 7864 ft.
Co-ordinate x2 = 3439.52
Hydrocarbon contact depth y = possible (OWC) 8097 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand U-B6/1: 7823 3340
7823 3410
Base sand: 7848 3340
7848 3410
Top sand U-B6/2: 7859 3340
7859 3410
7908 3340
7908 3410
Contact plot:

Xwl = 3350 Ywl = 7883.04 ft.
Xw2 = 3390 Yw2 = 7978.74 ft.
GOC: X= 3340 y = 7864

3410 7864
OWC: X= 3340 y= 8097
3410 8097

Pressure (psig.)

3340.00 3350.00 3360.00 3370.00 3380.00 3390.00 3400.00 3410.00

7790.0 : : i :

7800.0 -

7810.0 H

7820.0 -

Top sand/1 @ 7823 ft.

7830.0 -
y = 10.722x - 28303

Gas Grad.= 0.0933 psi/ft.
7840.0 -

Base sand/1 @ 7848 ft.

7850.0 - \

Top.sand/2.@..7859.1t

7860.0 ¢
. —ASSUMe GQC @ 7864 ft__ N . — — o — — — —

~. 7870.04
5] .
E N
= 7880.0 | N
= .
a8 | . y = 3.5130x - 3988.9

26900 *\.  Oil Grad. = 0.2846 psifft.

7900.0 -

L - ase sand/2 @ 7908 ft.

7910.0 | " ki

7920.0 -

7930.0

7940.0 -

y =2.3927x - 132.51
79800 § Water Grad.= 0.4179 psi/ft.
7960.0 -
Assume OWC @ 8097 ft. 3
7970.0 -

Figure B.26 Pressure-depth diagram represents pore-pressure

RFT analyze/ data: U-B6

profile in horizon U-B5 of well D.
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Pressure (psig.)
3380.00 3390.00 3400.00 3410.00 3420.00 3430.00 3440.00

y = 4.1336x - 6087.4
Oil Grad. = 0.2419 psi/ft.

Base sand/1 @ 7968 ft.

Assume OWC @ 7972 ft. 3 _________
Top.sand/2.@.7978.it.

y =2.1875x + 531.99

\o Water Grad. =0.4571 psifft.

REPEAT FORMATION TESTER DATA:
Well: J
Horizon/ test#: U-B6/ # 21,22,23,24,25,26,27.
3370.00
Record test Fluid type 7910.0
Pressure (psi.) Depth (ft.) Grad. To depth above from log
3392.95 7937.5 oil
3397.03 7955.2 0.2305 oil L2200
3399.40 7964.0 0.2693 oil
3410.52 7989.7 0.4327 water 7930.0
3432.62 8044.7 0.4018 water
3485.22 8154.7 0.4782 water
7940.0
7950.0
Linear equasion from pressure Vs. depth plot.
. 7960.0
Oil Y1=4.1336X1 - 6087.4
Water zone Y1=2.1875X1 + 531.99
Estimate water Y3 =2.3033X2 + 137.96 7970.0
Solve for fluid contact:
Slope Cons = 7980.0 1
Equation1 y1 41336 -6087.4 o
Equation 2 y2 21875  531.99 = 7090.0 1
Equation 3 y3 2.3033 137.96 =
Co-ordinate x1 = 3401.36 8
Hydrocarbon contact depth  y = (OWC) 7972 ft. 8000.0 -
Co-ordinate x2 = 3402.68
Main water contact depth y = possible 7975 ft. J
Formation data: 80100
depth (feet) Pressure (psi)
Top sand U-B6/1: 7930 3370 8020.0 4
7930 3440
Base sand: 7968 3370
7968 3440 8030.0 -
Top sand U-B6/2: 7978 3370
7978 3440
7996 3370 8040.0 1
7996 3440
Contact plot: 8050.0 4
Xwl = 3390 Ywl = 7946.15 ft.
Xw2 = 3420 Yw2 = 8015.25 ft. 8060.0 -
OwcC: X = 3370 y = 7972
3440 7972 Fopo-

y = 2.3033x + 137.96
Mainwater Grad. = 0.4342 pis/ft.

Figure B.27 Pressure-depth diagram represents pore-pressure profile in horizon U-B5 of well J.

RFT analyze/ data: U-B6
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REPEAT FORMATION TESTER DATA:

Well: |
Horizon/ test#: U-B6/ # 45,47,48,49.
Record test Fluid type

Pressure (psi.) Depth (ft.) Grad. To depth above from log
3500.36 8100.0 gas
3500.53 8110.5 0.0162 gas
3502.00 8124.8 0.1028 gas
3503.33 8134.3 0.1400 gas

Linear equasion from pressure Vs. depth plot.

Gas Y1 =10.495X1 - 28631
Estimate water Y2 =2.4115X2 - 177.63

Solve for fluid contact:

Slope Cons
Equation 1 y1 10.495 -28631
Equation 2 y2 24115  -177.63
Co-ordinate x = 3519.93
Hydrocarbon contact depth  y =(possible) 8311 ft.
Formation data:
depth (feet) Pressure (psi)
Top sand : 8090 3470
8090 3530
Base sand: 8140 3470
8140 3530
Contact plot:
Xwl = 3490 Ywl = 8238.51 ft.
Xw2 = 3510 Yw2 = 8286.74 ft.

3470.00

Pressure (psig.)

3480.00  3490.00 3500.00 3510.00 3520.00  3530.00

8070.0

8080.0 -

8090.0 -fsww

Top.sand.@.8090.ft

8100.0 -

8110.0 -

8120.0 -

8130.0 -

Depth (feet)

y = 10.495x - 28631
Gas Grad. = 0.0953 psifft.

Base sand.@.8140.ft.......

8140.0

8150.0 -

8160.0 -

8170.0

8180.0 -

8190.0 -

Assume GWC @ 8311 ft.

Figure B.28 Pressure-depth diagram represents pore-pressure profile in horizon U-B5 of well 1.

RFT analyze/ data: U-B6
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REPEAT FORMATION TESTER DATA:

Pressure (psig.)

Well: B
Horizon/ test#: U-B6/ # 36,37.
Record test Fluid type
Pressure (psi.) Depth (ft.) Grad. To depth above from log
3209.24 8142.2 gas
3210.00 8162.1 0.0382 gas

Linear equasion from pressure Vs. depth plot.

Gas Y1 =26.184X1 - 7588
Estimate water Y2 =2.219X2 + 440.02

Solve for fluid contact:

Slope Cons
Equation 1 y1 26.184 -75889
Equation 2 y2 2.219 440.02
Co-ordinate x = 3185.02

Hydrocarbon contact depth y =

Formation data:

depth (feet) Pressure (psi)
Top sand : 8133 3190
8133 3230
Base sand: 8198 3190
8198 3230
Contact plot:
Xwl = 3210 Ywl = 7563.01
Xw2 = 3230 Yw2 = 7607.39

7508