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I. SUMMARY

The Paleozoic sedimentary seéction from 4682 to 5670 feet in the Nilco
Lucerne Peterson #1 well, 12-22N-46W, Garden County, Nebraska, was
analyzed for source-rock potential.. Thirty-three (33) cuttings samples
composed primarily of shales, carbonates and evaporites were analyzed.
Petroleum Information cards Jisted 1ithologic tops for the Permian Stone
Corral (4682 feet), Pennsylvanian {5010 feet) and Precambrian granite
{5666 feet). This limited information prevented the subdivision of
Permian and Pennsylvanian sections into time stratigraphic units.

The Permian section (4682-5010 feet) contains dark-gray shales from 4680 to
4740 feet which haverfair gquantities of organic matter. These rocks are in
the early stage of liquid hydrocarbon generation and are not considered
significant sources of petroleum. The Pennsylvanian section (5010-5666 feet)
contains a zone from 5520 to 5670 feet that has fair organic richness. These
rocks are dominated by marginally-mature amorphous organic matter, but are not
considered a major source of oil., Deeper burial is required for this intaerval
to reach optimum thermal maturity and the main phase of hydrocarbon generation.

There is no geochemical evidence for the presence of migrated petroleum in

this wel1® The narrow distribution of saturated hydrocarbons, however, may

represent some type of low level contamination not indigenous to the potential

source rocks.




II. INTRODUCTION

Core Laboratories', Inc. geochemical study will determine the regional
hydrocarbon source potential of the Permian and Pennsylvanian sections

in the northern Denver basin. In addition, nine Permian and Pennsylvanian
0ils will be characterized to determine 0il to oil and 0il to source
correlations. Fourteen (14) individual preliminary well reports and a

crude 0il correlation study will form the basis for our regional inter-
pretation. These geochemical data from individual reports will be integrated
into a geologic framework for the final report.

The Nilco Lucerne Peterson #1 is located in Garden County, Nebraska
(12-22N-46W). Permian through Precambrian rocks were penetrated from 4682 to
5666 feet. A total of thirty-three (33) samples from 4680 to 5670 feet were
analyzed for organic richness, kerogen type and thermal maturity. Sample
quality was poor in some sections and prevented further analysis. Analytical

. techniques include measurement of total organic carbon, soxhlet extraction,

liquid chromatographic separation of the extract on a silica gel column and high
resolution gas chromatography of the c10+ saturated hydrocarbon fraction performed
on a glass capillary column, In addition, the insoluble organic matter (kerogen)
was studied by transmitted and fluorescent Tight microscopy, vitrinite reflectance

and elemental analysis.

Our report is organized in three parts: 1) Interpretation, 2) Graphical
Displays and . 3) Analytica) Data. The lnterpretation contains the written
text of the report. This fncludes our conclusions stated in a Summary which
precedes this Introduction. Following this Introduction is a more detailed
Discussion of Results which provides an evaluation of the hydrocarbon source
potential of the sedimentary section penetrated by the Peterson #1 well.

This is followed by the description of our standard Analytical Procedures. The
second part of the report contains Graphical Displays of the geochemical data.
Figure 1 shows a graphical summary of the geochemical data. Figure 2 shows
lithology and tota) organic carbon content. The soluble organic matter is
characterized in Figure 3. Figure 4 shows kerogen type and thermal! maturity
levels. The third section of the report contains the Analytical Data. Table I
gives Yithologic descriptions and total prganic carbon content. Table II Tists

i
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concentrations and composition; of the extractable organic matter,
Significant geochemical ratios are listed in Table 1II. Tables IV

and ¥ contain data on kerogen observations and vitrinite reflectance
measurements, respectively. Table VY1 shows elemental hydrogen to carbon
ratios for the kerogen. Table VII lists normalized-n-paraffin distri-
butions for the c15+ saturated hydrocarbons and Table VIII Tists the
normalized isoprenoid distributions. Figures 5 through 7 are gas
chromatograms of the c10+ saturated hydrocarbon distributions.

iii




III. DISCUSSION OF RESULTS

Permian 4682*-5010 feet

In general, the eleven {11} Permian cuttings samples analyzed consist of

organic-lean shales and carbonates that do not have favorable hydrocarbon
__source potential. Dark-gray shales from gggg_to_gzgg feet and a limestone

at 4920 to 4950 feet contain an average of 0.70% total organic carbon and

have fair organic richneéss, The shale interval contains mostly hydrogen-

deficient gas-prone woody and coaly kerogen with sgcondary amounts of amorphous
_organic matter also present. The elemental hydrogen to carbon ratjo for this

organic matter is 0.87 indicating only a limited potential to generate Tiquid

hydrocarbons. These Permian sediments are probably in the early stage of

liquid hydrocarbon generation based on a thermal alteration index of 2+

and a_0,89% mean vitrinite reflectance measurement.

a level below those required for good liquid petroleum source rocks. The
gas chromatogram of the saturated hydrocarbon distribution for this sample
contains a relatively narrow distribution and low quantities of the heavier
molecular weight (>Cz4) normal paraffins. This distribution may represent
some type of Tow level contamination.

Pennsylvanian 5010-5666 feet

In general, the twenty-two (22) Pennsylvanian cuttings samples analyzed consist
of anhydrite, )imestones and shales that do not contain sufficient organic '
matter for favorable hydrocarbon source-rock potential. A predominantly shale
interval from 5520 to 5670 feet contains an average of 0.70% total organic
carbon and has fair organic richness. This interval is dominated by amorphous
organic matter. Pennsylvanian sediments are marginally mature based on a
thermal alteration index of 2+ and a 0.88% mean vitrinite reflectance measure-
ment. The elemental hydrogen to carbon ratio for the kerogen at 5520 to 5610
feet is 0.82 indicating only limited potential to generate liquid hydrocarbons.

* Top of Stone Corral is within Permian

J

iv

l The extractable organic matter concentration at 4680 to 4740 feet is 417 ppm;
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‘D Concentrations of the extractable organic matter are below those assocjated
_with good petroleum source rocks. The saturated hydrocarbon distributions
for Pennsylvanian cuttings samples have relatively low quantities of the
heavier molecular weight (>C24) normal .paraffins. These distributions are
not characteristic of most crude 0ils and may represent some type of contam-
ination. Higher temperatures, associated with deeper burial, may be required
for the Pennsylvanian section to reach optimum maturity.
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IV. ANALYTICAL PROGRAM

The following analytical program was used in determining the hydrocarbon
source potential of Paleozoic intervals in the Denver basin.

The quantity of total organjc carbon is determined by combustion of
pre-treated, carbonate-free, pulverized samples in a Leco WR-12 Analyzer.
Generally, no further analyses are performed on samples having total
organic carbon content values of Tess than 0.3% for carbonates and 0.5%
for fine-grained clastic sediments. Samples with sufficient total organic
carbon content are then analyzed for kerogen type, vitrinite reflectance
and C15+ extractable organic matter content. If the concentration of the
extract is less than 200 ppm, no further analyses are performed on the
samples. Samples with extractable organic matter concentrations greater
than 200 ppm are then characterized by quuid and gas chromatography

analyses.

A description of the analytical procedures used by Core Lab's Geochemical
Services Department follows this analytical program.

vi
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DESCRIPTION OF ANALYTICAL PROCEDURES

SAMPLE PREPARATION

Cutting samples are thoroughly washed to remove drilling mud, and if
necessary are placed in a solvent to float off contaminants, such as

coals or drilling additives. The samples are then air-dried and are examined

under a binocular microscope to remove any remaining contaminants.

A magnet is used to remove any metal which may be present. The outside
surface of sidewall and conventional core samples is removed and then the
samples are thoroughly washed with water and allowed to air dry.

LITHOLOGICAL DESCRIPTION

A complete lithological description of each sample is made under a
binocular microscope. All obvious cave material is removed and the
sample submitted for total organic carbon analysis. The description
includes an examination for migrated hydrocarbons under ultraviolet

light.
TOTAL ORGANIC CARBON ANALYSIS (T0C)

Total organic carbon analysis measures the organic richness of a rock

in weight percent organic carbon. Organic richness is the first require-
ment for an oil or gas source rock. The analysis is also used as a
screening technique to determine which samples merit more detailed
analysis. The dried rock samples are pulverized and treated with hot

and cold hydrochloric acid to remove carbonates {inorganic carbon).
After acid treatment, the organic carbon content is determined by
combustion of the sample in a Leco WR-12 Carbon Analyzer. Blanks,
standards, and duplicates are routinely run to jnsure highly reliable

results.

EXTRACTION OF SOLUBLE ORGANIC MATTER (B1TUMEN)

Soluble organic matter in a rock can resuit from the organic matter
deposited with the rock or from the introduction of non-indigenous
migrated hydrocarbons. It is important to know how much sotuble organic
matter is present for evaluating potential oil source rocks. The amount
of indigenous soluble organic matter reflects the rock’s tota) organic
matter, type of organic matter, and thermal history. To determine

yviit
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The CPI1 s used to evaluate thermal maturity. Saturated hydrocarbon
distributions are also useful for oil-to-source rock correlations,

In addition to a gas chromatogram, the percent composition of n-paraffins,
percent composition of isoprenoids, pristane/phytane ratio and Carbon
Preference Index are reported from this analysis.

VISUAL KEROGEN ANALYSIS

High-powered microscope examination of kerogen in transmitted 1ight

and under ultraviolet light determines thermal maturation state and
whether the type of organic matter is favorable for petroleum generation.
The kerogen composition is reported as % alginite (algal and amorphous
debris), % exinite (herbaceous plant debris and palynomorphs), % woody
plant debris, and % coaly fragments. The ability of the varijous kerogen
types to yield oil decreases in the follawing order: alginite - exinite -
woody - coaly. The color (Thermal Alteration Index} of the spore and
pollen grains present is also used as an indicator of thermal maturation

level.

For visual kerogen analysis, standard palynological techniques are
used to separate the kerogen from the rock matrix. The isalated
organic matter (kerogen) is mounted on a glass slide and examined under

a high-powered Leitz microscope.

VITRINITE REFLECTANCE

Vitrinite reflectance provides a method for determining the thermal
alteration history of a sediment. Vitrinite particles, originating
from wood, are found dispersed throughout most sedimentary rock
samples which are younger than Silurian. Since vitrinite reflectance
increases regularly with increased thermal alteration, a reflectance
measurement can be used to determine the degree of thermal maturation

of that sediment.

Kerogen is prepared for vitrinite reflectance by imbedding the isolated
kerogen in a bioplastic plug. The hardened plug is polished and the
reflectance of the individual vitrinite particles are measured under

a microscope. A histogram of reflectance values for each sample is

reported.

{




ELEMENTAL ANALYSIS OF KERDGEN (H/C)

Chemical analysis of kerogen is used to characterize the type of
organic matter present in a sediment in terms of its oil or gas
generating potential. Kerogens with a high hydrogen content or

high H/C ratio tend to generate oil. To measure the elemental
composition, isolated kerogen is combusted in a Perkin-Elmer Elementa]
Analyzer. This method provides a direct, calibrated measurement for
characterizing the kerogen type present in a sediment. The results are
reported as % hydrogen, % carbon, % nitrogen and H/C ratio.

X1
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File 80204

Table |

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth
(fr)

Sample
Type

TOC*
Gross Lithologic Description {wt %)

4680-4710

4710-4740

4740-4770

4770-4800

4800-4830

4830-4860

ctgs

ctgs

ctgs

ctgs

ctgs

ctgs

0.65/0.65
50% sh; m-dk gy, abnt mic xIn pyr,
occ v s1 carb, frm, mod fss
50% sitst; m=-1t orng, m orng-red,
mica, frm
Pres-1s; 1t gy, mic xIn, arg, frm

D.57
60% sh; m~dk gy, 1t gy, mica, occ mic
xIn pyr, occ sl slty, occ v sl carb,
frm, mod fss
20% anhy; wh, 1t gy, mass, frm
20% sltst; m-1t orng, m orng-red,
mica, frm

0.44
40% anhy; wh, 1t gy, mass, frm
40% mdst-sh; m-dk gy, 1t gy, mica,
occ sl calc, frm, blky-mod fss
20% sitst; m orng-red, 1t tn, frm

0.30
40% sh; dk gy. m gy-brn, mica, frm,
mod fss-fss )
30¢ anhy; wh, 1t gy, mass, frm
30% s1tst; 1t orng-red, mica, frm

0.22
509 s1tst; 1t gy, 1t orng-red, mica,
occ cale, frm
40% anhy; wh, 1t gy, mass, frm
10% sh; dk gy, m gy, 1t gy, mica, occ mic
x1n pyr, occ v sl carb, frm, mod fss-fss
Tr-ss; m gy, 1t orng, f gr, mod sritd, sub
ang-sub rdd, frm

70% 1s; 1t gy, m gy, mic x1n, occ sl arg,
hd-frm

30% anhy; 1t gy, wh, 1t orng, mass, occ
xln, frm

Pres-mdst; 1t orng-red, frm

* TOC = Total Organic Carbon

These anxlyses, opinions or interpretstions are based on obrervations and matsrial supplied by the clisnt 10 whom, and for whose
oxclusive and confidontlal use, this report is made. The interprotations or ¢pinions expressad represent the bust judgmemt of
Care Laboretories, In¢, (a1l srrors and omipsions excepted); Wk Core Laborstories, Inc, and ite officers and eaployses, assume
na respoasibility end meke no warranty or representations as to the productivity, proper operstion, or profitableness of sny oil,
g3 or other minersl well or sand in comnoction with which wuch roport 18 used or relied upom.
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File 80209

Table I (cont.)

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample

(ft)

Type Gross Lithologic Description

TOC*
(wt %)

4860-4890 ctgs

48%0-4920 ctgs

60% 15; m-1t gy, 1t gy-tn, m gy, mic-vf
xln, sl arg, hd-frm

20% sltst; m orng-red, 1t tn, occ calc, frm
20% anhy; wh, 1t gy, m orng, mass, occ elg
x1s, frm

Tr-sh; dk gy-blk, m-dk gy, mica, occ sl
carb?, frm, fss

60% anhy; 1t gy, wh, m gy, mass, occ ¢ xls,
frm

40% sh; dk gy, m gy, blk, mica, occ mic xIn
pyr, occ calc, frm, fss

Tr-1s; m=1t gy, 1t gy-tn, m gy, mic-vf

x1n, sl arg, hd-frm; sltst m orng- red

1t tn, occ cale, frm

4320-4950 ctgs

40% 1s; m gy, 1t gy, m-dk gy, mic xIn,

s1 arg, occ chky, frm

20% anhy; 1t gy, wh, mass, frm

20% sitst; m orng- red 1t tn, mica, frm

20% sh; dk gy, mica, occ v sl carb, frm, fss
10% dol; 1t gy, vf xIn, occ v sl carb?, frm

4950-4980 ctgs

4980-5010 ctgs

40% sh; m-dk gy, dk gy, m-dk gy-brn,

mica, frm, fss

30% sitst; m orng-red, 1t tn, mica, frm
10% anhy; 1t gy, wh, mass, frm

10% 1s; m gy, 1t gy, m-dk gy, mic xin,

sl arg, occ chky, frm

10% dol; 1t gy, 1t tn, vf xIn, st arg, frm

50% anhy; 1t tn, 1t gy, wh, mass, frm

30% sh; dk gy-blk, mica, occ mic xIn pyr,
occ slty, frm, fss

10% 1s; 1t gy-tn, 1t gy, mic xIn, arg, frm
10% mdst; m orng-red, 1t orng-red, frm
Pres-dol; 1t tn, vf xIn, frm

0.43

0.44

0.89/0.85

0.23

0.59

* TOC =

Total QOrganic Carbon

These analyses, opinjons or interpretations are based on gbservations and wsterial supplisd by the c¢lient to whom, and for whose

exclusive and confidential use, this roport is made. The interpretations or opinjons expressed represent the best judgment of
Cara Laboratories, Ine. (wll errors and owissions excepted): but Core Laborstories, Inc. and fts officers and eaployees, assume
no responsibility and azke no warranty or represantations as to the productivity, proper operation, or prof:.nbl:nen of any oil,

gas or other miners) well or sand in comnectian with which such report is used or rolied upen,
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Table I (cont.)

Total Organic Carbon Results and Gross lithologic Descriptions

Depth Sample TOC*
(£ft) Type Gross Lithologic Description (wt %)
5010-5040 ctgs | 0.32
30% 1s/dol; m gy-brn, mic xIn, sl arg,
hd-frm

30% anhy; 1t tn, 1t gy, wh, mass, frm
20% 1s3 m gy-brn, dk gy, 1t gy, mic xin,
occ arg, hd-frm

20% sh; dk gy, dk gy-blk, mica, occ v sl
carb?, occ sl calec, frm, fss

Tr-mdst; m orng-red, 1t orng-red, frm

5040-5070 ctgs 0.20
40% anhy; 1t tn, 1t gy, wh, mass, frm

30% dol; 1t tn, m gy-brp, mic xIn, arg,
hd-frm

30% 1s; m gy=-brn, mic-vf x1In, arg, hd
Pres-sh; dk gy, mica, frm, mod fss
Tr-mdst; m orng-red, 1t orng-red, occ
slty, frm

5070-5100 ctgs 0.25
50% anhy; 1t tn, 1t gy, wh, mass, frm
30% 1s; 1t gy-tn, m gy-brn, mic x1In,
arg, hd-frm
20% dol; 1t tn, m gy-brn, mic xIn, arg,
hd-frm
Pres-sh; dk gy, mica, occ v s1 carb?,
occ s1 calc, frm, mod fss; mdst; m orng-red,
1t orng-red, occ slty, frm

5100-5130 ctygs 0.20
50% anhy; 1t tn, 1t gy, wh, mass, frm

20% dol; 1t tn, 1t pk, mic-vf xIn, suc, frm
20% 1s; 1t gy-tn, m gy~brn, mic xIn,

arg, hd-frm

10% sh; dk gy, mica, occ v s1 carb?,

occ s1 calc, frm, mod fss

Tr-mdst; m orng-red, 1t orng-red, occ

sity, frm

* TOC = Total Organic Carbon

These anslyses, oplnions or Interpretarions are based on obsorvstions mnd material supplied by tha client te whom, and for whoze
oxclunive and confidentinl use, thix report is made. The interpretations or oplnions expressed reprosont the best judgment of
Core Laborsrories, Inc. (all errars and omissions eacspted); bur Core Laboratories, Inc. and its officers and employezs, assume
no responsibllity and make no warranty or Tepreientations as to the productiviry, proper operation, or profitableness af say oil,
gss or othar mineral! vell or sand In comnoction with which such report is used or relied upon.
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Table I (cont.)

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample TOC*
(ft) Type Gross Lithologic Description (wt %)
5130-5160 ctgs 0.14
50% dol; 1t tn, m gy-brn, m pk, mic-
vf xIn, occ suc, hd-frm
30% 1s; 1t tn, 1t gy, m gy-brn, mic
xIn, occ chky, hd-frm
10% anhy; 1t tn, wh, mass, hd-frm
10% sh; dk gy-brn, dk gy, mica, occ
mic xIn pyr, frm, mod fss
Tr-mdst; 1t orng, mica, frm
5160-5190  ctgs ' ; 0.12/0.14
70% 1s; 1t tn, 1t gy, m gy-brn, mic
xin, occ chky, hd-frm
20% dol; 1t tn, m gy-brn, m pk, mic-
vf xIn, occ suc, hd-frm
10% sh; dk gy-brn, dk gy, mica, occ
mic x1n pyr, frm, mod fss
Pres-mdst; 1t orng, mica, frm;
anhy; 1t tn, wh, mass, hd-frm
5190-5220 ctgs 0,56
60% 1s5; 1t gy, 1t tn, m gy~brn, mic
xIn, occ chky, hd-frm
30% dol; 1t tn, 1t pk, m gy-purp, mic-
vf xIn, occ suc, frm
10% sh; dk gy, blk, mica, occ mic xIn
pyr, occ carb, frm, fss .
Pres-anhy; 1t gy, 1t tn, wh, 1t pk,
mass, occ ¢ xIs, frm
Tr-mdst; 1t orng, m orng, mica, occ
slty, frm
5220-5250 ctos 0.17
60% 1s; 1t tn, 1t gy, m-1t gy, wh, mic-f
x1n, hd-frm

30%°dol; m gy, m gy-purp, v xIn, suc, frm
10% mdst; 1t orng, m orng, dk red-brn,
mica, occ slty, frm

Tr-sh; dk gy, mica, frm, fss

* TOC = Total Organic Carbon
Thoae analyses, opinions or interpretations aré based on cbservations wnd meterial supplied by ths cliont to whom, and for whose
exclupive and confidential wse, this report ia made. Tho incerpretstions or opinions eapressed reprasent the hest judgrent of
Core Laborstories, Ing. (all errors and omlssions excepted); but Core Labarstories, Inc, and its officers and employess, assume
no respansihility and make no werranty o representations as te the productivity, proper operation, or profitableness of any oil,
gas or othsr mineral well or sand in connection with which wuch report is used or relied upon,
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Table 1 (cont.}

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample ToC*
(ft) Type Gross Lithologic Description (wt %)
5250-5280 ctgs 0.11
50% 1s; 1t tn, 1t gy, m-1t gy, wh, mic-f
x1ln, hd-frm

.30% dol; 1t tn, m gy-brn, m gy-purp,
mic-vf xIn, occ suc, hd-frm

20% sh; dk gy, m-dk gy, dk gy-brn,

mica, occ mic xIn pyr, occ sl carb?,

frm, fss

Pres-mdst; dk orng, 1t orng, occ sity, frm;
anhy; 1t gy, wh, mass, frm

5280-5310 ctgs 0.18
70% 1s; 1t tn, m-1t gy, 1t orng, wh,
mic xIn, acc chky, occ arg, hd-frm
20% s1tst; dk red-brn, m arng-brn,
mica, frm
10% dol; 1t tn, m gy-brn, m gy-purp,
mic~-vf x1n, occ suc, hd-frm
Tr-sh; dk gy, mica, frm, fss

5310-5340 ctgs 0.1%
60% 1s; 1t th, m-1t gy, 1t orng, wh,
mic xIn, occ chky, ocec arg, hd-frm
20% sh; dk gy, mica, frm, fss
10% dot; m brn, m tn, vf xIn, suc, frm
10% s1tst; m orng, mica, hd-frm
Tr-anhy; wh, mass, frm

5340-5370 ctgs 0.20
. 50% sh; dk gy, dk gy-brn, mica, st carb,

frm, fss

30% 1s; 1t tn, m-1t gy, 1t orng, wh,

mic xin, occ chky, occ arg, hd-frm

20% sltst; m orng, mica, hd-frm

Pres-dol; dk brn, dk gy-purp, m gy-purp,
mic-vf xIn, occ suc, hd-frm; anhy; 1t tn,
mass, frm

* TOC = Total Organic Carbon
These analyses, oplnions or interpretetions &re based om observarions and material supplied by the client to whom, end for whose
exclusive and confidential use, this report is mede. The interpretations or opinions expressed reprosent the best judgment of
Core Lasboretorjes, Inc. (all errors snd omissiont excepted); but Core Laboratories, Ing. end its officers and employess, assume
no responsibllity snd make no warrenty or reprasantations as to rhe productivity, proper operstion, or profitsblensss of sny oil,
gas or other minpral well or sand in connection with which such report is ussd or relied upon.
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Table 1 (cont.)

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample TOC*
(£t) Type Gross Lithologic Description (wt %)
5370~ 5400 ctgs 0.23
40% 1s; 1t tn, m gy, mic-vf xIn, hd
30% sh; dk gy, mica, occ mic xIn pyr,
. frm, blky-mod fss
30% s1tst; m orng, frm
Pres-mrl; m orng, frm
Tr-anhy; wh, mass, hd-frm
5400-5430 ctgs 0.52/0.50
40% sh; dk gy, m-dk gy, mica, occ carb,
frm, blky-mod fss
30% mrl; m orng, 1t orng-tn, m gy-orng,
frm
20% mdst; 1t gy-tn, m orng, mica, frm
10% 1s; 1t tn, 1t gy, mic xIn, occ chky,
hd-frm
Tr-anhy; 1t tn-wh, mass, frm
5430-5460Q ctygs 0.40
60% sh; m-dk gy, m gy-gn, mica, occ sl
carb,-frm, blky-mod fss
30% 1s; m gy, 1t ta, m gy-purp, mic-vf
x1n, occ arg, hd-frm
10% mr1; m orag, 1t orng-tn, m gy-orng, frm
Tr-anhy; clr, ¢ x1s, frm
5460-5490 ctgs : 0.40
50% sh; m-dk gy, mica, hd-frm, blky-sub fss
30% mdst; 1t orng, m orng, mica, occ slty,
hd~frm.
20% 1s; 1t tn, 1t gy, m gy-purp, mic xIn, hd
Tr-anhy; 1t gy, wh, f xIs, frm; mrl; m orng,
1t orng-tn, m gy-orng, frm
5490-5520 ctgs 0.37

70% sh; m-dk gy, m gy, m gy-purp, dk rd,

mica, frm-blky, mod fss

20% mdst; 1t orng, m orng, off wh, mica,

occ slty, frm

10% 1s; 1t tn, 1t gy, m gy-purp, mic xIn, hd
Pres-anhy; clr, 1t tn-wh, mass, occ f xIs, frm

* TOC = Total Organic Carbon

Thesc snalyses, opinions of interpretations are bssed cm observstions end materix) supplied by the client to whom, and for whose

pxclusive and confidential use, this report is made,

The interpretations or opinions expressed represent the best judgment of

Core Latoratoriss, Inc. (al) errprs and cmissions excepted)i bt Core Laboratories, In¢. snd ity officers and employees, sssume
no reyponsibility and maks no warranty or reprossnrations 8s to the productlvicy, proper operavion, or profitableness af any oil,
gas or othor mineral well or aand {n comnsction with which such report iy used or vsiied upon.
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Table I {cont.)

Tota] Organic Carbon Results and Gross Lithologic DescTiptions

Depth Sample ToC*
(ft) Type Gross Lithologic Description (wt %)

5520-5550 ctgs 0.71
70% sh; m-dk gy, m gy, m gy-purp, dk
rd-purp, mica, frm, blky-mod fss
20% mdst; 1t orng, frm
10% anhy; 1t tn, wh, mass, hd
Pres-15; 1t tn, 1t gy, mic xln, hd

5550-5580 ctgs 0.81
80% sh; m-dk gy, m orng, 1t gy, mica,
occ v sl carb, hd-frm, blky-fss
20% mdst; m orng, 1t orng, mica, frm
10% anhy; c1r, 1t tn, wh, ¢ xi5, occ mass, frm
Tr-1s; 1t tn, mic xIn, hd

5580-5610 ctgs 1.18
70% sh; dk gy, m-dk gy, 1t gy-gn, m gy~
purp, mica, occ sl carb, hd-frm, sub-mod fss
30% mdst; m orng, 1t orng, mica, frm
Pres-anhy; 1t tn, wh, mass, hd-frm; sd; 1t tn
tnrsl, ¢ gr, sub ang
Tr-1s; m gy, mic xIn, hd

5610-5640 ctgs 0.14
30% 1s; 1t gy, 1t tn, mic xIn, hd

30% mdst; m orng, dk rd-purp, mica, frm
30% sh; m-dk gy, m gy, mica, frm, blky-
sub fss

10% sd; 1t tn trns), ¢ gr-pbl, sub ang-rdd

5640-5670 ctgs 0.67/0.66
50% sh; m-dk gy, m gy, mica, frm, blky-
sub fss
20% mdst; dk gy, m gy-purp, occ v slty,
occ sdy, frm-sft
20% sd; tt tn trnsl, m orng trnsi, € gr-gran
10% 1s; 1t gy, 1t tn, mic xIn, hd
Tr-anhy; wh, mass, hd

* TOC = Total Organic Carbon
These anxlyses, opinions or interprecarions are based on observstions and material supplied by the cliend to whom, and for whase
exclusive and confidential use, thiy report is made. The interpretations or opiniont exprossed represent the best judgment of
Core Lobbretories, Inc. {wll érrors and cmissions excepied)i but Core Laborarorley, Inc. snd its officers and employres, assune
no respopiibility and make no warranty or represontations es ta the productivity, proper Operation, or profirablensss af any oil,
gas or other minera) wnll or sand in comnection with which such report is used ar reliod upon.
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Table II

Results of Cqg, Extractable Organic Matter (EQM) Analysis

Composition of Cl5+
Extractable Organic Matter

Depth Sample Toc . EOM HC - (Normalized Percent)

(£t Type vt %) (ppm) (ppm) 1 - F2  F3 cP1
4680-4740 ctgs 0.65 417 173 37.0 13.0 50,0 1.30
5400 -5490 ctgs 0.38 421 116 32.2 10.2 57.6 --
5520~5610 ttgs 0.68 318 104 18.9 20,7 1 60.4 - -

TOC = Total Organic Carbon; EOM= Extractable Organic Matter (Ci5+); HC=C)s5+ Hydrocarbons (saturates +aromatics); CP1 = Carbon
Preference Index (C24-C34 carbon number range}; F-1 = saturates: F-Z = aromatics; F-3 = asphaltics

Theae analyses, oplnlons or interpretations are bauaod on observations and asterial supplied by the client to whom, and for whose
exclusive and confidential use, this report is made, The interprotatlons or opinions expressed reprosent the dest judgmant of
Core Labaratories, Inc. (akl errors and onissions czcepted]; hut Core Laboratorins, Inc. and lts officers and emplayeas, sasuws
no responsibility and make no warranty ar represontations as to the productivity, proper operation, or profitablemess of any oil,
gas ar athar ninars] well or sand in connecrion with which such report is used or xelied upon.
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Table III
Geochemical Ratios
Depth EOM HC HC
(ft) Tog * 100 o X 100 w5y X 100
4680-4740 6.4 2.7 41.5
54005490 11.1 3.1 27.6
552(-5610 4.7 1.5 32.7

TOC = Total Organic Carbon (ppm); EOM = Cyg+ Extractable Organic Matter (ppm); HC = C15+ Hy-
drocarbons (ppm)

These analysss, opinions or interprerstions mre based mm observations and material supplied by the client to whom, and for whose
exclusive ond confidentis] use, this repart is mede. The interprerations or opinions expresscd represent the best judgment of
Core Laboratories, Int. (@) errors and owmjssions excepted); but Core Leboratories, Inc. and its officors and employees, assume
no responsibility and maXe no warranty or represgnrations as to the productivity, proper opsration, or profitableness af any oil,

gas or other mineral well or sand in comnectiom with which such repert is used or Telied upon.
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NUMBER OF READINGS
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VITRINITE REFLECTANCE MISTOGRAM

Table V

1 1 't 1

Jd_J &t ) !

.20 0.49 ©.60 ©.80

1,08 1.220 1.42 1.68

VITRINITE REFLECTANCE

VITRINITE REFLECTANCE HISTOGRAM
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HE L

1.4

.20 0.49 0.60 0.89

(.28 1.20 1.40 |.64

VITRINITE REFLECTANCE
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DENVER BASIN STUDY

PETERSON #1

DPEPTH: 4880—474@ FEET

MEAN REF,:@,88%

MAX. REF.:1,1B%

MIN, REF.:2,87X

READINGS: 72

SAMPLE : CUTTINGS

DENVER BASIN STUDY

PETERSON %1

DEPTH: 55256812 FEET

MEAN REF . :8.88X%

MAX. REF.1.87%

MIN. REF.2.68%

READINGS 18

SAMPLE «CUTTINGS
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Table VI

Elemental Analysis

Depth Hydrogen:Carbon Ratio

(ft) (H/C)
4680-4740 o 0.87
5520-5610 0.82

Thesc analyses, opinions or interpretations are besed on observarions and material supplied by the client to whom, and for whose
exclusive and confidentis] use, thls report is made. The interprerations or opinions expressed reprosent the best judgment of
Core Laboratories, Inc. (all errors and ceissions excepted); but Core Laboratories, Inc, snd its oflicers and employees, assume
no responsibility mnd make no warramty or vepreysntations ss to the productivity, proper ocperation, or profitablensss of mny oil,
gas Or ather minsral well or sand in connection with which such repart is wsad or relied upon.
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Normalized n-Paraffin Distribution

4680-4740 5400-5490 5520-5610
Cys 8.5 5.4 16.6
Ci6 12.2 10.6 17.4
‘17 13.8 15.3 15.1
Pristane 8.0 7.9 7.2
‘18 12.5 14.3 10.1
Phytane 6.1 5.9 3.9
C19 10.2 11.2 7.0
C20 7.2 8.2 5.1
€2 5.4 6.5 4.6
Co2 4.7 5.7 4.5
Coa 3.8 4.2 3.5
Cos 1.9 2.2 1.9
Cos 1.4 1.1 1.1
C26 0.9 0.5 0.6
Coy 0.9 0.4 0.4
Cog 0.5 0.2 0.2
Cog 0.7 0.2 0.4
C30 0.4 1 0.1
b3 0.5 0.1 0.2
C32 3 <0.1 0.1
Ca3 0.1 - - .-
Caa <0.1 - - ..
Pristane/Phytane 1.31 1.34 1.85
CPI 1.30 - - - -

These mnalyses, opinions or interpretations sre based on observations and material supplied by the client to whom, and for whose

exclusive and confidentisl use, this report is made,

The inrerprerations or opinioms expressed represent the besr judgment of

Core Leboratories, Inc, (all errors and omissions excepted); but Core Laborarories, Inc, and its officers and employees, assume
no respensibility and make no warranty or representations as to the producrivity, proper operation, or profitasbleness of sny oil,
gos or other mineral well or sand in connsction with which such report is used or relisd upon,
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Table VIII

Normalized Isoprenoid Distribution

Ip13
Ipl4
Ip15
1pl6
1pl8
Pristane

Phytane

5520-5610

2.7
3.9
7.1
17.4
19.9
31.7
17.3

Page 18 of ZI
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These mnalyses, opinions or interprotations are baused on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made, The interpretations or opinions expressed represent the best judgment of
Core Leboratories, Inc. (all errors and omissions sicepted); but Core Laborstories, Inc, and its officers and ewployees, assume
no responsibility and make no wArranty or representations as to the productivity, proper operation, or prafitahleneas of any oil,

ges or other mineral well or sand in connection with which sucd report is used ar relied upon,
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I. SUMMARY
The Paleozoic sedimentary section froﬁtﬁlﬁﬂ to 5500 feet in the Tucker
McConaughy #1, 22-15N-41W, Keith County; Nebraska, was analyzed for
hydrocarbon source potential. Forty-six {46) cuttings samples,
composed of shales, siltstones and sandstones, were analyzed.
Lithologic tops from Petroleum Information cards were used to divide
the Permian and Pennsylvanian sections.

Permian (4150-4703 feet) rocks are dominated by dark-gray shales that
have fair to good organic richness. These intervals are thermally mature

and have fair oil source potential. Pennsylvanijan (4703-5500 feet total

depth) rocks also have fair to good organic richness but generally contain
Tess soluble organic matter and are considered only minor sources of

petroleum.

There is no geochemical evidence for the presence of migrated petroleum in
this well. The narrow distribution of saturated hydrocarbons, however, may
represent some type of low level contamination. '




I11. INTRODUCTION h

Core Laboratories’, Inc. geochemical study will determine the regional

hydrocarbon source potential of the Permian and Pennsylvanian sections

in the northern Denver basin. In addition, nine Permian and Pennsylvanijan

pils will be characterized to determine 01l to oil and o0il to source

correlations. Fourteen (14) individual preliminary well reports and a '
crude 031 correlation study will form the basis for our regional inter-

pretation, These geochemical data from individual reports will be integrated

into a geologic framework for the final report.

The Tucker McConaughy #1 is located in Keith County, Nebraska (22-15N-41W).

Permian and Pennsylvanian rocks were penetrated from 4150 to 5500 feet and

a total of forty-six (46) samples were analyzed for organic richness, kerogen

type and thermal maturity. Analytica) techniques <include measurement of

total organic carbon, soxhlet extraction, Tiquid chromatographic separation

of the extract on a silica gel column, and high resolution gas chromatography

of the C10+ saturated hydrocarbon fraction performed on a glass capillary .
column, In addition, the insoluble organic matter {kerogen) was studied by ’
transmitted and fluorescent light microscopy, vitrinite reflectance and elemental

analysis.

Qur report is organized in three parts: 1) Interpretation, 2) Graphical
Displays and 3) Analytical Data. The Interpretation contains the written

text of the report. This includes our conclusions stated in a Summary which
precedes this lntroduction. Following this Introduction is a more detailed
Discussion of Results which provides an evaiuation of the hydrocarbon source
potential of the sedimentary section penetrated by the Tucker McConaughy #1 well,
This is followed by the description of our standard Analytical Procedures. The
second part of the report contains Graphical Displays of the geochemical data.
Figure 1 shows a graphical summary of the geochemica) data. Figure 2 shows
Tithology and total organic carbon content. The soluble organic matter is
characterized in Figure 3. Figure 4 shows kerogen type and thermal maturity
levels. The third section of the report contains the Analyticel Data. Table ]
gives Jithologic descriptions and total organic carbon content. Table 1l lists

ii



concentrations and compositions of the extractable organic matter.
Significant geochemical ratios are listed in Table IIl. Tables IV

and V contain data on kerogen observations and vitrinite reflectance
measurements, respectively. Table VI shows elemental hydrogen to carbon
ratios for the kerogen. Table VII lists normal i zed n-paraffin distri-
butions for the €, saturated hydrocarbons and Table VIII Tists the
normalized isoprencid distributions. Figures 5 through 12 are gas
chromatograms of the c10+ saturated hydrocarbon distributions.
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ITI. DISCUSSION OF RESULTS

Permian 4150-4703 feet

The eighteen (18) Permian cuttings samples analyzed consist of dark-gray
shales that contain an average of 0.77% total organic carbon, These
intervals have fair organic richness. Cuttings from 4240-4510 feet

contain woody and coaly kerogen while the interval at 4600-4690 feet

is dominated by amorphous organic matter. Permian sediments are thermally
mature and in the main stage of oil generation based on a thermal alteration
index of 3 and a 1.01% maximum mean vitrinite reflectance measurement. The
elemental hydrogen to carbon ratio averages 0.77 indicating limited potential
to generate additiona1”T7gquid hydrocarbons. |

Concentracions of extractable organic matter and associated total hydrocarbons
average 539 ppm and 155 ppm, respectively. These levels are usually associated
with fair hydrocarbon source rocks, Gas chromatograms of the saturated
hydrocarbon fractions contain a relatively narrow normal paraffin distribution.
Carbon preference indices average 1.21, although the low gquantities of C24

to C34 norma? paraffins reduce the reliability of this maturity measurement.

Pennsylvanian 4703-5500 feet total depth

Pennsylvanian cuttings intervals contain an average of 0.86% total organic
carbon and have fair organic richness. These dark-gray shales contain

predominantly amorphous organic matter that is in the main stage of hydro-
carbon generation. This conclusion is based on a thermal alteration index
of 3 and a 1.01% maximum mean vitrinite reflectance measurement. Elemental
hydrogen to carbon ratjos for the kerogen average 0.85 and indicate only a

lTimited potential to generate 1iguid hydrocarbons.

Extractable organic matter_concentrations are below those required for good

petroleum source rocks. The saturated hydrocarbon distributions have relatively

narrow distributions with low quantities of the heavier molecular weight
(>C24) normal paraffins. These distributions are not characteristic of most

crude 0ils and may represent some form of contamination,

iy



IV. ANALYTICAL PROGRAM

The following analytical program was used in determining the hydrocarban
source potential of Paleozoic intervals in the Denver basin.

The quantity of total organjc carbon is determined by combustion of
pre-treated, carbonate-free, pulverized samples in a Leco WR-12 Analyzer.
Generally, no further analyses are performed on samples having total
organic carbon content values of less than 0.3% for carbonates and 0.5%
for fine-grained clastic sediments. Samples with sufficient total organic
carbon content are then analyzed for Kerogen type, vitrinite reflectance
and C15+ extractable organic matter content. If the concentration of the
extract is less than 20D ppm, no further analyses are performed on the
samples, Samples with extractable organic matter concentrations greater
than 200 ppm are then characterized by liguid and gas chromatography
analyses.

A description of the analytical procedures used by Core Lab's Geochemical
Services Department follows this analytical program.
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DESCRIPTION OF ANALYTICAL PROCEDURES

SAMPLE PREPARATION

Cutting samples are thoroughly washed to remove drilling mud, and if
necessary are placed in a solvent to float off contaminants, such as

coals or drilling additives. The samples are then air-dried and are examined

under a binocular microscope to remove any remaining contaminants.

A magnet is used to remove any meta) which may be present. The outside
surface of sidewall and conventional core samples is removed and then the
samples are thoroughly washed with water and allowed to air dry.

LITHOLOGICAL DESCRIPTION

A complete 1ithological description of each sample is made under a
binocular microscope. All obvigus cave material is removed and the
sample submitted for total organic carbon analysis. The description

.inciudes an examination for migrated hydrocarbons under ultraviolet

Tight,
TOTAL ORGANIC CARBON ANALYSIS (TOC)

Total organic carbon analysis measures the organic richness of a rock
in weight percent organic carbon. Organic richness is the first require-

ment for an 0il or gas source rock. The analysis is also used as 2
screening technique to determine which samples merit more detailed
analysis. The dried rock samples are pulverized and treated with hot
and cold hydrochloric acid to remove carbonates (inorganic carbon).
After acid treatment, the organic carbon content is determined by
combustion of the sample in a Leco WR-12 Carbon Analyzer, Blanks,
standards, and duplicates are routinely run to insure highly reliable
results.

EXTRACTION OF SOLUBLE ORGANIC MATTER (BITUMEN)

Soluble organic matter in a rock can resuit from the organic matter

deposited with the rocépor from the introduction of non-indigenous

migrated hydrocarbons®It is important to know how much soluble organic

matter is present for evaluating potential oil source rocks. The amount
of indigenous soTuble organic matter reflects the rock's total arganic
matter, type of organic matter, and thermal history. To determine

vii




soluble organic matter concentration, powdered rock samples are placed

in Soxhlet thimbles and extracted for 24 hours with chloroform. An
aliquot of extracted material is then transferred to a pre-weighed
container and the chloroform solvent is evaporated under nitrogen at

20°C. The concentration of the stabilized extract (soluble organic matter)
resjdue is reported in parts per million.

LIQUID CHROMATOGRAPHIC SEPARATION

The composition of the soluble organic matter is determined by liquid
chromatographic separation into_saturated hydrocarbons, aromatic hydro-
carbons, and asphaltic compounds. Compositional data is useful in
evaluating oi1 source gquality and thermal maturation. An aliquot of

the soluble organic matter extract in chloroform is concentrated and
iso=octane solvent is added. Concentration and addition of iso-octane

is repeated until all chloroform has been removed without complete
evaporation to dryness. The extract in iso-octane is then placed on a
silica gel column and successively eluted with hexare, benzene, and
benzene/methanol to determine % saturates, % aromaticsl_;Ea_ifhsghaltics.

GAS CHROMATOGRAPHY OF Cm+ SATURATED HYDROCARBONS

The satyrated hydrocarbon fraction from liquid chromatography is analyzed
by gas chromatography before it is evaporated to dryness. This allows
analysis of hydrocarbons below Clsa The distribution of GE@} saturated
hydrocarbons documents whether pétroleum-1ike hydrocarbons are present
in a rock sample. A high resoclution glass capillary cefumn is used

to separate the hydrocarbons. The temperature-programmed analysis is
performed on a Hewlett Packard gas chromatograph equipped with a flame
jonization detector. From the distribution of n-paraffins the Carbon

Preferencé Index (CP1) is calculated according to the following equation:

33 { 33 7 ]
I Odd-Carbon n-Paraffins L 0dd-Carbon n-Paraffins
C.P.I. = & 25 25
34 N Yo y
L Even-Carbon a-Paraffins L Even-Carbon n-Paraffins
26 24
~. —_— e
N
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The CPI is used to evaluate thermal maturity. Saturated hydrocarbon

distributions are also useful for ojl-to-source rock correlations.

In addition to a gas chromatogram, the percent composition of n-paraffins,
percent composition of isoprenoids, pristane/phytane ratio and €arbon
Preference Index are reported from this analysis.

VISUAL KEROGEN ANALYSIS

High-powered microscope examination of kerogen in transmitted light

. and under ultraviolet light determines thermal maturation state and

whether the type of organic matter is favorable for petroleum generation.
The kerogen composition is reported as % alginite (algal and amorphous
debris), ¢ exinite (herbacecus plant debris and palynomorphs}, % woody
plant debris, and ¥ coaly fragments. The ability of the various kerogen
types to yield oil decreases in the following order: alginite - exinite -
woody - coaly. The color (Thermal Alteration Index) of the spore and
pollen grains present 1s‘also used as an indicator of thermal maturation

Jevel.

For visual kerogen analysis, standard palynological techniques are
used to separate the kerogen from the rock matrix. The isoclated
organic matter {kerogen) is mounted on a glass siide and examined under

a high-powered Leitz microscope.

VITRINITE REFLECTANCE

Vitrinite reflectance provides a method for determining the thermal
alteration history of a sediment. Yitrinite particles, originating
from wood, are found dispersed throughout most sedimentary rock
samples which are younger than Silurian, Since vitrinite refléctance
increases regularly with increased thermal alteration, a reflectance
measurement can be used to determine the degree of thermal maturation

of that sediment.

Kerogen is prepared for vitrinite reflectance by imbedding the jsolated
kerogen in a bioplastic plug. The hardened plug is polished and the
reflectance of the individual vitrinite particles are measured under

a microscope. A histogram of reflectance values for each sample is

reported.

ix




ELEMENTAL ANALYSIS OF KEROGEN {H/C)

Chemical analysis of kerogen is used to characterize the type of .
organic matter present in a sediment in terms of its oil or gas

generating potential. Kerogens with 2 high hydrogen content or

high H/C ratio tend to generate oil. To measure the elemental

composition, isolated kerogen is combusted in a Perkin-Elmer Elementa)

Analyzer. This method provides a direct, calibrated measurement for

characterizing the kerogen type present in a sediment. The results are

reported as % hydrogen, % carbon, % nitrogen and H/C ratio.



BE Bu bu BN BN S By By bBE B BN BN B me e B B B e
Page_ 1 of 30

FIGURE 1 File 80711
GEOCHEMICAL SUMMARY PROFILE
ROCK
'm’ e AMOUNT L ORSANIC MATTER TYPE MATURATION SOLUBLE ORGANIC MATTER INTERPRETATION
R T.0.C, O, B [ VITEDITE REFLY 4 ARLE A o 20wy & HE/YOC
18 we REMARKS
et . 18 2.8 30 40 26 59 78 8.3 8.8 1.0 | 402 823 1288 1882 E 1918 . .
m Y i n 1 3 2 t N
|
! |
{
4008 !
! .
ax I » g FAIR SOURCE
= : & | povenTIAL
" .
semn |2 : * o | =
—
(- — [ E LIMITED SOURCE|
l S | POTENTIAL
(
{
~ 6260 {
= |
v |
|
T |
— 708 I
o 1
g |
|
|
8300 1
{
!
1
)
988 ]
]
|
|
, |
KRR — IS=== I EOM HC EOM/TOC 1
AMORPHDUS ~ EXINITE WG00Y COALY O e HC/TOC W




_ 3000
-

-

-

»

~  4epe
-

-

-

[~ 5002
— 60800
- &

[~

-y

. 1w 700D
- [mn

o

- 8008
~ 2009
L ___1eooe
o

ROCK
TYPE

Pt G s Gt B A b O
-]

2
bo ow 90 00 o— o= v om
—— v -

po st o e e o o -

b bt S O S S
[t nn s n e -
e o d St A 0t 0
e et ot

L IMESTONE

Page 2 of 3D
FIGURE 2 File 80211
TOTAL ORGANIC CARBON
CHARACTERIZATION
TOTAL ORSANIC CARBON CWT %)
} 1.8 2 2.5
LI ] 1 1} 1§
V=
.
]
BhEhhbEE IRWRs EEEEEE === BRI
SANDSTONE ANHYDRITE SILTSTONE 1LS/DOLOMITE SALT



Page

3

of 30

FIGURE 3 File

80211

'SOLUBLE ORGANIC MATTER
CHARACTERIZATION

432 828 1208 1609 5 18 15
3980

i T 1 r 1T 1 I i LB ! 1

4020

_Seee

l LOLUBLE ORGANIC MATTER <PPMD ECM/TOC & HC/TOC

6Bap

70082

DEPTH (FT)

8299

8028

REERERERE R R R R R R R AR A R A R A N R N A R A A I N e

19229

EOM HC EOM/TOC O3
| D n He/TOC W




(FT)

DEPTH

30082

4000

5080

6989

7208

8829

geso

12229

Page_4 of 30
FIGURE 4 File 80211
KEROGEN TYPE
THERMAL MATURITY
VITRINITE REFLECTANCE KEROGEN TYPE X H/C RATIO
2.6 1.9 25 S8 75 2.8 1.2
t T T T T Eriiiidlm { 1 1 LIS L
|
I
1
!
|
l " RO O A FEEE NS .
| :
I » N
[ - HOGCOMESE e et .
|
| " PO OO CCOTO O S EE Fopg _—
I
[
|
!
I
|
|
i
[
|
!
|
[
I
|
[
[
i
!
I
f
f
i
XXX — L
AMORPHOUS  EXINITE COALY




!“)

et

I

| II?::> N . ll-l T .. !III .

Page 5 of 3p
File 807211
Table 1
Total Organic Carbon Results and Gross Lithologic Descriptions
Depth Sample TOC*
(£t) Type Gross Lithologic Description (vt %)

4150-4180 ctgs ‘ 0.83
Sh; dk gy, m gy, 1t gy-gn, m purp, mica,
occ s1 slty, frm, fss
Pres-1s; 1t gy, m gy, mic-f x1n, hd

4180-4210 ctygs 0.96
Sh; dk gy, m-dk gy, mica, abnt mic xIn
pyr, occ v s1 carb, frm, fss
Pres-anhy; m orng, wh, f x1s, frm
Tr-mdst; m orng, mica, frm

4210-4240 ctgs 0.87
90% sh; dk gy, m-dk gy, mica, abnt mic xIn
pyr, occ v sl carb, frm, fss
10% mdst; m orng, mica, frm
Pres-anhy; 1t tn, wh, m orng, mass, occ
‘gran?, frm

4240-4270 ctgs 0.89
90% sh; dk gy, m-dk gy, mica, abnt mic x1In
pyr, acc v sl carb, frm, fss
10% mdst; m orng, mica, frm
Pres-anhy; 1t tn, wh, m orng, mass, occ
gran?, frm
Tr-sltst; m orng, mica, frm

4270-4300 ctgs - 0.68
80% sh; dk gy, m-dk gy, m-dk orng-rd,
dk rd, mica, occ v sl carb, frm, mod fss-fss
20% ss; m orng, vf-f gr, m-mod srtd, sub ang-
rdd, fri, anhy?
Tr-anhy; wh, mass, frm

4300-4330 ctgs 0.59

90% sh; dk gy, m-dk gy, m-dk orng-rd,

dk rd, mica, occ.v sl .carb, frm, mod fss-fss
'10% ss; m orng, vf-f gr, m-mod srtd, sub ang-
rdd, fri, anhy?

Tr-anhy; wh, m orng, mass, occ f xJIs, frm;

mdst; v 1t gy, frm

* TOC = Total Organic Carbon

These mnzlyses, opinions or inlerpretatlons are based on observations and meterfel suppliisd by the client-to wham, and for whose

eaclusive wnd confidential use, this report is msde.

The interpretations ar opinions exprossed represent the best judgment of

Core Lxborstories, Inc. [x11 errors and omissions excepted); but Core Laboratories, Inc. end its officers and ewmployees, mssume

no responsibility and maks no warranty or represontations as 1o the productivity, proper cperstion, or profitableness of eny oll,

a8 or other mlneral wel) or swnd in comnectlon with which such reperi is used or relied wupon.
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Table I (cont.)

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample TOC*
(ft) Type Gross Lithologic Description (wt %)
43304360 ctgs 1.05/1.04
$h; dk gy, m~dk gy, m-dk orng-rd,
dk rd, mica, occ v sl carb, frm, mod fss-fss
Pres-ss; m orng, vf-f gr, m-mod srtd, sub ang-
rdd, fri, anhy?
Tr-anhy; wh, m orng, mass, occ f xls, frm;
mdst; v 1t gy, frm
4360-4390 ctgs 0.47
60% sh; dk gy, m-dk gy, m-dk orng-rd, mica,
occ v s1 carb, frm, mod fss-fss
40% dols v 1t tn, 1t gy, m gy, vf xIn, suc, hd
Tr-anhy; wh, m orng, gran?, frm
4390-4420 -ctgs 0.79
Sh; dk gy, m-dk orng-rd, 1t gy-gn, 1t gy-
purp, v 1t gy, mica, oc¢c v sl carb, frm,
mod fss-fss
Pres-ss; m orng, 1t qy, m gy-gn, vf -f gr,
p-mod srtd, sub ang-sub rdd, frm-fri, occ anhy?
4420-4450 ctgs 1.21
Sh; dk gy, m-dk orng-rd, 1t gy-gn, 1t gy-
purp, v 1t gy, mica, occ v s1 carb, frm,
mod fss-fss
Tr-doT; 1t tn, mic xIn, suc hd; ss; m orng,
1t gy, m gy~gn, vf-f gr, p-mod srtd, sub ang-
sub rdd, frm-fri, occ anhy?
4450-4480 ctgs 0.88
Sh; dk gy, m~dk orng-rd, dk gy-purp, mica,
occ s] carb, occ slty, occ sdy, frm, sub fss-fss
Tr-anhy; wh, mass, frm
4480+4510 ctgs 1.37
Sh; dk gy, m-dk orng-rd, dk gy-purp, mica,
occ s1 carb, occ slty, occ sdy, frm, sub fss-fss
Pres-dol; m-1%t gy, 1t tn, vf xIn, suc, s1 arg, frm
Tr-Fos
ctgs 0.70

4510-4540

50% sh; dk gy, m~dk gy, m-dk orng-rd, mica,
occ sl carb, occ slty, frm, fss

50% dol; 1t gy, 1t tn, vf xIn, suc, arg, frm
Tr-anhy; wh, mass, frm

* TOC = Total Organic Carbon

These analyses, opinions or interpretations are based on observstions and material supplied by the client to whom, and for whose
exclusive and confidential use, this Teport is made, The interpretations or opinions expressed represent the best judgment of
Core Laboratories, Inc. (81) errors and omissions excepted); but Core Lsboratories, Inc. and itz officers and employees, assume
no responsibility and make ng warranty OT Tepresentations as to the pruductivity, proper operation, or profitableness of any ail,
gas or other hinersi well or sand in connection with which such yeport is used or relied upon.

!
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Table 1 {cont.)

!D Total Organic Carbon Results and Gross Lithologic Descriptions

Depth
(ft)

Sample
Type

Gross Lithologic Description

TOC*
(wt %)

4540-4570

4570-4600

) 4600-4630

4630-4660

4660-4690

ctgs

ctags

ctgs

ctgs

ctgs

509 sh; dk gy, m-dk orng-rd, mica, occ

s1 carb, occ slty, occ anhy? incl, frm,
mod fss-fss

50% dol; 1t tn, 1t gy, m gy-brn, vf xIn,
suc, arg, frm

Tr-anhy; wh, mass, frm

60% dol; 1t gy, 1t tn, m gy, vf xln,

suc, frm

4% sh; dk gy, m-dk gy, dk orng-rd, mica,
oce mic xIn pyr, occ v s1 carb, occ sity,
frm, fss

~Tr-anhy: wh, m orng, occ mass, occ f xIs, frm

70% sh; dk gy, m-dk gy, m-dk orng-rd, mica,
occ v sl carb, occ slty, frm, fss

30% dol; 1t gy, 1t tn, m gy, vf xlu,

suc, frm

Tr-ss; 1t gy, f gr, mod srtd, sub ang, frm;
anhy; wh, m orng, occ mass, occ f x1s, frm

90% sh; dk gy, m-dk gy, m-dk orng-rd, mica,
occ v si carb, occ slty, occ anhy? incl,
frm, mod fss-fss

10% dol; 1t gy, 1t tn, m gy, vf xin,

suc, frm '

Pres-anhy; wh, mass, frm

90% sh; dk gy, m-dk gy, m-dk orng-rd, mica,
occ v sl carb, occ sity, occ anhy? incl,
frm, mod fss~fss

10% dol; 1t gy, 1t tn, m gy, vf xin,

suc, frm

Pres-anhy; wh, m orng, ocC mass, occ m

xls, frm

0.28

0.32/0.29

0.61

0.73

0.59

* TOC = Total Organic Carbon

These anslyses, opinions or interpretations aTe hased on chssTvations and wmaterial supplied hy the client to whom, and for whose

exclusive and confidentis| wuse, this report is made.

The interpretations or opinions expressed represent the best judgment of

Coras Laboratories, Inc. (81l errors and omissions exceptad); but Core Laborstories, Inc. and its officers and employees, assume
no Tesponsibility and make no warranty or represantations as to the productivity, proper aperetion, or profitsbleness of any »oil,
gas or oz:herI minera) well or sand in connection with which such report is used or relied upon,
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Table [ (cont.)

Depth
(ft)

Sample
Type

Gross Lithologic Description

TOC*
(wt %)

4690-4720

4720-4750

4750-4780

4780-48]10

4810-4840

ctgs

ctgs

ctgs

ctgs

ctgs

90% sh; dk gy, m-dk orng-rd, dk rd-brn,
mica, occ v s1 carb, frm, mod fss~fss

10% dol; v 1t tn, mic-vf x1n, suc, hd-frm
Tr-sd; wh trnsl, 1t tn op, c-vc gr, sub
ang-sub rdd

80% sh; dk gy, m-dk gy, m orng-rd, 1t gy,
mica, occ mic xIn pyr, occ v sl carb,
frm, fss

20% dol; 1t tn, 1t gy, m gy, vf xIn, suc,
hd-frm

80% sh; dk gy, m-dk gy, m orng-rd, dk gy-
purp, dk rd-brn, mica, occ sl slty, occ sl
carb, frm, fss

20% dol; 1t tn, 1t gy, m gy, vf xIn, suc,
hd-frm

60% sh; dk gy, m-dk gy, m orng-rd, dk gy-
purp, dk rd-brn, mica, occ sl sity, occ
sl carb, frm, fss

30% dol; 1t tn, 1t gy, m gy, vf XIn, suc,
hd-frm

10% s1tst; m orng-rd, mica, occ sdy, frm
Pres-sd; 1t tn op, wh trnsl, c-vc gr, sub
ang-sub rdd

90% sh: dk gy, m-dk gy, m-dk orng-rd,

it gy, m gy-purp, dk rd-brn, mica, occ v
s] sity, occ sl carb, frm, fbs

10% dol; 1t tn, 1t gy, m gy, vf xIn, suc,
hd-frm

Pres-sltst; m orng-rd, mica, occ sdy, frm

0.89

0.59

0.88

0.54

0.80/0.77

* T0C = Total Organic Carbon

Theie analyses, opiniomns or interpretations are based on cbservatjons and materia) supplied by the client to whaz, end for whosc

eaclusive snd confidentis) use, this report is made.

The interpretstions or opinions expressed repressnt Lhe best judgment of

Core Leboratories, lnc. (a3) errors and omissions excepted); but Core Laboratories, Ine, and irs officers and eppioyees, wisume
no responsibility and make no wprranty or representetions as to the productivity, proper operstion, or prafitadbleness of say oil,
€83 or other piners] well or smnd in connsction with which such report is used or relied upon.
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Table

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth
(ft)

Sample

Type

Gross Lithologic Description

TOC*
(vt %)

4840-4870

4870-4900

4300-4830

4930-4960

4960 ~49390

4990-5020

5000-5030

ctgs

ctgs

ctgs

ctgs

ctgs

ctgs

ctgs

90% sh; dk gy, m-dk gy, m-dk orng-rd,

1t gy, m gy-purp, dk rd-brn, mica, occ v
s1 slty, occ sl carb, frm, fss

10% sltst; m orng-rd, mica, frm

Pres-dol; 1t tn, lc gy, m gy, vf xIn, suc,
hd-frm

80% sh; dk gy, m-dk gy, m gy-purp, mica,
ocec v sl carb, frm, mod fss-fss
10% s1tst; m orng-rd, mica, frm
Tr-dol; 1t tn, 1t gy, m gy, vf xIn, suc,
hd=-frm; 1s; 1t tn, vf xin, frm

Sh; dk gy, dk orng-rd, m gy-purp, mica,
occ slty, occ v sl carb, frm, sub fss-fss
Tr-dol; 1t tn, vf-f xIn, hd-frm :

Sh; dk gy, dk orng-rd, m gy-purp, mica,
occ slty, occ v sl carb, frm, sub fss-fss
Pres~dol; 1t tn, vf-f xIn, hd-frm

Tr-1s; 1t tn, wh, mic XxIn, hd

60% sh; dk gy, dk orng-rd, m gy-purp, mica,
occ sTty, occ v s1 carb, frm, sub fss-fss
40% 1s; 1t tn, wh, 1t gy, mic-vf xIn, occ

chky, frm
Tr-sTtst; m~dk orng-rd, mica, occ sdy, frm

70% sh; dk gy, dk orng-rd, m gy-purp, mica,
occ slty, occ v s1 carb, frm, sub fss-fss
30% 1s; 1t tn, wh, 1t gy, mic-vf xIn, occ
chky, frm

90% sh; dk rd-brn, dk gy, dk gy-purp, mica,
occ slty, frm, mod fss-fss

10% qtz: wh trnsl, 1t pk op, ang

Tr-1s; 1t tn, wh, 1t gy, mic-vf xln, otc
chky, frm

0.93

1.29

0.92

0.91

0.57

0.67

0.37

* TOC = Total Organic Carbon

Theye analyses, opinions or Interpretstions are based on observatjons and material supplied by the elient to whop, end for whose

excluslye and confidentia) use, this report is made,

The interpretations or opinions expressed represent the hest judgment of

Core Laboratories, Inc, (a1l srrors and omissions excepted); but Core Laboratories, lne. and its officers snd employees, sssume
no responsibility snd make no warranty or representations as 1o the productivity, proper cperation, or prafitableness of any oil,
grs or other mineral well or sand in comnaction with which such report ik used or relled upon,
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Table 1 (cont.)

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth
(ft)

Sample
Type

TOC*
Gross Lithologic Description (wt %)

5020-5050

5050-5080

5080-5110

5110-5140

5140-5170

5170-5200

ctygs

ctgs

ctgs

ctgs

ctgs

ctgs

0.81/0.73
70% sh; dk gy, dk orng-rd, dk rd-brn,
1t gy, mica, occ sl sity, occ sl carb,
frm, sub fss-fss
30% 1s; 1t gy, wh, mic-vf x1In, occ chky,
hd-frm
Tr-sltst; m orng, mica, frm

0.98
80% sh; dk gy, dk orng-rd, dk rd-brn,
1t gy, mica, occ s1 slty, occ sl carb,
frm, sub fss-fss
20% 1s; 1t gy, wh, mic-vf xIn, oct chky,
hd-frm
Pres-sitst; m orng, mica, occ sdy, frm

0.64
Sh; dk gy, dk orng-rd, dk gy-purp, 1t
gy-gn, mica, occ sl sity, occ v sl carb,
frm, biky-fss
Pres-1sy 1t gy, wh, mic-vf x1In, occ chky,
hd-frm; sitst; m orng, mica, occ sdy, frm

0.76
70% sh; dk gy, dk orng-rd, dk gy-purp, it
gy-gn, mica, occ sl slty, occ v sl carb,
frm, blky-fss
30% 1s3; 1t tn, 1t pk, wh, mic-vf xIn, occ
chky, hd-frm

1.21
90% sh; dk gy, dk gy-purp, dk orng-rd, mica,
occ sl slty, occ v sl carb, frm, sub fss-fss
10% 1s; 1t tn, 1t pk, wh, mic-vf xIn, occ
chky, hd-frm
Pres-sitst; dk orng-rd, mica, hd-frm

1.28
80% sh; dk gy, dk orng-rd, mica, occ sl
slty, occ v sl carb, frm, mod fss-fss
20% 1s; 1t tn, 1t pk, wh, mic-vf xIn, occ
chky, hd-frm

* TOC = Total Organic Carbon

These malyies, opinfons ar interprezations mre based on cbservetions and vaterisl supplied by the client to whom, and for whose
exclusive and confidential use, this report is 'made. The interpretstions or opinions expressed represent the best judgeent of
Core Labormtories, Inc, (411 errars snd omissjons axcepred); but Core Laboratories, Inc. and its officers and employees, mssune
no responsibility snd meke no warranty or representations as 1o the productivity, proper operarion, or profitableness of sny oil,
gas or other minerel well or sand in comnettion with which such report is used or Telied upam,
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Table I (cont.)-

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample TOC*
(ft) Type Gress Lithologic Description (wt %)
5200-5230 ctgs : f 1.15
) 80% sh; dk gy, dk rd-brn, 1t gy-gn, occ
s1 slty, occ sl carb, frm, sub fss-fss
20% 1s; 1t tn, mic x1n, hd-frm
5230-5260 ctgs 0.76 -
70% sh; dk gy, dk rd-orng, 1t gy-gn,
m gy-purp, mica, occ sl slty, occ v sl
' carb, frm, sub fss-fss
30% 1s; 1t tn, m purp, wh, mic-vf xin,
hd-frm
5260-5290 ctgs 0.69/0.72
) 90% sh; dk gy, dk rd-orng, 1t gy-gn, _
m gy-purp, mica, occ sl sity, occ v sl
carb, frm, sub fss-fss :
10% 1s; 1t tn, m purp, wh, mic-vf xIn,
hd-frm
5290-5320 ctgs ' 2.03

Sh; dk gy, m-dk gy, dk rd-orng, mica, occ

s1 slty, occ s1 calc, occ v sl carb, frm,
blky-fss

Tr-sitst; m orng, mica, hd-frm; dol; 1t gy-gn,
mic xIn, frm

5320-5350 ctgs 1.37
Sh; dk gy, dk rd-orng, m gy-purp, 1t gy-
gn, mica, occ v sl ¢alc, occ sity, occ v
sl carb, frm, sub fss-fss
Pres-ls; 1t gy, 1t tn, mic xIn, hd
Tr-dol; 1t gy-gn, mic xIn, frm

5350-5380 ctgs | 0.68
Sh; dk gy, dk rd-orng, m gy-purp, 1t gy-
gn, mica, occ v s1 calc, acc slty, occ v
5] carb, frm, sub fss-fss .
Pres-sltst; m orng, mica, hd-frm,

* TOC = Total Organic Carbon
These analysss, opinjops or interpretations are based on observations end meteriel supplied by the tlient Lo whom, and for whose
exclusive and confidentlal use, this report is made. The interpretations or opinions exprassed represent the best judgment of
Core Laborstories, lnc. (all errors and cmissions excepted); but Core Laborstories, Ine, and its officers and employees, assume
no responsiblilty and make no warranty nr repreaantations as to the productivity, proper operation, or profitadlansss of iy oil,
gss or other mineral wel] or sand in connoction with which such report is used or relied wpon,




Page 12 of 3D
File 80211

Table I (cont.)

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample ‘ TOC*
{ft) Type Gross Lithologic Description (Wt %)

5380-5410 ctygs 0.56
) 80% sh; dk gy, dk rd-orng, m gy-purp, 1t gy-

gn, mica, occ v s) calc, occ sity, occ v

s1 carb, frm, sub fbs-fss

10% 1s; 1t tn, m purp, m pk, mic-vf xin,

hd=-frm

10% sl1tst; m orng, mica, hd-frm,

5410-5440 ctgs 0.34
Sh; dk rd-orng, dk gy, dk gy-purp, 1t gy,
occ mica, occ s) slty, occ calc, occ v si
carb, frm, blky-fss
Pres-qtz; wh, 1t orng, ang
Tr-1s; 1t gy-gn, m pk, 1t pk, mic xin, hd-frm;
sitst; m orng, mica, hd-frm,

5440-5470 ctgs 1.02
Sh; dk gy, dk rd-orng, m-dk gy-purp, occ
mot, mica, occ s1 slty, occ sl calgc, occ
v s] carb, frm, mod fss-fss
Tr-1s; 1t gy-gn, m pk, 1t pk, mic xIn, hd-frm

5470-5500 ctgs 0.49
Sh; dk gy, dk rd-orng, m-dk gy-purp, occ
mot, mica, occ $1 slty, occ sl calc, occ
v s1 carb, frm, mod fss-fss
Pres-qtz; wh, 1t orng, ang
Tr-1s; 1t tn, 1t gy, mic xIn, hd-frm; ss;
wh, vf-f gr, mod srtd, sub ang-sub rdd, frm-fri

* TOC = Total Organic Carbon
These snalysss, opinjons or inlerpretstions sre based on observations and asterie) supplied by the ¢lient to whom, and for vhose
exclusive and copfidential use, this report is made. The Interpretavions or opinions expressed represant the best judgesnt of
Core Laborateries, Inc, (a1l errors snd omissions excepted); but Core Laborstories, Jng. and its officers and employees, sassume
no responsibility ané sake no werranty or represantations a¢ ro the produetivity, proper operation, or profilsblensss of any oil,
gas or other mineral well or sand in gonnsction with which such report is used or relisd upon.
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Table 11

Results of Cyg, Extractable Ovganic Matter (EOM) Analysis

Composition of Cy5+
Extractable Organic Matter

Depth Sample TOC EOM HC (Normalized Percent)

(ft) Type (wt %) (ppm) (ppm) F-1 F-2 F-3 CPI
4150-4240 ctgs 0.68* 570 205 2.5 14.7 58.8 1.22
4240-4510 ctgs 0.70* 521 141 33.3 9.9 56.8 1.17
4600-4690 ctgs 0.47* 526 19 - 25.4 10.2 64.4 1.30
4750-4840 ctgs 0.61% 468 46 16.2 2.7 81.1 1.25
4870-4960 ctgs 0.60" 257 57 20.7 6.9 72.4 1.21
5020~5110 ctgs 0.50" 312 65 15.8 10.5 73.7. 1.20
5140-5230 ctgs 0.70" 327 44 10.7 7.1 82.1 1.21
5290- 5350 ctgs 0.95" 326 48 11.5 7.7 80.8 1.20

* TOC on composite sample
TOC = Total Organic Carbon; EOM= Extractable Organic Matter (C15+); HC=Cjy5+ Hydrocarbons (saturates +aromatics); CPI = Carbon
Preference Index (C24-C34 carbon nunber range): F-1 = saturates:; F-2 = aromatics; F-3 = asphaltics

These mnalyses, upinlons or interprotstions are based on cbacevations and amsterinl supplied by the client to whom, and for whoass
exclusive and confldentinl use, this report is nade, The interpretations or opinions oxpressed reprosent the best judgont of
Core Laboratories, Inc. {al) orrors and omissions sxcepted); but Cora Laboratories, Inc. and irs officers and eaployees, assuse
no responsibility and aske no warranty or reprssentations as ta the productivity, proper operation, oy profitablonsss of say oil,
§8s or othar mfnoral well or sand in connsction with which such repart Ls used or ralied upon,
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Table 111
Geochemical Ratios
D?E;)h ER X 100 T X 100 e x 100
4150-4140 8.4 3.0 36.0
4240-4510 7.4 2.0 27.1
4600-4690 11.2 2.5 22.6
4750-4840 7.7 0.8 9.8
4870-4960 4.3 1.0 22.2
5020-5110 6.2 0.5 7.4
5140-5230 4.7 0.6 13.5
5290-5350 3.4 0.5 14.7

TOC = Total Organic Carbon (ppm}; EOM = Ci5+ Extractable Organic Matter (ppm); HC = C35+ Hy-
l drocarbons (ppm)

on observations and matoris) pupplisd by the clieat to vhoo, and for whase
eaclusive and confidential use, this report is made. The interpretsiions o7 ppinions exprossod represent the best judgment of
Coze Laboratories, Inc. (all errors and omissions excepred); but Core Laborstories, Inc, and i1s officers whd employees, assuame
ne responsibility and make no warranty oOr Fepresentetioms as to the productivity, proper operstion, er profitableneas of any oil,
gas or other mineral well or sand in comnection with which such raport is uped or velied upom.

These anulyses, opinions or Interpretations are based
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[Hm; ‘ Table IV

whdlid VISUAL KEROGEN OBSERVATIONS

DATE APRIL 30, 1981 ALYT“K?A';?:' co;ol | xenoarw FL’U‘:’OIRII:(I;—‘;EGI PRES . 7::.::::“""
WELL #1 McCONAUGHY ekl et coLo T

DENVER BASIN
STUDY

SAE,
JOB NO. ggp)]

#1 McCONAUGHY
RENANKY

DEFPTH s
T 2 B ¢ A4 7 8 0 40]H 42 43 14 8 1B T < AP &0 {40 48 44 43
4] 214Jol-1415]110 X 1z X
al6lgloi-14]6[9/ 0 X X T X
8]71al=]alalel 0 X T X
21910l=1513180 X X T X

{ 4 8 4 814 7 8 8 % 15 13 94 W 98 7 0 H(RC RY 5D €3 34 45 28 AP[14 00 W B! M 3 M(H M T N W&

102 0 & S8 7 6 ¢ Ww{1 & 48 14 8 W 17 W W(RD 31 BF 01 N4 £9 86 4725 B0 F0 M 3R WY PA[AE D5 BT 30 RO 40 M (4R 4D 4a 8 448

DEMSHUR AFTER BURGESS (77)

O
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Table V

File 80211

VITRINITE REFLECTANCE HISTOGRAM
DENVER BASIN sTUDY

%{ MaeCONAUGHY

PEPTH . 4248~451 8

MEAN REF, «8.87%

- MAX. REF.»1{ ., 13%
MIN. REF. :1@.78%

REAPINGS:71

o

Ly 1 1 [} I S N N
P.20 .40 0.6 ©.80 1.2@ 1.20 {.48 .60

SAMPLE (CUTTINGS

VITRINITE REFLECTANCE

VITRINITE REFLECTANCE HISTOGRAM
DENVER BASIN STUDY

NUMBER OF READINGS

32

25

4]

S

187

s

) VOV JE S R R

7] I O |

.26 ©.492 ©.62 0.80

{.g@ 1.20 1,40 1

VITRINITE REFLECTANCE

.60

#1 McCONAUGHY

DEPTH:462R-4682

- MEAN REF,:!.821%
. MAX. REF. 1 . 11X
MIN. REF.:B.87X%

READINGS 137

SAMPLE sCUTTINGS
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NUMBER OF READINGS

NUMBER OF READINGS

Table V {cont.)
VITRINITE REFLECTANCE HISTOGRAM

SBF

20

15

esr (l(,ﬂ
| S S SN TS S N N | P R SR S

.20 ©.42 0,62 ©.80 .82 (.28 1.48 1.52
VITRINITE REFLECTANCE

VITRINITE REFLECTANCE HISTOGRAM

25

20

18

N DUNONE VU A N S | | B S |

.20 B.42¢ .68 ©.80 1.BP 1.28 .42 ).b6®
VITRINITE REFLECTANCE
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DENVER BASIN STUDY
#1 McCONAUGHY
DEPTH 1 4870-4968
MEAN REF. 1 1.@1%
MAX. REF.:1{.@9¥%
MIN. REF ., 8.85%
READINGS : 29

SAMPLE «CUTTINGS

DENVER BASIN STUDY
%1 McCONAUGHY
DEPTH :5290-5350
MEAN REF.:2.858X
MAX. REF.:1.@8%
MIN. REF.:10.82%
READINGS: 56

SAMPLE:CUTTINGS
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Table VI

Elemental Analysis

Depth Hydrogen:Carbon Ratio

(ft) (H/C)
4240-4510 0.73
4600-4690 0.81
4870-4960 0.83
5290-5350 0.86

These mnmlysss, opinions or interpretations &re based on observations and material supplied by the client to whom, and for whose
exclusive and confidentin) use, this report is made. The interpretations or opinions expressed represent the best judgment of
Core Loboratories, Inc, {all errors and omissions excepted); but Core Laboretories, Inc, and its officers and employees, assume
no responsibility and make no warranty or representations Bs to the productivity, proper cperation, or profitsbleness of any oil,
gas or other mineral well or ssnd in connection with which sucb roporc is used or relied upon.

e
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I | | | Table VII R File 80211

Normalized n-~Paraffin Distribution

4150-4240 - 4240-4510 4600-4690 4750-4840
l ‘15 24.2 23.8 15.2 19.3
i “16 19.6 17.9 “18.3 18.0
“17 13.0 . 12.8 18.5 15.2
l Pristane 5.6 . 6.1 | 8.5 7.6
C18 6.9 7.2 13.0 9.4
l Phytane 3.2 3.5 4.7 3.9
“C19 4.5 4.8 7.4 5.3
l 'l 3.2 3.3 3.8 3.1
Co1 2.5 2.7 2.2 2.3
' 22 2.5 4 1.5 2.0
l Co3 2.6 2.5 1.2 2.0
Coq 2.3 2.2 0.9 1.7
@) C2s 2.1 2.0 0.9 1.7
Co6 1.7 1.6 0.7 1.5
I Cor 1.6 1.6 0.7 1.6
I Cog 1.0 1.1 0.5 1.0
Cag 1.1 1.2 - 0.6 1.3
| C30 0.7 0.9 0.4 0.8
L3y 0.7 0.9 0.4 0.9
l 32 0.4 0.6 0.2 0.6
l Ca3 0.4 0.6 0.3 0.5
Cyy 0.2 0.3 0.1 0.3
l Pristine/Phytane 1,75 1.74 1.81 1.95
I CPI 1.22 1.19 1.30 1.25

These analyses, opinjons or interpretations are based on observations end materis] supplied by the client to whom, and for whose
exclusive and confidentisl use, this report is mede. The interpretations or vpinions expressed represent the best judgment of
Core Luborstories, Inc. (all srrors and omissions excepted); but Core Leboratories, Inc. and its officers and employees, assume
l no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
gas o7 other hineral well or sand in connection wirh which such report is used or rslisd upem,
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Table VII (cont.) File BOZ11

Normalized n-Paraffin Distribution

4870-4960 5020-5110 5140-5230 5290-5350
Ci5 18.7 18.5 23.3 26.0
‘16 18.2 18.4 20,7 20.9
C17 16.4 15.9 15.5 15.0
Pristane 8.0 7.7 7.8 6.9
‘18 10.8 9.6 4 7.7
Phytane 4.4 4.1 .9 3.2
C19 6.1 5.1 4.4 3.8
C20 3.4 2.9 2.6 2.3
o 2.2 2.1 2.0 1.6
Co2 1.9 1.9 1.9 1.8
Co3 1.7 2.1 1.8 1.6
€24 1.4 2.0 1.5 1.5
Cos 1.2 1.8 1.3 1.4
“26 1.0 1.5 1.0 1.1
Co7 1.0 1.5 0.9 1.1
€28 0.7 1.1 0.7 0.8
Cog 0.8 1.1 0.7 0.9
30 0.5 0.7 0.4 0.7
Cs 0.6 0.8 0.5 0.7
C32 0.4 0.5 0.3 0.4
C33 0.4 0.5 0.3 0.4
C3g 0.2 0.2 0.1 0.2
Pristane/Phytane 1.82 1.88 2.00 2.16
CP] 1.21 1.20 1.21 1.20

These mnalyses, opinions or interpretations srs based on observations and material supplied by the client to whom, and for whoso
exclusive and confidential use, this report is made. The interpretations or cpinions expressod représent the best judgment of
Core Laborstories, Inc. (sll exrors and omissions excepted); but Core Laboratories, Ine, and {ts officers and employeess, assune
no responsibility and make no warranty or representstions as to the produgrivity, propeT operatiom, or profitableness of mny eil,
ges or other minersl well or sand in connection with which such report is used or relicd upon.
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Ipl3
Ipl4
Ipl5
Ipl6
Ipl8
Pristane

Phytane

Table VIII

Normalized Isoprenoid Distribution

4150-4240

2.7

5.0
13.6
30.0
15.4
21.3
12.0

4240-4510 4600~-4690
4.6
10.3 1.5
18.0 5.6
27.3 16.3
11.6 21.7
17.9 35.3
10.3 19.6
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4750-4840
2.2
4.5

12.1
24.3
17.2
26.2
13.5

These analyses, opinions or interprstations are based on observations and materir) supplied by the client to whom, and for whose

exclusive and confidential use, thiz report is made.

The interpretelions or ppinions expressed represent the best judgment of

Core Laboratories, Inc. (s]) errors and omissions excepted); but Core Laboratories, Inc. and Ity officers and employees, essune
no responeibility and maske no warrmaty or repressntations as to the productivity, proper oporstien, eor profitableness of any oil,
g8s or osher minersl well or sand in connoction with which such repori is ussd or relisd wpon.




Table VIII (cont.)

Normalized Isoprenoid Distribution

4870-4960 5020-5110 5140-5230
Ip13 2.1 2.0 . 2.8
1pl4 4.0 3.9 5.3
1p15 11.2 10.7 13.2
Ip16 22.5 22.9 26.5
Ipl8 17.8 18.2 15.9
Pristane 27.4 27.7 24.3
Phytane 15.0 14.6 12.0

Page 22 of 30
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5280-5350
4.2
7.3
17.1
28.3
13.7
20.2

9.2

These snmlyses, opinions or interpretations ere based on observations end material suppiied by the client to whom, and for whose
eaclusive and confidential use, this report is wmade. The inLerpretstions or opinjons expressed represent the best judgment of
Core Laboratories, Inc. (ell errors and cmissions excepted); but Core Laboratories, Inc. and its officers and employees, assume
ne respunsibility and make no warranty or representations es to the productivity, proper operation, or profitableness of amy oil,

gas or other :nineral well or zand in connection with which such report is used or relied upon.
i
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i McConaughy #1
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FIGURE 6
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FIGURE 7
McConaughy #1

Clos Saturated Hydrocarbon Fraction
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FIGURE 9
McConaughy #1

c Saturated Hydrocarbon Fraction

10+
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! FIGURE 10
McConaughy #1

Cio+ Saturated Hydrocarbon Fraction
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'FIGURE 11

) McConaughy #1

C10+ Saturated Hydrocarbon Fraction
5140-5230 feet
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FIGURE 12
McConaughy #1
| C10+ Saturated Hydrocarbon Fraction
! 5290-5350 feet
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I. SUMMARY

The Paleozoic sedimentary section from 6990 to 8120 feet in the Shell Schneider
#2 well, 26-15N-56W, Kimball County, Nebraska was ana]yzed for hydrocarbon
source-rock potential. Thirty- e1ght (38) cuttings samp]es, composed of shales,
coarse-grained clastics and carbonates, were analyzed Lithologic tops provided
by Shell were used to divide the Permian and Pennsylvanian sections into time

stratigraphic units.

Guada]up1an rocks (6992 7386 feet) are dominated by darkagray shales which have
fa1r source potent1a? " These rocks are probably in the ear]y stages of 011
generat1on and deeper burial is required to reach optimum thermal matur1ty

In general, Leonardian rocks (7386 -7590 feet) are dominated by coarse-grained,
orgégig:leefﬁﬂitho1ogies with Titile or no source potential. Wolfcampian
(7590-8017 feet) and Virgilian (8017-8170 feet) rocks have‘EDig intervals with
fiiifgotentia1 to generate hydrocarbons. Missourian (8170 feet), Desmoinesian

| (8323 feet), Atokan, Morrowan (8620 feet) and Precambrian rocks (8837 feet) were

penetrated in this well, but samples were not available for analysis.

M1grated hydrocarbons were, detected in the No1fcamp1an at 7980-8000.feet.-
These hydrocarbons do not appear to have or1g1nated from potential source rocks

in this well.
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II. INTRODUCTION

Core Laboratories', Inc. geochemical study wi]T determine the regional
hydrocarbon source potential of the Permian and Pennsylvanian sections

in the northern Denver basin. In addition, nine Permian and Pennsylvanian
0ils will be characterized to determine oil to oil and oil to source
correlations. Fourteen (14) individual preliminary well reports and a

crude o0il correlation study will form the basis for our regional inter-
pretation. These geochemical data from individual reports will be fntegrated
into a geologic framework for the final report.

The Shell Schneider #2 is located in Kimball County, Nebraska (26-15N-56W).
Permian through Precambrian rocks were penetrated from 6992 to 8837 feet. A
total of thirty-eight (38) samp]es from 6992 to 8120 feet were analyzed for
organic richness, kerogen type and thermal matur1ty Samples from 8120 to 8837
feet were not available for analysis. Analytical techniques include measurement
of total organic carbon, soxhlet extraction, liquid chromatographic separation of
the extract on a silica gel column, and high resolution gas chromatography of the
10+ saturated hydrocarbon fraction performed on a glass eapillary column. In
addition, the insoluble organic matter (kerogen) was studied by transmitted and
fluorescent light microscopy, vitrinite reflectance and elemental analysis.

Our report is organized in three parts: 1) Inteérpretation, 2) Graphical
Displays and 3) Analytical Data. The Interpretation contains the written
text of the report. This includes our conclusions stated in a Summary which
precedes this Introduction. Following this Introduction is a more detailed

- Discussion of Results which provides an evaluation of the hydrocarbon source

potential of the sedimentary section penetrated by the Shell Schneider #2 well.
This is followed by the description of our standard Analytical Procedures. The
second part of the report contains Graphical Displays of the geochemical data.
Figure 1 shows a graphical summary of the geochemical data. Figure 2 shows
1ithology and total organic carbon content. The soluble organic matter is
characterized in Figure 3. Figure 4 shows kerogen type and thermal maturity
levels. The third section of the report contains the Analytical Data. Table I
gives 1ithologic descriptions and total organic carbon content. Table II lists

4
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chromatograms of the C

concentrations and compositions of the extractable organic matter.
Significant geochemical ratios are Tisted in Table III. Tables IV

and V contain data on kerogen observations and vitrinite reflectance
measurements, respectively. Table VI shows elemental hydrogen to carbon

ratios for the kerogen. Table VII Tists normalized n-paraffin distri-

butions for the C15+ saturated hydrocarbons and Table VIII Tists the
normalized isoprenoid distributions. Figures 5 through 11 are gas

10+ saturated hydrocarbon distributions.

i1i
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I1I. DISCUSSION OF RESULTS

Guadalupian 6992-7386 feet

The thirteen (13) Guadalupian age cuttings samples consist primarily of

gray shales with minor intervals of carbonates and sandstones. These intervals
contain an average of 0.95% total organic carbon and have fair hydrocarbon source
potential. Guadalupian intervals from the ‘Schneider #2 well contain potential
0il-generating amorphous organic matter with a]so the presence of s1gn1— .
ficant quantities of woody and coaly kerogen. The elemental hydrogen to “carbon
ratio for sample 7230-7260 feet is 0.90 indicating some potent1a1 to generate
1iquid hydrocarbons. These sed1ments are in the early stages of petro]eum
generation based on a thermal alteration index of 2+ and a 0.88% mean vitrinite
reflectance measurement. Deeper burial and associated higher temperatures are
required for this interval to reach optimum maturity and maximum hydrocarbon

generation.

Concentrations of extractable organic matter for Guadalupian intervals are below
those usually a§§9Qi@l§g~ﬁizb~gﬂﬂdwge%ﬁQieumms9uFGe#ﬁQCkgiﬁQJE§mwmﬁaSﬁw
chromatograms of the saturated hydrocarbon fraction generally show the
characteristics of Targlﬂgl1ywmature sediments....Carbon preference indices
average &Efé§and indicate higher temperatures are required for Guada]up1an
intervals to reach the main stage of oil generat1on

" Leonardian 7386-7590 feet

In general, the Leonardian cuttings sahp]es analyzed are composed of organic-Tlean
red shales, siltstones and sandstones with no hydrocarbon source potential.

“Two intervals containing gray shales, however, 7420 7440 and 7480- 750%£feet contain

sufficient total organic carbon for fair hydrocarbon seurce potential.

Extractable organic matter concentrations for Leonardian intervals are below
those requ1red for favorable 1iquid hydrocarbon source rock facies. Saturated

'hydrocarbon distributions are similar to those of Guadalupian rocks and 1nd1cate

deeper burial and associated h1gher temperatures are requ1red before these

oot ot o o bt e 7t e oy e o et 52

intervals reach opt1mum matur1ty

iv
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Wolfcampian 7590-8017 feet

The upper Wolfcampian rocks, 7600-7680 feet, are composed of gray shales while
carbonates dominate the 1ithologies below 7700 feet. The fourteen (14) cuttings
samples analyzed contain an average of 0. 59% total erganic carbon and have

fa1r potential to generate petroleum hydrocarbons. These shales and 1imestones:
are dominated by oil-prone amorphous organic matter with some quantities of
hydrogen-deficient woody ‘and cealy kerogen. The elemental ‘hydrogen to carbon
ratio for sample 7630-7650 feet is 0.85 indicating only minor oil generating .
potential. Wolfcampian rocks are probably in the main stage of petroleum
generation based on a thermal alteration index of 2+ and a 0.97% vitrinite

reflectance measurement.

Concentrations of extractable organic matter and associated total hydrocarboné

" for intervals from 7660 to 7940 feet are below those necessarthor gooiﬁgg;roleum

TN it

- source facies. These Tow levels may be due to the presence of significant

quant1t1es of low-yielding woody and coaly kerogen. One sample from 7980 to
8000 feet contains 1874 ppm extractable organic matter. The extractability
{EOM/TOC x 100) ratio, however, is 24.0 indicating the presence of non-indigenous

~ migrated hydrocarbons. The gas chromatogram for this interval contains the full

range of normal paraffins characteristic of a mature non-biologically altered
crude oil. This m1grated petroleum is not related to local Wolfcampian potential
source rocks based on comparison of saturated hydrocarbon distributions. It may
have originated in downdip more.deeply buried laterally equivalent facies or

have migrated vertically into Wolfcampian rocks.

Virgilian 8017-8170 feet

Virgilian cuttings are composed primarily of carbonates with shale intervals
occurring in the upper 40 feet. These intervals contain an average of 0.47%
total brganic carbon and may have fair source potential. Virgilian

strata contain.predominant1y amorphous organic matter with the presence of
sma]]ér but significant quantities of hydrogen-poor woody and coaly kerogen.
The elemental hydrogen to carbon ratio is 0.80 indicating only limited potential
to generate 1iquid hydrocarbons. The organic matter is thermally mature and in
the main stage of petroleum generation based on a therma] alteration o
index of 2+ to 3 and a 1.07 mean vitrinite reflectance measurement.




0

Soluble organic matter concentrations are below those required for favorable
petroleum source rocks. Gas chromatograms lack the full range of normal
paraffins characteristic of a mature petroleum mixture. This indicates Jocal
Virgilian shales are not genetically related to the. non-indigenous migrated
hydrocarbons present in Wolfcampian intervals.

Missourian (8170 feet), Desmoinesian (8323 feet) Atokan, Morrowan (8620 feet)

and Precambiran rocks (8837 feet) were penetrated in this well, but samples

were not available for analyses.

vi




IV. ANALYTICAL PROGRAM

The following analytical program, with appropriate screening techniques,
was used in determining the hydrocarbon source potential of Paleozoic

intervals in the Denver basin.

-The quantity of total organic carbon is determined by combustion of

pre-treated, carbonate-free, pulverized samples in a Leco WR-1Z Analyzer.
Generally, no further analyses are performed on samples having total
organic carbon content values of less than 0.3% for carbonates and 0.5%
for fine-grain clastic sediments. Samples with total organic carbon
values greater than the above values proceed to kerogen, vitrinite
reflectance and 015+ extractable organic matter analyses. If the
concentration of the extractab1e organic matter is Tess than 200 ppm,

‘no further analyses .are performed on the samples. Samples with extractable
organic matter concentrations greater than 200 ppm proceed to liquid
" and gas chromatography analyses. The above analytical scheme, with

appropriate screening techniques, provides detailed 1nformat1on at a

minimal cost to the c11ent

A description of the ana1ytica1_procedures used by Core Labs' Geochemical
Services Department follows this analytical program.

vii
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IV. DESCRIPTION OF ANALYTICAL PROCEDURES

SAMPLE PREPARATION

Cutting samples are thoroughly washed to remove drilling mud, and if
‘necessary are placed in a solvent to float off contaminants, such as

coals or drilling additives. The samples are then air-dried and are examined
under a binocular microscope to remove any remaining contaminants.

A magnet is used to remove any metal which may be present. The outside
surface of sidewall and conventional core samples is removed and then the
| samples are thoroughly washed with water and allowed to air dry.

LITHOLOGICAL DESCRIPTION , _

A complete 1ithological description of each sample is made ‘under a
binocular microscope. All obvious cave material is removed and the
sample submitted for total organic carbon analysis. The describtion
1nc1udes an exam1nat1on for m1grated hydrocarbons under ultrav1olet

 jight.

TOTAL ORGANIC CARBON ANALYSIS (TOC)

Tota] organic carbon analysis measures the organ1c richness of a rock
in weight percent organic carbon. Organic: r1chness is the f1rst require-

. ment for an o0il or gas source rock. The ana]ys1s is also used as a

screening technique to determine which samples merit more detailed
analysis. The dried rock samples are pulverized and treated with hot
and cold hydrochloric acid to remove carbonates (inorganic carbon).~
After acid treatment, the organic carbon content is determined by
combustion of the sample in a Leco WR-12 Carbon Analyzer. Blanks,
standards, and duplicates are routinely run to insure highly reliable

- results.

- EXTRACTION OF SOLUBLE ORGANIC MATTER (BITUMEN)

Soluble organic matter in a rock can result from the organic matter
deposited with the rock or from the introduction of non-indigenous
migrated hydrocarbons. It is jmportant to know how much soluble organic
matter is present for evaluating potential oil source’ rocks. The amount
of indigenous soluble organic matter reflects the rock's total organic

matter, type of organic matter, and thermal history. To determine

ix
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soluble organic matter concentration, powdered rock samples are placed

in Soxhlet thimbles and extracted for 24 hours with chloroform. An
aliquot of extracted material is then transferred to a pre-weighed
container and the chloroform solvent is evaporated under nitrogen at
40°C. The concentration of the stabilized extract (soluble organic matter)
residue is reported in parts per million.

'LIQUID CHROMATOGRAPHIC SEPARATION

The composition of the soluble organic matter is determined by liquid

' chromatographfc separation into saturated'hydrocarbons, aromatic hydro-

carbons, and asphaltic compounds. Compositional data is useful in
evaluating oil source quality and thermal maturation. An aliquot of-
the soluble organic matter extract in chioroform is concentrated and
jso-octane solvent is added. Concentration and addition of iso-octane
is repeated until all chloroform has been removed without complete

evaporation to dryness. The extract in iso-octane is then placed on a

silica gel column and succeséive]y eluted with hexane, benzene, and

- benzene/methanol to determine % saturates, % aromatics, and % asphaltics.

GAS CHROMATOGRAPHY OF C.,. SATURATED HYDROCARBONS

10
The saturated hydrocarbon fraction from 1iquid chromatography is analyzed
by gas chromatography before it is evaporated to dryness. This allows
analysis of hydrocarbons below C,¢. The distribution of Cqg4 saturated

hydrocarbons documents whether petroleum-Tike hydrocarbons are present
in a rock sample. A high resolution glass capillary column is used
 to separate the hydrocarbons. The temperature-programmed analysis is

performed on a Hewlett Packard gas chromatograph equipped with a flame
jonization detector. From the distribution of n-paraffins the Carbon

‘Preference Index (CPI) is calculated according to the following equation:

33 33 |
o T 0dd-Carbon n-Paraffins z 0dd-Carbon n-Paraffins
C.P.1I. = % 25 25
34 Y.
)3 Even-Carbon n-Paraffins z Even-Carbon n-Paraffins
26 24
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The CPI is used to evaluate thermal maturity. Saturated hydrocarbon
distributions are also useful for oi]-to-sourée rock correlations.

In addition to a gas chromatogram, the percent composition of n-paraffins,
percent composition of jsoprenoids, pristane/phytane ratio and €arbon

‘Preference Index are reported from this analysis.

VISUAL KEROGEN ANALYSIS

High-powered microscope examination of kerogen in transmitted light

and under ultraviolet light determines thermal maturation state and
whether the type of organic matter js favorable for petro1eum generat1on
The kerogen composition is reported as % alginite (algal and amorphous
debris), % exinite (herbaceous plant debris and palynomorphs), % woody
plant debris, and % coaly fragments. The abiiity of the various kerogen
types to yield oil decreases in the following order: alginite -~ exinite -
woody - coaly. The color (Thermal Alteration Index) of the spore and
pollen grains present is also used as an indicator of thermal maturation

level.

For visual kerogen analysis, standard palynological techniques are
used to separate the kerogen from the rock matrix. The isolated
organic matter (kerogen) is mounted on a glass slide and examined under '

a high-powered Leitz microscope.

VITRINITE REFLECTANCE

Vitrinite reflectance provides a method for determining the thermal
alteration history of a sediment. Vitrinite particles, originating
from wood, are found dispersed throughout most sedimentary rock
samples which are younger than Silurian. Since vitrinite reflectance
increases reguiér]y with increased thermal alteration, a reflectance
measurement can'be used to determine the degree of thermal maturation

of that sediment.

Kerogen is prepared for vitrinite reflectance by imbedding the isolated
kerogen in a bioplastic plug. The hardened plug is polished and the
reflectance of the individual vitrinite particles are measured gnder

a microscope. A histogram of reflectance values for each sample is

reported.

X1




ELEMENTAL ANALYSIS OF KEROGEN (H/C)

Chemical analysis of kerogen is used to characterize the type of
organic matter present in a sediment in terms of its oil or gas
generating potential. Kerogens with a high hydrogen content or

high H/C ratio tend to generate oil. To measure the elemental

composition, isolated kerogen is combusted in a Perkin-Elmer Elemental
Analyzer. This method provides a direct, ‘calibrated measurement for

éharacterizing the kerogen type present in a sediment. The results are
reported as % hydrogen, % carbon, % nitrogen and H/C ratio. |

xii
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FIGIRE 3 File__ 80201
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Elemental Analysis

Depth
(ft)

7230-7260

- 7630-7650 -

8070-8090

These analyses, opinions or interpretations are based
exclusive and confidentizl use, this report is aade.

Core Laboratories, Inc. (all ervors and ocaissions excepted); but Core Laboratories, Inc.
no responsibility and make no warranty or representations as to the productivity, proper operatiocn, or profi
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80201

H/C
0.90

0.85
0.80

gas or other mineral well or sand in connection with which such report is used or relied upon.

on observations and material supplied by the client to whom, and for whose
The interpretations or opinions expressed represent the best judgment of
and its officers and employees, assume
tableness of any oil,
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Table V

VITRINITE REFLECTANCE HISTUGRAM
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8.22 8.42 2.8 B8.82 1.82 1.28 {.43 1.68
 + VITRINITE REFLECTANCE
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DENVER BASIN STUDY

SCHNIEDER %2

-

DEPTH:7232-72882

¢

MEAN REF.:8.88X
MAX. REF.:1.18%

MIN. REF.:2.88%

- READINGS: G4

SAMPLE :CUTTINGS

- PENVER BASIN STUDY

SCHNIEDER $2

DEPTH:7832~78582 -

s

MEAN REF.,:1B.97%
NA*. REF.:1.23X%
MIN. REF.:8.78%
READINGS: 48

SAMPLE :CUTTINGS
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Table V

VITRINITE REFLECTANCE HISTOGRAM

(cont.)
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DENVER BASIN STUDY
SCHNIEDER %2
CEPTH: 8072-8282 -

‘ 2
MEAN REF.:1.87%
MAX. REF.:1.48%
MIN. REF.:0.88%

READINGES: 84

SAMPLE :CUTTINGS
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Table VII File___80201

Normalized n-Paraffin Distribution

O 7050-7070 7260-7310 7480-7500 7660-7680

Ci5 17.6 20.0 19.8 14.0

- ‘16 15.0 15.8 - 18.8 9.0
C17 13.2 130 15.9 6.4

Pristane 6.7 5.5 6.4 3.0

Cig 9.3 8.6 3.9

Phytane 3.7 | 2.9 3.5 1.4

) C19 71 | 5.3 5.3 3.6
Co -~ 5.5 4.4 3.5 5.3

Co1 5.0 5.0 3.6 9.0

Ca2 | 4.3 5.1 3.7 | 12.5
: Coz 32 a5 3.0 111
o | Coa 1.9 3.1 1.9 7.1
- ki) C2s 1.5 21 1.4 4.4
R o6 1.1 1.4 1.0 2.7
R Co7 | 1.3 1.2 1.0 21
] O 1.0 0.9 0.7 1.4
Cog 1.0 0.8 0.7 1.2

} C30 0.7 0.6 0.5 0.9
C31 0.6 0.5 0.5 0.7

~ 32 0.3 0.3 0.2 0.3
C33 - - - - - - - -

- Cy . o o .
- Pristane/Phytane 1.81 1.90 1.83 214
- cP1 1.18 1.10 1.8 113

ST

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgment of
Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and esployees, assumc
no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in coanection with which such Teport is used or relied upon.
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Table VII (cont.) File 80201

Normalized n-Paraffin Distribution

7890-7940 7980-8000 8100-8120
C15 21.4 a7 18.6
Ci6 16.2 6.1 - 15.1
Gy 12.2 79 11.2
Pristane 5.1 4{4
C18 ﬂ .8 5 6.
Phytane 2.7 4 2 2.2
Ci9, | 5.2 8.2 4.0
Cop 4.5 7.8 3.6
Co1 5.2 | 7.4 5.0
C22 5.7 . 67 . . 1.5
Co3 a3 5.8 | 7.1
Cos 2.3 4.9 4.8
C25 1.5 4.5 !
Cog .0 40 2.0
C27 1.1 | 3.7 1.5
Cog 0.9 ‘ 3.1 1.0
C29 | 0.9 30 0.9
‘30 0.9 2.5 oy
Ca1 1.0 2.3 0.6
L3 o5 20 | 0.3
C33 0.4 1.5 0.2
Ca4 0.2 1 0.1
Pristane/Phytane  1.89 1.41 2.00
CPI 1.13 1.05 1.13

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made, The interpretations or opinions expressed represent the best judgment of
Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume
no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon.
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File 80201

Table VIII

Normalized Isoprenoid Distribution

_ ‘ 7050- 7060-  7480-  7660-  7890-  7980- 8100~
{ Ip13 5.9 5.5 3.0 8.0 3.8 0.9 2.5
? Ip14 4.9 5.4 3.0 8.2 3.9 1.2 2.3
-  Ipi5 12.2 14.4 9.3 21.6 11.5 5.6 10.0
3 Ipl6 21.1 24,2 21.3 26.6 25.9  12.4 24.8
[  1pi8 15.0 15.0  18.5 10.2 16.5 19.3 19.5
E Pristane  26.3 23.4 29.0 17.1 25.2 35.0 27.4
§ Phytane 14.6 12.1 15.9 8.3 13.2 25.5 13.5

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgament of
Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume
no responsibility and meke no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon.
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80201

Table I (cont.)

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample TOC*
() Type Gross Lithologic Description (wt %)
7450-7470 ctgs 0.38

60% sltst; rd, n calc, v sft
40% sh; gy, n calc, slty in pt, blky
Tr-anhy; wh, sft, occ sug
7480-7500 ctgs , , 0.66
50% sltst; rd, n calc, v sft
50% shj; gy, n calc, slty in pt, biky
_ Tr-anhy; wh, sft, occ sug
7510-7530 ctgs " 0.44
70% sltst; rd, n calc, v sft
30% sh; gy, n calc, slty in pt, blky
Tr-anhy; wh, sft, occ sug .
'7540-7560 . . ctgs , L 0.38
70% sitst; rd,.n calc, v sft ' ,
30% sh; gy, n calc, slty in pt, blky -
7570-7590 ctgs o 0.267
80% ss; rd, f gr, m fri : L
20% sh; gy, occ dk gy, occ red, n calc,
sb-fss blky : '
Tr-anhy °
7600-7620 ctgs -7 0.61/0.63
- 75% sh; gy-dk gy, n calc, sb fss-blky
20% ss; rd, f gr, m fri, grdg in pt to sh
5% anhy; wh, sft, occ suc )
© 7630-7650 ctgs o | ' 0.66
' : 75% shy gy, occ dk gy, n calc, sb fss-blky
25% sh; red, n calc, blky, slty in pt
~ Tr-anhy ‘ ) .
7660-7680 ctgs | - 0.73
75% sh; gy, occ dk gy, n calc, sb fss-blky
25% sh; red, n calc, blky, sity in pt
7690-7710 ctgs 0.31

60% 1s/dol; off wh-1t buff, f xIn

20% sitst; red, n calc, blky

20% sh; gy-1t gy, n calc, sb fis-blky
Tr-anhy; wh, sft

* TOC = Total Organic Carbon

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose

exclusive and confidential use, this report is made.

The interpretations or opinions expressed represent the best judgment of

Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, In¢, and its officers and employees, assume
no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon.

.

W




Presead ey

ST

O

Page

8 of 25

File
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Table I (cont.)

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample TOC*
(£t Type Gross Lithologic Description (wt %)
7720-7740 ctgs 0.28
80% 1s/dol; off wh-1t buff, f xIn
10% sltst; red, n calc, blky
10% sh; gy-1t gy, n calc, sb fis-blky
Tr-anhy; wh, sft
7750-7770 ctgs 0.33
70% 1s/dol; off wh-1t buff, f xIn
104 s1tst; red, n calc, blky
10% sh; ay-1t gy, n calc, sb fis-blky
; 10% anhy; wh, sft
7770-7790 ctgs 0.70
' 60% sh; 1t gy-gy, sl calc, sb fss-blky .
20% sh; red, n calc, blky, slty
20% ss; wh, f-m gr, fri .
Tr- 1s/dol; 1t gy-1t brn, mic xIn-x1n
7800-7820 ctgs - : ‘ 0.54
’ 50% sh; 1t gy-gy, sl calc, sb fss-blky :
20% anhy; wh, sft
20% 1s/dol; 1t gy-1t brn, mic xIn-xIn
10% sltst; red, n calc, blky
7830-7850 ctgs - : 0.33/0.31
50% 1s/dol; 1t gy-1t brn, mic xIn-xIn
30% sltst; red, n calc, blky
20% sh; 1t gy-gy, sl calc, sb fss-blky
_ Tr-ss; wh; anhy; wh, sft :
7860-7880 ctgs - 0.73
o 50% sh; 1t gy, gy brn, sl calc-n calc,
sb fis-blky
35% 1s/dol; 1t gy-1t brn, mic XxTn-x1n
10% sitst; red, n calc, blky
5% anhy; wh, sft
Tr-ss; wh, f-m gr, fri
0.62

7890-7910 ctags

40% sh; 1t gy, gy brn, sl calc-n calc,
sb fis-blky

30% sltst; red, n calc, blky

10% 1s/dol; off wh-1t brn, xlIn, suc in
10% anhy; wh, sft

Tr-ss; wh, f-m gr, fri

pt

* TOC = Total Organic Carbon

These analyses, opinions or interpretations are

gas or other mineral well or sand in connection

a based on observations and material supplied by the client to whoa, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the
Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume

no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,

with which such report is used or relied upon.

best judgment of
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File 80201

Tablé I (cont.)

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample TOC*
(£f1) Type Gross Lithologic Description (wt %)
7920-7940 ctgs 0.61

45% 1s/dol; off wh-1t brn, xIn, suc in pt
35% sh; 1t gy, gy brn, sl calc-n calc,

sb fis-blky :

10% sltst; red, n calc, blky

10% anhy; wh, sft, suc

7950-7970 ctgs 1.06
T S o 40% sh; 1t-gy, gy brn, s1 calc-n calc,-
sb fis-blky .
30% sitst; red, n calc, blky
25% 1s/dol; off wh-brn, xIn, suc in pt, yel fluor
5% anhy; wh, sft, suc

7980-8000 ctgs . 0.78. -

40% 1s; 1t brn,‘f'xln, yel fluor

sb fis-blky -
o 10% 1s/dol; off wh-1t brn, xIn, suc in pt _
~5% sltst; red, n calc, blky L
5% anhy; wh, sft, suc

8010-8030 - ctgs ‘ : ' ' "~ 0.74
: _ S - 90% sh-sltst; gy brn, n calc, blky
5% sltst; red, n calc, blky
59 1s/dol; off wh-1t brn, Xin, suc in pt
8040-8060 ctgs ' : 0.48
T a 50% sh; 1t gy-1t gy brn, n calc, blky :
35% 1s; off wh, gy, 1t brn, xIn-micsXIn
10% sltst; red, n calc, biky
5% anhy; wh, sft, suc
8070-8090 ctgs L : : . .- 0.27/0.28
80% 1s/dol; off wh, gy, buff, xIn-mic xIn
10% sh; 1t gy-gy, n calc, blky
- 5% sltst; red, n calc, blky S .
5% anhy ' A .

8100-8120 ctgs 0.40 °
' 50% 1s/dol; off wh, gy, buff, xIn-mic x1n
40% sh; gy, brn gy, n calc, occ T lam .
10% anhy

* TOC = Total Organic Carbon
These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made, The interpretations or opinions expressed represent the best judgment of
Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume
no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon.

0% sh; 1t gy, gy brn, s1 calc-n calc, yy\:“E

W
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File 80201

Table I (cont.)

Total Organic Carbon Results and Gross Lithologic Descriptions

| Depth Sample TOC*
(£f1) Type Gross Lithologic Description (wt %)
7230-7260 - ctgs ;.26

95% sh; gqy-1t gy, gy brn, occ red brn,
n calc-s? calc, blky-sb fss

54 sltst; red, s1 calc, blky
Tr-anhy; dol; wh '

7260-7280 ctgs 0.93
70% sh; qy-1t gy, gy brn, occ red brn,
n calc-sl calc, blky-sb fss
30% sltst; red, n calc, blky
Tr-anhy o :

7290-7310 ctgs . 0.86
: 70% sh gy-1t gy, gy brn, occ red brn, -

.n calc-sl calc, blky-sb fss
20% sltst; red, n calc, blky
10% ss; wh-1t gy, fri

7320-7340  ctgs 0.68
' 60% sh; qy-gy brn, occ dk gy, n calc,

fss-blky
35% sltst; rd, n calc
5% anhy; wh, sft, occ sug

7350-7370 ctgs ' '
60% sh; rd, n calc, slty in pt, blky

40% sh; gy-gy brn, occ dk gy, n calc,
fss-blky :

| Tr-anhy; wh, sft, occ sug _ e '

7380-7400 ctgs : 0.36
B 50%sh; rd, n calc, slty in pt, blky
50%sh; gys occ dk gy, n-calc
fss-blky
Tr-anhy; wh, sft, occ sug

7420-7440 ctgs , 0.64
60% sh; gy-gy brn, occ dk gy, n calc,

fss-blky
35% sh; rd, n calc, sity in pt, blky
" 5% anhy; wh, sft, occ sug

0.71/0.70 .

* TOC = Total Organic Carbon .
These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgment of
Core Laboratories, Inc. (211 errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume
no responsibility and make no warranty OT representations as to the productivity, proper operation, or profitableness of sy oil,
ges or other mineral well or sand in connection with which such report is used or relied upon.
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Table I

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample TOC*
(ft) Type Gross Lithologic Description (wt %)
6990-7010 ctgs ' ' 1.09

85% sh; gy, gy brn, occ red brn, n calc -
15% 1s; off wh, 1t gy, gy brn, XIn

7020-7040 ctgs o R - 0.90
' 90% sh; qy-1t gy, gy brn, red brn, occ gn, .
n calc, sb fss-blky
10% ss; wh-1t gy
Tr-qtz; orng; 1s; brn, gy brn, mic xIn
7050-7070 ctgs : : - : 1.02
sh; gy-1t gy, gy brn, occ red brn, n calc-
s1 calc, blky-sb fss
Tr-ss; wh; anhy; wh, sft

ke

7080-7100 ctgs : 1.17
Sh; gy-1t gy, gy brn, occ red brn, n calc-
s1 calc, blky-sb fss
. 7110-7140 . ctgs _ 0.91/0.91
SR 85% sh; gy-1t gy, ay brn, occ red brn, .
n calc-sl calc, blky-sb fss ' :
15% sltst; red, sl calc, blky
Tr-anhy

. 7140-7170 ctgs ' ' 0.98
- - : 90% sh; gy-1t gy, gy brn, occ red brn,

n calc-sl calc, blky-sb fss _ '

10% sltst; red, sl calc, blky

Tr-anhy ' ‘

7170-7200 ctgs 0.92
L 90% sh; gy-1t gy, gy brn, occ red brn,

n calc-sl calc, blky-sb fss L

10% sltst; red, s1 calc, biky

7200-7230 ctgs . - 0.90
' ' 90% sh; gqy-1t gy, gy brn, occ red brn,
n calc-sl calc, blky-sb fss
10% sltst; red, sl calc, blky
Tr-anhy

* TOC = Total Organic Carbon
These snalyses, opinions or interpretations are based on observations and material supplied by the client to whoa, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgment of
Core Laborgtories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and esployees, assume
no responsibility and make no warraaty or representations as to the productivity, proper operatiom, or profitableness of emy oil,
gas or other mineral well or sand in comnection with which such report is used or relied iupon.
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File 80201
A Table II1I
,(:> Geochemical Ratios
Depth EOM - HC ' HC
- (ft) Toc % 100 W..X 100 Foy X 100
? 7050-7070 4.1 A 1.0 | 25

7260-7310
7480-7500
7660-7680

£ 7980-8000

[ 7890-7940

8100-8120

5.2 - 0.6 16.7

5.0 C1.3 a9

2.8 o 0.9 32.8

60 os T 1ms.
24.0 | 9.6 39.9
5.5 1.4 7 2.8

TOC = Total Organic Carbon (ppm); EOM = Cis5+ Extractable Organic Matter (ppm); HC = C15+ Hy-

<:> drocarbons (ppm)

These analyses, opinions or interpretations are based on

exclusive and confidential use, this report is made. Th
(all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume

rranty or representations as to the productivity, proper operation, or profitableness of any oil,
d in conmmection with which such report is used or relied upon.

Core Laboratories, Inc.
no responsibility and make no wa
gas or other mineral well or ssn

observations and material supplied by the client to whom, and for whose
e interpretations or opinions expressed represent the best judgment of
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II. INTRODUCTION

Core Laboratories', Inc. geochemical study will determine the regional
hydrocarbon source potentiaT offthe Permian and Pennsylvanian sections

in the northern Denver basin. In addition, nine Permian and Pennsylvanian
0ils will be characterized to determine oil to 0il and oil to source
correlations. Fourteen (14) individual pre]iminarylwe11 reports and a
crude 0il correlation study will form the basis for our regional inter-
pretation;- These geochemical data from individual reports will be
integrated into a geologic framework for the final report.

The Shell Travis #18 is Tocated in Kimball County, Nebraské (15-16N-54W).

-Permian through Precambrian rocks werevpenetrated and a total of forty-one

(41) samples from 6460 to 8440 feet were analyzed for organic richness,

| kerogen type and thermal maturity. Analytical techniques include measurement

of total organic carbon, soxhlet extraction, 1iquid chromatographic separation
of the extract on a silica gel column, and high resolution gas chromatography
of the C10+ saturated hydrocarbon fraction performed on a glass capillary
column. In addition, the insoluble organic matter (kerogen) was studied by
transmitted and fluorescent 1ight microscopy, vitrinite reflectance and

elemental analysis.

Our report is organized in three parts: 1) Interéretation, 2) Graphical

Displays and 3) Analytical Data. The Interpretation contains the written

text of the report. This includes our conclusions stated,in a Summary which
precedes this Introduction. ' Following this Introduction is a more detailed
Discussion of Results which provides an evaluation of the hydrocarbon source
potential of the sedimentary section penetrated by the Shell Travis #18 well.
This is followed by the description of our standard Analytical Procedures.

The second part of thé report contains Graphical Displays of the geochemical
data. Figure 1 shows a graphical summary of the geochemical data. Figure 2
shows lithology and total organic carbon content. Figure 3 shows kerogen type
and thermal maturity levels. The third section of the report contains the
Analytical Data. Table I gives Tithologic descriptions and total organic carbon
content. Table II lists concentrations and compositions of the extractable organic




matter. Significant geochemical ratios are listed in Table III. Tables IV
and V contain data on kerogen observations and vitrinite reflectance measure-
ments, respectively. Table VI 1ists normalized n-paraffin distributions

for the 015+ saturated hydrocarbons and Table VII Tists the normalized
isoprenoid distributions. Figure 4 is a gas chromatogram of the C

10+
saturated hydrocarbon distribution.
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I. SUMMARY

The Paleozoic sedimentary section from 6462 to 8440 feet in the Shell Travis
#18 well, 15-16N-54W, Kimball County, Nebraska, was analyzed for hydrocarbon
éourqe potential. Forty-one (41) cuttings samples, composed primarily of
red shales and carbonates, were analyzed. Lithologic tops provided by Shell
were used to divide the Permian and Pennsylvanian sections into time |

stratigraphic units.

Guadalupian/Leonardian (6462-7190 feet), Wolfcampian (7190-7631 feet), Virgilian
(7631-7732 feet) and Missourian (7732-7952 feet) sediments are organic-Tean

and have no hydrocarbon source‘potentia1. A Desmoinesian (7952-8428 feet)
interval at 8030 to 8060 feet contains amorphous organic matter that is in

the main phase of 1iquid hydrocarbon generation. This interval has a fair
potential to generate pétro]eum. Precambrian (8428-8440 feet total depth)

rocks are organic-lean and have no hydrocarbon source potential. o

GeoéhémicaT data did not indicate the presence of migrated hydrocarbons

4n Permian or Pennsylvanian strata.




of the saturated hydrocarbon distribution for 8030-8060 feet contains a
relatively narrow distribution.and is not characteristic of most thermally
mature, non-biologically altered crude oils.

Precambrian 8428-8440 feet total depth

The one Precambrian sample analyzed consists of shale and granite. These
1ithologies are organic-lean and have no hydrocarbon source potential.
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IV. DESCRIPTION OF ANALYTICAL PROCEDURES

SAMPLE PREPARATION

Cutting samples are thoroughly washed to remove drilling mud, and if
necessary are placed in a solvent to float off contaminants, such as

coals or drilling additives. The samples are then air-dried and are examined
under a binocular microscope to remove any remaining contaminants.

A magnet is used to remove any metal which may be present. The outside
surface of sidewall and conventional core samples is removed and then the
samples are thoroughly washed with water and allowed to air dry.

LITHOLOGICAL DESCRIPTION

A complete 1ithological description of each sample is made under a
binocular microscope. All obvious cave material is removed and the
sample submitted for total organic carbon analysis. The description
includes an examination for migrated hydrocarbons under ultraviolet

Tight.
TOTAL ORGANIC CARBON ANALYSIS (TOC)

Total organic carbon analysis measures the organic richness of a rock

in weight percent organic carbon. Organic richness is the first require-
ment for an oi1 or gas source rock. The analysis is also used as a
screening technique to determine which samples-merit more detailed
~analysis. The dried rock samples are pulverized and treated with hot

and cold hydrochloric acid to remove carbonates (inorganic carbon).
After acid treatment, the organic carbon content is determined by
combustion of -the sample in a Leco WR-12 Carbon Analyzer. Blanks,
standards, and duplicates are routinely run to insure highly reliable

results.

EXTRACTION OF SOLUBLE ORGANIC MATTER (BITUMEN)

Soluble organic matter in a rock can result from the organic matter
deposited with the rock or from the introduction of non-indigenous
migrated hydrocarbons. It is important to know how much soluble organic
matter is present for evaluating potential oil source rocks. The amount
of indigenous soluble organic matter reflects the rock's total organic

matter, type of organic matter, and thermal history. To determine

viii



soluble organic matter concentration, powdered rock samples are p1aced'
in Soxhlet thimbles and extracted for 24 hours with chloroform. An
a11quot of extracted material is then transferred to a pre-weighed

container and the chloroform solvent is evaporated under nitrogen at
40°C. The concentration of the stabilized extract (soluble organic matter)

residue is reported in parts per million.
LIQUID CHROMATOGRAPHIC SEPARATION

The composition of the soluble organic matter is determined by liquid
chromatographic separation into saturated hydrbcarbons, aromatic hydro-
carbons, and asphaltic compounds. Compositional data is useful in
evaTuating 0il source qua1ity and thermal maturation. An aliquot of
the soluble organic matter extract in chloroform is concentrated and
jso-octane solvent is added. Concentration and addition of iso-octane
is repeated until all chloroform has been removed without comp]eté
evaporation to dryness. The extract in iso-octane is then placed on a
si]ica.ge1 column and successively eluted with hexane, benzene, and

~ benzene/methanol to determine % saturates, % aromatics, and % asphaltics.

GAS CHROMATOGRAPHY OF C10+ SATURATED HYDROCARBONS

The saturated hydrocarbon fraction from Tiquid chromatography is analyzed
by gas chromatographyvbeforé it is evaporated to dryness. This allows
analysis of hydrocarbons below C1 The d1str1but1on of Cqo+ saturated
hydrocarbons documents whether petro]eum—11ke hydrocarbons are present

in a rock sample. A high resolution glass capillary column is used

to separate the hydrocarbons. The temperature-programmed analysis is
performed on a Hewlett Packard gas chromatograph equipped with a flame
1onizatioh detector. From the distribution of n-paraffins the Carbon
Preference Index (CPI) is calculated according to the following equation:

33 : 33
_ r  Odd-Carbon n-Paraffins I  ° Odd-Carbon n-Paraffins
C.P.I.=4 |25 = | 25 -
34 : + 32
z Even-Carbon n-Paraffins T Even-Carbon n-Paraffins
%6 04 | |
— ]
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The CPI is used to evaluate thermal maturity. Saturated hydrocarbon
distributions are also useful for oil-to-source rock correlations.

In addition to a gas chromatogram, the percent composition of n-paraffins,
percent composition of isoprenoids, pristane/phytane ratio and €arbon
Preference Index are reported from this analysis.

VISUAL KEROGEN ANALYSIS

High-powered microscope examination of kerogen in transmitted 1ight

and under ultraviolet 1ight determines thermal maturation state and
whether the type of organic matter is favorable for petroleum generation.
The kerogen composition is reported as % alginite (algal and amorphous
debris), % exinite (herbaceous plant debris and palynomorphs), % woody
plant debris, and % coaly fragments. The ability of the various kerogen
types to yield oil decreases in the following order: alginite - exinite -
woody - coaly. The color (Thermal Alteration Index) of the spore and
pollen grains present is also used as an indicator of thermal maturation

level.

For visual kerogen analysis, standard palynological techniques are

used to separate the kerogen from the rock matrik. The isolated

organic matter (kerogen) is mounted on a glass slide and examined under
a high-powered Leitz microscope.

VITRINITE REFLECTANCE

Vitrinite reflectance provides a method for determining the thermal
alteration history of a sediment. Vitrinite particles, originating
from wood, are found dispersed throughout most sedimentary rock
samples which are younger than Silurian. Since vitrinite reflectance
increases regularly with increased thermal alteration, a reflectance
measurement can be used to determine the degree of thermal maturation
of that sediment.

Kerogen is prepared for vitrinite reflectance by imbedding the isolated
kerogen in a bioplastic plug. The hardened plug is polished and the
reflectance of the individual vitrinite particles are measured under

a microscope. A histogram of reflectance values for each sample is

reported.
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ELEMENTAL ANALYSIsnéF KEROGEN (H/C)

Chemical analysis of kerogen is used to characterize the type of
organic matter present in a sediment in terms of its oil or gas
generating potential. Kerogens with a high hydrogen content or

high H/C ratib tend to generate ojl. To measure the eleméntal
composition, isolated kerogen is combusted in a Perkin-Elmer Elemental
Analyzer. This method provides a direct, calibrated measurement for |
characterizing the kerogen type present in a sediment. The results are
reported as % hydrogen, % carbon, % nitrogen and H/C ratio.

X1
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Table III

Geochemical Ratios

Depth ' EOM AN HC He
(£t) (TOC X 100)} Toc X 100 EOM X 100
L
<
8030-8060 12.0 6.3

52.4

TOC = Total Organic Carbon (ppm); EOM = Cig+ Extractable Organic Matter (ppm); HC =

drocarbons (ppm)

= C15+ Hy-

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose

exclusive and confidential use, this Teport is made.

The interpretations or opinions expressed represent the best judgment of

Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume
no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
oac ar ather mineral well or sand in connection with which such report is used or relied upon.
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PENVER BASIN STUDY

TRAVIS #18

DEPTH:6460-6490 FEET
MEAN REF.:1.13%

MAX. REF.:1.38%

MIN. éEF.:a.ss%
READINGS : 83

SAMPLE : CUTTINGS

DENVER BASIN STUDY
TRAVIS #18

DEPTH:68768-6788 FEET

" MEAN REF.:t .20%

MAX. REF.:1.49%
MIN. REF.:8.88%
READINGS : 49

SAMPLE:CUTTINGS
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Table I

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample o TOC*
(ft) Type Gross Lithologic Description (wt %)
6460-6490 ctgs ] . 0.25
75% sh; gy, occ gn-gy, n calc, sub fss-fss :
25% sltst; rd, n calc, blky
Tr-anhy; wh, suc .
6520-6550 ctgs 0.20
65% sltst; rd, n calc, blky
30% sh; gy, occ gn-gy, n calc, sub fss-fss
5% anhy; wh, suc _
6580-6610 ctgs \ 0.32
: : 95% sltst; rd, n calc, blky :
5% sh; gy, occ gn-gy, n calc, sub fss-fss
Tr-anhy; wh, suc.
6640-6670 ctgs 0.15
Clyst; rd, n calc, blky, v sft
Tr-sh; gy, occ gn-gy, n calc, sub fss-fss;
anhy; wh, suc
6700-6730 ctgs 0.20
95% clyst/sltst; rd, n calc, blky
5% sh; gy, occ gn-gy, n calc, sub fss-fss
Tr-anhy; wh, suc
6760-6790 ctgs | 0.18/0.18
50% sh; gy, occ dk gy, n calc, biky-sub fss
50% clyst/sltst; rd, n calc, blky
Tr-anhy; wh, suc
6820-6850 ctgs - : 0.11
\ 60% ss/sd; wh trans, m gr, mod srtd.
40% clyst/sitst; rd, n calc, blky
Tr-anhy; wh, suc; sh; gy, occ dk gy, n calc,
blky-sub fss
6940-6970 ctgs ' 0.09 .

60% ss/sd; wh trans, m gr, mod srtd

40% clyst/sltst; rd, n calc, blky"

Tr-anhy; wh, suc; sh; gy, occ dk gy, n calc,
bTky-sub fss ‘

* TOC = Total Organic Carbon

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose

exclusive and confidential use, this report is made.

The interpretations or opinions expressed represent the best judgment of

Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume
no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon.
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Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample TOC*
(f1) Type Gross Lithologic Description (wt %)
6880-6910 ctgs A 0.12
60% ss/sd; wh trans, m gr, mod srtd
40% clyst/sitst; rd, n calc, blky
Tr-anhy; wh, suc; sh; gy, occ dk gy,
n calc, blky-sub fss
6940-6970 ctgs : 0.11
90% sltst; rd, n calc, blky
10% anhy; wh, suc
7000-7030 ctgs 0.06
75% sh; 1t rd, orng, s1 calc, blky, anhy
25% anhy; wh, suc, gran in pt, occ xIn
7060-7090 ctgs 0.08
95% sh; 1t rd, orng, sl calc, blky, anhy
5% anhy; wh, suc, gran in pt, occ xIn ;/
Tr-sh; gy, n calc, blky ‘ *ﬁ,é
“q
7120-7150 ctgs 0.08 2"
95% sh; 1t rd, orng, sl calc, blky, anhy //,/”
5% anhy; wh, suc, gran in pt, occ XIn
7180-7215 ctgs o 0.09/0.08
95% sh; 1t rd, orng, s1 calc, blky, anhy
5% anhy; wh, suc, gran in pt, occ xIn
7240-7265 ctgs 0.13
60% 1s; wh, chky, sft
30% sh; 1t rd, orng, sl calc, blky, anhy
5% anhy; wh, suc, gran in pt, occ xIn
5% dol; 1t gy, x1In, suc
7300-7330 ctgs | 0.13
: 90% sh; rd, sl calc, blky, anhy
5% sh; gy, n calc, blky-sub fss
5% anhy
Tr-1s; wh, chky, sft; dol; 1t gy, xIn, suc
7360-7390 - ctgs 0.13

70% sh; rd, sl calc, blky, anhy

25%

1s; wh, chky, sft

5% anhy; wh, suc, gran in pt, occ xIn-
Tr-sh; gy; n calc, blky-sub fss; -

dol;

1t gy, xIn, suc

* TOC = Total Organic Carbon

These analyses, opinions or interpretations are based on observations -and material supplied by the client to whom, and for whose
The interpretations or opinions expressed represent the best judgment of
Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc, and its officers and employees, assume
no responsibility and make no warranty or representations &s to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon. '

exclusive and confidential use, this report is made.
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Total Organic Carbon Results and Gross Lithologic Descriptions

xIn, occ chky

20% sd; trans, clr, sub rnd

10% ss; dk rd-1t pk, m gr

- 40% sh; rd, orng, sl calc, blky, v sft

30% 1s/dol; off wh-wh, 1t pk, occ dk gy,

* TOC = Total Organic Carbon
These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
The interpretations or opinions expressed represent the best judgment of
Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc, and its officers and employees, assume
no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon.

exclusive and confidential use, this report is made.

Depth Sample ~ TOC*
(£t) Type Gross Lithologic Description (wt %)
7900-7930 ctgs » 0.08 A%
' Ls/dol; off wh, 1t gy, occ crm, xIn-chky, e
oéé guc off w gy, occ crm n-chky /i?;%
Tr-sh; rd, orng, sl calc, blky .
7960-7990 ctgs ' ' 0.06
‘ 75% 1s/dol; off wh, 1t gy, occ crm, xIn-chky,
0CC suc :
25% sd; trans, mlky, sub rnd
8030-8060 ctgs - | 0.54
50% 1s/dol; dk gy-blk, xIn, occ cht :
45% Ls/dol; off wh, 1t gy, occ crm, xin-chky,
0CC Suc , o .
5% sh/sltst; blk, carb, dol in pt
8060-8090 ctgs 0.06
90% 1s/dol; off wh-wh, 1t pk, occ dk gy,
xIn, occ chky _
10% sh/sltst; 1t rd, orng, sl calc, blky
8090-8120 ctgs o 0.09/0.08
80% 1s/dol; off wh-wh, 1t pk, occ dk gy,
xIn, occ chky
20% sh/sltst; 1t rd, orng, sl calc, blky
8120-8150 -ctgs v ' 0.07
' 50% 1s/dol; off wh-wh, 1t pk, occ dk gy,
xIn, occ chky '
50% sd; trans, clr, sub rnd
8150-8180 ctgs - 0.07
o 504 1s/dol; off wh-wh, 1t pk, occ dk gy,
xIn, occ chky
50% sd; trans, clr, sub rnd
8180-8210 ctgs | 0.17

}
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Table I (cont.)

Depth Sample TOC*
(ft) Type Gross Lithologic Description (wt %)
7420-7450 ctgs 0.14
70% sh; rd, orng, sl calc, blky, anhy
25% anhy; wh, chky in pt, occ xIn, suc
5% sh; gy, n calc, blky, sub fss
Tr-1s; dk gy, f xIn
7480-7510 ctgs : ' 0.07
Ls; crm, occ 1t gy, mst chky, occ dol,
. XIn in pt
Tr-sh, rd, orng, sl calc, blky, anhy
7540-7570 ctgs | 0.16
50% sh; 1t gy, calc, blky, sft
- 40% Ls; crm, occ 1t gy, mst chky, occ dol, 2
XIn in pt -
10% sh; rd, orng, sl calc, blky, anhy ]0'5
R
7600-7630 ctgs o 0.19
85% 1s3; crm, dk gy, chky in pt, xIn in pt /////
15% shy rd, orng, sl calc, blky, anhy
Tr-dol; 1t brn, x1In
7660-7690 ctgs 0.11/0.10
: 95% 1s/dol; off wh, 1t gy, occ crm, -
xIn-chky, occ suc ’ /////
5% sh; rd, orng, s1 calc, blky, anhy
" 7720-7750 ctgs 0.06
. Ls/dol; off wh, 1t gy, occ crm,
xIn-chky, occ suc
Tr-sh; rd, orng, s1 calc, blky, anhy
7780-7810 ctgs 0.08
Ls/do1; off wh, 1t gy, occ crm, xIn-chky,
occ suc, vug in pt
Tr-sh; rd, orng, s1 calc, blky, anhy
7840-7870 ctgs ~0.06

Ls/dol; off wh, 1t gy, occ crm, xIn-chky,

occ suc, vug in pt
Tr-sh; rd, orng, sl calc, blky, anhy

* TOC = Total Organic Carbon

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose

exclusive and confidential use, this report is made.

The interpretations or opinions expressed represent the best judgment of

Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume
no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon.
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Depth
(ft)

Sample
Type

Gross Lithologic Description

TOC*
(wt %)

8210-8240
8240-8270

8270-8300

8300-8330
8330-8360

8360-8390

8390-8420

8420-8440

ctgs

ctgs

ctgs

ctgs

ctgs

ctgs

ctgs

ctgs

80% 1s/dol; off wh-wh
15% sh; rd, orng, s1 calc, blky, v sft
5% ss; dk rd-1t pk, m gr

95% 1s; off wh-1t gy, xIn
5% sh; rd, orng, sl calc, blky, v sft

Tr-sh; gy, gn-gy, dk rd-brn

50% 1s; off wh-1t gy, xIn

50% sh; gy, rd-brn, occ gn, n calc,
sub fss-blky

Tr-sh; rd, n calc, blky, v sft

50% 1s; off wh-1t gy, xIn
50% sh; gy, rd-brn, occ gn, n calc,

sub fss b]ky

80% sh; rd-brn, gy, occ gn; rd, n calc,
sub fis
20% 1s; wh-1t gy, occ rd, xlIn

50% shj; rd- brn, gy, occ gn, rd, n calc,
sub f1s

30% 1s; wh-1t gy, occ rd, xIn - '
20% shy 1t rd, orng, n calc, blky, v sft
Tr-ss; wh, rd, m gr, w srtd, cht, off wh

45% sh; rd-brn, gy, occ gn, n calc, sb

40% sh; 1t rd, orng, n calc, blky, v sft
10% sd/ss wh, rd, occ trans, m gr, w srtd
5% cht; buff, 1t pk

Tr-Crin

50% sh; 1t rd, orng, n calc, blky, v sft
30% sh; gy, rd brn, gy, gn, n ca]c, sub fss
20% gran; feld, bio, xIn

0.10
0.05
o.id
0.09

0.12/0.11

0.08 .

,,,,,

0.15

* TOC = Total Organic Carbon

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose

exclusive and confidential use, this report is made.

The interpretations or opinions expressed represent the best judgment of

Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume
no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
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I. SUMMARY

The Paleozoic sedimentary section from 6610 to 8700 feet in the Conoco :
Perkins #1 well, 23-25N-57W, Sioux County, Nebraska, was analyzed for
hydrocarbon source potential. Seventy-seven (77) cuttings samples,

composed of shales, carbonates, siltstones and anhydrites, were —
analyzed. Lithologic tops provided by Conoco were used to divide the
Permian and Pennsylvanian sections into time stratigraphic units.

Guadatupian/Leonardian rocks (6605 7360 feet) from 6610 to 6940 feet -
have good organic richness. These shales are dominated by marg1na11y-
mature woody y and coaly kerogen and would be m1nor sources for petroleum
hydrocarbons ££M35t1mum thermal maturity. WOlfcamp1an (7360-7860 feet)
rocks are organic-lean have no hydrocarbon source potential. Virgilian/
M1ssour1an\(7§§5m7§95 feet) and Desmoinesian (7995-8250 feet) carbonate
sequences contain t@lgglptervals with fair organic richness. These
intervals require deeper burial to reach opt1mum thermal maturity.
AEQKﬁQ[Merowan_(8250:8480,feet) Mississippian (8480 8560 feet) and

the potential to generate commercial quant1t1es of hydrocarbons

M1grated hydrocarbons are suggested in the V1rg111an/M1ssour1an at

gz
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IT. INTRODUCTION

Core Laboratories', Inc. geochemical study will determine the regional
hydrocarbon source potential of the Permian and Pennsylvanian sections

in the northern Denver basin. In addition, nine Permian and Pennsylvanian
0ils will be characterized to determine o0il to oil and o0il to source

-measurement of tota] organic carbon, soxhlet extraction, Tiquid chromato-

—gas chromatography of the C10+ saturated hydrocarbon fract1on performed on
-a glass capillary column. In addition, the insoluble organic matter (kerogen)

" precedes this Introduction. Following this Introduction is a more detailed

correlations. Fourteen (14) individual preliminary well reports and a
crude 0il correlation study will form the basis for our regional inter- !
pretation. These geochemical data from individual reports will be integrated
into a geologic framework for the final report.

\

The Conoco Perkins #1 is located in Sioux County, Nebraska (23-25N-57W).
Permian through Precambrian rocks were penetrated from 6605 to 8700 feet
and a total of seventy-seven (77) samples were analyzed for organic
richness, kerogeh type and therma] maturity. Analytical techniques include.

graphic separation of the extract on a silica gel column, and high resolution

was studied by transmitted and fluorescent 1ight microscopy, vitrinite

reflectance and elemental analysis.

Our report is organized-in three parts: 1) Interpretation, 2) Graphical
Displays and 3) Analytical Data. The Interpretation contains the written
text of the report. This includes our conclusions stated in a Summary which i

Discussion of Results which provides an evaluation of the hydrocarbon source j
potential of the sedimentary section penetrated by the Conoco Perkins #1 well.
This is followed by the description of our standard Analytical Procedures. The
second part of the report contains Graphical Displays of the geochemical data.
Figure 1 shows a graphical summary of the geochemical data. Figure 2 shows
1ithology and total organic carbon content. The soluble organic matter is
characterized in Figure 3. Figure 4 shows kerogen type and thermal maturity
levels. The third section of the report contains the Analytical Data. Table I
gives lithologic descriptions and total organic carbon content. Table Il lists

ii




concentrationé and compositions of the extractable organic matter,
Significant geochemical ratios are listed in Table III. Tables IV

and V contain data on kerogen observations and vitrinite refilectance
measurements, respectively. Table VI shows elemental hydrogen to carbon

e

I .
f, ratios for the kerogen. Table VII lists normalized n-paraffin distri-

A;T_,_A;Jﬁwbutjons;£0t“thedC15¢msaiuratedwhydrocanbonsuandmtabjeAVlIlAJists,theAWUMHAAlhhhAhAﬂ,,,Aw

P normalized isoprenoid distributions. Figures 5 through 12 are gas ' !

chromatograms of the C10+ saturated hydrocarbon distributions. |

\ !
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III. DISCUSSION OF RESULTS

Guadalupian/Leonardian 6605-7360 feet

Guadalupian/Leonardian cuttings samples from 6610 to 6940 feet contain an

average of 1.03% total organic carbon and have good organic richness.

*“7TéEkﬁsufficient?éfgahféfmatfer for favorable hydrocarbon source potential.

Intervals from 7140 to 7350 fegﬁA59p§j§§7Q£jm@ﬁjjy@pfured;si]tstoneshthat»~~4-wAfA~A—~

Guadalupian/Leonardian shales are dominated by hydrogen-deficient gas-prone
woody and coaly kerogen. This organic material is marginally matur; based

on a thermal alteration index of 2+ and a 0.86% maximum mean vitrinite
reflectance measurement. Elemental hydrégen to carbon ratios for the kerogen
average 0.84 indicating only limited potential to generate ]iquid hydrocarbons.

Concentrations of extractable organic matter and total hydrocarbons average
362 ppm andugiéppm, respectively. These levels probably reflect the dominance
of gas-prone woody kerogen and they are below those usually associated with
favorable 0i1 source rocks. Gas chromatograms of the saturated hydro-

carbon fractions have an average carbon preference index of 1.29 and are
characteristic of marginally mature sediments. Higher temperatures, _
associated with deeper burial, are required for rocks between 6610-6940 feet

to reach optimum maturity and be considered a minor source of petroleum
hydrocarbons. '

Wolfcampian 7360-7860 feet

mﬁﬁﬁi&lﬁgé;é;jlﬁzwﬂg]fcampian cuttings samples analyzed consist primarily of

red si]tstones, coarse-grained sandstones and evaporites. These lithologies

are organic-lean and do not have the potential to generate commercial quantities

of pet}oleum.

Virgilian/Missourian 7860-7995 feet

In general, Virgilian/Missourian cuttings samples are Timestones, dolomites
and shales that do not contain sufficient organic richness for favorable
hydrocarbon source potential. The Timestone intervals at 7920-7950 feet and
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7980-8010 feet (top of Desmoinesian section occurs at 7995 feet) contain an\
average of 0.31% total organic-carbon and have fair organic richness for .~}
These intervals contain predominantly ggody”kerqggn that is in the
This is based on a thermal

carbonates.
early phases of gaseous hydrocarbon generation.

alteration index of 2+ and a 0.84% maximum mean vitrinite reflectance measurement.

The concentration of extractable organic matter for cuttings at 7920-7950 feet

is 880 ppm. The extractability (EOM/TOC x 100) for this interval is 31.4

and indicates the presence of non- indigenous hydrocarbons. The saturated
xwwmv

hydrocarbon distribution has relatively large quantities of the heav1er

molecular weight paraffins and even carbon predom1nance

R _“,,-

’__,___.,‘-
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Desmoinesian 7995-8250 feet

In general, Desmoinesian cuttings and core samples are composed primarily of
organic-Tean limestones and dolomite that do not have the potent1a1 to generate
commerc1a1 quant1t1es of hydrocarbons. Only carbonate cores at 8029 8065
8069 8076 and 8194 feet and a cuttings interval at 8196 8320 feet contain fair
quantities of organic carbon. These rocks are dominated by a mixture of
amorphous and woody kerogen. Desmoinesian intervals at this depth are 1in the
early stages of petroleum generation based on a thermal alteration index of 2+
and a 0.84% maximum mean ref]ectance -measurement. Elemental hydrogen to carbon
ratios for the kerogen ranges from\} OZ}to 0.68 reflecting the different types

-:—.1/
of kerogen present w1th Desmo1nes1an rocks

The extractable organic matter concentrations for samples at 8029, 8069, 8194
and 8196-8230 feet are_ be]ow those-required:for.favorable petroleum source facies.
The core samples at 8025 and 8076 conta1n(2716 ppm\and 871 ppm extractable

the presence of non- 1nd1genous m1grated H?drocarbons Saturated hydrocarbon
_-—\-.—M

distributions contain greater quantities of 'the isoprenoids pristane and phytane
The distribution at 8025
The chromatogram

relative to normal C17 and norma1 C18’ respect1ve1y
feet is associated with a- therma]]y matJF? petroleum mixture.

at 8076 feet has unresolved napthenic and sterane reg1ons which are characteristic

.~ i

of therma]]y immature sediments.
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Atokan/Morrowan 8250-8480 feet

The seven Atokan/Morrowan cuttings samples analyzed contain an average of _
0.09% total organic carbon and have no hydrocarbon source potential.

Mississippian 8480-8560 feet

The three Mississippian carbonate intervals anéiyzed are orééﬁﬁc;1é5n and |
do not have the potential to generate significant quantities of petroleum.

Precambrian 8560-8700 feet total depth

The Precambrian cuttings Samp]es analyzed lack sufficient organic richness /
for favorable hydrocarbon source potential.
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IV. ANALYTICAL PROGRAM

The following analytical program was used in défermining the hydrocarbon
source potential of Paleozoic intervals in the Denver basin.

The quantity of total organic carbon is determined by combustion of

pre-treatéd, carbonate-free, pulverized samples in a Leco WR-12 Analyzer. =~

Generally, no further analyses are performed on samples having total
organic carbon content values of less than 0.3% for carbonates and 0.5%

" for fine-grained clastic sediments. Samples with sufficient total organic

carbon content are then analyzed for kerogen type, vitrinite reflectance
and C15+ extractable organic matter content. If the concentration of the
extract is less than 200 ppm, no further analyses are performed on the
samples. Samples with extractable organic matter concentrations greater
than 200 ppm are then characterized by 11quid and gas chromatography

analyses.

A description of the analytical procedures used by Core Lab's Geochemical
Services Department follows this analytical program.
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DESCRIPTION OF ANALYTICAL PROCEDURES

SAMPLE PREPARATIOM

Cutting samples are thoroughly washed to remove drilling mud, and if
necessary are placed in a solvent to float off contaminants, such as

coals or drilling additives. The samples are then air-dried and are examined

under a binocular microscope to remove any remaining contaminants.

- A“mggﬁéf”i's“used ‘to‘“r‘emo've“any"’meta']“Wh'i'Ch‘ may-be -present.- The outside . — — .

surface of sidewall and conventional core samples is removed and then the
samples are thoroughly washed with water and allowed to air dry.

LITHOLOGICAL DESCRIPTION .

A complete lithological description of each sample is made under a
binocular microscope. All obvious cave material is removed and the
sample submitted for total organic carbon analysis. The description
includes an examination for migrated hydrocarbons under ultraviolet

1ight.
TOTAL ORGANIC CARBON ANALYSIS (TOC)

Total organic carbon ana1ys1s measures the organic r1chness of a rock

in weight percent organic carbon. Organic richness is the First require-
ment for an oil or gas source rock. The analysis is a1so used as a
screening technique to determine which samples merit more detailed
analysis. The dried rock samples are pulverized and treated with hot

and cold hydrochloric acid to remove carbonates (inorganic carbon).
After acid treatment, the organic carbon content is determined by
combustion of the samp]e in a Leco WR-12 Carbon Analyzer. Blanks,

standards, and duplicates are routinely run to insure highly reliable

results.

EXTRACTION OF SOLUBLE ORGANIC MATTER (BITUMEN)

Soluble organic matter in a rock can result, from the organic matter
deposited with the rock or from the introduction of non-indigenous
migrated hydrocarbons. It is jmportant to know how much soluble organic
matter is present for evaluating potent1a1 o1l source rocks. The amount
of indigenous soluble organic matter reflects the rock's total organic
matter, type of organic matter, and thermal history. To determine
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soluble organic matter concentration, powdered rock sémp]es are placed

in Soxhlet thimbles and extracted for 24 hours with chloroform. An
aliquot of extracted material is then transferred to a pre-weighed
container and the chloroform solvent is evaporated under nitrogen at

40°C. The concentration of the stabilized extract (soluble organic matter)
res1due is reported in parts per million.

LIQUID CHROMATOGRAPHIC SEPARATION

The composition of the soluble organic matter is determined by liquid
chromatographic separation into saturated hydrocarbons, aromatic hydro-
carbons, and asphaltic compounds. Compositional data is useful in
evaluating 0il source quality and thermal maturation. An aliquot of
the soluble organic matter extract in chloroform is concentrated and

" jso-octane solvent is added. Concentration and addition of iso-octane
is repeated until all chloroform has been removed without complete
evaporation to dryness. The extract in iso-octane is then placed on a
silica gel column and successively eluted with hexane, benzene, and
benzene/methanol to determine % saturates, % aromatics, and % asphaltics.

GAS CHROMATOGRAPHY OF ClO+ SATURATED HYDROCARBONs

The saturated hydrocarbon fraction fromlliquid chromatography is analyzed
by gas chromatography before it is evaporated to dryness. This allows
analysis of hydrocarbons below C 15° The distribution of C1o+ saturated
hydrocarbons documents whether petroleum-1ike hydrocarbons are present

in a rock sample. A high resolution glass cap111ary column is used

to separate the hydrocarbons The temperature-programmed analysis is

performed on a Hewlett Packard gas chromatograph equipped with a flame
jonization detector. From the distribution of n-paraffins the Carbon
Preference Index (CP1) is calculated according to the following equation:

33 33 '

r  0dd-Carbon n-Paraffins ) 0dd-Carbon n-Paraffins
~C.P.I. =4 25 ' : : 25 o

34 MY

z Even-Carbon n-Paraffins > Even-Carbon n-Paraffins

26 ‘ 24
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"High-powered microscope examination of kerogen in transmitted Tight

9 ) )

The CPI is used to evaluate thermal maturity. Saturated hydrocarbon

distributions are also useful for oil-to-source rock correlations.

In addition to a gas chromatogram, the percent composition of n-paraffins,

percent composition of isoprenoids, pristane/phytane ratio and €arbon
Preference Index are reported from this analysis.

VISUAL KEROGEN ANALYSIS

and under ultraviolet light determines thermal maturation state and
whether the type of organic matter is favorable for petroleum generation.
The kerogen composition is reported as % alginite (algal and amorphous
debris), % exinite (herbaceous plant debris and palynomorphs), % woody
plant debris, and % coaly fragments. The ability of the various kerogen
types to yield oil decreases in the following order: alginite - exinite -
‘woody - coaly. The color (Thermal Alteration Index) of the spore and
pollen grains present is also used as an indicator of thermal maturation

Tevel.

For visual kerogen analysis, standard palynological techniques are
used to separate the kerogen from the rock matrix. The isolated
organic matter (kerogen) is mounted on a glass slide and examined under

a high-powered Leitz microscope.

VITRINITE REFLECTANCE

Vitrinite reflectance provides a method for determining the thermal
alteration history of a sediment. Vitrinite particles, originating
fnomﬁwood,;ane,foundmdispersedmthtoughouiﬁmgsthgﬁdim@ntéryuhggk_h;d_,

samples which are younger than Silurian. Since vitrinite reflectance
increases regularly with increased thermal alteration, a reflectance
measurement can be used to determine the degree of thermal maturation

of that sediment.

Kerogen is prepared for vitrinite reflectance by imbedding the isolated
kerogen in a bioplastic plug. The hardened plug is polished and the
reflectance of the individual vitrinite particles are measured under

a microscope. A histogram of reflectance values for each sample 1is

reported.
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ELEMENTAL ANALYSIS OF KEROGEN (H/C)

Chemical anaiysis of kKerogen is used

organic matter present in a sediment in terms of its oil or gas
generating potential. Kerogens with a high hydrogen content or
high H/C ratio tend to generate o0il. To measure the elemental

composition, isolated kerogen is combusted in a Perkin-Elmer Elemental

to characterize the type o

characterizing the kerogen type present in a sediment. The results are
reported as % hydrogen, % carbon, % nitrogen and H/C ratio.

_ _ ____ __ _Analyzer. This_method provides_a direct, calibrated measurement for _____ _




BE  J0L/0H

AQOOM

ALINIXT  SNOHAYOKY

= ja
{1 20L/W03 O Wo3 i — pzezezexd
| ! |
! i i
i I i
- M | |
& i |
TVLINALOA | * | ! Lo
; 1 gl
20UN0S ON | SETEs
IVIINTLOd w w pE===ssst
40UN0S WIV4 . SRS
NIHL ! " == T.WHU..N
ANV QIIV49IN | l S
TVIINGLOd | & L] | e
204008 ON | 5 ﬂ o E
j. . | ,,, 1 |
R " IVLINZLOd m . |
NOSYVOOUGAH | | =" M ..4/. |
= I
YONINW | £ A _
o |
= ! I
A l
W |
! |
!
| |
| !
A, ] |
m I |
| ]
| l
A |
N |
&5 I
) |
! I
m i :
L ] LJ -_, — A,
i L] L Ll L] LALAEE R LI L) LS T L L] L3 L ¥ L L3 | L) L] L] ’ L
9l 8l 9 | oesleezl ees eev 't 9'a €0 S. 8S S2 8y 8t 82 81 20v
SHAVHA N0Z ] *q1
J0L/OH ¥ vBm NOSHVOORJAH T |viavaEd 3 FONYLOT TSN JUINDELTA NIo0EDH ¥ "1R> "2°'0°4% Jo
| i
NOILYL3ddIINT ¥3LLYH OINVO¥O 37anTos NOILVHNLYH 3dAL ¥3LLYW DINVENO T LNNOHY 3dAL
| proler:]
| m
m |
T ey 3IT408d AAVWWNS TVITWIHI0I9
. L |
. | s | |
: T SR R 2 s i ] o | ]

00908}

0008

0008

1% VA

8009

089S

Boey

goee

Listis vt tpoetpr gy et pr ety pery ey gttt rerreyy

(14> Hlddd




preveeein

..m

&

&

S s PN

ROCK

| -TYPE |

-

b .

— 4000

»

—

— 000

C oo

- 000

T

:_- 1 i_,l i r >
4: 890@ J\:T/Tji
—:- : 'J. 1 :4
C cooe

C 0002

{/f> (ﬁ)

FIGURE 2 - Page 2 _ of 34
File 80206
TOTAL ORGANIC CARBON
CHARACTERIZATION
TOTAL ORGANIC CARBON CWT %>
% s 2z 2.5

L

kit ohoagiyil
O - e e
et T v o
".—.—.—_-—-.

SHALE

LIMESTONE

"TwWWJ'rW

oy

ANHYDRITE

. - : =
--—-._—.._‘
- s : T

......
..........
.........

SANDSTONE




presiiab il

[

B [

—

HC/TOC ==t

o) FIGURE 3 S Page_3 _of 34
L » File 80206
SOLUBLE ORGANIC MATTER
CHARACTERIZATION
SOLUBLE ORGANIC MATTER CPPM) EOM/TOC & HC/TOC c.p.I.
. ...} 4c0 8o .f200 t16B@ | | 5 18 {5 | 1.8 3.8
: 3200 | L L) -1 1 [} 1 1 i 1 ] | ) LI
~
[
: 4008 | |
=
- 5000
: 60002
E | ——] ===I ]
- — — __'_
» 7080
~ 8000 -
- 9000
— 10000
EOM ..k EOM/TOC O ) o
U ek




e

e

et

]

DEPTH C¢FT)

R S L —
EXINITE WOODY 7 COALY

AMORPHOUS

Y
{ J\,‘ /w Page 4 of 34
FIGURE 4 _ File 80206
KEROGEN TYPE
THERMAL MATURITY
VITRINITE REFLECTANCE KEROGEN TYPE % H/C RATIO
8.6 1.8 25 50 75 2.8 1.2
— 3000 I 1 [ T T T TTTTTTTa T T T 1T T 1 T
— ]
— [
— i
— |
. 4000 |
- |
- l
E [
[ 5000 :
» |
L !
- I
— !
L 60800 l
- |
E : ':0:0:’: T —==_-—_.v.,ﬂ-==*._—_-zununmummmmumuu ‘17;’0 l__
* T S T T M i oo 2T ok QY R

- ! *a o (- —
~ 79088 |
[ ! -
— [
: !
- ]
| 8o l *
- " )
— | =
- X ]
o ]
L !
— 2008 '
: |
— |
— ]
— I
L. 18080




’"§ | Page 5 of 34

; e __Core_Laboratories, Inc. (all errors_and omissions _excepted); but Core Laboratories, Inc. and its officers and employees, assume

B ( ;
- o File 80206
— Table
' Total Organic Carbon Results and Gross Litheclogic Descriptions
g' Depth Sample TOC*
| (ft) Type Gross Lithologic Description (wt %
- ‘
{ 6610-6640- ctgs 0.85
s 65% sh; gy-dk gy, occ blk, n ca]c,
S s s o e sl f1s biky--- e e S e
! 20% sltst; rd, n ca]c, blky ,
10% anhy; wh, gran, occ chky
o 6640-6670 ctgs 0.75
i ‘ ' sh; gy-dk gy, occ blk, n calc,
sub fis-blky
: Tr-anhy; wh, gran, occ chky; sltst;
{i rd, n calc, blky
. 6670-6700 ctgs 1.00
{; Sh; gy-dk gy, occ blk, n calc,
U sub fis-blky
Tr-anhy; wh, gran, occ chky
' 6710-6740 ctgs . 1.16
Sh; gy-dk gy, occ blk, n calc,
sub fis-blky }
Tr-anhy; wh, gran, occ chky
6740-6770 ctgs 1.17
60% Sal (rem)
30% sh; gy-dk gy
10% clyst; off wh, /sal xIn, v sft
6820-6850 ctgs : 1.08
70% sh; gy-dk gy, brn gy, n calc,
sub fss biky
20% clyst; 1t brn, occ gn, n calc, b1ky ;
"""" o —-—10% sTtsty rds ncalc, biky— = e
Tr-anhy ' ‘
L 6850-6880 ctgs 1.30
90% sh; gy-dk gy, brn gy, n calc,
sub fss -bTky
5% clyst; 1t brn, occ gn, n calc, b]ky
5% sltst; rd, n calc, biky
Tr-anhy
6880-6910 ctgs 1.12

60% sh; gy- dk gy, n calc, sub fss- b]ky
40% ss; off wh, rd, pk, p srtd, anhy

* TOC = Total Organic Carbon

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose

exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgment of

no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon.
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80206

Total Organic Carbon Results and Gross Lithologic Descriptions

90% sltst/ss; rd, n calc, anhy, blky
10% anhy; wh, chky, xIn

* TOC = Total Organic Carbon

These analyses, opinions or interpretations are based on observations and material supplied'by the client to whom, and for whose

exclusive and confidential use, this report is made.

The interpretations or opinions expressed represent the best judgment of

Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume
no responsibility and make no warranty or representations ss to the productivity, proper operation, or profitableness of any oil,

gas or other mineral well or sand in connection with which such report is used or relied upon.

Depth Sample : TOC*
(fv) Type Gross Lithologic Description (wt %)
6910-6940 ctgs E - 0.86/0.86
60% ss; off wh, rd, pk, p srtd, anhy
40% sh; gy-dk gy, n ca]c,.sub fss-blky
7140-7170  ctgs o0
Sltst; rd, n calc, anhy, blky
Tr-sh; gy-dk gy, n calc, sub fss-blky
7170-7200 ctgs - ' 0.05
Sltst; rd, n calc, anhy, blky
Tr-sh; gy-dk gy, n calc, sub fss-blky
7200-7230 ctgs 0.01
Sltst; rd, n calc, anhy, blky
Tr-sh; gy-dk gy, n calc, sub fss-blky
7230-7260 ctgs _ 0.15/0.16
S1tst; rd, n calc, anhy, blky
Tr-sh; gy-dk gy, n calc, sub fss-blky
7260-7290 ctgs | 0.12
Sitst; rd, n calc, anhy, blky
Tr-sh; gy-dk gy, n calc, sub fss-blky
7290-7320 ctgs | 0.13
Sitst; rd, n calc, anhy, blky
Tr-sh; gy-dk gy, n calc, sub fss-blky %;7
' _ e
7320-7350 ctgs 0.22/0.22 71
Sltst; rd, n calc, anhy, blky
Tr-sh; gy—dk gy, n calc, sub fss-blky
©7350-7370 ctgs — 019
' 90% sltst; rd, n calc, anhy, blky _
5% sh; gy-dk gy, n calc, sub fss-blky
5% anhy
7380-7410 ctgs 0.14
S1tst; rd, n calc, anhy, biky
Tr-anhy; xIn, clr, wh, gran, occ chky;
sh; dk gy-blk, n calc, sub fss-blky
7410-7440 ctgs 0.28
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Table I (cont.)

Total Organic Carbon Results and Gross Lithologic

Sample
Type

Depth

(ft) Gross Lithologic Description

7440-7470 ctgs

80% sltst/ss; rd, n calc, anhy, biky

10% dol; off wh, 1t pk, brn, xIn, suc
Tr-sh; gy-dk gy, n calc, sub fss-blky

7470-7500 ctgs 0.09
§ltst/ss; rd, n calc, anhy, blky

Tr-anhy; xIn, cir, wh, gran, occ chky

7500-7530 0.16

ctgs
80% 1s; off wh-1t brn, occ dk brn,
mic xIn-xIn
20% sltst/ss; rd, n calc, anhy, blky
Tr-sh; gy-dk gy, n calc, sub fss-blky

7530-7560 0.10

ctgs _
40%
30%
mic
20%
10%

ss; off wh-1t gy, f gr, w srtd
1s; off wh-1t brn, occ dk brn,
xIn-xTn

anhy; wh, chky, occ gran
sltst/ss; rd, n.calc, anhy, blky

7560-7590 0.09/0.10

ctgs -
ss; off wh-1t gy, f gr, w srtd
1s; off wh-1t brn, occ dk brn,
mic xIn-xIn

10% sitst; rd, n calc, anhy, blky

45%
40%

omeeeoo10% ssywhy clry pkswernds wesrtds e e

5% anhy; wh, chky, occ gran

7590-7620 0.08

ctgs ‘
45%
30%
15%
10%

anhy; wh, chky

1s; gy-1t brn, xIn, occ dol
sltst/ss; rd, n calc, blky
ss; off wh, f-m gr, w srtd

7620-7650 0.07

ctgs
50%
30%
10%
10%

anhy; wh, chky

sltst/ss; rd, n calc, blky

1s; gy-1t brn, xIn, occ dol .. .
ss; off wh-1t brn, f-m gr, w srtd

* TOC = Total Organic Carbon
These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgment of

“"Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories; -Inci-and-its-officers—and-employees, -assume——- -

no responsibility and make no warranty or representations ss to the productivity, proper operation, or profitsbleness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon.
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Table I (cont.) -

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample TOC*
(ft) Type Gross Lithologic Description o (wt %)
7650-7680 ctgs 0.07

50% anhy; wh, chky

T T T T T T 30% s1tst/ssy rd, mocale, blky T T T

10% 1s; gy-1t brn, xIn, occ dol
10% ss; off wh-1t brn, f-m gr, w srtd

7680-7710 ctgs 0.03
: 75% anhy; wh, chky ' '
25% dol; 1t brn, xIn, suc
Tr-sltst/ss; rd, n calc, blky

- 7710-7740 ctgs 0.04/0.03
75% anhy; wh, chky . ' _
25% dol; 1t brn, xIn, suc
Tr-sltst/ss; rd, n calc, blky

7740-7770 ctgs 0.05
75% anhy; wh, chky
25% dol; 1t brn, xIn, suc
Tr-sitst/ss; rd, n calc, blky

7770-7800 ctgs _ 0.20
50% anhy; wh, chky
50% dol; 1t gy, xIn, occ anhy . 4
Tr-ss; off wh, f gr, w srtd; sltst; rd .

7800-7830 - ctgs » Ao,ogl,L
75% dol; 1t gy, xIn, occ anhy >
: ' 25% anhy; wh, chky

Tr-ss; off wh, f gr, w srtd; sltst; rd

7890-7920 ctgs o 0,24
70% dol; 1t gy-gy brn, f xIn, frag '
in pt, styol
20% anhy; wh, chky
10% sh; gy, occ dk rd brn, n calc,
sub fss-blky
Tr-sitst; rd, n calc, blky, anhy

7920-7950 ctygs 0.28
’ 75% 1s/dol; 1t gy-gy brn, occ blk, xIn,
occ yel fluor : :
20% sh; gy, occ dk rd brn, n calc,
sub fss-blky
5% anhy; wh, chky

* TOC = Total Organic Carbon
These §nalyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgment of

T 7 Core Laboratories, Inc, (all errors and omissions excepted); but Core Laboratories; Inci and its officers—and employees,  assume "~ "~

no responsibil:’}ty and make no warranty or representations -as to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon. .

!
i
|

[



t
|

o -
) (—) Page 9 of 34

File 80206

Table 1 (cont.)

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample TOC*
(£1) Type Gross Lithologic Description (wt %) 5
- |
7950-7980 ctgs 0.40 7

~ 50% sh; dk gy-blk, occ brn, n calc, fss
35% 15, 1t brn-gy brn, f xIn S T
10% sltst/sh; rd, n calc, blky

5% anhy; wh, chky

7980-8010 ctgs ’ 0.3374"
70% 1s/dol; gy-1t brn, xIn, occ suc /////'
20% shy dk gy-blk, occ brn, n calc, fss

10% sltst; orng, n calc, blky
Tr-anhy

t3
ﬁ_\
BN

8021.5 core : - 0.10
Dol; gy brn, f xIn-xIn, anhy, occ/blk
23 ) |

org(?) lay
8025 core . /“/b.
Dol; brn, f xin-x1In ' <;~——~~~’”“”‘ 3

8028.5 core S ~0.06/0.07 |
Dol; gy brn, f xIn-xIn, /blk org(?) Tlay |
: : |
8029 core 0.26
Dol; gy brn, f xin- xIn/blk org(?) lay,
vanhy in pt

Note: TOC value reflects chip of 50%
anhy/blk org(?) lay

8065 core : 0.28
Ls/dol; gy brn, f xiIn

r— [

8066 core B 0.07 |
Ls; gy brn, f xIn-xln

8068 . core ‘ ' - %
Ls; gy brn, f xIn-xIn ,

8069 core | . 0.33
Dol; dk gy, f xIn-mic xIn, mica

8076 core ' 0.46 |
50% dol; gy brn, T xIn-mic xIn, lay/ e
50% cht; blk, dol in pt

* TOC = Total Organic Carbon

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose

__exclusive and confidential use, this Teport is made. The interpretations or opinions expressed represent the best judgment of
Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and empioyees, assume |
I

no responsibility and make no warranty or representations as to the product:w:.ty proper operation, or profitableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon.
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Table I (cont.)

Total Organic Carbon Results and Gross Lithologic Descriptions

Depth Sample TOC*
(ft) Type Gross Lithologic Description {wt %)
8077 core ’ , ' 0.20/0.21
Dol; brn, f xin-mic xin, /occ vn of
e e e XIngdol o hde o |
8078 core 0.04 |
Dol; brn, f xIn-mic xIn/anhy
8079 core - -
Dol; brn f xIn-mic xIn
8080 core ' 0.05
Ls; gy brn, f xIn |
8081 core ‘ 0.04
Ls; gy brn, f xln
8089. core 0.06 |
Ls/dol; 1t brn,. f xIn-mic xIn, arg in pt, j
slty, pos 0i1(?) stn in pt |
8106 core « 0.11 |
Ls/dol; 1t brn, f xIn-mic xIn, arg in pt, |
slty, anhy, pos 0i1(?) stn in pt |
8107 core 0.05 |
Ls/dol; 1t brn, f xIn-mic xln, arg in pt, ;
slty, anhy, pos 0i1(?) stn, abnt pyr assoc - ;
8108 core | 0.10 |
N Ls/dol; 1t gy, T xIn, arg, anhy, poss |
0i1(?) stn j
— _ i
"8109 core . - 0.07. :
Ls/dol; Tt gy, T xIn, arg
8140 core | - -
Anhy; wh, x1In
8172 core | 0.03
Ls; 1t gy brn, x1In
8173 core 0.07

Ls; 1t gy brn, xIn/lam of dk brn mat

%* TOC = Total Organic Carbon
These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed xepresent the best judgment of
Core Laboratories, Inc..{all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume

N6 Tesponsibility and make no warranty or representations as to the productivity; proper-operation;-or-profitableness-of-any-oily-—— —-—-———

gas or other mineral well or sand in connection with which such report is used or relied upon.
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Table I {cont.)

Total Organic Carbon Resulfg\and Gross Lithologic Descriptions

iy Depth Sample ) TOC*
! (ft) Type Gross Lithologic Description (wt %)
i 8193 core / 0.07
- Ls; 1t gy brn, xIn/Tam of dk brn mat
. 8194 core 0.39
: Ls; 1t gy brn/lam of dk brn mat, wxy lus;
assoc/abnt pyr & blue gy cht, conc frac
. 8195 core . : - 0.04-
Ls; dk brn, f xIn, ool in pt -
f 8196-8230 ctgs 0.29/0.29
40% sh; dk gy-blk, occ.rd brn, n calc,
sub fss-fss
z 40% 1s; off wh-gy brn, xIn
- 20% sltst; orng, n calc, blky \4/
Tr-anhy; wh, chky occ gran; cht; blue gy (/0
! 8230-8260 ctgs . 0.0i:fii////
' 70% 1s; 1t brn-gy, xIn
. 20% ss; off wh, f gr, w srtd
[ 10% s1tst; orng, n calc, blky
v Tr-sh; dk gy-blk, n calc, sub fss-fss;
cht; off wh, gy, bl :
l_ 8260-8290 ctgs 0.06
40% sltst/sh; orng, n calc, blky
. 30% 1s; 1t brn-gy, xIn
; 30% ss; off wh, f gr, w srtd
N Tr-sh; dk gy-blk, n calc, sub fss-fss;
| cht; off wh, gy, bl
*L-MWﬂwaﬂf;~8290-8320MW~fW~ctgsﬁfﬁAfW_f —-0.10
70% 1s; gy-1t brn, occ off wh, x1In,
dol in pt
- 20% s1tst/sh; orng, n calc, blky
5% anhy; wh, chky
5% sh; dk gy-blk, n calc, sub fss-fss
Tr-cht; off wh, gy, bl '
8320-8350 ctgs 0.18
85% 1s; gy-1t brn, occ off wh, xIn,
— dol 1in pt
10% sltst/ss; orng, n calc, blky
5% sh; dk gy-blk, n calc, sub fss-fss
- Tr-cht; off wh, gy, bl
- * TOC = Total Organic Carbon

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgment of
_Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume

no responsibility and make no warranty or representations as to the productlvxty proper operation, or profitableness of any oil,

gas or other mineral well or sand in connection with which such report is used or relied upon.
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Depth Sample _ TOC*
(ft) _ Type Gross Lithologic Description (wt %
8350-8380 ctgs - 0.10

90% 1s; wh-1t gy brn, crypt xIn, v hd

S = = - 10% - s1tst/ssy orngs nocales blky o o o oo

Tr-cht; off wh, gy, bl

8380-8410 ctgs . 0.02
Ls; wh-1t gy brn, crypt xIn, v hd

Tr-cht; off wh, gy, bl

8410-8440 ctgs : 0.09
Ls; wh-1t gy brn, crypt x1, v hd
Tr-cht; sltst; orng; sh; dk gy

8440-8470 ctgs t ' 0.11/0.12
Ls; wh-1t gy brn, crypt x1, v hd i /////
Tr-cht; sltst; orng; sh; dk gy

8470-8500 - ctgs A : 0.06
Ls; wh-1t gy brn, crypt x1, v hd

v Tr-cht; sltst; orng; sh; dk gy

8500-8530 - ctgs | | | 0.14
Ls; wh, chky, occ 1t gy
Tr-sltst; orng; sh;. gy; anhy

8530-8560 ctgs , 0.06 .
Ls; wh, chky, occ 1t gy - ////
Tr-sltst; orng; sh; gy; anhy

8560-8590 ctgs | 012
Ls; off wh-1t gy brn, xIn-crypt x1n,

- ‘ occ chky :
“Tr-ss; wh-1t brn, f gr, w srtd, anhy;
’ sltst :

8590-8610 ctgs ' 0.11
Ls; off wh-1t gy brn, xIn-crypt xin,
occ chky
Tr-sh; gy, n calc, fss; sltst

8620-8650 ctgs 0.12
Ls; off wh-1t gy brn, xIn-crypt xlIn, ,
occ chky

Tr-sh; gy, n calc, fss; sltst

* TOC = Total Organic Carbon
These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgment of

—.-Core_Laboratories, Inc, (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume 1

no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in comnection with which such report is used or relied upon.
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anic Carbon Results and Gross Lithologic Descriptions

Ls; off wh-1t gy brn, xIn-crypt xln,
occ chky
Tr-sh; gy, n calc, fss; sltst

Depth Sample TOC*
(ft) Type Gross Lithologic Description (wt %)
8650-8680 ctgs - 0.11
Ls; off wh-1t gy brn, xIn-crypt xln,
e - - 0cc chky — - - - -
Tr-sh; gy, n calc, fss; sltst
8680-8700 ctgs 0.10/0.11

* TOC = Total Organic Carbon

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose

exclusive and confidential use, this report is made.

The interpretations or opinions expressed represent the best judgment of

Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume

""" "no responsibility and make no warranty Or Tepresentations as to the productivity, proper operation, or profitableness of any oil,” -
gas or other mineral well or sand in connection with which such report is used-or relied upon.
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T & () rite 80206
__ Table III D ,
| Geochemical Ratios . .
fopf)h %g—g X 100 —,;—{OC—C X 100 ‘% X 100
. 6610-6670 B T - -
6670-6740 3.7 J 0.4 a0
6820-6910 43 1.2 27.7
7920-7950 318 ] 1.2 35.6
7950-8010 8.6 3 - Lz)a 30.4
8025 @/ | Cgifo\ | 71.2
8029 16.77 ‘{\ AR 58.4
8069 5.3 | .- -
8076 Qs/q iZ/S) 6.1
8194 5.5 - -
8 8196-8230 5.5 1.4 24.5
8320-8380 8.0 - - - -

drocarbons (ppm)

These analyses, opinions or interpretations are based
exclusive and confidential use, this report is made.
Core Laboratories, Inc. (2ll errors and omissions excepte

no responsibility and make no warranty oT Tepresentations as to th
gas or other mineral well or sand in connection with which such re

TOC = Total Organic Carbon (ppm); EOM = Cis+ Extractable Organic Matter (ppm); HC = Ci5+ Hy-

on observations and material supplied by the client to whom, and for whose
The interpretations or opinions expressed represent the best judgment of
d); but Core Laboratories, Inc. and its officers and employees, assume

port is used or relied upon.
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) Page
80206

el File

|

|

S A SN |

2.28 .40 .62 ©.80 1.00 {.20 {.48 1.68

VITRINITE REFLECTANCE

VITRINITE REFLECTANCE HISTOGRAM |
- DENVER BASIN STUDY
20 PERKINS %1
9 25k DEPTH:8618-6672 FEET
=i — |
2
i zet MEAN REF.:©.77%
R e B I ] o I
x 1Sk - MAX . REF.:2.85%
Ll
> BRE L
2 el MIN. REF.:8.65% 7
25 READINGS:76
[ I B N I O T T B SAMPLE: CUTTINGS
0.280 .42 ©.68 ©.83 1.88 1.280 1.40 1.88
VITRINITE REFLECTANCE
VITRINITE REFLECTANCE HISTOGRAM
PENVER BASIN STUDY
=ol PERKINS #1 oY
Q@ sl DEPTH: ©6678-8742 FEET
&
H _
é ol MEAN REF.:8.81%
&
x 15 MAX. REF.:1.08%
g 1
[es] r—
> IR
2 ek MIN. REF.:8.59%
Bsi— | READINGS: 87

SAMPLE :CUTTINGS
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VITRINITE REFLECTANCE HISTOGRAM

() File 80206

Page 18 of 34 i

'DENVER BASIN STUDY

.28 B.40 ©.68 B.82 1.2B 1.28 1.48 1.68
VITRINITE REFLECTANCE

!
_ sk PERKINS #1 {
? |
: ? o5 DEPTH:6828-6918 FEET |
—~ z - |
{ H a
! Qa
a § sa - — MEAN REF.:0.86%
e e s e
@ 15F ] MAX. REF.:1.B4% |
Ll A |
= — . Vv
2 yeb ] MIN. REF.:8.7@%
{ esk READINGS: 88
g D T I B N O O B SAMPLE : CUTTINGS
i 2.22 .42 .60 ©.82 {.80 {.20 1.40 |.60 :
VITRINITE REFLECTANCE 1
|
VITRINITE REFLECTANCE HISTOGRAM
| DENVER BASIN STUDY
|
38 PERKINS #1 X |
i
® o5k DEPTH: 7828-78S@ FEET |
I - | |
/Y e L
| § >oh MEAN REF.:@.76%
~ &
& 1S MAX. REF.:1.B8%
[ee)] .
S5 - '
| 2 e MIN. REF.:@.55%
- esH o | | READINGS:88
B L1 11 [1{1 L 1 1 1 1 | SAMPLE:cUTTINGS
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VITRINITE REFLECTANCE HISTOGRAM

Page 19 of 34
80206

DENVER BASIN STUDY

PERKINS 41

381
8 25 DEPTH:7958-8218 FEET
=
a
g >0 MEAN REF.:18.84%
L. : !
_ I = S R U o . ]
g 15 ~ MAX. REF.:i1.@1% ~ ~ q
m oy
5
Z 12 MIN. REF.:@.68%
2s READINGS: 71 )
{?‘ iﬁ\
< T T A r I T N SAMPLE : CUTTINGS
.20 0.42 9.68 ©.8¢ 1.80 1.20 1.4 1.68
VITRINITE REFLECTANCE
VITRINITE REFLECTANCE HISTOGRAM
: DENVER BASIN STUDY |
. PERKINS #! |
;
8 es DEPTH:8@25 FEET ;
=9 : ' ) o
g 20 INSUFFICIENT VITRINITE FOR MEAN REF . :————%
L |
x 15 ACCURATE Ro DETERMINATION MAX. REF.:=——=% |
g
Z 1@ MIN. REF.:==—=—=%

. B85

| A AN (NS (SN NS SN N SR JUNUN WU N N SR

.28 9.40 ©.62 ©.82 1.80 1.20

1.48 1.60

VITRINITE REFLECTANCE

. READINGS: 2

SAMPLE : CORE
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\~-> Table V. (cont.) Q\A> | E??g 2080282 >

VITRINITE REFLECTANCE HISTOGRAM
DENVER BASIN STUDY

.20 0.40 ©.60 ©.83 1.88 1.28 1.48 {.60
VITRINITE REFLECTANCE

a0 PERKINS #1.
i_
‘ § o5k DEPTH: 8869 FEET
r oy
i o 2p- MEAN REF.:2.94%
&
- b T =
l & 15F MAX. REF.+1.28% o
. Z 1+ MIN. REF.:8.75%
- ‘
£  o5 | . | READINGS:28
) Lottt IS T B SAMPLE : CORE
F .20 D.42 0.60 ©.82 {.08 1.20 1.48 {.6@
b VITRINITE REFLECTANCE '
=
E
|
L.‘.
L VITRINITE REEFLECTANCE HISTOGRAM
DENVER BASIN STUDY
ﬁ; 20 PERKINS #1
B 8 ok DEPTH: 8876 FEET
=
2
_ MEAN REF.:B.99%
_ W 2o REF. > a,
- &
i & 15 MAX. REF .1 .28%
L fre}
5
2 4ok MIN. REF.:2.802%
-
e READINGS: 18
- R Ll 11o SAMPLE : CORE
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NUMBER OF READINGS

15

1©

’s

N

k-) Table V (cont.)
YITRINITE REFLECTANCE HISTOGRAM

7Y Page 21 of 34

L1 1 1 - | E DN A N N |

©.20 B.42 ©.60 8.80 1.8 1.20 1.48 1.60
VITRINITE REFLECTANCE

e File 80206

. PENVER BASIN STUDY
PERKINS #1

DEPTH: 8186-8230 FEET

MEAN REF.,:2.8080%

MAX. REF.:1.82%
MIN. REF.:B.61%
READINGS: 5@

SAMPLE :CUTTINGS

I“*f

s
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Table VI

Elemental Analysis

Depth Hydrogen:Carbon Ratio
(ft) (H/C)

6610-6670 T 0.79

6820-6910 0.88

. 8025

-
d\o"”h“" ﬁ"ﬁmi:::::rﬁfr
O . 68 ,\S /‘:’;:,f"'ﬂﬁ

0.91

217102 1'0NWT9%J( w
8076
8320-8380

P

-

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgment of

- Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume

no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon.
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Normalized n-Paraffin Dfstribution :

6670-6740 6820-6910 7920-7950 7950-8010
B C15 12.9 10.8 2.0 7.4
C16 12.0 10.1 2.7 8.5
{r C7 10.7 9.8 3.7 19.1
s Pristane. ... .94 _ . __.7.9... . _1.1_ 3.7 i
C18 7 7.3 4.4 8.3
. Phytane 4.2 4.0 1.3 3.2
S C19 6.5 6.6 5.2 8.3
C20 5.0 5.3 6.1 6.8
| 21 1.6 5.3 5.9 5.2
E C22 3.9 4.5 6.1 4.7
- C23 3.5 4.6 5.9 4.0
L Cog 2.7 3.5 6.1 3.6
- C25 2.7 3.6 6.0 3.6
g C26 2.3 3.0 6.2 3.3
L Co7 - 2.7 | 3.3 5.9 3.3
Cog 2.1 2.3 6.1 3.0
Ca9 2.7 2.7 5.5 3.1
. C30 1.1 1.3 5.4 2.5
- ‘3 1.6 2.4 44 276
B C32 0.6 0.8 4.5 2.6
: C33 0.6 0.6 3.1 2.0
L Cag 0.3 0.3 2.4 1.2
l P o /-————WN:E?‘:TT 'Lﬁ\_\
- Pristane/Phytane(\\-i 2. 98 '/O.85 | 1'“F
2 CP1 1.39 1.40 0.95 1.07
I ——

These snalyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgment of
Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers ahd employees, assume

- -no-responsibility -and-make-no-warranty-or-representations—as-to-the-productivity, proper operation, or profitableness of any oil, .

gas or other mineral well or sand in connection with which such report is used or relied upon.
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Table VII (cont.)

Normalized n-Paraffin Distribution

8025 8029 8076 8196-8230
C15 3.4 4.3 1.0 8.3
T: 5.4 4.1 17 9.6
e L g B e — - 205 1044 - -
Pristane 8.3 1.9 9 7.2
C1g 8.4 4.2 3.3 8.3
Phytane 9.3 2.1 7.4 4.6
C19 8.4 4.5 5.2 7.7
C20 8.4 5.6 7.3 6.2
Cor 7.1 7.3 7.1 4.6
C22 6.2 8.6 7.0 3.9 |
C23 5.3 7.3 6.6 3.5
Cos 5.3 5.4 6:0 2.8
Cos 3.6 9.2 5.8 3.1
C26 2.9 | 3.9 5.6 2.5
Co7 2.4 4.8 5.2 2.9
Cog 1.9 3.9 4.7 2.5
Co9 1.7 3.3 4.4 3.3
C30 1.2 37— 5.2 19
Ca1 1.0 3. 3.0 2.9
C32 0.8 2.2 2.5 1.8
Ca3 0.7 2.5 2.1 1.3
Ca4 0.6 2.4 2.5 0.7
Pristane/Phytane /0.89 ' 0.90 [ 157 )
CP1 e L3 0.93 1.31

e

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgment of
Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume

no responsibility and wake no warranty or representations as to the productivity,prop er-operation;-or profitabl eness—of-any-oily—-————-——--1 -

gas or other mineral well or sand in connection with which such report is used or relied upon.
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Table VIII

Normalized Isoprenoid Distribution

6670-6740 6820—6910 7é20—7950_ 7950-8010

Ip14 5.8 5.1 3.1 3.8
Ipl5 8.7 8.2 6.0 6.5
Ipl16 18.0 18.1 7.5 14.9
Ip18 14.5 15.6 17.8 17.6
Pristane 31.8 31.2 28.1 . 28.6
Phytane 14.3 - 16.1 34.1 24.8

_Ipl3.. .69 . . 57 . __ 3.4 _ 38

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this Teport is made, The interpretations or opinions expressed represent the best judgment of

Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume
no responsibility and make no warranty or representations as to the productivity, proper operation, or profitableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon.
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Table VIII (cont.)

Normalized Isoprenoid Distribution

8029 8076 8196-8230

e LIP3 9.0 2.3 5.6

Ip14 11.2 2.6 1.7
Ip15 10.5 4.1 4.2
Ip1s 137 6.4 | 12.9
Ip18 - 14.9 16.0 16.6
Pristane 19.3 23.6 36.0
Phytane 21.4 45.1 23.0

=

(7

'

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose
exclusive and confidential use, this report is made. The interpretations or opinions expressed represent the best judgment of

" Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume

no responsibility and make no warranty or representations as to the productivity, proper operation, or profltableness of any oil,
gas or other mineral well or sand in connection with which such report is used or relied upon.
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