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ABSTRACT

The Campanian-age Hygiene Sandstone in the Wattenberg
field is a widespread tight gas sand with facies sequences
ranging from bioturbated, very fine-grained muddy sandstone
to medium-grained, cross-stratified sandstone.

Net sand thickness ranges from 14 to 70 feet. Log-
derived maximum average porosity ranges from 8 to 15 percent
and correlates linearly with net sand thickness. This is an
indication of depositional control on reservoir quality.
Permeability values are very low, ranging from 0.01 to
16 md. Variation in reservoir quality is related to original
environmental facies and diagenetic influences.

One of the major problems in petrophysical evaluation
of sandstone sequences is accounting for the effect of clays
on well log responses. It is often assumed that clay
provides a conductive matrix material which causes
resistivity measurements to be reduced. Cross-plots of log
parameters account for the effects of clays and calcite on
resistivity, porosity and gamma ray measurements in this
field. The resistivity curve is almost a mirror image of the

gamma ray and spontaneous potential curves. The highest
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resistivities occur in the upper portion of the cross-
stratified, fine-medium grained sandstone facies and are
probably due to gas being present in the reservoir.

Pickett cross-plots established the formation water
resistivity (Rw) in the field to be 0.075 ohm-meter. High
resistivity values of logs were not always a result of
hydrocarbon presence but also of fresh water influx in the
formation. Water saturation maxima is 70 percent in the
intervals that produce oil and gas.

Structural interpretation of the field defines the
geologic conditions for the occurrence of hydrocarbons in
the Hygiene Sandstone. The Hygiene Sandstone reservoir in
the Wattenberg field is compartmentalized. The faults act as
seals as shown by different gas-o0il ratio (GOR) values
across fault blocks. The average producing life of wells in

the study area is 5.3 years.

iv



T-4542

TABLE OF CONTENTS

ABSTRACT ..t vieeeoonnnonse c e s s e e e e s s s e s e
TABLE OF CONTENTS ..... s et e s e s s e e esseaes e
LIST OF FIGURES . .¢tceeeenescocaascanssonaons
LIST OF TABLES .. cittteeectsososacnaancncess
LIST OF PLATES ... ¢ttt eecososoasnsconsosess
ACKNOWLEDGMENTS ......... e et e s s s s es s s s e s
Chapter 1. INTRODUCTION ...t eeecoccccoasens
1.1. Purpose and Scope ....ceee..
1.2. Location of the Study Area
1.3. Methods of Investigation ..
Chapter 2. PREVIOUS STUDIES ....civeecececnes
2.1. General Geology of the Area
2.2. Petroleum Occurrence ......
Chapter 3. GEOLOGY OF THE STUDY AREA ......
3.1. Structural Interpretation .
3.2. Stratigraphy .......ccec...

3.3. Facies Description and
Interpretation ............
Chapter 4. PETROLOGY v verneenennnnnnnnns
4.1. Samples and Methods .......
4.2. Mineralogical Composition .
4.3, Diagenetic Influences......

4.4. X-Ray Diffraction Analysis

ooooooooooooo

ooooooooooooo

ooooooooooooo

ooooooooooooo

ooooooooooooo

ooooooooooooo

ooooooooooooo

ooooooooooooo

ooooooooooooo

ooooooooooooo

ooooooooooooo

® o o o 0 0 0 0 0 0 0 0 0

Page

iii

vii

xi

xii

A W

11
17

19
19
21

23

34
34
35
38
45



T-4542

Chapter 5. PETROPHYSICAL CHARACTERISTICS OF

HYGIENE SANDSTONE ..ceveececseses e s e essac e 47
5.1. Well Log Responses of Hyglene
Sandstone ....c.ciiii ittt ectcts s ee. 47
5.2. Geologic Controls on Petrophysical
o o 50
5.3. Porosity and Permeability
Distribution .....vieiiiiiierennnnns cee. 56
5.4. Facies and Reservoir Quality .....cceee.. 62
5.5. Volume of Shale and Authigenic Clay
Relations ...iiiiiiieeienenesocscsaaanns 65
Chapter 6. PRODUCTION TRENDS IN THE STUDY AREA.......... 70
6.1. Estimated Ultimate Recovery (EUR)
Calculation ...t eenensocnnnaanns 71
6.2. Structural Relations to Production ..... 74
6.3. Correlation of Log Characteristics to
Productivity ..eviieeeieeeeccccens cesees. 18
6.4. Water Saturation Calculation ........... 81
6.5. Formation Water Resistivity ............ 84
Chapter 7. SUMMARY AND CONCLUSIONS . ... iteeeeecoacncenn. 87
7.1. Recommendation .....cicieeeeeenccoccnncns 89
REFERENCES CITED ....... c e e e s s e e ssessennens et s e eseses 91
APPENDIX A 4ttt eeececosossesasescsssassasessssssossscsssas 98
APPENDIX B ...ce... ceess e et s e s et e s eseasaas c e e et s s e 106
APPENDIX C ittt tteneesoesossssssossasosssassssasossessssaes 112
POCKET

vi



T-4542

LIST OF FIGURES

Figure
1. Map of the Denver-Julesberg Basin showing the
Wattenberg Field ....iiiieetiieeeeecescsacanccnncnns
2. Generalized stratigraphic column for the
Denver-Julesberg Basin ..... et e s et
3. Map showing Cretaceous Seaway of the North America
and the approximate location of the study area .....
4. Photograph of Facies 1 in core (depth, 4561').......
5. Representative wireline Log responses of various
B Y o =
6. Photograph of Facies 2 in core (depth 4548’)........
7. Photograph of Facies 3 as seen in core
(depth 45297-4530") ..t ienneeconnnnnns ces e
8. Photomicrograph of facies 2, Hygiene Sandstone
showing clay matrix and solution seams of compacted
MUASEONE . it i ittt itnneesecceosassceeecacscsosasccscses
9. Photomicrograph of diagenetic features observed in
Hygiene SandstONe .......ceeieeeessccoocososscccacsosns
10. Photomicrograph of litharenite of Facies 3, showing
secondary POrOSitY .tuieeeeeescececeoosacsans et
11. Photomicrograph showing secondary porosity
resulting from intergranular dissolution of detrital
feldspar grains ... .ieeeeeeereeoeeensesecsnoasssnsean
12. X-ray diffractogram for clay separates of

Amoco State AA #1 (sample AAL1.8) .t.veeeeerocaoens oo

vii

27

29

31

39

41

42

44

46



T-4542

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Typical petrophysical log signatures of the
Hygiene Sandstone. Alva Shable #1-4 (nenw, 4-4N-66W)
=

Well log signatures of Walker 11x-18 well
(MWNW, 18=6N=66W) ...ttt eeteeeececosssssososcocosocns

Crossplot of Induction Resistivity versus
authigenic clay (PerCent) .....eeeeeeeeeeeeeeasoaeeas

Crossplot of Induction Resistivity versus
calcite (PerCeNt) ..o eeeeeeeeeoeeseeeeescacsanssnnas

Crossplot of log gamma ray versus authigenic
Clay (PErCENL) ittt ettt neeeoseosesecesoscocssocsess

Crossplot of net sand thickness against density
POXOSItY it iineeeeenenesesooeossaasasaascscansnnnas

Crossplot of density derived porosity and
authigenic clay (percent) .....iieeeeeeeeneneaonnnns

Permeability distribution profile (measured on core)
for Hygiene Sandstone. (Well: XO Exploration Great
Western Sugar #1,nwne, 9=4N-=67W) ... vttt eeeneeoeens

Histogram of permeability distribution by facies ...

Crossplot of averaged core permeability (air) per
foot interval versus density porosity .....cccceeenen

Plot of volume of shale (Vsh) and percent
authigenic clay along side gamma-ray curve
(Walter Mayer #1-B Well) .uiuieeieeeccesecaccscannnnnans

Crossplot of volume of shale (V-shale) versus
authigenic clay (percent) ........ciiiiiiiiinennnas

Decline curve for the Spomer #1 (nwsw,33-5N-66W)
WELL ittt it et esecesososoeoacasccsecececoaaacececens

Normalized Gas-0il ratio (GOR) map of the field.
Structure top is Hygiene Sandstone ...... e e .o

Normalized GOR cross-section (N-S). (Line of
cross-section shown on figure 26) ......cieineeeenn.

viii



T-4542

28.

29.

Normalized GOR cross-section (W-E). Line of
cross—-section shown on figure 26 ......iivieeeeceons 77

Crossplot of BOE against net sand thickness within
€ach fault bloCK t.iietieetieiiereeeeeaneoaeesosoannanss 80

Photograph of slabbed core, Amoco Walter
Mayer #loB it it iteeteeeeeeeeeoaaenoaeeoaeaaeoseanennes 103

ix



T-4542

Table

LIST OF TABLES

Page
Percent bulk volume of rock composition in the
Hygiene Sandstone as observed in thin-section
and laboratory permeability (air) values. Values
normalized to 100 percent ......ceeeeerececosoncas 36

Resolutions and Limitations of Logging devices ... 48

Compilation of percentages of sedimentologic
features, Amoco, Walter Mayer #1-B well .......... 99

Compilation of percentages of sedimentologic
features, Great Western Sugar #1 well ............ 99

Compilation of percentages of sedimentologic
features, Amoco, State AA #1 well ........ eeeeeess 100

Values for petrographic and wire line log
Crossplots ....eivieeennnn st s e s e s e e e 101

Values for volume of shale (V-shale) and
authigenic clay (percent) plot .....ciieeeeeeeenns 102

Estimated ultimate recovery (EUR) values for
gas production ........... Ceeees e et et ees s anan ... 107

Estimated ultimate recovery (EUR) values for
01l ProduUCtion ..iuiitiieeeeeeeeeeenoeeneeeennnanns 108

Barrels of o0il equivalent (BOE) and
corresponding net sand values for each fault

o 30 0 ., 109
Standardized gas-0il (GOR) values for Hygiene

Sandstone production Oonly ...iiiieeceeeeceesascsns 110
Production history for Spomer #1 well ............ 111

Well data for graphical saturation estimation .... 113



T-4542

LIST OF PLATES

Plate
1. Structural contour map (Top of Hygiene

SandstonNe) ...iieiitttt ettt ctaaenase (in
2. Structural cross-section A-A’ (N-S) ......... (in
3. Structural cross-section B-B’' (W-E) ......... (in
4. Stratigraphic cross-section A-A’ (N-S) ...... (in
5. Stratigraphic cross-section B-B’ (W-E) ...... (in
6. Net sand isopach map (Hygiene Sandstone).... (in
7. Core description and core-log correlation

(Gt. Western Sugar #1 well) ....ccieeieeeeennn (in
8. Core description and core-log correlation

(Amoco Walter Mayer #1-B well) ............. (in
9. Core description and core-log correlation

(Amoco State AA #1 well) ...veeveeeeen. cesss (in
10. Iso-resistivity map (deep induction) ....... (in
11. Gas-0il ratio (GOR) MAP .« eeeeeeoevonnnnnoens (in
12. Pickett crossplot for Garcia #31-5

(nwne,5-4N-66W) well ......cuiiietienenneneenn (in
13. Pickett crossplot for Walker 11x-18

(nwnw, 18-6N-66W) well ......c00eeeeeen ceeeee (in
14, Pickett crossplot for Raith #1 well ........ (in
15. Pickett crossplot for Spomer #9-32 well .... (in
16. Pickett crossplot for Alva Shable #2-4

1 £ 0 Gt e eece e (in

xi

pocket)
pocket)
pocket)
pocket)
pocket)

pocket)

pocket)

pocket)

pocket)
pocket)

pocket)

pocket)

pocket)
pocket)

pocket)

pocket)



T-4542

ACKNOWLEDGMENTS

A project of this nature requires a great deal of
endurance and alertness, and it would not have been possible
without the guidance and strengthening of the almighty God.
To Him goes my greatest thanks.

I would like to thank my advisor, Dr. John B. Curtis,
for his helpful advice and assistance during the course of
this study. Valuable advice and contribution were also
received from Michael K. Decker, and Dr. Roger M. Slatt, who
are members of my committee.

My appreciation is extended to Prima 0Oil and Gas
Company, Denver, for suggesting this thesis topic and for
allowing me to use their software and facility and also
supplying most of the data and drafting materials.

I am greatly indebted to the Ghana National Petroleum
Corporation (GNPC) for funding my graduate study program at
the Colorado School of Mines, Golden, Colorado.

Special thanks goes to the U.S. Geological Survey core
laboratory, Amoco Production Company core laboratory and the

Denver Earth Resources Library, whose staff were always

xii



T-4542

available to provide assistance; of notable mention is Mrs.
Kay Waller of the Denver Earth Resources Library.

Finally, I am grateful to my fiancee, Miss Sylvia
Lassey, for her love and encouragement, and most of all for
her patience during the long gestation period of this study.
To all of my siblings, friends and colleagques, I offer

thanks for your support.

xiii



The original material for this dissertation includes a significant
number of oversized pages. The full text can be viewed by
accessing the supplement file.

ProQuest




