TIGHT GAS SANDS AND NATURAL FRACTURES IN THE
CRETACEOUS MESAVERDE GROUP, GREATER NATURAL
BUTTES FIELD, UINTA BASIN, UTAH

ABSTRACT

Greater Natural Buttes field (GNB) in the Uinta Basin
is the largest gas field in Utah. GNB lies in an area
of gentle northwest dip on the southern flank of the
basin. The field produces natural gas primarily from
low-permeability sandstone in the Mesaverde Group
and the Tertiary Wasatch Formation. GNB has pro-
duced over 2.2 TCF of gas from over 4000 wells and
continues to be the most active drilling area in Utah.

Most of the gas production is from highly compart-
mentalized, lenticular, fluvial channel sandstones in
the Price River Formation in the upper Mesaverde
Group. The Sego and Castlegate Sandstones in the
lower Mesaverde typically have higher water satura-
tion and are not generally productive, but have litho-
logicand fracture characteristics similar to productive

sandstones up section. Production in these tight-gas-
sand reservoirs is achieved through massive hydrau-
lic fracture treatments, so understanding the natural
fracture systems and reservoir heterogeneity creat-
ed by various depositional environments can aid in
hydraulic fracturing optimization and lead to better
drilling and completion strategies.

Cores in the Castlegate, Sego, and Price River Forma-
tions display classic low-permeability depositional,
petrophysical, and geomechanical characteristics that
are being used to create reservoir models and sim-
ulations for hydraulic fracturing. These cores show
that the Mesaverde is mostly sandstone interbedded
with black, bioturbated, and carbonaceous shale and
silty mudstone. Individual sandstones are very fine
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to fine grained and have low-angle cross-bedding,
Haser bedding, small ripples, sparse burrows, and
moderate bioturbation. Depositional environments
range from marginal marine to lower coastal plain.
Porosity varies from 2 to 9% and permeability varies
from 0.002 to 0.10 mD.

Over go fractures were identified in core. Most are
natural, open fractures, but some are closed and filled
or partially filled with calcite. Some fractures appear
to propagate from thin coal seams, while others ter-
minate at shale or clay partings. Most fractures are
inclined, but horizontal and vertical orientations are
also present. Portions of GNB cores illustrating var-
ious depositional environments and fracture types
are available for viewing and discussion.

Location of Greater Natural Buttes gas field in the Uinta Basin, Utah.

Stratigraphy of the Mesaverde Group in the Uinta Basin.

Paleogeography of the eastern Uinta Basin during the Late Campanian of the Late Cretaceous (modifed from Fouch and others, 1992).
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a braided stream, lower coastal plain, and Shale in

marginal marine environment.

Deposition of the Buck Tongue Member of the Mancos

Sandstone in a marginal marine environment.

an offshore marine environment and the Sego coastal plain environment.

Deposition of the Neslen Formation in a

Deposition of the Farrer and Tuscher
Formations in an alluvial plain environment.

GREATER NATURAL BUTTES FIELD GENERAL OVERVIEW
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| Hill Creek Unit || River Bend Unit
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Greater Natural Buttes Discovery Well Data
(Osmond, 1992; Utah DOGM, 2011)

Mesaverde Group

« Continental Oil Co. #1 Chapita Wells Unit
(Sec. 16, T. 9 S., R. 23 E., Uintah Co., Utah)

« T.D.- 9517 ft (~ 2900 m)
« Completed — December 15, 1952

« Producing Reservoir — Cretaceous Mesaverde Group
« IPF - 62 BOPD, 275 MCFGPD

Wasatch Formation

« Continental Oil Co. #2 Chapita Wells Unit
(Sec. 28, T. 9 S., R. 23 E., Uintah Co., Utah)

« T.D.- 9125 ft (~ 2781 m)
« Completed — February 26, 1955

« Producing Reservoir — Tertiary Wasatch Formation
e IPF - 4618 MCFGPD

Production Data

« Greater Natural Buttes field includes 13 individual units

« Production co-mingled Wasatch Formation and Mesaverde Group
« Currently Producing Wells — 4123

« Monthly Production (December 2010) — 163,424 BO & 19.6 BCFG

« Cumulative Production (as of December 31, 2010) —
17,553,163 BO & 2.28 TCFG

« Estimated Ultimate Recovery per well for co-mingled Wasatch-
Mesaverde — 1.4 to 6 BCFG

General Reservoir Data

. Lithology:
Mesaverde Group - Fluvial and deltaic sandstones
Wasatch Formation - Fluvial sandstones

« Spacing — 40 acres

Location of Natural Buttes Unit within Greater Natural Buttes field. The red boxes outline

sections 10 and 21 of T. 9 S., R. 23 E., Uintah Co., Utah. The blue star is the location of NBU
253 well within section 10 and the green star is the location of NBU 921-21L well in section 21.

Net Pay:

Mesaverde Group - Individual sand bodies up to 30 ft

Wasatch Formation - Individual sand bodies up to 40 ft

Average Porosity (from core):
Mesaverde Group - 8.58%
Wasatch Formation - 8.75%

Median Permeability (from core):
Mesaverde Group - 0.028 mD
Wasatch Formation - 0.095 mD

Water Saturation:

Mesaverde - Average 50%
Wasatch - Average 45%

Water Resistivity:

Mesaverde - 0.15 ohm/m
Wasatch - 0.1 to 0.15 ohm/m
Type of Drive — Pressure depletion

Gas Characteristics

Average Btu/cubic ft:
Mesaverde - 1114 (280 kg/cal)
Wasatch — 1088 (274 kg/cal)
COz2 Content:
Mesaverde - < 2%
Wasatch - <0.5%

Mesaverde Group Characteristics

Thickness - 2200 to 2900 ft
Drill Depths to Base — 6000 to 12,000 ft

Depositional Environments — Marginal marine at base to upper

coastal plain and alluvial-plain deposits at top

Reservoir Geometry — Stacked, lenticular channels with limited

lateral extent
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Completed 4/19/2000
Vertical Wellbore T.D.=11320TVD

Geophysical well log of the NBU 253 well, Greater Natural
Buttes field, Uintah Co., Utah.

CORE DESCRIPTION OF NBU 253 WELL

API or Location Number

Well or Location Name

4304732917

Natural Buttes Unit 253

Section__10 Township 9S. Range 21 E.
cg sand g v
NPHI mg sand ..@ - (&) 8
fg sand 'c 8 é 2 A i ’5
0.3 0 Depth — vfgsand = » - ‘gs CCESSO"IES . ‘IG
GR DPHI (feet) I P c | £ & |lchnofossils | Bedding @
lay =5 = ossils eatures L emarks
c 2 | £ |2Z Fossil Feat Remark
150 0.3 0 1 O 490 r - - <
B ’ B e { = . :
- 7 B | - 10,490-10,492.6 Shale, black, silty, not calcareous
- 1 10.500 | — * g | = R 10,492.6-10496.6 Siltstone, dark gray to brown
Ea _ ,5 — T m. )
) B - [ { N 10,496.6-10,499.8 Shale, black, silty, bioturbated, not calcareous
B B *:::::: { :-: 10,499.8-10,502.0 Siltstone, bioturbated, with abundant carbonaceous material
- N - '2 S - /7/—:/% 10,502.0-10,508.0 Shale, black, rare silt, bioturbated, coaly fragments near base
B ] _ O
. ] - s e 10,508.0-10,534.0 Sandstone, very fine grain, light-medium gray, not calcareous, horizontal to
] B I R B % - low angle cross-bedding, some small ripples, some bioturbation and horizontal burrows,
— — — < . - abundant wispy carbonaceous material increasing towards base of unit, clasts near base,
— m — (V) o : : L
_ ] _ = m occassional red to pink surface staining
] [ _ | O o
L | - O » m . .
L ® - 10,534.0-10,535.4 Shale, black, silty, coaly
] ~ I ~ (7))
o - . - ] Dy - - P
\. L . - L : UD A - 10,535.4-10,536.0 Siltstone with carbonaceous material
- ‘ - : - - S - ™ 10,536.0-10,540.3 Siltstone, shaley, to silty shale, dark gray to black, finely laminated, abundant
L - — - R carbonaceous and coaly material, clasts, horizontal burrows
L s ] B » m -
B 10’550 B ] 10,540.3-10,543.1 Shale, black, coaly near top and silty near base, gradational upper and lower
e B N ey S /://; contacts
= - By m O
- — — ( T 10,543.1-10,551.9 Shale, silty, dark gray to black, bioturbated, disturbed bedding, some
| B _ B - < carbonaceous and coaly material, gradational upper and lower contacts
[ ] < __ ] __ 10,551.9-10,557.5 Shale black, occassional thin siltstone and carbonaceous layers, gradational
AL A - ® — upper and lower contacts
[ B _ B = <
B B B * -&- & < 10,557.5-10,559.0 Siltstone, shaley, dark gray to black, finely laminated, rare small scale ripples
I ] . | I ‘ ——
] B B B * - r 10,559.0-10,560.0 Bioturbated coaly, silty zone
] N L _ L A
4 | ] _ 10,560.0-10,580.8 Sandstone, fine grain, light gray, not calcareous, salt and pepper, horizontal
[ ( B ] B e | % to low angle cross-beds and some convoluted beds in upper portion, generally low angle
- (' - 1 - e cross-bedding, to massive bedding, some carbonaceous wisps throughout, carbonaceous
o 10.600 ] - Y layers and rip-up clasts near base
) B ’ ~ B : = 10,580.8-10,586.3 Sandstone, light to medium gray, fine grain, massive, rare clay clasts and
- — — = < some carbonaceous clasts
B - | * i
] N 7 :: * ® 10,586.3-10,624.7 Sandstone, light to medium gray, fine grain, salt and pepper, some low angle
- — — T~ 5 cross-beds to massive, some horizontal to rare ripple laminated, some thin carbonaceous
| _ [ _ . * layers, massive at base
[ E E E 10,626.6-10,632.5 Sandstone, light gray, massive, trace horizontal carbonaceous clasts, stylolite
] [ _ [ m j 10,632.5-10,635.0 Sandstone, light gray, fine grain, abundant carbonaceous and rip-up clasts
| _ L L - -
| L N e _ =2 i I 10,635.0-10,650.3 Shale, black, coaly near top, iron rich near top, becoming silty shale,
] { ~ m  ——— IC_> m < bioturbated, contorted bedding near base
[ ] [ _ SRt (7] - -
| ~ B . | % * {( 10,650.3-10,651.2 Sandstone, light gray, bioturbated
- - d — - SR =
- - P ——— — — . = f,‘, { o —— 10,651.2-10,654.4 Sandstone, light gray, horizontal to low angle cross-bedding with some
[ [ 10.650 _ e I-II_J * o ( :\”:7 ripples, some carbonaceous clasts, rootlets, some bioturbation
- ﬁ E E : § A - 10,654.4-10,655.3 Siltstone, dark gray
] . T e I_—I i - < 10,655.3-10,658.2 Sandstone, light gray with some red staining, low angle cross-bedding and
u | C o] ‘2 < SR ripples, carbonaceous clasts near top of unit
B - N O S Y g2
[ B 7 =1 10,658.2-10,667.3 Siltstone, dark gray, shaley, small scale ripples, some contorted bedding,
| _ [ _ [ —— f f == <« some pyrite
_ ] _ » _
[ B | B * o N 10,667.3-10,670.6 Shale, dark gray, silty, some clay clasts near base
| _ - = =)
7 ‘ _— ] — — E < 10,670.6-10,674.6 Sandstone, light to medium gray, fine grain, some ripples, abundant
L ( = — - * R carbonaceous and clay clasts
] - - r %
- — s - —<%—| 10,674.6-10,676.5 Sandstone, light gray to gray, very fine grain, horizontal laminations near top
— — L - - becoming low angle cross-bedding near base
i N N - * I—
o- — — L - 10,676.5-10,721.8 Sandstone, fine grain, light gray to gray, occassionally massive, mostly
i 5oL 10,700 - - * ® — horizontal laminated to low angle cross-bedding, some ripples, and rare small scale trough
- — — T cross-bedding, some flame structures
| — — . ® N =
L t - _ T —_— 5 EXPLANATION
: : : : — Bedding, Features Ichnoi‘:::;?;s,(;:zsl,:ossils Lithology
N — - — N — planar laminations gradational contact | burrow, vertical sandstone
B _‘ —_ _— __ — é_ i,—/ Ef::;laminations in wedge sets ::Z:E:zs —  burrow, horizontal shale/mudstone
—===low angle cross-bedding stylolites ( slignt bioturbation silty shale
A2z ripple lamination y ({ intense bioturbation

% Thin section photomicrograph shown on this poster.

carbonaceous debris shaley siltstone

s climbing ripple L rootlet

2L convolute bedding

clasts

siltstone

slump structure




LITHOLOGY, S

Highly bioturbated
siltstone. (10,501 ft)

EDIMENTARY STRUCTURES, AND P

Bioturbated, fine-grained Bioturbated,
sandstone with carbonaceous, carbonaceous shale.

shaly laminations. (10,519 ft) (10,553 ft) Bioturbated, siltstone with

laminated shale above and
below. (10,557 ft)

ETROLOGY—NBU 253

Pyrite nodule and
carbonaceous clasts in

sandstone. (10,559 ft)

FRACTURES—NBU 253

Open fracture in homogenous,
fine-grained sandstone with slight
iron(?) staining. Sandstone has

2.06% porosity. (10,532 ft)

Thin section showing poorly
sorted, sub-rounded to sub-
angular quartz grains in a
clay matrix.*

TIGHT ROCK ANALYSIS—NBU 253

Fine-grained sandstone
with fracture

10,532.0

162.238™**

Cross-bedded sandstone

10,572.0

0.068

Laminated, fine-grained
sandstone

10,580.0

0.007

Massive sandstone

10,612.0

0.042

Bioturbated, sandstone

10,650.5

0.007

Laminated, fine-grained
sandstone

10,677.0

0.007

Low-angle cross-bedding
7 in sandstone

10,700.0

0.007

Sandstone with contorted
8 bedding

10,706.5

0.054

*** Sample contained artificial induced fracture

Tight rock analysis results. Color in Sample 1D column is keyed to formation sampled; green = Sego, yellow = Castlegate.

B Cross-bedded sandstone

B Laminated, fine-grained
sandstone

A Massive sandstone
< Bioturbated sandstone

X Laminated, fine-grained
sandstone

® Sandstone with low-angle
cross-bedding

+ Sandstone with contorted
bedding

Line graph showing density versus depth.

—e— Bulk Density
—=— Grain Density
Dry Grain Density

Line graph showing permeability versus depth.

Cross plot of porosity and permeability. Line graph showing porosity versus depth.

XRE/XRD ANALYSIS OF UNUSUAL SAMPLE AT 10,513 FT—NBU 253

Fine-grained

Fine-grained sandstone with rip- sandstone with high-

Fine-grained sandstone with
cross-bedding. Sandstone has
5.69% porosity and 0.068 mD

of permeability. (10,572 ft)

Bioturbated silty, sandstone
with 3.88% porosity and
0.007 mD of permeability.
(10,650.5)

Fine-grained, laminated
sandstone with slightly open,
vertical, natural fracture.
Sandstone has 5.13% porosity
and 0.007 mD of permeability.

(10,579.7 jt)

- L
e

Thin section showing moderately
sorted, sub-rounded quartz grains in
a clay matrix with carbonaceous(?)
stringers. Note lack of porosity.*

Thin section showing moderately
sorted, sub-rounded to sub-angular
quartz grains in a clay matrix.*

up clasts of red mudstone and
carbonaceous shale. (10,633 ft)

Thin section showing poorly sorted,
sub-rounded to sub-angular quartz
grains in a minor amount of clay
matrix. Note lack of porosity.*

Massive, fine-grained sandstone
with 5.74% porosity and 0.042
mD of permeability. (10,612 ft)

Very low-angle cross-beds

in fine-grained sandstone.
Sandstone has §5.72% porosity
and 0.007 mD of permeability.

(10,700 ft)

Fine-grained sandstone with
horizontal laminations.
Sandstone has §5.43% porosity
and 0.007 mD of permeability.

(10,677 fi)

Thin section showing poorly sorted,
sub-rounded to sub-angular quartz
grains with sparse clay. Note more
porosity than other samples.*

*Note: Photomicrographs taken in plane(top) and cross polarized (bottom) light at 2.5 times magnification.

Thin section showing clay-rich
clast(?) surrounded by poorly sorted,
sub-rounded to sub-angular quartz
grains in a clay matrix. Note sparse
porosity visible in top photo.*

Convoluted bedding in
fine-grained sandstone.
Sandstone has 7.74%
porosity and 0.054 mD of
permeability. (10,7006.5 ft)

Open, vertical
fracture in
sandstone. No
discernable
mineralization
in fracture.

(10,590 ft)

Fracture #

Depth Top
(ft)

Depth Base
(ft)

Fracture
Length (ft)

Orientation

Aperture

Mineral-
ization?

-_—

10,5632.0

10,532.2

0.2

Sub-vertical

Open

No

10,565.7

10,565.9

0.2

Sub-vertical

Closed

No

10,575.5

10,575.7

0.2

Sub-vertical

Closed

No

10,579.4

10,579.9

0.5

Vertical

Closed

No

10,580.7

10,581.2

0.5

Vertical

Open

No

10,584.0

10,584.6

0.6

Vertical

Closed

No

10,584.8

10,585.4

0.6

Sub-vertical

Closed

No

10,590.0

10,590.7

0.7

Vertical

Open

No

© |0 [N |&O |o | | N

10,596.1

10,596.3

0.2

Vertical

Closed

No

-
o

10,600.7

10,600.9

0.2

Sub-vertical

Closed

No

-
-

10,606.2

10,606.5

0.3

Sub-vertical

Closed

No

N
N

10,607.7

10,607.9

0.2

Sub-vertical

Closed

No

RN
w

10,608.5

10,608.7

0.2

Vertical

Open

No

—
N

10,617.7

10,617.7

0.2

Horizontal

Closed

No

—_
(6)]

10,631.5

10,631.9

0.4

Sub-vertical

Closed

No

—
®»

10,634.7

10,634.9

0.2

Sub-vertical

Closed

No

—_—
N

10,657.4

10,657.9

0.5

Vertical

Closed

Possible

RN
(00)

10,671.7

10,672.2

0.5

Vertical

Closed

No

RN
(o]

10,671.8

10,672.0

0.2

Sub-vertical

Closed

No

N
e

10,676.2

10,676.4

0.2

Vertical

Closed

No

N
N

10,679.1

10,679.6

0.5

Vertical

Open

No

N
w

10,686.3

10,686.5

0.2

Vertical

Open

No

N
S

10,688.0

10,688.7

0.7

Vertical

Open

No

N
&)

10,711.5

10,714.0

2.5

Vertical

Open

26

10,718.0

10,718.7

0.7

Vertical

Closed

Vertical, closed fracture
offsetting laminated
sandstone on left with
massive sandstone

on the right. Amount
of offset is unknown.
Fracture is offset at top
by thin, carbonaceous
laminae. (10,631 ft)

angle cross-bedding
and vertical natural
fractures. Fractures
are offset and
slightly open with no
discernable mineral

full. (10,718 ft)

Length of Fractures

Number of Fractures

0.4-0.5 0.6-0.7 0.8-0.9
Length (tenths of feet)

Many fractures extend beyond the core and are probably longer than shown

Bar graph showing the variation in vertical length of fractures.

Bioturbated, fine-grained sandstone

with iron staining. (10,513 fi)

89.0

S
o

Bar graph of x-ray
fluorescence analysis
showing spike of iron
mid-sample.

Pie charts showing mineral composition from XRD analysis.

B Quartz
B Bentonite
B Cronstedtite

W Quartz

H Bentonite

O Siderite

B Cronstedtite

B Quartz
H Bentanite
B Cronstedtite

96.0

Sampled at 10,512.4 ft. Sampled at 10,513.3 ft. Sampled at 10,513.7 ft.

Table of fractures from NBU 253 Well.




CORE DESCRIPTION OF NBU 921-211L WELL LITHOLOGY, SEDIMENTARY STRUCTURES, TIGHT ROCK ANALYSIS AND TRIAXIAL ACKNOWLEDGMENTS
AND PETROLOGY—NBU 921-21L COMPRESSION TEST—NBU 921-21L

API or Location Number __ 4304739256 Funding for this project was provided by
Well or Location Name ~__Natural Buttes Unit 921-21L RPSEA through the “Ultra-Deepwater and

Permeability (mD)
21

Township 9 S. Range 21E. L — ey el | ety - o T v | om o0 s o0 o5 om0 o0 Unconventional Natural Gas and Other

Section

Sample ID Sample Description Depth Confining |Porosity (%)| Permeability i i Density 9320.00

) Stress (psig mD % PV % PV glcm® > °
= e w e e {/ Petroleum Resources” program authorized
Porosity (%) .
a340.0 . by the U.S. Energy Policy Act of 2005. RPSEA
debris 9333.60 1820 . .0003 . 0.0 92.8 2.620

Carbonaceous siltstone with rooting
disruptions 9325.60 1820 . .005 . 0.0 91.4 2.602
Carbonaceous shale with coaly

stringers 9327 90 1820 . 001 . 0.0 924 2 629 % o0 000.00 1.00 200 3.00 400 500 600 7.00 800 9.00 10.00

cg sand
mg sand

Silty mudstone with plant and woody

fg sand
vfg sand

Accessories
Ichnofossils | Bedding
Fossils Features

9340.00

Fractures

Lith. Unit
Thin Section
Tight Rock
Analysis

Depth (ft)
Depth (ft)

+

©
W
N
&)

Remarks | . | | e e I B 3000 2| whose mission is to provide a stewardship
: X ’ b i i { " flaser bedding 9343.00 1820 . .0002 . 0.0 83.1 2.673 4 . .
' £ | | b | Fine rabved sanditond il g . role in ensuring the focused research, development and deployment
9323.0-9323.5 Siltstone, disrupted (rooted), dark gray, carbonaceous | ._ ,' - f*' : Fine-grained sandstone with flaser 9380.00
9323.5-9329.0 Shale, black to dark gray, carbonaceous, with coaly streaks and mm-thick coal stringers: g | | B % S St : - gfﬁslffnzzizgtﬁidriﬁg;ae e ' = ' e . . . o
lamingeand burmows ___ 2400.00 ‘ deliver hydrocarbons from domestic resources to the citizens of the
ery fine-grainea sanastone wi 9400.00 . . . .
| g RS G LN S V7 T B R B B H [ M M 042000 United States. RPSEA, operating as a consortium of premier U.S. energy
’;r;rggggout, no true coals; appears disrupted by rooting/pedogenic activites; soft sediment deformation : z =% } o N : 3 ]}I/aesr?;rfigee(-j%li’ig]ed sandstone with oo | o o | N oo e 9440.00 research universities, il’ldUStI'y, and independent research organizations,
36 |Mudstone_ 9364.70 | 1620 001 - 0.0 2689 : Line graph showing porosity versus depth. manages the program under a contract with the U.S. Department of
40 Siltstone with rootlets 9366.60 1820 .0003 . 0.0 2.667 : .
Energy’s National Energy Technology Laboratory.

Laminated, very fine

(Www.rpsea.org) is a nonprofit corporation
Siltstone with thin lenses of very fine-
bioturbation and open fractures 9349.70 1820 ) .0004 . 0.0 84.9 2.670
o000 of safe and environmentally responsible technology that can eftectively
some rooting disruption and rubbly carbonaceous shale with coal laminations and tree/plant debris a8 ' ;' ' L R S : laminae and burrows 035470 | 1820 | 001 _ 00 705 | 2674
9329.0-9336.2 Siltstone, medium, dark gray, with abundant plant and wood debris, comminuted 31 |rivoles and rip.up clasts 035870 | 1820 | 002 | 0o 1o 27 .
36 Siltstone with mudchip rip-ups 9362.70 1820 .006 . 0.0 2.678
Silt to V@T’Yﬁne gra'in 43 Laminated siltstone 9368.60 1820 .0002 . 0.0 2.726

Very fine grain sandstone

Sandstone with wavy = L ___:: e Siltstone with soft sediment 9440.00

sandstone with clay drapes. , , , L)
Fine grain sandstone with with }’lpples and afew mud 47 |deformation 9372.50 | 1820 001 . 0.0 2.662
lamination and mud Chlp 49 [Mudstone 9374.50 1820 001 . 0.0 2.674

(9345 f£) . ) o
aser b@ddln and Sllt mud Chl rip-ups. Very fine-grained sandstone with rip- ' ] "1
9341.0-9343.0 Shale, medium gray, with thin lenses of very fine sand and soft sediment deformation JZJL inge (9;’;3 ) / p rip-ups. (9359 ) rip-ups at base. (9363 ft) Rooting or injection 51 lops U a0 | v 002 . 00 2,687 Line graph showing permeability versus depth. ThlS

9343.0-9344.5 Sandstone, light gray, very fine grain with thin flaser beds and abundant clay drapes; structure in silt to very S ey Tossramed sandsions Wi = ' = =
disrupted, dolomitic and calcareous

ongoing research is performed
, 56 laminations 9380.00 1820 . .001 . 0.0 . 2.691 ample | Sample | Sample | Sample DJy Grain | Ambient | NOB | Overburden Gas o o o o
9344.5-9346.5 Sandstone and shale, with laminations and soft sediment deformation ﬁne sandstone with Very fine-grained sandstone with soft =5 P | TR | D Density *ohy | ey | o) ARy under the dlI’GCtIOl’l of the UnlveI’Slty of

o
58 sediment deformation 9382.40 1820 .000 . 0.0 2.615 (g/cc) (psi)

9346.5-9352.0 Sandstone, light to medium gray, silt to very fine grain with flaser bedding and mineral filled, near 60 Very fine-grained sandstone 938430 | 1820 002 : ot 2049 As- Quasi- Ues-1 | 040530 | 1409 | 0996 | 2415 | 2674 | 967 |t e THE Utah, Dr. Mllll’ld DeO, Project Manager

slumping near top, sand filled burrows and intercalated thin beds vertical fracture. (9428 fi) N l\ﬁi/s;)lleZnaeégriligsz faapnedsstone with o | o o | N o _ Rocaived | Eflocve | Efective S Quas- 500 | 907 a2

67 |Siltstone 9390.30 1820 .001 : 0.0 2.646 ® i) ) '?gelgf;%\)’ Pr?::il;re S‘{SQS‘“ M‘(’s:i')“s Poli:ast?: ® P Sheame U N l V E R S l TY and PI’il’lCipal Il’lVGStigatOI'. SUPPOI't iS

) ) . . . . . Very fine-grained sandstone with 400 - 84.335
9352.0-9352.4 Shale, medium to dark gray, laminated silt/mud with wispy very fine sand laminae 69 |carbonaceous debris 9394.30 | 1820 . 000 . 0.0 . 2.629 UGS | 940530 | 14085 | 09955 | 2415 | 5000 58,685 | 5271000 |  0.14 UGS-1 | 9405.30 | 1409 | 0.996 - ; 3000 -

9352.4-9354.0 Sandstone, light gray, calcareous with flaser bedding and abundant silt/mud laminae Very fine-grained sandstone with - OF U T A H also provided by the Utah Geological

72 laminations 9396.45 1820 . .001 . 0.0 . 2.651

- i i i i _fi ery fine-grained sandstone wi t ‘ ‘ l . I t. . ‘ . . . . .
9354.0-9358.0  Sandstone, medium to dark gray, very fine grain with sand-filled burrows 74 I\;mr?/n;tiongs qsanst " 9398.40 1820 . .001 . 0.0 . 2.657 Summary Of FIaXIGr COMPpTession testing Summary OfthSlC(ll p?’OpCT’thS testmg SU.I'VEY. Other Pal'tl’lers fOI' th].S PIO]eCt

Very fine-grained sandstone with soft

R e e P ' 201 Tro | zow include Utah State University, Golder Associates, Inc., Energy &

9358.0-9362.5 Sandstone, medium to light gray, very fine grain with flaser bedding and abundant fine-¢
79 multiple, filled fractures 9402.00 1820 . .001 ) 0.0 . 2.671

calcareous mud laminae and drapes Very fine-grained sandsfone wih sof Geoscience Institute, and ITASCA Houston, Inc. Project website:

81 sediment deformation 9403.95 1820 . .006 . 0.0 2.650 | | |

9362.5-9368.0 Sandstone, medium to dark gray, very fine grain to silt with mud chip rip-ups . Egnde(;ﬁ]f;ined sandstone with flaser soseo | a0 | 016 | o ) oss Pk il Sies Diforence =533 po E g e Ol 0 gy ut ah. g oV / em P / ti gh + g 13 / 1 n d EX.h tm.

Fine-grained sandstone with flaser
85 bedding 9406.50 1820 . .015 . 0.0 2.654
Fine-grained sandstone with

e - Anadarko Petroleum Corp. generously donated core and data to this
/ / project. The poster design was by Stevie Emerson and Jeremy Gleason
. ,. . — Ve Tn-graned sandsions i / V’ of the UGS. Michael D. Laine, Thomas Dempster, and Brad Wolverton

9375.0-9380.0 Sandstone, medium gray, very fine grain to silty with rip-ups, laminations, and a basal G . 4 racture s e gramed sandsione v e ' = ' = S -
biogenic feature that has vesicles similar to a wood fragment; some faint disruption 8 - Fracture | Depth Depth | Length Mineral- 100 X)oﬁnfg grained sandstone with 12070 | 1820 0001 | 00 ) 664 / _ of the UGS Core Research Center prepared and Phot()graphed the core.

% : _ o e = . . # Top (ft) Base (ft) (ft) Orientation Aperture ization? 103 Mudstone with rooting 9433.45 1820 .0001 . 0.0 2.643 / Pc = 5000 psi / m . . | . |
. . : : Ryan Sonntag of Utah State University provided photomicrographs of thin
Conventional core plug analysis results. 008 N e . .y _ _ 0 0.002 0.004 0.006 0.008 0.01

9323.9 9324.2 0.3|Vertical Open No
9347.9] 9348.7 0.6/ Vertical Closed Y - : . .
03480 93482 02 Vertical Closed Yes (Racia) Stain (Axil) | | SR sections. Tight Rock Analysis performed by TerraTek, A Schlumberger
9348.4) 9348.8 0.4 |Vertical Closed Yes Stress versus time plot. Axial stress difference versus axial strain; Young's modulus Com pany, an d Core Laboratories
) .

9348.8  9349.9 0.2 |Vertical Open No was calculated from the highlighted area on curve.
9357.1 9357.4 0.3|Vertical Open ?

9362.4 9362.5 0.1 Inclined Open & Closed |No
9363.2 9663.4 0.2|Vertical Open Yes St __ 0
9367.3 9367.3 0.3|Horizontal |Open No S o IR i A ORI R TR \

e | G | . 10| 9379.2 93795 0.3 Vertical _ |Closed Yes J R /\
9393.0-9410.0 Sandstone, medium to light gray, very fine grain with thin beds of shale; e 11]  9386.5| 9386.6 0.1|Vertical Open No RN T RO | : ) | REFERE N CE S

Depth | Length | Diameter

AN

86 laminations 9407.50 1820 . .013 . 0.0 2.656

9368.0-9371.5 Siltstone to shale, laminated, heterolithic on a small scale; laminated/wispy sand in Fine-grained sandstone with flaser
89 bedding 9409.50 1820 .004 . 0.0 2.651

mud/silt with small burrows --':‘ﬁ . g : == 92 Carbonaceous mudstone 9412.20 1820 .031 ) 0.0 2.622
- P Very fine-grained sandstone with soft

9371.5-9375.0 Shale and sandstone, medium gray, mud to very fine grain with soft sediment —— Pl 5 5, A o | 95 |sediment deformation 041400 | 1820 0002 | 0.0 2,664 / \\
deformation, low angle cross-bedding in sandstone, and mud drapes JEp— - B N : 97__|Very fine-grained sandstone 042485 | 1820 0001 _ 00 2.662 \

L

Axial Stress Difference, psi
Axial Stress Difference, psi

Pp =0 psi

Price River Formation

9380.0-9387.5 Alternating sandstone and shale, medium to dark gray, very fine grain sands; sands
are laminated with rip-up clasts near contact with underlying shale; some soft sediment deformation

9387.5-9390.5 Sandstone, medium to light gray, very fine grain with ripples and abundant clay
drapes; disrupted at top and base; some soft sediment deformation

ONOO AP WN -~

©

y = -0.14x + 0.00
R?=1.00

carbonaceous debris, rip-up clasts, and soft sediment deformation; middle has clay drapes and , , Ovpen. sub-vertical . il 12 9389.1 9389.2 0.1 |Vertical Closed Yes
laminae; base is very fine to fine grained sandstone with flaser beds, mud couplets, laminae, and Open, vertwalfmcture in pen, ' 13| 93996/ 93996 0.3/Horizontal |Open No

some ripples carbonaceous mudstone. fracture in bioturbated, 14|  9399.8] 9399.9 0.1|Vertical Closed Yes

(9324 ft) silt to fine grain Open horizontal fracture 15|  9401.1 94013 0.2 Vertical Closed Yes

sandstone. (93569 n sandstone with soft- 7 oi0T1 o408 04 Verieal Closed Ves

Sedimeﬁt deformation | 18] 9402.6] 94028 0.2|Vertical  |Closed Yes b o A : : :

and mineral filled vertical 19 94050 94057 0.7 Vertical | Open & Closed |No o e R R e e e e e KL // \ Fouch, T.D., Nuccio, V.F. Osmond, J.C., MacMillan, L., Cashion, W.B., and
acture in laminated silt to 20 9407.9 9407.9 0.2|Horizontal |Open No ) | “ops 5 . . . .

U 21]  9408.3] 9408.3 0.4 Horizontal | Closed No 0004 0005 o e o s Wandrey, C.]., 1992, Oil and gas in uppermost Cretaceous and Tertiary

mudstone. (9399ﬁ) i ' ' ' ' ' ' i i olumetric Strain . . 0 . o
9410.0-9411.0 Shale, medium to dark gray, carbonaceous with coaly rip-ups at base 22| 9408.4| 94084 0.1|Horizontal |Closed No Sample used for triaxial compression test. Fine grain sandstone with long Axial Strain Volumetric St o Ck, Uinta B asin, Utah, in Fou Ch, T.D, Nucci 0, V.F., Chl dS ey, TC, ]1,',

9411.0-9415.0 Sandstone and silty sandstone, very fine grain with soft sediment deformation ;2 83138 82131 82 \I—/Ig::izcc;ﬁmtal 8'5:5 : No Slickenlines verticalfr acture. (9405 ﬁ ) Radial strain versus axial strain; Poisson’s ratio Axial stress dijfkrence versus volumetric strain, Young’s d d b d ] 1 f h ' ' h
‘ol oaomol  osome e vemee o oo was calculated from the highlighted area on curve. modulus and Poisson’s ratio were calculated from the editors, Hydrocarbon and mineral resources ot the Uinta Basin, Uta

9415.0-9418.5 Shale, dark gray, carbonaceous with irregular stingers of coal laminae/debris .F - T | o %:," 26) 9433.0] 9433.0 0.4|Horizontal  |Open No highlighted area on curve. and Colorado: Utah GeOIOgical Association Guidebook 20, pP. 9'48
- ' T AT e PSR 27 9433.2] 9433.2 0.4|Horizontal |Closed No

Radial Strain

Axial Stress Difference, psi

9418.5-9420.5 Shale and silt to fine grain sand with faint root traces ST —— ' | o T B a3 28] 9434.6]  9435.0 0.4 Vertical Closed
9420.5-9422.5 Shale, carbonaceous with a few root traces X . | | | - = :._ 'a Table o f ﬁ’actures ﬁ’om the NBU 921-21L well. OSl’l’lOl’ld, ]C, 1992, Greater Natural Buttes Gas Fleld, Uintah COUI’ltY, Utah,
9422.5-9424.8 Sandstone, medium to dark gray, fi in to silty; variable mud/silt content | T (T BN NG, . N , : : :

n clayey shales o SR G, YR TNG G I ST, VATEIE MU Fomen | Ny BN S | in Fouch, T.D, Nuccio, V.F., Chidsey, T.C., Jr., editors, Hydrocarbon and

9424.8-9426.3 Sandstone, medium to light gray, with root traces and soft sediment deformation \ = s . ' ' 3 —’ . " . . _
9426.3-9431.5 Shale and silt to very fine sandstone, medium to light gray; shale is carbonaceous X _' S MMAR mmeral resources Of the Uinta BaSIH’ Utah and Colorado. Utah GGO

with root traces; sandstone has root traces or injection structure and burrows; root traces and
slumping at base

logical Association Guidebook 20, p. 143-164.
Length of Fractures

9431.5-9434.2 Shale, medium to dark gray with slumping and root traces

| ) — Utah Division of Oil, Gas, and Mining, 2011, Oil and gas production re-
EXPLANATION A .. | The Upper Cretaceous Mesaverde Group was deposited in Campanian time in offshore marine, nearshore marine, coastal plain, and braided stream port, December: Online, https://fs.ogm.utah.gov/pub/Oil&Gas/Publi-

Accessories,

Bedding, Features Ichnofossils, and Fossils Lithology . ._ﬁ? . " = e A AL _ | el’lViI'Ol’lmel’ltS dUI’il’lg the ].aSt phaSG Of the CI’Gt&CGOUS Il’ltel'iOI' Seaway. Cations/Reports/Prod/ Field/ Fld_DGC_ZOIO.pdf accessed April :[5, ZOII.

— planar laminations fracture |  burrow, vertical sandstone
—===low angle cross bedding fractures —  burrow, horizontal F=——] shale/mudstone . Y . { Slleenllnes m

AA2 ripple lamination carbonaceous debris ¢ slight bioturbation

3. convolute bedding clasts silty shale - - g £z I CCH’bO?’LClC@OLLS mudStOT’l@. Sub-vertical, Minera,l-

{{{ intense bioturbation . 5 . 3 :
slump structure shaley siltstone . ,

p e S (9417 ft) filled fracture in very
fine grain sandstone

L rootle

® Triaxial shear test sample, results shown on this poster. - sitstone
with soft-sediment

deformation. (9403 ft)

(o
AN
w
Ol

Study of core from the Natural Buttes Unit 253 and NBU g21-21L wells shows that the Price River Formation (upper Mesaverde Group) and
Castlegate and Sego Sandstones (lower Mesaverde Group) are mostly sandstone interbedded with carbonaceous shale and silty mudstone. Individual
sandstones are very fine to fine grained and have low-angle cross-bedding, small ripples, flaser bedding, sparse burrows, and moderate bioturbation.

Depositional environments range from marginal marine to lower coastal plain. White, H., Cole, R., Stancel, S., Lee, C., and MacMillan, L., 2008, “Window”
outcrop analogues for Greater Natural Buttes Field, Uinta Basin Utah,

Twenty-five fractures were identified in the NBU 253 core. Most are natural fractures between 2 and 9 inches (8 to 20 cm) long, closed or slightly in Longman, M.W., and Morgan, C.D., editors, Hydrocarbon systems
_ open with no discernable mineralization. Several appear to be drilling induced and are nearly vertical and very long (~ 2.5 ft [0.75 m]) with no and production in the Uinta Basin, Utah: Rocky Mountain Association
0.4-0.5 0.6-0.7 0.8-0.9 m]_]_’le]:'a_]_]_zat]_()]_’l, ,

Calcite filled, sub- : X Length (tenths of ft)
. : . Many fractures extend beyond the core and are probably longer than shown
vertical fractures cross

cutting burrowed, - ! Bar graph showing the variation in length of fractures.

very fine grain | i
sandstone. (9348 ft) | SR Multiple, vertical, mineral-

filled fractures in very fine Our Tight Rock Analysis shows that sands of the Mesaverde Group have very low porosity (0.43 % to 7.74 %) and low permeability
grain sandstone. (9401 ft) (0.002 to 0.068 mD).

Utah Division of Oil, Gas, and Mining well completion files.

Number of Fractures

and Utah Geological Association Publication 37, p. 209-230.

Over 2.8 fractures were identified in the NBU g21-21L core. All appear to be natural fractures, many with mineralization. Most fractures are inclined
to vertical in orientation, but there is also an abundance of horizontal fractures.




