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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 produced over 2.1 TCF of gas from about 3,950 wells and continues to be the most active drilling area in Utah.

Most of the gas production is from highly compartmentalized, 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 saturation and are not generally
productive, but have lithologic and fracture characteristics similar to productive sandstones up section. Production in these tight-gas-sand
reservoirs is achieved through massive hydraulic fracture treatments, so understanding the natural fracture systems and reservoir heterogeneity
created 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 Formations display classic low-permeability depositional, petrophysical, and geomechanical
characteristics that are being used to create reservoir models and simulations 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 to fine
grained and have low-angle cross-bedding, flaser bedding, small ripples, sparse burrows, and moderate bioturbation. Depositional environments
range from marginal marine to lower coastal plain. Porosity varies from 2 to 8% and permeability varies from 0.002 to 0.07 mD.

Over 90 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 terminate at shale or clay partings. Most fractures are inclined, but horizontal
and vertical orientations are also present. Portions of GNB cores illustrating various depositional environments and fracture types will be
available for viewing and discussion.
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TIGHT GAS SANDS AND NATURAL FRACTURES IN THE
CRETACEOUS MESAVERDE GROUP, GREATER NATURAL , S B SR S & S8 S i Ao ocaion o 4504732017

i N: | B it 2!
; . L k IR ROR ] | NATURAL BUTTES UNIT Well or Location Name __Natural Buttes Unit 253
BUTTES FIELD, UINTA BASIN, UTAH ErEER | | T
’ b K, Stephanie M. Carney, Thomas C. Chidsey, Jr., ; : [ S i : i : SR | TS R21E $10
koo Craig D. Morgan, and Michael D. Laine : T len ¢ | . & cqsand £ |
Utah Geological Survey, Salt Lake City, Utah “ PR ”Ln Dol X g g 8 | [— g
el R BEfil (feet) 2% | 2| £ |£F lchnofossils | Bedding | §
T LREERBORNAIEN A ol s o 555 any 2 | £ 2% Fossils Features | i Remarks
[t L S L E| é 10,490-10,492.6 Shale, black, silty, not calcareous
AB S T RA( T 5 F 105001 & 5 e 10,492.6-10496.6 Silstone, dark gray to brown
fe] o r e | ‘ 10,496.6-10,499.8 Shale, black, silty, bioturbated, not calcareous
. . . . . . . . . 10,499.8-10,502.0 Siltstone, bioturbated, with abundant carbonaceous material
Greater Natural Buttes field (GNB) in the Uinta Basin  sandstones up section. Production in these tight-gas- to fine grained and have low-angle cross-bedding, B = e - . §
= 5 = g & i & = 7 . 10,502.0-10,508.0 Shale, black, rare silt, bioturbated, coaly fragments near base
is the largest gas field in Utah. GNB lies in an area sand reservoirs is achieved through massive hydrau- flaser bedding, small ripples, sparse burrows, and t 5 ] o -

% 7 g 2 5 T % K« E 4 - o 10,508.0-10,534.0 Sandstone, very fine grain, light-medium gray, not calcareous, horizontal to
of gentle northwest dip on the southern flank of the lic fracture treatments, so understanding the natural moderate bioturbation. Depositional environments § o low angle cross-bedding, some small ripples, some bioturbation and horizontal burrows,
basin. The field produces natural gas primarily from fracture systems and reservoir heterogeneity creat- range from marginal marine to lower coastal plain. ] ] L NS P e e ncress (mwarie pese o unl, Sass neas hase,
low-permeability sandstone in the Mesaverde Group ed by various depositional environments can aid in  Porosity varies from 2 to 9% and permeability varies : . e g . - A
and the Tertiary Wasatch Formation. GNB has pro- hydraulic fracturing optimization and lead to better from 0.002 to 0.10 mD. i, § - | ‘ I ] * - 10,53624:10/5%.0 Sl iy itrocss it
duced over 2.2 TCF of gas from over 4000 wells and  drilling and completion strategies. P - * = 10.536.0-10.540.3 Sistone, shaley o sity shale, dark aray to back,fnely laminated. abundant

; e deilli : b Over 9o fractures were identified in core. Most are i . Cllig ‘ o H 1 (s o .536.0- itstone, shaley, o silty shale, dark gray to black, fnely laminated, abundant
continues to be the most active drilling area in Utah. . L. . s |- d — 3 carbonaceous and coaly material, clasts, horizontal burrows
Cores in the Castlegate, Sego, and Price River Forma- natural, open fractures, but some are closed and filled : —— - A T 3 A R FARRER FORMATION 10,550 -] * - 10.540:3-105431 Sl ik, cosly near o ae sty near b, gradaton! upper an over
Most of the gas production is from highly compart- tions display classic low-permeability depositional, or partially filled with calcite. Some fractures appear Ao . = — < contacte '
menta!ized,_lenticular, f_luvi;?l channel sandstones in petrophysical, and geomechanica} characteristics t'hat to propagate from thin coal seams, while others ter- ) , . e A E s 2 10, 5H5i0/551:0 Siak, iy ik 5 lac bloied e g, o
the Price River Formation in the upper Mesaverde are being used to create reservoir models and sim- minate at shale or clay partings. Most fractures are ( Sam BTN [, h ) L = > || camonaosous and coaly materal, gradational upper and ower contacts
Group. The Sego and Castlegate Sandstones in the ulations for hydraulic fracturing. These cores show inclined, but horizontal and vertical orientations are A ; - GresterNatra Buttes - Unit Name Well Symbology + T e T e Ll E r 10,551.9-10,557.5 Shale black, occassional thin sistone and carbonaceous layers, gradational
lower Mesaverde typically have higher water satura- ~that the Mesaverde is mostly sandstone interbedded also present. Portions of GNB cores illustrating var- Nl = 4 e I oot i ey ] E e = upper and lower contacts
: ; ; A 3 ; i ; ver Bt v :
tion and are not generally productive, but have litho-  with black, bioturbated, and carbonaceous shale and ious depositional environments and fracture types e Eﬂﬂf"" ERcmtontn » oo E r t|e ;| 105575105590 Sifstone, shaley, dar ray o black,finly laminated,fae small scale rpplos
; ASH § / S ; o ; : . Sapcoae Ut ] r
logicand fracture characteristics similar to productive  silty mudstone. Individual sandstones are very fine are available for viewing and discussion. : B - ¥ * &=| 10,558:0:0,560.0; Blonxbated coaly;sty zone,
. . 4 I 10,560.0-10,580.8 Sandstone, fine grain, light gray, not calcareous, salt and pepper, horizontal
§ Location of Natural Buttes Unit within Greater Natural Buties field. The red boxes outline A —== | &= | tolow angle cross-beds and some convoluted beds in upper portion, generally low angle
¥ § A G 0 ) o 0 5 S (U € 0 P A o A e o P 4 o ¢ | cross bedding, to massive bedding, some carbonaceous wisps throughout, carbonaceous
/ 5 : 253 well within section 10 and the green star is the location of NBU gz1-21L. well in section 21. 10,600 ¢ || ensreanceshneerbes
i ; A . 1 r ; 10,580.8-10,586.3 Sandstone, light to medium gray, fine grain, massive, rare clay clasts and
REGIONAL OVERVIEW ] 1k | o oo
8 1 o * | e 10,586.3-10,624.7 Sandstone, light to medium gray, fine grain, salt and pepper, some low angle
. cross-beds to massive, some horizontal to rare ripple laminated, some thin carbonaceous
(Goreatir Natllt]n;l DBOM(-:;:S leCOVETy Well Data E! r . || frmmbeth et
; Utal 2011,
i oucHESNE ‘ Sanpete Green State Gl ’ 10,626.6-10,632.5 Sandstone, light gray, massive, trace horizontal carbonaceous clasts, stylolite
« Net Pay: et ] E 8 3 3 3 3
S Valley Y e - i 10,632.5-10,635.0 Sandstone, light gray, fine grain, abundant carbonaceous and rip-up clasts
wasaTCH Mesaverde Group Mesaverde Group - Individual sand bodies up to 30 ft 1 w i 5| 10,635.0-10,650.3 Shale, black, coaly near top, iron rich near op, becoming sty shale,
50 Eocene i o, « Continental Oil Co. #1 Chapita Wells Unit ‘Wasatch Formation - Individual sand bodies up to 40 ft F B e c bioturbated, contorted bedding near base
Flagstafr Colton Fomation (Sec. 16, T. 9 S., R. 23 E., Uintah Co., Utah) « Average Porosity (from core): ST T 8 % S 10,650.3-10,651.2 Sandstone, light gray, bioturbated
imestone . _ » B o OF THE CASTLEGATE s S 10,651.2-10,654.4 Sandstone, light gray, horizontal to low angle cross-bedding with some
Histus D= ggg i~ 2geni) MGt L SANDSTONE 10,650 | g lelS rippls, some carbonaceous ciast, rollts, some bioturbation
a7 e WL ST + Completed — December 15, 1952 Wasatch Formation - 8.75% 4 1 i | 8 10,656.4-10,655.3 Sitstone, dark gray
2 65 « Producing Reservoir — Cretaceous Mesaverde Group « Median Permeability (from core): E E} £ | 10,655.3-10,658.2 Sandstone, light gray with some red staining, low angle cross-bedding and
g o Price River Fm. ot « IPF - 62 BOPD, 275 MCFGPD Mesaverde Group - 0.028 mD 4 3 It ripples, carbonaceous clasts near top of unit
Gl ‘Wasatch Formation - 0.095 mD N 10,658.2-10,667.3 Siltstone, dark gray, shaley, small scale ripples, some contorted bedding,
% 2 Castlegate Sandstone 2ioc2ote Mbr ‘Wasatch Formation + Water Saturation: = * some pyrte
5 2 | campanian | 8 ; ; . . o 1 r * 10,667.3-10,670.6 Shale, dark gray, sity, some clay clasts near base
§ 80 2 = o + Continental Oil Co. #2 Chapita Wells Unit Mesaverde - Average 50% = NESEEN { £ ] - ° 10,670.6-10,674.6 Sandstone, light to medium gray, fine grain, some ripples, abundant
; ¢ 670,6-10, i jum gray, fine grain, , abu
b — (Sec. 28, T. 9 S., R. 23 E., Uintah Co., Utah) Wasatch - Average 45% 5; FORMATION \ 1 * losros-tojTes Sandsine Y,
J antonian > ZF ] L
g5 E « T.D. - 9125 ft (~ 2781 m) « Water Resistivity: f > E B s 5| 10,674.6-10,676.5 Sandstone, fight gray to gray, very fine grain, horizontal faminations near top
e 204 5 rare . Completed - February 26, 1955 e A E ] T . - becoming low angle cross-bedding near base
Dakota Ss. . . . . T + = - "
Vi v 2 . Prod Re _ Tertiary Wasatch F ti _ ) 10,676.5-10,721.8 Sandstone, fine grain, light gray to gray, occassionally massive, mostly
- e . R B [(Gatemantan Cedar Mtn. Fm. (Part) Hiatus S iaeti gt Orien Wasatch - 0.1 to o.15 ohm/m E £ L [~ 10,700 — e * | o horizontal laminated to low angle cross-bedding, some ripples, and rare small scale trough
— P 7 ey { o L + IPF - 4618 MCFGPD « Type of Drive — Pressure depletion A3 o] r o cross-bedding, some flame structures.
possmem— 0 00 L o ST e e B S E B = EXPLANATION
) ; : Y . S E = e
Location of Greater Natural Buttes gas field in the Uinta Basin, Utah. Sty gt M @l ite U et Production Data Gas Characteristics 1 3 e S
« Greater Natural Buttes field includes 13 individual units « Average Btu/cubic ft: 5 1 Y B r i joomirems - b (e
Paleogeography of the eastern Uinta Basin during the Late Campanian of the Late Cretaceous (modifed from Fouch and others, 1992). + Production co-mingled Wasatch Formation and Mesaverde Group Mesaverde - 1114 (280 kg/cal) B
) ] . « Currently Producing Wells — 4128 Wasatch — 1088 (274 kg/cal) y gﬁggsr o g
== g | i ; \ « Monthly Production (December 2010) — 163,424 BO & 19.6 BCFG + CO2 Content: * Thin section photomicrograph shown on this poster.
+ Cumulative Production (as of December 31, 2010) — Mo 3% 5 CASTLEGATE
17,553,163 BO & 2.28 TCFG Wasatch - <0.5% SANDSTONE
« Estimated Ultimate Recovery per well for co-mingled Wasatch- t£]
M de - 1.4 to 6 BCFG Sy
St Mesaverde Group Characteristics
5 « Thickness - 2200 to 2900 ft BLACKHAWK
General Reservoir Data §
P « Drill Depths to Base — 6000 to 12,000 ft EORVATON
* Hthotogy: d il d « Depositional Environments — Marginal marine at base to upper
= e : T o ofhe e Deposian of e o Mesaverde Group - Flirvial and deltaic sandstones coastal plain and alluvial-plain deposits at top s
Deposition of the Castlegate Sandstone in Deposition of the Buck Tongue Member of the Mancos Deposition of the Neslen Formation in a eposition of rrer and Tuscher Wasatch Formation - Fluvial sandstones ) . S
a braided stream, lower coastal plain, and Shale in an offshore marine environment and the Sego coastal plain environment. Formations in an alluvial plain environment. h + Reservoir Geometry — Stacked, lenticular channels with limited Geophysical well log of the NBU 253 well, Greater Natural
‘marginal marine environment. Sandstone in a marginal marine environment. « Spacing - 40 acres lateral extent Buttes field, Uintah Co., Utah.




LITHOLOGY, SEDIMENTARY STRUCTURES, AND PETROLOGY—NBU 253 FRACTURES—NBU 253
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Pyrite nodule and Tight rock analysis results. Color in Sample D column is keyed to formation sampled; green = Sego, yellow = Castlegate.
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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.*

Bioturbated,
carbonaceous shale.
(10553 f1)

Bioturbated, fine-grained
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Cross plot of porosity and permeability. Line graph showing porosity versus depth.
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Fine-grained sandstone with sandstone with slightly open, sorted, sub-rounded to sub-angular N sub-rounded to sub-angular quartz clast(?) surrounded by poorly sorted, mineralization on the right. Amount are offset and
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CORE DESCRIPTION OF NBU 921-211 WELL TIGHT ROCK ANALYSIS AND TRIAXIAL ACKNOWLEDGMENTS
COMPRESSION TEST—NBU 921-21L
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sandstones are very fine to fine grained and have low-angle cross-bedding, small ripples, flaser bedding, sparse burrows, and moderate bioturbation.
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Twenty-five fractures were identified in the NBU 253 core. Most are natural fractures between 2 and g inches (8 to 20 cm) long, closed or slightly
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
mineralization.
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Over 28 fractures were identified in the NBU 921-21L core. All appear to be natural fractures, many with mineralization. Most fractures are inclined

Bongapb g e i Sl s to vertical in orientation, but there is also an abundance of horizontal fractures.

Multiple, vertical, mineral-
Sfilled fractures in very fine
‘grain sandstone. (9401 fi)

Our Tight Rock Analysis shows that sands of the Mesaverde Group have very low porosity (0.43 % to 7.74 %) and low permeability
(0.002 t0 0.068 mD:






