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Abstract

The Upper Cretaceous Codell Sandstone is a major pay in the giant Wattenberg Field of the Denver Basin. Vertical well completions in the
Codell date back to 1981. The vertical wells have a history of successful hydraulic refracturing. New horizontal wells (2011 to P) with initial
production of 100 to 700 BOPD (GOR ~10,000 cf/bbl) indicate substantial remaining reserves in the formation. Geologic factors important for
production include: proximity to thermally mature source beds; thickness; geothermal gradients; pressure gradients; fault bounded reservoir
compartments; gas-oil ratios; sufficient reservoir quality (phi-h). The Codell in Wattenberg is characterized by low porosity (<10%) and
permeability (< 0.1 md). The Codell is 5 to 20 ft thick across the Wattenberg Field and has formation pressure gradients that range from 0.45 to
0.66 psi/ft. Geothermal gradients range from 1.8 to 2.5°F/100 ft. The highest GORs in the field correspond to the highest geothermal gradients.
The sandstone is very fine to fine grained and bioturbated. Thin (< one ft thick) hummocky cross stratified beds are present in the Codell.
Depositional environment is interpreted to be a shallow marine shelf setting. Clay content within the pay interval is approximately 20% and
consists of 40-45% mixed layer illite-smectite, 30-40% illite, 10-30% chlorite, and up to 7% glauconite. The Codell is a low-resistivity, low-
contrast pay. The fault-bounded reservoir compartments form mainly from a well-developed polygonal fault system. Polygons are generally
about 1.5 square miles in size. The orientation of the polygons is influenced by pre-existing basement fault systems. The Codell unconformably
overlies the Fairport chalk member of the Carlile Formation and is unconformably overlain by either the Juana Lopez or the Fort Hays
Limestone Member of the Niobrara Formation.
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ABSTRACT

The Upper Cretaceous Codell Sandstone is a major pay in the giant — ﬁ( _—
Wattenberg Field of the Denver Basin. Vertical well completions in the
Codell date back to 1981 and were hydraulic fracture stimulated. The
vertical wells have a history of successful hydraulic refracturing. New
horizontal wells (2011 to P) with initial production of 100 to 700 BOPD
(GOR ~10,000 cf/bbl) indicate substantial remaining reserves in the
formation.
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Geologic factors important for production include: proximity to
thermally mature source beds; thickness; geothermal gradients; pressure
gradients; fault bounded reservoir compartments; gas-oil ratios; Land
sufficient reservoir quality (phi-h). The Codell in Wattenberg is N Batholith,
characterized by low porosity (<12%) and permeability (< 0.1 mD). The _

Codell is 5 to 20 ft thick across the Wattenberg Field and has formation m::;:: fhily
pressure gradients that range from 0.45 to 0.66 psi/ft. Geothermal Sandstone
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The fault-bounded reservoir compartments form mainly from a well-
developed polygonal fault system. Polygons are generally about 1.5

square miles in size. The orientation of the polygons is influenced by : :
ore-existing basement fault systems. Source rock maturity map for the Niobrara

| | . . . Formation from Smagala et al., 1984. Ro values
The Codell unconformably overlies the Fairport chalk member of the Paleoenviornment map for Middle Carlile time

Carlile Formation and is unconformably overlain by either the Juana (modified Mallory, 1972). greater thal? 0.6 indicate probable areas of mature
source rocks.
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Isopach of the Codell Sandstone, Denver Basin (modified

Lopez or the Fort Hays Limestone Member of the Niobrara Formation. from Weimer and Sonnenberg, 1983). Map shows current
N Codell producers.
CENTRAL WYOMING NORTHEASTWYOMING | »OUTHEAST COLORADO/ et %%%EE%D@QMS@
- Steel Pierre Shale | . | PierreShale | Sharon Springs | Sharon Springs Sharon Springs B U N l
teele (part) (part) Shale Shale Shale
Cody (part) Niobrara Niobrara Smoky Hill Shale | Smoky Hill Shale Smoky Hill Shale 2
NEBRASKA = | @ | Nobrara | Formation | SMOWHIL ] Formation | Forifla | fortHays | Fort Hays Limestone i
5 oevas T [smemens | | MmO S \
g _WaIICreek ] Turner_ Juana Lopez ggr?ddsltone & /_
é ] Carll T Garle e Blue Hill Shale E e
) E Egc;gffiaetiron Emigrant Gap Pool Creek Blue Hill Shale Blue Hill Shale E COIOrad ~ - =
& % (part) Fairport Chalky | Fairport Chalky Fairport Chalky - 0/ 7
Shal ’ v~
PR ale Shale Shale ‘_‘_/
Belle Fourr:h; %Eﬁg@ﬁm Greenhorn Eéffng?i%w Bridge Creek Pfeifer Shale Bridge Creek / / e’o
(part) (part) (part) (part) Limestone Limestone © / / v&
0 25 50 100 mi 4 / @
L | | ] . e / ‘T
e Correlation chart for Codell Sandstone, from =2 | ; y . va @’b
Denver Basin Merewether 2007 e / &
Structure W -\ k , %V‘
= T A\
Top Niobrara \ N ;Eo%’}\[ — S e l N4 \
Isopach Type 1 Sandstone, southern Denver Basin
Typical Stage
Pay Zone(s) Depth
3
Maestrichtian - FOREST OIL CORPORATN GILEERT M
| PIERRE FM. \ J,-—"'-_’-’— uAc:c_EzNzls STTAL_? wnapxni?_-ﬁou%emon
! L-RR MBR. ) / &,Q‘- L T‘-.|S'S _Fi;w S3 B Ti6S R_ZW S11 ' _T14.3,‘S %V S10
. | / i gy [ —— et ] : i
Structure map top Niobrara and current areas of Codell ¥ ~TERRYNBR ) 4300 PIERRE FI X “ Sharon Springs == 1— [g] £ =l 118
production (red — gas, green — oil). The dashed green line " e H( o N e @ \ T —— 5_3, =R
Indicates areas where source rocks are thought to be o 5 ‘b..}‘ o & i e S %
thermally mature. sr oo R IHeF R &
SR |— = mres | % i B %—z g
“g Santonian — . a3 o < A B i P
\West East = Niobrara B 1= =t =] s f o |f S =
¥ SR FNIOBRARA FI - £ < et s e |
o ch-ac;an Isopach of the Codell Sandstone, Denver Basin (modified s ==t Eal 5
SR Y from Weimer and Sonnenberg, 1983). L = B 3
t FT HAYS LIMESTONE < ) LL il —Ela] CE T AT -§ ]
JUANA LOPEZ 7100’ ] . < =53 i_;',' S 'g_‘
CODELL SAND MBR __] FCARLILE FM Turonian Type 1 Sandstone: Marine shelf or shoreline bars; good > zvony i B 1 L y
) ; : - : C L : % —i = [8 a1 | fs]
* R | GREENHORN Y porosity and permeabillity; sheet-like distribution v e g e =
CODELL SS LINCOLN LS MBR ) Cenomanian 18] s g (- T A=
Sea Level ‘i \ ———— Sea Level 7600’ . . . 9 e _‘ i J"Q -9-
......... = - o o~ MOWRY i Type 2 Sandstone: impermeable, bioturbated, fine- Z Niobrara C == 1§ == = — s
N * - I Albiar grained marine shelf sandstone; contains thin hummocky S T
,,,,,,,, fertty ¥ paKOTASAND | | cross stratified beds; no central bar facies present s e = ¥
s ’ o 5 Cleonsardine (eroded?); most of the existing production comes from Fort Hays —- __4}”3——-/—- A 1Y =
o Juassi this sandstone type T sl 8
14MIEES Bl Triassic yp Codell SS j:_ - E =1 i
E Permian —-;;7_;”7}"1.,%- H— I =
B Pennsylvanian . : : ) _ _ CARLILE i o o i SR G =
e Penyfin Pemin oses Stratigraphic column for producing Cretaceous reservoir Type 3 Sandstone: fine-grained, parallel to cross FORMATION g e __}'5—\? 1 -
™ Mississippian rocks in the greater Wattenberg area. Source beds for stratified to ripple cross stratified; contains sparse T ";—5» = _g ﬂ""; 3” ¥
Diagrammatic cross section A-A’ (west to east) illustrating reservoir rocks are indicated by the SR symbol. The oill burrows; deposited in intertidal to marine environments, amp— 1 = é;;_é;m &
the asymmetric nature of the Denver Basin and the and gas symbols indicate producing horizons. contains abundant authigenic clays that reduce porosity P — .
occurrence of the Codell Sandstone beneath the Niobrara and permeability Cross-section Type 1 Sandstone, southern Denver Basin

Formation.




Codell Sandstone, Denver Basin

2

TYPE 2 SANDSTONE TYPE 3 SANDSTONE

o\ | - Wattenberg Fleld
Structure

Wattenberg Faulting

20—/

/ \U
(\ \/

Greater Wattenberg Area

/

[

/

Greeley

7
50,
f =3

Seismic

Line
| 1

44

\ {
S \ v
/) }

]

d |
| /
/
-y
/
// Boulder
/
1
/

Range

|
|
|
\

3 y, oL y
. —T g,
Isopach Type 2 Sandstone, central Denver Basin FL_) (T;D I HERE SR 1 §§ : Denver

Isopach Type 3 Sandstone, northern Denver Basin \o’

Location map of seismic line shown below. Red
o e e ‘s b R e R Structure map top Codell Sandstone, Wattenberg outline is Greater Wattenberg area

= = = = _ i 1 ' Field area (well control not shown). Contour interval
— [ —— [EE T —— PE R —— PR — 8 < <
s = F = i =h C S = £ = :#:'_“ S S T23N R65W S30 T22N R62W S6 T21N R62W S23 . . .
== e EdE _ e s @ | 3B IS 100 ft. Outline of wells assigned to Wattenberg
Sharon Springs ) R 4 - Era=ns: 3 = : .
= Niobrara A Lo e s snis=a=is E Sharon Springs = ¢ shown by dashed outline. Wattenberg is regarded as
= [ — - ay = . e : . . .
2 NiobraraB ? B ; { ~H Niobrara A a basin-center accumulation which straddles the
O ] st . . .
3 Niobraraci - £l e = z synclinal axis of the Denver Basin.
% B s £ - _ = - = 5l
§ Fort Hays gt “ = = = == cooC cmosn=s iin LET: T
I == ;NS 25 n g NiobraraB [
: = ] = e < =
Greenhorn ER = = : : 3;55 s == e e
L Heee %t SESEE : et el e e e
L e B : O 10 R S e e Y
TEE = %! ) H : = Z i i oA 'w e 1 —P“%’,. =, WWWM
Graneros [FEkE 0 B%E SSEES SENE E H B, %E Niobrara G & @ 5 'W%“‘Lﬁ%mmugwwﬂz” . e
- %Z — = = i F (7)) . il O 'v)w.-v"-"M ol e T .‘$ .,;-.;.W){'{-ﬂ-:h'-'\-v*"-.
oS - % Smmcics = Fort Hays =5 o ' e e A o s R0
_MW? = S~ :E;i_“ 5 Sesssiss = et e e e S e
= | = EEE = = S I e ——— o S
J SS B . ._ FEEH, 3 féz e : 3 %: i:: Codell SS g e A w._..:... Ll' 'r..h ! ‘.;s“..,..-'.‘.*.:gt-‘ua—. r :
SEASS j i—j % =) [ 3 f— = X
Greenhorn "::::?
B Mo i
. . _:'\l.um'tf\_.‘.
Cross-section Type 2 Sandstone, central Denver Basin A

”
¥

o >y 4 g™ - xa » A ‘*‘.‘ —"tm‘ - - ’”~ "n g . L "' ll:"" ) y -:‘. S !_-,‘ .". r‘ -
- ' f ' ‘ - 0..‘ Wﬁ.\“v\%':. ﬁ- & " '; ' -' s - AN '1!,',.‘3 \ T "‘. ot  h - S '-.:: :-‘; :}."
R e e A L ST A SR e LY

., -

i el W-I.,N'f:-"“ !' ‘.! .w;, |\ﬁ'N-..‘.. '.‘.hh.' -:ﬁﬁ" .-':'.“", - P . _».‘ J “-W.. R e .7 >
Wm Q“,' ..c' ~%‘=-\. .."\E’y.; ;“a : &-‘.n:\ < '..": B ’:.’..:...Q'-.g. ’ r:.%

3

-
iy

T e ;“'33.;".53"'—""-*.-:-& L
Cross-section Type 3 Sandstone, northern Denver Basin p b I A R S g A S

2-D seismic line from Wattenberg Field, from Davis
1985.
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Codell Sandstone, Denver Basin
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Well log for the Codell Sandstone interval from a typical
well in Wattenberg Field. The Codell Sandstone is a “More than 80% of the porosity has pore throats smaller
low resistivity, low contrast pay because of the clay and than 0.25 um in diameter, which by all standards, is a
pyrite content of the sandstone. | ' : microsized pore throat. Traditional sandstone pore throats
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larger than 2 um” Pagano, 2006
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Modified from Weimer, 1996

Outcrop description of Codell Sandstone, HW 36, north of
Boulder, CO.
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Codell pressure gradient contour map for Wattenberg
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areas.
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Location of some of the new horizontal Codell wells
drilled from 2011 to P. Most wells are located in liquid-
rich areas or areas flanking the high GOR area.

SUMMARY

The Codell Sandstone in the Wattenberg Field is a
tight unconventional reservoir.

Geologic factors important for production include:
proximity to thermally mature source beds;
geothermal gradients; pressure gradients; fault
bounded reservoir compartments; gas-oil ratios;
sufficient reservoir quality (phi-h).

Drainage areas for Codell wells Is quite small.
Refracs of the Codell have proven to be highly
successful in many areas of Wattenberg Field.
Horizontal drilling and multistage fracture
stimulation Is now being utilized in Wattenberg
development.
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The Codell Regressive Sandstone Event

Thrust belt movement, sea level changes, paleogeography diagrams

Thrust Belt Tectonics Unconformities and Sea Level Changes Weimer Cross Sections, from RMAG Atlas, 1972 Paleogeography diagrams, from RMAG Atlas, 1972
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Codell Refracs

Over 4,000 in Wattenberg Field
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