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ND HISTORIC OIL AND GAS ACTIVITY

* First barrel of oil produced in April 1951
» 1 billion barrels of oil in October 1989
» 2 billion barrels of oil in November 2011
» 3 billion barrels of oil in January 2015
* 4 billion barrels of oil estimated by 2018

= > 4 billion barrels of saltwater = ?
Careful Planning




January 2005

185 Active SWD Wells
143 Dakota

Minnelusa
Madison

August 2015

435 Active SWD Wells |55
412 Dakota




NORTH DAKOTA CLASS II
INJECTION WELL SCHEMATIC
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LOCATION, LOCATION, LOCATION

* Locating SWD wells?
 Access (roads, terrain, etc.)

* Proximity to nearby drilling/production wells
- GEOLOGY

* Are there ways to make the process better?




THE NDGS DAKOTA STUDY

Inyan Kara Sandstone Isopach Map EE
Watford City 100K Sheet, North Dakota ==




SPECIFIC METHODS

» Watford City 1:100,000 (GI1-189)
 First of statewide series

 Review published literature, core, logs
« Understand depositional environment!
* Create Isopach map
* Total thickness of injectable sandstone bodies
» Complete cross-sections
» Add Injection data




ALBIAN (106 MA)

Modified from Blakey, 2014




MATH IVERSON #1
(WILLIAMS COUNTY)

Inyan Kara Fm.
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Math Iverson #1
3310500087
#165
Depth (ft)  Lithology Graphi Lithology Descripti
Claystone T
Planar laminated to wavy siltstone laminations throughout 4 5 8 6 - 4 644 F E E
) )
Trough cross-lamination
Bioturbated, convolute lamination |_—1 oo Sllty sandstone very fine grained
- 1 1
Claystons, carbonaceos 4600 - Muddy lamination/clay drapes throughout, wave-ripple lamination
Slistone, e Vertical burrows (skolithos)
Silty, sandstone, very fine grained
4600~ Muddy lamination/clay drapes throughout, wave-ripple lamination| Claystcne interbeds
Vertical burrows (skolithos) . .
' 4605 Laminated to very thin-bedded, wavy
o erbed Ripple cross-lamination, wave-ripple lamination
aystone interbeds
Laminated to very thin-bedded, wavy H
Ripple cross-lamination, wave-ripple lamination Claystone mterbeds
Claystone i Fluid escape structures (?)
Fluid escape structures (7)
Ripple cross-lamination, climbing ripples 4610 - Ripple cross-lamination, climbing ripples
Vertical burrows (skolithos)
Vertical burrows (skolithos)
II:ciad 5truc1ure; :
4615
Fluid escape structures (7)
Ripple lamination/cross-lamination
Plant fragments, coaly
Becomes fine-grained, oxidized
Contourted/slumped bedding Load StrUCtUreS
ﬁ Cl-aysl%r:aew carbonaceous, coaly (wood fragments) 4620 | .
= Fluid escape structures (?)
4530-_:_ Oxidized Ripple lamination/cross-lamination
T Plant fragments, coaly
4635 ~_—: - :
iy 4625 % Contourted/slumped bedding
ey Claystone
4640_:—:3 Very carbonaceous, coaly (wood fragments)
= Siltstone
GSVEFMGCP




Math Iverson #1
3310500097
#165
4937 - 4980 ft.

Depth (ft.)  Lithology Graphic Lithology Description
Sedimentary breccia, poorly sorted
Iron oxide cement

494012 Siltstone

] Sandstone, ripple cross lamination
4945+ T
Sandstone with low-angle, multi-directional

cross beds (tabular planar)

Sandstone, ripple cross-laminated/ripples

49507 — climbing ripples

Sandstone with low-angle, multi directional
cross beds (tabular planar)

4955 1 T = Sandstone, wavy bedding

Sandstone
Tabular planar to trough cross-bedding

4960

Sandstone
Multi-directional, planar tabular cross-bedding

Carbonaceous; coal, sulfer
Lag with clasts of green claystone up to 2 cm
Sandstone
Undirectional, gently inclined, very low-angle planar lamination

Claystone, green

4975

4980

MATH IVERSON #1
4,937 - 4,980 FEET



KEYS TO THE STUDY

e Core
e Sedimentary structures
 Seqguence stratigraphic surfaces
* Logs
e Over 1,000 wells in WC 100K; hundreds across state
« Stacking patterns
e Seqguence stratigraphic surfaces
 Sea-Level Curve (known model)
 Seqguence stratigraphic surfaces
» Seguence stratigraphic systems tracts

= Depositional Environment
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EVOLUTION OF AN INCISED VALLEY
TRANSGRESSIVE RIVER MOUTH
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EVOLUTION OF AN INCISED VALLEY
RELATIVE SEA-LEVEL CURVE
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EVOLUTION OF AN INCISED VALLEY
RELATIVE SEA-LEVEL CURVE
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#165
33-105-00097-0000
SWNW Sec. 1, TI55N R96W
Amerada Hess Corporation
Beaver Lodge-Madison Unit G-11
K.B.=2,340 ft.
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=Sl TRANSGRESSIVE LAG
: - Shale clasts

 Phosphate nodules
 Coaly/carbonaceous clasts

« Larger clasts In finer-grained
matrix
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Amerada Hess Corporation
Beaver Lodge-Madison Unit G-11
K.B.=2,340 ft.
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MATH IVERSON #1

33-105-00097-0000
SWNW Sec. 1, TI55N R96W
Amerada Hess Corporation
Beaver Lodge-Madison Unit G-11
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Modified from Blakey, 2014
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INCISED VALLEYS

Inyan Kara Sandstone Isopach Map
Watford City 100K Sheet, North Dakota

?@2015 =N




INCISED VALLEYS - Paleovalleys on A-A’
« Sands more elongate on B-B’

* Depositional environment key!
 Consistent with previous works
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Parshall 100K

Other 100Ks adjacent to WC100K
» Publish, publish, publish

« Core Workshops

* Need more cores ©

FUTURE WORK

] Complete 30 X 60 MINUTE SERIES

[ ] Significant Progress 1:100.000 SCALE
[ In Progress ,
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