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What type or class of rock is coal?

. Metamorphic A . lgneous B Sedimentary C

Sedimentary ——  50% —— Metamorphic
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DEFINITION
OF COAL

A dark brown to
black, combustible
rock of organic origin
formed by the partial
decomposition of
plant material that
accumulated in an
oxygen deficient
environment, and
underwent increased
pressure and
temperature over
millions of years




CONDITIONS
NECESSARY
FOR PEAT
FORMATION

-Moderate to abundant
plant growth

-Brackish to fresh water

-Lack of notable current
activity

-Water table that prevents
drowning of the
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-Stability of the depositional
system through time




DELTA
ENVIRONMENT

-Swamps formed
within the delta

-Plant material in
swamps turned to
peat

-The peat and swamps

were covered by clay

or sand-due to floods

or rising of sea level

- /
i
s~ \ Cretaceous—Tertiary
boundary in the
Rock Springs uplift

- More and more
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sediment accumulated

and compressed the
peat into coal




COALIFIGATION PROCGESS

Burial pressure, heat, and time
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Peat Lignite Bituminous
Sub-bituminous Anthracite

* Generally takes 10 feet of plant
material to make | foot of coal
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Rank increases with increased pressure, heat, and time.




GOAL RESERVES

* In the United States, there is an estimated
252 billion short tons of recoverable coal

reserves

* North Dakota contains an estimated 25
billion tons of economically mineable coal,
enough to last for over 800 years at the
present rate of about 30 million tons per

year.
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What modern state has a climate that was similar to
North Dakota's climate during peat formation 55-60
million years ago?

Mebraska A . Florida B Arizona C

Arizona B , Flarida
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NORTH DAKOTA STRATIGRAPHIC COLUMN
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Our coal is located here- = ==
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Sentinel Butte Formation of the =S i,::[ R
Fort Union Group G
(55-60 million years old) -

>

Latest Dinosaurs-

Hell Creek Formation

(65.5 million years and older)

Bakken Formation is located here

(359 million years Old) = -




SENTINEL BUTTE
FORMATION

* Part of the Fort Union Group (age 55-65.5
million years)

* River, lake, and swamp deposits

* Located in the Williston Basin




WILLISTON BASIN

West East

Glacial deposits
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Image courtesy of the North Dakota
Geological Survey.




GLACIATION

* Three Glaciation Episodes
» Latest was 18,000-25,000 years ago
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Field Observations
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GREEN CLAY/SAND

* Glauconite-mineral that makes the material green-
deposited in reducing (oxygen deficient) marine
environments-organic influence

* Paleosol-ancient soils that the

trees of the swamp grew in

* This area was the outer limit

of the Schoolhouse seam swa -

* There was not enough tree material here to accumulate
enough peat to make a coal seam-
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GEOLOGY OBJECTIVES

* Define Mining Limits

* Croplines-coal/no coal, hard/soft coal

* Characterize OB type and thickness

* Characterize coal thickness and quality

* Develop Geologic Model of stratigraphy and
coal quality

* Predict coal quality for customers
* Collect data for regulatory requirements
* Explore New Areas




GEOLOGIC
DRILLING




EXPLORATION DRILLING
PROCGEDURE

* New Area-Dirill | core hole every mile

* Permitting-Drill | OB core hole every 40 acres-
|6 per Section

* Fill in for better modeling for quality and OB
characteristics-1320’ spacing pattern

* Fill in for even better modeling for more
accurate mine plan projections-660’ spacing
pattern-3yrs ahead of mining-
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* Cropline=edge of mineable coal
* Start with estimated cropline

* Locate traverses every 300’ along the estimated
cropline

* Drill rotary holes along traverse perpendicular to
cropline at a 100’ spacing

* Find complete profile of full thickness hard coal,
and no coal

* Adjust cropline accordingly-
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Geologist’s
Drilling Log

GEOLOGIST'S DRILLING LOG
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Geophysical Log
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Core
Descriptions/
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Core Hole Designation

Geologist's Coring Log
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nt St. =~ New Ulm, MN 56

MVTL 516 East Broadway Ave, - Bismarck, ND 58501 ~ 800-
5 ncoln Way ~ New IA

~ §00-362-08

MEMBER

Sample Number: 12-Cl08%9 Report Date: 8/ 3/12
Kendra FKungu Work Order #: 89-442
Coteau Properties Co P.O. #: Coyote Creek
204 County Rd 15 Date Collected: 7/12/12
Beulah ND 58523

Date Received: 7/13/12

Sample Description: Thickness: 3.4-13.0

Hole #: CCl2031C

Seam #: Upper Beulah i -Based On Customer

ANALYTE

DRY BASIS ANALYTE

o : needs and requests

e o Wi . fomes £ F -Long Analysis-every

* MINERAL ANALYSIS OF ASH

.
DRY BASIS I I l e

Dioxide in Ash

B2
Al = Oxide in Ash 0.11

o

R -Full Prox, Ultimate,
i W) ; Trace Elements, Mineral

Manganese Dicxide in Ash

Ash, Ash Fusion, Sulfur
Forms

-Short Prox + Na and

CaO and Sulfur
Forms-all other holes




GEOLOGIC MODEL

 All drilling data gets inputted into the geologic model
* It is the foundation for the entire mine

* It characterizes the thickness and type of overburden, the thickness
and quality of the coal, and coal seam extent and splits

* Utilized for long range and short range mine planning, it tells the
mining engineers:

— How much dirt we need to move to get to a certain quantity and quality
of coal based on customer needs

— How much equipment we need to move the dirt and mine the coal

— How many people we need to run the equipment, and the schedules for
the equipment and employees

— Helps predict geologic obstacles

— Utilized to determine expansion areas and future resources
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