APPENDIX C

North Dakota Department of Mineral Resources

Taxation Committee 07/28/2015

11:00 a.m. Presentation by Mr. Lynn Helms, Director, Department of Mineral
Resources, on the various phases of oil production, the current methods utilized in oil
and gas recovery, and future recovery methods that may be employed in this state.
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FLOW OIL/WATER/GAS UNTIL RESERVOIR
PRESBURE IS DEPLETED
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Well head
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USING ARTIFICIAL LIFT AND ENHANCED OIL RECOVERY
TO PRODUCE OIL UNTIL WELL IS NO LONGER ECONOMICAL
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Natural pressure decline recovers only 10%-30% of the oil in a conventional
reservoir, and 2%-12% in an unconventional reservoir (95% of ND [5% EORY]).
s |

Primary Production Decline

Production
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WATER INJECTION PROCESS

Using water to boost pressure and move oil can recover 30 - 50% of the oil in a conventional reservoir (71).

The Bakken water injection tests maintained pressure with no incremental oil recovery.
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AIR INJECTION PROCESS
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Using high pressure air to boost pressure and move oil can recover 25% - 35% of the
oil in a low permeability reservoir (6).
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Rich gas EOR can recover 55-65% of the oil in a conventional reservoir (2 1A).

A Bakken rich gas injection test has been approved but not conducted.
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Modern CO2 EOR can recover 55-65% of the oil in a conventional reservoir (0).

The Bakken CO2 injection tests cycled CO2 with no incremental oil recovery.
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Selected Saskatchewan Oil Fields
* 11 unitized fields

* Total OOIP = 2762 million bbl
* Potential incremental oil = 331 million bbl
» Total CO: needed for EOR = 2652 Bef

al inoremental oil = 39 million bbl
. mo&mmmsmu

bbl
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. ? -mn-a EOR may be technically
-mmm mllonhhl ..
* Potential incremental oil = 381 million bbi
W Gﬂn mtﬁ EOR = 3049 Bof
CO; Source Output tons/year -
®  5,000,000-10,000,000 = Ten fields

« Total cumulative production = 100 million bbl
* Potential incremental oil = 25 million bbl
+ Total CO; needed for EOR = 199 Bef

@ 10,000,000-15,000,000
@  15,000,000-20,000,000
———— Dakota Gasification Pipeline

B seiect EOR Fields
Oil Fiekds
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CO, Extraction of Oil from

Bakken Rocks

Step 2: CO, starts to permeate rock based on

( ()_l pressure gradient

CO, carries oil into| and | CO. swelling pushes oil

Step 1 R, e o the rock (bad) or | outofthe rock (good).
Initial injection: CO. e s % g ‘S \/ "o® '%&.t}// i
flows rapidly through b S TN . N " e . ’;‘//,
AN - ne 2y 5 _-. , - < :. ‘\ . " 5 -
fractures B Py AR A R "

3 QL DR

Step 4 8 ¥ g l ? 0..' Step 3 "<.\°J o 5
CO. pressures equalize . : 7 ‘.. "o ‘ & As CQ» permeates ‘_‘ ’)“. ".’_"')
msg? Ofr;xkt . e, "‘_ﬁ. . o into the rock, oil <o o %9 7
& b;g’;rgozfy’gg snow 1 8 . ‘&' = :',,, . migrates to bulk CO. i,.:v . . b |
concentration gradient s e ' .o: in fractures based on - '4 .’\.‘;,;
driven diffusion . ' > swelling and lower N & ¥
# Qilin bulk CO. is e : ".. .(. o viscosity o | P w
swept through ‘e e ’ : .’. )
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rtallman
Rectangle

rtallman
Rectangle


CO, Extraction of Oil from

Bakken Rocks

W — CO, extraction of oil from samples of
b Middle and Lower Bakken rock.
5L Y ' 5000 psi, 110°C (230°F) — examine
4 o 1 d effect of “unit cell” rock size and matrix
e lithology.
6
_ ; 120%
_—
e > - 5 -
B ca 9X9X30 mm sq. rods ke - " -

% of total HC

Results indicate that CO, can
effectively extract hydrocarbons
from both Middle and Lower
Bakken rock matrix.

& Conventional square rod, p 92 [
+— Middle Bakken sqaure rod, p 88 |
Lower Bakken square rod, p 92
#— Middle Bakken chicklets, p 81
& Lower Bakken chicklets, p 79

0%
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T—
— The International Center for Applied E jy Technology

CO2 exposure time, hours
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SEERC

Bakken CO, Demand for North
Dakota — A 30,000-ft View

- Based on the following:

— Traditional evaluation techniques

— North Dakota Industrial Commission
original oil in place estimates

— 4% incremental recovery
— Net utilization of 5 and 8 mcf/bbl

« 2 to 3.2 billion tons of CO,
needed.

« North Dakota currently
produces ~33 million tons
CO,lyear.
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