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" Petroleum Storage Systems
= Water, Oil, and Gas in the Subsurface

" CO, Storage Systems
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Components of a Reservoir

Typical O1l and Gas Reservoir
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http://petroleum101.com/what-is-a-petroleum-reservoir/
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Elements of a Petroleum Reservoir

* Source Rocks “cook” with high pressure and
temperature = Mature (Generation)
e Source rocks are rocks rich with organic

Drilling
platform

Gulf of Mexico

——

i i matter
* Pressure and temperature increase with
ES §ea| layer \\ Fault donth P

* The produced oil and gas moves “up” =
migrates to lower pressure zones (Migration)

Reservoir » \\Trap | —| * Itfinds a “good” host = accumulates in a
layer \ Qil reservoir formation (Storage)

Migration « A good host also requires a seal to keep the oil

/ and gas in place = trap in a reservoir formation

(Trap)
Source rocks —_
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Railsback's Petroleum Geoscience and Subsurface Geology

TRAP SEAL
A concave-downwards geometric arrangement (a.k.a. “Cap rock”)
of seal(s) and/or of impermeable lateral equivalents Typically an impermeable ductile stratum,
of the reservoir rock; commonly an anticline or a commonly shale or evaporites, precluding
stratigraphic pinchout. Must exist in three dimensions. further upward migration Seep
B L oo AN NI [, 0000 SR 0oos Lolodiandens JI. 200 2 e 1 _%¢ 99 Py ¢

Gas-filled reservoir

Gas-oil contact http://www.gly.uga.edu/railsback

For upper Oil-filled reservoir . )
pool Possible tar mat /PGSG/PetroleumFive04.jpg
o Oil-water contact

exist for lower Water-filled reservoir

pool but are
not labeled.

Two pools,
the upper trapped
structurally and
the lower trapped
stratigraphically.

Stain
left by migrating oil

Secondary migration

Primary migration X

RESERVOIR
A porous and permeable material in which the hydro-
carbons reside. Typically a layer of sandstone or lime-
stone; could be a fractured stratum of impermeable rock.

A MIGR%TION pﬁllthwa)é ’ FIVE ELEMENTS OF A
porous and permeable condui
Water-filed  1fom source to reservoir; commonly CONVENTIONAL
teeenalr a layer of sand or sandstone, PETROLEUM
SOURCE or a fault or fracture system. ACCUMULATION
A deposit rich in organic matter, which typically consists of the remains and some associated features
of phytoplankton; typically a fine-grained marine or lacustrine sediment i an sbstrdiv Simble exanible
(e.g. an organic-rich shale). It must have been buried to a depth at which Y Snp. P

it was subjected to considerable temperature for considerable time. LBR PetroleumFive04.0dg 5/2011 rev 9/2011
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Petroleum Traps

anticline fault trap stratigraphic trap

impermeable
limestone

-
L
W - -
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» -
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. fauit limestone
reservoir rock water © 2012 Encyclopaedia Britannica, Inc.

https://www.britannica.com/science/petroleum/Accumulation-in-reservoir-bedst#ref502612
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Railsback's Petroleum Geoscience and Subsurface Geology

Categorization of pores in sedimentary rocks |

Fracture http://www.gly.uga.edu/railsback/PGSG/
PorosityCategorizationO4Partl.jpg

Primary
intergranular
porosity

Original pore space
between grains
(e.g. between siliciclastic
sand grains, or between
ooids or bioclasts)

Cement
Grain®

Vug

Secondary
*In the discussion of sedimentary rocks, interg ranular
“grains” include siliciclastic grains, fossils, -
ooids, and pellets, and they are effectively pO TOSlty
any sedimentary depositional material i
distinguishable with a handlens. F;C_)I'OSIItyt'left bfy
(Note that igneous and perhaps Primary Secondary _ ISSolution o
metamorphic petrologists use : intra ranular lntergranular cement
"grain" to be nearly synonymous mtrag ranular g

with "crystal". In sedimentary PO rosity pO rosity

petrology, a grain can consist . . . .
of one or many crystals, and Original pore space Porosity left by dissolution of grains

crystals of cement are g : : : feldspars, aragonitic fossils
definitely not grains). within grains, as in snail ( (“moﬁdic” whegn complete) )
shells, foram tests, etc.
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Where do oil and gas reside?

Porosity 36% Porosity «
Horiz Perm 1000 md Horiz Perm 1
Vert Perm ¢
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ind Grains with Clay
menting Material
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Baker-Atlas Handbook
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Water, Oil, and Gas Co-exist in Pores

Baker-Atlas Handbook
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Railsback's Petroleum Geoscience and Subsurface Geology

Wetting surfaces and water saturation in petroleum reservoir rocks

Given a solid surface and two immiscible liquid (a “NAPL", which is pronounced as “napple”). A NAPL The sketches below explore the geometric relationships
phases, typically one of the two liq_t#ds will be present may be denser than water (a DNAPL, or “dee-napple”) of wetting and non-wetting fluids, largely thinking of oil
on the solid (will “wet” the solid). The other liquid phase or less dense (“lighter”) than water (an LNAPL, or (petroleum) as the NAPL in the context of petroleum geology
will instead be present only away from the solid and thus  “ell-napple”). Natural petroleum (“oil”) is a natural NAPL, ~ and engineering. In that context, water saturation (the pro-
in the centers of pores. In most situations in the Earth typically an LNAPL, and various anthropogenic organic portion of pore space filled by water) is critical, because at
Sciences, one of the liquids is an aqueous solution compounds or petroleum distillates are common non- greater water saturation the NAPL/petroleum is immobile and
(“water'), and the other is a non-aqueous-phase liquid natural NAPLs. thus not exploitable.

Low water Intermediate water High water

saturation saturation saturation

Immobile water Immobile water

Mobile oil Mobile water

Water-
wet

rock
(the more
common
case among
geological
materials)

Immobile oil -7~

Grains in
sedimentary

Pore throat

Immobile oil

Mobile oil

Oil-
wet
rock

http://www.gly.uga.edu/railsback/PGSG/
OilWetWaterWetWaterSatn4Some4.jpg

LBR OilWetWaterWetWaterSatndSomed.odg 6/2011 rev. 7/2011  with thanks to Prof. John Dowd for his comments.
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Railsback's Petroleum Geoscience and Subsurface Geology

Conventional and Unconventional Hydrocarbons and Reservoirs

Tar sands
(a.k.a. heavy oil,
bitumen, and

Methane hydrates

(e.g., continental slopes; polar regions)

Coal gasification/

Unconventional : DS :
oil sands) liquifaction
(e.g., Orinoco and
s Oil shale
(e.g., Piceance Basin)
Hydro-
carbons Tight oil
(e.g., Bakken; Eagle Ford)
Conventional i | (e.g. Au-sl;fmgntj“li\:liogbr?raschalks)
(alkane-rich (_:onventmna S’h |
hydrocarbons oil and natural gas alé gas

that can flow)

(mobile/flowing hydrocarbons)

(e.g., Middle East, North Sea,
US Gulf Coast; Gulf of Mexico)

(e.g., Marcellus and Barnett shales)

Coalbed methane

(e.g., Powder River Basin)

Conventional

Unconventional

LBR UnConventionalReservoirs&HCs21.0dg 11/2012 rev 3/2014

http://www.gly.uga.edu/railsback
/PGSG/UnConventionalReservoir
s&HCs02.jpg

(porous and permeable (mostly impermeable
sedimentary rocks) sedimentary rocks)

Reservoirs
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Railsback's Petroleum Geoscience and Subsurface Geology

Unconventional petroleum exploitation I: historical and spatial context

Typical zone Key: Volume exploited by well
3;2&033?]":[?;‘:; = Well (outlined in dark green)
= - Porous & 1000
_Vertlcal well in permeable feet
impermeable rock
Unfracked getroleum- E | ’
vertical well in earing rock, mpermeable _ )
Show: petroleum impermeable | fracked with rock X http:/ /www.gly.uga.ed u{ railsback/
noted in conven- petroleum- 20th-century Petroleum-  \iolume of PGSG/PGSGFrackingl02.jpg
tional drilling bearing rock: | technology: bearing rock hydraulically fractured
but deemed non- economic economic (green) rock (fractures in red)
economical. disaster. failure.

A much greater volume of rock is exploited by Well 4 than by Wells 2 and 3, Eleven fracking stages

1 allowing Well 4 to be economically viable if petroleum prices are sufficiently
high to support the horizontal drilling and fracking that are required.

= //Unconventlonal exploitation: 7
itation //4 honzontal well in hydraulically fractured _~

Conventional exploitation: _— =
~ vertical well in porous and permeable rock, ~ impermeable rock, where technologically
- challenging horizontal drilling and hydraulic /

where buoyancy has induced natural o h
localization of petroleum, which flows to weII racturing tap enough rock volume to yield -
/

g el expensive petroleum for the 21st- centu%
2 /7/ the BOth century economy. {/ economy G/ / LB;GSGF A
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CARBON CYCLE

HOW MUCH CO, CAPACITY DO WE HAVE?

October 17, 2018

Prasad: CCUS course at CSM, Golden
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DISTRIBUTIONS OF CO2 EMISSION SOURCES

IPCC workshop on carbon dioxide capture and storage — UNEP 2002
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CO, EMISSION SOURCES

Eastern Europe

Geographical Region Jﬁn |_ 4% |ndustry Sector Refineries .-"-"JTI;?EI

India__ Africa
% 300

Oceania i
o China Ethylens
25% o
Middle East
4% Ethylene Oxide
1%
Latin America
4%

Gas Processing
12%

\_ Hydrogen
Morth America 2%
20% lron & Steel

OECD Europe
13% IPCC workshop on carbon dioxide capture and storage — UNEP 2002
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COMPOSITION OF AIR
Gas | Quantity (%) orppm _

October 17, 2018

N, ~78 %

O, ~21%

H,O 0.2to4 %

Ozone

CO, 0.04 % or 400 ppm
Methane (CH,) 1.8 ppm

N,O 0.3 ppm

Halocarbons

Red indicates “absorbs photons”

Prasad: CCUS course at CSM, Golden

Dressler, 2016
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CARBON CYCLE

coacity 1

Atmosphere 850
: From 2002 —2011: 90
Land Biosphere 2,500 GtC released to the
Ocean (mixed layer) 900 atmosphere from
burning hydrocarbons
Ocean (deep ocean) 40,000
Rocks Millions Gt C = Gigatonne C

Dressler, 2016
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CARBON CYCLE AND
EXCHANGE

Atmosphere
850

120 120 30 80
TOTAL ABOUT 46,000 GtC

Reservoirs (Boxes) :
GtC = 10° tonnes Carbon

GtC = 1012 kg Carbon
Fluxes (arrows): GtC/year

Dressler, 2016

Land

biosphere
2500

Mixed layer
900

Permafrost

1700

100 T l 100
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Deep ocean
40,000
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CARBON EXCHANGE AND EXCHANGE WITH
GEOLOGIC AND ANTHROPOGENIC INPUT

46,000 GtC

F Dss}! f
u -
Atmosphere
i 0.1
B | € Rocks
/:/ C D \:\ q millions and millions
E 0.1 of GtC
Land ’
biosphere Ocean

GtC =[Gt C]

Dressler, 2016
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GEOLOGIC STORAGE AND
MVA



ESTIMATE OF STORAGE CAPACITIES FOR
DIFFERENT GEOLOGICAL TRAP TYPES

Storage Option Global Capacity

[Gt C] [%] of total emissions to 2050
Depleted gas fields 690 34
Depleted oil fields/CO2 EOR 120 6
Deep saline aquifers 400 - 10 000 20-500
Un-mineable coal seams 40 2

Dressler, 2016
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Overview of Geological Storage Options

1. Depleted oil and gas reservoirs
2. Use of CO; in enhanced oil and gas recovery
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October 17, 20:

100

% trapping contribution

Structural &
stratigraphic

trapping

Solubility
trapping

10 100 1000
Time since injection stops (years)

Benson and Cole, 2005
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Assuring project
performance and guard
against safety and
environmental hazards

October 17, 2018

Basic monitoring program Enhanced monltoring program

Pre-operational manitoring

Pre-operational monitonng

Well logs

Wellhead pressura

Formatlon pressure

Injection- and production-rate testing
Selsmic su

Atmospheric-CO; monitoring

Well logs

Wellhead pressure

Formatlon pressure

Injection- and production-rate testing

Selsmic survey

Gravity survey

Electromagnetic survey

Atmospherc-CO, monitoring

CO5-flux monitoring

Pressure and water quality above the
storage formation

Opergtional monitorng

Opergtional manitorng

Wellhead pressure

Injection and production rates
Wellhead atmosphenc-CO,; monitoring
Microsetsmicity

Selsmic surveys

Well logs

Wellhead pressure

Injection and production rates

Wellhead atmospheric-CO; monitoring

Microsetsmicity

Selsmic survey

Giravity survey

Electromagnetic survey

Continuous CO,-flux monitoring

Pressure and water quality above the
storage formation

Closure monitoring

Closure monitoring

Selsmic survey

Selsmic survey

Gravity survey

Electromagnetic surey

CO5-flux monitoring

Pressure and water quality above the
storage formation

Wellhead pressure monitoring

Benson and Cole, 2002‘54



