
C
ontacted potential industry-sourced C

O
2  stream

s in U
S and C

anada and 
developed different source-transport scenarios

C
onducted laboratory studies of C

O
2 -basalt-w

ater m
ixtures w

hich indicate 
variability in reaction rates w

ith potential for com
plete m

ineralization

C
om

piled regional hydrological and petrophysical data that indicate basalt 
injectivity is high, but likely anisotropic
 M

odeled C
O

2  plum
e and m

ineralization potential in the reservoir, indicating 
long-term

 containm
ent of injected C

O
2  

R
eview

ed regulatory fram
ew

ork for offshore storage in U
S and C

anada; 
lessons learned m

ay be transferrable elsew
here around the globe
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Locations in study area of large (>100,000  M
T C

O
2 /year) em

itters and annual em
issions for 

five industrial plants. C
olor and diam

eter of circles indicate pow
er (orange) and m

anufacturing 
(purple–yellow

) plants w
ith relative annual em

ission volum
es. M

ore than half of these 
em

issions are associated w
ith pow

er plants, prim
arily fueled by natural gas, and the 

rem
ainder are from

 other industrial sources, such as refineries, am
m

onia production 
operations, and m

ineral processing plants. 

R
epresentative C

O
2  source and transportation options. Inset m

ap: 
location of potential offshore injection site (red circle). 

R
epresentative C

O
2  source and transportation options. Inset m

ap: 
location of potential offshore injection site (red circle). 

Exam
ple Source/Transport Scenarios

W
e highlight tw

o scenarios below
 that are representative of the region, w

ith potentially 
available transportation options. 

Levelized Transport C
osts

C
om

parison of levelized costs for shipping and pipeline transport options from
 facility-specific 

sources to the offshore reservoir. A
lthough no dedicated C

O
2 pipelines exist in the region, off-

shore transportation options are com
m

on for any scenario, and depend upon flow
 rate and 

distance to the injection site. 
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facility and the S
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uget 
S

ound refinery, and totaling 
~2.5 M

M
T/yr. 

A
 pum

ping station m
ay be 

located near the S
hell refinery 

for either pipeline or shipping 
options to the injection site 
located ~250 km

 offshore.    
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Transportation alternatives via 
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m
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captured from
 the H
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P

ow
ell R

iver, C
rofton, and 

H
arm

ac P
acific pulp and paper 

m
ills and from

 the C
arbon 

E
ngineering air-to-fuels plant. 

Total em
issions from

 these near 
tideline sources exceed 6 
M

M
T/yr and are roughly 

equidistant to the injection site 
located ~250 km

 offshore. 

If pipeline developm
ent is 

possible over the long term
, 
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ping stations m

ay be 
located near the C

rofton plant 
and P

ort R
enfrew

 on the coast.     
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C
O

2  Injection Transport and M
onitoring

A
n active cabled netw

ork (N
E

P
TU

N
E

) is in place from
 V

ictoria B
C

 to the C
ascadia B

asin. In situ 
instrum

entation could enable real-tim
e m

onitoring for seism
icity and reservoir properties.

Target B
asalt 

R
eservoir

The targeted storage 
reservoir is located in 
perm

eable pillow
 lavas, 

fractured and m
assive 

flow
s along a buried 

basem
ent ridge in the 

C
ascadia B

asin (left 
im

age, colored surface), 
betw

een natural 
inlet-discharge outcrops, G

rizzly B
are and B

aby B
are, respectively. 

D
rilled at several existing IO

D
P

 sites, the subseafloor basalt reservoir is highly fractured, 
channelized, and porous (10-15%

) (Fisher et al. (2011)). M
ulti-year tracer experim

ents indicate 
that the reservoir, sealed to the seafloor (left im

age, green surface) above by im
perm

eable 
fine-grained turbidites and hem

ipelagic clay sedim
ents, is perm

eable w
ith focused northw

ard 
fluid flow

. A
 seism

ic im
age of the basem

ent-sedim
ent contact show

s w
ell locations on the 

basem
ent ridge w

ith an exaggerated vertical scale (right im
age, colored surface).

Laboratory Studies
Laboratory experim

ents are underw
ay using representative ocean basalt sam

ples from
 the 

C
ascadia B

asin and other locations. M
easured dissolution rates of basalt indicate that flow

 
channels are m

uch m
ore reactive than the m

assive basalts, w
ith C

a ion extraction efficiencies 
reaching ~11-12%

 at low
 pH

. C
om

pared w
ith kinetic data in basalts from

 the literature, 
prelim

inary tests indicate m
ore rapid dissolution in shallow

 ocean basalts.
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S
E

M
 im

ages for surface/altered, glassy, and non-glassy basalt sam
ples 

from
 C

ascadia B
asin cores.

C
ation extraction rates in flow

 
channel and m

assive basalt sam
-

ples from
 IO

D
P

 S
ite U

1362, C
asca-

dia B
asin (E

. H
su, C

olum
bia U

niv., 
unpubl. data).

B
atch experim

ents in ocean basalt 
dredge sam

ple w
ith an engineered 

(saw
 cut) fracture. C

O
2  injection incurs 

M
g- and Fe-rich carbonate precipitation 

after 31 w
eeks (D

. G
iam

m
ar, 

W
ashington U

niv., unpubl. data).

S
im

ulation results at 70 years 
after 20 years of C

O
2  injection at 

2.5 M
M

T/yr at a location east of 
the inter-outcrop centerline and 
12.5 km

 from
 the northern 

discharge outcrop, B
aby B

are. 
G

as saturation iso-surface is 
show

n at the 0.01 level and 
indicates lateral and vertical 
containm

ent in the basalt 
reservoir and m

inim
al 

deform
ation of the gaseous C

O
2  

plum
e tow

ard B
aby B

are.  
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P

relim
inary num

erical sim
ulations investigated the injectivity of 50 M

M
T C

O
2  in the C

ascadia 
basalt reservoir, the im

pact of natural hydrotherm
al circulation on the m

igration behavior of C
O

2  
plum

es and dissolved C
O

2  plum
es, and the anticipated conversion rates to carbonate m

inerals. 
A

ll num
erical sim

ulations w
ere conducted using the S

TO
M

P
-C

O
2  num

erical sim
ulator w

ith 
E

C
K

E
C

hem
 and G

eoM
ech m

odules (developed at P
N

N
L). 

G
rizzly Bare

CO
2  plum

e extent
Baby Bare

C
O

2  plum
e m

odel  

D
ecrease in total m

obile C
O

2 due to m
ineralization

S
im

ulation results after 20 years 
of C

O
2  injection using conver-

sion rates for secondary carbon-
ate m

ineral precipitation. D
e-

creases in total m
obile C

O
2  after 

injection stops correspond to 
com

plete fixation of 50 M
M

T 
C

O
2  in 135 years, based on the 

reaction netw
ork from

 onshore 
studies in the C

olum
bia R

iver 
B

asalt. Inferred results from
 the 

significantly m
ore rapid dissolu-

tion rates observed in C
ascadia 

ocean basalt sam
ples suggest 

that this predicted m
ineralization 

period is likely to be overesti-
m

ated.  2%
 fracture 

filled w
ith 

carbonates Split along 
fracture

G
eochem

ical m
odel   

A
B

STR
A

C
T

S
ub-seafloor basalts are w

idely distributed on E
arth and m

ay enable perm
anent m

ineralization of 
injected C

O
2  in solid rock form

. If feasible and scalable, this sequestration technology prom
ises a 

m
eans for significant reductions in the atm

ospheric concentration of greenhouse gases. The 
C

arbonS
A

FE
 C

ascadia project evaluated both technical and non-technical feasibility of collecting 
and storing 50 m

illion M
T of C

O
2  in a safe, ocean basalt reservoir offshore from

 W
ashington S

tate 
and B

ritish C
olum

bia. P
roject goals include evaluating this reservoir as an industrial-scale C

O
2  

storage com
plex, developing potential source/transport scenarios, conducting laboratory and 

m
odeling studies to determ

ine the potential capacity of the reservoir, determ
ining long-term

 
m

onitoring options, and assessing econom
ic, regulatory and project risks. P

otential scenarios 
include a variety of industrial sources and transport options in the U

S
A

 and in C
anada. 

E
xperim

ental and m
odeling results indicate the potential for effective injection and rapid 

m
ineralization in sub-seafloor basalt. R

egulatory reform
s to facilitate offshore C

O
2  storage m

ay be 
needed for developm

ent of a future pilot project in the C
ascadia B

asin and lessons learned at this 
location m

ay be transferrable elsew
here around the globe.

A
ssum

e 6 M
M

T/yr flow
 rate

A
ssum

e 200 m
iles to injection site


