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Ocean Floor Could Be Greenhouse Gas "Dump," 0
Scientists Say

Richard A. Lovett

for National Geographic News

August 16, 2006

The ocean floor could provide storage for more excess carbon dioxide than the world can
ever produce, scientists say.

A team of researchers proposes disposing of the carbon dioxide produced from burning fossil fuels by
injecting it into seabed sediments nearly two miles (three and a quarter kilometers) below the ocean's
surface., :

There the combination of cold temperatures and extreme pressure will
trap the gas for millions of years, says the study's lead author, Kurt
Zenz House, a graduate student in geoscience at Harvard University in
Cambridge, Massachusetts.

House's team published its proposal last week in the Proceedings of
the National Academy of Sciences.

The accumulation of carbon dioxide (CO2) in the atmosphere from

. Enlarge Photo " fossil fuel use is believed to be a leading contributor to global warming.
, &2 Emailto 2 Friend (See National Geographic magazine's "Global Warning: Signs From
R e — . Earth)
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x Climate Less Sensitive to One way to reduce global warming without drastic reductions in energy
. Greenhouse Gases Than - consumption is by removing carbon dioxide from power-plant emissions

. Predicted, Study Says (April 2006 ~ and putting it where it cannot enter the atmosphere.
| Extreme Global Warming Fix

. Proposed: Fill the Skies With  Inthe past scientists have proposed storing CO2 in geologic formations
- Sulfur (August 2006) ~ such as depleted natural gas fields.

“ Test Your Energy 1.Q.

e (Read related story: "Clean Coal? New Technology Buries Greenhouse
Emissions" [May 2006].)

“Those storage options make sense and can be used to large degree," House said.
But they don't eliminate the possibility that the gas could make its way back to the surface, he adds.

"If it can find a conduit through a well or a fault, it has the potential to escape,” House said.
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Undersea storage is different, House says.
At depths below 8,800 feet (2,700 meters) the pressure is great enough
that CO2 is compressed into a liquid that is denser than water.

Therefore it can't bubble back to the surface.

But simply putting carbon dioxide on the surface of the seabed would
wreak ecological havoc, House explains.

Not only would the carbon dioxide smother life on the ocean floor, but it
would also react with seawater to form acid.

, Enlarge Photo

House proposes to bypass this problem by injecting the carbon dioxide

| 2 Emailtoa Friend into sediments below the seabed.

RELATED ~ This would take advantage of the unique changes in temperature and

| Climate Less Sensitive to . pressure found beneath the deep ocean, he says.

E% Greenhouse Gases Than f
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Predicted, Study Says (April 2000) About 1,000 feet (300 to 400 meters) deep in the sediment, the Earth is

Extreme Global Warming Fix . warm enough that the carbon dioxide will no longer be denser than the
. Proposed: Fill the Skies With . seawater in the rock's pores.
| Sulfur {(August 2006)

| TestYour Energy 1.Q. That's a good thing, House says, because as the gas percolates up
e through the waterlogged sediment, it will react with seawater to
produce a type of ice called a hydrate.

This ice will block the pores in the sediments, House says, creating a cap that keeps additional carbon
dioxide from moving upward.

“Enormous” Capacity

The seabed of the U.S.'s territorial waters alone has enough suitable sediments to hold thousands of years'
worth of CO2 produced from fossil fuel use, House says.

"The storage capacity is enormous," he said.

The prospects are even greater for a country like Japan, where there are very few depleted gas fields or
other land-based options for storing CO2.

"|f Japan wanted to do something with their carbon dioxide, this might be their best option," House said.
But the technology would come with a big price tag.

House estimates that it would cost about U.S. $35 to $75 per ton of CO2—about the amount produced by
burning two barrels of oil.

At the moment the new idea is a proposal, not a mature technology.

“This is one of those ideas that you have to try out to see if it works," said David Goodstein, vice provost of
California Institute of Technology in Pasadena and author of Out of Gas: The End of the Age of Oil.

But that doesn't mean that innovative ideas for getting rid of carbon dioxide aren't important, he says.
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"We are doing an uncontrolied experiment on the climate of the only planet we have," Goodstein said,

regarding carbon dioxide emissions from fossil fuels. "That is very foolish."

‘ ca(\\'

Sea Level Rises 50 Percent Faster

ENVIRONMENT—For sinking cities
like New Orleans and Venice,
ocean warming trends will make
a bad situation even worse. When
ice sheets melt and oceans heat
up, the sea level rises. A fleet of
satellites has been monitoring
the situation, and in July Steve
Neremmn, a geophiysicist at the Uni-

versity of Colorado at Boulder,

and his colleagues
pulled together the
evidence. Bottom
line: Oceans are ris-
ing about 50 percent
faster than in previ-
ous decades.

The sea-level read-
ings come from NASA satellites
called TOPEX/Poseidon and
Jason-1, which map the oceans
every 10 days. On average, sea
level has risen more than a tenth
of an inch per year over the last
12 years. That’s a sizable increase
over the rate of the previous 50
Years, as estimated by tide gauges
around the world. Nerem cau-

tions that n’s,too soon to pin the
result on global warming; it could
be due to regular changes in
ocean climate. “It’s hard to know
whether this reflects a long-term
change or a short-term change,”
he says. It will take another 10 to
15 years to settle the case. Still,
the increase is about what's pre-
dicted by computer models of
global climate.
According to cal-
culations by other
scientists, roughly
half the rise comes
from the thetmal ex-
pansion of the
oceans as they warm.
Melting mountain glaciers and
polar ice are also adding to new
heights. And climatologists sus-
pect that the ice sheets of Green-
land and Antarctica are involved,
although exactly how much is
not known. These ice sheets have
been sliding ever faster toward
the sea, but research this year
showed that parts of Antarctica

are actually getting thicker. That
means the overall contribution
to sea level “is still a little fuzzy,”
says glaciologist Richard Alley of
Pennsylvania State University.
Finding out how ice sheets are
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behaving is crucial, Alley and
others say: The ice of Antarctica
and Greenland contains enough
water to raise the sea level by
more than 200 feet.

—Erik Stokstad

reentand. to fallinto the sea,
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Scum of the Air | - )

w Sure, the United States is a conspicuous contributor of greenhouse-gas emissions,

One man's quest to cool the
q _ but that comes with the territory when you're one of the richest countries on the planet,

planet—with blue-green algae right? Not necessarily. Citizens of many other nations live quite comfortably, thank
. : you, and do so without mortgaging the health of fu i
top the Massachusetts Institute of the pebaptiasrassd omesficgprg kot worl"':,;etg:n::?;’::i?x:;:::’;
Technology’s 20-megawatt cam- thelr per-capita carbon dioxide emissions.
pus power plant stands a structure re-
sembling a pipe organ. Instead of shiny Per-capita GDP
metal, the 30 clear plastic pipes are | (in tho?.qsands of U.S. dollars) in 2004 PT::':':::CC&’“:;’:S?ES;
pond-scum green, full of one-celled | 4 , a
algae fighting global warming.
The algae are eating carbon dioxide
and nitrogen oxides from the plant’s 70
emissions—40 percent of the former 20
and 86 percent of the latter—and turn- 60
ing them into harmless oxygen and
nitrogen. Each day, an algae crop is har- i
vested that could be dried and con- 15
verted to solid fuel or processed into
biodiesel or ethanol, transforming a pol- 40
lution problem into a moneymaker. :
Chemical engineer Isaac Berzin came 30 10
across the algae idea in 2 1996 govern- |+ ' -
ment report while working on a project : 20 : .
for the International Space Stationand | = A
or the International Sp an : = c
was immediately impressed with the || " | 2 x ff(j 3
possibilities. “You could take something | 103 & < %
no one knew what to do with and turn | = z B
it into fuel,” he says. With the MIT test o = | 2

a success, Berzin has attracted $2.4 mil-
lion in capital, founded GreenFuel
Technologies Corporation, and begun
field trials at an unnamed power plant
in the Southwest. :
The idea “has a lot of promise,” says
Barry Worthington, executive director
of the U.S. Energy Association, which |
represents the electric power, oil, and i
. gas industries. “If the GreenFuel tech-
nology works on a large scale, then all

SOURCES: ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT, WORLD RESOURCES INSTITUTE'S EARTHTRENDS DATABASE
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nerving new estimate
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|
of a sudden you are looking at being there with soils (1,500 gigaton
able to sequester carbon dioxide not just vegetation (650 gigatons), Earth's |
as a cost of doing business, but you ac- SFCOnd and third largest reposito- i
tually get some revenue.” ries of carbon after the oceans. In | ' : {
It would be a dream solution for the a Separate study, Katey Walter, an
industry, given that 40 percent of car- : aquatic ecologist at the University

of Alaska at Fairbanks, showed that
much of this buried carbon may
emerge as methane, a greenhouse
gas some 20 times more powerful

bon dioxide and 25 percent of nitrogen
oxide emissions in the country come
from electric power plants. Other ideas

for getting rid of CO_2 mclud_c bgrymg than carbon dioxide. One type of

it underground or discharging it into permatfrost called yedoma is full of

the deep ocean, both expensive ideas grass roots, bones, and othe >

with unknown consequences. But who of years, this organic matter-has been in cold st ; -

can complain about a lot of algae? melts, it gives rise to thaw lakes orage; when permafrost

—Frances Cerra Whittelsey. release bubbles of methane. While monitari ;
13 months, Walter's o onitoring two Arctic thaw lakes for

ound that the ;
methane as previously esti Y gave off five times as much
growing, potentially startin that the lakes are

rapid warming.
Samir S, Patel



Greenhouse Gas Makes Oceans
Adidic and Dissolves Marine Life

OCEANOGRAPHY—Increas-
ing levels of carbon diox-
ide in the atmosphere are
turning the oceans more
acidic and may endanger
marine life, according to
areport released in Sep-
tember. An international
team of 27 oceanogra-
phers churned through
13 global models and con-
cluded that carbon diox-
ide emissions could cause
PH levels in the ocean to

drop from an average of
8.1 today to 7.7 by the end
of the century. That may
doom small but essential
sea creatures.

As seawater becomes
more acidic, it dissolves
carbonate  minerals,
which many plankton re-
quire to build their shells.
The researchers found
that if carbon emissions
continue to rise at the cur-
rent rate, the entire South-

-em Ocean and part of the

North Pacific will be so
corrosive by the year 2100
that many calcifying
plankton will be unable
to grow propertly; others
may dissolve outright. The
Wworst-case scenarios move
up the timetable to the
year 2050,

“We know with cer-
tainty what’s going to
happen to the seawater

chemistry,” says Victoria

—_——

Fabry, a biological ocean-
ographer at California
State University at San
Marcos. “What we don’t
know for certain is the
impact that will have on
the biology.” In an exper-

iment, Fabry exposed
planktonic snails called
pteropods to seawater
with a level of acidity
matching that predicted
for the Southern Ocean
in 2100. “The shells were
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to! ever%hiﬂing uallywtt\ér -are-less famil- -
iar and less comifortablé with the long-term -
data set. Glimatologists, who study ‘longer

' timescales and:are-used to working with
: Incompfete mbords have more faith in-the: -
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ON LAND

AT SEA

Surface melting
begets more melting

Snow reflects the sun's
light and heat, keeping
ice below it from melting.
Where it melts, exposed
dark ice absorbs heat.

As glaciers thin,
heir surface sinks
to lower altitudes,
where temperatures
are higher.

N

%, Meltwater fractures ice and
#, lubricates the bottom, speeding flow

Summer
meltwater
pools on the
ice surface and
forms lakes.

Meltwater plunges into
open crevasses and
moulins, breaking up the
ice and lubricating its base,
which accelerates flow.

Ablation zone
Spring and summer
loss exceads winter
accumulation.

ice Slipping Away

Ice sheets covering Greenland and West

, R L NGE U& nEUwﬂ 3._Qm
e R VORI _ Antarctica are shrinking unexpectedly fast,
M s 2 cubic miles and the outlet glaciers that carry inland
One estimate of net annual ice into the sea are accelerating. Multiple
e loss of ice in Greenland processes are speeding the loss of ice.

¢% Thinner ice has a weaker grip on the land

.A.r

«- and can’t hold the accelerating glacier

Ice Velocity

Jakobshavn Isbre,
the biggest outlet
glacier in Greenland,
flows twice as fast as
in 1995. The ice moves
fastest at the front.

SOURCES: ERIC RIGNOT, NASA/
JET PROPULSION LABORATORY;
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miles
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Warmer oceans erode

: floating ice at its base

Some glaciers end in a floating
tongue, which buttresses the la
behind it. As the ocean warms,
the ice tongue from below, we
it and causing it to break up.

Warm currents eat away the gr
line, where the floating ice met
bedrock. Pressure at depth low
melting point, making itevenr
vulnerable to warmer water.

Jakobshavn's flogting Ra
ice tongue has retreated  ice
four miles since 2000. ca
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MANAGING THE CLIMATE PROBLEM

Atthe present rate of growth, emissions of carbon dioxide will
double by 2056 (below left). Evenif the world then takes action to
level them off, the atmospheric concentration of the gas will be
headed above 560 parts per million, double the preindustrial value

(below right)—a level widely regarded as capable of triggering

severe climate changes. Butifthe world flattens out.emissions
beginning now and later ramps them down, itshould be able to
keepconcentratidn:‘subs:an;-ia'llg'b_eluw-SB(lppm. '






