frozen
power
Scientists have discovered a new energy source
that could power earth for hundreds of years. But
there is a catch. by daniel weiss
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omething strange was
caught in Brian Dickens’ fishing net. The
veteran captain and his
crew had been trawling the Pacific Ocean
off Canada’s Vancouver Island for three hours that day in
July 2001 when they hauled it up. As
the net neared the surface, the water
turned a bubbly green, indicating a
big catch – and then the net shot out
of the water and floated there, holding a steaming, seething mass.
“It kept frothing like Alka Seltzer,”
says Dickens, smiling at the recollection. “Fish don’t do that.”
The alarmed crew wound in the
net and dumped the load on deck.
There it sat: about four tonnes of
hissing, fizzing ice. “I was perplexed
at how we could have found ice in the
middle of summer,” recalls Dickens.
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Concentrated energy
Gas hydrates were believed to occur under the Arctic permafrost in
Western Siberia by the late 1960s,
and were found on the North Slope of
Alaska in 1972. Global surveys in the
decades since have produced gargantuan estimates of worldwide totals.
Between three and 125 quadrillion
cubic metres of methane are thought
to be stored away in hydrates, containing more energy than all of our
planet’s oil, coal and conventional
natural gas reserves combined.
As a result, there is growing interest in extracting methane from
hydrates. However, as only a portion
of the deposits contain enough gas
to be worth drilling, prospectors and
scientists have spent years hunting
for the most promising spots.
“When we explore for resources,
we focus on the occurrence of thick

ocean floor, where the vast majority
of the world’s hydrates are thought
to be located, scientists had had less
luck – until earlier this year.
In the Gulf of Mexico, a joint
Chevron-United States government
expedition hit methane hydrate
pay dirt on Walker Ridge, about
290 kilometres south of the Louisiana coast. The expedition drilled
its first well there, where the ocean
was a good 2 kilometres deep. It took
seven or eight hours just to lower
the US$3.5-million drill to the ocean
floor. “It’s like a spacecraft landing
on the moon or Mars and beaming
back information,” says Collett, a
co-leader of the expedition. They
were drilling to a target zone a kilometre beneath the ocean floor, where
readings had shown a high likelihood of hydrates in sand reservoirs.

From a lump on the sea floor (top), methane
hydrate turns into a fizzing mass as it comes to
the surface of the sea, netted by a commercial
fishing ship (bottom).

sand reservoirs because they have
porous media in which the hydrates
become concentrated,” says Dr Tim
Collett, a hydrates specialist at the
United States Geological Survey.
Large pore spaces in sandy strata
allow for high concentrations of hydrates, while the smaller pore spaces
in shale or clay trap less gas.
Several of these thick sand deposits have been identified under
Arctic permafrost. But under the

Energy Content of Common Energy Sources (kJ=kilojoules)
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Coal: 15,000–27,000 kJ/kg

Searching the sand
The drill penetrated the floor and
began relaying data in real time up
to the surface. As the measurement
devices were spaced out along the
drill’s 40-metre-long logging tool
and hit a given depth at different
times, there was a delay between
each piece of data and the next. Each
had the potential to indicate success
– or failure.
Anticipation ran high in the hot,
cramped room where Collett and
his co-scientists monitored the feed.
“The minute it hit sand,” he says,
“there was a spike in the gammaray log.” This indicated low natural
radioactivity, a good sign. Less
productive clay and shale, which
contain radioactive minerals, give off
high gamma-ray readings.
They continued to watch the readouts. “Minutes later, we saw high
electrical resistivity,” Collett says.
Unlike water, solid hydrates are poor
conductors of electricity. Another
tick in the methane hydrate box.
As the data came in, it continued to look good: hydrates in a sand
reservoir. But there was one more
crucial reading, and that would arrive

Heavy Fuel Oil: 41,200 kJ/l
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A fisheries observer on board
scooped up a chunk and sealed it in
a plastic zipper bag. The bag quickly
blew up and popped like a balloon.
After several more attempts, he
managed to save a sample in the
boat’s freezer, and the relieved crew
swept the rest back into the sea.
Dickens admits that he was at a
loss for an explanation. But there was
an answer – the stuff they’d hauled
up 900 metres from the sea floor was
not ice but methane hydrate, a substance barely known to science until
a few decades ago.
Methane hydrate is a compound
made up of molecules of methane,
the primary component of natural
gas, trapped in a cage-like structure
by water molecules. It only forms under conditions of high pressure and
low temperature like those found
under deep-water ocean floors, or beneath permafrost.
The hydrate is packed so densely
that when it is exposed to normal atmospheric pressure, it releases 164
times its original volume in methane.
Which explains why it blew up the
sealed plastic bag on Dickens’ boat.

A sedimentologist holds a lump of methane
hydrate before placing it in a tank of liquid
nitrogen at -196 degrees Celsius for further
analysis. The dark stripes are layers of sediment. (Below) Scientists and crew members
on the German research vessel Sonne watch
as the methane drawn from a depth of 780
metres sizzles, hisses and burns.
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co2 Replacement
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Inject liquid carbon dioxide into
hydrate sediments such that the methane is released for use as energy, and
the carbon dioxide is stored so it can’t
contribute to global warming –
this sounds almost too good to be true.
But research by Dr Geir Ersland of the
University of Bergen in Norway suggests that it can be done.
Ersland has been working on the
swap procedure with American energy
company ConocoPhillips, which plans
to test it on Alaska’s North Slope
next year to see how it compares
with the depressurisation method in
terms of flow rates. The swap method
eliminates the need to pump water and
avoids a potential collapse that can
occur if too large a volume is removed.

A video-controlled excavator
holds a load of hydratebearing sediment.
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half an hour later – the acoustic log.
This measures the speed at which
sound travels through the strata.
The scientists had their confirmation when the acoustic log indicated
high velocity sound transmission –
the sand was filled with solid hydrate
and not water.
The hydrate-bearing sand reservoir at Walker Ridge is estimated at 15
to 30 metres in thickness, and three
other wells in the Gulf of Mexico have
yielded similarly promising data, as
have locations beneath permafrost in
Alaska’s North Slope and at the Mallik site in far-north Canada.
However, there are some major
hurdles hindering the commercial

Methane: 39,820 kJ/m3
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harvesting of methane from the hydrate reservoirs.
First is the challenge of extracting methane from solid hydrate. This
involves drilling down to the hydrate
reservoir and removing the column
of water in the well bore above it.
Relieved of the pressure that was
keeping it solid, the hydrate begins
to decompose into methane gas and
liquid water.
“Since a gas hydrate has such
a high water content, you have to
pump water off from the very early
phases,” says Collett. “That becomes
an extra cost.”
Then there is infrastructure. Neither the Canada nor the Alaska sites

Propane: 101,000 kJ/m3
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Wood (dry): 14,400–17,400 kJ/kg

currently have a pipeline to shuttle
natural gas to a broader market.
Collett estimates that each gas hydrate well in Alaska could produce
28,000 cubic metres of methane per
day, or more.
“If that was in the western United
States, it would be a significant gas
flow,” he says. But it isn’t. It’s in Alaska, some 4,000 kilometres away.
The Gulf of Mexico does have infrastructure to transport natural gas,
but deep-sea drilling is more expensive than drilling on land.
Still, Collett is optimistic. “On the
technical side, we see no barriers to
significant production rates from gas
hydrates,” he says.

Gasoline: 47,300 kJ/kg
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Drilling in Alaska is part
of the US Department
of Energy’s national
methane hydrates
research programme.

Hydrate Locations
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Methane hydrate can form anywhere with temperatures
close to freezing and pressure of at least 50 times that at
sea level. On land, this means it is found between 150 and
2,000 metres deep in permafrost regions. At sea, it occurs on continental shelves as deep as 1,100 metres below
the sea floor, below water depths of at least 300 metres.
While some, such as those hauled up by Brian Dickens,
form on the sea floor, the vast majority of marine hydrates
are underground.

Warming Worries
Some scientists are worried that as
the Earth’s atmosphere warms up
and melts the delicate lattice structures of the water molecules, hydrates will start to release methane
on their own, accelerating warming.
As a greenhouse gas, methane
packs 25 times the potential Earthheating power of carbon dioxide. The
concern is that existing temperature
rises, though slight, will promote the
release of methane from hydrates,
setting in motion a vicious feedback
loop of yet more warming and even
more methane release.
There is evidence that some hydrates under the Arctic permafrost

Largest Oil Fields



Hydrate reservoirs have been found or predicted on the
margins of all seven continents as well as beneath Arctic
permafrost. So far, the most desirable from a drilling perspective – thick ones in sand formations – have only been
found on the North Slope of Alaska, in Canada’s Mackenzie Delta and beneath the Gulf of Mexico. However,
countries such as Japan, India, Korea and China all have
hydrate programmes that are searching for thick, sandy
formations in the hopes of meeting growing energy needs.

have begun to release methane
into the atmosphere. Researchers
have found spots along the Siberian
continental shelf where methane
concentrations reach a hundred
times the norm. This Siberian area
alone contains around 1,400 billion
tonnes of methane, trapped in hydrates. If one percent were released,
it would more than triple the amount
of methane in the atmosphere and
rapidly accelerate warming.
“We can’t ignore this,” says Jim
Kennett, a professor of marine geology and paleobiology at the University of California, Santa Barbara, who
has studied the past relationship between hydrates and climate change.

Ghawar, Saudi Arabia: 75-83 billion barrels

“It would be irresponsible to do so.”
Martin Kennedy, a professor of
sedimentary geology at the University of California, Riverside, is more
forthright. “It is a potential doomsday mechanism,” he says. In a recent
paper, Kennedy argued that a massive
release of methane from hydrates 635
million years ago caused the Earth to
rapidly hurtle from an ice age to a
period of tropical warmth. He warns
that it could happen again.
“Once the feedback is initiated,
there is no stopping it,” he says.
Whether good or bad, though, one
thing is certain – we will hear a lot
more about hydrates in the years to
come, no matter what the reason. n

Burgan, Kuwait: 66-72 billion barrels

Cantarell, Mexico: 35 billion barrels
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