
OIL AT THE BOTTOM OF THE SEA

To measure the rate of oil flowing from 
the Macondo well, WHOI scientists 
used a method that had never been tried 
before. With an acoustic Doppler current 
profiler, they measured the velocity of 
the gushing jet of oil and gas. With an 
imaging multibeam sonar, they got a 
detailed view of the jet’s cross-sectional 
area. At right, workers install the instru-
ments on the deep-sea vehicle Maxx3.

Up From the Seafloor 
Came a Bubbling Brew
Scientists use a novel technique  
to measure rate of oil spewing into Gulf
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Eleven days after the explosion at the 
Deepwater Horizon oil rig on April 20, 

2010, representatives from BP called Andy 
Bowen at Woods Hole Oceanographic  
Institution (WHOI).

“It had become obvious just how dire 
the circumstances were,” Bowen said. The 
mammoth blowout preventer (BOP) at the 
undersea Macondo well had failed to seal 
the gushing leak. Engineers sought ways  
to “see” inside the BOP’s steel structure, 
examine internal valves and actuators, and 
find out what wasn’t working and what 
could be done to fix it.

“They were looking for anybody who 
had novel technology that might increase 
their knowledge of the BOP condition, and 
they felt that Woods Hole, given our expe-
rience in working in the deep ocean, might 
have some valuable technology to help them 
achieve those objectives,” said Bowen, who 
is director of the National Deep Submer-
gence Facility at WHOI.

The Macondo well was nearly a mile be-

low the sea surface, an unfamiliar territory 
at the edge of the oil industry’s experience. 
In contrast, WHOI scientists and engineers 
have routinely operated vehicles and tech-
nology four times as deep, often to explore a 
natural phenomenon that WHOI scientists 
helped discover in 1977: the volcanic geysers 
of hot, mineral-rich f luids spewing from  
hydrothermal vents on the seafloor.

Indeed, the dark brown jet of hot oil  
and gas billowing from the broken pipe had 
a familiar look to Bowen.

“Just intuitively, or by looking at a hydro-

thermal vent and at the blowout preventer 
on the seafloor, you could see some very 
easy-to-draw similarities,” he said.

Coast Guard gets interested
Three days later, Bowen and WHOI  

scientist Rich Camilli suggested a technique 
that had never been tried before to measure 
 the oil f low rate directly at the source. 
They submitted a proposal to BP to use 
two different types of sonar technology to 
simultaneously measure the speed and the 
cross-sectional area of the f luids leaking 



“Looking at a hydrothermal 
vent and at the blowout 
preventer on the seafloor, 
you could see some very 
easy-to-draw similarities.”  
                    —Andy Bowen

// SEE THE VIDEO @ 
www.whoi.edu/deepwaterhorizon/chapter2
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A jet of dark fluids containing oil and natural 
gas spews out of the broken riser pipe at the 
Macondo well near the seafloor in the Gulf 
of Mexico in 2010 (above). When BP officials 
initially contacted scientists at Woods Hole 
Oceanographic Institution for help, the scien-
tists recognized the similarity between the 
gushing drill pipe and volcanic hydrothermal 
vents on the seafloor (right), which WHOI 
scientists have studied for decades. The  
scientists readily adapted their experience 
and technology to study the oil spill.
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from the BOP. The measurements would 
help determine whether the f low in the 
BOP was constricted, which would indicate 
that at least one of its shear rams, designed 
to seal the well, had partially actuated,  
Camilli said.

BP officials expressed interest, but the 
next day, they informed the scientists that 
the company had decided to pursue a con-
tainment structure to stop the leak. “Our 
team was politely thanked by BP represen-
tatives for our efforts,” Camilli testified on 
May 19, 2010, before a U.S. House Sub-
committee on Energy and Environment.

Two days later, as Camilli was en route 
to the airport to attend a conference, his 
phone rang. “It was the executive director  
of the U.S. Coast Guard Research and  
Development Center in New London, 
Conn., calling to see if it was still possible 
to make these measurements. And I told 
him, ‘Yes, but I’m on my way to Australia.’ 
… And then he said, ‘Well, I’d like to ask 
you to stay in the country.’ ”

Camilli stayed. “There really wasn’t any 
question about whether I’d do it or not,” he 
said. “Eleven people lost their lives there, 
and I think as scientists, this is one of those 
instances where there’s a certain ethical  
responsibility that we have to stand up and 
be counted on to help.

“It’s my understanding that the Coast 
Guard chose us because they wanted an 
independent measurement,” Camilli said. 

“Don Cundy, the director, called me back 
45 minutes later and asked me when I could 
mobilize, and at that point we went into 
high gear. Within 24 hours, we had all the 
paperwork in place, and within 48 hours 
we were in New Orleans with our team and 
equipment fully mobilized for helicopter 
transport to the Ocean Intervention III.”  
The 297-foot ship was a platform for a  
variety of operations near the Deepwater 
Horizon blowout.

At first, BP did not allow the WHOI 
scientists to board the vessel and take their 
measurements. But Coast Guard officials 
and Marcia McNutt, director of the U.S. 
Geological Survey, intervened to facilitate 
the mission. McNutt was also chair of the 
newly convened Flow Rate Technical Group 
(FRTG), a collection of several scientific 
groups assembled by federal agencies coor-
dinating the disaster response. Its goal was 
to use several different independent tech-

niques to generate the best estimate of how 
much oil was being released into the Gulf.

Gathering outside expertise
Unlike other oil spills in the ocean, 

which occurred at or near the surface, this 
one was happening nearly a mile deep. “No 
proven techniques existed for estimating the 
f low under such conditions,” said an FRTG 
report dated March 11, 2011.

Oil and gas released by a tanker or a 
shallow-water oil rig rises to the surface  
and spreads into a slick, whose extent can  
be measured by airplanes. No one really 
knew how petroleum released under the  
intense pressure and cold temperatures in 
the depths would behave chemically or 
physically, but most experts suspected that 
not all of it would make it to the surface.  
In addition, Deepwater Horizon was not 
like a one-time spill from a tanker whose  
tonnage is already known.
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“Woods Hole has been operating in what the  
offshore oil industry would consider ultradeep  

water for more than 40 years, so we’re  
used to operating in the deep end of the pool.  

We can help out there.”
                                               —Rich Camilli
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“Most oil spills are like Pearl Harbor—
it’s this one-shot smack,” said Chris Reddy, 
an environmental chemist at WHOI. “In-
stead, this spill was more like the Battle of 
Stalingrad, in which you had this everyday 
siege” as petroleum continued to gush out of 
the broken pipe, ultimately for 87 days.

BP’s initial estimate of the f low from  
the well was about 1,000 barrels per day, 
or BPD (a standard barrel of crude oil con-
tains 42 gallons, or about 159 liters). The 
first official government f low rate, issued 
on April 28, was about 5,000 BPD. Both of 
these were based solely on aerial views of oil 
slicks. Many scientists and officials thought 
the rate was far higher after they viewed  
underwater videos, released May 12,  
showing the jet of petroleum hydrocarbons 
escaping from the damaged pipe.

Sounding out the jet
An accurate f low rate was essential for 

several reasons. It would give engineers 
a better idea of what was really going on 
down below and a better chance of figuring 
out ways to stem the f low. Officials needed 
an accurate figure to consider how much 
dispersant should be applied in the depths 
to prevent oil from reaching the surface  
and also to plan their strategies to regain 
control of the well, collect the oil, and limit 
the environmental damage. “Ultimately,  
the impact of the oil on the environment 
depends primarily on the total volume of  
oil released,” the FRTG report said.

On May 30, after multiple attempts by 
BP to seal the well had failed, Camilli and 
Bowen f lew by helicopter to the Ocean  
Intervention III on a “not-to-interfere” basis, 
meaning other operations had priority.

On May 31, the WHOI team installed 
two kinds of acoustic instruments on a re-
motely operated vehicle named Maxx3. The 
first was an acoustic Doppler current profil-
er, or ADCP, which works on the principle 
of the Doppler shift in sound. That’s the 
phenomenon that explains why the sound of 
a car has a higher pitch as it approaches and 
a lower pitch as it moves away.

“We aimed (the ADCP) at the jet of oil 
and gas that was coming out, and based on 
the frequency change in the echoes that 
came back from the jet, we could tell just 
how fast it was moving,” Camilli said. In  
a matter of minutes, they obtained more  
than 85,000 Doppler measurements.

At the same time, they used an imaging 
multibeam sonar. “It basically operates 
in the same way that medical ultrasound 
works,” Camilli said. “It gives you the 
equivalent of black-and-white images of the 
cross section of the f low of oil and gas.”

The images allowed the scientists to  
distinguish jets of oil and gas from the sur-
rounding seawater. Unlike optical imagery, 
which can see only the visible outside surface 
of the jet, the imaging sonar “is capable of 
looking through the oil plume and seeing in 
one side and out the other,” Bowen said.

The team took more than 2,500 separate 
sonar images of the jet, which gave them 
detailed views of the jet’s cross-sectional 
area. Multiply those average areas by their 
average velocities and you get a good esti-
mate of how much f luid was being released.

The distinct and significant advantage  
of the method, the FRTG report stated, is 
that it captured the full f low, by directly 
measuring the f low right at the leak source 
before the f luids could disperse. It also pro-
duced measurements quickly, Camilli said.

Unfinished business
As the wealth of acoustic data began 

rolling in, Camilli set up a satellite link 
with a team of researchers throughout the 
country to assist in the data analysis. The 
team included Daniela Di Iorio of the Uni-
versity of Georgia; Bowen, Chris Reddy, 
Dana Yoerger, Jeff Seewald, Sean Sylva, and 
Judy Fenwick at WHOI; Alexandra Techet 
of the Massachusetts Institute of Technolo-
gy; and Louis Whitcomb of Johns Hopkins 
University. They used computer models of 
turbulent jet f low, which took into account 
many factors including how cool seawater 
was swept into the jet of hot f luids, and they 



WHOI scientists were transported by heli-
copter to the Ocean Intervention III (left), a 
297-foot ship that served as a platform for 
a variety of operations near the Deepwater 
Horizon blowout.
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came up with an estimate of how fast the 
f luids were f lowing out of the pipe. Within 
hours of examining the data, the prelimi-
nary answer was clear: The f luid was being 
released at a rate approaching a quarter of a 
cubic meter per second.

This estimate did not, however, distin-
guish between oil and gas. To determine 
that, the scientists needed a pristine f luid 
sample directly from the well. To collect 
this sample, WHOI scientists had proposed 
using an Isobaric Gas-Tight sampler, or 
IGT, a deep-sea device developed at WHOI 
to sample hydrothermal vent f luids (see 
Page 8). Camilli had brought IGTs with 
him to Louisiana, but BP blocked the  
scientists from using them.

As the team helicoptered off the ship  
on May 31, Camilli set in motion a plan to 
take care of this unfinished business. In  
less than two weeks, he was scheduled to  
return to the Deepwater Horizon site,  
funded by a National Science Foundation 
Rapid Response Research grant, to hunt  
for subsurface hydrocarbon plumes aboard 
the research vessel Endeavor (see Page 28). 
Once again, Coast Guard officials and  
McNutt intervened to ensure that the cru-
cial f luid sample was obtained. On June 20,  
Camilli and colleagues were transported 
from Endeavor to the Ocean Intervention III 
for 12 hours and got the crucial sample  
(see Page 24).

Analysis of the sample showed that, by 
mass, the Macondo well f luid contained 77 
percent oil, 22 percent natural gas, and less 
than one percent other gases. With data on 
how much of what was escaping, the scien-
tists could make a preliminary calculation of 
how much oil was f lowing out of the well. 
Their initial estimates came up higher than 
those of other groups using other methods.

“That’s not a comfortable place to be in,” 

Camilli said. “There were a lot of sleepless 
nights, because we had made these measure-
ments using a technique that had never been 
tried before, and it was telling us something 
different from everyone else. We kept  
going back to it to see if we’d made a simple 
mistake, or if there was a fundamental f law 
in our measurements, but we kept on com-
ing to the same conclusion. So we presented 
those findings to the government.”

On Sept. 27, 2010, Camilli testified in 
Washington, D.C., before the National 
Commission on the BP Deepwater Horizon 
Oil Spill and Offshore Drilling. Subtracting 
the natural gas component of the escaping 
f luid, Camilli told the commission that the 
research team calculated that oil was f low-
ing out of the well at a rate of approximately 
59,000 BPD on they day the scientists made 
their measurements. He noted that this  
estimate was undergoing further analysis.

After that, the research team continued 
to scrutinize the data, explore possible ef-
fects from many factors in fine detail, refine 
the estimates, and rigorously examine the 
uncertainties of their innovative method.  
In a paper published online Sept. 5, 2011, in 
Proceedings of the National Academy of Sciences, 
the scientists estimated that on May 31, 
2010, oil f lowed out of the blown-out  
Macondo well at a rate of 7.4 ±1.3 gigagrams 
per day, equivalent to 57,000 ±9,800 barrels 
of oil per day, and was accompanied by 2.1 
±0.37 gigagrams (roughly 100 million stan-
dard cubic feet) per day of natural gas.

Extrapolating the May 31, 2010, f low 
rate over the timespan of the leak, the sci-
entists estimated that 4,800,000 ±800,000 
barrels of oil were released from the Macon-
do well between April 20 and July 15, 2010, 
when the leak was finally capped. A portion 
of that total was recaptured directly from 
the well by containment measures and never 

reached the ocean, according to the FRTG 
report. Another portion of the oil evaporated, 
or was skimmed or burned at the surface.  
A significant percentage of the spilled oil 
remained unaccounted for in the ocean.

A silver lining
“If a similar blowout occurs in the future, 

 the government will be able to quickly and 
reliably estimate the f low rate using the  
very oceanographic techniques that Woods 
Hole was prepared to use on May 6,” said 
McNutt, who chaired the FRTG. 

But a lesson of the Deepwater Horizon 
disaster, Camilli said, is that neither the oil 
industry nor government responders were 
fully prepared for it.

“One of the big issues that I see as  
a scientist is that the accepted methods  
for responding to an oil spill really have  
become dated,” he said. “They were  
developed during the time of the Exxon  
Valdez, in the early ’90s. They haven’t  
kept up with the times. In 1990, there  
were no ultradeep-water platforms.

“Now that we’ve built this relationship 
with the Coast Guard, we look forward to 
working with them to fast-track cutting-
edge, deep-ocean research in this theater  
of operations, to be a conduit for the  
oceanographic community to give back  
to society,” he said. “Woods Hole has been 
operating in what the offshore oil industry 
would consider ultradeep-water for more 
than 40 years, so we’re used to operating  
in the deep end of the pool. We can help  
out there.”

—Lonny Lippsett


