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ow much oil was gushing
into the Gulf of Mexico
after the Deepwater Hori-

zon oil rig exploded on April 20,
2010? That was a topic of hot debate
last summer. Estimates of the flow
went up and down for months.
Why was it so hard to figure out?

“No one had ever measured a sit-
uation like this before,” says Dr.
Steve Wereley, a professor of
mechanical engineering at Purdue
University. The conditions were
difficult. The main leak came from
a riser pipe that had broken off
from the rig and settled down into
the muck on the soft seafloor. It
was 5,000 feet below the ocean’s
surface — too deep for scuba inves-
tigation. Very little data was avail-
able for scientists to analyze.

For weeks, British Petroleum
(BP) and the U.S. Government said
the flow was 5,000 barrels a day. A
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few independent scientists were
speculating it was much higher.
Then, on May 13, Dr. Wereley
(pronounced WER-lee) received a
pivotal email from a science
reporter. The reporter asked if
Wereley could use his specialty —
a technique called Particle Image
Velocimetry (PIV) — to estimate
the amount of oil flowing into the
Gulf. The reporter included a link
to a 30-second video that had just
been posted on the web. The video
showed dark clouds of crude oil and
natural gas billowing from the bro-
ken pipe into the surrounding sea.
Dr. Wereley watched the video,
did a short computer analysis, made
a few calculations on sticky-notes,
and estimated that 70,000 barrels a
day were escaping. That was more
than 10 times the current official
estimate! Within hours, he was on

the national news. Based on his cal-

culations, the disaster in the Gulf
had just gotten much, much worse.
Two other scientists came up

with similar estimates of the flow
rate after seeing the same 30-second
video. Using different techniques,
they each calculated that between
20,000 and 100,000 barrels of oil
were entering the ocean each day.
“The important message,” says Dr.
Wereley, “is that the flow was defi-
nitely not 5,000 barrels a day.”

Measuring with Movies

Dr. Wereley had to answer two
basic questions to measure the

amount of oil spilling from the pipe:

+ How fast is the oil moving?

+ How much is coming out of the
end of the pipe at any one time?

To find out how fast the oil was
moving, Dr. Wereley started by
measuring the speed of a single
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LEFT: Dr. Steve Wereley
discusses the oil spill
measurement problem in his
office at Purdue University.

puff of oil as it traveled through
the large black cloud. In math
terms, Speed = Distance + Time.
(A common example is “miles per
hour” — as in how fast you ride
your bike!) So he needed to mea-
sure the distance a section of the
oil was traveling. How could he do
that, when the oil looked like a
huge, murky, spreading cloud?

He watched the video closely
and saw there were actually some
identifiable shapes within the big
mass of oil. (Scientists call
these shapes “turbulent
coherent structures.”)
Then he converted the
video into a series of still
pictures. After all, that’s
what movies are — a series of
pictures taken one right after the
other. By splitting the video back
into individual photos, Wereley
could measure how far the shapes
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in the oil moved from one picture
to the next.

Dr. Wereley normally would
have hundreds of pictures to ana-
lyze from a 30-second movie. But
this video was low-quality, and he
could only use two of the pictures.
However, those two were enough.

Looking back and forth between
the two pictures, he could make out
a sort of peanut-shaped glob that
moved upward within the cloud of
oil. He noted the location of the
lower edge of that glob in
each of the pictures. From

one picture to the next,
the glob had moved 11.7

pixels. He used this num-
ber as a “reality check” —a

reference point to judge whether
his future analysis would be in the
right ballpark.

Then he ran the same two photos
through the Particle Image Veloci-
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BACKGROUND: These two underwater
images were taken on June 3, 1/30th
of a second apart. They show the oil
discharging vertically upwards from the
top of the Deepwater Horizon’s blowout
preventer (BOP). By comparing the two
photos you can see clearly the motion
of the oil between the two frames.
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metry (PIV) computer program he
had developed. The program does a

sophisticated mathematical analysis
of how the globs of oil in a certain
section of the photo are moving,
Using that data, it produces a dia-
gram with vectors (arrows represent-
ing both speed and direction) that
show how an average particle (or
glob!) in a specific area of the flow
is moving. The PIV analysis calcu-
lated that the oil globs had moved
an average of 10.2 pixels between
photos, slightly less than Wereley’s
first estimate based on a simple
observation of a single glob.

Now he had one of the numbers
necessary for his calculation of speed:

Distance = 10.2 pixels.

Next, he needed to know how
much time it had taken the oil to
make that short trip. Thankfully,

that was information he already
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had! The program that extracted
the two pictures reported the
time between these pictures was
0.067 seconds. Okay, so:

Time = 0.067 seconds.

The oil had traveled 10.2 pixels
per 0.067 seconds. Using the
diameter of the big pipe visible in
the movie (21.5 inches = 124 pixels),
Dr. Wereley converted pixels to
inches and determined the oil was
flowing 26.4 inches per second. He
had answered the first question.

From Inches to Barrels

On to the second question: How
much oil was coming through the
pipe? The outer diameter of the
large pipe in the video was 21.5
inches, while its inner diameter was
19.5 inches. That means the inner
radius of the pipe was 9.75 inches.
You may have learned in math class
that the area of a circle is pi (3.14)
times the radius squared. Multiply-
ing the area of the pipe opening
(299 square inches) times the
speed of the oil (26.4 inches per
second) gives a flow rate of about
7,900 cubic inches per second.
Divide by 231 (the number of cubic
inches in one U.S. gallon) and
again by 42 (the number of gallons
in one U.S. barrel). Multiply by 60
seconds a minute, 60 minutes an
hour, and 24 hours a day and you
get more than 70,000 barrels each
day! A huge amount of oil!

A few days later, the U.S. Gov-
ernment asked Wereley and several
other scientists to work together to
reassess the official estimate of
5,000 barrels a day. After months
of more sophisticated research —
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Convert to Barrels per Day

» Find average plume velocity
pixels 1 frame 2lin in

b Frame " 0.067 sec . 124pixels " sec

o Multiply by cross-sectional area to find
volume flow rate

to the surface. “When the oil spill
started, almost all available satel-
lites were aimed to take pictures
of the Gulf of Mexico near the
well,” says Ian MacDonald, an
oceanographer with Florida State
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University. NASA planes were

taking photos, too. By studying

This slide is based on one from Dr.
Wereley’s presentation to Congress
about his measurement of the oil spill.
At the time, he based his calculation
on a 21-inch-wide pipe, but found out
later that the pipe was actually .5 inch
wider. Note that Dr. Wereley combines
steps in his calculations.

using better video, more data, and
additional methods — these scien-
tists affirmed that Dr. Wereley’s
initial number was a good rough
estimate. The group eventually con-
cluded that the flow rate began at
62,000 barrels per day and declined
over time to 53,000 barrels per day.
That means 4.9 million barrels of
oil spilled into the Gulf over a
three-month period. It was by far
the worst oil spill ever in the
United States.

Satellites, Slicks, and
Sound Waves

Before the video was released, most
scientists were measuring the spill

by evaluating the oil that had floated

these pictures, scientists could
measure the area covered by the oil
slick. At one point, it was over
11,000 square miles — bigger than
the state of Massachusetts!

The color of the slick helped
scientists determine its thickness —
a necessary number for calculating
volume. “The thinnest oil that is
visible is in the range of 0.5 to
5 microns,” says Dr. MacDonald.
That's extremely thin — about one-
hundredth the diameter of a human
hair. At that thickness, oil makes
rainbow patterns on the water. (You
may have seen these in a lake or
puddle.) Metallic layers appear at
5—20 microns. When it’s thicker
than that, the oil appears darker.

Using the floating oil to measure
a large leak isn’t precise. Some of
the oil evaporates. Some of it never
makes it to the surface. “As the oil
bubbles up, it breaks down into
droplets,” says Dr. Wereley. “Just
like in salad dressing, when you

PIV (Particle Image Velocimetry) is a technique that engineers and

scientists use to measure how fluids flow. It usually involves taking

photos of particles suspended in a fluid by lighting them up with quick

pulses of laser light. Then a computer program calculates how far and

how fast groups of individual particles travel from one photo to the

next. Dr. Wereley works in a nanotech

nology center and typically uses

PIV to measure the flow of microscopic particles in a fluid, exploring

things like how liquid flows around a red blood cell. He knew the con-

cept of tracking unique features over time could be applied to the oil

spill in the Gulf — even though it was

far from microscopic!
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underwater sound

submerged objects

shake it up, the oil forms small
droplets. If you shake salad dressing
hard enough, the small droplets
stay suspended.” Those suspended
oil droplets remain undersea.
Researchers at the Woods Hole
Oceanographic Insti-

— A system tution used sonar

Vit et to measure the oil

and reflected

jetting out of the

waves to detect ,

broken pipe.

(in this case,
oil)

Sonar equipment
uses sound waves to
detect substances that have a differ-
ent density than the surrounding
seawater. They paired sonar imag-
ing with a device that measures the
speed of the current, and that pro-
vided another valuable estimate of
the flow. (Interestingly, they use
similar technology to measure hot
water surging from deep-sea vents.)

Looking to the Future

Scientists have learned from this
experience. If a deepwater spill occurs
again, they will immediately request
high-quality video taken undersea
using remotely operated vehicles
(ROVs). They will use methods
such as PIV to quickly form good
estimates of the flow. They will work
together to compare estimates using
all available technologies.

“My end of things is easy,”
reflects Dr. Wereley. “T was just
asked to find out how much came
out of the pipe. The rest of it — the
environmental impact, the economic
impact — those things are going to
be very difficult to assess and to cor-
rect.” One major math problem is
completed, but scientists may be
working on the remaining issues for
decades to come. §

alking through the hall
Wat school, you notice
an odd odor coming from the
supply closet. You open the
door, turn on the light, and
gasp. A mysterious green pud-
dle is spreading across the
floor. You detect the source
— a clear 2-inch-diameter
pipe sticking up out of the
floor in the corner. Judging by
the yardstick leaning against
the wall behind it, a bubble in
the thick liquid has traveled
5 inches through the pipe in
only one second. Yikes! You
have to find out how quickly
the green liquid is pouring out
— before the whole school
is engulfed in green goo!
There’s no time to waste!

illustration by Ben Hodson

We Need YOU to Do the Flow-Rate Math

FIRST, figure out how much liquid can
pass through the opening of the pipe at
one time. To do this, calculate the area
of the pipe opening.

Area of a circle = x x 12

= 3.14

r = radius

Find the area of the pipe opening,

Area=3.14x (___in)’= in?

SECOND, recall how fast the liquid-is
moving — 5 inch(es per second.

Then calculate the volumetric flow rate.
Flow rate (in*/sec) =V x A

V = speed (in/sec)

A = area of pipe opening (in’)

How fast, in cubic inches per second, is
the green liquid flowing out of the pipe?

2

Flow rate = in/sec x in’ =

in’/sec
See answer on page 47.

www.odysseymagazine.com ]_ 5




	oil spill p1
	oil spill p2
	oil spill p3
	oil spill p4

