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Teacher at Sea
Mrs. Arm w ood 's Hydrographic A dventure on 
th e  NOAA Ship FAIRWEATHER
Mrs. Linda Armwood and her students at George Wythe High School in Richmond, 
Virginia, were working on ocean mapping projects in their classroom. They planned 
to present these projects to their peers to commemorate World Hydrography Day, 
June 2 1 s t .  The students knew little about hydrography at the beginning of the school 
year, so Mrs. Armwood first explained that “hydro" means water and "graphy" means 
to write or describe. A scientist who measures, charts, and describes features of the 
sea and coastal areas is called a hydrographer. The surveys created by hydrographers 
are used by cartographers to make nautical charts for the safe movement of ships, 
cargo, and people on the water.

Mrs. Armwood worked closely with the History Department Chairperson to describe 
how the economy of the United States 200 years ago was largely dependent on 
maritime trade with Europe. During this time little was known about what lay 
beneath the water's surface, so shipwrecks often occurred due to hazards such as rocks 
and sandbars in the water. President Thomas Jefferson recognized that the success 
of the country depended upon maritime commerce. As a result, he established the 
Survey of the Coast in 1807 to map and produce nautical charts showing the safest 
way to travel through our waters. Today, nautical charts are made in the Office of 
Coast Survey, which is part of the NOAA National Ocean Service.

As soon as the students heard the word shipwreck, they became eager to learn more. 
During their oceanography unit they learned that there are approximately 10,000 
submerged wrecks and obstructions in the coastal waters of the United States! These 
obstmctions sometimes shift or break up into smaller pieces. Hurricane Katrina is an 
excellent example of this kind of event. The storm's extreme fury caused flooding 
and high waves to shift the sand and wrecks all along the Gulf of Mexico. Some areas 
deepened, while others became more shallow. This created dangerous conditions for 
the ships attempting to reach port, because objects on the nautical charts had moved 
to different locations. Hydrographers had to quickly survey the altered waterways 
and coastline to avoid problems with ships running aground or into hazards.

As the students worked on their projects, Mrs. Armwood shared the exciting news 
that she had been selected to sail aboard the NOAA Ship FAIRWEATHER along the 
Alaskan coast from Ketchikan to Sitka. She would soon be a NOAA Teacher at Sea! 
This also meant that she would learn more about coastal bathymetric surveying, or 
mapping of the sea floor, that she could share with her classes upon her return. Her 
students were proud that she was chosen to help conduct these im portant surveys.

H ow  did th e  N ational O cean ic  an d  A tm ospheric  Administration  
(NOAA) Ship FAIRWEATHER receive its n am e?  «

W h a t  is th e  h e ig h t  of Mt. Fairweather in Alaska?
Answers on p. 36

2



A L ftS K A

ban. inG 
5 EA

P a c i f i c  o c e a n



Before leaving on her exciting trip, Mrs. Armwood described the history of the 
NOAA Ship FAIRWEATHER to her students based on her research on the NOAA 
web site (www.noaa.gov). The home port for the FAIRWEATHER is Ketchikan, 
Alaska. The ship was commissioned in 1968 and designed specifically to conduct 
hydrographic surveys to make nautical charts. Mrs. Armwood explained that the 
ship is equipped with scientific instruments such as multibeam echosounders 
and side-scan sonar. Although these sounded very technical, she knew she would 
learn enough about these tools to explain to her students how they work and what 
purpose they serve. She would write daily journal entries while on board and 
NOAA would make them  available to her students on the Teacher at Sea web site 
(www.teacheratsea.noaa.gov). W hat an opportunity this would be for everyone!

Four weeks later, Mrs. Armwood flew west from Virginia...over the Great Plains and 
Rocky Mountains to Seattle, and then along the coast to Alaska. W hat amazing 
scenery she saw out her window! She always chose a window seat whenever she 
flew so that she could study the changing landscape and learn more about the 
physical geography of the country.

Soon after Mrs. Armwood arrived in Ketchikan, a FAIRWEATHER Survey 
Technician, a crewmember responsible for the ship's hydrographic work on 
board, picked her up at the airport. After meeting the ship's Executive Officer and 
crewmembers who were on duty when Mrs. Armwood toured the ship, she caught 
her first glimpse of the instruments used to survey water depths. She stepped into 
a launch, the 29-foot boat that would be lowered from the ship into the water to 
conduct the actual hydrographic work. The tour ended with a quick view of her 
stateroom where she was assigned the top bunk. From her bed she could easily 
peer out the porthole to watch for seabirds and marine mammals.

She unpacked quickly since 
two of the crewmembers 
said that they would take 
her on a tour of Ketchikan 
to learn about its history. They 
showed her the beautiful totem 
poles designed and carved by the native 
Alaskans. These early inhabitants gave 
Ketchikan its name, meaning “spread 
wings of a thundering eagle." Originally, 
most of the people in the town made their 
living by fishing or lumbering. Ketchikan 
was once known as the salmon capital of 
the world. Today, tourism is the leading 
industry.

W hat an exhilarating day! Mrs. Armwood 
went to bed with dreams of tomorrow's 
surveying adventures.

CANADA

Seattle

Was i

UNITED STATES

MEXICO
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After a peaceful night's rest and a delicious breakfast in the ship's mess, Mrs. 
Armwood traveled in the launch with crewmembers and scientists to a remote site 
along the shore. The team was called a tide party, led by a Tides Officer and three 
onshore groups: the exploration and planning team, the benchmark recovery and 
installation team, and the dive and install team. They first hiked to a spot on the 
beach in order to install a tide gauge station in preparation for the ship surveys.
Tide gauges serve a very im portant purpose. The depth of objects underwater-like 
large rocks or shipwrecks surveyed by the ship-is recorded at all stages of the tide. 
Then, during data processing, the depths of these hazards must be corrected based 
on changing water levels due to the tide and weather. In order to determine these 
changes, temporary tide gauge stations are installed near survey areas to measure the 
water level every six minutes. Using special calculations, hydrographers can figure 
out the true depth of the water above the rock or hazard.

Mrs. Armwood then helped set tidal benchmarks, marks placed on permanent 
objects on the ground where an accurate latitude, longitude, and elevation can be 
established. She worked with the benchmark recovery and installation team to place 
a benchmark on a flat surface on the beach. As she drilled into the bedrock with 
a small jackhammer, she noticed how rapidly the water levels changed due to the 
tide's ebb and flow.

The tide party leader told her to be alert and watch for bears as she walked along the 
water's edge. In order to scare them  off, each member of the party was issued an air 
horn and told to use it immediately if a bear appeared. Mrs. Armwood was ready!

Tides are  th e  a lte rna t ing  rise an d  fall in sea level w ith re spec t  to  th e  
land, p ro d u c e d  by  th e  gravitational a t trac tion  of th e  m o o n  a n d  th e  
sun. The recu rren ce  of high a n d  low w a te r  usually occurs tw ice  daily.

Did you  know  th a t  to  a m u ch  smaller ex ten t ,  t ides  also o ccu r  in large 
lakes, th e  a tm o sp h e re ,  a n d  w ithin  th e  solid crust of th e  ea rth ,  ac ted  
u p o n  by  th e  sam e  gravitational forces of th e  m o o n  an d  sun?

W h a t  are th e  n am es  given to  th e  tides du ring  th e  full m o o n ,  n ew  
m o o n ,  an d  q u a r te r  m o o n s?

W h ere  is th e  h ig h es t  tidal fluctua tion  ex p e r ien ced  in th e  w orld?
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After working most of the day at the tide gauge station, Mrs. Armwood and the 
Tides Officer stood on shore waiting for the launch to pick them  up. The Officer 
explained the history of surveying, including how early mariners collected and 
mapped data about the surface and shallow water features of the earth and ocean. 
One tool that was used for surveying is the lead line (which rhymes with deadline). 
This is one of the oldest tools used to navigate -  even ancient Egyptian tomb 
paintings show sailors using it!

The lead line consists of a lead weight on the end of a long rope. The rope is 
marked at different points with strips of cloth or leather to indicate the depth. 
Sailors would toss out the line, read the mark where it touched bottom, and haul 
it back in. Often, the end of the lead weight was shaped like an upside down bowl 
and filled with tallow, a type of animal fat. W hen the weight hit the sea floor, the 
sediment would stick to the tallow. Sailors would then know whether the bottom  
was good for holding anchors, and they could add this information to their charts.

After Mrs. Armwood and the Tides Officer boarded the launch, they discussed the 
technique known as triangulation that surveyors once used to precisely determine 
an accurate position on a point of land and then on the water. Triangulation is 
based on the laws of trigonometry stating that, if one side and two angles of a 
triangle are known, the other two sides and angle can be easily calculated. Mrs. 
Armwood also learned that surveyors used to measure the angles using a theodolite 
before a more modern way was developed.

At 1900 military time (7:00 PM) in Alaska, Mrs. Armwood emailed her students in 
Virginia to share what she had learned so far and to ask them  to complete a time 
zone exercise. She knew that they would read this exercise aloud during first period 
the following day while she was still sleeping, due to the four hour time difference 
between Alaska and Virginia.

How m a n y  d eg ree s  m ak e  up  th e  c ircum ference  of th e  Earth? If th e  Earth 
ro ta tes  o n c e  on its axis in 24  hours, h o w  m an y  d eg ree s  d o es  th e  Earth ro ta te  
in o n e  hour?  This is equ iva len t  to  o n e  t im e  zone .

With a fou r  h o u r  t im e  difference, ap p ro x im a te ly  h o w  m a n y  d eg ree s  are th e re  
b e tw e en  th e  s tu d en ts  an d  Mrs. A rm w ood?

Lead line
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The next morning was full of activity. The hydrographers and scientists buzzed around 
the ship preparing for their projects at sea. One surveyor explained to Mrs. Armwood the 
newest technologies used to conduct hydrographic work on board the FAIRWEATHER. 
These included the Global Positioning System (GPS) satellites to navigate, similar to 
the system now found in many cars to assist with driving directions, yet capable of much 
more precise measurement. The unit was known as a GPS Navigator, and it showed 
the latitude and longitude of the ship for accurate placement of water depth on NOAA 
nautical charts. Other instruments were the echosounder (a device that shows the water's 
depth by sending a sound wave from the bottom  of the ship to the sea floor), and radar 
used to spot nearby vessels and prominent points of land.

NOAA Corps officers, crewmembers, and scientists on board answered Mrs. Armwood's 
questions and those of her students that arrived via email each morning. One student 
asked about sonar, so the Chief Survey Technician described this technology. A large 
multibeam echosounder that uses sonar is attached to the hull, or bottom, of the 
ship. It is useful in both deep and shallow ocean water. In shallow water the seafloor is 
much closer so smaller objects can be discovered. Depth measurements are generated by 
measuring the time it takes for each of hundreds of sound pulses, sent out in a fan-like 
shape, to travel from the echosounder through the water to the seafloor and back again. 
The distance from the instrum ent to the ocean floor is calculated by multiplying the travel 
time by the speed of sound through the seawater (roughly 1500 meters/second or 4921 
feet/second). Since the bottom  of the ocean in any area can change due to strong storms, 
water currents, earthquakes or the buildup of sand and sediment, it is critical to take new 
measurements to make the most accurate charts of water depth and hazards to navigation. 
W ith the newest technologies, hydrographers can find interesting features that lie below 
the water, such as rocks, seamounts, or shipwrecks.

Side-scan Sonar Multibeam Echosounder

In shallow water, a side-scan sonar "fish" (which looks like a torpedo) is towed behind 
the ship or fixed to the hull of a small survey launch. Surveyors on the launch control 
where the boat scans the water to locate underwater objects like rocks or shipwrecks. 
Side-scan sonar sends out a horizontal fan-shaped series of sound waves, wider than those 
from the multibeam echosounder. It shows the outline and shadow of objects like wrecks, 
rocks, or debris that its sound wave encounters. The approximate height of a submerged 
shipwreck, for example, can be determined by measuring the length of the shadow that 
forms. Then the multibeam echosounder is used to verify the actual shape and precise 
depth of the object. The Chief Survey Technician told Mrs. Armwood that she would 
be able to gather sonar data the next day. Excited, she snapped digital photos of the 
instruments and sent them  to her students along with an explanation of how to m n 
the equipment.

A side-scan so n a r  fish is to w e d  from  th e  stern 
of th e  ship. A m u ltib eam  e c h o s o u n d e r  is 
a t ta c h e d  to  th e  hull of a survey launch.
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The Chief Boatswain (pronounced boh-sun), a plank owner of the FAIRWEATHER, 
showed Mrs. Armwood how to use a bottom  sampler. The sampler is a metal claw­
like scoop that is lowered through the water to collect a bottom  sample and identify 
the contents and makeup of the ocean floor. W hen she raised the bottom  sampler 
she found lots of mud, shell pieces, and a beautiful wiggling starfish in the scoop!

The Chief Boatswain and Chief Survey Technician then emailed Mrs. Armwood's 
entire class and suggested that the students look at the tags on their shirts to 
discover where they were made. Many shirts read “Made in Guatemala" or "Made 
in China." Since they were made overseas, it is likely that a huge container ship 
carrying cargo transported the shirts across the ocean. This is one of many reasons 
why hydrographic work is so important...because there are so many ships sailing to 
and from our ports. They might be carrying clothes, fmit, grain, oil, cars -  the list 
of goods carried on ships is endless! Every ship needs to navigate safely in the more 
shallow waters near shore. The surveying work done on the FAIRWEATHER locates 
features that a ship must avoid, like rocks and shoals -  shallow areas where a ship 
could run aground. The survey work helps to prevent accidents at sea.

Another fact shared with the students via email was that seawater is used to flush 
the toilets in each bathroom, or head, aboard the ship. If you turn out the lights in 
the bathroom  at night you can often see bioluminescent phytoplankton, which are 
a type of free-floating aquatic plant, in the water. Flushing the toilet energizes the 
plankton, making them  a bright green color. The same can be seen as the bow of 
the ship cuts through the water at night. Flashes of bright green are often seen in 
the water as the plankton are stimulated.

The Chief Boatswain always enjoyed talking with the NOAA Teachers at Sea 
and their students. He loved to describe the hydrographic work done on the 
FAIRWEATHER and general life as a sailor. He promised that he would visit Mrs. 
Armwood's class once the ship's crew completed its current mission.

A plank o w n e r  is a m e m b e r  of th e  original com m iss ion ing  crew  of a 
ship. In th e  old days, a p lank o w n e r  on a w o o d e n  ship w as a w ard ed  a 
p iece  of w o o d  from  th e  ship w h e n  he  or she  retired or w as  transferred. 
O n  m etal ships a p lank o w n e r  receives a p laq u e  or certificate.
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The next morning, Mrs. Armwood and two fellow crewmembers were lowered 
down the side of the ship in a launch to begin scanning, or surveying water depths. 
The scan path is typically referred to as “mowing the lawn" and requires that the 
launch travel back and forth in a series of closely spaced lines to determine the 
bathymetry (seafloor topography) along the bottom  of the ocean.

A CTD probe is deployed in the same location where the sonar data are collected 
to determine the conductivity, temperature, and depth of the water, which helps 
correct the data due to the refraction, or bending, of sound through water. Sound 
waves travel quickly through water at a speed of 1500 m/s (4921 ft/s), faster than 
they move through the air (350 m/s or 1148 ft/s), but the interesting thing is that 
water temperature, pressure, and salinity also affect the speed of sound through 
water.

Back on board the FAIRWEATHER, a Junior Officer gave Mrs. Armwood 
instructions for driving the launch during the survey. As she "mowed the lawn," 
Mrs. Armwood noticed that several whales were detected by the sound waves and 
displayed on the monitor. Porpoise appeared in front of the ship to ride the bow  
wave. Mrs. Armwood also spotted icebergs dotting the surface of the water like ice 
cubes in a punch bowl. The Captain told her that seemingly small icebergs reveal 
only l/8th of their mass above the water. The rest of each iceberg is submerged, 
making it easy to miscalculate its size. Icebergs can be real hazards to mariners, 
although they cannot be charted since they constantly move.

After lunch, Mrs. Armwood arrived in the main science lab just in time to see how 
depth soundings (with numbers stated in fathoms, feet, or meters) are displayed 
on the computer's monitor. She also saw the multibeam echosounder in action 
that she had learned about the day before. It was neat to watch a picture of an 
underwater rock that the boat was passing over at that moment, appear before her 
very eyes on the screen. Digital technology is tm ly amazing! If a side-scan image 
shown on the computer m onitor cannot be identified, a NOAA diver often goes 
down to the object to locate, identify, measure and investigate it to determine 
the least depth over the object. This provides enough information to accurately 
produce a chart for navigation purposes.

The Chief Survey Technician told Mrs. Armwood that "chart" is the correct term to 
use instead of "map" for any ocean document used for navigation. Based on the 
survey data collected, cartographers produce an easy-to-read nautical chart of the 
ocean bottom  so that mariners can identify the "best water," or safest path, that 
ships and boats should take through the water.

A fa th o m  is a un it of m e a s u r e m e n t  used  on  th e  seas to  m easu re  
d e p th  a n d  is equal to  6 fee t  o r  1.8 m eters .  Originally, it w as  th e  
d is tance  b e tw e e n  a sailor's o u ts t re tch e d  arms.
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After one week and many discussions with the hydrographers on board, Mrs. 
Armwood was prepared to talk about the significance of coastal surveying with her 
students. Safe navigation is incredibly im portant for many reasons, especially for the 
movement of commercial vessels and cruise ships, protection of the environment, 
commercial fishing, and ecotourism. Mrs. Armwood remembered when one of her 
friends returned from a cruise with her family and mentioned that the cruise ship 
had nearly m n aground due to a sandbar that had shifted. All vessels rely on accurate 
nautical charts to reveal features like rocks and wrecks that must be avoided. The 
job of the coastal surveyor is extremely im portant for the safety of many people!

This was Mrs. Armwood's last morning on board and, as a dense fog set in, she was 
especially appreciative that there were many aids to navigation available. She 
appreciated the buoys and lights that helped the ship navigate at night and in low 
visibility conditions to travel safely into port. The fog reminded Mrs. Armwood 
of the importance of documenting changing weather patterns along the way. 
Fortunately, NOAA delivers the marine weather information needed by ships at sea 
and communities along the coast. Ships depend on the forecasts from the NOAA 
National Weather Service Ocean Prediction Center and coastal Forecast Offices 
to alert them  to dangerous conditions. The NOAA National Environmental 
Satellite, Data, and Information Service (NESDIS) reports real-time sea level 
data. The NESDIS Geostationary Operational Environmental Satellites (GOES) 
provide weather data that are updated every six minutes, which is useful for weather 
forecasting for a ship's safe travel.

Aids to  navigation

51 42 41 A ^
6  ,  S fy n tp  p «s í »

Féb*ïiNtMfl c  i 
IuKTiTVT?ito s j ° *  O j, *

«1

01 .

Oftsin
‘¡SttHfren 
tu a  4 fm s ß  7 Gi

0tlÿn SSäfcH183
Ftsh Maven ■■

(flutft múl frnsf- .

9 B V  fl‘î' coati,

 r P - 5r i  ÙJ

Nautical C hart

r ia c d a .

o  il a

r e 0 «  

+Oc 4 s  41 fl T2M

5Ï k l j  NS 4>,
41 Lime Gis^niia j

SW:-j4i 4! ■ icnTHamn: ■ ” . 4

Oosti ;
61 Gaspari]

PORT BOCA GRANDE LT

N un Buoy

Lighted
N avigation

Buoy
Can Buoy

T h e  U.S. Aids t o  N av ig a t io n  System  is i n te n d e d  fo r  use  w i th  Nautical  C har ts ,  w h ic h  a re  o n e  of t h e  m o s t  
i m p o r t a n t  too ls  u sed  b y  b o a te r s  t o  safely n a v ig a te  w a te rw a y s .  C h a r ts  s h o w  t h e  coas tl ine ,  p r e se n c e  
of b u o y s  a n d  b e a c o n s ,  w a t e r  d e p th ,  fe a tu re s  on  t h e  land, a n d  m ar in e  haza rds .  Buoys a re  f loat ing  
a ids t h a t  c o m e  in an  a rray  of s h a p e s  a n d  sizes a n d  a re  i n te n d e d  to  c o n v e y  in fo rm a t io n  t o  t h e  b o a te r  
b y  th e i r  s h a p e  o r  color,  by  a visible o r  a u d ib le  signal,  o r  a c o m b in a t io n  of t h e  tw o .  For e x a m p le ,  red 
b u o y s  m a rk  t h e  r ig h t  s ide  of a c h a n n e l  w h e n  a vessel is r e tu rn in g  f ro m  sea  w h i le  t h e  g r e e n  b u o y s  m ark  
t h e  left s ide  of t h e  c h a n n e l .
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Upon arrival back on shore in Sitka, Alaska, Mrs. Armwood was delighted to hear 
that she and her students had been invited by an Admiral in the NOAA Corps to 
visit the NOAA Ship THOMAS JEFFERSON in Norfolk, Virginia, in just a few weeks. 
There would be a change of command ceremony, at which Mrs. Armwood would 
represent all NOAA Teacher at Sea alumni who had contributed to ocean science 
research in the past. The ceremony would also serve as an opportunity to highlight 
NOAA's many years of science and service, and its early history surveying the 
nation's coastal waters.

Mrs. Armwood said her goodbyes to all of the scientists, officers, and crew on board 
the FAIRWEATHER. They gave her gifts of charts and sample benchmarks to share 
with her students. She expressed her sincere gratitude to everyone for their help in 
making her experience educational and so much fun! She would encourage all of 
her teacher friends to apply for the NOAA Teacher at Sea Program so that they too 
could have this opportunity. Before flying home later that day, she took pictures of 
the beautiful scenery in Sitka to show her students.

...two weeks later...

Mrs. Armwood and her students arrived at the dock in Norfolk in time to take 
a launch to the NOAA Ship THOMAS JEFFERSON. After hearing her stories and 
seeing her photographs taken during the past two weeks, Mrs. Armwood's students 
were beyond excited! They brought their cameras and notebooks and wore NOAA 
pins that she had given them. As they approached the ship, the students 
realized they would get to be part of a very significant event.

During the change of command ceremony, many speakers described the 
significance of the name, THOMAS JEFFERSON. One woman spoke about Thomas 
Jefferson's interest in science--that he was one of the first weather observers and a 
visionary who tirelessly promoted science. Mrs. Armwood's students watched the 
Captain beam with pride as she handed off the ship to the incoming Commanding 
Officer. Both officers spoke about the exciting and very im portant coastal 
surveying work conducted on board the ship.

18



NOAA Ship FAIRWEATHER

NOAA Ship THOMAS JEFFERSON



It wasn't until hearing the outgoing Captain describe what had been accomplished 
under her command that Mrs. Armwood realized just how much work is done on board 
the NOAA ships. All the science would not be possible w ithout the dedication of the 
NOAA Corps officers who typically spend two to three years on a ship for their tour of 
duty, and the wage mariners (crew) who serve under their command. As part of the 
NOAA Office of Marine and Aviation Operations (OMAO), hydrographic officers 
and survey technicians take charge of every facet of survey operations. All NOAA 
Corps officers have a background in science, engineering, or mathematics so they can 
participate in oceanic and atmospheric research.

The Corps officers and an array of crewmembers introduced themselves and welcomed 
Mrs. Armwood and her students. They said that there would be many instruments to 
see and field activities in which to participate while visiting the THOMAS JEFFERSON.

One of the newest instruments that the crew and officers were very proud of is the 
Moving Vessel Profiler. This is a CTD probe (sim:ilar to the one on the FAIRWEATHER) 
programmed to stop at three meters above the bottom  of the ocean. Then, it 
continuously moves up and down collecting im portant temperature and salinity data to 
help correct data due to bending of the sound waves. The instm m ent deploys a shiny 
brass “fish" that measures sound velocity from the bottom  to the top of the water. W ith 
these new data, critical corrections to the water depth measurements by the multibeam 
echosounders are made.
As Mrs. Armwood and her students began a tour of the ship, they spoke with a member

M oving Vessel Profiler

Retrieval
Deployment

Freefall

Close up of 
Moving Vessel Profiler 

Free Fall Fish

Maximum Depth

M en an d  w o m e n  of th e  NOAA C om m iss ioned  Officer Corps are  an integral par t  
of th e  N ational O cean ic  an d  A tm ospheric  A dm inistration . Officers can b e  fo u n d  
o p e ra t in g  NOAA ships an d  aircraft to  p rovide s u p p o r t  to  m e e t  NOAA's missions. 
Duties an d  areas of o p e ra t io n s  can ra n g e  from  launch ing  a w e a th e r  balloon a t 
th e  South  Pole, c o n d u c t in g  h y d ro g rap h ic  or fishery surveys in Alaska, m ain ta in ing  
buoys  in th e  tropical Pacific, o r  flying sn o w  surveys or into hurricanes. To find 
o u t  h o w  to  b e c o m e  a NOAA Corps officer, g o  to  w w w .n o a a c o rp s .n o a a .g o v .
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of the NOAA Office of Ocean Exploration. As a diver, he focuses on deep ocean 
water and the new resources that can be detected, including minerals, sea worms, 
and hydrothermal vents. He shared a story about the ship's hydrographic work 
involving the discovery of an uncharted obstmction during a routine hydrographic 
survey far off the coast of Cape Hatteras, North Carolina. Side-scan sonar detected 
an object approximately 60 feet (18.3 meters) in length. Multibeam echosounders 
accurately imaged it, revealing a large sunken ship that could be a potential hazard 
to navigation.

Two NOAA Corps officers, members of a two-person dive team, were sent down to 
accurately measure and identify the ship. They described the object as completely 
covered with algae, kelp, and growth with a fish population living around the 
wreck. It sat in fine white sand and served as an artificial reef for a thriving 
underwater ecosystem. The divers determined that the ship's mast was just 9 feet 
(2.7 meters) below the ocean surface at low tide. A Cape Hatteras resident who 
had been around for many years said that the Outer Banks of North Carolina 
were famous for shipwrecks due to shifting sandbars and storms. He said that 
his grandfather often spoke of the nor'easters, or powerful storms forming in the 
Atlantic, that caused many ships to go down around Cape Hatteras. Perhaps the 
ship that the NOAA survey team discovered years later ran aground in such a 
storm. The ship's location was noted, and a danger to navigation was posted in the 
U.S. Coast Guard “Local Notice to Mariners." This publication alerts mariners to 
changes in aids to navigation, and other updates they need to know about on the 
nautical charts.

At the end of the tour, Mrs. Armwood and her students had an opportunity to speak 

Shipwreck shown with side-scan sonar (top) and multibeam sonar (bottom)
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with an expert from the NOAA National Marine Fisheries Service (NMFS). He 
described the technology used to determine the health of habitats for sea creatures, 
both plants and animals. This technology includes the use of side-scan and 
multibeam sonars, which Mrs. Armwood had observed on the FAIRWEATHER. A Sea 
Grant student explained the importance of using environmentally friendly practices 
when in port. This means that a researcher must always consider the animals and 
plants that are affected by the research. The Sea Grant student wanted to introduce 
Mrs. Armwood's students to the engineer who could tell them more about these 
concerns, so she took them  to the engine room in the hull of the ship.

The engineer explained that many invasive species, or creatures that are not native 
to U.S. waters, arrive here as stowaways in ship ballast water. Ballast water is water 
that is pumped into the bottom  of a ship in one port to help stabilize it as it uses 
fuel in transit to another port. Then, when it reaches its destination, sometimes 
thousands of miles away, it discharges the ballast water into the sea. It is hard to 
believe, but every hour about two million gallons of foreign ship ballast waters are 
discharged somewhere in U.S. waters. This can release many foreign organisms into 
the new habitat. Many of the alien species compete with native North American 
species for food, space to live, and spawning ground. The invaders can also bring 
diseases that can threaten our natural environment.

The students had heard of the major problems caused by the zebra mussel in 
the Great Lakes. Zebra mussels originated in the North Sea, but were carried by 
ballast waters to North America. Although no bigger than your thumbnail, one 
female zebra mussel can produce between 30 thousand and 1 million eggs per year, 
threatening native wildlife and damaging stmctures. These and other invasive 
species cost the United States over $120 billion annually. They also cost utilities 
and industrial users hundreds of millions of dollars by clogging pipes and affecting 
drinking water. Eliminating an invasive marine species is very difficult and rarely 
happens, but it is possible. NOAA is very busy working on these problems.

Sea G ran t  is a n a t io n w id e  netw ork , ad m in is te red  th ro u g h  th e  National O cean ic  an d

n
A tm ospheric  A dm inistration, of 30 university-based 
p ro g ram s  th a t  w ork  w ith  coastal co m m u n it ie s  to  
c o n d u c t  scientific research, ed u ca t io n ,  train ing, and  
projects  a b o u t  th e  use an d  conservation  of o u r  aqua tic  
resources.
The Field Operations Officer (otherwise known
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as the FOO) stated that one of the most im portant aspects of daily life aboard the 
ship is safety. There are many details to think about while conducting scientific 
research on the launches, working on the decks, and even while moving from your 
stateroom to the mess. Some of the safety policies include:

- wearing a hard hat when a crane is lifting things overhead
- wearing a life vest when working near the side of the ship or on the launch
- wearing long sleeves, pants, and a hat during an emergency
- wearing closed toe shoes when walking or working on deck

During hydrographic operations, safety is of the greatest importance. The most 
challenging operation is deploying and recovering the launches from the side of the 
ship. Workers must use all of the necessary safety precautions, otherwise someone 
could get seriously injured. Launches are raised and lowered from the ship using a 
pair of davits, which are crane-like devices that project over the side of the ship. A 
davit is used to raise and lower the small boat. A davit operator lowers the launch 
to a lower deck. Two lines are secured (fore and aft) to the rail and two additional 
lines are held by deckhands to m aintain control of the launch.

Hydrographers board the launch and transport their science gear while wearing a 
life jacket and hardhat at all times. One person gets on the bow and another on the 
stern and they untie a line from the hooks.

The launch is then lowered into the water. The crewmembers release the hooks 
from the bow and the stern and the davit operator lifts the hook out of harm 's way. 
The deckhands then throw off the lines and the launch is ready to survey.

W h a t is a n o th e r  n a m e  for a life jacket?

? ?
S e ien d es  an d  c rew m e m b e rs  w e a r  a n d  use th e  followir^j safety 

e q u ip m e n t  while co n d u c t in g  h y d ro g rap h ic  w ork  on  a ship.

Regrettably, this wonderful day drew to a close, and Mrs. Armwood

Whistle W ate r  Light

Life Jacket
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and her students boarded their bus to return to Richmond. One thing Mrs. 
Armwood had noticed about the NOAA people she spoke with that day was their 
incredibly diverse science backgrounds. Many were trained in geography, biology, 
engineering, geology, or chemistry, as well as other scientific and mathematical 
fields. She reminded her students of the opportunities and excitement involved in 
work on board a ship. They might even discover their own shipwreck someday!

As they rode home, Mrs. Armwood explained that people know very little about 
their country's Exclusive Economic Zone (EEZ). An EEZ is an area extending 
from shoreline out to 200 nautical miles that every coastal country has the right to 
manage. She stated that hydrographic 
surveys are necessary within each 
country's EEZ to determine boundaries 
for safety and navigation, especially as 
offshore industry becomes common 
and globalization increases demand 
for ships that can carry more cargo.
More and bigger ships push the need 
for deeper channels and harbors.

The public also knows little about
our protected National Marine Sanctuaries. These areas vary in size from 
less than one square mile to nearly 138,000 square miles, each with unique 
characteristics that require special protection. Sanctuaries can range from areas 
where giant humpback whales breed...to places where special reefs are found... 
to regions where there are large shipwrecks that tell us about our maritime 
history.

Hydrographers have the chance to survey in many beautiful parts of the world. 
They also help their country by providing im portant data about hazards during 
navigation. The students were excited to discuss these topics again when 
visitors from the ship came to their classroom.

Two m onths later, a NOAA Corps officer who was a member of the dive team

UNITED STATES 
of AMERICA
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visited Mrs. Armwood and her students. Mrs. Armwood had also contacted the 
FAIRWEATHER Chief Boatswain to remind him  of his promise to visit. Since the 
students had been on board the THOMAS JEFFERSON earlier that school year, they 
were familiar with the terms and instmments described by both visitors. The NOAA 
Corps officer gave an update on recently discovered shipwrecks, and the Chief 
Boatswain told stories of other exciting discoveries made in the past both on and 
off the ship. They answered questions and assisted as the students created their 
own hydrography boxes to learn how to collect soundings.

Mrs. Armwood was so pleased that her students had a much better understanding of 
the importance of hydrography and how it could be applied in practical situations. 
Throughout the school year, the students raised questions about scientific topics 
related to hydrography and found it to be a very enticing field. It gave Mrs. 
Armwood great satisfaction when several of her students expressed intentions of 
pursuing careers in marine research. Together, they researched various universities 
and institutions where hydrography programs are offered and organizations where 
coastal surveying expertise is needed.

W hat an enlightening and rewarding experience to be a NOAA Teacher at Sea!

Teacher at Sea Glossary

Flydrography Box

To learn h o w  to  c rea te  y o u r  ow n  u n iq u e  h y d ro g ra p h y  box, 
see h t tp : / /o c e a n se rv ic e .n o a a .g o v /e d u c a t io n
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Scientific words in bold p rin t in th e  te x t are defined below.

Aft - tow ard  th e  b a c k  or s te rn  of the  b o a t

Aids to Navigation - c h a r te d  m arks,  s u c h  a s  
b u o y s ,  b e a c o n s ,  or lights, u s e d  to a s s i s t  
nav ig a to rs

Ballast - a n y  h e a v y  material u s e d  to stabilize  
a  ship; usually  w a te r  Is ca rr ied  a s  ba lla s t  In 
ta n k s  tha t  a re  spec ia l ly  d e s ig n e d  for that 
p u r p o s e

Bathymetric Surveying - m a p p in g  of the  
bo ttom  of th e  o c e a n  to sh o w  d e p th  co n to u rs  
of th e  soil, rock, a n d  s a n d

Benchmark - a  point of r e fe re n c e  for a
m e a s u re m e n t .  The  term  o rig ina tes  from the  
ch ise le d  horizontal m ark s  tha t  su rv ey o rs  
m a d e  w h e re  an  angle-iron  cou ld  b e  p la c e d  
to b ra c k e t  a  leveling rod to e n s u r e  tha t  the  
leveling rod c a n  b e  rep o s i t io n ed  In th e  e x a c t  
s a m e  p la c e  In th e  future.

Bioluminescent - p ro d u c in g  light by  o rg a n is m s  
from c o n v e rs io n  of c h em ica l  to rad ian t  
e n e rg y

Bow Wave - the  w a v e  tha t  form s a t  th e  front of a  
b o a t  w h en  It m o v e s  th rough  the  w ater

Captain - an  officer In c o m m a n d  of a  sh ip

Cartographer - o n e  w ho  m a k e s  m a p s

Chart - a  m a p  d e s ig n e d  to a s s i s t  navigation by 
air or s e a

Chief Boatswain - th e  prim ary p e r s o n  w ho 
Is r e sp o n s ib le  for th e  b o a ts ,  sails, rigging, 
a n c h o rs ,  a n d  c a b l e s

Chief Survey Technician - p e r s o n  In c h a r g e  of 
th e  h y d ro g ra p h ic  work on b o a rd  a  sh ip

Commanding Officer - a  c a p ta in  of a  sh ip

Commissioned - a p p o in te d  to a  certa in  task, 
mission, function or duty

Conductivity - the  ability of a  material to allow 
th e  flow of e lectr ical current; the  salinity of the  
o c e a n  Is d e r iv ed  from th e  conductiv ity

CTD - an  Instrum ent p a c k a g e  tha t m e a s u r e s  
conductiv ity , te m p e ra tu re ,  a n d  d e p th

Davit - a  c r a n e  tha t  p ro jec ts  over the  s id e  or 
s te rn  of a  sh ip  a n d  Is u s e d  a s  a  joist; a  pair 
of dav its  Is u s e d  to ca rry  a n d  la u n c h /re c o v er  
small b o a ts  s u c h  a s  a  su rv ey  launch

Deploy - to launch  sys tem atica l ly  or s tra teg ica lly

Ebb - th e  reflux or flowing b a c k  of th e  tide; the  
return of th e  tidal w a v e  tow ard  th e  s e a  -  
o p p o s e d  to  flood; a s ,  th e  b o a t s  will g o  out on 
th e  e b b

Echosounder - an  Instrum ent for de te rm in ing  
th e  d e p th  of w a te r  by  m e a su r in g  the  time 
Interval b e tw e e n  th e  t ran sm iss io n  of a  so u n d  
signal a n d  the  return of Its e c h o  from the  s e a  
floor

Ecotourism - r e sp o n s ib le  travel to natural a r e a s  
w h e re  the  env ironm en t Is c o n s e r v e d  a n d  the  
livelihood of local p e o p le  Is su s ta in e d

Elevation - the  he igh t  a b o v e  s e a  level

Executive Officer (XO) - th e  officer s e c o n d  In 
c o m m a n d  on a  sh ip

Exclusive Economic Zone (EEZ) - a  z o n e  
u n d e r  national jurisdiction (up  to  200  
nautical miles w ide) d e c la r e d  In line with 
th e  p rov is ions of th e  1982 United N ations 
C onven tion  of th e  Law of th e  S e a ,  within 
which the  co a s ta l  S ta te  h a s  th e  right to 
ex p lo re  a n d  exploit, a n d  the  responsibili ty  to 
c o n s e r v e  a n d  m a n a g e ,  all living a n d  n o n ­
living r e s o u r c e s  there in

Fathom - m e a n s  “o u ts t r e tc h e d  a r m s ” -
e s t im a te d  to  a v e r a g e  6 fee t  from fingertip to 
fingertip. The fa thom  b e c a m e  the  s ta n d a rd  
m e a s u r e  for g a u g in g  the  d e p th  of the  o c e a n .  
1 fa thom  = 6 fee t  = 1.83 m e te rs

Field Operations Officer (FOO) - an  officer 
r e sp o n s ib le  for all field o p e ra t io n s  on bo ard ;  
th e  link b e tw e e n  the  s h ip ’s  officers a n d  the  
scientific  party

Flow - a  flood tide; w h e re  w a te r  m o v e s  from the  
s e a  tow ard  the  land

Fore - tow ard  th e  front or b o w  of a  v e s se l  or 
aircraft

Geostationary Operational Environmental 
Satellites (GOES) - a  s e r ie s  of w e a th e r  
satellites, In g e o s y n c h r o n o u s  orbit, la u n c h e d  
by  th e  U.S. a n d  o p e r a te d  by  NOAA/NESDIS

Globalization - th e  Integration of e co n o m ic ,  
cultural, political, a n d  social s y s te m s  a c r o s s  
g e o g ra p h ic a l  b o u n d a r ie s

Global Positioning System (GPS) - a  satellite-
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b a s e d  navigation sy s te m  tha t  allows land, 
s e a ,  a n d  a irbo rne  u s e r s  to d e te rm in e  their 
e x a c t  location a n d  time In all w e a th e r  
cond itions ,  a n y w h e re  In the  world

Head - b a th ro o m  on sh ip

Hook - a  d e v ic e  d e s ig n e d  to c a tc h  a  line w hen  
a lo n g s id e  a  pier or mooring

Hull - th e  f ram e  or b o d y  of a  sh ip  or bu o y

Hydrographic - referring to th e  s tu d y  of w ater  
f e a tu re s  (o c e a n s ,  lakes, rivers), including 
physica l  c h a ra c te r is t ic s  ( o c e a n o g ra p h y )  a n d  
e le m e n ts  affecting  s a fe  navigation

Hydrography - the  s c i e n c e  of the  m e a s u re m e n t ,  
de sc r ip t ion ,  a n d  m a p p in g  of the  s e a  bottom  
a n d  tidal m udflats ,  a s  well a s  th e  positions 
of s ta t ionary  o b je c ts  a t s e a  (both  be low  a n d  
a b o v e  th e  w a te r ’s  su rface ) ,  with sp ec ia l  
r e fe re n c e  to navigation

Hydrothermal Vents - f is su re s  In a  p la n e t ’s  
s u r f a c e  from which geo th e rm ally  h e a te d  
w a te r  is su es ;  hydro therm al v en ts  a re  
c o m m o n ly  found  In p la c e s  tha t  a re  a lso  
volcan ica lly  ac tive

Iceberg - ice tha t  ca lv es ,  or b re a k s ,  off a  g lac ie r  
Into a  b o d y  of w a te r

Junior Officer - an  officer w ho  rep o r ts  to the  
C o m m a n d in g  Officer, typically a  l ieu tenan t or 
be lo w  in rank

Latitude - the  d i s ta n c e  north or sou th  of the  
e q u a to r  of a  point on the  E arth’s  su rface ;  an 
Im aginary  line tha t  runs  e a s t -w e s t  a n d  r a n g e s  
from 0-90°N a n d  0-90°S

Launch - a  boat,  typically le s s  than  3 0  feet, 
u s e d  to c o n d u c t  su rv ey s

Lead Line - a  line with a  w eigh t  on the  e n d  u s e d  
to  m e a s u r e  d e p th  in th e  w ater

Local Notice to Mariners - a  United S ta te s  
C o a s t  G u a rd  publica tion  listing c h a n g e s  In 
a id s  to navigation, c h a r t  c h a n g e s ,  a n d  other 
Information of Interest to m ariners

Longitude - th e  d i s t a n c e  e a s t  or w e s t  of the  
Prime M eridian of a  point on th e  E arth’s 
su rface ;  an  im ag inary  line tha t  runs  north- 
sou th  a n d  r a n g e s  from 0-180°E a n d  0-180°W

Mariner - a  p e r s o n  w ho s e r v e s  a s  a  sailor a n d  Is 
e m p lo y e d  on b o a rd  a  sh ip

Maritime - re la ted  to the  s e a

Mess - a  military dining room  w h e re  p e o p le  e a t

a n d  relax

Military Time - the  24-hour  c lo ck  in which the  
d a y  ru n s  from m idnight to m idnight a n d  Is 
d iv ided  Into 24  hours, n u m b e re d  from 0 to 23

Multibeam Echosounder - a  high-resolutlon 
s e a b e d  m a p p in g  sy s te m  that u s e s  so n a r  to 
d e te rm in e  th e  d e p th  to th e  seafloor

National Marine Sanctuaries - u n iq u e  natural 
w a te r- re la ted  h a b i ta ts  tha t  a re  u n d e r  
s p e c ia l  p ro tec t ion  a n d  m a n a g e m e n t  of their 
co n se rv a t io n ,  recrea tiona l ,  e co log ica l ,  a n d  
historical r e s o u r c e s

Nautical Chart - a  g ra p h ic  rep re se n ta t io n  of a  
maritime a r e a  a n d  a d ja c e n t  co a s ta l  reg io n s

NOAA - th e  National O c e a n ic  a n d  A tm o sp h e r ic  
Administration, u n d e r  the  U.S. D e p a r tm e n t  
of C o m m e rc e ,  Is r e sp o n s ib le  for p red ic tion  
a n d  r e s e a rc h  of w e a th e r  a n d  c l im a te -re la ted  
ev en ts ,  cha r t ing  th e  s e a  a n d  sk ies ,  a n d  
providing env ironm enta l s te w a rd s h ip  of the  
na tion ’s  c o a s t  a n d  m arine  r e s o u rc e s

NOAA Corps - the  sm a lle s t  of th e  s e v e n
Uniformed S e rv ic e s  of th e  United S ta te s ,  with 
app ro x im a te ly  2 9 9  c o m m iss io n e d  officers. It 
is the  uniform ed se rv ic e  of NOAA.

NOAA National Environmental Satellite, Data, 
and Information Service (NESDIS) - an
office of NOAA tha t  p ro v id e s  timely a c c e s s  
to g lobal env ironm enta l d a t a  from sa tellites 
a n d  o ther  s o u r c e s  to  p rom ote ,  p ro tec t ,  a n d  
e n h a n c e  the  N ation’s  security , environm ent,  
a n d  quality of life

NOAA National Marine Fisheries Service 
(NMFS) - an  office of NOAA d e d ic a t e d  to 
th e  s te w a rd s h ip  of living m arine  r e s o u r c e s  
th ro u g h  s c i e n c e - b a s e d  co n se rv a t io n  a n d  
m a n a g e m e n t ,  a n d  the  prom otion of healthy  
e c o s y s t e m s

NOAA National Ocean Service (NOS) - an
office of NOAA tha t  m e a s u r e s  a n d  p re d ic ts  
c o a s ta l  a n d  o c e a n  p h e n o m e n a ,  p ro te c ts  
la rge  a r e a s  of th e  o c e a n s ,  a n d  w orks to 
e n s u r e  s a fe  maritime navigation

NOAA National W eather Service (NWS)
- an  office of NOAA that p ro v id es  w ea th e r ,  
hydrologie , a n d  clim ate  f o re c a s t s  a n d  
w a rn in g s  for th e  United S ta te s ,  Its territories, 
a d ja c e n t  w a te r s  a n d  o c e a n  a r e a s ,  for the  
p ro tec tion  of life a n d  p roperty

NOAA Office of Marine and Aviation
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Operations (OMAO) - an  office of NOAA 
tha t  o p e r a t e s  s p e c ia l iz e d  aircraft a n d  s h ip s  
to  c o m p le te  NOAA’s  env ironm enta l a n d  
scientific  m issions; a lso  re sp o n s ib le  for the  
adm inis tra tion  a n d  im plem enta t ion  of the  
NOAA Diving P ro g ram

NOAA Office of Ocean Exploration - an
office of NOAA tha t  s u p p o r t s  exped it ions ,  
explora tion  p ro jec ts ,  a n d  field c a m p a ig n s  for 
th e  p u r p o s e  of d isc o v e ry  a n d  d o c u m e n ta t io n  
of our o c e a n

NOAA Office of Oceanic and Atmospheric 
Research (OAR) - an  office of NOAA that Is 
r e sp o n s ib le  for all of NOAA’s  re s e a rc h ,  the 
driving fo rce  b e h in d  NOAA env ironm enta l 
p ro d u c ts  a n d  s e rv ic e s  tha t  p ro te c t  life a n d  
p roperty

Oceanography - th e  b ra n c h  of s c i e n c e  dea ling  
with physica l  a n d  biological a s p e c t s  of the  
o c e a n s

Physical Geography - th e  s tu d y  of th e  physica l 
e le m e n ts  a n d  p r o c e s s e s  tha t  m a k e  u p  Earth

Porthole - a  w indow  In th e  s id e  of a  b o a t

Radar - s t a n d s  for “R ad io  D etection  And 
R a n g in g ” a n d  re tu rns  e c h o e s  from 
tran sm it ted  p u l s e s  on a n y  ta rg e t  it hits.
In th e  a tm o s p h e re ,  ra in d ro p s  reflect the  
e n e rg y ,  a n d  the re fo re  it is an  ex ce llen t  tool to 
v isualize  a  s to rm ’s  s truc tu re .

Refraction - th e  t e n d e n c y  of a  w a v e  to b e n d  a s  
th e  result of a  c h a n g e  in d e n s i ty  within the  
m ed iu m  (su c h  a s  w ater)  th ro u g h  which It is 
p a s s in g

Salinity - th e  total a m o u n t  of d is so lv ed  sa l ts  in a  
w a te r  s a m p le

Sanctuaries - un iq u e  m a r in e -p ro te c te d  a r e a s

Seamount - an  u n d e rw a te r  m ounta in

Side-Scan Sonar - a  to w ed  Instrum ent that 
s e n d s  out s o u n d  w a v e s  to c r e a te  im a g e s  of 
th e  o c e a n  floor tha t  a re  u s e d  to  lo ca te  a n d  
m a p  w reck s ,  ro ck s  a n d  o ther  o b s tru c t io n s  
tha t  m ay  b e  h a z a r d o u s  to  co a s ta l  navigation. 
I tem s a re  Identified by  the  s h a d o w s  
th ey  c r e a te  on th e  im a g e  a n d  g en e ra l  
m e a s u r e m e n t s  of the  s ize  of th e  o b je c t  c a n  
b e  s c a le d  from the  im a g e  to  d e te rm in e  
length , width a n d  he igh t  off th e  bottom.

Sonar - the  u s e  of t ransm itted  a n d  reflec ted

s o u n d  w a v e s  to d e t e c t  u n d e rw a te r  
o b je c ts

Soundings - a  m e th o d  to m e a s u r e  the  d e p th  
of w a te r  b e n e a th  a  sh ip

Stateroom - c a b in  a c c o m m o d a t io n  on 
b o a rd  a  sh ip

Stern - the  a f tm ost pa r t  or rea r  e n d  of the  
hull of a  sh ip  or b o a t

Survey Technician - a  w orker a b o a r d  a  
sh ip  w ho p ro v id es  tech n ica l  s u p p o r t  to 
h y d ro g ra p h ic  su rv ey  ope ra t io n s ;  s u c h  
s u p p o r t  Inc ludes  o p e ra t in g  e q u ip m e n t  
a n d  p ro c e s s in g  su rv ey  d a t a

Surveying - m e th o d  of m aking  relatively 
la rg e -sc a le ,  a c c u r a t e  m e a s u r e m e n ts  of 
the  E arth ’s  s u r f a c e s

Theodolite - b a s ic  su rvey ing  Instrum ent 
go ing  b a c k  to the  16th-century; It is u s e d  
to m e a s u r e  horizontal a n d  vertical a n g le s .  
A t e l e s c o p e  m o u n te d  to swivel both 
horizontally a n d  vertically.

Tide Gauge Station - a  g ro u p  of Instrum ents  
u s e d  to m e a s u r e  th e  c h a n g e  in s u r fa c e  
w a te r  elevation, e sp e c ia l ly  t ides ,  th rough  
time

Tides Officer - p e r s o n  w ho  is re sp o n s ib le  
for d o c u m e n t in g  tidal f luc tuations on 
b o a rd  a  sh ip

Triangulation - a  m e th o d  for finding a  
position by  m e a n s  of b e a r in g s  from two 
fixed po in ts  a  known d i s t a n c e  a p a r t

Trigonom etry - a  b r a n c h  of m a th e m a t ic s  
tha t  c o m b in e s  arithmetic, a lg e b ra ,  a n d  
geom etry ;  u s e d  in survey ing , navigation, 
a n d  var ious  s c i e n c e s  s u c h  a s  p h y s ic s

Learn How to Analyze a
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Chart, Just Like a Coastal Surveyor!
Recently , you w e re  p ro m o te d  to C ap ta in  of a  NOAA sh ip  - cong ra tu la t ions!  I You now  n e e d  to  n av ig a te  
safe ly  to sh o re  a long  th e  w e s t  c o a s t  of Florida. B a s e d  on NOAA’s  m o s t  re c e n t  h y d ro g ra p h ic  su rveys ,  you 
h av e  In your p o s s e s s io n  an  u p d a te d  c h a r t  show ing  the  cu rren t  co a s ta l  survey . Your curiosity g e t s  the  b e s t  
of you a n d  you b e g in  to  c o m p a r e  th e  old c h a r t  (on left below ) with th e  n ew  c h a r t  (on right below) to s e e  
how m an y  c h a n g e s  to th e  c h a n n e l  h a v e  o c c u r r e d  s in c e  the  old c h a r t  w a s  p r o d u c e d .  After reviewing the  
old c h a r t  a n d  th e  n ew  c h a r t  find five of th e  twelve significant c h a n g e s  on th e  u p d a te d  chart!!

Coastal Survey Before Coastal Survey After

a
fel

Sh

4181/

5 j '

S V

R TR (S O f TWO) 
0O K EM 3) m Í

! Englewood

6 ^ '^ f  GSS*Qtutn 
(Stfir rvrti 7 1 *715,1 fi

Co 6

ÔcsJn 
Fish títawí 
(au¡t> mm 5 (ms)

Si
61 i*

Hbvçi? itVit 7 iVnsj
8+ 6Í

si

■ v t î f eai t a i

s i  HT
S tu m p  f>aasD

51 V j a

Ctiartolle Beacti

S!

91

aí

aí

91
Si

7  7

?
Si.

* n a c if la
W  \ 5  4 k  

Utile G aspari! a  I

O bstn  
QFisfr H asen  

(äulTl fflifl-fAMiJÖ

41 4 A

s  & & M Z Í W  *
OOSfi & ‘A tra p :-  3 (  ■ t - " ’61 5¿ Gasparia I

6ä S i / 2
M ICRO ' 
■ TR

Orta*FairHii*7 
¡MU mir S'A

PORT BOCA GRANDE LT [ t  7fiÇf> 0C4941H12M
1 f i î  ' Î Ï  /8i O üSn fc 'íw 'rrv rrí)

Fish H even  â < h t î* « ,

& ^  «rT * fflís

I" lí fürfft/ni*
ajfflp Sftd e J ■ í t f t í ' S

3 ™  (see noteS) 5 1 ,  ¡jW *  31
71 OtstnÍSdT 70P. >w-.V~ AA'T ' f 'Y 5 j*?*™

G S S h  ISTICS (Gravei, Sand, Shells)
6  BUOYS (for navi i
[ j  ITE(forchemi I waste)

5V2 fms FATHOMS (um 
O  i
\  IGHT (for navi i

INES (red di I, green verti I - i i i
O  IONS (fi iles, unknown)
PA POSITION APPROXIMATE

V -  WRECK (showi i II, at level of chart datum) 
■* WRECK (dangerous wreck, depth unknown)

Masts WRECK (showi

6 51 414 1
S lu m p  Pass

Placida

iauth 41*13Vr iw sl '■ ' L ftiR 06 *
f  5 sV ^ Y #  

8 L 4 " pr ?
owjp aœ

FftirAürit*
Dbsin

R TR (S OF TWO) 
O  f-VENGj MSn

T A j  E-Tglewood

O bstn  K< 
Fish FHrsCn 'flauttrtlwiSlfns)
V «4 /

util? G a s e a r  ia I 
„  51 41

I  ■ s

6 * 61 Bart Boca <3 fanitr-
7  O c i s  4 i f t  | 2 M

a i  QCsír ríí*FöfrFtarap .

35



Conversions
1 fa thom  = 1.83 m e te r s  = 6 fee t 

1 kilometer (km) = 1 ,000  m e te r s  (m) = .6214  miles (ml)

1 foot (ft) = .3048 m e te r s  (m)

1 mile (mi) = 5 ,2 8 0  fee t  (ft) = .8690  nautical mile

1 knot (kt) = 1 nautical  mile p e r  hour = 1 . 1 5  miles p e r  hour (m ph)

1 knot (kt) = 1.85 k ilom eters p e r  hour (kph)

1 knot (kt) = 1.7 fee t p e r  s e c o n d  (ft/s) =.51 m e te r s  p e r  s e c o n d  (m/s)

1 m e te r  (m) = 3 9 .3 7  in c h e s  (In)

1 ce n t im e te r  (cm ) = .3937  in c h e s  (In)

1 kilogram (kg) = 2 .205  p o u n d s  (lb)

1 a t m o s p h e r e  (atm) = 14.7 p o u n d s  p e r  s q u a r e  Inch (psi)

1 ya rd  (yd) = .9144  m e te r s  (m)

Answers to  sidebar questions:
Page 2: N a m e d  for Mt. Falrw eather  in s o u th e a s t  A laska, the  h ig h e s t  p e a k  in th e  F a lrw eather  R a n g e  

Elevation of Mt. Falrw eather:  15 ,300  fee t  (4663  m ete rs )

\  Æ Ê k  /
N EAP r <  S PR IN G
TIIÎF ^

1

N ot Illu s tra ted  to  sca le

Page 6: W h e n  th e  S u n ,  M oon a n d  Earth  a r e  a l ig n e d ,  w e  h a v e  a  s p r in g  t ide .  S p r in g  t i d e s  o c c u r  d u r in g  
th e  full m o o n  a n d  th e  n e w  m o o n .  W h e n  th e  S u n ,  M oon, a n d  Earth  a r e  a t  r ight a n g l e s  th e  f o r c e s  
a r e  no t  a l ig n e d ,  p r o d u c i n g  a  w e a k e r  n e a p  t ide .  T h e s e  o c c u r  d u r in g  q u a r t e r  m o o n s .

H ig h es t  Tidal Fluctuation: Bay of Fundy, b e tw e e n  N ova S co t ia  a n d  N ew  Brunswick, C a n a d a

Page 8: C irc u m fe re n ce  of the  Earth = 360°; Earth ro ta te s  15° In o n e  hour; Four hour time d if fe rence  = 
app ro x im a te ly  60° longitude

Page 26: A life jack e t  Is a lso  known a s  a  P e rso n a l  Flotation D evice  (PFD)

Page 29: (C lockw ise  from u p p e r  left) G e o g ra p h e r ,  M eteorologist,  Biologist, Physicist, C hem ist,  G eo log is t

36



Answers to sidebar questions (continued):
Page 35:

R TR (S OF TWO) 
(WENG) 203ti1530kHj

E nglew ood

Charlotte Beach,
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Teacher at Sea Program /  Teacher in the Air Program
S in ce  its incep tion  in 1990, th e  NOAA T e a c h e r  a t S e a  (TAS) p ro g ra m  h a s  offered  e d u c a to r s  a ro u n d  
the  coun try  the  opportun ity  to s e e  NOAA’s  exciting scientific r e s e a r c h  first h a n d .  As of 2007 , over  460  
t e a c h e r s  h a v e  p a r t ic ip a ted  in th e  p ro g ram , r e p re se n t in g  47 s ta te s ,  A m erican  S a m o a ,  Chile, A rgentina, 
a n d  P uerto  Rico. The p ro g ra m  p ro v id es  k in d e rg a r ten  th ro u g h  co llege-level t e a c h e r s  the  c h a n c e  to 
live a n d  work s id e -b y -s id e ,  d a y  a n d  night, with th o s e  w ho  con tr ibu te  to the  w orld ’s  b o d y  of scientific 
kn o w led g e ,  a n d  then  tak e  tha t  e x p e r ie n c e  b a c k  to  the  c la ss ro o m .

The NOAA T e a c h e r  in the  Air P ro g ram  is an  offshoot of NOAA’s  T e a c h e r  a t  S e a  P ro g ram  a n d  w a s  
first piloted in 2004. It h a s  e n a b le d  t e a c h e r  p a r t ic ip a n ts  to o b s e r v e  r e s e a r c h  activities a n d  in terac t 
with sc ien t is ts  while on b o a rd  NOAA aircraft. S c ie n c e  p ro jec ts  h av e  fo c u s e d  on wind flow p a t te rn s ,  
hu rr icane  a w a r e n e s s ,  a n d  m o n so o n s .  Future  TIA opportu n i t ie s  m ay  b e  ava ilab le  for K-12 a n d  university 
t e a c h e r s ;  they  will b e  p o s te d  at w w w .te a c h e ra t s e a .n o a a .g o v .

Internet Resources for Teachers, Parents, and Students
National O c e a n ic  a n d  A tm o sp h e r ic  Administration (NOAA): h t tp : / /w w w .noaa .gov

NOAA C o as ta l  S e rv ic e s  C e n te r  (NCSC): h t tp : / /w w w .csc .n o aa .g o v

NOAA C o m m iss io n e d  Officer C orps :  h t tp : / /w w w .n o a a c o rp s .n o a a .g o v

NOAA Diving P rogram : h t tp : / /w w w .n d c .n o aa .g o v

NOAA’s  E duca tiona l  P a r tne rsh ip  P rogram : h t tp : / /e p p .n o a a .g o v

NOAA National Environm ental Satellite, Data, a n d  Information Se rv ice  (NESDIS): h t tp : / /w w w .n esd ls .n o aa .g o v

NOAA National Marine F isheries  S erv ice  (NMFS): h t tp : / /w w w .nm fs .noaa .gov

NOAA National Marine S a n c tu a r ie s  (NMS): h t tp : / / s a n c tu a r ie s .n o a a .g o v

NOAA National O c e a n  S erv ice  (NOS): h t tp : / /w w w .o c e a n se rv ice .n o a a .g o v

NOAA National W e a th e r  Se rv ice  (NWS): h t tp : / /w w w .nw s.noaa .gov

NOAA NWS O c e a n  Prediction  C en te r  (OPC): h t tp : / /w w w .o p c .n cep .n o aa .g o v / in d ex .sh tm l

NOAA Office of C o a s t  S urvey  (OCS): h t tp : / /c h a r tm a k e r .n c d .n o a a .g o v

NOAA Office of E duca tion  (OESD): h t tp : / /w w w .o e sd .n o a a .g o v

NOAA Office of Marine a n d  Aviation O p e ra t io n s  (OMAO): h t tp : / /w w w .o m ao .n o aa .g o v

NOAA Office of O c e a n ic  a n d  A tm o sp h e r ic  R e s e a rc h  (OAR): h t tp : / /w w w .re se a rc h .n o aa .g o v

NOAA Ship  FAIRWEATHER: h t tp : / /w w w .m oc .noaa .gov /fa

NOAA Ship  THOMAS JEFFERSON: h ttp :/ /w w w .m oc.noaa .gov /tj

NOAA T e a c h e r  a t  S e a  P rogram : h t tp : / /w w w .te a c h e ra ts e a .n o a a .g o v

S o u n d in g  Box Activity: h t tp : / / ta .n o s .n o a a .g o v /e d u c a t lo n /sea f lo o r -m a p p ln g /so u n d ln g _ b o x _ m a k e 1  .html 

T ides  Online: h t tp : / / t ld e so n l in e .n o s .n o aa .g o v
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NOAA currently  h a s  a  fleet of 20  ac tive  r e s e a r c h  a n d  su rv ey  s h ip s  from which sc ien t is ts  c a n  g a th e r  
Information at s e a .  T h e s e  s h ip s  d o  o c e a n o g r a p h ic  a n d  a tm o s p h e r ic  r e s e a rc h ,  f isheries  a n d  c o as ta l  
r e s e a rc h ,  a n d  h y d ro g ra p h ic  su rveys .  Following a re  d e sc r ip t io n s  of NOAA’s  four h y d ro g ra p h ic  su rvey  
v e s s e l s  tha t  a c q u i re  the  d a t a  NOAA u s e s  to m a k e  Its nautical ch a r ts ,  a n d  a  NOAA c o a s ta l  r e s e a r c h  
a n d  su rv ey  v esse l .

The NOAA Ship  FAIRW EATHER Is a  h y d ro g ra p h ic  
su rv ey  sh ip  tha t  w a s  originally c o m m is s io n e d  with 
NOAA In 1968. The sh ip  w a s  d e a c t iv a te d  In 1989 
bu t a  critical b a c k lo g  of su rv e y s  for nautical c h a r ts  
In A laska  w a s  a  motivating fac tor  to reac t iv a te  the  
sh ip  In 2004.

The FAIRWEATHER Is d e s ig n e d  a n d  outfitted 
primarily for c o n d u c t in g  h y d ro g ra p h ic  su rv ey s  
In s u p p o r t  of nautical char t ing , bu t Is c a p a b le  
of m an y  o ther  m iss ions  In s u p p o r t  of NOAA 
p ro g ra m s .  The sh ip  Is e q u ip p e d  with th e  la tes t  
In h y d ro g ra p h ic  su rv ey  tec h n o lo g y  -  m ultibeam  
su rv ey  sy s te m s ;  h ig h -s p e e d ,  hlgh-resolutlon 
s ld e - s c a n  sonar ;  position a n d  orientation sy s te m s ;  
h y d ro g ra p h ic  su rv ey  la u n c h e s ;  a n d  an  o n -b o a rd  d a ta - p r o c e s s ln g  se rve r .  In c re a s e d  m ission s p a c e  a n d  
d e c k  m a c h in e ry  e n a b le  FAIRWEATHER to b e  t a s k e d  with anyth ing  from b u o y  o p e ra t io n s  to  fisheries  
r e s e a r c h  c ru ise s .

The FAIRWEATHER o p e r a t e s  In A laskan  co a s ta l  w a te rs .  The FAIRWEATHER Is n a m e d  for Mt. 
F a lrw eather  In s o u th e a s t  Alaska, which Is th e  h ig h e s t  p e a k  In th e  F a lrw eather  R a n g e — the  ta llest c o as ta l  
r a n g e  on earth .  The  v e s s e l  Is o p e r a te d  by  NOAA’s  Office of Marine a n d  Aviation O p e ra t io n s ,  a n d  h o m e  
p o r ted  In Ketchikan, Alaska.

The THOMAS JEFFERSON Is o n e  of a  fleet of 
r e s e a r c h  a n d  su rv ey  v e s s e l s  u s e d  by  NOAA 
to Improve our u n d e r s ta n d in g  of th e  m arine  
env ironm ent.  The sh ip  Is h o m e  p o r ted  In Norfolk,
Virginia, a n d  primarily o p e r a t e s  a long  the  Atlantic 
a n d  Gulf c o a s t s ,  Including Puerto  Rico a n d  the  
U.S. Virgin Islands. The  prim ary m ission of the  
THOMAS JEFFER SO N  Is to c o n d u c t  h y d ro g ra p h ic  
su rv e y s  for u p d a t in g  NOAA’s  nautical ch a r ts .

H y d ro g rap h ic  su rv e y s  u s e d  for nautical 
chart ing  Include t h o u s a n d s  of sy s te m a t ic  d e p th  
m e a s u re m e n ts ,  a s  well a s  pos it ions  of w re c k s  or 
o b s t ru c t io n s  In n a v ig a b le  w a te rs .  T h e s e  d a t a  a re  
a c q u i r e d  by  THOMAS JEFFER SO N  a n d  Its two 
su rv ey  la u n c h e s  e q u ip p e d  with s p e c ia l iz e d  e c h o  s o u n d e r s ,  m u lt ibeam  s o n a rs ,  a n d  s ld e - s c a n  so n a rs .  
D a ta  acquis it ion  a n d  p ro c e s s in g  relies heavily on s ta te-o f- the-ar t  c o m p u te r s ,  s p e c ia l iz e d  software, 
a n d  highly skilled sh ip  p e rso n n e l .  C om m erc ia l  sh ip p in g  relies on a c c u r a t e  nautical c h a r t s  for th e  sa fe  
t ranspor ta t ion  of g o o d s  s u c h  a s  pe tro leum , coal,  s tee l,  au to m o b iles ,  grain, a n d  c o n ta in e r iz ed  ca rg o .
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The NOAA Ship  RAINIER is d e s ig n e d  a n d  
outfitted primarily for c o n d u c t in g  h y d ro g ra p h ic  
su rv e y s  in s u p p o r t  of nautical charting . Scientific 
e q u ip m e n t  normally a b o a r d  is limited to e q u ip m e n t  
tha t  s u p p o r t s  t h e s e  su rv ey  o p e ra t io n s .  The sh ip  
o p e r a t e s  off the  U.S. Pacific c o a s t ,  a n d  in A laskan  
co a s ta l  w a te rs .  The  RAINIER Is n a m e d  for Mount 
Rainier. The v e s se l  is o p e r a te d  by  NOAA’s  Office of 
Marine a n d  Aviation O p e ra t io n s .

The RAINIER Is a  highly c a p a b l e  platform 
for c o n d u c t in g  co a s ta l  h y d ro g ra p h ic  su rvey  
o p e ra t io n s .  It h a s  a  c re w  of 55, Including ten  
c o m m is s io n e d  officers. The sh ip  Is e q u ip p e d  with 
an  In te rm ed ia te  d e p th  m ult ibeam  so n a r  sy s tem .
It c a r r ie s  six a lum inum  su rv ey  l a u n c h e s  e q u ip p e d  with m ultibeam , s id e - s c a n  sonar ,  a n d  s ing le  b e a m  
e c h o  s o u n d e r s .  The v e s s e l  a lso  h a s  two small b o a t s  providing s u p p o r t  to  sh o re  s ta t io n s  a n d  dive 
o p e ra t io n s .  S e v e n  c r e w m e m b e r s  a re  tra ined  a s  certified NOAA divers.

The RAINIER c a r r ie s  o ther  e q u ip m e n t  to  s u p p o r t  h y d ro g ra p h ic  su rv ey  op e ra t io n s .  This In c lu d es  five 
CTDs u s e d  for s o u n d  velocity profiles a n d  var ious  s e d im e n t  sam p lin g  e q u ip m e n t .

The NOAA Ship  RUDE (p ro n o u n c e d  “R u d y ”) 
pe rfo rm s  Inshore h y d ro g ra p h ic  su rv e y s  a long  the  
e a s t  c o a s t  In s u p p o r t  of NOAA’s  nautical char t ing  
m ission, spec ia l iz ing  in th e  location a n d  a c c u r a t e  
positioning of s u b m e r g e d  h a z a r d s  to navigation.
The RUDE is n a m e d  for C ap ta in  Gilbert T. R ude .

RUDE is e q u ip p e d  with s o m e  of the  m os t  
techn ica lly  a d v a n c e d  h y d ro g ra p h ic  a n d  navigation 
e q u ip m e n t  availab le , including Differential 
G lobal Positioning S y s te m s  DGPS, a  m ult ibeam  
b a thym etr ic  s o n a r  sy s tem , a n d  s ld e - s c a n  so n ar .
The RUDE is e q u ip p e d  with sev era l  h y d ro g ra p h ic  
d a t a  acquis it ion  a n d  d a t a  p ro c e s s in g  sy s te m s .
The sh ip  is a lso  fully p r e p a r e d  for diving 
o p e ra t io n s  to allow de te rm ina tion  of the  p re c is e  
na tu re  of s u b m e r g e d  o b s truc tions .

W hen  c o n d u c t in g  a  s e a r c h  for an  u n d e rw a te r  obs truc tion , RUDE d e p lo y s  a  s ld e - s c a n  so n a r  a n d  
m ult ibeam  b a thym etr ic  so n a r  sy s te m .  E loused In a  small to r p e d o - s h a p e d  shell ca l led  a  “f ish ,” the 
s ld e - s c a n  so n a r  p ro v id es  an  a c c u r a t e  aco u s t ica l  Im ag e  ( so n o g ra m )  of the  bo ttom  e x te n d in g  up  to 
150 m e te r s  on e a c h  s id e  of the  ship. The ac tua l  a m o u n t  of bo ttom  c o v e r a g e  a c q u i r e d  Is d e p e n d e n t  
u p o n  the  d e p th  of w ater , th e  towfish he igh t  a n d  sp ec if ic  w a te r  ch a ra c te r is t ic s .  During typical su rvey  
o p e ra t io n s  In d e p th s  b e tw e e n  10 a n d  60  m e te rs ,  a  2 0 0 -m e te r  w ide  bo ttom  sw ath  c a n  b e  e x a m in e d  a s  
the  “fish” is to w ed  slowly as te rn .  All potential h a z a r d s  to  navigation identified using  s ld e - s c a n  s o n a r  a re  
further in v es t iga ted  using  th e  m u lt ibeam  b a thym etr ic  so n a r  sy s te m  a n d  s h ip ’s  d ivers  to d e te rm in e  a  
p r e c i s e  desc r ip t io n  of the  h a z a rd  a n d  th e  minimum d e p th  of c le a ra n c e .
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At 90  fee t  a n d  2 2 0  to n s  d i s p la c e m e n t ,  RUDE is th e  sm a lle s t  sh ip  In the  NOAA fleet. RUDE ca r r ie s  a  
19-foot B oston W haler  u s e d  a s  a  diving platform a n d  p e rso n n e l  t ransport .  A 2 6 ’ Monark, t r a n s p o r te d  by 
trailer, a s s i s t s  RUDE with Inshore surveying .

B e c a u s e  of its h y d ro g ra p h ic  su rvey ing  capab il i t ies ,  RUDE h a s  b e e n  ca lled  up o n  to a s s i s t  th e  U.S. 
C o a s t  G u a rd  a n d  Navy In s e a rc h ,  r e s c u e ,  a n d  reco v e ry  o p e ra t io n s .  The RUDE lo c a te d  the  TWA Flight 
8 0 0  w r e c k a g e  off of M oriches, N ew  York In 1996; lo c a te d  J o h n  F. K e n n e d y  J r . ’s  p la n e  off M arth a ’s 
V ineyard, M a s s a c h u s e t t s ;  found  th e  BOW-MARINER w r e c k a g e  off the  c o a s t  of C h ln c o te a g u e ,  Virginia; 
a n d  d is c o v e re d  an  u n c h a r te d  w r e c k - t h e  IONNIS P. GOULANDRIS--on the  e d g e  of a  m ajor sh ip  traffic 
lane  a p p r o a c h in g  N ew  York.

The NOAA Ship  NANCY FOSTER w a s  originally 
built a s  a  Navy ya rd  to rp e d o  te s t  (YTT) craft. In 
2001 , the  Navy tran s fe r red  the  v e s s e l  to NOAA, 
w hich outfitted the  sh ip  to  c o n d u c t  c o as ta l  
r e s e a r c h  a long  th e  U.S. Atlantic/Gulf c o a s t s ,  
a n d  the  C a r ib b e a n .  NANCY FOSTER Is n a m e d  
for Dr. N an cy  Foste r  In tr ibute  to  her  o u ts ta n d in g  
con tr ibu tions  in a d v a n c in g  NOAA’s  m ission 
th rough  her  le a d e r sh ip  within th e  National 
Marine F isher ies  S e rv ice  a n d  National O c e a n  
S erv ice  from 1986  until 2000.

NANCY FOSTER s u p p o r t s  a p p l ie d  r e s e a rc h  
for th e  NOAA National O c e a n  S e rv ic e ’s  Office 
of O c e a n  a n d  C o as ta l  R e s o u rc e  M a n a g e m e n t ,  the  NOAA O c e a n ic  a n d  A tm o sp h e r ic  R e s e a r c h ’s 
Office of O c e a n  Exploration, a n d  the  National S e a  G ran t  C o lleg e  P rog ram . O p e ra t io n s  Include the 
c h a rac te r iza t io n  of va r ious  h ab i ta ts  in NOAA’s  National Marine S a n c tu a r ie s ,  pollution a s s e s s m e n t s ,  a n d  
s tu d ie s  to Improve u n d e r s ta n d in g  of th e  c o n n e c t io n  b e tw e e n  m arine  h ab i ta ts  a n d  e s tu a r ie s .  NANCY 
FO STER’S m ission s u p p o r t s  scientific  d a t a  collection th ro u g h  bo ttom  fish trawling, s e d im e n t  sam pling ,  
s id e - s c a n  so n a r  a n d  m ult ibeam  surveying , su b -b o t to m  profiling, c o re  sam p lin g ,  diving with air a n d  
NITROX, ROV o p e ra t io n s ,  a n d  se rv ic ing  o c e a n o g r a p h ic /a tm o s p h e r ic  su r fa c e  a n d  s u b s u r f a c e  buoys . 
The v e s se l  e m p lo y s  s ta te-o f- the-ar t  navigation a n d  p ropu ls ion  s y s te m s  resulting In high quality a n d  
efficient d a t a  collection.

A  "Y*" 4j
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