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Two years ago in Sea Technology (June 1995), we presented an introduction to the U.S. Army Corps of
Engineer's (USACE) Scanning Hydro- graphic Operational Airborne Lidar Survey (SHOALS) system: a
generational advancement in the collection of bathymetric information. In that article, we discussed field
tests and initial operation of SHOALS and outlined a road map of the future. After three years of
operation, SHOALS has gained experience, and its capability and technology advanced.

Since March 1994, SHOALS surveyed over 125 projects covering more than 2,250-km” throughout the
United States. These surveys span a wide range of purposes from navigation and beach monitoring to
coastal structure evaluation and to hurricane damage assessment. In addition to supporting the USACE,
SHOALS performed several missions for the National Oceanic & Atmospheric Administration (NOAA) as
well as the U.S. Navy with projects varying from coral-reef damage assessment to charting of
international waters.

The status of SHOALS is best described through several projects accomplished.

The System

Airborne bathymeters operate by emitting a pulse of light which travels from an airborne transmitter to the
water surface where some energy is reflected at the interface and the Remaining energy passes through
the water column and reflects off the sea bottom. The reflected energy is recorded by an airborne
receiver and the time difference between the water-surface and sea-bottom returns provides the water
depth. The SHOALS system operates from a Bell 212 helicopter at an altitude and speed of 200-m and
30 ms™ respectively. SHOALS emits 200 laser pulses/second and provides depth measurements over a
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4-m horizontal grid. This translates to high-density survey coverage at a rate of 8-km?/hr. The SHOALS
system meets both USACE Class 1 survey requirements and IHO Order 1 charting standards. The main
operational constraint of any lidar bathymeter is water clarity. In optically clear waters SHOALS collects
information to about 40-m deep, and in less clear waters SHOALS collects successfully to depths nearly
three times Secchi depth, or visible light.

For each sounding, SHOALS typically obtains horizontal position from differential GPS (DGPS) while
depth position is directly correlated with measured water-surface elevation. In response to USACE needs
to map not just the nearshore, but also beaches, dunes, and above-water structures, SHOALS developed
technology to extract topographic elevations in conjunction with water depths. With DGPS, elevation
measurements are vertically referenced to the water surface-land measurements are collected only within
75-m of the water-line.

Over recent months, on-the-fly (OTF) kinematic GPS (KGPS) capabilities was added to the system,
allowing both horizontal and vertical sounding positions to be obtained remotely thus alleviating the need
for field crews to collect tide measurements. Since the need to use water surface as a vertical reference is
eliminated, the use of OTF KGPS allows more extensive topographic measurements of adjacent beach
and dune systems.

SHOALS was field-tested in early 1994 and both horizontal and vertical position accuracy were compared
against multibeam fathometer data with successful results.

Vertical Accuracy

Since field-testing, SHOALS bathymetry
was compared against two alternate
bathymetric systems. In  April 1995,
SHOALS completed a 50-km® survey at

Tampa Bay, Florida for NOAA in 12 hours kit kditchill
flight-time collecting over 5.5 million from Riley [155)
individual depth soundings. Depths in the -15F

survey ranged from 10- to 20-m. This same
area was surveyed with NOAA ship Mt.
Mitchell equipped with a vertical-beam echo
sounder (Raytheon 6000N digital survey
fathometer). This system meets [HO
charting regulations and is extensively used
by NOAA to meet their charting needs. On a
four-month deployment, the NOAA ship
collected 30,000 depth soundings. Both =h
SHOALS and Mt. Mitchell obtained
horizontal and vertical controls from DGPS
and predicted and observed tides,
respectively. The SHOALS soundings were . n "
compared with the acoustic soundings by o 4 -1 -18
mapping the Mt. Mitchell data onto a digital-
terrain map of higher density SHOALS data. The results from the data confirm that SHOALS does indeed
meet current IHO nautical charting standards.
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Comparison of SHOALS survey
data with that collected by
alternate systems

In June 1996, SHOALS completed a survey at the USACE Coastal and Hydraulics Laboratory Field
Research Facility (FRF) in Duck, North Carolina. SHOALS surveyed the 2.5-km? in less than one hour
collecting 300,000 soundings. Depths in this survey, ranging from elevations along the dry beach to nine
meters, were vertically referenced to a NOAA self-recording tide gage.
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The FRF collects bathymetry monthly using the Coastal Research Amphibious Buggy (CRAB), a self-
powered, 17.5-m high, mobile tripod on wheels. In contrast to SHOALS which used DGPS and a tide
gage in this survey, the CRAB used a Geodometer 140-T self-tracking total station to determine each
depth's horizontal and vertical position. A typical CRAB survey of the study area requires a couple of days
to collect 21,000 soundings. We performed a preliminary comparison between the SHOALS and CRAB
data similar to that performed for Tampa Bay. Our preliminary results show an average difference in
vertical measurement of 10-cm, again confirming SHOALS depth accuracy.

Volumetric Accuracy

As hydrographic surveys are the

primary tool for calculating sediment Profile : 5

volumes for navigation and beach- | Spacing Vel PHETEREE (i)

nourishment projects, we (m) Longboat Key Island Beach St. Joseph Presque Isle
investigated the impact of survey Florida New Jersey Michigan Pennsylvania
density on volumetric computations. 5 0.0 0.0 0.0 0.0
We_ selected four beach-nourishment 10 0.4 0.1 0.0 1.2
projects located on the Gulf of 25 0.0 -0.1 -0.4 1.9
Mexico, Atlantic Ocean, and Great 30 18 0.1 0.2 0.8
Lakes. Since profiles of nourishment gg %21 '8'5’ 21; g";’
projects are collected at spacings 100 16 1.9 33 6.1
varying from 30- to 300-m, profile 150 -0.7 -0.3 -6.5 -10.4
data were simulated from the high- ggg %% 5539 '188‘-15 2-2
density SHOALS data (see table). 300 123 108 53 08

We computed beach-fill volumes for each project employing the well-used area-end method where the
cross-sectional areas of two consecutive profiles are averaged and multiplied by the distance between
them. In the table, volume difference represents the difference between the volume computed with the 4-
m spacing (the density of a SHOALS survey) and the volume computed with the stated spacing, in cubic
meters per meter length of beach. Positive differences indicate the stated spacing resulted in a volume
larger than the 4-m spacing volume while negative differences indicate a smaller volume. Our results, in
general, indicate the error in computed volume increases with profile spacing. When these volume
differences are translated to total project costs, our results then indicate potential cost differentials upward
of $1 million.

Navigation, Structure, Capabilities In the past three years, SHOALS performed a wide variety of missions.
The USACE is tasked with surveying and maintaining navigation projects throughout the United States. At
any given project, USACE is concerned with channel shape, navigation structure condition, and impacts
to adjacent beaches. Several of the navigation projects, which are surveyed by the USACE with
SHOALS, are at tidal inlets such as Lake Worth in Palm Beach, Florida (done annually). Using a
conventional single-beam acoustic system, the survey requires several days to complete. The inlet is
characterized by a well-defined ebb shoal, a maintained navigation channel 11-m deep and two rubble-
mound parallel jetties. SHOALS surveyed this inlet on two occasions, the last in February 1997. These
surveys, each completed in a few hours, give complete high-resolution coverage of the entire inlet system
and adjacent beaches. The surveys provide adequate information to quantify channel dredging
requirements, above- and below-water condition of the two jetties, scour at the structures, and dry-beach
and nearshore conditions.

Ft. Pierce, another tidal inlet in Florida, became one of SHOALS' first missions completed with OTF
KGPS. The survey was completed this spring, and preliminary analysis of the data show exceptional
coverage of the upland beach and dune system along with the nearshore bathymetry. This high-
resolution survey quantifies several of the inlet's features such as coral reefs, rock outcrops, the rock-
blasted channel, navigation jetties, shoal features, and beach and nearshore morphology.
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In August 1996, SHOALS surveyed King Harbor (Redondo Beach, California). This harbor is entirely
man-made and is protected from wave energy by two rubble-mound breakwaters. The primary objective
of this SHOALS mission was to survey the breakwaters to quantify structural damage from wave
overtopping. The survey was complete within an hour and included over 15,000 soundings on the
breakwaters. Contours of the SHOALS data show the north breakwater's position and shape both above
and below the waterline. The centerline cross-sections reveal areas with low crest elevations, particularly
at the structure's tip. Cross-sections taken perpendicular to the structure's centerline show slope
adjustments and relocation of armor stone. The information provided by SHOALS allows maintenance
personnel to reliably assess the condition of the breakwaters and identify whether repairs are required.

Nautical Charting

During the past two years, SHOALS surveys were completed for NOAA's National Ocean Service and the
U.S. Navy explicitly for creation of nautical charts and identification of navigation hazards. These included
Miami Harbor and Port Everglades, Florida, Elwood and Gaviota, California, and SHOALS first
international mission off the Yucatan Peninsula, Mexico. The Mexico project, completed for the U.S.
Navy, was the largest single survey mission for SHOALS. Over a three-month deployment in early 1996
and after 56 days of data collection, SHOALS surveyed 800-km? totaling over 100 million depth
soundings. In preparation for this mission, SHOALS auxiliary sensor capabilities were augmented to
include a geo-referenced video for estimating positions of above-water features such as piers,
lighthouses, and navigation aides as well as some underwater features in clear water. During the Mexico
mission, SHOALS bathymetry and video located and mapped a previously uncharted shipwreck.
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During the Mexico mission, SHOALS bathymetry and video located and mapped a previously uncharted shipwreck.

Emergency Response

Since SHOALS is rapidly deployable and quickly collects both bathymetric and topographic information, it
is an ideal tool for emergency damage assessment. While completing work this spring in the Florida Keys,
SHOALS was requested by NOAA to perform an emergency response survey. The mission was to quickly
assess coral reef damages at Maryland Shoal resulting from the grounding of the cargo vessel Houston.
The mission was completed in less than an hour and successfully quantified the damage to the reef
system.

On two occasions, SHOALS per- formed hurricane emergency response missions, most recently
following Hurricane Fran in September 1996. The mission objectives was to quantify dune and beach
damages along the North Carolina coast. In October 1995, following Hurricane Opal, SHOALS surveyed
two projects along Florida's panhandle: East Pass and Panama City Beach. East Pass is jettied on both
sides and provides the only direct access from the Gulf of Mexico into Choctawhatchee Bay through a
maintained navigation channel. On the east side of the pass is a sand spit, known as Norriego Point. The
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spit and the low beach to the east are developed with condominiums and roads. The surveys were
completed within an hour and included over 300,000 soundings within the 3-km” area. The measurements
ranged from the dry beach and above- water structures to 10-m depths - details of the entire inlet system
including Norriego Point, the two jetties, the inlet throat, and the ebb shoal were indicated. By midnight
the day of the survey, hard-copy maps were generated, dredging requirements inside the navigation
channel were identified and quantified, the breach of Norriego Point quantified, and jetty damages
assessed.

Shallow Water Capabilities

A distinct benefit of remote collection of bathymetry is the ability to collect data in shallow and
environmentally sensitive waters. Shallow waters are typically not accessible using conventional survey
techniques and collection of high-resolution bathymetry can be both time-consuming and difficult.
Additionally, environmentally sensitive areas, like those with sea-grass beds, may restrict boat usage
making data collection with conventional techniques impossible. SHOALS is capable of collecting high-
resolution shallow water bathymetry without disturbing the environment.

In 1994 and in 1997, SHOALS performed surveys in the shallow areas of Florida Bay. Florida Bay is the
focus of an interagency restoration program involving a modeling effort to define water circulation patterns
both internally and between its surrounding waters. Models such as these require adequate resolution of
the Bay's morphologic features which are characterized by extensive shallow-water net- works of mud
banks, cuts, and basins. Prior to the SHOALS mission, this shallow-water depth information did not exist.

One area of particular interest- "Little Rabbit Cuts" -consists of mud banks which are periodically exposed
during extreme spring low tides, making access by conventional survey boats impossible. Numerous
channel cuts transect the area and are believed to influence water flow between the Atlantic Ocean and
Florida Bay. These channels range from 0.5- to 3.0-m deep. SHOALS surveyed this 6-km? area collecting
over one million soundings (within these channels) in a few hours. The survey data clearly revealed these
channel features and quantified their dimensions for use in the modeling effort.

Epilogue
While SHOALS is a U.S. government-owned system, SHOALS is available to conduct surveys worldwide
for U.S. and foreign governments as well as private groups. When deployed to a region, a typical mission
is completed at costs two-thirds that of conventional multibeam technology.
To facilitate operation and development of future capabilities, SHOALS operations are from the newly

formed Airborne Lidar Bathymetry Technical Center of Expertise (ALBTCX). The ALBTCX's mission is to
operate the SHOALS system and to conduct related research and development.

Future goals for the SHOALS program include expansion of worldwide operations, expansion of mapping
and charting capabilities through software enhancements, and the fusion of lidar bathymetry with
additional auxiliary sensors such as a hyper-spectral imaging system.

For reference material related to this article contact the authors.
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