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1. Introduction
NOAA Ocean Exploration is dedicated to exploring the unknown ocean, unlocking its potential 

through scientific discovery, technological advancements, and data delivery. By working closely 

with partners across public, private, and academic sectors, we are filling gaps in our basic 

understanding of the marine environment. This allows us, collectively, to protect ocean health, 

sustainably manage our marine resources, accelerate our national economy, better understand 

our changing environment, and enhance appreciation of the importance of the ocean in our 

everyday lives. 

With priority placed on exploration of deep waters and the waters of the U.S. Exclusive 

Economic Zone (EEZ), NOAA Ocean Exploration applies the latest tools and technologies to 

explore previously unknown areas of the ocean, making discoveries of scientific, economic, and 

cultural value. By making collected data publicly available in increasingly innovative and 

accessible ways, we provide a unique and centralized national resource of critical ocean 

information. And, through live exploration video, online resources, training and educational 

opportunities, and public events, we share the excitement of ocean exploration with people 

around the world and inspire and engage the next generation of ocean scientists, engineers, 

and leaders. 

NOAA Ocean Exploration uses NOAA Ship Okeanos Explorer to conduct much of this work. Data 

collected by NOAA Ocean Exploration on NOAA Ship Okeanos Explorer in the 

Papahānaumokuākea Marine National Monument will contribute to the Beyond the Blue: 
Illuminating the Pacific     campaign; a multiyear, multipartner cooperative research and 

exploration campaign in U.S. and international waters throughout the remote Pacific Islands. 

Data and information collected during this campaign are intended to expand the footprint of 

coastal and ocean mapping, exploration, and characterization throughout the Pacific Islands 

region. Throughout the duration of Beyond the Blue, NOAA Ocean Exploration and campaign 

partners will work to create and maintain meaningful relationships to improve collaboration 

across the U.S. government, with local communities, and other stakeholders through thoughtful 

engagement, inclusive collaboration, and public-private partnerships. Building upon previous 

work in the region, including the 2015 - 2017 Campaign to Address Pacific monument Science, 

Technology, and Ocean NEeds (CAPSTONE) and work sponsored by NOAA Ocean Exploration 

through the Ocean Exploration Cooperative Institute (OECI) and Ocean Exploration Trust, this 

campaign is intended to provide a foundation of publicly accessible information relevant to a 

variety of sectors and communities, all with the aim of building our collective knowledge of the 

Pacific Islands region.  
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NOAA Ocean Exploration’s expeditions on Okeanos Explorer contribute to the National Strategy 

for Mapping, Exploring, and Characterizing the United States Exclusive Economic Zone and 

Seabed 2030. 

2. Expedition Overview
From July 18 to August 12, 2024, NOAA Ocean Exploration and partners conducted a 

telepresence-enabled ocean exploration expedition on Okeanos Explorer to collect critical 

baseline information and improve knowledge about unexplored and poorly understood 

deepwater areas of the Papahānaumokuākea Marine National Monument. Previous 
expeditions in this region include EX2403. 

During the 26 days at sea, 77,183 sq. km of bathymetric data were collected (see Figure 1), 

76,072 sq km were within US Waters deeper than 200 meters. Section 5 provides details about 

the expedition schedule. A station log detailing the location of each operation conducted is 

provided as a supplemental file to this expedition report. Names, responsibilities, and 

affiliations of science team members are in Appendix A. 

Figure 1. Overview of ship track and bathymetric data collected during EX2404. All depths are in 
meters.  
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2.1 Rationale for Exploration 

As part of the planning for this expedition, NOAA Ocean Exploration collaborated with the 

ocean science and management communities to assess exploration needs and data gaps in 

unknown and poorly known areas of the Papahānaumokuākea Marine National Monument. To 
define the operating area for this expedition, we considered the NOAA Ocean Exploration 

conducted 2024 call for input and known priorities from resource managers.  

The deepwater regions offshore Hawai’i are rich environments, home to deep-sea corals, 

chemosynthetic communities, and other sensitive habitats, as well as marine geohazards that 

threaten coastal communities with earthquakes, landslides, and tsunamis. Among these 

environments are vast energy resources in the form of seafloor minerals, wind, and waves.

Mapping and exploring these deep waters results in critical baseline information that can be 

integrated into Beyond the Blue campaign core datasets to help guide wise use of living marine 

resources and habitats, inform ocean energy and mineral resource decisions, and improve 

offshore natural hazard assessments.  

Data and information from this expedition will inform deep-sea management plans for habitat 

areas of particular concern, marine protected areas, and national marine sanctuaries, support 

local scientists and managers seeking to understand and manage deep-sea resources, and 

stimulate subsequent exploration, research, and management activities. 

2.2 Objectives 

EX2404 addressed scientific themes and priority areas put forward by NOAA scientists and 

partners and the broad ocean science and management communities. The primary objective of 

the expedition was to explore deepwater areas within the Papahānaumokuākea Marine 
National Monument to provide baseline information to support science and management 

needs. Briefly, this expedition sought to:  

● Collect high-resolution bathymetry in areas with no or low-quality mapping data.

● Acquire a foundation of sonar and oceanographic data to better understand the

characteristics of the water column and fauna that live there.

● Identify, map, and explore the diversity and distribution of benthic habitats, including

potential fish habitats, deep-sea coral and sponge communities, and chemosynthetic

communities.

● Engage a broad spectrum of the scientific community and the public in

telepresence-based exploration.
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● Provide a foundation of publicly accessible data and information products to spur

further exploration, research, and management activities.

A full list of expedition objectives is in “EX2404 Project Instructions: Beyond the 

Blue: Papahānaumokuākea Mapping 2” (Candio, 2024).

3. Methodology
The primary systems used throughout EX2404 to accomplish objectives were: 

● Sonar systems (Kongsberg EM 304 multibeam sonar, Knudsen 3260 sub-bottom profiler,

Simrad EK60 and EK80 split-beam sonars, and Teledyne acoustic Doppler current

profilers) to conduct seabed and water column mapping operations.

● A high-bandwidth satellite connection to provide real-time ship-to-shore

communications (telepresence).

The following sections further detail the equipment and procedures used by NOAA Ocean 

Exploration during expeditions on Okeanos Explorer. 

3.1 Acoustic Operations 

Acoustic operations included Kongsberg EM 304 multibeam sonar, Simrad EK60 and EK80 

split-beam sonar, Knudsen 3260 sub-bottom profiler, and acoustic Doppler current profiler 

(ADCP) data collection to map the seafloor, sub-seafloor, and water column. Standard survey 

operations include concurrent collection of multibeam, split-beam, and sub-bottom sonar data 

synchronized using a Kongsberg Synchronization Unit (K-Sync) with the EM 304 set as the 

master. The ADCPs were secured during standard surveying operations due to interference with 

other sonars, but were used to collect data when entering and exiting port. 

Mapping operations were planned to maximize edge matching of existing data or to fill data 

gaps in areas with incomplete bathymetric coverage. In regions with no existing data, lines were 

optimized for potential discoveries and to complete relatively large continuous areas to support 

interpretation of features from bathymetry and backscatter. Targeted mapping operations were 

conducted at the southwestern extent of the Papahānaumokuākea Marine National 
Monument, primarily focused on the eastern side of the antimeridian (Figure 2). Mapping 

operations occurred 24 hours/per day. 

More information about general equipment calibration procedures, data collection, processing, 

reporting, and archiving is in the “NOAA Ocean Exploration Deepwater Exploration Mapping 

Procedures Manual” (Hoy et al. 2020). 
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3.1.1 Equipment and Data Collection Methods 
Detailed descriptions of mapping equipment, annual calibrations, and capabilities on Okeanos 

Explorer are in the “NOAA Ship Okeanos Explorer Mapping Systems Readiness Report 2024” 

(Candio et al. 2024). Any deviations from the readiness report are noted in the following 

sections. 

Supplemental files may be added to the readiness report throughout the year if changes to the 

equipment are made, such as mid-season calibrations. Users of mapping data from EX2404 

should refer to the 2024 readiness report to see if any supplemental files report changes that 

may affect their analysis. 

3.1.1.1 Multibeam Sonar 

Okeanos Explorer is equipped with a 26 kHz Kongsberg EM 304 MKII multibeam sonar. The 

multibeam sonar was used to collect seafloor bathymetry, seafloor backscatter, and water 

column backscatter. Bathymetric and seafloor backscatter data are stored in .kmall files as 

beam-averaged backscatter values and as full time-series values (snippets) within each beam. 

Water column backscatter data are stored separately in .kmwcd files. 

Throughout the expedition, mapping watchstanders monitored multibeam data quality in real 

time by. Ship speed was adjusted to maintain data quality and sounding density as necessary, 

and line spacing was planned to ensure one-quarter to one-third swath-width overlap between 

lines, depending on the environmental conditions and impact on the quality of the outer swath 

regions. Maximum angles in the Seafloor Information System (SIS) were generally left open 

(70°/70°) during transit to maximize data collection and were adjusted on the port and 

starboard sides to ensure the best data quality and coverage. If outer beams were returning 

obviously spurious soundings (e.g., due to attenuation or low grazing angle), beam angles were 

gradually reduced and monitored closely until a high-quality swath was obtained. 

Real-time surface sound speed values were provided by a Reson SV70 sound velocity probe 

mounted in close proximity to the EM 304 transducer and were monitored in SIS for deviations 

from the values determined by sound speed casts. Sound speed profiles were collected every 

six hours or more frequently as dictated by local oceanographic conditions.  

Vessel positioning and attitude was measured by Applanix POS MV V5 and Kongsberg Seapath 

380 positioning systems during data collection. This redundancy allows for either system to be 

the primary source of positioning/attitude for the multibeam data in the event that one of them 

fails. Positioning/attitude data were applied to the multibeam data in real time and were stored 

in .kmall files. The primary system applied in post-processing is noted in the processing logs. 
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3.1.1.2 Sub-Bottom Profiler 

Okeanos Explorer is equipped with a Knudsen 3260 sub-bottom profiler with a central frequency 

of 3.5 kHz. This sonar was used to collect echogram images of shallow geological layers 

underneath the seafloor to a maximum depth of approximately 80 m below the seafloor. Phase, 

range, and gain were monitored and optimized for data collection. New files were created when 

changes were made to pulse lengths and/or power settings.  

3.1.1.3 Split-Beam Sonars 

Okeanos Explorer is equipped with a suite of five Simrad EK60 and EK80 split-beam sonars: 

three general purpose transceivers (GBTs), the 18, 120, and 200 kHz sonars, and two wide-band 

transceivers (WBTs), the 38 and 70 kHz sonars. These quantitative scientific echosounders were 

calibrated to identify the target strength of water column acoustic reflectors (e.g., deep 

scattering layers, fish, gas bubbles from seeps), providing additional information about water 

column characteristics and anomalies.  

Calibrations were performed during EX2401, and these calibration values were most 

appropriate for the EX2404 dataset. The calibration files are archived with the sonar data, and 

the calibration report is available as a supplemental file to the 2024 mapping readiness report 

(Candio, 2024). 

The split-beam sonars were used continuously throughout EX2404 during mapping operations. 

3.1.1.4 Acoustic Doppler Current Profiler 

Okeanos Explorer is equipped with two acoustic Doppler current profilers (ADCPs), a Teledyne 

Workhorse Mariner (300 kHz) and a Teledyne Ocean Surveyor (38 kHz). Depending on 

environmental conditions, the 300 kHz system provides ocean current data to a depth of 

approximately 70 m, and the 38 kHz system provides data to a depth of approximately 1,200 m. 

3.1.2 Data Processing and Quality Assessment Methods 

3.1.2.1 Multibeam Sonar Bathymetry and Seabed Backscatter 

Full-resolution multibeam files (.kmall) were imported into QPS Qimera and then processed and 

cleaned of noise and artifacts. Outlier soundings were removed using multiple methods, 

including automatic filtering and/or manual cleaning with the swath and subset editing tools. 

The default sound speed scheduling method used was “Nearest-in-Time.” If another method 

was used, it was noted in the multibeam processing log that is archived with the dataset. 

Gridded digital terrain models were created using the weighted moving average algorithm and 

were exported in multiple formats using QPS Fledermaus. Daily bathymetric surfaces were 

created and sent to shore.  
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A final quality check of the data was performed on shore prior to submission to the archive. This 

involved additional fine cleaning of soundings and minimization of residual artifacts from sound 

speed biases and field-cleaning errors.  

Each line of cleaned full-resolution data was exported to a .gsf file (Level-01 data). The 

processed and cleaned files were used to create a static surface in QPS Qimera. This final 

surface was re-projected to the field geographic WGS84 reference frame in QPS Fledermaus and 

saved as an .sd file for archiving. Using QPS Fledermaus, this .sd bathymetric grid file was then 

exported as ASCII .xyz, color .tif, floating point .tif, and Google Earth .kmz files. The .gsf files 

were used to create daily backscatter mosaics using QPS Fledermaus FMGT.  

All products maintain horizontal referencing to WGS84 (G1762) and vertical referencing to the 

assumed mean waterline (based on the waterline measured during the annual shakedown 

expedition). The draft values for Okeanos Explorer used during the expedition are in Table 1 for 

the purpose of further post-processing, if desired by the user. Positioning data files for 

post-processing be requested by sending an email to ex.expeditioncoordinator@noaa.gov. 

Table 1. Okeanos Explorer’s draft at the beginning and end of EX2404. 

Location 
Start of Expedition 

(07/17/2024) 

End of Expedition 

(08/13/2024) 

Forward 16’ 6.5’’ 15’ 8.5’’ 

Aft Starboard 15’ 6’’ 14’ 6’’ 

Aft Port 15’ 0’’ 14’ 11’’ 

 

3.1.2.2 Multibeam Sonar — Water Column 

EM 304 water column files (.kmwcd) were reviewed in QPS FM Midwater or Qimera for 

anomalies (e.g., gas seeps and hydrothermal plumes). No anomalies were observed during this 

expedition.  

3.1.2.3 Split-Beam Sonars 

No anomalies were observed during this expedition. Calibration reports and files are archived 

with the split-beam data. 

3.1.2.4 Sub-Bottom Profiler 

Using Natural Resources Canada’s SEGYJp2 software, the raw files (.sgy) from the sub-bottom 

profiler were processed for gain to produce the clearest image of sub-bottom layers. The gain 

processed files were converted to jpeg images (.jpg) and shapefile tracklines (.shp). 
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3.1.2.5 Sound Speed  

Raw sound speed profiles collected from expendable bathythermographs (XBTs) were processed 

using HydrOffice Sound Speed Manager and archived as .asvp files. 

3.1.3 Data Collection and Processing Software 
Table 3 provides a list of the data collection and processing software versions used during 

EX2404. 

Table 3. Versions of data collection and processing software used during EX2404.  

Software Purpose Version 

SIS EM 304  5.12.2 

EK80 EK suite 23.6.2 

EchoControl Knudsen 4.09 

UHDAS ADCPs 14.04 

AMVERSEAS Autolaunch XBT 9.3 

WinMK21 XBT 3.0.2 

K-Sync Synchronization 1.9.0 

Qimera Bathymetry 2.6.2 

FMGT Backscatter 7.11.1 

FM Midwater Water Column 7.9.4 

Sound Speed Manager Sound Speed Profiles  2024.0.3 

NRCan (SegJp2) Sub-Bottom 1.0 

Fledermaus 7 Visualization/Data Analysis 7.8.12 

 

3.5 Sun Photometer Measurements 

NOAA Ocean Exploration gathers limited at-sea measurements aboard Okeanos Explorer to 

support a NASA-led, long-term research effort that assesses marine aerosols. As time allowed 

on cloud-free days, onboard personnel collected georeferenced sun photometer measurements 

for the Maritime Aerosol Network (MAN) component of the Aerosol Robotic Network 

(AERONET). AERONET is a network of sun photometers that measure atmospheric aerosol 

properties around the world. MAN complements AERONET by conducting sun photometer 

measurements on ships of opportunity to monitor aerosol properties over the global ocean. 
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4. Environmental Compliance
Pursuant to the National Environmental Policy Act (NEPA), NOAA Ocean Exploration is required 

to include in its planning and decision-making processes appropriate and careful consideration 

of the potential environmental consequences of actions it proposes to fund, authorize, and/or 

conduct. The companion manual (NOAA 2017) for NOAA Administrative Order 216-6A: 

Compliance with the National Environmental Policy Act, et al. describes the agency’s specific 

procedures for NEPA compliance. 

An environmental review memorandum was completed for all Okeanos Explorer expeditions in 

2024 in accordance with Section 4 of the companion manual in the form of a categorical 

exclusion worksheet. Based on this review, a categorical exclusion was determined to be the 

appropriate level of NEPA analysis necessary, as no extraordinary circumstances existed that 

required the preparation of an environmental assessment or environmental impact statement. 

NOAA Ocean Exploration is preparing a programmatic environmental assessment to cover 

future expeditions. 

This project was conducted under NOAA Ocean Exploration Best Management Practices (BMPs), 

Essential Fish Habitat (EFH) consultation dated April 1, 2024, Endangered Species Act (ESA) 

Programmatic Letter of Concurrence dated March 14, 2022 and subsequent revision dated May 

4, 2023, National Environmental Protection Act (NEPA) Categorical Exclusion (CE) dated May 28, 

2024, and Papahānaumokuākea Marine National Monument permit PMNM-2024-001 dated 
January 1-December 31, 2024. These documents have been submitted with this report as 

supplemental files. A list of all supplemental files that are or will be available with this 

expedition report can be found in Appendix B. 

5. Schedule
Table 4 provides a day by day breakdown of EX2404. 

Table 4. EX2404 schedule. 

Date (UTC) Activity 

7/17 Mobilization in Honolulu, Hawai’i. 

7/18 Departure, commence transit mapping towards Papahānaumokuākea.

7/19 - 7/24 Transit mapping. 

7/25 - 8/5 Focused mapping operations within Papahānaumokuākea.

8/6 - 8/11 Transit mapping. 

8/12 Arrival in Honolulu, Hawai‘i. 
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Date (UTC) Activity 

8/13 Mission team departure 

6. Results
This section details the results of EX2404. Metrics for the expedition’s major scientific work are 

in Table 5. A station log detailing the location of each operation conducted is provided as a 

supplemental file to this expedition report. 

Table 5. Summary of scientific metrics for EX2404. 

Metrics Totals 

Days at Sea 26 

Days at Sea in U.S. Waters 26 

Linear km Mapped by EM 304 4,467 

Sq. km Mapped by EM 304 77,183 

Sq. km Mapped by EM 304 in U.S. Waters 76,072 

Ship CTD Casts 0 

XBT Casts 91 

NOAA Ocean Exploration mapped 77,183 sq. km of seafloor during the 26 days at sea for 

EX2404. Of the 77,183 sq. km mapped, 76,072 sq. km was deeper than 200 m and within the 

U.S. Exclusive Economic Zone and Territorial Sea. 

Focused mapping operations were conducted in the southwestern extent of the U.S. EEZ, within 

the expansion area of the Papahānaumokuākea Marine National Monument. Data collection 
was planned to mitigate the effects of crossing the antimeridian on acquisition and processing 

softwares, with the majority of the data collected in the eastern hemisphere (Figure 2).  
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Figure 2. Bathymetric data collected during focused mapping operations on the eastern side of 
the antimeridian, complementing existing mapping coverage as represented by the gaps in the 
survey area.  
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Acoustic mapping data are generally sent to the NOAA archives within 120 days of the end of an 

expedition. The 2024 mapping readiness report describes the data archived for each dataset, 

including file formats (Candio et al. 2024). Information about proprietary software and freeware 

that can handle the varying data types is in the “NOAA OER Deepwater Exploration Mapping 

Procedures Manual” (Hoy et al. 2020).  

7. Data Access
All data collected during NOAA Ocean Exploration expeditions and associated products are 

made publicly available via the NOAA archives, NOAA’s National Centers for Environmental 

Information (NCEI), the NOAA Institutional Repository, and the Smithsonian National Museum 

of Natural History and Oregon State University sample repositories, unless protected (e.g., data 

associated with specific maritime heritage sites). Data collected by NOAA must be covered by a 

data management plan to ensure they are archived and publicly accessible. The data 

management plan for EX2404 is in the “EX2404 Project Instructions: Beyond the Blue: 

Papahānaumokuākea Mapping 2” (Candio, 2024).

The primary tools for accessing data collected during this expedition and archived at NCEI are 

the EX2404 data landing page, the NOAA Ocean Exploration Data Atlas, and the NOAA Ocean 

Exploration Video Portal (video data was not acquired for this expedition). Refer to the NOAA 

Ocean Exploration Data Access web pages for help navigating expedition data. Other resources 

include the NOAA Ocean Exploration Data (NCEI) ArcGIS online group, which provides access to 

all NOAA Ocean Exploration geospatial data services managed by NCEI, including the geospatial 

data layers found in the data atlas, and the NOAA Ocean Exploration Data Management 

website.  

NCEI makes data publicly available over time as quality-control measures are completed, data 

are released, and publications and related materials are published. Thus, not all data and 

products will be made available at the same time. To access data and products from EX2404 

that aren’t yet public, request assistance by submitting a data request form or sending an email 

to oer.info.mgmt@noaa.gov. 

7.1 Digital Data/Product Locations 

The locations for directly accessing specific types of digital data collected during EX2404 and 

products documenting expedition results (at the time of writing this report) are provided in 

Table 6. 
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Table 6. Online locations for direct access to digital data collected during EX2404 and products 
documenting expedition results (at the time of writing this report). 

Data/Product Type Description 

EM 304 Bathymetry and 

Backscatter Data 

EM 304 bathymetric and backscatter data, supporting informational 

logs, and ancillary files are available through NCEI’s Bathymetric Data 

Viewer 

Water Column Data (EM 304 

and EK60/EK80) 

EM 304 and EK60/EK80 water column data, supporting data, and 

informational logs are available through NCEI’s Water Column Sonar 

Data Viewer 

Knudsen 3260 Sub-Bottom 

Profiler Data 

Sub-bottom data, supporting data, and informational logs are 

available in NCEI’s Trackline Geophysical Data Viewer 

Sound Speed Profiles Ancillary sound speed profiles are available with the mapping data 

through NCEI’s Bathymetric Data Viewer and the expedition’s 

oceanographic dataset 

Oceanographic Dataset Oceanographic data and products are available from NCEI. These 

data include data from shipboard sensors, including navigational 

data, meteorological data (wind), and oceanographic data 

(bathythermograph, sound velocity probe, thermosalinograph); 

additional data and products include profile data (XBT), event logs, 

images, ROV ancillary data, and sample data 

Sun Photometer 

Measurements 

Sun photometer measurements are available through NASA’s Marine 

Aerosol Network 

Reports and Papers Reports and peer-reviewed papers are available through the NOAA 

Ocean Exploration Library Guide and the NOAA Institutional 

Repository 
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Appendix A: EX2404 Science Team Members 
EX2404 included onboard mission personnel (Table A1) as well as shore-based science 

personnel (Table A2) who participated remotely via telepresence. 

Table A1. EX2404 onboard mission team personnel. 

Name Role Affiliation 

Sam Candio Expedition Coordinator NOAA Ocean Exploration 

Treyson Gillespie Mapping Watch Lead University Corporation for Atmospheric 
Research 

Margaret Hanley Mapping Watch Lead University Corporation for Atmospheric 
Research 

Chris Wright Global Foundation for Ocean 
Exploration Team Lead 

Global Foundation for Ocean Exploration 

Roland Brian Video Engineer Global Foundation for Ocean Exploration 

Caitlin Bailey Videographer Global Foundation for Ocean Exploration 

Olivia Andrus-Drennan Videographer Global Foundation for Ocean Exploration 

Brian Doros Video Engineer Global Foundation for Ocean Exploration 

Shannon Fitzgerald Explorer-in-Training University Corporation for Atmospheric 
Research 

Cidney McMahon Explorer-in-Training University Corporation for Atmospheric 
Research 

Nika Lebedev Explorer-in-Training University Corporation for Atmospheric 
Research 
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