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1 Introduction

These technical specifications detail the requirements for hydrographic surveys to be
undertaken either by National Oceanic and Atmospheric Administration (NOAA) field
units or by organizations under contract to the Director, Office of Coast Survey (OCS),
National Ocean Service (NOS), NOAA, U.S. Department of Commerce.

The specifications described herein are based in part on the International Hydrographic
Organization’s Standards for Hydrographic Surveys, Special Publication 44, Fifth Edi-
tion, February 2008, specifically for Order 1a surveys. Hydrographic surveys classified
as Order la are intended for harbors, harbor approach channels, recommended tracks,
inland navigation channels, coastal areas of high commercial traffic density, and are
usually in shallower areas less than 100 meters water depth. Additional details for the
specific project areas, including any modifications to the specifications in this manual,
will be provided in Hydrographic Survey Project Instructions for NOAA field units and
contractors or in the Statement of Work (contractors only).

If a hydrographer has any questions on the interpretation of these Specifications or
feels that there may be a “better way” to provide a deliverable, they should contact
the COR or appropriate NOAA Program Office to discuss and clarify the issue. The
Specifications will continue to evolve and can only improve with the input of all users.
Field units should contact the COR or HSD project manager to ensure they are using the
correct and approved version of any sofware mentioned in these Specifications.

1.1 Definitions
1.1.1 Hydrographer:

The term “hydrographer” as used through this document, refers to: (a) the chief of
party or officer in charge, when the survey is being conducted by NOAA field units, or
(b) the contractor where the work is being performed for NOAA under contract.

1.1.2 Navigable Area Survey

All modern NOAA hydrographic surveys are Navigable Area Surveys, unless explicitly
stated otherwise in the Hydrographic Survey Project Instructions. Navigable Area Sur-
veys are basic hydrographic surveys with a restricted inshore limit of coverage.

The shoreline depicted on NOAA's nautical charts approximates the line where the av-
erage high tide, known as Mean High Water (MHW), intersects the coast and includes
the attached cultural features that are exposed at MHW. In addition, nearshore natural
and man-made features such as rocks, reefs, ledges, foul areas, aids to navigation, and
mooring facilities are typically included in the colloquial definition of “shoreline.” NGS
Remote Sensing Division (RSD) is responsible for acquisition and compilation of shore-
line data, which it provides directly to MCD for nautical chart updates. However, NOAA's



hydrographic field parties may be tasked with verifying that shoreline details are ad-
equately and accurately depicted in source datasets and the corresponding nautical
charts.

The inshore limit of hydrography and feature verification for Navigable Area Surveys
is the Navigable Area Limit Line (NALL), unless stated otherwise in the Hydrographic
Survey Project Instructions. By default, the NALL is defined as the most seaward of the
following:

1. The surveyed 4-meter depth contour.

2. The line defined by the distance seaward from the observed MHW lindl] which is
equivalent to 0.8 millimeters at the scale of the largest scale nautical chart covering
any portion of the survey area (e.g., for a 1:80,000 scale chart, this line would fall 64
meters seaward of the MHW line)?|

3. The inshore limit of safe navigation for the survey vessel, as determined by the
Chief-of-Party in consultation with his or her field personnel. If kelp, rocks, breakers, or
other hazards make it unsafe to approach the coast to the limits specified in 1 and 2
above, the NALL shall be defined as the shoreward boundary of the area in which it is
safe to survey.

In rare instances, the Chief-of-Party may determine that the NALL lies inshore of the
limits defined in 1 and 2. For example, this could be the case in confined waters such
as harbors or passes which are inshore of the NALL as defined above, but are regularly
utilized by vessels depending on NOAA chart products for safe passage. It could also
occur in deep water ports where modern bathymetry is required along wharf faces. In
these cases, the Chief-of-Party shall consult with the Chief, HSD Operations Branch or
COR, prior to dedicating significant survey resources to these areas.

Also, on some occasions the hydrographer may be tasked with investigation of spe-
cific items (e.g., AWOIS items, Chart Evaluation File items, or USCG Aids to Navigation)
which fall inshore of the NALL as defined by criteria 1 and 2 above. The hydrographer
may also encounter unassigned natural or anthropogenic features inshore of the NALL
which are such exceptionally prominent aids to visual navigation that accurate posi-
tions for depiction on nautical charts are required. In these cases, the hydrographer
shall proceed inshore of the NALL to accomplish investigation of these features, so long
as this can be accomplished safely and in accordance criterion 3 above. Note that the
hydrographer is not required to extend bathymetric coverage inshore of the NALL when
investigating features with vertical extents above MLLW.

The hydrographer shall discuss in the Descriptive Report all areas where NALL definition
deviated from the default criteria. Note that offshore surveys which do not approach
the coast will end at their assigned survey limits.

Working near shore is inherently dangerous, and all field units are reminded that safety
shall always be the primary consideration when conducting operations. Verification of

LFor the purposes of this section “observed MHW line” means the approximate mean high water line
estimated visually by the hydrographer from the survey launch.

2For surveys which cross a chart scale boundary (e.g., a portion of the survey area is covered at large
scale, while the remainder is covered at a smaller scale), the MHW offset for the entire survey shall be based
on the largest scale chart covering any portion of the survey area. (Contact the Operations Branch or COR for
clarification if required.) Note that the chart scale referenced by this requirement is determined individually
for each survey, not for an entire project, i.e., different surveys in the same project may have different
maximum chart coverage scale, and thus different MHW offsets for the purpose of NALL determination.



near shore features should not be attempted unless conditions are favorable. Even
though an initial assessment is made by the Chief-of-Party, conditions at the actual sur-
vey area may be different or degrade as the day progresses. In such cases, the launch
or skiff personnel should defer near shore operations until conditions are favorable.



1.2 Changes from April 2011

Several clerical changes have been made in the 2012 Edition of this document. Signifi-
cant technical and organizational changes are summarized below:

A majority of the changes in the 2012 edition focus on feature management. Many
of the changes were incorporated to standardized the supporting project files from
HSD Operations to all field units and deliverables from the field units to the process-
ing branches.

Chapter 1 Introduction

1. Section 1.0 Introduction, included a statement for the field units to contact HSD or
the COR to ensure they are using the correct and approved version of any software.

Chapter 4 Tides and Water Level Requirements

1. Section 4.1.4 Data Quality Monitoring, revised when the gauges will be listed on the
hydro hot list.

2. Section 4.2.4 Tide Staffs, updated Staff section to mention “staff stop” instead of “rod
stop”. Updated Staff Observation section to updated the staff-to-gauge observation
time. Added Figure 4.2: Relationship of Station Datum, Orifice and Staff. Re-numbered
all of the figures throughout Chapter 4.

3. Section 4.2.8 Additional Field Requirements, added number 4 to include progress
sketch requirement.

4. Section 4.2.9 Geodetic Connections and Datum Relationship, added section to in-
clude how to publish your OPUS solution.

5. Section 4.6.4 Tide Reducers and Final Zoning and Final Tide Note, revised the com-
patible formats for the final tidal zoning scheme. And added note to mention if no sub-
ordinate water level station was installed then preliminary tidal zoning may be used as
final tidal zoning.

6. Section 4.6.5 Submission and Deliverables — Documentation and Time lines, added
when final zoning schemes with methodological documentation should be submitted.
Revised a few items in the standard station documentation package list.

Chapter 5 Depth Soundings

1. Section 5.2.1.2 General Requirement, revised to mention multiple echosounding
sources can be in a single grid or multiple grids. Includes an exception for crossline
data. Added that soundings on features that would not be charted with a depth shall
not be designated.

2. Section 5.2.2 Coverage and Resolution, revised “skunk stripe” with ‘set line spac-
ing’. Added that approved deviations need to be included in the Descriptive Report
Appendices.

3. Section 5.2.2.1 Object Detection Coverage, revised coverage requirements.

4. Section 5.2.2.2 Complete Multibeam Coverage, revised coverage requirements
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5. Section 5.2.2.3 Set Line Spacing, revised coverage requirements and grid-resolution
thresholds. Changed multiple vs single grid requirements for different bathymetry
types.

6. Section 5.2.3.3 Speed of Sound Corrections, updated that confidence checks need to
be conducted at least once per leg instead of once per week. Added that for any multi-
beam operations, any deviations from the general requirement for the sound speed
profile checks shall be documented in the descriptive report. Added requirement to
monitor difference between surface sound speed and cast values to trigger new cast
requirement.

7. Section 5.3.2 Coverage and Resolution, added section on Attribution.
8. Section 5.3.4.3 Lidar Crosslines, added Lidar to the title of this section.
Chapter 6 Towed Side Scan Sonar

1. Section 6.0 Towed Side Scan Sonar, added clarification to meet object detection
requirements.

2. Section 6.2.3 Towfish Height, added paragraph to address areas with excessive
bathymetry or when hull mounted systems are used.

Chapter 7 Other Data

1. Section 7.1 Bottom Characteristics, added paragraph to include guidance on empty
samples.

Chapter 8 Deliverables

1. Section 8.1.2 Survey Outlines, added another exception for providing a survey out-
line, Lidar surveys.

2. Section 8.1.3 Danger to Navigation, revised section to address NOAA field unit
DTON recommendations and Contractor DTON recommendations and provided addi-
tional guidance on where the verification email and the final format for DTON features.

3. Section 8.1.4 Data Acquisition and Processing, updated B2 to include ensuring conti-
nuity in survey coverage when evaluating survey junctions. Descriptive Report Appen-
dices section completely revised; removed the original sections I-IV, now only contain
| and Il. Separates to be Included with the Survey Data section completely revised;
removed sections I-V, now contain I, Il, and IIl.

4. Section 8.1.5.2 Horizontal and Vertical Control Report, removed the requirement for
a Title Sheet.

5. Section 8.2 S-57 Soundings and Features Deliverables, section rewritten to include
guidance on the Composite Source Files (CSF), Project Reference Files (PRF) and Prior
Survey Feature Files (PRI). New tables added to identify the PRF features represented
by S-57 feature objects and NOAA extended attributes. Updated; All Feature Objects
and Features to include the correct objects for each section.

6. Section 8.3.2 Side Scan Sonar Contact List, Contact Images, revised the location for
the copies of the images to be included in the Multimedia folder.



7. Section 8.4.1 Media, added a requirement that all field units submit a check sum as
well as verify that all files are present and none have become corrupt during transfer
to a portable media.

H Appendix 8: Feature Attribution, updated NOAA Extended Attribution, NOAA Discre-
tionary Attribution, and updated Figure H.3, the Expected input values for NOAA enu-
meration attributes.

J Appendix 10: Bottom Classifications, added Figure .5 NATQUA/NATSUR Allowable At-
tribute Combinations.

L Appendix 12: Data Directory Structure, added new tables to reflect the required data
directory structure for Contractors and the required data directory structure for NOAA
field units as well as the raw data directory structure.



2 Datums

2.1 Horizontal Datum

All positions will be referenced to the North American Datum of 1983 (NAD 83). This
datum must be used throughout a survey project for everything that has a geographic
position or for which a position is to be determined. Those documents used for com-
parisons, such as charts, junctional surveys, and prior surveys, must be referenced or
adjusted to NAD 83. In addition, all software used on a survey must contain the correct
datum parameters.

The only exception for the NAD83 datum requirement is that the S-57 feature file will be
in the WGS84 datum to comply with the international S-57 specifications (see Section
[8.2). All data shall be collected in the NAD83 datum and then transformed to the WGS84
datum in the S-57 feature file.

2.2 Sounding Datum

All sounding data will be reduced to Mean Lower Low Water (MLLW). Heights of bridges
and overhead cables will be referenced to Mean High Water (MHW).

2.3 Time

Coordinated Universal Time (UTC) will be used for all time records.



3 Hydrographic Position Control

3.1 Position Uncertainty and Precision
3.1.1 Horizontal Position Uncertainty

The NOS specification for hydrographic positioning is that the Total Horizontal Uncer-
tainty (THU) in position of soundings, at the 95 percent confidence level, will not ex-
ceed 5 meters + 5 percent of the depth. This accuracy requirement is independent
of survey scale.For hydrographic surveys using single-beam echosounders, the uncer-
tainty of the vessel position can be considered the THU of the sounding obtained by
that vessel, taking into account transducer offsets. However, for multibeam surveys,
due to the oblique sounding pattern, the position of a sounding may be at some dis-
tance from the vessel position. The uncertainty requirement for the vessel position will
depend upon how accurately the sounding is positioned relative to the vessel. That,
in turn, will depend upon the characteristics of the multibeam system, depth of water,
the accuracy with which heave, roll, pitch, heading, and latency are accounted for and
applied, and the reliability with which the speed of sound profile is known. See Section
5.2.3.6, "Uncertainty Budget Analysis for Depths", for a more detailed discussion of
those specifications related to horizontal positioning uncertainty.

Positions reported in survey records and deliverables shall be recorded in meters, with
a precision of at least decimeters. This precision shall be maintained throughout the
processing pipeline and digital data.

3.1.2 Vertical Position Uncertainty

This section applies to depths or heights obtained through 3D-positioned surveying.
Total allowable vertical uncertainty for reduced soundings is detailed in Section
"Uncertainty Standards”. There is no intrinsic maximum allowable uncertainty pre-
scribed for vertical positioning accuracy. The hydrographer must account for all of the
uncertainties which contribute to the vertical position, and ensure that their combined
effect does not cause the total vertical uncertainty for soundings to exceed the allow-
able limits.

3.2 Differential Global Positioning System (DGPS)

The term differential GPS refers to the general positioning methodology wherein two
or more GPS receiver-antenna units are used to position an unknown point relative to
a known (control) point or control network. Differential GPS aims to improve upon the
positioning accuracy (relative to the control) otherwise attainable in standalone GPS
point-positioning methods.

The acronym DGPS refers to the particular technique of differential GPS techniques
whereby reference receiver-satellite pseudo range corrections observed at the control
point(s) are used to improve the imprecise pseudo range observations made elsewhere



in real time. DGPS is the primary horizontal positioning technique used in NOAA hydro-
graphic surveys for nautical charting where meter-level positioning uncertainty is ac-
ceptable. DGPS correctors may be obtained either through the U.S. Coast Guard (USCG)
Maritime DGPS Service or other differential services provided they meet the accuracy
requirement in Section[3.1] Differential positioning utilizing Global Navigation Satellite
Systems (GNSS) other than the U.S. GPS (e.g. GLONASS) has largely been unused in
NOAA hydrographic surveying and requires further investigation, but may be possible
for NOAA hydrographic survey work, at the discretion of HSD.

Kinematic GPS (KGPS) refers to the form of differential (mobile) positioning which uses
matched GPS carrier-phase measurements to achieve centimeter-level precision in po-
sitioning relative to survey control. An Ellipsoidally-Referenced Survey (ERS) is hydro-
graphic surveying using GPS centimeter-level positioning such as KGPS. In contrast to
the practice of using DGPS for horizontal positioning of heights and depths measured
relative to the in situ water level, ERS hydrography is made with respect to a refer-
ence ellipsoid in three dimensions. ERS specifications are discussed in Section [9} the
remainder of this section is devoted to DGPS specifically.

3.2.1 DGPS Specifications

Unless specified otherwise in the Hydrographic Survey Project Instructions, the follow-
ing specifications are recommended when DGPS is used as the primary positioning
system:

* GPS receiver(s) aboard the vessel will be configured such that satellites below 8
degrees above the horizon will not be used in position computations.

* The age of pseudo-range correctors used in position computation should not ex-
ceed 20 seconds; and any horizontal positioning interpolation must not exceed the
uncertainty requirement in Section[3.1}

* Horizontal Dilution of Precision (HDOP) will be monitored and recorded, and should
not exceed 2.5 nominally. Satellite geometry alone is not a sufficient statistic for
determining horizontal positioning accuracy. Other variables, including satellite
pseudorange residuals can be used in conjunction with HDOP to estimate DGPS
horizontal accuracy.

* A minimum of four satellites will be used to compute all positions.

* Horizontal and vertical offsets between the GPS antenna and transducer(s) will be
observed and applied in no coarser than 0.1 m increments.

Any deviations from the above specifications shall be clearly documented in the De-
scriptive Report with an explanation and supporting data to show that the resulting
positions meet the accuracy requirement in Section(3.1.1}

3.2.2 DGPS Site Confirmation

If any non-USCG differential reference stations are used (e.g. a "fly-away” DGPS bea-
con established by the hydrographer, the Federal Aviation Administration’s Wide Area



Augmentation Service, or commercial satellite-based correction services), the hydro-
grapher shall conduct a certification to ensure that no multipath or other site specific
problems exist. The system shall be re-certified annually for each project area in which
the non-USCG correctors are utilized.

Certification of non-USCG differential correctors shall be accomplished as follows:

1. Identify a point ashore in close proximity to the project area for which the position
is known to at least the THU given in Section

2. Occupy this position with a GPS receiver utilizing the non-USCG correctors for at
least 24 hours, logging data at 1-second intervals.

3. Create a plot compare surveyed positions to the known position. Certification is
successful if the surveyed and established positions agree to the requirements of

Section[3.1.7]

4. Include a description of the certification process plots in the Horizontal Control
Report for each project (see Section|8.1.5.2)

Additionally, all sources of GPS correctors must be checked periodically while utilized
for NOAA hydrographic surveying. Many large scale differential correction systems,
such as the USCG differential beacons, FAA WAAS, and commercial services such as
C-Nav and Starfire, have integrated 24-hour monitoring and quality assurance, which
fulfills this requirement. However, differential beacons or other high accuracy position-
ing sources established by the hydrographer must be monitored and validated by the
survey team. See Section below.

3.3 Kinematic GPS

Kinematic GPS (KGPS) refers to the form of differential (mobile) positioning which uses
matched GPS carrier-phase measurements to achieve centimeter-level precision in po-
sitioning relative to survey control. An Ellipsoidal Referenced Survey (ERS) is hydro-
graphic surveying using GPS centimeter-level positioning such as KGPS. In contrast to
the practice of using DGPS for horizontal positioning of heights and depths measured
relative to the in situ water level, ERS hydrography is made with respect to a reference
ellipsoid in three dimensions. ERS specifications are discussed in Section[9}

Real Time Kinematic (RTK) and Post Processed Kinematic (PPK) may be used for posi-
tioning during hydrographic surveys. If RTK or PPK techniques are used, the hydrogra-
pher must ensure that all positions meet the accuracy requirements of Section [3.1]

3.4 Position Uncertainty Checks for Reference Stations

The positions of all base stations maintained by the hydrographer shall be verified at
least once per week while utilized for survey operations. This verification shall typically
be performed computing a new position solution for the base station through the Na-
tional Geodetic Survey Online Positioning User Service (OPUS), and comparing this with
the accepted station position (the published position of the reference bench mark or
position established at station inception). Differences between the accepted and check
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positions exceeding the 95% confidence interval shall be investigated and corrected if
possible. Alternate methods of verification may be utilized if approved by the Opera-
tions Branch or COR as appropriate. The method and results of these position checks
shall be included in the Horizontal and Vertical Control Report.
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4 Tides and Water Levels Requirements

4.1 General Project Requirements and Scope
4.1.1 Scope

The requirements and specifications contained in this section cover the water level-
based vertical datum requirements for operational support of hydrographic surveys and
photogrammetric surveys conducted as part of the NOAA Nautical Charting Program.
ERS vertical datum requirements are discussed in Section[9] The scope of this support
is comprised of the following functional areas:

Tide and water level requirements planning
Preliminary tidal zoning development

Control water level station operation, monitoring, and maintenance

P wnNoe

Subordinate water level station installation, operation, monitoring, maintenance,
and removal

Data quality control, processing, and tabulation
Tidal datum computation and tidal datum recovery

Generation of water level reducers and final tidal zoning

© N o U

Quality control check of contractor submitted data to CO-OPS

For NOAA in-house hydrographic surveys, personnel from the NOAA's National Ocean
Service (NOS) Center for Operational Oceanographic Products and Services (CO-OPS)
are responsible for functional areas 1, 2, 3, 5, 6 and 7. NOS hydrographers shall be
responsible for functional area 4 above.

For NOAA contract hydrographic surveys, NOS CO-OPS personnel are responsible for
functional areas 1, 2, 3 and 8. NOAA contract hydrographers shall be responsible for
functional areas 4 through 7 above. NOS CO-OPS will be responsible for operating,
maintaining, and processing data from the National Water Level Observation Network
(NWLON) control stations.

4.1.2 Objectives

The work performed according to the requirements and specifications of this document
is required for NOS major program areas of navigational products and services. The
first objective is to provide time series of water level reducers that can be applied
to hydrographic soundings so that they can be corrected to chart datum. A second
objective is to establish and/or recover tidal datums relative to local benchmarks at
each station that can be used for continuing and future hydrographic surveys in the
area. A third objective is to provide new information or updated information that can
be used to update NOAA tide prediction products and tidal zoning for promote safe
navigation applications.
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4.1.3 Planning and Preliminary Tidal Zoning

CO-O0PS is responsible for all planning of tide requirements for NOS hydrographic sur-
veys. CO-OPS will analyze historical data and tidal characteristics for each project area,
specify operational NOS control stations, specify subordinate tide station locations to
be installed, and provide the preliminary tidal zoning to be used during survey oper-
ations. CO-OPS will provide 6-minute interval tide predictions relative to chart datum
for appropriate NOS control stations prior to each survey and will also provide histori-
cal published bench mark information available for all historical tide stations specified
for reoccupation. If CO-OPS provides a new preliminary tidal zoning scheme, the con-
tractor must use that zoning scheme first for each project, and then, may generate a
new scheme if the one provided is not adequate. At the conclusion of the survey, the
contractor shall suspend the use of preliminary zoning scheme and develop final zon-
ing scheme using correctors derived from the subordinate stations installed during the
survey. Refer to Section [4.5.2]for further details.

4.1.4 NOS Control Stations and Data Quality Monitoring
National Water Level Observation Network

CO-0OPS manages the NWLON of approximately 210 (as of October 2010) continuously
operating water level observation stations in the U.S. coastal zone, including the Great
Lakes. As most of these stations are equipped with satellite radios, near real-time
(within about 30 minutes of collection) raw data are made available to all users through
the CO-OPS Web homepage at www.tidesandcurrents.noaa.gov. Verified products, such
as edited 6-minute data, hourly heights, high and low waters, and monthly means are
made available over the Web within one to four weeks after data collection. NWLON
data and accepted tidal datums are used in hydrographic surveys either to provide tide
reducers directly or for control for datum determination at subordinate (short-term)
stations. Preliminary and verified data are made available over the Web relative to
MLLW datum, station datum, or special water level datum (such as Columbia River
datum) as a user option in the interface.

Data Quality Monitoring

CO-0PS has an in-place Continuous Operational Real-Time Monitoring System (CORMS)
that provides quality control and system monitoring functions on a 24 hour/day, 7
days/week, all year around basis for CO-OPS monitored gauges. CORMS will moni-
tor the status and performance of all in-house hydro gauges equipped with satellite
radios using the NOS satellite message format and that are installed by either CO-OPS,
NOAA Ships, Navigational Response Teams (NRT), or CO-OPS IDIQ contractors for NOAA
in-house hydro projects only. Once these gauges are transmitting data, they will be
listed on the hydro hot list by CO-OPs. The CORMS system description can be found in
System Development Plan, CORMS. CORMS is a NOS provided support function to the
operational field parties and does not relieve the hydrographer of responsibility for per-
forming QC and ensuring proper gauge operation. As stated in Section[4.1.1] for NOAA
hydrographic contract surveys, the contractor is responsible for all data monitoring,
repairs, and proper functioning of the subordinate gauges.
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4.1.5 General Data and Reference Datum Requirements

The present NOAA Nautical Chart Reference Datum for tidal waters is Mean Lower Low
Water (MLLW) based on the NOAA National Tidal Datum Epoch (NTDE) of 1983-2001 as
defined in the Tide and Current Glossary. All tidal datum computations and water level
reductions shall be referenced to this datum. In non-tidal areas, including the Great
Lakes, special low water datums have been defined for specific areas and are used as
chart datum in these locations. In some cases where historical sites are re-occupied,
site datum shall be zeroed to a pre-established MLLW datum held on a bench mark. In
that case, data can be acquired relative to MLLW for immediate application during the
survey. At present, in Great Lakes areas, a special Low Water Datum relative to IGLD
85 is the reference datum.

4.1.6 Error Budget Considerations

The water level reducers can be a significant corrector to soundings to reduce them
relative to chart datum especially in shallow water areas with relatively high ranges of
tide. The errors associated with water level reducers are generally not depth depen-
dent, however. The portion of the error of the water level reducers must be balanced
against all other sounding errors to ensure that the total sounding error budget is not
exceeded. The allowable contribution of the error for tides and water levels to the total
survey error budget falls between 0.20 m and 0.45 m (at the 95% confidence level)
depending on the complexity of the tides.

The total error of the tides and water levels can be considered to have component
errors of:

1. The measurement error of the gauge/sensor and processing error to refer the mea-
surements to station datum. Gauges/sensors need to be calibrated, and sensor
design and data sampling need to include strategies to reduce measurement er-
rors due to waves, currents, temperature, and density effects. The measurements
need to be properly referenced to the bench marks and tide staffs, as appropri-
ate and monitored for vertical stability. The measurement error, including the
dynamic effects, should not exceed 0.10 m at the 95% confidence level. The pro-
cessing error also includes interpolation error of the water level at the exact time
of the soundings. An estimate for a typical processing error is 0.10 m at the 95%
confidence level.

2. The error in computation of tidal datums for the adjustment to an equivalent 19-
year National Tidal Datum Epoch (NTDE) periods for short term stations. The
shorter the time series, the less accurate the datum, i.e. bigger the error. An
inappropriate control station also decreases accuracy. The NTDE does not apply in
the Great Lakes, however the accuracy of datum based on shorter time series is
analogous. The estimated error of an adjusted tidal datum based on one month of
data is 0.08 m for the east and west coasts and 0.11 m for the Gulf coast (at the
95% confidence level).

3. The error in application of tidal zoning. Tidal zoning is the extrapolation and/or
interpolation of tidal characteristics from a known shore point(s) to a desired sur-
vey area using time differences and range ratios. The greater the extrapola-
tion/interpolation, the greater the uncertainty and error. Estimates for typical er-
rors associated with tidal zoning are 0.20 m at the 95% confidence level. However,
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errors for this component can easily exceed 0.20 m if tidal characteristics are very
complex, or not well-defined, and if there are pronounced differential effects of
meteorology on the water levels across the survey area.

Project planning by NOS attempts to minimize and balance these potential sources of
errors through the use and specification of accurate reliable water level gauges, and
optimization of the mix of zoning required, the number of station locations required,
and the length of observations required within practical limits of the survey area and
survey duration. The practical limits depend upon the tidal characteristics of the area
and suitability of the coastline for the installation and operation of appropriate water
level stations.

4.2 Data Collection and Field Work

The hydrographer shall collect continuous and valid data series. Accurate datums can-
not be computed for a month of data with a break in the water level measurement
series in excess of three days. Even breaks of significantly less than three days dura-
tion will not allow for interpolation during times when strong meteorological conditions
are present and in areas with little periodic tidal influence. Any break in the water
level measurement series affects the accuracy of datum computations. Breaks in data
also result in increased error in the tide reducers when interpolation is required to pro-
vide data at the time of soundings. At a critical measurement site where the water
level measurement data cannot be transmitted or monitored during hydrographic op-
erations, an independent backup sensor or a complete redundant water level collection
system shall be installed and operated during the project.

4.2.1 Water Level Station Requirements

Data from NOS National Water Level Observation Network (NWLON) stations will be
provided to support hydrographic survey operations where appropriate. Data provided
are relative to Chart Datum which is Mean Lower Low Water for the 19-year National
Tidal Datum Epoch (NTDE).

The acquisition of water level data from subordinate locations may be required for hy-
drographic surveys and if so shall be specified by NOS in each individual set of Hydro-
graphic Survey Project Instructions. These stations shall be used to provide 6-minute
time series data, tidal datum references and tidal zoning which all factor into the pro-
duction of final tide reducers for specific survey areas. Station locations and require-
ments may be modified after station reconnaissance or as survey operations progress.
Any changes shall be made only after consultation between the CO-OPS and the hy-
drographer (and COR if contract survey) as moving required stations to new locations
may require new seven-digit station identifier numbers and new/historical station and
bench mark information.

The duration of continuous data acquisition shall be a 30-day minimum except for zon-
ing stations. Preferably, the duration of continuous data acquisition would be a full cal-
endar month which could significantly reduce the error in the datum calculated. Data
acquisition shall be from at least 4 hours before the beginning of the hydrographic sur-
vey operations to 4 hours after the ending of hydrographic survey operations, and/or
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shoreline verification in the applicable areas. Stations identified as “30-day” stations
are the “main” subordinate stations for datum establishment, providing tide reducers
for a given project and for harmonic analysis from which harmonic constants for tide
prediction can be derived. At these stations, data must be collected throughout the
entire survey period in specified areas for which they are required, and not less than
30 continuous days are required for accurate datum determination. Additionally, sup-
plemental and/or back-up gauges may also be necessary based upon the complexity of
the hydrodynamics and/or the severity of environmental conditions of the project area.

In non-tidal areas the correctors for hydrographic soundings are simply water level
measurements relative to a specified local low water level datum established for navi-
gational purposes. Laguna Madre and parts of Pamlico Sound are examples of such ar-
eas classified as non-tidal which have special low water datums. Some river areas also
have special datums due to the effects of seasonal changes on the river, e.g., Columbia
River Datum, Hudson River datum, and Mississippi River Low Water are examples of
this case. Great Lakes NWLON permanent stations will provide water level data refer-
enced to an established Low Water Datum relative to International Great Lakes Datum
of 1985 (IGLD 85).

4.2.2 Water Level Measurement Systems and Data Transmissions

Water Level Sensor and Data Collection Platform

The water level sensor shall be a self-calibrating air acoustic, pressure (vented), or
other suitable type that is approved by CO-OPS. The sensor measurement range shall
be greater than the expected range of water level. Gauge/sensor systems shall be
calibrated prior to deployment, and the calibration shall be checked after removal from
operations. The calibration standard’s accuracy must be traceable to National Institute
of Standards and technology (NIST). The required water level sensor resolution is a
function of the tidal range of the area in which hydrographic surveys are planned. For
tidal range less than or equal to 5 m, the required water level sensor resolution shall be
1 mm or better; for tidal range between 5 m and 10 m, the required water level sensor
resolution shall be 3 mm or better; and for tidal range greater than 10 m, the required
water level sensor resolution shall be 5 mm or better.

The Data Collection Platform (DCP) shall acquire and store water level measurements
at every 6- minutes. The water level measurements shall consist of an average of
at least three minutes of discrete water level samples with the period of the average
centered about the six minute mark (i.e. :00, :06, :12, etc.). In addition to the aver-
age measurement, the standard deviation of the discrete water level samples which
comprise the 6-minute measurements shall be computed and stored. The 6-minute
centered average water level data is required for compatibility with the NWLON sta-
tions, and the standard deviation provides valuable data quality information regarding
each measurement. The clock accuracy of a satellite radio system shall be within 5
seconds per month so that channel “stepping” does not occur. Non-satellite radio sys-
tems shall have a clock accuracy of within one minute per month. Known error sources
for each sensor shall be handled appropriately through ancillary measurements and/or
correction algorithms. Examples of such errors are water density variations for pres-
sure gauges, sound path air temperature differences for acoustic systems, and high
frequency wave action and high velocity currents for all sensor types.
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The NOS is currently using the Aquatrak® self-calibrating air acoustic sensors at the
majority of the NWLON stations. (For further information refer to Next Generation Water
level Measurement System (NGWLMS) Site Design, Preparation, and Installation Man-
ual, NOAA/NOS, January 1991 and User’s Guide for 8200 Acoustic Gauges, NOAA/NOS,
Updated August 1998). At stations where the acoustic sensor can not be used due to
freezing or the lack of a suitable structure, either a ParoScientific intelligent pressure
(vented) sensor incorporated into a gas purge system, or a well/float with absolute shaft
angle encoder (Great Lakes Stations) are used for water level measurements. (For fur-
ther information refer to User’s Guide for 8200 Acoustic Gauges, NOAA/NOS, Updated
February 1998).

In each and any case, the water leveling sampling/averaging scheme shall be as de-
scribed above. For short term subordinate stations which are installed to support NOS
hydrographic surveys, the use of air acoustic sensor is preferred over pressure sensor
whenever possible. Where the air acoustic sensor can not be installed, NOS uses a
vented strain gauge pressure sensor in a bubbler configuration (Refer to User’s Guide
for 8200 Acoustic Gauges, NOAA/NOS, updated February 1998). When using the vented
pressure sensor, a series of gauge/staff comparisons through a significant portion of a
tidal cycle shall be required (1) at the start, (2) at frequent intervals during deploy-
ment, and (3) at the end of a deployment. Frequent gauge/staff comparisons (at least
two times per week or minimum eight times per month) during deployment shall be
required to assist in assuring measurement stability and minimizing processing type
errors. The staff to gauge observations shall be at least three hours long at the begin-
ning and end of deployment and the periodic observations during deployment shall be
1 hour long. The staff-to-gauge comparison criteria are general requirements. When
these staff-to-gauge observation frequency or time requirements cannot be met, then
refer to Section[4.2.4] Staff observations for further information. Along with the averag-
ing procedure described above which works as a digital filter, NOS uses a combination
protective well/parallel plate assembly on the acoustic sensor and a parallel plate as-
sembly (with 2" orifice chamber) on the bubbler orifice sensor to minimize systematic
measurement errors due to wave effects and current effects, as shown in Figure [4.1]

When pressure sensors are used to collect the water level data, orifice should be
mounted on vertical surface such as piling of a wharf so that precise elevation of ori-
fice below a staff stop could be measured with a steel tape, and the elevation of the
staff stop can be measured via differential leveling to the nearest benchmark and with
the primary bench mark. If a high accuracy pressure sensor (such as the ParoScien-
tific sensor) is installed and if the orifice is mounted vertically and its elevation can be
determined precisely with reference to the primary bench mark, then staff to gauge
readings may not be necessary, and the requirement for staff-to-gauge readings may
be waived (e.g. in seawater). If the orifice can not be mounted to a vertical surface i.e.
if the elevation of the orifice can not be determined precisely with the primary bench
mark, then staff-to-gauge readings are required to relate the water level datums to
the bench marks. Refer to additional information about staff and staff observations in

Section[4.2.4]

Data Transmissions

The Data Transmissions requirements are applicable where CO-OPS is monitoring the
gauges as described in Section[4.1.4]above. The ability to monitor water level measure-
ment system performance for near real-time quality assurance is essential to properly
support hydrographic survey operations. Therefore, it is required that, where access
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to the satellite is available, the measurement system shall be equipped with a GOES
transmitter to telemeter the data to NOS every three hours or hourly. The data trans-
missions must use a message format identical to the format as currently implemented
in NOS’ Next GenerationWater Level Measurement Systems (NGWLMS). This is required
to assure direct compatibility with the NOS Data Management System (DMS). This data
format is detailed in the reference document “NGWLMS GOES MESSAGE FORMATTING”
(refer to Section for References). Once station and gauge information is config-
ured in DMS and station listed on the Hydro Hot List (HHL), the NOS Continuous Op-
erational Real-Time System (CORMS) will monitor all water level measurement system
GOES transmissions to assure they are operating properly, provided that the GOES data
transmitted is compatible with NOS format. Data that is not transmitted by GOES, or
data transmitted but not in NOS compatible GOES format, or is submitted to CO-OPS
on electronic formats currently used such as, CD-ROM, DVD-ROM or such other digital
media, must also conform to the format specified in the above document so that data
can be loaded properly into DMS software. Refer to Section for further details
about the water level data format specifications.

Close coordination is required between hydrographer and Engineering Division (ED) of
CO-OPS for all hydrographic water level installations with satellite transmission capa-
bility. NOS will assist in acquiring assigned platform ID’s, time slots, etc. At least three
business days prior to the initiation of GOES data transmission in the field, information
about the station number, station name, latitude, longitude, platform-ID, transmit time,
channel, and serial numbers of sensors, and DCP shall be faxed, phoned, or sent to ED.
Test transmissions conducted on site are outside this requirement. This station and
DCP information must be configured in DMS before data transmissions begin so that
the data will be accepted in DMS. The documentation required prior to transmission
in field is defined in the NGWLMS Site Report, Field Tide Note, or Water Level Station
Report, as appropriate. (Refer to Section n[4.6| Data Submission Requirements).

4.2.3 Station Installation, Operation and Removal

Hydrographers shall obtain all required permits and permissions for installation of the
water level sensor(s), Data Collection Platforms (DCP), bench marks, and utilities, as re-
quired. The hydrographer shall be responsible for security and/or protective measures,
as required. The hydrographer shall install all components in the manner prescribed
by manufacturer, or installation manuals. The hydrographer or contractor shall provide
CO-0PS of the position of all tide gauges installed before hydrography begins, includ-
ing those that were not specified in the Hydrographic Survey Project Instructions, as
appropriate. The positions of bench marks and stations installed or recovered shall be
obtained as latitudes and longitudes (degrees, minutes, and tenth of seconds).

Water level station and its various components (tide house, Data Collection Platform,
all sensors, bench marks, and pertinent access facilities such as railings, steps, etc.,
as appropriate), when designed or installed by contractors, shall be installed and main-
tained as prescribed by manufacturers, installation manuals, appropriate local building
codes, or as specified by the Contracting Officer’s Technical Representative (COR), if
applicable. Water level station and all installed components shall be structurally sound,
secure, and safe to use for NOS, local partners, and general public, as appropriate.

The following paragraphs provide general information regarding requirements for sta-
tion installation, operations and maintenance, and station removal.
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Station Installation
A complete water level measurement gauge installation shall consist of the following:

* The installation of the water level measurement system (water level sensor(s),
DCP, and satellite transmitter) and its supporting structure and a tide staff if re-
quired.

* The recovery and/or installation of a minimum number of bench marks and a level
connection between the bench marks and the water level sensor(s), and tide staff
as appropriate.

* The preparation of all documentation and forms.

Operation and Maintenance

When GOES telemetry and NOS satellite message format is used, the hydrographer
shall monitor the near-real time water level gauge data daily for indications of sensor
malfunction or failure, and for other causes of degraded or invalid data, such as marine
fouling. This monitoring can be performed by accessing the COOPS web page (http:
//www.TidesandCurrents.noaa.gov). The data over this system are typically available for
review within three to four hours after collection.

All repairs, adjustments, replacements, cleaning, or other actions potentially affecting
sensor output or collection of data shall be documented in writing using appropriate
maintenance forms (see section on water level station documentation below) and re-
tained as part of the water level data record. This documentation shall include, but
not be limited to, the following information: date and time of start and completion of
the maintenance activity; date and time of adjustments in sensor/DCP, datum offset, or
time; personnel conducting the work; parts or components replaced; component serial
numbers; tests performed; etc.

Removal

A complete removal of the water level measurement gauge shall consist of the follow-
ing:

* Closing levels - a level connection between the minimum number bench marks

and the water level sensor(s) and tide staff as appropriate.

* Removal of the water level measurement system and restoration of the premises,
reasonable wear and tear accepted.

* The preparation of all documentation, forms, data, and reports.
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4.2.4 Tide Staffs

Staff

The hydrographer shall install a tide staff at a station if the reference measurement
point of a sensor (zero of a gauge) cannot be directly leveled to the local bench marks,
e.g. orifice is laid over sea floor in case of pressure based bubbler gauges. Even if a
pressure gauge can be leveled directly, staff readings are still required for assessment
of variations in gauge performance due to density variations in the water column over-
time. The tide staff shall be mounted independent of the water level sensor so that
stability of the staff or sensor is maintained. Staff shall not be mounted to the same
pile on which the water level sensor is located. The staff shall be plumb. When two
or more staff scales are joined to form a long staff, the hydrographer shall take extra
care to ensure the accuracy of the staff throughout its length. The distance between
staff zero and the staff stop shall be measured before the staff is installed and after it is
removed and the staff stop above staff zero height shall be reported on the documen-
tation forms.

In areas of large tidal range and long sloping beaches (i.e. Cook Inlet and the Gulf of
Maine), the installation and maintenance of tide staffs can be extremely difficult and
costly. In these cases, the physical installation of a tide staff(s) may be substituted by
systematic leveling to the water’s edge from the closest bench mark. The bench mark
becomes the “staff stop” and the elevation difference to the water’s edge becomes the
“staff reading”.

Staff Observations

When using the vented pressure sensor, a series of gauge/staff comparisons through
a significant portion of a tidal cycle shall be required (1) at the start of water level
data collection, (2) at frequent intervals during deployment, and (3) at the end of a de-
ployment before gauge has been removed. Frequent gauge/staff comparisons during
deployment shall be required to assist in assuring measurement stability and minimiz-
ing processing-type errors. The staff-to-gauge observations at the start and end of each
deployment shall consist of at least 1 hour of observations at a 6 minute interval. The
staff-to-gauge observations shall be performed two times per week, during each week
of the project, with at least an hour long observations of 6 minute interval for each
time. Where staff-to-gauge observations cannot be performed two times a week as
required then an explanation is required for the deficiency of number of observations
and staff-to-gauge observations shall be performed at least (a) minimum eight times
spread out over each month (e.g. two times per week) and at each time at least 1 hour
of observations at 6 minute interval, or (b) minimum of four times spread out over each
month (e.g. one time per week) and at each time at least 2 hours of observations at 6
minute interval, which ever is convenient.

The performed staff-to-gauge observations shall be forwarded to CO-OPS ED within 10
business days.

The staff-to-gauge differences should remain constant throughout the set of observa-
tions and show no increasing or decreasing trends. After the water level data has
been collected, the averaged staff-to-gauge shall be applied to water level measure-
ments to relate the data to staff zero. A higher number of independent staff readings
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decrease the uncertainty in transferring the measurements to station datum and the
bench marks. Refer to table[l]for an example pressure tide gauge record.

If the old staff is found destroyed by elements during the deployment, then a new staff
shall be installed for the remainder period of the deployment and a new staff to gauge
constant needs to be derived by new sets of staff to gauge observations. Also when a
staff or an orifice is replaced or re-established, check levels shall be run to minimum of
three bench marks including the PBM. Refer to Section [4.2.5|for leveling frequency and
other leveling requirements.

For water level historic stations that are reoccupied, NOS CO-OPS will provide the sta-
tion datum (SD) information for the station. This information is generally given about
the Primary Bench Mark (PBM) above the historic SD. In that case, for pressure sensors
that require staff-to-gauge observations, all the water level data shall be placed on the
station datum using the following equation:

Water level data on the SD = (Preliminary pressure water level data on an arbitrary
datum as collected by the gauge) + (PBM above SD) - (Staff zero below PBM) - (weighted
staff-to-gauge constant)

Staff zero below PBM = (Staff stop below PBM) + (Staff zero below Staff stop)

The staff-to-gauge constant shall be derived as a weighted average of all the staff-to-
gauge readings done for the project. The staff zero below PBM is obtained generally by
(a) leveling from PBM to staff stop and (b) then measuring the staff stop to staff zero
elevation with a steel tape and (c) then combining the two (a and b) elevation values.
The staff zero below PBM is obtained by averaging the elevations differences during the
opening (installation) and closing (removal) leveling runs for short term occupations.

The orifice elevation above station datum is also defined as accepted orifice offset in
CO-OPS Data Management System (DMS).

Bubbler Orifice and Parallel Plate Assembly

This bottom assembly is made of red brass, its chemical properties prevent the growth
of marine life by the slowly releasing copper oxide on its metal surface. A Swagelok®
hose fitting is screwed into the top end cap and is used to discharge the Nitrogen gas.
The Nitrogen gas flows through the bottom of the orifice at a rate sufficient to overcome
the rate of tidal change and wave height. This opening establishes the reference point
for tidal measurements. The parallel plates produce a laminar flow across the orifice to
prevent venturi effect. A two inch by eight inch pipe provides the correct volume gas
for widest range of surf conditions encountered by most coastal surveys.
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Figure 4.1: Bubbler Orifice Bottom Assembly
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Water Level on Station Datum = (PBM above Station
Datum) - (PBM above Staff LP) - (Staff Leveling Point
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Gauge House

= (Raw Water Level) + (Accepted Orifice Offset)

“— Level Rods

Primary Bench Mark
(PEM)

Raw Water Level

PBM above Staff LP

Staff Leveling Point (LP)

Staff Leveling Point
above Staff Zero

L 4

PEM above
Station Datum

Staff to Gauge

Orifice Zero above Station
Datum = Accepted Orifice Offset

Figure 4.2: Relationship of Station Datum, Orifice and Staff
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Pressure Tide Gauge Record

Station Name: Station No. (7 digit #):

Date Time Staff Reading | Gauge/Staff | Gas Pressure Wind Air
(M,D,Y) | Gauge | Correct | High Low Difference Cyln | Feed | (Dir/Spd) | Temp. | Remarks

Table 1: Example Tide Gauge Record

4.2.5 Bench Marks

According to the NGS geodetic glossary, a bench mark is a relatively permanent, natural
or artificial, material object bearing a marked point whose elevation above or below an
adopted surface (datum) is known. A bench mark is set for stability and used as a
reference to the vertical and/or horizontal datums.
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Bench marks in the vicinity of a water level measurement station are used as the ref-
erence for the local tidal datums derived from the water level data. The relationship
between the bench marks and the water level sensor or tide staff shall be established
by differential leveling.

Unless specified otherwise in the work order or contract documents, the total num-
ber of bench marks in the leveling network shall be a minimum of ten marks for the
NWLON stations and a minimum of five marks for subordinate stations installed for
hydrographic and photogrammetric surveys, special projects, or contract projects for
the U. S. Army Corps of Engineers, unless otherwise directed by CO-OPS Engineering
Division (ED).

Descriptions shall be checked by verifying distances with tape measurements in metric
units, verifying cited landmarks and using a compass to confirm directions.

The handheld GPS coordinates of each mark shall be entered in the description file for
electronic levels, or noted on the published bench mark sheet or equivalent (for optical
levels). The latitude and longitude fields of the bench mark shall be reported in the
following format: degrees/minutes/seconds and tenths of seconds. For example, 40
degrees, 45 minutes, 35.2 seconds.

New bench mark sketches shall use CO-OPS’ standard bench mark sketch title block,
or electronic equivalent. If a digital sketch is used, submit the digital file in JPEG format
with the leveling files and photos. If AutoCAD or AutoCAD LT is used to generate the
benchmark sketch, both a JPEG format and the AutoCAD DWG format shall be submit-
ted. Submission of updated bench mark sketches are required only when necessary to
document newly established marks or physical changes in the area.

If a bench mark is discovered disturbed or mutilated during the visit to a station, include
it in the level run to determine if it is holding its elevation relative to the Primary Bench
Mark (PBM) and report it to CO-OPS ED and the supporting FOD field office.

Before installing a new mark, perform a 1.6 kilometer (1 mile) radial search from the
tide station (DCP) location at NGS web site, http://www.ngs.noaa.gov/datasheet.html to
check if any NAVD 88 marks are available that are not part of the local leveling net-
work. Inclusion in the local leveling network of an existing mark(s) that has a NAVD83
elevation, if it is located within a 1.6 KM (1 mile) leveling distance of the station loca-
tion, is desirable and shall be preferred over installing a new mark. If the bench mark
is replaced, then the stamping of the bench mark shall have a new letter designation
(assighed by CO-OPS ED) and present year so that the new stamping is different from
the original stamping of the mark, or the stamping of other marks in the local leveling
network.

4.2.5.1 Number and Type of Bench Marks The number and type of bench marks
required depends on the duration of the water level measurements. The User’s Guide
for the Installation of Bench Marks and Leveling Requirements for Water Level Stations,
dated October 1987, which is available at the following http://tidesandcurrents.noaa.
gov/publications/users_guide_for_installation_of_Bench_Mark.pdf| specifies the instal-
lation and documentation requirements for the bench marks. Each water level station
will have one bench mark designated as the PBM, which shall be leveled on every run.
The PBM is typically the most stable mark in close proximity to the water level measure-
ment station. The surveyor shall select a PBM at sites where the PBM has not already
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been designated. For historic water level station reoccupations, CO-OPS will furnish the
designation/stamping of the PBM and PBM elevation above station datum, if available.

The most desirable bench mark for GPS observations will have 360 degrees of horizon-
tal clearance around the mark at 10 degrees and greater above the horizon and stabil-
ity code of A or B. Refer to User’s Guide for GPS Observations At Tide and Water Level
Station Bench Marks, Updated December 2009 (or the most recent update of the docu-
ment) which is available at the following URL for further information:
http://www.tidesandcurrents.noaa.gov/publications/Users_Guide_for_GPS_Observations_
updated_December_2009.pdf

If the PBM is determined to be unstable, another mark shall be designated as PBM.
The date of change and the elevation difference between the old and new PBM shall
be documented. NOAA will furnish the individual NOS standard bench mark disks
to be installed. Bench mark descriptions shall be written according to User’s Guide
for Writing Bench Mark Descriptions, updated January 2011 (http://tidesandcurrents.
noaa.gov/publications/bmguide5.pdf).

4.2.5.2 Digital Photographs of the Bench Marks Digital photographs of water
level station components (station, DCP, sensors, well, supporting structure, equipment,
and bench marks) shall be taken and submitted. GPS photos shall be taken according
to the User’s Guide for GPS Observations At Tide and Water Level Station Bench Marks,
Updated December 2009 ( or the most recent update of the document).

A minimum of four photos for each bench mark shall be taken: close-up of the disk face;
chest or waist level view of disk and setting; and horizontal views of location of bench
mark from two different (perpendicular) cardinal directions. Photos shall also be taken
of station components such as protective wells, staffs, houses, shelters, met towers
(if applicable), DCPs, sensors, etc. One general location photo shall be taken showing
the water level station in relationship to its supporting structure and the local body of
water. All digital photographs shall be submitted in JPEG format. All digital station photo
files should be named such that the name of the file will indicate the station number
and the type of photo taken. For example, the acoustic sensor photo for DCP1 at Los
Angeles shall be named as 94106601 sensor Al.jpg.

The station components and bench mark photographs are required when a new station
is installed. The bench mark photographs shall be updated whenever any changes are
noticed, such as damaged bench mark disk, or changes to settings, etc, or as requested
in the station specific requirements.

All digital station bench mark photo files should be named such that the name of the
file will indicate the station number, dash, PID number (if available), dash, stamping
or designation, dash, photo type, dash, date, dot.jpg. For a new mark, the PID is not
applicable as it is unavailable. Close-up photo vertically taken of the bench mark is
photo type 1, eye level photo vertically taken of the bench mark is photo type 2, and
the horizontal view taken of the bench mark is photo type 3. For photo type 3 include
the cardinal direction (N, NE, S, SE, etc) that the camera is pointing. If there are more
than one type of photo is taken then re-name them as 1A, 1B, 2A, 2B, 3A, 3B, etc. If
a PID is available, then use designation instead of stamping for the naming of the file.
Use a maximum of 30 alpha numeric characters to the left of the dot. So if you are
exceeding 30 alpha numeric characters in the name, then truncate the stamping or
designation so that maximum characters in the name are 30. For example, the bench
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mark E close-up photo for Seattle water level station should be named as 9447130-
7130E1990-1-20090101.jpg.

Sample file names for photo files

’ New bench mark without a PID and disk face photo 9414290-4290A2008-1-20090101.jpg

Existing bench mark with a PID and eye level view photo 9410660-DY2512-BM N-2-20090101.jpg
Existing bench mark without a PID and north direction photo | 9447130-7130E1990-3N-20090101.jpg

In addition, put a caption for each photograph, indicating the stamping or designation
of the mark, PID, photo type with cardinal direction, and the date of photograph taken.

The above naming convention for the bench mark photo files shall be applicable for all
of CO-OPS’ work and OCS hydrographic surveys.

4.2.5.3 Obtaining and Recording of Positions of Stations, Data Collection
Platform, Sensors, and Bench Marks Using a Hand Held GPS Receiver Lati-
tude and longitude of the station, DCP, all sensors, and bench marks shall be recorded
using a hand-held GPS receiver and recorded as degrees, minutes, seconds, and tenth
of seconds (e.g. 45 degrees, 34 minutes, 32.6 seconds). The positions of the primary
and backup DCP (if applicable) and all sensors that are installed in a tide house (gauge
house) shall be recorded as that of a station. This position will be obtained in front
of the tide house (gauge house) at the center of the front door/front wall of the tide
house (gauge house). The front portion of the roof of the tide house (gauge house)
may also be used as applicable if the GPS satellites are blocked from the structure. For
standalone DCP or met sensors that are 3 m (10 ft) or greater from the station, obtain
positions and report appropriately on the Site Report.

For Aquatrak sensors or Paroscientific sensors that are installed 3 m (10 ft) or greater
from the station location, obtain the positions of the sensors at the center of the sensor.
If the Aquatrak sensor or Paroscientific sensor is installed inside a tide house (gauge
house), then report the latitude and longitude as that of the station, but report the
elevation above station datum.

For bench marks, obtain positions using the hand-held GPS receiver and placing the
receiver on the (horizontal) bench mark. For bench marks that are installed vertically,
obtain the position as close to the mark as satellite coverage will allow.

4.2.6 Leveling

At least, geodetic third-order levels (refer to reference 2 in Section but 2nd order
class I levels are preferred) shall be run at short-term subordinate stations operated for
less than one-year. Requirements for higher order levels will be specified in individual
Hydrographic Survey Project Instructions, as appropriate. Standards and specifications
for leveling are found in Standards and Specifications for Geodetic Control Networks
and Geodetic Leveling (NOAA Manual NOS NGS 3). Additional field requirements and
procedures used by NOS for leveling at tide stations can be found in the User’s Guide
for the Installation of Bench Marks and Leveling Requirements for Water Level Stations.
Electronic digital/barcode level systems are preferable. Specifications and standards
for digital levels can be found in Standards and Specifications for Geodetic Control Net-
works and additional field requirements and procedures used by NOS for electronic
leveling at water level stations can be found in the User’s Guide for Electronic Levels,
updated January 2003.
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4.2.6.1 Leveling Frequency Levels shall be run between the water level sensor(s)
or tide staff and the required number of bench marks when the water level measure-
ment station is installed, modified (e.g., water level sensor serviced, staff, or orifice
replaced), for time series bracketing purposes, or prior to removal. In any case, levels
are required at a maximum interval of six (6) months during the station’s operation, and
are recommended after severe storms, hurricanes, earthquakes to document stability
(see stability discussed below).

Bracketing levels to appropriate number of marks (five for 30-day minimum stations)
are required (a) if a gauge is in operations for more than 30 days but less than 12
months (b) or if final tides are required, or (c) after 6 months for stations collecting
data for long term hydrographic projects.

4.2.6.2 Stability If there is an unresolved movement of the water level sensor or
tide staff zero relative to the PBM, from one leveling to the next, of greater than 0.006
m, the hydrographer shall verify the apparent movement by re-running the levels be-
tween the sensor zero or tide staff to the PBM. If the vertical stability cannot be verified,
contact CO-OPS Engineering Division. This threshold of 0.006 m should not be confused
with the closure tolerances used for the order and class of leveling.

4.2.7 Water Level Station Documentation

The field team shall maintain a documentation package for each water level measure-
ment station installed for hydrographic projects. The documentation package shall be
forwarded to CO-OPS after a) installation of a station, b) performance of bracketing lev-
els, c) gauge maintenance and repair, or d) removal of the station. Refer to time frames
for submission of documentation in Section [4.6.5]

Generally, all documentation (see Section [4.6]for Data Submission Requirements) shall
be forwarded to CO-OPS when a station is installed. For other situations, only informa-
tion that has changed shall be submitted (e.g., levels and abstract for bracketing or
removal levels, NGWLMS Site Report for maintenance and repair or station removal,
etc.)

4.2.7.1 NOAA Nautical Charts and USCG Quad Maps

NOAA Raster Navigational Charts

The link below provides an interactive map to search for NOAA Raster Navigational
Charts. This link will provide Chart numbers which CO-OPS uses on documents such
as the station chartlet and published bench mark sheet. http://www.charts.noaa.gov/
InteractiveCatalog/nrnc.shtml#
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USGS Quad NamesThe USGS quad name is required on both the station chart-
let and for use on the header of the published bench mark sheet. A digital
image of the quad map showing the station location is not required. There is
a Google Earth layer which will display USGS Quad names within the US. The
only input needed is the latitude and longitude information. It is also listed
by states if GPS information is not available. USGS quad maps (7.5 minute
X 7.5 minute) can be obtained using this Google Earth layer. See the follow-
ing link to download the Google Earth layer: http://www.usgsquads.com/index.php/
map- indexes/mapfinder

4.2.8 Additional Field Requirements

1. Generally upon completion of the data acquisition for each gauge installed, the
data must be sent as a batch for a 30-day minimum station unless the data are
transmitted via satellite. For long term station running more than three months,
the data shall be sent periodically (monthly) unless the data are transmitted via
satellite.

2. All water level data from a gauge shall be downloaded and backed up at least
weekly on electronic formats currently used such as CD-ROM or DVD-ROM, whether
the gauge data are sent via satellite or not.

3. For new stations that do not have station numbers assigned, once the location of
the gauge has been finalized then contact CO-OPS and provide latitude and lon-
gitude of the gauge site at least three business days prior to actual installation of
the gauge in field. CO-OPS will assign a new station number within three business
days and inform the hydrographer.

4. The progress sketch shall show the field sheet, layout, area of hydrography, gauge
locations, and other information as appropriate. Verify the location of the gauge
as shown on the bench mark and tide station location sketch, field tide note, Xpert
Site report, NGWLMS Site Report or Tide station report.

4.2.9 Geodetic Connections and Datums Relationship

Tidal datums are local vertical datums which may change considerably within a ge-
ographic area. A geodetic datum is a fixed plane of reference for vertical control of
land elevations. The North American Vertical Datum of 1988 (NAVD 88) is the accepted
geodetic reference datum of the National Spatial Reference System (NSRS) and is of-
ficially supported by the National Geodetic Survey (NGS) through a network of GPS
Continuously Operating Reference Stations (CORS). Elevations can also be referenced
to ellipsoid and the current accepted ellipsoid is GRS80.

The relationship of tidal datums to geodetic datums and ellipsoidal datums is needed
to support many coastal mapping, hydrographic surveying, VDatum, engineering and
oceanographic applications including monitoring sea level changes, surveying on el-
lipsoid, and the deployment of GPS electronic chart display and information system,
etc.

GPS requirements are specified in the latest published edition of CO-OPS “User’s Guide

for GPS Observations at Tide and Water Level Stations which is available at http://
tidesandcurrents.noaa.gov/pub.html or the specific document athttp://tidesandcurrents.
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noaa.gov/publications/Users_Guide_for_GPS_Observations_updated_December_2009.pdf. All
GPS work shall be done according to this document and the required deliverables shall
be submitted as specified.

For Surveying on ellipsoid and Ellipsoidally Referenced Surveys (ERS), select the most
stable bench mark that is obstruction free for GPS observations and collect minimum
of a 4-hours of GPS observations and submit the data through OPUS and submit the
published OPUS datasheet. Where OPUS is not able to provide solutions (e.g. in remote
Pacific Islands), provide the data to CO-OPS and CO-OPS will submit the data to NGS and
get the solutions through PAGES software. The tidal, geodetic, and ellipsoidal datums
connection is required for VDatum modeling and supports coastal applications decision
making.

Publish your OPUS solution using http://geodesy.noaa.gov/0PUS with options: publish
and the following criteria:

Careful Field Procedures

* 4+ hour GPS data file
* Verify antenna type, height, and plumb

» Fixed height tripod recommended, brace the legs with sandbags or chain
Permanent Mark of Public Interest

* Durable, stable setting, with good satellite visibility

» Description & photos to aid future recovery

High-quality OPUS Solution Involves

> 70% observations used

> 70% ambiguities fixed
e <3 cmRMS
e < 4 cm peak-to-peak, lat. & long.

» < 8 cm peak-to-peak, ellipsoid height

4.3 Data Processing and Reduction
4.3.1 Data Quality Control

The required output product used in generation of tide reducers and for tidal datum
determination is a continuous time series of 6-minute interval water level data for the
desired time period of hydrography and for a specified minimum time period from which
to derive tidal datums. CO-OPS will monitor the installed system operation information
for all gauges equipped with GOES satellite radios. The 6-minute interval water level
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data from the water level gauges shall be quality controlled to NOS standards by the
contractor for invalid and suspect data as a final review prior to product generation and
application. This includes checking for data gaps, data discontinuities, datum shifts,
anomalous data points, data points outside of expected tolerances such as expected
maximum and minimum values and for anomalous trends in the elevations due to sen-
sor drift or vertical movement of the tide station components and bench marks.

Quality control shall include comparisons with simultaneous data from backup gauges,
predicted tides or data from nearby stations, as appropriate. Data editing and gap
filling shall use documented mathematically sound algorithms and procedures and an
audit trail shall be used to track all changes and edits to observed data. All inferred
data shall be appropriately flagged. Water level measurements from each station shall
be related to a single, common datum, referred to as Station Datum. Station Datum
is an arbitrary datum and should not be confused with a tidal datum such as MLLW. All
discontinuities, jumps, or other changes in the gauge record (refer to the specific gauge
user’s guide) that may be due to vertical movement of any the gauge, staff, or bench
marks shall be fully documented. All data shall be recorded on UTC and the units of
measurement shall be properly denoted on all hard-copy output and digital files. Refer
to Section Data Submission Requirements for details.

4.3.2 Data Processing and Tabulation of the Tides

The continuous 6-minute interval water level data are used to generate the standard
tabulation output products. These products include the times and heights of the high
and low waters, hourly heights, maximum and minimum monthly water levels, and
monthly mean values for the desired parameters. Examples of these tabulation prod-
ucts are found in Figure and for tide stations and Figure for Great Lakes
stations. The times and heights of the high and low waters shall be derived from appro-
priate curve-fitting of the 6-minute interval data. For purposes of tabulation of the high
and low tides and not non-tidal high frequency noise, successive high and low tides
shall not be tabulated unless they are greater than 2.0 hours apart in time and 0.030
meters different in elevation. Hourly heights shall be derived from every 6-minute value
observed on the hour. Monthly mean sea level and monthly mean water level shall be
computed from the average of the hourly heights over each calendar month of data.
Data shall be tabulated relative to a documented consistent station datum such as tide
staff zero, arbitrary station datum, MLLW, etc.. over the duration of the data observa-
tions. Descriptions of general procedures used in tabulation are also found in the Tide
and Current Glossary, Manual of Tide Observations, and Tidal Datum Planes.

4.3.3 Computation of Monthly Means

Monthly means are derived on a calendar month basis in accordance with the defi-
nitions for the monthly mean parameters as found in the Tide and Current Glossary.
Examples of the desired monthly means are found in [4.7] For purposes of monthly
mean computation, monthly means shall not be computed if gaps in data are greater
than three consecutive days. For partial months of data, tide by tide comparison with
the control station data shall be performed.
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4.3.4 Data Editing and Gap Filling Specifications

When backup sensor data are not available, data gaps in 6-minute data shall not be
filled if the gaps are greater than three consecutive days in length. Data gap filling shall
use documented mathematically and scientifically sound algorithms and procedures
and an audit trail shall be used to track all gap-fills in observed data. Data gaps of
less than 3-hours can be inferred using interpolation and curve-fitting techniques. Data
gaps of longer than three hours shall use external data sources such as data from
a nearby station. All data derived through gap-filling procedures shall be marked as
inferred. Individual hourly heights, high and low waters, and daily means derived from
inferred data shall also be designated as inferred.
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HOURLY WATERLEVELS
Mational Ocean Sarvice (NOAA) Jubw 1998
Water Level Heichts in meters on Station Datum

Station: 2414290 SAN FRANCISCO, SAN FRANCISCO BAY . CA TimeMeridim 0W Tide Tvpe: Mixed

HOUR Jull Rul2 Tl3 hld4 hld hulé 7 hlE k9 Jull klll il2 ull3 Jlld4 kil Rllé
00 3247 3183 3119 3032 2936 2837 2770 2724 1717 2763 21814 2360 3152 333 3481 3131
01 3329 3333 3319 3274 3157 3066 2972 2851 2762 2684 2637 2713 2901 3162 3365 13517
02 3311 3391 3449 3437 3378 3293 3173 3060 2913 2799 21627 2602 2633 2868 3123 33%5
03 3164 3312 3463 3526 3526 3304 3423 3298 3171 2988 1730 2618 2329 2621 2792 3103
04 2948 3158 3338 31469 3595 36X 3617 3555 34X 3361 2985 2755 2606 2523 25313 12741
05 2725 2814 3091 3304 3474 368 3714 3707 3652 3519 3247 3012 2757 2576 24323 243
06 2538 2651 2B11 3012 3309 3430 3640 3740 372 3711 3308 3252 2986 2745 2472 2312
07 2528 2451 2531 2651 28313 3112 3342 3580 3746 3785 31668 3485 3217 293 2619 23
08 2581 2453 2387 1366 2B 2633 29013 3I25 3486 3677 3715 362B 3433 3135 2R04 2480
08 2648 2510 2375 2228 2133 233 2435 2701 3060 334B 31340 3626 3535 333 2897 1651
10 2778 2368 2400 2239 2017 1994 20357 22136 2477 2819 3159 3410 3510 3444 31BS 2EW
11 2890 2696 2494 2280 2057 1909 183 191% 2081 2327 2576 28970 3257 3389 32831 3040
1@ 2876 2813 2643 2431 2159 1972 1826 1719 L1774 1922 2101 2422 2818 3165 324F 3162
13 2895 2917 2730 2581 2327 21M 1913 1756 L1674 1667 1781 2000 2350 2735 3051 3175
14 2504 2845 2897 2760 2559 2338 2117 1808 1744 1633 158 1706 1546 2305 2737 3.069
15 2742 2903 2922 2898 2778 2611 2387 2154 1944 173 1625 1612 1732 1965 2365 12831
16 2505 2783 21900 2986 2037 2862 2683 2455 2260 2014 1791 1600 1697 1794 2053 2482
17 2339 2394 2814 2976 3040 3034 2934 27E6 12385 2366 20B4 1911 1852 1BM 1871 212138
18 2230 2473 2649 2915 3028 3137 3124 3015 2936 2739 2440 22 2074 1986 2020 2177
19 2272 2401 2530 2773 2860 3090 3190 3187 3141 3421 2814 2618 2419 223 2191 21260
2 2336 2413 2484 2647 2E12 2990 3149 3215 3271 3239 31094 2975 27T 23585 2462 2415
21 2508 2514 2527 2637 2690 2843 2080 3128 3251 3310 3275 330 3131 293 2781 1677
X 2736 2683 2631 2636 2634 2709 28137 20882 3130 3233 312B0 3369 3330 33242 3104 2961
13 2965 2912 2B14 2732 2703 2700 2688 2779 2916 3.063 3177 3322 3422 3417 3336 31

Mean 2761 2791 2807 2B 280B 2822 2BM 2820 2829 2819 2762 2735 2753 2767 1766 2802

HOUE hll7 Jullf Jull® Rhl20 Ml2] JulX2 Jul23 Rl24 Tl23 Tul2é Rll37 Jul2B Ml29 Fal3d Jali3l
00 3514 3373 3180 993 IT77B 2625 2586 2678 2E21 3048 3238 3317 3411 3444 3438
01 363 3617 3485 3264 3035 2810 2649 23586 2613 2740 2951 3122 3270 3337 3466
02 3620 3720 3720 3373 3312 3071 2B48 2682 23573 2590 26B0 2834 3.030 3195 3394 Monthly
03 3427 3686 3818 3783 3641 3379 3133 28B4 2684 2576 2550 2625 1733 2937 3148 Max HWL
4 3111 3433 3737 3507 3B0 3639 3444 3201 2926 2761 2591 23538 1347 2704 2BBE 043421
0F 2704 3048 3487 3773 3B9E 1B49 3697 3460 3206 2978 2739 2386 12487 2513 1660 3503
06 2398 2607 3017 3432 3745 3BET 3B66 3717 3305 3T 2976 2757 2353 2486 2467
07 2215 2254 2539 1548 3376 3678 3851 382 3704 3500 3210 2528 2697 1545 2448
08 2235 2073 2167 2436 2810 3265 33553 3770 3778 3632 3390 3150 2860 2639 2477 Monthly
05 2319 2064 1933 2018 2299 2662 3083 3430 3637 3639 3504 3302 3031 2809 2571 MinLWL
10 2483 2155 1884 1806 1896 2146 2526 284 3284 3486 3479 3338 3144 2548 2725 142411
11 2691 2304 1993 1757 1696 1794 2071 2397 1738 3107 3252 3294 323 3035 2856 1579
1@ 2876 2344 1195 1877 1664 1603 1743 1581 228 2618 2907 3090 3119 3107 2575
13 3037 2784 2433 20% 180 1637 1621 1713 193 2215 2471 2741 2953 3037 3031
14 3088 2895 1738 1387 2476 1816 1662 1644 1740 1919 2149 2402 2638 2905 2575 Montly
15 3038 3104 2978 1738 2434 2112 19218 1797 L1762 1817 1536 2144 2396 2676 2508 Mean
16 2BE0 3119 3134 3038 2790 2510 23249 2056 1942 1882 1530 2016 22131 2493 2725 MSL
17 2621 3011 31591 32X 3078 2.BB7 2646 2422 2219 2117 2061 2118 2218 23%8 2395 1816
18 2400 25812 3107 3284 3266 3162 3018 2791 2604 2412 2302 2244 2299 2431 2308
19 2313 2600 2938 3179 3300 3316 31273 3162 2978 2773 2613 2496 2465 2490 2317
0 2402 2513 2731 3013 3210 3336 3384 335 3171 3109 2939 1795 2.6BF 1663 2620
1 25 23550 2605 2735 3012 3214 3343 3401 3415 3335 3215 3075 2963 1EBB4 2766
I 2789 2698 1619 2612 1735 2973 3189 3316 3427 3428 3369 3310 3184 3109 2984
13 3073 28520 2760 2631 2613 2707 2912 3118 3300 3400 3407 3429 3373 3308 317B

Mean 2811 2.833 2851 2855 1847 1838 2B47 2847 2848 2850 2830 2E20 2813 2B40 1847

[ ] denotes infemrad water level valnes  Data Sttus: Varifisd

Figure 4.4: Hourly Height Water Level Data for a Tide Station
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HOUFLY WATEF. LEVELS
National Ocean Service (NOAA) July 1908

Water Laval Heights in metars IGLD {1985)

Station: 9052030 QOswago, Laks Ontario , WY Tima haridian: TSW Diata Tvps: Great Lakss
HOUFE. Jul 1 Jul 3 Jul 4 Tul 5 Jul 7 Jul 10 Jul 11 Tul 12 Jul 13 Jull4 Tulls Jul 1§
01 75.21 75.10 7518 751D 75.15 T5.20 7521 75.17 7517 7517
1] T5.25 75.19 75l TiI2 T5.17 75.19 7520 75.17 T518 Ti.l6
03 T5.26 75.19 7517 Tile 75.18 75.19 7511 T5.18 T515 7517
04 T5.15 75.19 7510 7521 75.17 7520 7521 75.18 7516 Ti.l6
05 T5.25 T5.20 7519 75121 T5.17 75.18 7511 75.17 7519 Til6
[151] T5.25 75.19 7520 7520 T5.17 T5.20 7520 75.17 7514 7515
o7 T5.25 7519 7519 TilE 75.18 75.19 7521 75.17 7514 7317
1] T5.24 75.19 7521 7520 T5.17 7520 7522 75.15 T518 7515
] T5.24 75.19 7510 Til9 T5.16 T5.18 7522 75.18 7516 7514
10 T5.24 75.19 T51R Ti.l@ T5.16 7520 7522 75.18 7517 Til6
11 T5.23 75.17 T518 752D T5.15 7520 7522 75.18 7516 7515
12 T5.212 75.18 T51R 7317 T5.17 75.19 7512 75.18 7517 Til6
13 T5.212 75.18 7519 TilB T5.16 75.18 7511 75.17 T516 7516
14 T5.23 75.19 75211 TilB 75.14 75.18 7520 75.17 T518 7517
15 T5.22 75.17 7519 7517 75.14 75.10 7520 75.17 7517 7517
16 T5.21 75.19 T51R Ti.l@ 75.18 7519 75l 75.16 T516 Ti.l6
17 T5.21 7520 7521 752D T5.17 75.19 7520 75.17 7517 7515
18 7522 T5.20 7521 7521 75.18 75.17 7520 75.15 7516 T5.16
1% T5.21 75.19 7511 7319 75.18 75Xl 7519 75.16 T516 7517
20 T5.20 75.19 7515 7319 75.18 75X 7520 75.16 7516 7513
21 T5.20 75.18 7515 Ti.le 75.15 75.18 7511 75i.16 7515 7317
v T5.21 75.17T T51T 7519 75.1% 7520 7521 75.18 7515 7313
23 T5.20 75.17 7514 Til9 75.18 T5x: 7511 75.16 7517 7513
24 T5.21 75.17 7510 7518 T5.17 T5.21 7511 75.15 T516 7515
Maan 7513 7519 Tile TilE T5.17 7520 7521 75.17 T516 7516

Jul 18 Jul2d Tulll Julll Jul23 Jul24 Tulld Tul2é Jul27 Jul2B TJull® JTul30 Jul 31

75.14 T512

75.14 T5.16 .

75.15 T5.15 75.12 Menthly
75.14 7514 75.10 Max HWL
75.16 T75.13 75.14 03:00v01
75.15 T5.16 75.12 75.150
7517 7514 75.14

75.14 T5.15 75.14 .07

7511 7514 75.15 T Monthly
7511 7514 75.10 .06 Min LWL
7513 7514 75.11 T 0400020
75.16 7514 75.13 75.021
75.14 7514 75.13

75.13 T5.15 75.14

75.13 7513 75.12 Menthly
75.13 T75.13 75.14 hizam
75.13 7513 75.16 MEL
75.14 T5.16 75.13 75.152
75.13 T5.14 75.10

7516 T5.15 75.16

7511 7513 7517

75.14 7513 73.17

75.14 T512 7518

7511 7511 7517

75.14 7514 75.14

[ ] denotes inferred water lawsl walues  Data Status: Verified

Figure 4.5: Hourly Height Water Level Data for a Great Lakes Station
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4.4 Computation of Tidal Datums and Water Level Datums
4.4.1 National Tidal Datum Epoch

Tidal datums must be computed relative to a specific 19 year tidal cycle adopted by
the National Ocean Service (NOS) called the National Tidal Datum Epoch (NTDE). The
present NTDE is the period 1983 through 2001. A primary datum determination is
based directly on the average of tide observations over the 19 year Epoch period at NOS
permanent long term primary control stations in the National Water Level Observation
Network (NWLON). The data from NOS primary stations are used to compute datums at
short term subordinate stations by reducing the data from those subordinate stations
to equivalent 19 year mean values through the method of comparison of simultaneous
observation.

4.4.2 Computational Procedures

The equivalent 19 year tidal datums for subordinate stations are computed for certain
phases of the tide using tide-by-tide comparisons or monthly mean comparisons with
an appropriate NOS long term control station. Accepted 19 year mean values of mean
tide level (MTL), mean range (Mn), diurnal high water inequality (DHQ), diurnal low wa-
ter inequality (DLQ), diurnal tide level (DTL), and great diurnal range (Gt) are required
in the reduction process in which a “short series” of tide observations at any location
are compared with simultaneous observations from an NOS control station. Datums are
computed by the “standard” method of range ratio comparison generally on the West
coast and Pacific Islands where there exists a large diurnal inequality in the low and high
waters. The “modified” method of range ratio comparison is generally used on the East
coast and Caribbean where small differences exist in the low and high water diurnal
inequalities. For stations requiring a datum determination, at least 30 continuous days
of tide observations are required for stations where adequate primary datum control
exists. For subordinate stations where datum control does not exist, a first reduction
datum computation must be used on 30 days of continuous data. For error budget
purposes, one month of data results in a datum accuracy of 0.11 m (95% confidence
level) for stations in the Gulf of Mexico and 0.08 m (95% confidence level) for East and
West Coast stations. A tide by tide datum computation (TBYT) should only be used
when a full calendar month of data is not available. Data series of less than a full cal-
endar month may not meet NOS quality control standards, therefore, if data collection
is anticipated to be less than a calendar month for logistical reasons survey person-
nel should notify HSD Ops and CO-OPS at their earliest convenience to determine data
utility for survey support. For stations that collect complete months of data a simulta-
neous comparison of full months (MMSC) must be used for datum computations. Datum
computations for data series of a year or more should be computed on complete years
of data using MMSC methodology. Datum computations of complete months and com-
plete years reduces error due to any seasonal bias in the data. Examples of a tide by
tide and a monthly mean simultaneous comparison for datum determination are found
in Figures and[4.7] Descriptions of the tidal datum computational procedures are
found in the Tide and Current Glossary, Tidal Datum Planes, Manual of Tide Observa-
tions, NOAA Special Publication NOS CO-OPS 1Tidal Datums and Their Applications and
Computational Techniques for Tidal Datums.
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4.4.3 Tidal Datum Recovery

Whenever tide stations are installed at historical sites, measures shall be taken to “re-
cover” the established tidal datums through leveling which shall be accomplished by
referencing the gauge or tide staff zero “0" to more than one existing bench mark (three
bench marks are preferred) with a published tidal elevation. Through this process, the
published MLLW elevation is transferred by level differences to the “new” gauge or tide
staff and compared to the MLLW elevation computed from the new data on the same
zero “0". Factors affecting the datum recovery (i.e. differences between old and newly
computed datums) include the length of each data series used to compute the datums,
the geographical location, the tidal characteristics in the region, the length of time be-
tween reoccupations, the sea level trends in the region, and the control station used.
Based on all of these factors, the datum recovery can be expected to vary from +/-
0.03 m to +/- 0.08 m. Hence, this process also serves as a very useful quality control
procedure. After a successful datum recovery is performed and benchmark stability is
established, the historical value of Mean Lower Low Water (MLLW) shall be used as the
operational datum reference for data from the gauge during hydrographic survey op-
erations. An example of a published tidal datum sheet for a station for which a datum
recovery could be made is found in Figure [4.8]
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Figure 4.6: Tide-By-Tide Comparison
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Figure 4.6: Tide-By-Tide Comparison (continued)
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Figure 4.6: Tide-By-Tide Comparison (concluded)
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Figure 4.7: Monthly Mean Simultaneous Comparison Example
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Figure 4.7: Monthly Mean Simultaneous Comparison (continued)
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Figure 4.7: Monthly Mean Simultaneous Comparison (concluded)
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T.5. DEPARTHMENT OF COMNMERCE
National Oceanic and Atmospheric Adwinistration
National Oocesn Service

Page 1 of &
Station ID: 9414290 PUBLICATICON DATE: 0442172003
Name: SAN FRAMNCISCO
CALIFCORI IR
WOl Chart: 18649 Latitude: 37° 43.4' W
T3G5 Cuad:  SAN FRANCISCO NORTH Longitude: 1zz* 27.9' W

To reach the tidal bench marks, proceed west along U.3. Highway 101 in the
direction of the Golden Gate Bridge, then NW along Crissey Field Avenue (before
the bridge) to the Golden Gate National Park (Presidio). The bench marks are
located mostly along the coast in the wicinity., The tide gauge is located on
the NE =ide of the National Parks Serwvice wharf.

TILDALLL EENOCH MARES
PRIMARY EENCH MARE STAMNPING: 180 19364
DESTGMATTION: o941 4290 TIDALL 130
MONUMENTATION: Tidal Station disk WM 9a7
AGENCTY: U3 Coast and Geodetic Swurwey [(UICLGE) FPID: HTO702

SETTING CLAISIFICATICN: Concrete sea wall

The primary bench mwark is a disk set in the top of a 1 m (3 £r)

high concrete

seawall in Golden Gate MNational Park at the Gulf of Farallons National Marine
Sanctuary headguarters, 15 m (50 ft) easast of the NE corner of the Sanctuaries

building, 6.10 mw (Z20.0 f£ft) south of the south side of the garage building, and
1.07 m (3.5 £f£) north of an angle in wall.

BENCH MAPK 3TAMPING: EM 174 1925

DES IGMATION: 041 4290 TIDAL 174

ALTAZ: TIDAL 174
MONUMENTATICN: Tidal Station disk WM a7l
AGENCY: U3 Coast and Geodetic Survey [(USICLG3) PID: HTORS7?

SETTING CLASSIFICATICN: Concrete monument

The bhench mwark iz a disk set in a concrete post flush with the ground inside a

cirele of bricks in the pawerwent, 35.10 m [(125.0 f£t)
edge of Engineer's Dock where it crosses Marine Drive,
hetweern Marine Drive and the road leading 3E to Fort Winfield Scott,
SW of the fire hydrant, and 5.69 mw (28.5 ft)

[42.5 ft)
of an iron manhole cover.

(a)

Figure 4.8: Published Bench Mark Sheet
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U.5. DEPARTMENT OF COMMERCE
Naticnal Oceanic and Atmospheric Rdministration
Naticnal Ocean Service
Page 2 cf B8

Station ID: G414250 FUBLICATICN DATE: 04/21/2003
Hame : SAN FERANCISCO

CALIFOENIA
NORR Chart: 186409 Latitude: 377 48.4" N
USES Quad: S&N FRLNCISCO NORTH Loengitude: 122° 27.89" W

TIDAL BEENCH MAEAERIEKSES

BENCH MARK STRAMPING: BM 176 1825

DESTGNATION: 941 4290 TIDAL 176

LILTAS: TIDAL 176
MONUMENTATION : Tidal S5taticn disk VME: 972
AGENCY : US Ceoast and Gecdetic Survey (USC&GS) FID: HTO7035

SETTING CLASSIFICATION: Concrete step

The bench mark is a disk set in the west end of the lowest concrete step at the
main entrance tc the porch of the building at Ne. €31 Mascn Street, 28.87T m
(98.0 ft) SE of the intersecticon of Crissey Field Avenue and Mascn Street, 15.24
m (30.0 ft) south of the centerline of Mason Street, and 0.21 m (0.7 ft) above
gidewalk.

BENCH MARK STAMPING: 181 19435

DESIGHLTION: 941 4290 TIDAL 181

LLILS: TIDAL 181
MONUMENTATION : Tidal Station disk VM#E: 473
LGENCY : US Coast and Geecdetic Survey (USC&GS) FID: HTO0701

SETTING CLASSIFICATICN: Sea wall

The kench mark is a disk set in NW corner of a sea wall at the Golden Gate
Naticnal Park at the Gulf of Farallons Naticnal Marine Sanctuary headquarters,
62 m (204 ft) west of the inshore end of the pier, 45.87 m (130.5 ft) NW of a
flag pele, 21.64 m (71.0 ft) NE of the north ceorner of Building S.F. 19.4 (paint
shop and storage building), and 1.22 m (4.0 ft) above ground.

(b)

Figure 4.8: Published Bench Mark Sheet (continued)
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U.5. DEFARTMENT OF COMMERCE
Natiecnal Oceanic and Atmeospheric Administraticn
Maticnal Ocean Service
Page 3 of B8

Staticn ID: 9414280 PUBLICATION DATE: 04/21/2003
Name : SAN FRANCISCO

CALIFOENIA
NOAR Chart: 18649 Latitude: 37° 48.4" W
USES Quad: SAN FRANCISCO NORTH Loengitude: 122° 27.9' W

TIDATL BENCH MARES

BENCH MARFK STAMPING: NO 2 1948

DESIGHNATION: CLARE EM 2

ALIAS: 941 4290 TIDAL 1823
MONUMENTATI ON : Triangulaticon Station disk VM#: 975
LGENCY : US Coast and Gecdetic Survey (USC&GS) EID: HTO700

SETTING CLASSIFICATION: Sea wall

The bench mark is a disk set flush in the tep of a sea wall west of the pubklic
fishing pier, 11.43 m (37.5 ft) west of the west edge of the pier, 8.08 m (26.5
ft) NE of the NE cocrner of corrugated iren building Neo. 9835, and abecut 0.91 m
(3.0 ft) above ground.

BENCH MAREK STAMPING: CLARE 1948

DESIGNATTION: CLARE

LLILS: 941 42%0 TIDRL 185
MONUMENTATION : Triangulaticn Statiocn disk VME: 976
LGENCY @ US Coast and Gecdetic Survey (USC&GS) EID: HTO0e 98

SETTING CLASSIFICATION: Concrete sea wall

The bench mark is a disk set in the top of a concrete sea wall wesat of the
public fishing pier, about 54% m (1800 ft) HW of the Gulf of Farallons National
Marine Sanctuary headguarters in Golden Gate MNaticnal Park, 24.23 m (79.53 ft)
west of the west edge of the pier, 6.86 m (22.5 ft) NE of the MW corner of
corrugated ircon building Ne. 985, 3.053 m (10.0 ft) west of the MW corner of a
stucce paint lecker building, and 1.07 m (3.5 ft) above ground.

(c)

Figure 4.8: Published Bench Mark Sheet (continued)
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U.S5. DEPARTMENT OF CCOMMERCE
National Cceanic and Atmospheric Administration
National Ocean Service
Page 4 of 8

Station ID: 94142%0 PUBLICATION DATE: 04/21/2003
Mame : SLN FRANCISCO

CALIFORNIA
NOARL Chart: 18645 Latitude: 37% 48.4" W
USGES Quad: SAN FRANCISCC NORTH Longitude: 122° 27.9" W

TIDLAZTL BENCH MZRES

BENCH MARF STAMPING: 4250 K 1976

DESTIGNATICN: 541 4250 K TIDAL
MONUMENTATION: Tidal Station disk VME - 578
LAGENCY: National COcean Service (NOS) PID: HTZ2255

SETTING CLASSIFICATION: Bedrock

The bench mark is a disk set vertically in bedrock on the south side of Marine
Drive, 24 m (7% ft) S8S3W of the SE corner of the National Park Service building #
TS58%, 14.6% m (48.2 ft) NW of bench mark BM 174 1525, and 2.44 m (8.0 ft) south
of the road curk.

BEENCH MARF STRMPING: 42%0 L 13576

DESIGNATION: 541 4290 L TIDAL
MONUMENTATION : Tidal Station disk vME - 579
LGENCY : National Ocean Survey (NOS) BEID: HT2253

SETTING CLASSIFICATION: Bedrock

The bench mark is a disk set in bedrock on the south side of Marine Driwve, 1ll4 m
(275 £t) west of the National Park Service building # T%8S, 15.70 m (51.5 £t) SE
of the eastern-most concrete and steel safety chain stanchion on the seawall,
7.77 m (25.5 ft) from the centerline of Marine Drive, and 1.22 m (4 ft) above
street lewvel.

(d)

Figure 4.8: Published Bench Mark Sheet (continued)
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7.5,

DEPARTMENT OF CCOMMERCE

National Oceanic and Atmospheric Administration
National Ocean Service

Page 5 of &

Station ID: 9414290 PUELICATION DATE: O04/Z1/2003
Nague @ 3AN FRANCISCO
CALIFORNIA
NCoAL Chart: 18640 Latitude: 37° 48.4' W
UsGS Quad: 3AN FRANCISCO NORTH Longitude: 1z22° 27.9' W
TIUDIAT EENCH MAEREKES
EENCH MAREK STAMPING: 4200 M 1982
DESIGNATION: 041 4290 M TIDAL
MONUMENTATION : Tidal 3tation disk VME 930
AGENCY : National Ocean Survey [NOS) PID: HT3 538

SETTING CLASSIFICATION:

Concrete foundation

The bench mark is a disk set flush in concrete foundation in front of 3tilwell
Hall (building # 6530} on Mason Street, 27.34 m (89.7 ft) south of the centerline
of Mason street, 10.30 m (33.8 ft) east of the NE corner of the west wing of the
Stilwell Hall, &.07 m (19.9 ft) west of the west edge of the sidewalk leading to
the entrance of Stilwell Hall, 0.30 m (1.0 ft) SE of the NW corner of the

foundation, and 0.12 m (0.4 ft) sbove ground level.

BENCH MARK STAMPING: BM 175 1925

DEZTIGHATION: 941 4290 TIDAL 175

ALTIAS: TIDAL 175
MONUMENTATION : Tidal Station disk ALt 1829
AGENCY : U3 Coast and Geodetic Survey [USCEGS) PID: HTO RS9 6

SETTING CLASSIFICATION: Sea wall

The bench mark is a disk set in top surface of the sea wall, near the National
Park Serwvice building at the intersection of the pawvement and the seawall, £5.23
m (214.0 ft) NE of bench mark 4290 L 1976, 58.67 m [192.5 ft) west from the HW
corner of the National Park Service building, 28.90 wm (94.8 ft] WHNW of the
northern-most post of pedestrian gsaste, 6.86 m (22.5 ft) north of the centerline
of Marine Driwve, and 0.73 m (2.4 ft) south from the north edge of the sea wall.

(e)

Figure 4.8: Published Bench Mark Sheet (continued)
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U.S5. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
National Ocean Service
Page © of 8

Station ID: 9414290 PUBLICATION DATE: 0472172003
Name: SAN FRANCISCO
CALIFORNIA
NORA Chart: 18649 Latitude: 37° 48.4' N
USGS Quad: SAN FRANCISCO NORTH Longitude: 122° 27.9' W
TIDATL BENCH MAEREEKS
BENCH MARK STEMPING: 4290 N 1995
DESIGNATION: 941 4290 N
MONUMENTATION : Tidal Station disk VM# : 15436
AGENCY: National Ocean Service (NOS) FID: AEL209

SETTING CLASSIFICATION: Concrete sea wall

The bench mark is a disk set in a concrete seawall in Golden Gate National Park
at the Gulf of Farallons National Marine Sanctuary headquarters, near an inshore
end of a walkway leading to a pier, 13.70 m (44.9 ft) north of bottom of stairs
leading to the Sanctuary building, 3.96 m (13.0 ft) east of a step in seawall,

and 3.20 m

(10.5 ft) west of the center of the walkway.

(f)

Figure 4.8: Published Bench Mark Sheet (continued)
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T.5. DEPARTHENT OF COMMERCE

National Oceanic and Atmwospheric Adwministration
MNational Ocean Jervice

Station ID: 9414290

Hame :

JAN FRAMJCIZCO
CALIFCRIIA

NOAL Chart: 15649

T3GS Cuad:

SAN FRANCIZSCO NORTH

PUELICATICON DATE:

Latitude:
Longitude:

TIDOALLZLL DATUOHS

Tidal dature at 3AN FRANCISCO bhased on:

LENGTH OF 3SERIEZ: 19 Years=
TIME PERIOD: Jamary 19583 - Decenber 2001
TIDAL EPOCH: 1985-2001

CONTROL TIDE STATICH:

Elevations of tidal datwns referred to Mean Lower

HIGHEZT OBSERVED WATER LEVEL (01/27/1983)

ME AT
HME Al
ME A
ME AN
ME A
ME AN

HIGHER HIGH WATER (MHHI)
HIGH WATEE {MHW)

TIDE LEVEL (MTL]

SEL LEVEL (MSL)

LOW WATER (ML

LOWER LOW WATER (MLLWY

MNORTH AMERICAN VERTICAL DATUM-1955 (MALVD)
LOWEST OBSERVED WATER LEVEL (12/17/1933)

Bench Mark Elevation Information

Stamping or Designation MLLWT

150 1936 3.97:2
BM 174 1925 5.013
EM 176 1925 4.514
151 1945 3.987
MO 2 1945 4,221
CLARK 15945 4,233
4290 K 197& L.gz8
4290 L 1976 G.620
4290 M 1952 3.705
EM 175 1925 4.160
4290 M 1995 3.646

(9)

Figure 4.8: Published Bench Mark Sheet (continued)
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T.5. DEPARTHMENT OF COMMERCE
National Oceanic and Atmospheric Administration
National Ocean Zerwvice
Page & of &

dtation ID: 9414290 PUEBLICATION DATE: 04/21/2003
Hame: J4N FRANCISCO

CALTFORNIA
H0&4d Chart: 13649 Latitude: 37° 45.4' N
T3GE Quad: 34N FRANCIACO NORTH Longitude: lzz® z1.9' W

DEFINITIONSZS

Mean Sea Lewvel (M3L) iz a tidal datum determined ower a 19-year National Tidal
Datum Epoch. It pertaing to local mean sea level and should not be confused
with the fixed datums of North American Vertical Datum of 1935 [(NAVD 38).

HNGVD 29 is a fixed datum adopted as a national standard geodetic reference for
heights but iz now considered superseded. NGVD 29 iz sometimes referred to as
3ea Level Datum of 1929 or as Mean Sea Lewel on some early issues of Geological
Survey Topographic Quads. NGYVD 29 was originally deriwved from a general
adjustment of the first-order lewelihg networks of the U.3. and Canada after
holding mean sea lewvel observed at 26 long term tide stations as fixed.

Mumerous local and wide-spread adjustments have been made since establishment in
1929, Bench mark elewvations relatiwve to NGYVD Z9 are awailahle from the National
Geodetic Survey [(NG3) data base wia the TWorld Wide Web at

http: /A ngs. noaa. gov/cgi-bin/ngs_opsd.prl *PID=HTOY0ZEPOCH=19535-2001.

NAVD 55 iz a fixed datum deriwved from a simultaneous, least squares, mninimum
constraint adjustment of Canadian/Mexican/United 3tates leveling observations.
Local mean sea lewvel obserwed at Father Point/Rimouski, Canada was held fixed as
the zingle initial constraint. NAVD 53 replaces NGVD 29 as the national
standard geodetic reference for heights. Eench mark elewations relative to

NAWD 85 are awailable from NGS through the World Wide Web at

http: ffwwr.ngs. noaa. gov,/cgi-bin/ngs_opsd.prl PID=HTOY0Z:EPOCH=19835-2001.

NGVD 29 and NAVD 55 are fixed geodetic datums whose elevation relationships to
local M3L and other tidal datums may hot be consistent frow one location to
another.

The Vertical Mark Number (VHM#) and PID# shown on the bench mark sheet are unidque
identifiers for bench marks in the tidal and geodetic databases, respectiwvelwy.
Each bench mark in either database haz a single, unicque VM# and/or PID# asszigned.
Where both VM# and PID# are indicated, both tidal and geodetic elewations are
available for the bench mark listed.

The NAVD 88 elewatioh is showm on the Elewations of Tidal Datums Table Referred
to MLLW only when two or more of the bench marks listed hawve NAVD 38 elewvations.
The NAVD 58 elewvation relationship shown in the table iz derived from an average
of seweral bench mark elewvations relative to tide station datum. A3 a result of
this averaging, NAVD 55 bench mark elewvations computed indirectly from the tidal
datums elewvation table may differ =slightly from NAVD 58 elevations listed for
each bench mark in the NG3 database.

(h)

Figure 4.8: Published Bench Mark Sheet (concluded)
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4.4.4 Quality Control

It is essential for tidal datum quality control to have data processing and leveling pro-
cedures carried out to the fullest extent. Caution must also be used in computing tidal
datums in riverine systems or in regions of unknown tidal regimes. Tide-by-tide com-
parisons between subordinate and control station data will often detect anomalous dif-
ferences which should be investigated for possible gauge malfunction or sensor move-
ment. Datums shall be established from more than one bench mark. Differences in
elevations between bench marks based on new leveling must agree with previously
established differences from the published bench mark sheets. Any changes in the el-
evation differences must be reconciled before using in any datum recovery procedure.
Datum accuracy at a subordinate station depends on various factors, but availability
and choice of an adequate control station of similar tidal characteristics, similar daily
mean sea level and seasonal mean sea level variations, and similar sea level trends
are the most important. The length of series will also determine accuracy. The longer
the series, the more accurate the datum and the greater quality control and confidence
gained from analyzing numerous monthly mean differences between the subordinate
and control station. At reoccupied historical stations for which datum recoveries are
made, updated datums shall be computed from the new time series and compared
with the historical datums as the survey progresses.

4.5 Final Zoning and Tide Reducers

Data relative to MLLW from subordinate stations or from NWLON stations, as appropri-
ate, shall be applied to reduce sounding data to chart datum, either directly or indirectly
through a correction technique referred to as tidal zoning. Whether corrected or direct,
time series data relative to MLLW or other applicable LWD applied to reference hydro-
graphic soundings to chart datum are referred to as “tide reducers” or “water level
reducers”.

4.5.1 Water Level Station Summaries

Data are reduced to mean values and subsequently adjusted to National Tidal Datum
Epoch (NTDE) values for tidal datums and characteristic tidal attributes as prescribed
in Section and [4.5] “Summary files” shall be created for each subordinate tide
station occupied for the survey. These summary data facilitate the development of
corange and cophase lines and final zoning schemes. They also provide input into the
NOS tidal datum bench mark publication process which supports navigation, boundary
and shoreline determination, coastal engineering and management. NTDE values for
Greenwich high and low water intervals, mean and diurnal ranges and high and low
water inequalities shall be tabulated in these summary files which also contain the
datums, the time and length of the series and NOS control station which was used
to compute 19-year equivalent NTDE values. NTDE datums shall be tabulated in the
summary file relative to a documented consistent station datum such as tide staff zero
or arbitrary station datum. The elevation of the primary bench mark shall be provided
in this summary relative to the same zero or station datum. Latitude and longitude
positions shall also be provided. An example of a summary file is provided in Figure[4.9]

Summary file data from new station occupations and NOS provided summaries from
historical occupation and control stations within the survey area shall be used as input
data to the tidal zoning process.
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4.5.2 Construction of Final Tidal Zoning Schemes

As tidal characteristics vary spatially, data from deployed water level gauges may not
be representative of water levels across a survey area. Tidal zoning shall be imple-
mented to facilitate the provision of time series water level data relative to chart da-
tum for any point within the survey area such that prescribed accuracy requirements
are maintained for the water level measurement component of the hydrographic sur-
vey. NOS currently utilizes the “discrete tidal zoning” method for operations, where
survey areas are broken up into a scheme of zones bounding areas of common tidal
characteristics. The minimum requirement is for a new zone for every 0.06 m change
in mean range of tide and every 0.3 hour progression in time of tide (Greenwich high
and low water intervals). Phase and amplitude corrections for appropriate tide station
data shall be assigned to each zone.

As part of the process, tidal characteristics shall be accessed using geographic spatial
placement of summary data in a commercial GIS compatible format to assess spatial
variations in tidal characteristics. Corange and cophase maps shall be generated to
provide the base for development of zoning schemes. Preliminary zoning, which is
based on available historical tide station data and estuarine and global tide models,
is referenced to an applicable predictions reference station for utilization during field
work. For final processing, preliminary zoning shall be superseded by “final zoning”
which is a refinement based on new data collected at subordinate stations during the
survey. With the final zoning scheme, correctors for each zone shall be derived from a
subordinate station specifically installed for the survey rather than the reference sta-
tion used with preliminary zoning. For contract surveys, the contractor shall develop
and utilize a zoning scheme to the specifications mentioned above such that water
level reducers are within required accuracy across the entire survey area. Zoning er-
rors shall be minimized such that when combined with errors from actual water level
measurement at the gauge and errors in reduction to chart datum, the total error of
the tide reducers is within specified tolerances. The final zoning scheme and all data
utilized in its development shall be documented and submitted. Examples of zoning
files and graphics are provided in Figures|4.10} [4.11] [4.12] [4.13] and[4.15].

4.5.3 Tide Reducer Files and Final Tide Note

Verified time series data collected at appropriate subordinate stations are referenced
to the NTDE Mean Lower Low Water (Chart Datum) through datum computation pro-
cedures outlined in Section[4.4l Time series data collected in six-minute intervals and
reduced to chart datum as specified, both from subordinate gauges operated by the
contractor and from NWLON stations where appropriate, shall be used either directly
or corrected through use of a zoning scheme as determined appropriate by the con-
tractor such that tide reducers are within specified tolerances. A Final Tide Note shall
be submitted for each hydrographic sheet with information as to what final tidal zoning
should be applied to which stations to obtain the final tide reducers. An example Final
Tide Note and final tidal zoning graphic is found in Figure [4.15]

However, analyses also show that there are several geographic areas whose sea level
trends are strongly anomalous from the average trends found across the NWLON and
thus, must be treated differently. One of these areas is in Cook Inlet, Alaska. Nikiski
has shown a significant relative sea level change due to continued vertical land move-
ment after the 1964 earthquake. NOS has adopted a procedure for computing accepted
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tidal datums for this anomalous region by using an MSL value calculated from the last
several years of data rather than the 19-year NTDE. The accepted range of tide is still
based on the 19-year NTDE and, when applied to the updated MSL, will result in up-
dated values for Mean High Water (MHW) and Mean Lower Low Water (MLLW) derived
through standard datum calculation procedures. For Nikiski, the MSL value was com-
puted from the period of 1994-1998. This resulted in a lowering of the MLLW datums
relative to land by approximately 1.0 ft at Nikiski compared to the previous MLLW ele-
vations used in surveys prior to January 1, 1998. Subordinate tide stations in the area
used for hydrographic surveys and controlled by Nikiski will be affected similarly. Ac-
cepted datums have been computed and may be accessed on the Internet through the
URL specification http://www.tidesandcurrents.noaa.gov.

Anchorage, AK (9455920)
] e n | R v AR
A SEPTED DATUMS Station ID - 9455920 Conplete: | 12-4-02 233
EPDCH: 1983-2001 Venfied: | 12-4-02 102
Accepted: | 4-17-03 BEE
HWL[12.454
MHHW[10.800] DHO[0.222 ] Souce | L ol
MHYY[10.578 MANUAL N/A
MTL|6.587 GT[s.889
OTL|6.356 W 7.982 T R m JHEE
NAVDEA 5.1-1964 NO 15 RESET 1965
MSL|6.931
MLWV[2.596 DLO[0.685_| I
MLLW|1.91 ' Hegin i -
L'wL|-0.038 01/01/97 00:00 I 12/31/01 0000
eters |
]
HwWI[3.65 ]
Lwil1o.a I
I
Balance? Extiomo | | Date [ | Time
DHO oLO MN | 6T | MTL | DTL HWL 10-24-1980 1818 |
YES YES YES | YES YES YES L'wL 12-25-1993 12:42 l

Figure 4.9: Tide Station Summary
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Tidal Zoning for Approaches to Nikiski, AK

. AL E W e e
TG = Time Canmectar
Raflaranca Station = S455760,

Figure 4.12: Tidal Zoning for Approaches to Nikiski, Alaska
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WL VALUE

STATIOMDATETIME on MLLW

9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290

9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290

uic
10/1/98 0:00
10/1/98 0:06
100198 012
10/1/98 0:18
10/1/98 0:24
10/1/98 0:30
10/1/98 0:36
10/1/98 0:42
10/1/98 0:48
10/1/98 0:54
10/1/98 1:00
10/1/98 1:06
10198 1:12
10198 1:18
10198 1:24
10/1/98 1:30
10/1/98 1:36
10198 1:42
10/1/98 1:48
10/1/98 1:54
10/1/98 2:00
10/1/98 2:06
100198 212
10/1/98 2:18
10/1/98 2:24
10/1/98 2:30

11/30:98 2300
11/30/98 2306
11730098 2312
113098 2318
11730/98 23:24
11730:98 23:30
1130098 23:36
11730/98 23:42
113098 23:48
1130098 23:54

meters
1.373
1.390
1.403
1.424
1.426
1.436
1.458
1.489
1.507
1.520
1.533
1.537
1.541
1.548
1.572
1.596
1.609
1.624
1.639
1.638
1.649
1.658
1.659
1.660
1.671
1.669

0.350
0.342
0.343
0.359
0.389
0.412
0.446
0.459
0.399
0.463

WL guality comnirol

flags
SIGMA  inerred  flat rofc  temp

metlers

0.042 0 0 0 0
0.043 0 0 0 0
0.036 0 0 0 0
0.039 L 0 0 0
0.033 0 0 0 0
0.034 0 0 0 0
%32 0 0 0 0

W35 L 0 0 0
0.032 0 0 0 0
0.038 0 0 0 0
0.042 0 0 0 0
0.029 0 0 0 0
0.033 0 0 0 0
0.032 0 0 0 0
0.033 0 0 0 0
0.037 L 0 0 0
0.039 0 0 0 0
0.036 0 0 0 0
0.040 0 0 0 0
0.036 0 0 0 0
0.032 0 0 0 0
0.036 0 0 0 0
0.033 0 0 0 0
0.041 0 0 0 0
0.02%9 0 0 0 0
0.039 0 0 0 0
0.120 0 0 0 0
0.124 0 0 0 0
0.090 0 0 0 0
0.106 0 0 0 0
0.079 0 0 0 0
0.087 0 0 0 0
0.128 0 0 0 0
0.102 L 0 0 0
0.089 0 0 0 0
0.136 0 0 0 0

Figure 4.13: Example Tide Reducer File from NOAA Acoustic System
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4.5.4 Tidal Constituents and Residual Interpolation (TCARI)

The Office of Coast Survey (OCS) designed Tidal Constituent and Residual Interpola-
tion (TCARI) for total water levels relative to Mean Lower Low Water (MLLW) at selected
hydrographic survey areas along the coast utilizing the spatial interpolation of tidal
data. The model spatially interpolates the harmonic constants (used to predict the as-
tronomic tide), tidal datums, and residual water levels (i.e. the non-tidal component or
the difference between the astronomically predicted tide and the observed water level)
using the values at a combination of operational and historical stations. The method
works best in regions where there is an abundance of high quality tidal data surrounding
the survey area. The use of TCARI, just as in discrete zoning, requires the oceanogra-
pher to evaluate and understand the tidal characteristics of the survey areas. Success
in both methods requires that tide stations be in operation during survey operations as
well as information from historical tide stations and other sources. Gaps in information
limit both methodologies and CO-OPS will not provide revised TCARI grids for surveys
conducted while the required tide gauges are not in operation.

TCARI first requires the development of a model grid to cover the survey area. TCARI
then requires a spatial field of accepted harmonic constituents from historical stations
for the interpolation instead of just the average time and range of tide which tidal
zoning requires. Finally, TCARI planning requires an analysis of the non-tidal residual
across the survey area to determine the location and number of stations to be in opera-
tion during the survey. TCARI grid files, interpolation weighting functions, and harmonic
constant files are created during planning and delivered to the survey platform. Survey
platforms must obtain the observed data from the specified tide stations during the sur-
vey so that TCARI can apply the interpolated water level residuals to the tide reducing
process.

CO-OPS makes a decision when to use TCARI for projects based upon available data
and other criteria. Currently, TCARI is used for NOAA in-house hydro projects only.

4.6 Data Submission Requirements

Data submission requirements for water level measurement stations are comprised of
both supporting documents for the installation, maintenance, and removal of stations,
and the formatted digital water level data collected by the water level measurement
system required for NOS quality control and ingestion into the NOS data base manage-
ment system. In addition, documentation for processing and tabulation of the data,
tidal datum computation, and final tidal zoning are required.

Please refer to the latest copy of CO-OPS’ User’s Guide for GPS Observations at Tide
and Water Level Station Bench Marks. See Section

4.6.1 Station Documentation

The documentation package shall be forwarded to CO-OPS after a) installation of a
station, b) performance of bracketing levels, c) gauge maintenance and repair, or d)
removal of the station. Refer to Section [4.6.5] for time frames for documentation sub-
mission requirements and Figure Water Level Station Documentation Checkoff
List. The station documentation generally includes, but is not limited to the following:
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1. Transmittal letter (PDF format).
2. Field Tide Note (PDF format), if applicable.

3. Calibration test documentation from an independent source other than the manu-
facturer for each sensor used to collect water level or ancillary data. (PDF format).

4. E-Site Report, Water Level Station Xpert Site Report, or Tide Station Report (NOAA
Form 77-12), or equivalent. (E-Site report application is in web based electronic
format, Water Level Station Xpert Site Report or Tide Station report in Microsoft Ex-
cel format). Contractor created Site Reports are acceptable as long as the reports
provide same required information.

5. Google Chartlet, or NOAA Chartlet with chart number or map name and scale
shown including standard NOS title block (JPEG and PDF format).

6. U.S. Geological Survey quadrangle map (7.5 minutes map) indicating the exact
location of the station, with map name and scale shown (JPEG and PDF format).

7. Sensor test worksheet (JPEG and PDF format) (applicable for acoustic gauges).

8. Sensor elevation drawing (JPEG and PDF format) showing sea floor, pier elevation,
and sensor elevation if sensor is mounted vertically. For stations with Aquatrak
sensors, provide the Aquatrak Sounding Well Diagram.

9. Water level transfer form (applicable for Great Lakes stations only, in JPEG and PDF
format).

10. Large-scale bench mark location sketch of the station site showing the relative lo-
cation of the water level gauge, staff (if any), bench marks, and major reference
objects found in the bench mark descriptions. The bench mark sketch shall in-
clude an arrow indicating north direction, a title block, and latitude and longitude
(derived from handheld GPS) of the gauge (JPEG and PDF format).

11. New or updated description of how to reach the station from a major geographical
landmark (in Microsoft Word and PDF format). (Refer to User’s Guide for Writing
Bench Mark Descriptions, NOAA/NOS, Updated January 2003).

12. Bench mark descriptions with handheld GPS coordinates (in Microsoft Word and
JPEG format) (Refer to User’s Guide for Writing Bench Mark Descriptions, NOAA/NQOS,
Updated January 2003).

13. Digital photographs of bench mark disk faces, setting, bench mark locations from
two different (perpendicular) cardinal directions, station, DCP, equipment, un-
derwater components, and vicinity (JPEG and PDF format). As a minimum, pho-
tographs shall show a view of the water level measurement system as installed,
including sensors and DCP; a front view of the staff (if any); multiple views of
the surroundings and other views necessary to document the location; and pho-
tographs of each bench mark, including a location view and a close-up view show-
ing the bench mark disk (face) stamping. Bench mark photo file names start with
mark designation followed by either “face” or “location” and direction of view,
with jpg extension (e.g. 8661070 B location south.jpg). All other station compo-
nent photo file names start with station number and view name (e.g. 8661070
tide station view south).

14. Level records (raw levels) including level equipment information (electronic files)
and field notes of precise leveling, if applicable.

15. Level abstract (electronic file for optical and barcode levels).
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16.

17.
18.
19.

20.
21.
22.

Datum offset computation worksheet or Staff/Gauge difference work sheet as
appropriate showing how sensor “zero” measurement point is referenced to the
bench marks.

Calibration certificates for Invar leveling rods, if applicable (in PDF format).
Staff to gauge observations, if applicable (in Microsoft Excel and PDF format).

Agreements, MOU, contract documents, utilities/pier agreements, etc., if applica-
ble (in PDF format).

Other information as appropriate, or as specified in the contract (in PDF format).
Water level data download.

All required GPS deliverables (OPUS published data sheet and bench mark photos)
as specified in CO-OPS "User’s Guide for GPS Observations at Tide and Water Level
Station Bench Marks”
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Project Numher: Locality:

For Each Water Level Siation:

PROJECT DOCUMENTATION AND DATA CHECEOFF LIST

Station Number: Station Mame:

A. Field Tide MNoie {(Required only for Hydrograp hic /Plotogrammeiry Surveys)

1. WVerify station latitude and longitade with handheld GPS.

2. Werify work dates.

B. Siie Repori (reguired for hoth installation and removal)

1. All applicable information complete, especially serial numbers of DCPisensors and
dates of installationremowal of DCP/sensors and levels

2. Werify latitude and longitude of the station (ensure that this is the same as on the
field tide note for Hydeo/Photo surveys). Provide latitude and longitude in dfmfs. x
format as determined by hatndheld GPE for the primary sensot.

3. Mote UTC time and date the datum offzet and sensor offset entered or changed in
the DCF

4. Provide metadata for ancillary sensors, if installed and as required

5. Provide notes on results of diving inspection, and cleaning of underwater
coftponents.

6. Provide status of valid tie to HA VD 258 geodetic marks, if applicable, in lewel section
retharks area.

7. Prowide notes of excessive moverment of water level sensor or bench marks in level
section remarks area.

. Chart Section

1. Ensure that station location iz clearly depicted with cirele and station mamber.

2. Btandard title block inchades ; station mamber, station name, latflong as dfmfs x,
HNOAA chart number, edition, date, and scale, T3GE quad name all in caps,

3. Provide a digital copy of the chart section in jpg format

. Bench Mark/Station Location Skeich

1. Ensure Gagefstaft and bench marks are shown, and local bodsr of water is 1abeled.

2. Ensure Standard Title block mcludes: station noraber and station name, f1eld umt, date of

TEVISION

3. Enswre Morth avvow depicted.

4. Include hard copy sketch and GIS digital format on diskette.

5. Engure &11 actmve (recovered and not recove red) bench marks are identified by designations

6. Engure bench raarks that are confirrmed as destroyed are reracreed fror the sketch,

7. Provide a digital copy of the sketeh zaved in jpg fonmat.

(a)

Figure 4.14: Project Documentation and Data Checkoff List
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E. Digital Photographs

1. Provide digital photographs of gauge, staff, surrounding area, wells and brackets,
DCP. Provide tide gauge photos from two perpendicular directions.

2. Station component file name starts with station mamber followed by the specific
component view, with jpg extension (e.g. 36610170 well jpg )

3. Provide several shots of met towers and sensors from different directions (e.g.
2661070 met tower looking 3W.ipg

4. Provide digital bench matk photos — close up of disk face, without GP3 handheld in
wiew, atd setting wiew, two photos from different directions (90 degrees apatt, if
posszible) showing general location for all new marks. File names start with mark
designation followed by either “face™ ot “location™ and direction of wiew, with jpg
extension (e.g B66 1070 B location south jpg)

F. Bench Mark Descriptions/Recovery Moies

1. 3tampings for new and recovered marks verified.

2. Descriptions for new marks provided in HOE format (W3 Word).

3. Recovery notes provided for all historical marks BA DV e noted for all marks
recovered as described, where xxx is party chief, or contractor initial.

4. Provide handheld GPS poszition in dfmfs x format at the end of the text description.

5. For electronic levels, make sure HaA files codes are completed accurately

. For electronic levels, text description begins with a statement on how to reach the
marlk, followed by the description in N0 format

7. For electtonic levels, provide handheld GP3 position in dfm's format at the end of
the text in HA file since HA file does not accept decitnal seconds s.x

. Levels

1. Ensure all iformation written in inlk.

b-a

. Cowver information complete, station name, mamber, instnument and rod type, seral

nnbers, date, persontiel,

. Hote type of lewels: installation, bracketing and closing,

. ataff information complete (if applicable).

. Collimation check shown.

. Hote that benich mark descriptions are submitted on separate sheets.

. Headets on all applicable pages complete.

[ea il I o LU ) I N N

. For multi year projects, or for WWLOH, all marks must be connected every taro
years

9. Lewels include marks specially noted in station specific requirements of the project
mstractions

10. Explanation provided for any marks not leveled during this level nan.

11. Provide sectional and overall closure toleranices and ascettain they are within
allowable Limits.

12, Compute level abstract starting with PBM accepted elevation and ending with
pritmaty sensor elevation

13. Check for valid tie to NAVD BE,| az applicable.

(b)

Figure 4.14: Project Documentation and Data Checkoff List (continued)
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14. For electromic levels, provide original [N file in separate folder if modified IH file
1 provided.

153, For electronic levels, all file dates st be chronologically consistent, 16, the HA
and INZ files can not have dates more recent than the ABS file

la. For electromic levels, provide Invar rod calibration certificates for the first time
digital leveling

17. For electronic levels, error flags are not allowed on sectional distances of the ABS
file

H. Datum Offset Computation Worksheet

| 1. Bubmit for stations that have Vitel or Sutron DCP with A& quatrak sensor,

I. Daia Submitied on Disketies oxr CD-RORM or DVD

1. Label diskettes with contractor name and list of files on each diskettes.

2. Data files should be named in the following format: xxxxrxxl wl dat, where

wxxxAx = seven digit station mamber and 1 iz the DCP designation. For saltiple
files from the same station, change the extension ie., xxxxxxxl wl dal | dal ete.

3. Check the begin and end dates of data submitted with dates of hydrographic
sutveying operations, or project duration for special projects.

4. Check data contirnuty,

J. Transmitial Le ter

| 1. Transmittal letter attached with current contractor address, phone mumber and email.

K. AllDocumentation Enclosed in Tide Level Envelope (WO AA Form 75-29A%

1. Leave “sheets” boxblank, complete other information in title boxes.

2. Verified complete by contractor and Include date,

II.

For the Projeci:

A. Files

1. Contractor created station summary files for subordinate stations

2. Documentation of tidal zoming development steps, including methodology of tidal
reducer computation and geographical presentation

3. GI3 compatible digital final zoning files (Mapinfo® or AreGI3E format)

4. Final Tide Reducer Files for each H-3heet

B. Final Tide Notes

| 1. Final Tide MNote for each H-Sheet

(c)

Figure 4.14: Project Documentation and Data Checkoff List (continued)
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C. Transmittal Letter

| 1. Transmittal letter attached with current contractor address, phone mamber and email

D. AllDocumentation Enclosed in Tide Level Envelope (NMOAA Form T5-204)

1. Leawe “sheets”™ box blank, complete other information in title boxes,

2. Verified complete by contractor and Inclade date.

(d)

Figure 4.14: Project Documentation and Data Checkoff List (concluded)
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FINAL TIDE NOTE and FINAL TIDE ZONING CHART
DATE: December 22, 1995

HYDROGRAPHIC BRANCH: Pacific
HYDROGRAFHIC PROJECT: OPE-342-EA-59
HYDROGRAFTHIC SHEET: H-10310

LOCALITY: & NI Horthwest of Cape Easilof, AK
TIME PERTIOD: July 22 - August 20, 1999

TIDE STATION USED: 945-5711 Cape Easilef, 4K

Lat 60° 202N Lon 1517 22.8°W
PLANE OF REFERENCE (MEAN LOWER LOW WATER): 0.000 meters
HEIGHT OF HIGH WATER ABOVE PLANE OF REFERENCE: 5 5850 meters

REMAREKS: RECOMMENDED ZONING

Use zonels) identified as: CE3%94, CE395, CE3853, CE400, CE401,

CE407, CE408, CE409, CTE434, CE435, CE441, CE442, CE443, CE467, CE468, CE46%, CE470,
CE477, CE480, CE481, CE482, CK483, CE453 & CE4%4.

Refer to attachments for zoning information.

Mate 1: Prowvided time seriez data are tabulated in metric units (Mdeters), relative to WMLLW and on
Greenwich Mean Time.

Hote 2: MNikiski, AK served as datum control for subordinate tide stations and for tidal zoming in this
hydrographic survey. Accepted datums for this station have been updated recently and hawve changed
significantly from previous values.

The current MNational Tidal Datum Epoch (HTDE) used to compute tidal datums at tide stations 1z the
1260-78 NTDE. Traditionally, NTDEs hawve been adjusted when significant changes in mean sea level
(WSL) trends were found through analyses amongst the MNational Water Lewel Observation MNetwork
(LW LOND stations. Epochs are updated to ensure that tidal datums are the most accurate and practical for
navigation, surveving and engineering applications and reflect the existing local sea level conditions. For
instance, analyses of sea level trends show that a new HNTDE is necessary and efforts are underway to
update the 1960-1973 NTDE to a more recent 19-year time period.

MNote: This example of Field Tide Mote and Final Tidal Zoning Chart was written in December 1929, at
that time NTDE was 1960-1978, now the new MTDE 15 1983-2001.

(a)

Figure 4.15: Final Tide Note and Final Tidal Zoning Chart
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Figure 4.15: Final Tide Note and Final Tidal Zoning Chart (continued)

4.6.2 Water Level Data

The final observed water level measurements shall be reported as heights in meters to
three decimal places (i.e. 0.001 m). All heights shall be referenced to station datum and
shall be referenced to UTC. The final tide reducer time series data shall be referenced
to MLLW and shall be referenced to UTC. The contractor shall provide the water level
data in the format specified below from the water level gauges installed.

The original raw water level data and also the correctors used to convert the data
to chart datum shall be retained by the contractor for a period of not less than three
years after the survey is completed or as stipulated in the contract, whichever is longer.
All algorithms and conversions used to provide correctors shall be fully supported by
the calibrations, maintenance documentation, leveling records, and sound engineer-
ing/oceanographic practices. Sensors for measurements used to convert data (e.qg.
pressure to heights) shall be calibrated and maintained for the entire water level col-
lection period

All digital water level and ancillary data shall be transmitted to CO-OPS in a format
dependent on the DCP configuration. If GOES satellite is used, the data shall be trans-
mitted and received using the NOS compressed pseudo binary format (see NGWLMS
GOES Message Formatting, Libraro, 1/2003). These satellite messages are then de-
coded by NOS DMS upon receipt from NESDIS before further processing and review by
CORMS can be completed. If satellite transmission configurations cannot be installed,
the data shall be manually downloaded from the DCP and submitted to NOS, as shown
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in the format below, in a digital format, on CD-ROM, or by email as an ASCIl data at-
tachment. It may be prudent to submit data at more frequent intervals under specific
circumstances.

Data download files shall be named in the following format: xxxxxxxy.w1.DAT, where
xxxxxxx is the seven digit station number, y is the DCP number (usually 1), wl is the
product code for 6-minute data, and DAT is the extension (Use T = 2,3...if more than
one file is from the same station and DCP). This is the format needed when the data
is loaded into DMS. Also each water level data file (XXX.BWL or XXX.ACO) shall have
only 3 months of data. If the water level station was operational for more than three
months, please submit multiple xxxxxxxy.DAT files, each file with only three months of
data.

Multiple DCP may have been used to collect 6-minute water level data for a particular
site, and backup or redundant DCP data may be used to fill the gap in the primary DCP
data,. but, water level data shall be submitted for single DCP (numbered as 1). All the
water level data shall be on station datum.

Each input record (including the final record) ends with a carriage return and excludes
any extraneous characters such as trailing blank spaces for all types of water level
data (6-minute water level data, hourly height, high/low, monthly means, and station
datum).

The 6-minute interval data (acoustic sensor and pressure sensor examples follow) shall
have the following format for CO-OPS database to accept.

Acoustic Sensor Data (XXX.ACO format)

Column 1- 7 Station ID (7 digits, assigned in the project instructions)
Column 8- 8 1 (DCP number, use 2, 3, etc., for additional DCPs)
Column 9-19 Date (MMM DD YYYY format, e.g. JAN 01 1998)

Column 20-20 Blank

Column 21-22 Hours in 24 hour format (i.e. 00, 01, ...., 23)

Column 23-23 : (colon)

Column 24-25 Minutes (00,06,12, ..., 54)

Column 26-32 Data value in millimeters, right justified, (e.g. 1138)
Column 33-38 Sigma (standard deviation in millimeters in integer format)
Column 39-44 Outlier (integer format)

Column 45-50 Temperature 1 (tenth of degrees C in integer format)
Column 51-56 Temperature 2 (tenth of degrees C in integer format)
Column 57-58 Sensor type (Al for acoustic type)

Column 59-60 blank
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Column 61-61 Data Source (S for Satellite, D for Diskette)

Sample data:
85169901AUG 17 2007 05:00 1138 23 0 308 297A1 D
85169901AUG 17 2007 05:06 1126 26 0 308 298A1 D

85169901AUG 17 2007 05:12 1107 26 1 309 298A1 D

Pressure Sensor or Generic Data (XXX.BWL format)

Column 1- 7 Station ID (7 digits, assigned in the project instructions)
Column 8- 8 1 (DCP number, use 2, 3, etc., for additional DCPs)

Column 9-19 Date (MMM DD YYYY format, e.g. JAN 01 1998)

Column 20-20 Blank

Column 21-22 Hours in 24 hour format (i.e. 00, 01, ..., 23)

Column 23-23 : (colon)

Column 24-25 Minutes (00-54)

Column 26-32 Data value in millimeters, right justified, (e.g. 1138)
Column 33-38 Sigma (standard deviation in millimeters in integer format)
Column 39-44 Outlier (integer format)

Column 45-50 Sensor temperature (tenth of degrees C in integer format)
Column 51-52 Sensor type (Z1 for generic or pressure)

Column 53-53 blank

Column 54-54 Data Source (S for Satellite, D for Diskette)

Sample data:

85169901AUG 17 2007 05:00 1138 23 0 308Z1 D
85169901AUG 17 2007 05:06 1126 26 0 308Z1 D
85169901AUG 17 2007 05:12 1107 26 1 309Z1 D

Note: pressure data must be accompanied by documented staff observations as listed
in Section[4.2.2land [4.2.4], if applicable.
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4.6.3 Tabulations and Tidal Datums

For contract surveys, the contract hydrographer shall provide digital and hard copies
of tabulations of staff/gauge differences, hourly heights, high and low waters, monthly
means, and water level datums for the entire time series of observations from each wa-
ter level station. Along with the final contractor computed tidal datums, the contractor
shall provide copies of the tide-by-tide and/or monthly mean simultaneous comparison
sheets from which the final tidal datums were determined. Audit trails of data edits and
gap-filling shall be summarized and provided also.

The digital tabulation files for hourly heights, high and low waters, monthly means, and
station datum shall have the following formats:

Each input record (including the final record) ends with a carriage return and excludes
any extraneous characters such as trailing blank spaces for all types of water level
data (6-minute water level data, hourly height, high/low, monthly means, and station
datum).

Hourly Height data Format:

Column 1- 7 Station ID (7 digits, assigned in the project instructions)

Column 8- 8 Blank

Column 9-16 Date (YYYYMMDD format, e.g. 20070120)

Column 17-17 Blank

Column 18-19 Hours (2 digits 00-23, use leading zeros)

Column 20-20 : (colon)

Column 21-22 Minutes (2 digits 00-54, use leading zeros)

Column 23-23 Blank

Column 24-30 Water level value in meters (F7.3 format, e.g. 123.456)

Sample data:

9414290 20040101 00:00 123.456

Hourly height data file shall be named in the following format:xxxxxxx.w2.DAT, where
XXXXXXX is the seven digit station number, w2 is the product code for the hourly heights
data, and DAT is the extension. This is the format needed when the data is loaded into
CO-OPS DMS database.

High/Low Data Format:

Column 1- 7 Station ID (7 digits, assigned in the project instructions)

Column 8- 8 Blank

Column 9-16 Date (YYYYMMDD format, e.g. 20070120)
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Column 17-17 Blank

Column 18-19 Hours (2 digits 00-23, use leading zeros)

Column 20-20 : (colon)

Column 21-22 Minutes (2 digits 00-54, use leading zeros)

Column 23-23 Blank

Column 24-30 Water level value in meters (F7.3 format, e.g. 123.456)
Column 31-31 Blank

Column 32-33 Water level high/low type (H, L, HH, or LL)

Sample data:

9414290 20040101 00:00 123.456 HH

Definition of Acronym:

H: Higher low water level value

L: Lower high water level value

HH: Higher high water level value

LL: Lower low water level value

High and low data file shall be named in the following format: xxxxxxx.w3.DAT, where
XXXXXXX is the seven digit station number, w3 is the product code for the high/low
data, and DAT is the extension. This is the format needed when the data is loaded into
CO-OPS DMS database.

Monthly Mean Data Format:

Column 1- 7 Station ID (7 digits, assigned in the project instructions)

Column 8- 8 Blank

Column 9- 12 Year (YYYY format, e.g. 2007)

Column 13- 13 Blank

Column 14- 15 Month (in 2 digits 01-12, use leading zeros)

Column 16- 16 Blank

Column 17- 23 MHHW in meters (F7.3 format, e.g. 123.456)

Column 24- 24 Blank

Column 25- 31 MHW in meters (F7.3 format, e.g. 123.456)

71



Column 32- 32 Blank

Column 33- 39 DTL in meters (F7.3 format, e.g. 123.456)

Column 40- 40 Blank

Column 41- 47 MTL in meters (F7.3 format, e.g. 123.456)

Column 48- 48 Blank

Column 49- 55 MSL in meters (F7.3 format, e.g. 123.456)

Column 56- 56 Blank

Column 57- 63 MLW in meters (F7.3 format, e.g. 123.456)

Column 64- 64 Blank

Column 65- 71 MLLW in meters (F7.3 format, e.g. 123.456)

Column 72- 72 Blank

Column 73- 79 GT in meters (F7.3 format, e.g. 123.456)

Column 80- 80 Blank

Column 81- 87 MN in meters (F7.3 format, e.g. 123.456)

Column 88- 88 Blank

Column 89- 95 DHQ in meters (F7.3 format, e.g. 123.456)

Column 96- 96 Blank

Column 97-103 DLQ in meters (F7.3 format, e.g. 123.456)

Column 104-104 Blank

Column 105-111 Maximum Water Level in meters (F7.3 format, e.g. 123.456)
Column 112-112 Blank

Column 113-120 Maximum Water Level Date (in YYYYMMDD format, last occurrence)
Column 121-121 Blank

Column 122-123 Maximum Water Level Hour (2 digits 00-23, use leading zeros)
Column 124-124 : (colon)

Column 125-126 Maximum Water Level Minute (2 digits 00-54, use leading zeros)
Column 127-127 Blank

Column 128-128 Maximum Water Level occurrences (1 digit)

72



Column 129-129 Blank

Column 130-136 Minimum Water Level in meters (F7.3 format, e.g. 123.456)
Column 137-137 Blank

Column 138-145 Minimum Water Level Date (in YYYYMMDD format, last occurrence)
Column 146-146 Blank

Column 147-148 Minimum Water Level Hour (2 digits 00-23, use leading zeros)
Column 149-149 : (colon)

Column 150-151 Minimum Water Level Minute (2 digits 00-54, use leading zeros)
Column 152-152 Blank

Column 153-153 Minimum Water Level occurrences (1 digit)
Sample data (with column ruler):

0 0 0 0 0 0 0 0
1 2 3 4 5 <] 7 8
12345678501234567850123456789012345678501234567850123456785012345678501234567850
9414250 2004 01 123.456 123.456 123.456 123.456 123.456 123.456 123.456 123.456

0 1 1 1 1 1 1

S 0 1 2 3 4 5
12345678%012345678501234567890123456785012345678%012345678501234567850123
123.456 123.456 123.456 123.456 20040101 00:00 1 123.456 20040101 00:00 1

Definition of Acronym:

MHHW Mean Higher High Water

MHW Mean High Water

DTL Diurnal Tide Level

MTL Mean Tide Level

MSL Mean Sea Level

MLW Mean Lower Water

MLLW Mean Lower Low Water

GT Great Diurnal Tide Range

MN Mean Range of Tide

DHQ Diurnal High Water Inequality

DLQ Diurnal Low Water Inequality

MAX_ WL Maximum Water Level during the Month measurement period
MAX_DATE Date of Maximum Water Level

MAX_HOUR Hour of Maximum Water Level

MAX_MIN Minute of Maximum Water Level

MAX_OCCUR Number of occurrences during the month the Water Level meets the MAX_WL
MIN_ WL Minimum Water Level during the Month measurement period
MIN_DATE Date of Minimum Water Level

MIN_HOUR Hour of Minimum Water Level

MIN_MIN Minute of Minimum Water Level

MIN_OCCUR Number of occurrences during the month the Water Level meets the MIN_WL
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Monthly Means data file shall be named in the following format: xxxxxxx.w5.DAT, where
XXXXxXxXx is the seven digit station number, w5 is the product code for the monthly
means data, and DAT is the extension. This is the format needed when the data is
loaded into CO-OPS DMS database.

Station Datum Data Format:

Column 1- 7 Station ID (7 digits, assigned in the project instructions)

Column 8- 16 Blank

Column 17- 23 MHHW in meters (F7.3 format, e.g. 123.456)

Column 24- 24 Blank

Column 25- 31 MHW in meters (F7.3 format, e.g. 123.456)

Column 32- 32 Blank

Column 33- 39 DTL in meters (F7.3 format, e.g. 123.456)

Column 40- 40 Blank

Column 41- 47 MTL in meters (F7.3 format, e.g. 123.456)

Column 48- 48 Blank

Column 49- 55 MSL in meters (F7.3 format, e.g. 123.456)

Column 56- 56 Blank

Column 57- 63 MLW in meters (F7.3 format, e.g. 123.456)

Column 64- 64 Blank

Column 65- 71 MLLW in meters (F7.3 format, e.g. 123.456)

Column 72- 72 Blank

Column 73- 79 GT in meters (F7.3 format, e.g. 123.456)

Column 80- 80 Blank

Column 81- 87 MN in meters (F7.3 format, e.g. 123.456)

Column 88- 88 Blank

Column 89- 95 DHQ in meters (F7.3 format, e.g. 123.456)

Column 96- 96 Blank

Column 97-103 DLQ in meters (F7.3 format, e.g. 123.456)

Column 104-104 Blank
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Column 105-111 Maximum Water Level in meters (F7.3 format, e.g. 123.456)
Column 112-112 Blank

Column 113-120 Maximum Water Level Date (in YYYYMMDD format, last occurrence)
Column 121-121 Blank

Column 122-123 Maximum Water Level Hour (2 digits 00-23, use leading zeros)
Column 124-124 : (colon)

Column 125-126 Maximum Water Level Minute (2 digits 00-54, use leading zeros)
Column 127-127 Blank

Column 128-128 Maximum Water Level occurrences (1 digit)

Column 129-129 Blank

Column 130-136 Minimum Water Level in meters (F7.3 format, e.g. 123.456)
Column 137-137 Blank

Column 138-145 Minimum Water Level Date (in YYYYMMDD format, last occurrence)
Column 146-146 Blank

Column 147-148 Minimum Water Level Hour (2 digits 00-23, use leading zeros)
Column 149-149 : (colon)

Column 150-151 Minimum Water Level Minute (2 digits 00-54, use leading zeros)
Column 152-152 Blank

Column 153-153 Minimum Water Level occurrences (1 digit)

Sample data (with column ruler):

0 0 0 0 0 0 0 0
1 2 3 I 4 5 & 7 8
12345678901234567850123456785012345678901234567800123456785012345678901234567890
5414250 123.456 122.456 122.456 123.456 123.456 122.456 123.456 123.456
0 1 1 1 1 1 1
5 0 1 2 3 4 5

12345678501234567850123456785012345678901234567850123456785%012345678%0123
122.456 123.456 123.456 123.456¢ 20040101 00:00 1 123.456 20040101 00:00 1

Definition of Acronyms for Station Datum data are same as that for the Monthly Mean
data.

Station datum data file shall be named in the following format: xxxxxxx.w7.DAT, where
XXXXXXX is the seven digit station number, w7 is the product code for the station datum
data, and DAT is the extension. This is the format needed when the data is loaded into
CO-OPS DMS database.

If the Greenwich High Water Interval (HWI) and Greenwich Low Water Interval (LWI)
are available, then contractor shall provide that information in F5.2 format and that file
shall be named as xxxxxxx.GWI.txt, where xxxxxxx is the seven digit station number.
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4.6.4 Tide Reducers and Final Zoning and Final Tide Note

The final zoning scheme shall be fully supported by documentation of data and method-
ology which comprised the final zoning model. The contractor must provide the final
tidal zoning scheme digitally in either Mapinfo or ArcView compatible formats and in
CARIS compatible format. A final tidal zoning scheme in AUTOCAD format is not ac-
ceptable.

Final tide reducers shall be submitted in the specified format.

All documentation listed below shall be forwarded to CO-OPS:

» Contractor created summary files
* Documentation of NOS summary files utilized for final zoning

* *GIS compatible zoning development steps in Maplnfo©, ArcGIS© or CARIS© for-
mats including geographical presentation of summary data and co-phase/co-range
maps, if appropriate

* GIS compatible digital final zoning files
* Final tide reducer data files
* Final Tide Note

* GIS compatible survey outline

The final zoning schemes shall be fully supported by documentation of data and method-
ology which derived the final zoning model.

*If no subordinate water level station was installed, then preliminary tidal zoning may
be used as final tidal zoning pending availability of verified water levels and confirmed
stability during periods of survey operations at the designated control stations.

4.6.5 Submission and Deliverables - Documentation and Time lines

The check list in Figures[4.14]shall be used to check and verify the documentation that is
required for submission. All documentation, water level data, processed data including
hourly height, high/low data, monthly means data, and station datums data, OPUS pub-
lished data sheet and bench mark photos (as listed in Section [4.7), and other reports
(as listed above in Section as required , shall be forwarded within 15 business
days of the removal of the stations/gauges. Final zoning schemes with methodological
documentation shall be submitted within 45 days of the removal of the stations/gauges.

Submit a transmittal letter to the appropriate Contracting Officer’s Representative (COR)
listing what is forwarded to CO-OPS. Submit a duplicate transmittal letter, all data and
documentation to CO-OPS POC, as listed below.

All data and documentation shall be submitted in digital format. Please refer to Section
4.6.1)4.6.2] [4.6.3] and [4.6.4]for details about various data and documentation.

Standard station documentation package includes the following:
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14.
15.
16.

17.
18.
19.

20.

21.

22.

23.
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Transmittal letter

Field Tide note, if applicable

Calibration records for sensors, if applicable

E-Site Report, Xpert Site Report, or water level station report
Chartlet

USGS Quad map

Sensor test worksheet

Sensor elevation drawing

Water level transfer form (Great Lakes stations only)

Bench mark sketch

. “Station To Reach” statement
. Bench mark descriptions

. Photographs of bench marks, station, DCP, equipment, and vicinity in digital and

paper format
Levels (raw) (electronic files) and field notes of precise leveling
Abstract of precise leveling

Datum offset computation worksheet or Staff/Gauge difference work sheet as
appropriate showing how sensor “zero” measurement point is referenced to the
bench marks

Calibration certificates for Invar leveling rods, if applicable
Staff to gauge observations, if applicable

Agreements, MOU, contract documents, utilities/pier agreements, etc., if applica-
ble

Other information as appropriate, or as specified in the contract

Water level data, 6-minute data, all tabulated data, such as hourly heights, high
and low, monthly means, and station datum data in the specified format (refer to

Section(4.6.2|and |4.6.3)

GPS data and documentation, OPUS published data sheet and 4 photos of GPS
bench mark, as applicable per CO-OPS document (reference 8 in Section[4.7).

Contractor created summary files, final zoning, final tide reducer data, final tide
note, and co-phase, co-range maps, if appropriate, etc. Zoning files must be in in
GIS format with all associated metadata included. (Metadata includes but is not
limited to water level stations, intervals of tide, ranges of tide, tidal datums, and
any other information on which the revised zoning is based. All metadata on which
the zoning scheme is based must be included.) If this information is not included,
CO-0OPS will not be able to validate the zoning. JPEGs, PDFs, or other simple image
files are not acceptable.
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Generally, for established water level stations, the bench mark sketch, chartlet, and
"To Reach" statement need only be submitted if those items have been revised during
the station maintenance.

When using the electronic/barcode system, the data disk and hard copies of the ab-
stract and bench mark description or recovery notes shall be submitted. For optical
levels, submit the raw levels and the leveling abstract.

For submission in electronic format, the station documentation shall be organized by
various folders under the main station number folder, and then pertinent informa-
tion shall be placed in the various folders and submitted on a digital media such as
DVD/CDROM etc.
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Here is an example of submission of the electronic folders for San Francisco tide station:
9414290 San Francisco FY 08 Installation

[Transmittal letter

/Field Tide Note

/Calibration records for sensors, if applicable

/Site Report or water level station report

/Chartlet and USGS Quad maps

/Sensor test worksheet

/Sensor elevation drawing

/Bench mark sketch

/Bench mark descriptions and “Station To Reach” statement

/Photographs of bench marks, station, DCP, equipment, and vicinity in digital and paper
format

/Levels (raw) (electronic files) and field notes of precise leveling
/Abstract of precise leveling
/Staff to gauge observations, if applicable

/Datum offset computation worksheet or Staff/Gauge difference work sheet (elevation
of sensor zero measurement point referenced to bench marks)

/Calibration certificates for Invar leveling rods, if applicable

/Agreements, MOU, contract documents, utilities/pier agreements, etc., if applicable
/Other information as appropriate, or as specified in the contract

[Water level data (6-minute, hourly heights, high/low, monthly means, station datum)
/GPS data and documentation

/Final tidal zoning, final tide reducers, final tide note, summary files, co-phase/co-range
maps
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Submit one copy of all the documentation, water level data, including OPUS published
data sheet and 4 photos of GPS bench mark, final tidal zoning, final tidal reducers, final
tide note, etc., in required digital formats.

Submit the completed station package to:

Chief, Engineering and Development Branch
NOAA/NOS/CO-OPS/ED/EDB

SSMC 4, Station # 6507

1305 East-West Highway

Silver Spring, MD 20910-3281

Tel # 301-713- 2897 X 190

4.7 Guidelines and References

References for the water level measurement and leveling requirements issued by the
NOS Center of Operational Oceanographic Products and Services (CO-OPS) and the
National Geodetic Survey (NGS) are listed below.

Most of these documents are available on CO-OPS web site athttp://tidesandcurrents.
noaa.gov/|

1. Next Generation Water Level Measurement System (NGWLMS) Site Design, P repara-
tion, and Installation Manual, NOAA/NOS, January 1991. http://tidesandcurrents.noaa.
gov/publications/NextGenerationWaterLevelMeasurementSystemMANUAL. pdf

2. User’s Guide for the Installation of Bench Marks and Leveling Requirements for Wa-
ter Level Stations, NOAA/NOS, dated October 1987. http://tidesandcurrents.noaa.gov/
publications/users_guide_for_installation_of_Bench_Mark.pdf

3. User’s Guide for Writing Bench Marks Descriptions, NOAA/NOS, Updated January
2011 http://tidesandcurrents.noaa.gov/publications/bmguide5.pdf

4. Standing Project Instructions for Coastal and Great Lakes Water Level Stations, Up-
dated February 2011. http://tidesandcurrents.noaa.gov/publications/Standing_Project_
Instructions_for_Coastal_and_Great_Lakes_Water_Level_Stations_Updated_August_2011_FKinal.
pdf

5. User’s Guide for 8200 Bubbler Gauges, NOAA/NOS, updated February 1998.http:
//tidesandcurrents.noaa.gov/publications/hy8200bub_manual.pdf

6. User’s Guide for 8200 Acoustic Gauges, NOAA/NOS, updated August 1998. http:

//tidesandcurrents.noaa.gov/publications/hy8200aco_manual.pdf

7. User’s Guide for 8210 Bubbler Gauges, NOAA/NOS, updated February 2001. http:
//tidesandcurrents.noaa.gov/publications/8210_guide.pdf

8. User’s Guide for GPS Observations At Tide and Water Level Station Bench Marks,
NOAA/NOS, updated December 2009.
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http://www.tidesandcurrents.noaa.gov/publications/Users_Guide_for_GPS_Observations_
updated_December_2009.pdf

9. Tidal Datums and Their Applications, Special Publication No. CO-OPS 1, NOAA/NOS,
June 2000.

http://tidesandcurrents.noaa.gov/publications/tidal_datums_and_their_applications.pdf

10. Manual of Tide Observations, U.S. Department of Commerce, Publication 30-1,
Reprinted 1965.

11. Tidal Datum Planes, U.S. Department of Commerce, Special Publication No.135,
Marmer 1951.

12. Tide and Current Glossary, U.S. Department of Commerce, NOAA, NOS, January
2000. http://tidesandcurrents.noaa.gov/publications/glossary2.pdf

13. NOAA Technical Report NOS 64 “Variability of Tidal Datums and Accuracy in Deter-
mining Datums from Short Series of Observations”, Swanson, 1974,

14. Data Quality Assurance Guidelines for Marine Environmental Programs, Robert J.
Farland, Office of Ocean Engineering, NOAA, March, 1980.

15. System Development Plan, CORMS: Continuous Operational Real-Time Monitoring
System, NOAA Technical Report NOS OES 014, U.S. Department of Commerce, NOAA,
NOS February, 1997.

16. NGWLMS GOES MESSAGE FORMATTING FOR HOURLY TRANSMISSIONS, Phil Libraro,
September 2003.

http://www.tidesandcurrents.noaa.gov/publications/newgoes_format.pdf

17. Computational Techniques for Tidal Datums, NOAA Technical Report NOS CO-OPS

2, U.S. Department of Commerce, NOAA, NOS, DRAFT December 1998.
http://tidesandcurrents.noaa.gov/publications/Computational_Techniques_for_Tidal_Dztums_
handbook.pdf

18. Standards and Specifications for Geodetic Control Networks, Federal Geodetic Con-
trol Committee, September 1984.
http://www.ngs.noaa.gov/FGCS/tech_pub/1984-stds-specs-geodetic-control-networks.htm#
3.5

19. NOAA Technical Memorandum “NOS NGS-58, Guidelines for Establishing GPS-Derived
Ellipsoid Heights (Standards 2 cm and 5 cm), Version 4.3", November 1997. http:
//www.ngs.noaa.gov/PUBS_LIB/NGS-58.html

20. Geodetic Leveling, NOAA Manual NOS NGS 3, U.S. Department of Commerce, NOAA,
National Ocean Survey, August, 1981. http://www.ngs.noaa.gov/PUBS_LIB/Geodeticleveling_
nos_3.pdf

21. Sutron Xpert Operations and Maintenance Manual, October 2006.
http://www.tidesandcurrents.noaa.gov/publications/Xpert_User_Manual.pdf

22. Upgrading an Existing Water Level Station or Installing a New Water Level Station,

SOP-3.2.3.5, May 2011. http://tidesandcurrents.noaa.gov/publications/Upgrading_an_
Existing Water_Level_Station_or_Installing_a_New_Water_Level_Station_05102011.pdf
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5 Depth Sounding

5.1 General Standards for Depth Values

The requirements of this section shall apply to all depths included in bathymetric data
products or feature attribution, regardless of source. Note that some depth sounding
systems and processing techniques may produce individual measurements which do
not conform to these standards. The hydrographer shall ensure that final depths deliv-
ered to NOS are compliant with these specifications.

5.1.1 Definition of Terms

For the purposes of this Section, technical terms will be used as defined in the Glossary
of IHO Special Publication 44, 5th Edition.

Additional terms:

* Sounding: A measurement from the sea surface to the seafloor, regardless of
method (echosounder, lidar, lead line, diver’s least depth gauge, etc.). A “sound-
ing” may be corrected for factors such as sound speed, vessel draft, and water
levels, but remains the product of a single measurement sample.

* Depth: A fully processed seabed elevation value relative to an established verti-
cal datum, portrayed in a gridded dataset or product surface of a hydrographic
survey. A surveyed “depth” may be computed based on statistical analysis and
uncertainty estimates from a sample set of “soundings”.

* Depth Value: A generic vertical seabed elevation value, inclusive of “soundings”
and “depths”.

5.1.2 Units and Rounding

Depth values shall be recorded in meters, with a precision of at least centimeters. This
precision shall be maintained throughout the processing pipeline and all digital data
products.

Uncertainty estimates for depth soundings and ancillary measurements shall be recorded
with sufficient precision to support Total Propagated Uncertainty (TPU) estimates for
depth values at centimeter precision.

Depths reported in the Descriptive Report (DR), other reports, or correspondence shall
be accompanied with the associated estimate of TPU. Both depth and TPU shall be
rounded to the nearest centimeter by standard arithmetic rounding (“round half up”).
These values may be accompanied by the equivalent depth value in chart units with
NOAA cartographic rounding (0.75 round value) applied if direct comparison with charted
depths is required.
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5.1.3 Uncertainty Standards

As mentioned in Section |1, these NOS Specifications are partly based on the IHO Stan-
dards for Hydrographic Surveys as outlined in Special Publication 44 (S-44), 5th Edi-
tion. IHO S-44 specifications are suggested minimum standards that member states
may choose to follow. The IHO minimum standards for uncertainty are used in the NOS
Specifications as a convenient point of reference. When the NOS Specifications refer to
an IHO Order, it is usually in terms of the final uncertainty of a depth value. These spec-
ifications should not be interpreted to imply that NOAA Hydrographic Surveys "meet” a
particular IHO survey order overall.

NOS standards for Total Vertical Uncertainty (TVU) in hydrographic surveys apply to
general water depths and least depths over wrecks and obstructions. By extension,
they also apply to the elevations of rocks or other features which uncover at low wa-
ter and to the measurement of overhead clearances. These standards apply regard-
less of the method of determination; whether by single beam echosounder, multibeam
echosounder,lidar, lead line, diver investigation, or other method.

The formula below shall be used to compute the maximum allowable TVU for depths in-

cluded in bathymetric data products or feature attribution at the 95 percent confidence
level, after application of correctors for all systematic and system specific errors:

+1/a? + (bxd)?

Where:
* a represents that portion of the uncertainty that does not vary with depth

* b is a coefficient which represents that portion of the uncertainty that varies with
depth

* (b x d) represents that portion of the uncertain that does vary with depth

e d is the depth

The variables a and b shall be defined as follows:

* In depths less than 100 meters, a = 0.5 meters and b = 0.013 (IHO Order 1)

¢ In depths greater than 100 meters, a = 1.0 meters and b = 0.023 (IHO Order 2)

The maximum allowable uncertainty in depth includes all inaccuracies due to residual
systematic and system specific instrument errors; the speed of sound in water; static
vessel draft; dynamic vessel draft; heave, roll, and pitch; and any other sources of error

in the actual measurement process, including the errors associated with water level
(tide) variations (both tidal measurement and zoning errors).
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5.1.4 Resolution and Feature Detection Standards

Bathymetric data resolution and feature detection are functions of the parameters of
the sounding equipment, manner in which it is operated, and processing methods. NOS
defines resolution and feature detection standards for bathymetric data in terms of
the requirements of the final gridded dataset (see Sections and [5.3). Regardless
of depth measurement technique, the hydrographer shall select and operate depth
sounding equipment and process the resulting measurements in a manner adequate to
meet these requirements.

5.2 Multibeam and Other Echosounders

Many Hydrographic Survey Project Instructions require the use of multibeam echo-
sounders for NOS Hydrographic Surveys. However, there may be surveys which require
single beam or other sonar-based techniques. Therefore, the standards included in this
section will be valid for all echosounding data.

Note on Phase Measuring Bathymetric Sonars (PMBS): NOAA's extensive investigation
of PMBS systems (also known as interferometric sonars, or Phase Differencing Bathy-
metric Sonars) has shown that the discrete soundings generated by these systems have
unacceptably high uncertainty for use in nautical charting and that available systems
are incapable of resolving features to the standards required in this manual. NOAA
has also found that statistical processing of these raw data to a gridded depth product
is not currently practical due to the exceptionally high sounding density and lack of
a validated uncertainty model. Therefore, bathymetry generated from PMBS systems
shall not be utilized in products intended to support nautical charts unless specifically
authorized by the Chief, NOS Office of Coast Survey Hydrographic Surveys Division.

5.2.1 Gridded Data Specifications

5.2.1.1 Background In the Navigation Surface approach, survey data are archived
as a certified digital terrain model rather than as a set of verified soundings. HSD
has determined that the highest resolution the data can support is rarely needed for
navigation products. A compromise grid resolution between the highest resolution pos-
sible and a resolution required for navigation products has the advantage of preserving
high-resolution data for other users without needlessly burdening NOAA field units and
contractors. The nautical chart is then created from scale-appropriate generalizations
of the Navigation Surface elevation model.

The Navigation Surface requires that each sounding have a horizontal and vertical un-
certainty estimate. This requires robust, verified error models for all systems which con-
tribute measurements to the final depth solution. These include not only echosounders,
but positioning system, heave, pitch, and roll sensors, sound speed instruments, tide
gauges, static and dynamic draft measurements, and anything else that contributes to
the calculation of a depth value. Once this comprehensive error model is assembled,
the uncertainties in each measurement be propagated from the measurement platform
to each individual sounding. Only when each sounding has an associated Total Propa-
gated Uncertainty can we combine the soundings into a Navigation Surface with depth
and uncertainty attributes for each node.
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The open source Bathymetric Attributed Grid (BAG) format was developed as an open
source exchange format for gridded data. The Open Navigation Surface Working Group
(ONSWG) was formed to develop the format. ONSWG is comprised of government and
private sector groups. The primary goals of the ONSWG are to define an open, platform
independent, grid database file format suitable for access, archival, and interchange of
Navigation Surface results, and to develop an open source software access library to
operate on this format. For more information see http://www.opennavsurf .org,.

5.2.1.2 General Requirement Management of Multiple Grids

This section defines grid resolution, feature detection, and coverage specifications as a
function of depth and survey requirement. Many surveys will cover a sufficiently wide
range of depths and echosounder properties to require bathymetric data at several dif-
ferent resolutions. Currently, the BAG standard supports only single-resolution grids.
The CARIS Bathymetry with Associated Statistical Error (BASE) surface has variable-
resolution functionality; however, it is not presently approved for NOAA surveys. There-
fore, the hydrographer is required to create and manage individual grids for each re-
quired depth/resolution band.

The hydrographer will adjust the extents and number of grids based on the bathymetry
of the survey area, feature detection requirements, the type of echosounder used and
other factors. However, adjacent grids shall always overlap in depth to ensure no gaps
in coverage exist at the transition from one depth grid to another.

Multiple Echosounding Sources in a Single or Multiple Grids

In cases where multiple echosounding sources (e.g., vertical beam and multibeam) are
used to cover a survey area, the NOAA processing branches generally expect that dif-
ferent grids will be created for different system types (i.e. vertical beam echosounders
or multibeam echosounders). The exception to this is for crossline data; where main
scheme and cross line system types differ, the resulting data will be submitted in a
single grid provided doing so will not reduce the resolution of the strictest resolution
requirement. In those cases where there is vast disparity between the coverage type
and/or resolution of the different sounding sources (e.g., vertical beam main scheme
soundings with scattered high resolution multibeam feature developments, or a mix
of multibeam echosounders with varying specifications), multiple device-specific grids
may be required. See Section for additional guidance, and consult with the
Operations Branch or COR if necessary.

Feature Detection and Designated Soundings

The hydrographer shall choose grid resolution(s) adequate to capture and portray the
minimum required feature size as given in Section[5.2.2] This requires that the hydro-
grapher conduct a pre-survey assessment of the survey area to determine the charac-
teristic size of the navigationally significant features likely to be encountered and select
grid resolution(s) accordingly. A grid must sample the seafloor at a spatial period of at
least half the characteristic size of the smallest feature required to appear in the grid
(e.g., detection and portrayal of a 2 meter cube would require a grid with resolution no
coarser than 1 meter).

The hydrographer has the responsibility to review the surface and ensure that it truly

reflects the conditions in the survey area. Even in cases where the appropriate reso-
lution was selected, it is possible that the grid may fail to portray some navigationally
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significant depths. In some survey areas, the hydrographer may also detect navigation-
ally significant features (e.g., submerged piles or wrecks in high traffic waters) which
fall below the minimum detection threshold established by the Hydrographic Survey
Project Instructions and Section [5.2.2] An experienced hydrographer must, therefore,
review the data and may occasionally select “designated” soundings which override
the gridded surface and force the model to recognize the shoal sounding.

The following criteria shall guide the selection of desighated soundings:

* Depth 20 meters and less: A designated sounding may be selected when the dif-
ference between the gridded surface and reliable shoaler sounding(s) is more than
one-half the maximum allowable TVU at that depth.

* Depths greater than 20 meters: A designated sounding may be selected when the
difference between the gridded surface and reliable shoaler sounding(s) is more
than the maximum allowable TVU at that depth.

* Survey Scale: When the distance between two depths is less than 2mm at the
scale of survey (20m for 1:10,000 scale) then only the shoalest depth shall be
designated.

The hydrographer shall always consider navigational significance before designating a
sounding. For instance, a rock on a steep slope need not be designated if depths from
the slope above the rock would make the rock insignificant at survey scale.

If the hydrographer finds that a large number of designated soundings are necessary to
adequately portray the survey area for navigational use, a higher grid resolution may
be required. The hydrographer may increase the resolution beyond that specified in
Section[5.2.2|for small areas of the survey to increase grid accuracy and data process-
ing efficiency. If large areas of higher resolution are required, the hydrographer shall
consult with HSD Operations Branch (in-house surveys) or COR (contract surveys) for
guidance.

Soundings on features that would not be charted with a depth shall not be designated.
Examples include a pier face, a piling that is above MHW or an anchor chain in the water
column for an operational buoy on station.

In some cases, often in rocky nearshore areas, the least depths of many features in
a relatively small area may fail to be preserved, even by very high resolution BASE
surfaces. In these instances the hydrographer shall designate the least depths on the
most significant shoalest features as required by the navigational use of the area and
the scale of the survey.

Conversely, if noisy data, or ‘fliers’ are incorporated into the gridded solution, the sur-
face may be shoaler than the true seafloor. If these spurious soundings cause the
gridded surface to be shoaler than the reliably measured seabed by greater than the
maximum allowable TVU at that depth, the noisy data shall be rejected and the surface
recomputed.

Attribution
By definition each node of the grid includes not only a depth value, but other attributes.

The following minimum attributes shall be associated with each grid node:
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* Depth Value

» Total Vertical Uncertainty: The uncertainty value for the grid node shall be the
greater of the standard deviation of the soundings contributing to the depth so-
lution, and the a priori computed uncertainty estimate. The hydrographer shall
include a discussion in the DAPR on how the uncertainty was computed on each
individual sounding and how the uncertainty was computed on the grid, with a
justification for that methodology. The hydrographer shall examine the finalized
grids and explain in the DR any areas of unusually high uncertainty.

The following additional attributes shall be included if supported by the hydrographer’s
data processing software:

* Shoal Depth: Depth value of the shoalest measurement which contributed to the
depth solution

* Sounding Density: Number of soundings contributing to the depth solution

* Standard Deviation: Standard deviation of the depths within the capture radius of
the node

5.2.2 Coverage and Resolution

In general, there are three classifications of bathymetric coverage: Object Detection
Coverage, Complete Coverage and Set Line Spacing. Object Detection and Complete
Coverage are 100% bathymetric bottom coverage methods, and therefore attainable
only with multibeam sonars. (Note that 200% side scan sonar coverage with set line
spacing bathymetry is also a valid 100% bottom coverage technique, although not
full bathymetric coverage.) Set Line Spacing may be accomplished by single beam or
multibeam, as specified in the Hydrographic Survey Project Instructions. The required
survey coverage classification will be specified in the Hydrographic Survey Project In-
structions. Field operations shall be conducted such that the accuracy requirements in
Sections|5.1.3|and|5.1.4|are met for the entire coverage.

In some cases a hybrid coverage technique may be used, such as, 100% side scan with
Complete Multibeam Coverage. The requirements for any assigned hybrid coverage
will be described in the Hydrographic Survey Project Instructions. If single beam and
multibeam are specified in the Hydrographic Survey Project Instructions or Statement of
Work and they both fall in a common area, a separate single beam surface is required.

These requirements shall be followed by contractors unless stated otherwise in the Hy-
drographic Survey Project Instructions or an exemption is approved by the COR. NOAA
field units shall refer to the Project Instructions for specifics. Any deviations from the
requirements shall be discussed in the Descriptive Report and NOAA field units shall
notify HSD Operations and either AHB or PHB, as appropriate. Approval for deviations
shall be included in the Descriptive Report Appendices.

Specific requirements of each coverage classification are given below in Sections[5.2.2.T}
5.2.2.2, and[5.2.2.3] The experienced hydrographer will use discretion in following this
guidance. If the requirements of the grid for an area do not seem appropriate, the
hydrographer should notify HSD or the appropriate COR to discuss alternate gridding
resolutions. This discussion should occur early in the data acquisition phase of the
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project, in case the exception is not agreed upon. For instance, a very narrow high res-
olution grid along shore in a "steep and deep” fjord may serve no purpose. Also, object
detection coverage gridding specifications may not be necessary in areas where object
detection requirements are met by side scan sonar or other technologies (and where
objects found have an accurate least depth determined with an appropriate method).

5.2.2.1 Object Detection Coverage

» Detect and include in the grid bathymetry all significant features measuring at
least Im x 1m x 1m in waters up to 20 meters, and a cube measuring 5% of the
depth in waters greater than 20 meters.

* Grid resolution shall be 0.5m in waters up to 20 meters, 1m in depths greater than
19 meters and not greater than 5% of the water depth in waters 40 meters and
deeper.

* At least 95% of all nodes on the surface shall be populated, with at least 5 sound-
ings.

* The maximum propagation distance shall be no more than the grid resolution di-
vided by v2.

* For depths up to 30m no holiday spanning more than 3 nodes; for depths deeper
than 30m, hydrographer’s discretion shall be used so long as no other require-
ments are violated, notwithstanding any violation of other coverage requirements.

* No holidays over tops of potentially significant features.

* The following grid-resolution thresholds as a function of depth range; shall be used
unless an exception is approved as described in Section[5.2.2] Object detect cov-
erage is rarely needed in depths greater than 30m. All final submitted grids shall
include the grid coverage within the specified depth ranges as Isited below. In
cases of steep slopes, the overlap between object detection grids of different res-
olutions may need to be increased to prevent gaps in their junction. In these cases,
the courser resolution grid should have its shoaler extent modified to prevent this
coverage gap (e.g. change 1 meter resolution depth range to 17- 40 meters).

| Depth Range (m) [ Resolution (m) |

0-20 0.5
19-40 1

5.2.2.2 Complete Multibeam Coverage

* Detect and include in the grid bathymetry all significant features measuring 2m
x 2m horizontally, and 1m vertically in waters up to 20 meters. Detect features
measuring 10% of depth horizontally and approximately 5% vertically in waters
deeper than 20m.
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* Grid resolution shall be 1m in waters 20 meters or less, 2m in waters greater than
18 meters and not greater than 40 meters, 4m in waters greater than 36 meters
and not greater than 80 meters, 8m in waters greater than 72 meters and not
greater than 160 meters, 16m in waters greater than 144 meters and not greater
than 320 meters, and 5% of the water depth in waters greater than 320 meters
not to exceed 32m resolution.

» Courser resolutions may be warranted in certain areas due to bottom topography
"steep and deep”, or if concurrent side scan data is also collected, or other project
specific reasons.

* At least 95% of all nodes on the surface shall be populated, with at least 5 sound-
ings.

» The maximum propagation distance shall be no more than the grid resolution di-
vided by v2.

* For depths up to 30m no holiday spanning more than 3 nodes; for depths deeper
than 30m, hydrographer’s discretion shall be used so long as no other require-
ments are violated, notwithstanding any violation of other coverage requirements.

* No holidays over tops of potentially significant features.

» All significant shoals or features found in waters less than 30m deep shall be de-
veloped to Object Detection standards or have designated soundings from a beam
within 30 degrees of nadir unless multiple passes were made over the feature.

» The following grid-resolution thresholds as a function of depth range shall be used
unless an exception is approved as described in Section[5.2.2] All final submitted
grids shall include only the grid coverage within the specified depth ranges as
listed below. In cases of steep slopes, the overlap between complete multibeam
coverage grids of different resolutions may need to be increased to prevent gaps
in their junction. In these cases, the courser resolution grid should have its shoaler
extent modified to prevent this coverage gap (e.g. change 2 meter resolution
depth range to 16 - 40 meters).

| Depth Range (m) [ Resolution (m) |

0-20 1
18-40 2
36-80 4
72-160 8

144-320 16

5.2.2.3 Set Line Spacing The hydrographer shall conduct multibeam and/or single
beam sounding at the line spacing specified in the Hydrographic Survey Project Instruc-
tions. For example, set line spacing may be employed in the following scenarios: (1)
when acquiring bathymetry concurrently with side scan sonar operations (referred to
set line spacing), where the side scan swath is wider than the bathymetric swath), or (2)
when acquiring bathymetric data in areas too shallow for efficient full bottom coverage
bathymetry or too hazardous for use of multibeam equipment.

Specific notes on Set Line Spacing coverage requirements:
1. Multibeam sonar Set Line Spacing coverage:
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¢ Grid resolution shall be 2m in waters 20 meters or less deep, 4m in depths
greater than 16 meters and not greater than 40 meters, and follow the reso-
lution specifications for complete multibeam coverage for depths greater than

40 meters.

* At least 95% of all nodes on the surface shall be populated, with at least 3
soundings.

* The maximum propagation distance shall be no more than the grid resolution
divided by v2.

¢ Continuous along-track coverage is required. No gap in the entire multibeam
swath may be greater than 3 nodes along track.

¢ All significant shoals or features found in waters less than 30m deep shall be
developed to Object Detection standards.

¢ The following grid-resolution thresholds as a function of depth range shall be
used unless an exception is approved as described in Section[5.2.2] In cases
of steep slopes, the overlap between Set Line Spacing multibeam coverage
grids shall include only the grid coverage within the specified depth ranges as
listed below.

| Depth Range (m) | Resolution (m) |
0-20 2
16-40 4

2. Single beam sonar Set Line Spacing coverage: There are three possible scenarios
for delivery of single beam sonar data:

 If the single beam data is acquired incidental to Complete or Object Detec-
tion multibeam coverage, and is not the primary sounding technique of the
survey (e.g., nearshore single beam echosounding for NALL definition), the
resulting soundings shall be processed and delivered as separate grids from
other sounding sources (i.e. multibeam echosounder).

¢ If single beam data is the primary means of bathymetric coverage for a sur-
vey (e.g. Set Line Spacing) soundings for survey specified for 200% side scan
sonar coverage), single beam echosoundings shall be gridded at 4 meter res-
olution regardless of depth. Note that any multibeam echosounder data ac-
quired incidental to the main scheme single beam soundings (e.g., develop-
ments of features) shall be processed, gridded, and delivered according to the
appropriate full bathymetric bottom coverage specification above.if employed
as general bathymetry [5.2.2.2] Or, if this multibeam echosounder data was
acquired specifically for feature development, then the gridding resolution
should follow the object detection specifications[5.2.2.2]

* In rare instances, NOAA may require that single beam sounding resolution be
scaled with depth. This will be specified in the Hydrographic Survey Project
Instructions or other communication from the Operations Branch or COR. In
these cases, grid resolution shall be between 20 and 40% of depth.

Notes on Set Line Spacing coverage with Single Beam:

* Due to the potentially sparser sounding sets produced by single beam echosounders,
statistical methods for estimating depth (such as CUBE or CARIS Uncertainty
Weighted Grids) yield less certain results with single beam than multibeam. Thus,
NOAA requires that all single beam sounding sets be fully “cleaned” (e.g., all
“fliers” and other erroneous soundings removed) prior to creation of gridded bathy-
metric products and that grids be computed with a “shoal” layer.
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* In some cases, bathymetric coverage in a single survey may be subdivided into
separate areas of single beam and multibeam coverage. In these instances, sep-
arate grids shall be delivered as discussed above. Contact the Operations Branch
or COR for any clarification required.

* Splits: “Splits” are additional sounding lines run between main scheme lines in
a Set Line Spacing scenario. Splits shall be acquired for both multibeam and
single beam hydrography to adequately define shoals or significant deeps indi-
cated between main scheme lines, and to verify currently-charted depths that are
shoaler than any adjacent echosounder coverage. If a charted depth falls between
2 sounding lines and is shoaler than the adjacent survey depths, the field unit must
"split” the lines to verify or disprove the charted sounding.

5.2.3 Corrections to Echo Soundings and Uncertainty Assessment

To meet the accuracy and resolution standards specified in Section and to create
a BAG that includes an accurate uncertainty layer, the hydrographer must conduct an
error analysis of their survey systems.

Precise measurements are fundamental to the field of hydrography. Synchronization
of multiple sensors with the sonar system is essential for meaningful spatial analysis
of the data. All measurements, however careful and scientific, are subject to some
uncertainties. Error analysis is the study and evaluation of these uncertainties with the
purpose of estimating the extent of the uncertainties and when necessary, reducing
them.

Uncertainty-based processing has fundamentally altered bathymetric data processing
and product creation. The validity and usefulness of the results are directly correlated
to the accuracy of the individual estimates that compose the error model. For example
the error model for CARIS contains uncertainties associated with the sensor and sonar,
physical offsets, latency, draft, loading, sound speed and zoned water levels (NOAA
field units may refer to Section 4.2.3.6 of the OCS Field Procedures Manual for more
information). Non-CARIS users must build a similar model of all the correctors to the
depth measurement and the associated uncertainties.

An important distinction exists between such corrections to echo soundings measured
relative to the in situ water level (discussed above), to that of 3-D positioning of echo
soundings relative to an ellipsoid as is done in ERS hydrography (Section [9). In ERS,
the KGPS height uncertainty of the survey platform encompasses the otherwise indi-
vidual correctors associated with draft and heave. Additionally, the uncertainty associ-
ated with zoned water levels is replaced by uncertainties present in the vertical datum
transformation.

In recognition of the possibility that some discrepancies in soundings may not be de-
tected until the final processing phase of the survey, the determination and application
of corrections to echo soundings must be accomplished and documented in a system-
atic manner. In addition, it is preferable that all corrections be applied in such a way
that the on-line values may be removed and replaced with a revised set of correctors
during office processing. Corrections to echo soundings are divided into five categories,
and listed below in the sequence in which they are applied:

* Instrument error corrections account for sources of error related to the sounding
equipment itself.
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* Draft corrections shall be added to the observed soundings to account for the
depth of the echosounder transducer below the water surface.

* Dynamic draft corrections shall be applied to soundings to correct the vertical
displacement of the transducer, relative to its position at rest, when a vessel is
underway.

* Speed of sound corrections shall be applied to soundings to compensate for the
fact that echosounders may only display depths based on an assumed sound
speed profile while the true speed may vary in time and space.

» Attitude corrections shall be applied to multibeam soundings to correct the effect
of vessel motion caused by waves and swells (heave, roll, pitch) and the error in
the vessel’s heading.

5.2.3.1 Instrument Error Corrections In modern digital sounding instruments,
instrument errors are generally small and of a fixed magnitude independent of the
observed depth. Proper set up and adjustment of digital sounding equipment using
internal checks and echo simulators will often eliminate instrument error entirely. How-
ever, to ensure the proper operation of echosounders, “confidence checks” shall be
conducted periodically.

For single beam echosounders, a comparison should be made at least once per week
with depths from bar checks, lead lines, or other single beam echosounders.

For multibeam echosounders, comparisons should be made at least once per week
between the nadir (vertical) beam of the multibeam and a single beam system or lead
line. On surveys where multiple vessels collect data that overlaps with each other to
allow comparison of depths, the frequency of formal confidence checks can be reduced
to once per survey. In addition, frequent checks should be made between the overlap
of mainscheme and crosslines collected on different days. These comparisons should
be made frequently during data collection to find errors promptly, and not saved until
final data processing after the field party has left the working grounds.

Comparisons should be conducted during calm sea conditions, preferably in areas with
a relatively flat sandy bottom. Any differences should be investigated, and if, after
analysis, a corrector is necessary, it should be applied with an explanation of the cause
of the difference explained in the Descriptive Report (DR) section B.2, Quality Control.

5.2.3.2 Draft Corrections The corrections for draft account for the depth of the
transducer reference point below the surface of the water. Draft corrections comprise
a value for the draft of the vessel at rest, sometimes known as static draft, and set-
tlement corrections which compensate for the variation in draft that occurs when the
vessel is making way. The sum of the static draft and the settlement and squat cor-
rectors is known as the dynamic draft. Draft is transducer-specific. When more than
one transducer is fixed to a vessel, the hydrographer must exercise care to apply the
proper draft correction for each transducer. In addition to the draft values, to complete
the vessels’ error model, the hydrographer must determine the uncertainty associated
with all draft values.

Static Draft
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The static draft, as an echo-sounding correction, refers to the depth of the transducer
reference point below surface of the water when the vessel is not making way through
the water. The required frequency of static draft measurements depends upon the
range of variation in the vessel draft and the depths of water to be surveyed. For
depths of 30 m or less, the static draft shall be observed and recorded to at least
the nearest 0.1 m. Measurements are required with sufficient frequency to meet this
criterion. When sounding in waters deeper than 30 m, the static draft shall be observed
and recorded to at least the nearest 0.2 m.

Draft values for small vessels such as survey launches should be determined for the
range of loading conditions anticipated during survey operations (maximum and min-
imum). Draft values for larger vessels must be observed and entered into the record
before departing from and upon returning to port. In both cases, the draft should be
determined by averaging the max/min or beginning/ending values if the differences do
not exceed 0.2 m. Otherwise, the applicable draft should be determined in at least
0.1 mincrements. If significant changes to a vessel’s draft (greater than £0.1 m) occur,
draft values shall be modified and applied accordingly.

Loading and static draft uncertainties typically represent a small percentage of the total
error budget. However, the accuracy of the error model and the results of BAG surface
processing are dependent on knowledge of all the uncertainty values that compose the
model.

Dynamic Draft

Transducers are generally displaced vertically, relative to their positions at rest, when
a vessel is making way. Depth measurements are correspondingly affected by these
vertical displacements. The displacements may be of sufficient magnitude to warrant
compensation, especially when sounding at moderate to high speeds in shoal water.
The factors accountable for this vertical displacement are called settlement. Major
factors that influence dynamic draft are hull shape, speed, and depth of water beneath
the vessel.

Settlement is the general difference between the elevations of a vessel when at rest
and when making way. For lower speed, non-planing vessels, settlement is caused
by a local depression of the water surface. Settlement is not an increase in the vessel
displacement and, therefore, cannot be determined by reference to the water surface in
the immediate vicinity. Vessels surveying at higher speeds may experience a negative
settlement, or lift, when planing.

If a Heave-Roll-Pitch (HRP) sensor is used to determine changes in squat, care must be
taken to ensure that squat is not corrected for twice. Conversely, if attitude corrections
are not used in single beam data processing, the dynamic draft correction must include
any appreciable effects due to vessel trim.

Combined effects of dynamic draft at the full range of sounding speeds must be deter-
mined by the hydrographer at least once a year to at least 0.05 meter precision for each
vessel, including launches and skiffs used for hydrographic surveying in shoal or mod-
erate depths. Follow up measurements should be made if there are any major changes
to the loading or change to the vessel power plant. When the measurements are made,
each vessel should carry an average load and have an average trim. Sounding vessel
speeds (or RPM) must be entered in the hydrographic records during survey operations
to permit accurate corrections for dynamic draft.

93



The uncertainty value for Dynamic Draft will be dependent on the method that Dynamic
Draft was calculated. Typically, several runs at various speeds will be used to calculate
the Dynamic Draft. The uncertainty value could then be the standard deviation calcu-
lated for each speed measurement.

5.2.3.3 Speed of Sound Corrections Special note: Sound Speed or Speed of
Sound is sometimes incorrectly referred to as sound velocity in other publications and
equipment literature.

General

To ensure that the overall depth measurement accuracy criteria specified in Section
are met, speed of sound observations should be taken with sufficient frequency,
density, and accuracy. The certainty at which the speed of sound can be determined
is a complex function of the measurement of salinity, temperature and depth, or alter-
nately, sound speed and depth.

Sound Speed values derived from Conductivity, Temperature, and Depth measure-
ments shall be calculated using the Chen-Millero equation. Use of Wilson’'s equation
is no longer authorized.

The speed of sound through water shall be determined using instrumentation capable
of producing sound speed profiles with errors no greater than 2 meters per second.

The hydrographer shall calibrate sound speed profiler(s) no earlier than six months prior
to the commencement of survey operations. Calibration correctors shall be applied to
all profiler data. These instrument(s) shall be re-calibrated at intervals no greater than
twelve months during the service life of the instrument while in operational support
of OCS hydrographic survey operations. In addition, the instrument(s) must be recali-
brated when they are removed from operations or at the end of their service life if the
date is later than six months from the date of last re-calibration. Copies of calibration
data shall be included in Separate Il, Sound Speed Profile Data (see Section|8.1.4).

The sound speed profile must reach the deepest depths of the survey but the physical
measurement of sound speed need only extend to:

* 95 percent of the anticipated water depth in 30 m or less of water. For example, if
the maximum depth to be surveyed is 25 m, then the speed profile should continue
to a depth of at least 23.8 m.

* 90 percent of the anticipated water depth in depths from 30 m to 100 m.

» 85 percent of the anticipated water depth in greater than 100 m of water.

Sound speed correctors must be determined accurately and often enough to ensure
that the depth accuracy requirements in Section[5.1.3|are met. If changes in the tem-
perature or salinity in the water column dictate that updated correctors are needed, ad-
ditional sound speed profiles shall be acquired. Additionally, the hydrographer should
establish a means of monitoring changes in the water column between subsequent
speed casts.

A geographic distribution of profiles may be necessary to correct for spatial and diurnal
variability. Speed corrections shall be based on the data obtained from the profile, and
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not based on an averaged sound speed reading for the water column. Survey specific
sound speed information shall be included in Separate I, Sound Speed Profile Data (see

Section|(8.1.4)).

Regardless of the sound speed determination system employed, an independent sound
speed measurement system must be used to establish a confidence check. Confidence
checks shall be conducted at least once per leg. Include confidence check results in
Separate Il, Sound Speed Profile Data (see Section|3.1.4).

Sound Speed Corrections for Single Beam Surveys

For each individual area identified, a minimum of at least one cast each week, taken
in the waters surveyed that week, is required. The variation of physical conditions
throughout a survey area or any portion thereof may dictate that this minimum may not
be sufficient. Where casts taken early in a project indicate that physical characteristics
are extremely variable, observations of speed may be required more frequently.

Sound Speed Corrections for Multibeam Surveys

The sound speed profile must be known accurately in multibeam swath sounding for
two reasons. First, as in all echosounding, the depth is computed from the product of
the speed and the elapsed time between transmission of a sound pulse and reception of
its echo. Second, since sound pulses travel at oblique angles through the water column,
variations in the speed profile will affect the path of sound through water. The sound
path from the transducer to the bottom and back will affect not only the observed depth
of water, but the apparent position of the observed sounding.

Even though sampling equipment and computer systems are capable of dividing the
water column into intervals so small as to allow close approximation of the integral ex-
pression for harmonic mean speed, practical limitations may require the hydrographer
to use a small number of discrete points on the speed profile for the purpose of correct-
ing echo soundings. If the hydrographer chooses the inflection points of the smooth
speed profile as the discrete points for layer boundaries, the speed curve between the
points can reasonably be approximated by a straight line.

Integration of all the segments using the trapezoidal rule to approximate the area under
each layer will yield very accurate results.

For multibeam operations, the following specifications apply to sound speed profile
frequency and application:

* One sound speed profile shall be acquired immediately before the beginning of
the data acquisition period. During the course of survey operations, changes in
the water column should be monitored at a sufficient frequency such that the
general requirements specified earlier in this section are met. If the surface sound
speed sensor value differs by 2 m/s or more from the commensurate cast data,
another sound speed cast shall be acquired. Any deviations from this requirement
will be documented in the descriptive report.

* Sound speed profiles shall be acquired within the survey limits where subsequent
data acquisition will occur.

* When using an undulating velocimeter, the real time sound speed profiles shall
extend to at least 80% of the anticipated water depth. At a minimum, one cast per
24-hour period shall extend to 95% of the anticipated water depth (30 m or less
water depth).
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The uncertainty value of the sound speed measurements must be part of the vessel’s
error model. One method used by NOAA, is to use the manufacturers uncertainty values
for the measured components of conductivity, temperature and pressure. These values
must then be used to compute a total uncertainty for the profile by computing how each
components uncertainty is propagated through the sound speed computations.

A probe that measures speed of sound directly, could use the manufacturers advertised
uncertainty value.

Ideally, sound speed uncertainty should be computed based on both the unit’'s accu-
racy and the spatial and temporal error associated with sound speed variation over the
entire survey area. However, such advanced error analysis is not currently available in
NOAA's processing pipeline. Therefore, NOAA field units and contractors may use the
uncertainty associated with measuring the speed of sound at a specific location.

5.2.3.4 Attitude Corrections Heave, roll, pitch, heading, and navigation timing
error corrections shall be recorded in the data files and applied to all multibeam sound-
ings. Heave and heading shall be applied for all single beam data. NOAA field units
should refer to Section 4.2.3.6 of the OCS Field Procedures Manual for more guidance
on corrections to single beam data.

Heave, roll, and pitch. Heave shall be observed in no coarser than 0.05 m increments.
Roll and pitch shall be observed in no coarser than 0.1 degree increments.

Heading shall be observed in no coarser than 0.5 degree increments.

The uncertainty value for heave, roll and pitch will typically be the manufacturer’s val-
ues, assuming that the equipment is properly installed and maintained. The hydrogra-
pher must explain any variance from the manufacturer’s values.

Hydrographers using Kinematic GPS shall compensate for squat if attitude is not cor-
rected for single beam.

5.2.3.5 Error Budget Analysis for Depths The hydrographer shall discuss (in
Section B.2 of the Descriptive Report) the methods used to minimize the errors asso-
ciated with the determination of depth (corrections to echo soundings). Error estimate
ranges for six of these errors (measurement error, transducer draft error, dynamic draft
error, sound speed error, heave error and tide/water level error) are presented below.
These errors are inherent to hydrographic surveying and all have practical minimums
that are usually achievable only under ideal circumstances or with highly specialized
equipment. In addition, some errors may be dependent on depth (e.g. sound speed).

The error ranges provided below are first order estimates to allow hydrographers to get
a basic ‘feel’ for the possible range in errors that may occur in practice. Hydrographers
should note that the root sum square of the individual errors is used in the computation
of TPU. The required depth accuracy requirements cannot be achieved if the worst error
for each sensor shown below is used.

Maximum allowable errors are specified to ensure that all errors sources are properly
managed. It should be noted that if the maximum value for each error source is used
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in an error budget (i.e. root-sum-squared), the result will exceed the prescribed accu-
racy standard. The minimum and maximum values discussed below are at the 95%
confidence level (i.e. 2 sigma).

Measurement error: This includes the instrument error for the sounding system, the
effects of imperfectly measured roll/pitch and errors in detection of the sea floor due to
varying density of the bottom material. Multibeam systems are particularly susceptible
to this error due to the off-nadir nature of outer beams. The minimum achievable value
is expected to be 0.20 meter at 10 meters depth. The maximum allowable error is 0.30
meter plus 0.5% of the depth.

Transducer draft error: This error is controlled by variability in vessel loading, and the
techniques used to measure/monitor transducer draft. This error is depth independent
with an expected minimum of 0.05 meter and an allowable maximum 0.15 meter.

Dynamic Draft error: Conventional methods of determining dynamic draft are limited by
sea surface roughness and proximity of a suitable location to the survey area. Careful
application of modern methods (Real Time Kinematic GPS) will minimize this error. This
error is also depth independent although the effect of dynamic draft is greater in shal-
low water. The practical expected minimum is 0.05 meter and the allowable maximum
is 0.20 meter.

Sound speed error: The factors associated with this error include (1) the ability to accu-
rately measure sound speed or calculate sound speed from temperature, conductivity
and pressure, (2) the spatial and temporal changes of sound speed throughout the
survey area and (3) how the sound speed profile is used to convert measured time to
depth. In addition, this error encompasses depth errors associated with refraction for
multibeam systems. The expected minimum is 0.20 meter and the allowable maximum
is 0.30 meter plus 0.5% of the depth.

Heave error: This error is directly dependent on the sea state and the sensitivity of the
heave sensor but is not dependent on depth. The expected minimum is 0.05 meter and
the allowable maximum is 0.20 meter.

Tide/water level error: This error has been discussed in detail in Section[4] The practical
minimum is 0.20 meter and the allowable maximum is 0.45 meter.

5.2.3.6 Uncertainty Budget Analysis for Depths The hydrographer shall dis-
cuss (in Section B.2 of the Descriptive Report) the methods used to minimize the un-
certainty associated with the determination of depth (corrections to echo soundings).
A sample of uncertainty components and common values are presented below. These
uncertainties are inherent to hydrographic surveying and all have practical minimums
that are usually achievable only under ideal circumstances or with highly specialized
equipment. The survey system uncertainty components and key survey system com-
ponent offsets shall then be used to calculate the depth uncertainty estimate for the
soundings per the Total Propagated Uncertainty Model.

The hydrographer shall also discuss (in Section B.2 of the Descriptive Report) the meth-
ods used to quantify the survey systems uncertainty model. Uncertainty estimates for
all components of the sounding measurement shall be provided.

The uncertainty component values provided below are estimates to allow hydrogra-

phers to get a basic “feel” for the possible uncertainty values that may occur in prac-
tice. The values discussed below are at the 68% confidence level (i.e. 1 sigma).
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Motion Sensor Uncertainties: These values include heave, pitch and roll measurement
uncertainties and can include gyro measurement uncertainty. A common value for
gyro, pitch and roll measurement uncertainty is 0.02°. A common value for heave
uncertainty is 5% of the heave amplitude or 0.05m, whichever is greater.

Navigation Sensor Uncertainty: This value includes the uncertainty in the determination
of the vessels position. This value will depend on the method of positioning used (C/A.
DGPS, PPK/RTK) and is commonly reported at 1m.

Timing Uncertainty: These values include the uncertainty in the measurement of time
stamps used in the survey system and include Navigation Sensor timing, Gyro Sensor
timing, Heave Sensor timing, Pitch Sensor timing and Roll Sensor timing. A commonly
reported value for this is between 0.005 and 0.01 seconds.

Vessel Offsets: These values include the uncertainty in the measurements made to
determine the survey system offsets. Ranges will depend on how accurately the offsets
were measured but are commonly reported between 0.001m and 0.1m.

Vessel Speed: This value includes the uncertainty in the measurement of vessel speed.
It is commonly reported as 0.03m/s plus the average current in the area.

Loading: This value includes the uncertainty in draft changes throughout the survey
due to factors such as fuel consumption, etc. Commonly reported values range be-
tween 1 and 30cm, depending on the vessel, fueling frequency and frequency of draft
measurements.

Draft: This value includes the uncertainty in measurement of draft. Commonly reported
values range between 1 and 20cm depending on how accurately the draft of the vessel
can be measured.

Delta Draft: This value includes the uncertainty of the vessels dynamic draft measure-
ments. Commonly reported values are between 1 and 3cm depending on dynamic draft
measurement methodology and magnitude.

MRU Alignment: This value includes the uncertainties in the patch test determined bias
measurements of yaw, roll and pitch. Commonly reported values are less than 1°.

Tides: This value includes the uncertainties in the measurement of tides and the un-
certainty of the tide zone model. Tidal uncertainties have been discussed in detail in
Section[4.1.6]

Sound speed: This value includes the uncertainties in the measurement of sound speed
for full depth profiles and surface measurements. The factors associated with this un-
certainty estimate include (1) the ability to accurately measure sound speed or cal-
culate sound speed from temperature, conductivity and pressure, (2) the spatial and
temporal changes of sound speed throughout the survey area and (3) how the sound
speed profile is used to convert measured time to depth. Commonly reported values
range between 0.3 and 4m/s.

5.2.4 Quality Control

5.2.4.1 Multibeam Sonar Calibration Prior to commencing survey operations,
the hydrographer shall conduct a system accuracy test to quantify the accuracy, pre-
cision, and alignment of the multibeam system. Testing shall include determination of
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residual biases in roll, pitch, heading, and navigation timing error and the uncertainty
of these values. These values will be used to correct the initial alignment, calibrate the
multibeam system and used in the computation of the Total Propagated Uncertainty
(TPU) for each sounding. System accuracy testing should be conducted in an area sim-
ilar in bottom profile and composition to the survey area, and during relatively calm
seas to limit excessive motions and ensure suitable bottom detection. In addition, sys-
tem accuracy tests should be conducted in depths equivalent to the deepest depths in
the survey area. Static transducer draft, dynamic draft corrections, sound speed cor-
rections, and tide corrections shall be determined and applied to the data prior to bias
determination.

The order in which these biases are determined may affect the accurate calibration of
the multibeam system. The hydrographer should determine the biases in the following
order: navigation timing error, pitch, roll, heading (yaw). Deviations from this order or
other variations on the accepted calibration methods shall be explained in the project
documentation

Pitch and navigation timing error biases should be determined from two or more pairs
of reciprocal lines 500-1,000 m long, over a 10-20 degree smooth slope, perpendicular
to the depth curves. The lines should be run at different speeds, varied by up to 5
knots, for the purpose of delineating the along track profiles when assessing time delay.
Navigation timing error bias could also be determined from running lines over a distinct
feature (i.e., shoal) on the bottom, as long as the feature is ensonified by the vertical
(nadir) beam.

Roll bias should be determined from one or more pair of reciprocal lines 500-1000 m in
length over a flat bottom. Lines should be run at a speed which will ensure significant
forward overlap.

Heading (yaw) bias should be determined from two or more adjacent pairs of reciprocal
survey lines, made on each side of a submerged object or feature (i.e., shoal), in rel-
atively shallow water. Features with sharp edges should be avoided. Adjacent swaths
should overlap by 10-20 percent while covering the shoal. Lines should be run at a
speed which will ensure significant forward overlap.

Once calibration data have been processed and final system biases determined, the
new corrections shall be used in a performance check to ensure that the new system
biases are adequate. The hydrographer shall discuss procedures and results in Section
A. Equipment and optional Section B. Quality Control of the project Data Acquisition and
Processing Report. Copies of all system alignment, accuracy, calibration reports, and
performance checks shall be included in the Data Acquisition and Processing Report.

System accuracy testing shall be repeated whenever changes (e.g., sensor failure,
replacement, re-installations, re-configurations, or upgrade; software changes which
could potentially affect data quality) are made to the system’s baseline configuration,
or whenever assessment of the data indicates that system accuracies do not meet the
requirements in Section|[5.1.1]

5.2.4.2 Positioning System Confidence Checks See Sections|3.2.2|for details.

99



5.2.4.3 Crosslines General: The regular system of sounding lines shall be supple-
mented by a series of crosslines for verifying and evaluating the accuracy and reliability
of surveyed soundings and positions. Crosslines shall be run across all planned sound-
ing lines at angles of 45 to 90 degrees.

Crosslines shall be acquired and processed to the same accuracy and data quality stan-
dards as required for mainscheme lines, and shall be included in the grids that are
submitted as the final bathymetric product of the survey.

Crossline requirements are dependent on bathymetric coverage type assigned and
achieved by the field unit, Section[5.2.2]

* Set Line Spacing: Lineal mileage of crosslines shall be at least 8% of main scheme
mileage in areas surveyed with set line spacing coverage using single beam or
multibeam echosounders. This applies for mixed main scheme and crossline tech-
niques, i.e. single beam main scheme with multibeam crosslines or vice versa.

* Object Detection or Complete: Lineal mileage of crosslines shall be at least 4%
of main scheme mileage in areas surveyed to meet object detection or complete
bathymetric coverage requirements.

The primary purpose of crosslines in a set line spacing coverage area, is to identify
systematic errors and blunders in the surveying system. Discrepancies between main
scheme and crossline coverage indicate potential systematic errors in offsets, biases,
or correctors or the application thereof, faulty positioning or echosounder operation, or
other issues. The hydrographer shall compare main scheme and crossline coverage to
identify, evaluate, and rectify any such errors.

Crosslines are not the primary means of identifying systematic errors and blunders
in multibeam echosounder data used to achieve 100% bathymetric bottom coverage.
Most such issues are more readily and reliably identified in the bathymetric grid through
examination of depth values and ancillary attributes such as uncertainty and standard
deviation. However, crosslines in an object detection or complete bathymetric cover-
age do provide an additional semi-independent check for spatial and temporal corre-
lation of the data set across the range of area, time, seabed relief and bottom types,
survey vessels, and sonar systems represented. For this analysis to be valid, crosslines
must be acquired with the same attention to accuracy and data quality as mainscheme
data. Whenever possible, crosslines should be acquired under different conditions (ves-
sel, sonar system, tide state, etc.) than main scheme data.

Two possible methods of conducting the independent analysis are beam by beam sta-
tistical analysis or surface difference (NOAA field units should refer to Section 5.1.2.2.2
of the OCS Field Procedures Manual for more information). Other methods may be used
if approved in advance by the COR or or servicing Hydrographic Branch. Regardless of
method, the comparison shall be performed at the same resolution as the final survey
product as required in Section[5.3.2]

Analysis and Documentation: The hydrographer shall evaluate each area of overlapping
crossline and mainscheme coverage to ensure that at least 95% of depth values from
the two datasets differ by no more than the maximum allowable TVU for the depth of
the comparison area (as specified in Section[5.1.3). Any deviations from this standard
shall be investigated, and the source of error identified and corrected. If unexplained
or excessive discrepancies persist, additional crosslines shall be re-acquired to assist in
resolution of the issue.
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The hydrographer shall evaluate crossline to mainscheme agreement, and discuss the
method and results in Section B of the Descriptive Report. If the magnitude of any dis-
crepancies varies widely over the survey, the hydrographer shall make a quantitative
evaluation of the disagreements area by area. If differences were found to be within
the allowable maximum TVU, the hydrographer shall note this. Conversely, any errors
identified through crossline analysis and the means by which they were corrected shall
be discussed.

5.3 Lidar
5.3.1 Accuracy and Resolution Standards

All requirements outlined in Section[5.1] to bathymetric lidar data products and feature
attribution. For project specific guidance the hydrographer shall refer to the Hydro-
graphic Survey Project Instructions

5.3.1.1 Lidar Resolution Standards Spatial resolution The hydrographer shall main-
tain and operate the lidar system,from data acquisition to processing to detect haz-
ardous features. As the spatial resolution (i.e., the spacing of the lidar footprint on the
seafloor) is dependent on a wide range of variables: 1.) propagation of light through
the water 2.) the received signal strength 3.) the object detection algorithms used 4.)
changes in water depth, and 5.) aircraft height above the surface the actual bottom
resolution may not remain constant. The hydrographer shall make a statement in the
Descriptive Report describing the areas within the survey where they are confident the
specified spatial resolution was obtained.

5.3.1.2 Gridded Data Specifications In the Navigation Surface approach, survey
data are archived as a certified digital terrain model rather than as a set of verified
or certified soundings. For lidar bathymetry, the archived elevation model should be
saved at the highest resolution supported by the sounding data. For example,. if the
laser spot spacing on the seafloor of a full-coverage lidar survey is 3 meters, the ele-
vation model could be saved at a grid spacing of 3 meters. However, if environmental
conditions (i.e. kelp, turbidity, or sea state) create differences in data density an alter-
native approach may be discussed with the COR and clearly described in the Descrip-
tive Report (DR). This practice has the advantage of preserving this high-resolution data
for a variety of known and unknown future purposes, even if such resolution will never
appear on a navigational or charting product. Charting products such as paper charts
are created from scale-appropriate generalizations of the elevation model. In reality,
the final resolution of the surface may be slightly coarser than “the highest resolution
supported by the sounding data” due to depth ranges, bottom topography and other
variables. Refer to Section[5.2.1|for more guidance. See also Section [8.2] for guidance
on delineating and characterizing rocky seabed areas.

The data density and resulting grid resolutions created shall be discussed with the COR
during the project planning phase. Any deviations from the plan, project instructions or
Specifications and Deliverables shall be discussed with the COR and clearly described
in the Descriptive Report (DR) and Data Acquisition and Processing Report (DAPR) If
in rocky nearshore areas, the least depths of many features in a relatively small area
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fail to be preserved, see Section [5.2.1.2] for more guidance. See also Section [8.2] for
guidance on delineating and characterizing this rocky seabed area.

Uncertainty: The Navigation Surface for lidar requires that each sounding have a hori-
zontal and vertical uncertainty. The uncertainty value for the grid shall be the greater
of the standard deviation and the a priori computed uncertainty estimate. To do this ef-
fectively, an error model is needed for all systems supplying measurements to compute
the sounding; including the GPS sensors and anything else that contributes to the cal-
culation of a sounding. The hydrographer shall include a discussion in the DAPR on how
the uncertainty was computed on each individual sounding and how the uncertainty
was computed on the grid, with a justification for that methodology.

The Navigation Surface for lidar requires that each sounding have a horizontal and
vertical uncertainty. If a complete error model is not yet available to compute the TPU
for each individual sounding then the hydrographer may apply a single uncertainty
value to all grid nodes that reflect the vertical error budget for a given survey. Include
a discussion in the DAPR on how the uncertainty was computed with a justification for
that methodology. See Section[5.1.3|for additional guidance.

5.3.2 Coverage and Resolution

In general, there are two classifications of bathymetric lidar coverage: Complete and
Reconnaissance coverage.

The required spot spacing and survey coverage will be specified in the Hydrographic
Survey Project Instructions.

Complete Coverage requires a minimum of 200% coverage, a minimum laser spot spac-
ing of 4 meters, and conforms to the depth accuracy standards outlined in Section[5.1]
In situations where poor water clarity and related environmental factors make com-
plete coverage impossible the COR shall be notified. In addition the hydrographer shall
identify (textually and graphically) those areas where full coverage was not obtained
and/or further investigation using sonar may be required.

Reconnaissance coverage refers to range of coverage overlap and laser spot spacing
requirements below the minimum specified for Complete coverage. Data products and
feature information produced under Reconnaissance requirements are used to obtain
general bathymetry for applications other than nautical charting (e.g. navigational
safety, operational planning, and research). The Hydrographic Survey Project Instruc-
tions will identify if a given surveys is for reconnaissance purposes and the hydrogra-
pher shall indicate the requirement in the Descriptive Report.

Complete lidar coverage

* Grid resolution shall nominally be 3 meters - If survey data can support higher
resolutions, then use hydrographer discretion and submit a higher resolution, if
appropriate.

e Maximum surface uncertainty is IHO Order 1 for depths less than 100 meters. The
hydrographer must ensure that accurate least depths are obtained on all signifi-
cant features. Individual soundings that do not meet the Horizontal Position Accu-
racy as defined in Section|3.1.1]or do not meet the Vertical Uncertainty standards
as defined in Section|5.1.3] shall not be applied to the grid.
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As always, the hydrographer must ensure that the data accurately reflects the condi-
tion of the seafloor at the time of the survey and adjust operations if required. Any
deviations from the specifications must be clearly explained in the Descriptive Report
and discussed with the COR as they occur.

Attribution

By definition each node of the grid includes not only a depth value, but other attributes.
The following minimum attributes shall be associated with each grid node

* Depth Value

» Total Vertical Uncertainty: The uncertainty value for the grid node shall be the
greater of the standard deviation of the soundings contributing to the depth so-
lution, and the a priori computed uncertainty estimate. The hydrographer shall
include a discussion in the DAPR on how the uncertainty was computed on each
individual sounding and how the uncertainty was computed on the grid, with a
justification for that methodology. The hydrographer shall examine the finalized
grids and explain in the DR any areas of unusually high uncertainty.

» Shoal Depth: Depth value of the shoalest measurement which contributed to the
depth solution.

* Sounding Density: Number of soundings contributing to the depth solution.

» Standard Deviation: Standard deviation of the depths within the capture radius of
the node.

5.3.3 Corrections to Lidar Soundings

To meet the accuracy and resolution standards for measured depths specified in Sec-
tion[5.2.3] and to create a Bathymetric Attributed Grid (BAG) that includes an accurate
uncertainty layer, the hydrographer should conduct an error analysis of their survey
systems. Precise measurements are fundamental to the field of hydrography. Synchro-
nization of multiple sensors with the lidar system is essential for meaningful spatial
analysis of the data. All measurements, however careful and scientific, are subject to
some uncertainties. Error analysis is the study and evaluation of these uncertainties
with the purpose of estimating the extent of the uncertainties and when necessary, re-
ducing them.In recognition of the possibility that some discrepancies in sounding may
not be detected until the final processing phase of the survey, the determination and
application of corrections to soundings must be accomplished and documented in a
systematic manner. In addition, it is preferable that all corrections be applied in such a
way that the on-line values may be removed and replaced with a revised set of correc-
tors during office processing. Corrections to soundings are divided into five categories,
and listed below in the sequence in which they are applied: Instrument error corrections
account for sources of error related to the sounding equipment itself. Roll, pitch, head-
ing, and navigation timing error (latency) corrections shall be applied to lidar soundings
to correct the effect of the aircraft’s motion caused by turbulence, the error in the air-
craft’s heading, and the time delay from the moment the position is measured until the
data is received by the data collection system (navigation timing error). The hydrogra-
pher shall also discuss (in Section B2. of the Descriptive Report) the methods used to
quantify the survey systems error model. Uncertainty estimates for all components of
the sounding measurement should be provided.
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5.3.3.1 Instrument Error Corrections In modern digital sounding instruments,
instrument errors are generally small and of a fixed magnitude independent of the ob-
served depth. Proper set up and adjustment of Lidar equipment using internal checks
will often eliminate instrument error entirely. However, to ensure the proper opera-
tion of the lidar system “confidence checks” shall be conducted periodically. Frequent
checks should be made between the overlap of main scheme and crosslines collected
on different days. These comparisons should be made frequently during data collection
to find errors promptly, and not saved until final data processing after the field party
has left the working grounds. Any differences should be investigated, and if, after anal-
ysis, a corrector is necessary, it should be applied with an explanation of the cause of
the difference explained in the Descriptive Report (DR) section B2., Quality Control.

5.3.4 Quality Control

5.3.4.1 Lidar Calibration Field calibration is performed by the system operator
through flights over a calibration site that has been accurately surveyed using GPS
or conventional survey techniques such as triangulation or spirit leveling. Typically,
the calibration site may include a large, flat-roofed building whose corners have been
accurately surveyed with GPS and a large, flat parking lot and runway. The calibration
may include flights over the site in opposing directions, as well as cross flights. The
field calibration is used to determine corrections to the roll, pitch, and scale calibra-
tion parameters. Field calibrations must be performed for each project or every month,
whichever is shorter. Prior to commencing survey operations, the hydrographer shall
conduct a system accuracy test to quantify the accuracy, precision, and alignment of
the lidar system. Testing shall include determination of residual biases in roll, pitch,
heading, and navigation timing error and the uncertainty of these values. These val-
ues will be used to correct the initial alignment, calibrate the lidar system and used in
the computation of the Total Propagated Uncertainty (TPU). Once calibration data have
been processed and final system biases determined, the new corrections shall be used
in a performance check to ensure that the new system biases are adequate. The hy-
drographer shall discuss procedures and results in Section A. Equipment and optional
Section B. Quality Control of the project Data Acquisition and Processing Report. Copies
of all system alignment, accuracy, calibration reports, and performance checks shall be
included in the Data Acquisition and Processing Report. System accuracy testing shall
be repeated whenever changes (e.g., sensor failure, replacement, re-installations, re-
configurations, or upgrade; software changes which could potentially affect data qual-
ity) are made to the system’s baseline configuration, or whenever assessment of the
data indicates that system accuracies do not meet the requirements in Section[5.2.3]

5.3.4.2 Positioning System Confidence Checks See Sections|3.2.2|for details.

5.3.4.3 Lidar Crosslines General: The regular system of sounding lines shall be
supplemented by a series of crosslines for verifying and evaluating the accuracy and re-
liability of surveyed soundings and positions. Crosslines shall be run across all planned
sounding lines at angles of 45 to 90 degrees.

Crosslines shall be acquired and processed to the same accuracy and data quality stan-

dards as required for mainscheme lines and shall be included in the grids that are
submitted as the final bathymetric product of the survey. Lineal of crosslines shall be
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at least 8 % of main scheme mileage in areas requiring complete coverage (refer to

5.3.4.3)

Under certain conditions (e.g., steep terrain, airspace restrictions, or relatively narrow
band of coverage) crosslines may not be possible. In such cases, a deviation from this
requirement shall be requested from the COR and explained in the Descriptive Report.

The hydrographer shall make a general evaluation of the lidar crossline to main scheme
agreement, and discuss the results in Section B of the Descriptive Report. If the mag-
nitude of the discrepancy varies widely over the survey, the hydrographer shall make
a quantitative evaluation of the disagreements area by area.

An independent analysis of the crossline and main scheme data shall be conducted. Al-
though any crossline/main scheme disagreements should be obvious in the attributes
of the combined surface, an independent analysis is still required to ensure that the
surface implementation is correct and to help find any hidden problems. Include a
statement regarding the results of the comparison in Section B of the Descriptive Re-
port. If created, the difference surface shall also be included in the final deliverables.
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6 Towed Side Scan Sonar

During hydrographic surveys, the use of side scan sonar may be required for supple-
menting echo-sounding by searching the region between regular sounding lines for
additional indications of dangers and bathymetric irregularities to meet object detec-
tion requirements. The use of side scan sonar to meet object detection requirements
does not alleviate the responsibility of the hydrographer to investigate features or ac-
quire splits as discussed in Sections [5.2.2.2| or [5.2.2.3] Any requirement for side scan
sonar coverage in conjunction with a hydrographic survey will be specified in the Hy-
drographic Survey Project Instructions.

6.1 Coverage

Scanning coverage is the concept used to describe the extent to which the bottom
has been covered by side scan sonar swaths, that is, the band of sea bottom which is
ensonified and recorded along a single vessel track line. For hydrographic purposes,
scanning coverage of an area is expressed in multiples of 100 percent, and is cumula-
tive. One hundred percent coverage results in an area ensonified once, and two hun-
dred percent coverage results in an area ensonified twice. Advisory note: Side scan
coverage may not be achieved as planned due to varying water conditions, such as
thermoclines, limiting such coverage.

The scanning coverage requirements will be stated in the Hydrographic Survey Project
Instructions. Approved 200-percent coverage techniques are as follows:

Technique 1. Conduct a single survey wherein the vessel track lines are separated by
one-half the distance required for 100-percent coverage.

Technique 2. Conduct two separate 100-percent coverages wherein the vessel track
lines during the second coverage split the difference between the track lines of the first
coverage. Final track spacing is essentially the same as technique 1.

Technique 3. Conduct two separate 100-percent coverages in orthogonal directions.
This technigue may be advantageous when searching for small man-made objects on
the bottom as the bottom is ensonified in different aspects. However, basic line spacing
requirements for single-beam echosounders may not be met when using this technique.

See Section|[5.2.2.3|for information on Set Line Spacing and bathymetry.

6.2 Side Scan Acquisition Parameters and Requirements
6.2.1 Accuracy

The side scan sonar system shall be operated in such a manner that it is capable of
detecting an object on the sea floor that measures 1 m x 1 m x 1 m from shadow length
measurements.
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6.2.2 Speed

The hydrographer shall tow the side scan sonar at a speed such that an object1 mon a
side on the sea floor would be independently ensonified a minimum of three times per
pass.

The number of pulses per unit time, or pulse repetition rate, determines the speed at
which the transducer (i.e. the vessel) can move along the track and still maintain the
required coverage of the bottom. Longer operating ranges have slower pulse repeti-
tion rates, which requires the vessel speed to be slower if the entire bottom is to be
ensonified.

The maximum vessel speed for three ensonifications can be calculated if the pulse rep-
etition rate (prr) or the pulse period (pp) is known. The rate is the reciprocal of the
period. This rate and/or period is usually published in the operating manual for the
side scan sonar system. The calculation is as follows: Maximum vessel speed (me-
ters/second) = target size (meters) X prr/3 (sec-1).

6.2.3 Towfish Height

The hydrographer shall operate the side scan sonar system with a towfish height above
the bottom of 8 percent to 20 percent of the range scale in use. For any towfish height
below 8 percent of the range scale in use, the effective scanning range is defined to
equal 12.5 times the towfish height, provided adequate echoes have been received.

In areas with excessive bathymetry variability or when hull mounted systems are used,
the hydrographer shall ensure that coverage and object detection are met. When the
towfish height has exceeded the maximum threshold, either the hydrographer needs
to take extra care in examining the data for contacts with reduced shadow lengths or
re-acquire the data at an appropriate depth. Likewise if the minimum towfish height is
not met, additional lines (or splits) may be required to meet coverage requirements.

6.2.4 Horizontal Range

The achievable horizontal range of a side scan sonar is a function of several parameters.
Among these are sonar conditions, sea bed composition, the range scale in use, side
scan sonar system characteristics, and towfish height. Actual conditions in the survey
area will determine the effective range of a particular side scan sonar system. The
maximum allowable range scale for any towed side scan sonar is 100 m.

If the effective range scale of the side scan sonar is reduced due to external factors,
then the representation of the swath coverage should be reduced accordingly. For
example, changes in the water column or inclement weather may distort the outer half
of the 100 m range scale. In this case, only 50 m of effective range could be claimed.
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6.3 Quality Control
6.3.1 Confidence Checks

Confidence checks of the side scan sonar system shall be conducted at least once daily.
These checks should be accomplished at the outer limits of the range scales being used
based on a target near or on the bottom. Each sonar channel (i.e., port and starboard
channels) shall be checked to verify proper system tuning and operation. Confidence
checks can be made on any discrete object, offshore structure, or bottom feature which
is convenient or incidental to the survey area. Targets can include wrecks, offshore
structures, navigation buoy moorings, distinct trawl scours, or sand ripples.

Confidence checks can be made during the course of survey operations by noting the
check feature on the sonargram. If a convenient or incidental target is not available,
a known target may be placed on or near the bottom and used for confidence checks.
Confidence checks shall be an integral part of the daily side scan sonar operation and
shall be annotated in the side scan sonar data records.

6.3.2 Significant Contacts

In depths of water less than or equal to 20 m, contacts with computed target heights
(based on side scan sonar shadow lengths) of at least 1 m should be considered “sig-
nificant.” In depths of water greater than 20 m, contacts with computed target heights
rising above the bottom at least 10 percent of the depth should be considered “sig-
nificant”. Other contacts without shadows may also be considered “significant” if the
sonargram signature (e.qg., size, shape, or pattern qualities) is notable. In addition, con-
tacts with less than 1 m target heights should be considered “significant” if they are
found near the critical navigation depths of the local area. For example, if a 0.5 m con-
tact is discovered in 10 m of water at the seaward approach to a dredged channel with
a controlling depth of 10 m, then the contact should be considered significant.

All significant contacts identified shall be developed with a multibeam echosounder
using the object detection coverage grid resolution defined in Section to de-
termine the least depth of the feature. The least depth measurement should be de-
termined from a beam within 30 degrees of nadir unless multiple passes were made
over the feature. When a significant contact is correlated to multibeam data acquired
concurrently with side scan sonar operations, the feature shall be developed further if
the correlating sounding is sourced from one of the multibeam system’s outer beams.

If a significant contact must be developed by a single beam echosounder, dive investi-
gations shall be used to determine the feature’s depth with a diver’s least depth gauge
when it is practical. The shoaler depth of the two methods shall be used for feature’s
reported depth. A dive investigation may be conducted to supplement data from a
multibeam echosounder development.

When multiple significant contacts are located during the first 100% side scan coverage
of an area, the hydrographer may determine that is more efficient to survey the area
completely with the multibeam echosounder rather than survey the second 100% and
develop each significant contact individually. In this case the hydrographer shall meet
the requirement for object detection stated in Section
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In areas where the water depth and the size of the area containing multiple significant
contacts make this approach prohibitive an alternative gridding method may be used.
Once 200% coverage has been achieved and all contacts correlated, the hydrographer
may divide the area into 400 square meter investigation cells and develop the most sig-
nificant contact in each investigation cell. If the developed feature’s measured height
off the bottom is significantly less that the contact height from the sonar record and is
less than the next most significant contact height in the grid cell the hydrographer shall
develop the next most significant contact.

6.3.3 Contact Correlation

The hydrographer shall examine and correlate targets between successive side scan
sonar coverages (i.e., compare the first 100 percent with the second 100 percent sonar
coverage). If applicable, the hydrographer shall examine the multibeam data and cor-
relate anomalous features or soundings with the side scan sonar data. Anomalous
features or targets which appear consistently and correlate in each type of data record
provide increased confidence that acquisition systems are working correctly and help
to confirm the existence of these features or targets. The hydrographer shall cross ref-
erence and remark on each target correlation in the Remarks column (column 7) of the
Side Scan Sonar Contact List (see Section[8.3.2).

6.3.4 Identification of Potential Field Examinations

The hydrographer shall use the sonar contact list, in conjunction with an analysis of
echosounder least depths and BAG attributes (standard deviation, uncertainty, etc), to
identify hydrographic features which may require further examination.
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7 Other Data

7.1 Bottom Characteristics

The character of the bottom shall be determined for nautical charting, particularly in
harbors, designated anchorages, and in all other areas where vessels may anchor. In
addition to furnishing information for selecting anchorages, charted bottom character-
istics assist fisherman in selecting areas where fish may be found while avoiding places
where equipment may be damaged.

In general, sampling the surface sediment layer is usually adequate to define the bot-
tom characteristics for charting. Clamshell bottom snappers or similar type grab sam-
plers should be used to obtain as large a sample as possible. If a more detailed study
of the ocean floor is required the project instructions will specify the type of sampler to
use.

When a field unit is assigned to conduct bottom samples, the field unit should review
the bottom sample plan provided within the Hydrographic Survey Project Instructions
to the survey data acquired. The field unit should contact HSD Operations Branch or
COR to discuss modifying the bottom sample plan if the data suggest more appropri-
ate locations for the bottom samples. The survey data will often better differentiate
varying bottom characteristics within the survey area when compared to the sample
plan provided. This may increase or decrease the sample density but should closely
maintain the same numbers of samples per survey as originally assigned.

In areas where bottom samples are not required but where the general trend of the
newly surveyed depths has changed significantly since prior surveys, the field unit shall
contact HSD Operations Branch or COR as appropriate to determining if bottom samples
are necessary and to define the sample density.

When sampling is required, the hydrographer shall record position for each sample
obtained. In addition, each sample shall be described and completely attributed in the
S-57 feature file. Refer to section 8.2 for more detailed guidance on S-57 attribution of
bottom samples. A complete description of a bottom sample consists of: one adjective
describing the grain size or consistency; one adjective designating the color; and one
noun naming the class of bottom material. If the sample consists almost entirely of
one constituent, only one noun shall be used. If the sample consists of two or more
constituents, the nouns for the primary constituents shall be used and arranged in order
of their predominance. For example, if a sample of fine black sand contains a smaller
portion of broken shells and a couple of pebbles, the bottom characteristic shall be
recorded as follows:

fne bk S brk Sh

Sediments are typed according to the size of the particles. Table 1, located in Appendix
Il is a general guide for classification of sands and courser particles. It is not intended
that the dimension be measured. A careful estimation by eye is satisfactory. Technically
there are two classes of material finer than sand. These are silt and clay. For practical
purposes, silt and clay are classified under the general term of, mud.

Consistencies of bottoms determined by feeling with lead line or sounding pole (without
visual examination of the material) should usually be described as “hard” or “soft”. The
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term “rocky” may be used only when it is known positively that the bottom is bedrock
or consists of material larger than gravel, although a specimen was not obtained for
examination. “Rock” is only used when solid rock or a rock ledge is visible to the hydro-
grapher.

The return of an empty sampler is not a sufficient reason to label the bottom as “hard
or “soft”. If repeated tries for a grab sample fail, negative samples still need to be
addressed in the DR. They will not, however, be added to the S-57 feature file. These
samples must be addressed in the DR for evidence of the attempts as assigned in the
project instructions.

7.2 Aids to Navigation

The hydrographer shall investigate all U.S. Coast Guard (USCG) and privately main-
tained fixed and floating aids to navigation located within the survey limits. Upon in-
spection of the most recent edition of the largest scale chart of the survey area and
the latest edition of the USCG Light List, the hydrographer shall confirm the aid’s char-
acteristics and determine whether the aid adequately serves the intended purpose for
which it was established.

If the hydrographer determines that an aid to navigation is located off station, is dam-
aged to the extent that it does not serve its intended purpose or its characteristics are
incorrectly charted, the facts should be reported immediately in the form of a danger
to navigation letter (see Section [8.1.3|Danger to Navigation Report).

If an uncharted fixed or floating aid to navigation is discovered within the survey area,
the hydrographer shall obtain a differential GPS position on the aid and report the new
aid to navigation promptly to the nearest USCG district and submit a Danger to Navi-
gation Report. Include geographic position, characteristics, apparent purpose, and by
whom the aid is maintained (if known).

Other fixed and floating aids to navigation and landmarks within the survey area may
require specific positioning methods. Positioning specifications and requirements will
be provided in the Hydrographic Survey Project Instructions (NOAA and contractor field
units) and the Field Procedures Manual (NOAA field units only).
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8 Deliverables

8.1 Field Reports

Reported horizontal positions shall be recorded in meters, with a precision of at least
decimeters (refer to Section [5| regarding requirements for vertical (depth) positions).
This precision shall be maintained throughout the processing pipeline and be main-
tained in the digital data.

All NOAA field units (in-house and contract) shall adhere to the hydrographic survey
report naming conventions. The standard naming convention for survey report digital
files submitted to and handled by HSD shall be named as follows:

Descriptive Reports:

Main Body (Sections A through D) in MS Word format:

- Format: <Survey Registry Number>_DRBody.docx
- Example: “H12345 DRBody.docx”

Full Report (Cover Sheet, Title Sheet, Sections A through E, and Appendices) in
Portable Document Format (PDF):

- Format: <Survey Registry Number>_DR.pdf
- Example: “H12345 DR.pdf”

* Separates:

- Format: <Survey Registry Number>_Separates.pdf
- Example: “H12345 Separates.pdf”

* Data Acquisition and Processing Reports:

- Format: <Project Number>_DAPR.pdf
- Example: “OPR-A123-KR-10_DAPR.pdf”

* Horizontal and Vertical Control Reports:

- Format: <Project Number>_HVCR.pdf
- “OPR-A123-KR-10_HVCR.pdf”

In rare instances it may be necessary for a field unit to submit a revised version on
a hydrographic survey report. This occurs most often when the DAPR submitted with
the first survey of a long project (as required in Section does not include all
information required for later surveys.

Field units shall take all practical steps possible to avoid revision and resubmission of
reports. However, when revisions are necessary, the following guidance shall apply:

* The revised report shall fully supersede all previous versions

112



- For example, if a DAPR is submitted with the first survey of a project, and
subsequently revised for the second survey, the revised DAPR shall apply to
both surveys and replace the original submission

* Revised reports shall be identified by inclusion of a revision number in the name
as follows:

- Format: <Report Base Name>_rev<revision number>.<suffix>
- Examples:

* “OPR-A123-KR-10_DAPR _revl.pdf” (the first of the DAPR for OPR-A123-KE-
10; fully supersedes “OPR-A123-KR-10_DAPR.pdf”

* “H12345 DRBody rev2.docx” (the second revision of the DR Body file for
H12345; fully  supersedes “H12345 DRBody revl.docx” and
“H12345 DRBody.docx”)

8.1.1 Progress Report

The hydrographer shall report Monthly Survey Progress digitally via email as one Excel
file to progress.sketches@noaa.gov/in accordance with the guidance below by the fifth
day of the month following survey operations. To assist in the submission of this infor-
mation, HSD Operations Branch will provide each ship and contractor with a Monthly
Report Excel file with separate tabs as indicated below. See example (Figure I.1) in Ap-
pendix|l Note that the final Progress Report spreadsheet shall also be included with the
final survey deliverables in Separates Il of the Descriptive Report (see Section(8.1.4).

a. Survey Progress Estimate - This will be used to track estimated monthly survey
progress by area within a given month. It will be a spreadsheet that consists of rows
showing the vessel’s current project and all associated survey sheets. Column titles
are self-explanatory. For each month that data is acquired on a survey sheet (as well as
sheets that are still incomplete) the cumulative percentage completed through the end
of that month should be entered in the spreadsheet. Any modifications to the initial
survey sheet layout must be reported.

b. Project Statistics — This will be used to track monthly statistics other than square
nautical miles. Since each row of the spreadsheet represents a specific project within
a given month, the field is advised to maintain one sheet for the entire fiscal year and
submit the updated version every month. The following provides clarification of the
columns within the spreadsheet:

* The “LNM VBES” (vertical beam echo sounder), “LNM MB” (multibeam), and “LNM
SSS’ (side scan sonar) are for the purpose of reporting operations using only one
sonar sensor.

* The “LNM Combo" is for reporting LNM if a combination of sensors is used., such
as side scan and single beam or multibeam and side scan.

* The LNM above are to be subdivided between ship and launch platforms as appro-
priate.

* “ltems Investigated” includes the number of AWOIS items or newly discovered
items that require extra survey time.
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* “Tide Gauges Installed/Removed” and “Bottom Samples” are the only other stats
needed from NOAA survey vessels.

» Contractors are still required to report Days at Sea (on site working on the project)
and days (or fraction of days) lost due to weather or equipment malfunction.

c. Vessel Utilization — This is a requirement for NOAA vessels only. Refer to the OCS
Field Procedures Manual, section 5.2.3.2.1 for details.

8.1.2 Survey Outline

After completion of all field work for a given survey sheet, the hydrographer shall pro-
vide a survey outline in a MapInfo compatible format, Latitude/Longitude coordinate
system, NAD 83, that shows the extent of hydrography completed for the registered
survey (e.g. H number). This outline shall bound the extent of continuous survey data
judged by the hydrographer to be adequate to supersede the chart. Along shore, the
survey outline shall be coincident with the NALL as surveyed in accordance with the
Hydrographic Survey Project Instructions and Section [I] of this document.

Careful attention should be paid in the near shore area to ensure that features and
bathymetry inshore of the NALL are not included. The survey outline need not include
all discrete features contained in the S-57 feature file deliverable (i.e. a rocky area or
ledge may extend inshore of the survey outline). Also, the Survey Outline should not
inscribe high water features positioned inshore of the NALL (e.g., Aids to Navigation).

The only two exceptions to this are coverage acquired pursuant to investigation of
assigned AWOIS items, which should be inscribed by the Survey Outline, and LIDAR
surveys. The survey outline for a LIDAR survey shall be coincident with the MHW.

The final survey outline shall normally be a single, completely enclosed polygon bound-
ing the final surveyed area as described above. In cases where this area includes an
unsurveyed region (e.g., an island), the survey outline file will also include an interior
limit (i.e., '"donut hole’) following the NALL around this area. In cases where the survey
includes a detached surveyed area (e.g., an assigned AWOIS item with a search radius
that does not intersect the main body of the survey), the final survey outline file shall
include a separate polygon for the detached area.

The final survey outline should be compiled in ESRI Shapefile, MapIinfo TAB or GML
format. These files shall be attributed with the following metadata:
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Attribute Description Examples

Survey Registry number assigned in Project Instructions "H12345"

Platform NOAA Field Unit or Contractor assigned to the survey "NRT-3"” "NOAA Ship
Rainer” "SAIC”

State Standard two letter abbreviation of the state(s) or territory in "MD", "MD, VA"

whose waters the survey falls. For those surveys outside
state waters, the state or territory most closely adjacent to
the survey area.

Scale Survey scale as assigned in Project Instructions ”1:10,000”
Year Year field work is completed
Survey Type | Lidar hydrographic survey ("Lidar”) or traditional "Lidar”, "Hydro"

vessel-based hydrographic survey ("Hydro”)

MB cov Completed only for surveys performed primarily with full "MB”
bottom coverage multibeam sonar. Left blank for other
coverage types

SS cov Completed only for surveys performed primarily with full "SS”
bottom coverage side scan sonar. Left blank for other
coverage types

Final survey outlines shall be submitted via email survey.outlines@noaa.gov. Contract
field units shall cc their assigned COR on this submission. NOAA field units shall ref-
erence Section 5.2.3.3.3 of the OCS Field Procedures Manual for additional guidance.
Note that the Survey Outline shall also be included with the final survey deliverables in
Separates Il of the Descriptive Report (see Section|(8.1.4).

The final survey outline should be submitted as soon as practical after completion of
field work. If the outline has not been submitted within 30 days of completion of field
work, the hydrographer shall contact HSD Operations Branch or the COR to explain the
delay and provide an estimate for delivery. Any large differences (= 10%) between the
total square miles reported via the Survey Progress Report for the survey and the area
defined by the survey outline should be explained in the cover e-mail. Email the outline
to survey.outlines@noaa.gov.

8.1.3 Danger to Navigation

As soon as practicable after discovery, the hydrographer shall submit a Danger to Nav-
igation. Timeliness is a critical issue in reporting dangers to navigation. The hydrogra-
pher should ensure that the discovery of a potential danger to navigation is reported
immediately to the appropriate authority. Further, should additional dangers be dis-
covered during the processing of the survey, a danger report shall be immediately
reported.

A danger to navigation is considered to be any natural feature (e.g., shoal, boulder,
reef, rock outcropping) as well as any cultural feature (e.g., wreck, obstruction, pile,
wellhead) which, during the course of survey operations was found by the hydrogra-
pher to be inadequately charted as described below and poses an imminent danger to
the mariner. Potential dangers shall be evaluated in the context of the largest scale nau-
tical chart of the area. Unless specified otherwise in the Hydrographic Survey Project
Instructions, all submerged features with depths of 11 fathoms (66 feet) or less in nav-
igable waters should be considered potential dangers to navigation and subject to re-
porting. During the course of reviewing survey data for potential dangers to navigation,
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the hydrographer should be aware of the types of vessels transiting the area along with
usual and seasonal vessel routes throughout the survey area.

When surveying a USACE maintained channel, the hydrographer shall conduct a com-
parison of survey depths with the controlling depths, tabulated depths, reported depths,
and with the DRVAL1 found in the ENC’'s DRGARE of all maintained channels. When sur-
vey soundings or obstructions located in the channel are found to be shoaler than the
controlling depth of that channel then the hydrographer shall immediately report these
results to the COR or project manager. The COR or project manager will inform the
NOAA Navigation Manager, who will to address the issue with the USACE, USCG and
communicate the findings to the local Pilots. The field unit shall document this corre-
spondence in section D of the DR for the affected survey. Copies of all correspondences
shall be place in DR Appendix Il.

Dangers to Navigation shall be recommended for:

* Significant uncharted rocks, shoals, wrecks, and obstructions

* Depths from the present survey which are found to be significantly shoaler than
charted depths or features, and are navigationally significant (typically depths of
11 fathoms (66 feet) or less)

* Uncharted or inadequately charted clearances for bridges and overhead cables or
pipelines

» A fixed or floating aid to navigation found to be off station to an extent that the aid
does not serve its purpose adequately

* A fixed or floating aid showing significantly different characteristics than those
charted or described in the Light List

* Other submerged or visible features, or conditions considered dangerous to sur-
face navigation

Note on DTONSs in Uncharted Areas: If there are no charted depths in the survey area,
consult with the HSD Operations Branch or COR as appropriate to develop DTON selec-
tion criteria appropriate to the navigational use of the area.

Once all dangers to navigation are identified by using the criteria above, they must
be reviewed in context with the largest scale chart covering the survey area. DTONs
submitted should include the date that the feature data was acquired and should not
cause undue clutter in relation to other soundings or features on the chart. When
multiple distinct features are located within 3mm of each other, as depicted on the
largest scale chart of the area, then the most significant DTON located within the 3mm
radius shall be submitted as a single danger to navigation.

Dangers that are too complex to be adequately identified as discrete features shall be
depicted as area features. For example, widespread shoaling would be represented as
a selection of the shoalest depths with a selection interval of 3mm at the largest scale.

NOAA field units shall submit all Dangers to Navigation via e-mail directly to Marine
Chart Division’s (MCD) Nautical Data Branch at e-mail address|ocs.ndb@noaa.gov, with
courtesy copies to chief, Operations Branch and to the chief of the appropriate Process-
ing Branch, in accordance with Section 4.4.3.6 of the OCS Field Procedures Manual.

NOAA field unit DTON recommendations shall be submitted as follows using Pydro soft-
ware:
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1. A PDF letter in the format shown in Appendix 6 (Figure[F.]).
2. An ASCII text file of the format; ‘latitude, longitude, depth, feature, date, time’.

¢ Data shall follow the format:

Latitude - decimal degrees to seven decimal places (XX.XXXXXXX)
Longitude - decimal degrees to seven decimal places (-XX.XXXXXXX)
Depth - metric to three decimal places (XX.XXX)

Feature - Text description (e.g. 34 ft. Wreck)

Date and Time - YYYY MM DD HH MM

¢ ASCIl Format:

= XX XXXXXXX -XX.XXXXXXX DD.DDD Remark YYYY MM DD HH MM SS

- e.g. 38.0740331 -76.4294391 10.412 Wreck 2010 07 03 12 38 41A chart-
let showing the DTON on the largest scale chart of the area.

3. A chartlet showing the DTON on the largest scale chart of the area.

4. Screen captures of Side Scan Sonar or Multibeam image of the DTON.

Contractors shall submit all Dangers to Navigation via e-mail to the COR and ACOR at
processing branch stated in the Hydrographic Survey Project Instructions.

Contractor DTON recommendations shall be submitted as follows:

1. An S-57 .000 feature file attributed in accordance with section 8.2 S-57 Soundings
and Features Deliverables. In addition to the following NOAA attributes shall be
populated as follows:

(a) Special Feature Type (sftype)=DTON

(b) Images (images) shall include associated images such as chartlets, Multibeam
and side scan imagery of the danger (see AppendixF).

(c) Primary/Secondary Flag (prmsec)=Primary

The ACOR will review the DTON .000 feature file, import the .000 file into Pydro, and
create the .xml file (ACOR’s should see Section 4.4.3.6 of the OCS Field Procedures Man-
ual for more information). A letter and .xml file will then be forwarded to the Nautical
Data Branch at/ocs.ndb@noaa.gov.

MCD will process the Danger to Navigation Reports and send the information to the
USCG for inclusion in the Local Notice to Mariners. Within three days of DTON re-
port submission, MCD’s Nautical Data Branch (NDB) will send an email to the field unit
(NOAA in-house surveys) or the originating Hydrographic Branch and associated con-
tractor and COR (contract surveys) confirming that DTON data has been received and
released from NDB to the Production Team. If a DTON submission is not confirmed by
NDB within one week, the hydrographer should promptly contact MCD (via an inquiry
email to (ocs.ndb@noaa.gov) to verify that the report has been received and released
from NDB to the Production Team. MCD will notify the submitting party of any changes
made to the Dangers to Navigation Report by return e-mail.

The Processing Branches will submit any dangers to navigation detected during office
processing to MCD as stated above. If the Processing Branch is submitting a DTON that
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changes an earlier DTON submitted by a field unit, please explain the change in the
cover letter.

NOAA field units shall include a copy of the DTON verification e-mail from NDB (e.g.
DREG registration e-mail) in Appendix Il Supplemental Survey Records and Correspon-
dence of the DR. See Descriptive Report Appendices below. DTON features shall remain
in the .000 Final Feature File.

Contractors shall include the DTON features in the .000 Final Feature File.

8.1.3.1 Charted Feature Removal Request Charted features, particularly “Posi-
tion Approximate” wrecks and obstructions that are located in major shipping corridors
should be expeditiously removed from the chart if adequately disproved. The Charted
Feature Removal Request is similar to a Danger to Navigation Report, except it is used
to remove a charted feature that represents a hazard, which does not exist, rather than
add a newly found hazard. This process should be used sparingly, usually by responding
to a request from local pilots or other authorities that a charted feature is a hindrance
to operations. If removal of a feature is not time critical, utilize the descriptive report to
recommend removal from the chart rather than the Charted Feature Removal Request.

The Operations Branch, within the Hydrographic Surveys Division, is responsible for
defining the search criteria for all AWOIS items. If local authorities request the hydrog-
rapher to investigate a feature that has not been assigned, contact Operations Branch
for a determination of the search criteria. Once the hydrographer meets the search cri-
teria and determines the feature does not exist, they should expeditiously prepare the
Charted Feature Removal Request and forward it to the appropriate Processing Branch
for verification. The format for the request is the same as a Danger to Navigation Re-
port. The Processing Branch will review the request and, if the verifier concurs with the
hydrographer’s recommendation, will forward the request to the Marine Chart Division.
See Figure[F.1]in Appendix 6 for an example of a Charted Feature Removal Request.

8.1.4 Descriptive Report (DR)

A Descriptive Report is required for each hydrographic survey completed, unless spec-
ified otherwise in the Hydrographic Survey Project Instructions.

NOAA field units shall submit an XML Descriptive Report in addition to the requirements
below. Contractors may be required to submit XML Descriptive Reports in the future.

The primary purposes of a Descriptive Report are to: 1) help cartographers process
and evaluate the survey; 2) assist the compilers producing or revising charts; 3) doc-
ument various specifications and attributes related to the survey and its by-products;
and 4) provide a legal description of the survey standards, methods, and results. The
cartographers will have no knowledge of the particulars of a survey, other than what
is documented in the Hydrographic Survey Project Instructions or Statement of Work,
digital survey data, Descriptive Report, and supplemental reports referenced in the De-
scriptive Report. The Descriptive Report is archived as a historical and legal record for
the survey.

The Descriptive Report supplements the survey data with information that cannot be
depicted or described in the digital data. The Descriptive Report describes the condi-
tions under which the survey was performed, discusses important factors affecting the
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survey’s adequacy and accuracy, and focuses upon the results of the survey. It con-
tains required information on certain standard subjects in concise form, and serves to
index all other applicable records and reports.

General statements and detailed tabulations of graphically evident data, such as in-
shore rocks, shoals, or coral heads already shown in the S-57 feature file or compiled in
Pydro, should normally not be included in the Descriptive Report. Hydrographic char-
acteristics of the survey area such as nearshore features, shoreline, currents, water
levels, and changes to the chart that are otherwise not clearly defined by the digital
products should be completely described in the Descriptive Report.

The following information is required in each Descriptive Report in the order listed be-
low:

COVER SHEET (NOAA Form 76-35A, see Figure [B|in Appendix 2)

Appropriate entries are made to identify the survey. For each survey, the Registry
Number, Sublocality, General Locality, and State will be provided in the Hydrographic
Survey Project Instructions.

TITLE SHEET (NOAA Form 77-28, see Figure [C.1]in final Progress Report and Survey
Outline)

The “Hydrographic Title Sheet” is often referred to for information pertaining to the
survey. The “State”, “General locality”, and “Locality” entries are to be identical to
those on the Cover Sheet. The “Date of survey” entries are the inclusive dates of the
fieldwork.

For “Vessel”, enter the name and hull number of the surveying vessel. The name(s)
listed after “Surveyed by” are the personnel who supervised sounding operations and/or
data processing.

The “Remarks” section should contain any additional information, including the purpose
of the survey and survey area information that will identify the project or clarify the
entries above. Other Descriptive Reports or special reports containing information or
data pertinent to the survey that are not listed in Section E of the Descriptive Report
text should be referenced here. Note the time zone used during data acquisition (e.g.,
All times are recorded in UTC). If applicable, list the name and address of the contractor
and any major subcontractors. If applicable, include the UTM zone number.

DESCRIPTIVE REPORT TEXT

A hard copy of the Descriptive Report (DR) need not be submitted. The DR shall be
submitted electronically in both Microsoft Word and Adobe PDF format as described
below:

Microsoft Word: Submit the main body of the DR (Sections A through D) in a single
Microsoft Word file.

Adobe PDF: Submit the entire Report (Cover Sheet, Title Sheet, Sections A through E,

and Appendices in a single PDF file. Section E of the Report shall be digitally signed in
accordance with Section of the document.)
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All text shall be Times New Roman, with a font size of 12. Include all information re-
quired for complete understanding of the field records. When referring to a hydro-
graphic feature in the S-57 feature file, give the latitude and longitude of the feature.
Discussions and explanations should be written in a clear and concise manner. Avoid
using geographic names in the text of the Descriptive Report that do not appear on the
nautical chart. Avoid verbosity.

On each page of the DR body, include registry number and field unit as a header. Pages
shall be numbered consecutively from the first page of text, continuing through the
page preceding the Approval Sheet (page numbers as a footer, centered on page).
Include a Table of Contents with page numbers.

A. AREA SURVEYED

Include a coverage graphic inclusive of the survey area. The information related to the
present survey should be clearly shown and highlighted in some way to draw attention
to its location within the project area. A second small scale graphic should be included
if necessary to provide additional geographic context of where the survey is located.

List for each vessel (ship and/or launch number(s)) and the combined total of all ves-
sels, the following information:

* Lineal nautical miles of single beam only sounding lines
* Lineal nautical miles of multibeam only sounding lines
* Lineal nautical miles of lidar sounding lines

* Lineal nautical miles of side scan sonar only lines

* Lineal nautical miles of any combination of the above techniques (specify meth-
ods)

e Lineal nautical miles of crosslines from single beam and multibeam combined

e Lineal nautical miles of lidar crosslines

NOTE: Any lineal nautical miles that are deleted for any reason should not be included
in the above statistics.

List for the total survey the following information:

* Number of bottom samples collected

* Number of items investigated, AWOIS and newly discovered features, that re-
quired additional time/effort in the field beyond the above survey operations (these
shall include dive operations and detached positions but should not include items
developed by sonar only or items deconflicted by “observations” only)

* Total number of square nautical miles

» Specific dates of data acquisition (e.g. June 5-9,16-19,22,24, 2005). Note: These
dates should reflect the days of work for the referenced survey only, not the total
project.
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B. DATA ACQUISITION AND PROCESSING

B1. Equipment

In this section of the Descriptive Report list by manufacturer and model number only
the major systems used to acquire survey data or control survey operations (e.g., single
beam sonar, multibeam sonar, side scan sonar, lidar system, vessel attitude system,
positioning system, sound speed system). Include a brief description of the vessel (e.g.,
length overall and draft). A detailed description of the systems used to acquire survey
data or control operations shall be included in the project-wide Data Acquisition and
Processing Report. See Section [8.1.5.1|for additional information.

Include in a narrative description, with figures when useful, of any deviations from the
vessel or equipment configurations described in the Data Acquisition and Processing
Report.

B2. Quality Control

Discuss the internal consistency and integrity of the survey data. State the percentage
of crossline miles as compared to main scheme miles. Evaluate their general agree-
ment. If the magnitude of the discrepancy varies widely over the sheet, make a quanti-
tative evaluation of the disagreements by area. Explain the methods used to reconcile
significant differences at crossings, and give possible reasons for crossline discrepan-
cies that could not be reconciled. See Section[5.3.4.3for additional information.

Discuss the uncertainty values of the submitted CARIS generated surfaces (uncertainty
or CUBE) and/or BAG(s). Explain and/or justify any areas that have an uncertainty
greater than the IHO levels allowed as described in Section[5.3.2and[5.2.2]

Evaluate survey junctions in this section and ensure continuity in survey coverage.
Junctions are made between adjoining contemporary surveys to ensure completeness
and relative agreement of depths. List, by registry number, scale, date, and relative
location, each survey with which junctions were made. Include a summary of each
junction analysis. Explain methods used to reconcile significant differences at junc-
tions, and give possible reasons for junction discrepancies that could not be reconciled.
Include recommendations for adjustments to soundings, features, and depth curves, if
applicable.

Discuss sonar system quality control checks.

Discuss any unusual conditions encountered during the present survey which would
downgrade or otherwise affect the equipment operational effectiveness. Discuss any
deficiencies that would affect the accuracy or quality of sounding data. Document these
conditions; including how and when they were resolved.

Describe any other factors that affected corrections to soundings, such as sea state ef-
fects, the effect of sea grass or kelp, and unusual turbidity, salinity, or thermal layering
in the water column. Provide a brief discussion on how the sound speed instruments
(CTD, Moving Vessel profiler, Thermosalinograph etc.) were used and the frequency of
the SVP casts. If appropriate, describe how the survey area was zoned to account for
sound speed variations from differing water masses.

Discuss the specific equipment and survey methods used to meet the requirements for
object detection and coverage for different areas of the survey. Any deviations from
the specifications must be clearly explained in the Descriptive Report.
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B3. Corrections to Echo Soundings

Discuss any deviations from those described in the Correction to Echo Soundings sec-
tion of the Data Acquisition and Processing Report.

Discuss the results of any sounding system calibration (e.g. patch test) conducted after
the initial system calibration that affect the survey data and were not included in the
Data Acquisition and Processing Report. Comment on the reason a new calibration was
conducted.

B4. Data Processing

Discuss details of the submitted CARIS generated surfaces (uncertainty or CUBE) and/or
BAG(s). For instance, how many grids cover the survey area, what grid resolutions were
used, why were the different grid resolutions selected, how do the resolutions change
over the depth range of the survey, etc.

C. VERTICAL AND HORIZONTAL CONTROL

Include in this section of the Descriptive Report a summary of the methods used to
determine, evaluate, and apply tide or water level corrections to echo soundings on
this survey.

Describe how the preliminary zoning was determined to be accurate and/or describe
any changes made to the preliminary zoning scheme.

State the horizontal datum and projection used for this survey. Briefly discuss the con-
trol stations used during this specific survey. If USCG DGPS stations are used, only
list the station name in this section. Explain in detail any difficulties that may have
degraded the expected position accuracy.

See Section|(8.1.5|for additional information to be provided in the project Horizontal and
Vertical Control Report. NOAA field units should also refer to Section 5.2.3.2.3 in the
OCS Field Procedures Manual.

D. RESULTS AND RECOMMENDATIONS

D.1 Chart Comparison

Compare the survey with all of the largest scale corresponding bathymetric products
available (e.g. Electronic Navigational Charts (ENCs) and Raster Nautical Charts (RNCs))
to prove or disprove any exceptional bathy features attained by the survey coverage.
Identify the chart by number, scale, edition number, edition date, dates of the most
recent Local Notice to Mariners and Notice to Mariners. In addition, Notices to Mariners
affecting the survey area which were issued subsequent to the date of the Hydrographic
Survey Project Instructions and before the end of the survey must be specifically ad-
dressed. lIdentify the last Weekly and Local Notices to Mariners compared to during the
survey by notice number and date. Any Notice that prompts a chart comparison item
must be identified by its Notice to Mariners number and date.
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List and discuss comparisons of survey depths with controlling depths, tabulated depths,
and reported depths of all maintained channels. Also discuss soundings in designated
anchorages, precautionary areas, safety fairways, traffic separation schemes, pilot
boarding areas and along channel lines and range lines.

A general chart comparison between survey depths and charted soundings should be
conducted. Discuss the methods used for the chart comparison in sufficient detail to
demonstrate that the chart comparison was accomplished adequately. A method for
accomplishing this is a comparison between the digital surfaces generated from the
survey data and the largest scale ENC using appropriate GIS software. Comment on
the degree of general agreement with charted soundings and discuss general trends,
such as shoaling or deepening occurring in the survey area. Charted soundings that
contain the label PA, ED, PD, or Rep (see Chart No. 1 for definitions.), not specifically
assigned as an Automated Wreck and Obstruction Information System (AWOIS) item
shall be discussed in this section. Detailed evaluation of every charted sounding is not
required.

All new and charted features not specifically assigned as an AWOIS item or addressed
as a DTON, discovered or investigated in this survey, shall be documented and dis-
cussed as defined in section 8.2l

A Composite Source File (CSF), in .000 format incorporating the NOAA Extended At-
tributes defined in Section shall be provided by HSD Ops along with the project
instruction to assist the contractor or NOAA field unit with this requirement. The CSF
will be generated from the largest scale ENC(s) covering project area and assigned sur-
veys and will contain all S-57 features within the bounds of the project area. All features
in this file should be updated based on the results of the survey. Near shore features
that lie outside the assigned project area may be included in this file and assigned to
the field unit to be addressed as part of the project requirements. New features should
be added to this file and all features in this file shall be attributed as directed in Section
This updated file shall be submitted as the Final Feature File (FFF).

AWOIS and Maritime Boundary points may be assigned for the project. Assigned AWOIS
items shall be verified or disproved following the requirements within the AWOIS item
to the extent of the assigned AWOIS radius.

Briefly describe assigned AWOIS items investigated by single beam or multibeam echo-
sounder, side scan sonar, divers, and/or other methods in this section. If any official
salvage documentation is obtained by the field unit that would warrant the removal of
a feature from the chart without further field investigation it shall be discussed in this
section and the salvage documentation shall be place in Appendix Il. Refer to any Dan-
ger to Navigation Reports submitted for this survey. A negative statement is required if
no Danger to Navigation Reports were submitted.

Assigned Maritime Boundary points shall be verified by determining the existence of
the furthest offshore feature that is dry at MLLW. No further verification for defining
the MLLW is required once the furthest offshore feature that is dry at the MLLW is de-
termined. The accuracy for maritime boundary points should meet the minimum hor-
izontal position accuracy requirement set forth in Section [3] If the assigned maritime
boundary point is not found or is not dry at MLLW, then the next furthest offshore fea-
ture that is dry at MLLW shall be verified. The hydrographer shall not extend their mar-
itime boundary point search outside of their assigned survey limits. The hydrographer
shall use the existing baseline points (located in the PRF) and Baseline Analysis.doc to
support maritime boundary point determination.
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AWOIS and Maritime Boundary real world points (e.g. rocks, wrecks, and obstructions)
in the FFF shall be attributed with NOAA Extended Attribute sftype=AWOIS or Maritime
Boundary respectively.

The source of the charted feature should be listed if known. Describe the condition
and distinguishing characteristics of all items mentioned. For each drilling structure,
production platform, and well head within the survey area (excluding temporary jack
up rigs), make a comparison between the new survey position and the largest scale
chart on which the feature is shown and discuss any differences. This information shall
be provided in the NOAA attributions remarks and recommendations.

D.2 Additional Results

If specified in the Hydrographic Survey Project Instructions, describe and discuss the
shoreline investigation results.

If applicable, briefly discuss prior survey comparisons conducted by the hydrographer.
In general, prior survey comparisons are not required by field personnel, but may be
used at the discretion of the hydrographer for quality control purposes. Prior survey
comparisons can be very helpful to the hydrographer both in the field and during final
data processing. Prior surveys may be obtained by contacting the appropriate Process-
ing Branch or by contacting the COR (if not already provided on the project CD).

Discuss aids to navigation which do not serve their intended purpose, are damaged, or
whose characteristics do not match the chart or Light List (see Section [7.2). A state-
ment shall be made in this section of the Descriptive Report if all aids serve their in-
tended purpose. NOAA units should refer to section 3.5.3.3 of the OCS Field Procedures
Manual and Hydrographic Survey Project Instructions for specific guidance on position-
ing aids to navigation.

List all bridges, overhead cables, and overhead pipelines. State the status or condition
of each feature. Provide applicable clearances determined by the survey party or by an
authoritative source (e.g., the U.S. Coast Guard or U.S. Army Corps of Engineers). In-
clude the geographic coordinates directly below the minimum clearance point. All such
charted overhead features that no longer exist must also be listed. Include written doc-
umentation, if available, and photographs with the survey records. Invalid or uncharted
overhead clearance information, or ongoing construction of bridges or overhead cables
and pipelines, constituting a potential danger to navigation, should be reported to the
U.S. Coast Guard and the U.S. Army Corps of Engineers. Mention any submarine cables
and pipelines and any associated crossing signs on the shoreline. Include coordinates
for signage or the water entry point of the feature. Note ferry routes and list position
of each ferry terminal, if not shown on the chart or contemporary NOS remote sensing
maps.

Provide information of significant scientific or practical value resulting from the survey.
Unusual submarine features such as abnormally large sand waves, shifting or migrat-
ing shoals, mounds, valleys, and escarpments should be described. Discuss anomalous
tidal conditions encountered, such as the presence of swift currents not previously re-
ported. Discuss any environmental conditions encountered, which have a direct bear-
ing on the quality and accuracy of the hydrographic data. If special reports have been
submitted on such subjects, refer to them by title, author, and date of preparation or
publication.

Mention present or planned construction or dredging in the survey area that may affect
the survey results or nautical charts. Recommend new surveys for any adjacent areas
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that need them. As appropriate, include recommendations for further investigations of
unusual features or sea conditions of interest that go beyond routine charting require-
ments. Recommend insets to be shown on the published chart of the area, if requested
by chart users or needed for clarity.

E. APPROVAL SHEET

The approval sheet with a digital signature shall be part of the digital DR file. It is
important to note that there is a distinct difference between a true digital signature
and a digitized signature. The latter is simply an image or other capture of a person’s
pen-and ink signature. By using a document scanner or an electronic pen capture
device, a person’s signature may be digitized. However, simply attaching this type of
signature to an electronic document is not the same as attaching a digital signature.

A digital signature, by contrast, appends a cryptographic “key” to the document that
can be used to verify the identity of the signer (authentication), ensure that no changes
have been made to the document since signing (integrity), and ensuring that the signer
cannot deny having sighed the document (non-repudiation). Until such time as an
organization-wide digital signature solution is implemented, the nature of self-signed
digital signatures will limit authentication and non-repudiation capabilities of the sys-
tem. The mechanism of applying the digital signature may include a digitized version
of a person’s signature, or it may not.

Use of the Adobe PDF format provides a standard vehicle for delivery of descriptive
reports. PDF supports digital signatures, and has been identified as an archive format
by the National Archives and Records Administration. The use of PDF combined with
digital signatures provides reasonable protection and assurance against inadvertent
document modification, as well as a means for tracking intentional document modifica-
tion.

The approval sheet shall contain the following:

* Approval of the deliverable files, Descriptive Report, digital data, and all accompa-
nying records. This approval constitutes the assumption of responsibility for the
stated accuracy and completeness of the hydrographic survey.

* A statement as to whether the survey is complete and adequate for its intended
purpose or if additional work is required.

* The amount and degree of personal supervision of the work.

» Additional information or references helpful for verifying and evaluating the sur-
vey.

List all reports and data not included with the survey records or Descriptive Report that
have been submitted to the processing office or to another office (e.g., Data Acquisition
and Processing Report, Vertical and Horizontal Report, Tides and Water Levels Package,
Coast Pilot Report). Include date of the report or date of submission.

If appropriate, other personnel responsible for overseeing or directing operations on
this survey sheet may also sign the Approval Sheet.

125



DESCRIPTIVE REPORT APPENDICES

The Appendices shall be submitted as a separate Adobe Acrobat file from the DR and
in a digital format only. NOAA units should refer to section 5.2.3.3.1 of the OCS Field
Procedures Manual for additional guidance on the content of DR Appendices.

|. TIDES AND WATER LEVELS
Include the following (if applicable):

Contractors;

* Field Tide Note (see Section[4.2.2)

* Final Tide Note to include the final tidal zoning and final tide reducers used to
reduce the data to chart datum

» Abstract of Times of Hydrography (lists every day during which hydrography was
conducted and the start and end times hydrography was conducted each day)

* A copy of the transmittal letter for project water level data submitted to CO-OPS

* Any other correspondence directly relating to tides and/or water levels
NOAA Field Units;

* Field Tide Note (see Section|4.2.2)

* Final Tide Note (see Section[4.5.3). If Final zoning and approved water levels were
applied by the field unit, include the Final Tide Note in the DR Append V. The Final
Tide Note is the letter provided by COOPS.

* Abstract of Times of Hydrography (lists every day during which hydrography was
conducted and the start and end times hydrography was conducted each day)

* A copy of the “Request for Approved Tides/Water Levels” letter

* Any other correspondence directly relating to tides and/or water levels

[I. SUPPLEMENTAL SURVEY RECORDS AND CORRESPONDENCE

Include any additional survey records not previously addressed in the Descriptive Re-
port, Appendices or Separates (e.g., MapInfo tables), and a summary table of bottom
samples obtained (if applicable). NOAA field units shall also include the DTON verifi-
cation e-mail from NDB (e.g. DREG registration e-mail). Any letter or email correspon-
dence relating to the present survey should also be included. Contractors shall submit
supplementary correspondence in a format that can be an easily read (e.g *.txt) such
that it is not proprietary to an email program.
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SEPARATES TO BE INCLUDED WITH THE SURVEY DATA

The following Separates shall be submitted with each survey. The Separates shall be
submitted as an Adobe Acrobat file in a digital format and reside in the Separates folder
as noted in Appendix [ NOAA units should refer to section 5.2.3.3.1 of the OCS Field
Procedures Manual for additional guidance on the content of DR Separates.

I. ACQUISITION AND PROCESSING LOGS

Include all acquisition and processing logs in digital format from the present survey.
Include positioning confidence checks and sounding system comparison checks.

Il. DIGITAL DATA

Crossline Comparisons

Include the summary plot analysis as a function of beam number if conducted for the
main scheme/crossline intersections as required in Section |5.2.4.3| and [5.3.4.3| if ap-

plicable. Include any other crossline quality reports required by Hydrographic Survey
Project Instructions.

Sound Speed Data

In previous versions of this manual, a table was required which identified the specific
sound speed profiles used during the present survey. Now the requirement is to submit
a list that can be imported into a GIS for office verifiers to analyze the distribution and
frequency of the SVP casts. This deliverable should identify the positions and dates
of all casts used; the maximum cast depth; and the dates/times for which the profiles
were applied. CARIS users can fulfill this requirement with the submission of the SVP
data that is within the CARIS project. Contractors and NOAA field units should refer to
the location where the digital sound speed files are located, and include a directory
listing of the files.

A vessel with a Moving Vessel Profiler (MVP) may use thousands of profiles for a single
survey. In such cases, a table of each individual cast is not required. Instead, replace
the table with a brief discussion on how the MVP was used (frequency, which areas of
the survey, vessels and/or lines it was used, etc.) If individual casts were conducted as
well, those casts should be included in a table.

Include confidence check results. Include copies of sound speed profiler calibration re-
port(s), if calibration occurred after submission of the Data Acquisitions and Processing
Report (DAPR).

[ll. SIDE SCAN CONTACT LISTING

Include the side scan contact listing of significant contacts in a manner which allows the

Processing Branch to easily review and correlate specific contacts with other supporting
data sets.
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8.1.5 Descriptive Report Supplemental Reports

8.1.5.1 Data Acquisition and Processing Report For NOAA field units, the Data
Acquisition and Processing Report (DAPR) is an annual report that shall be submitted
before, or not later than, the submission of the first survey of the field season. The
DAPR shall be sent to the Chief, Hydrographic Systems and Technology Program (HSTP)
and the appropriate Processing Branch specified in the Hydrographic Survey Project
Instructions. NOAA field units shall issue subsequent DAPR versions upon effecting a
significant change to any item(s) retained in the report. For Contractors, the DAPR is
a project-wide report that shall be submitted before, or not later than, the submission
of the first survey of the project. The DAPR shall be sent to the COR and appropriate
Processing Branch specified in the Hydrographic Survey Project Instructions with each
survey.

The DAPR is separated into three sections: Equipment, Quality Control and Corrections
to Echo Soundings. These sections shall contain a detailed discussion on the informa-
tion addressed below

A digital copy of the main text of the DAPR shall be provided in Adobe Acrobat format.
Include a cover sheet which contains the following general information:

Cover Sheet. Include the survey year, field unit/contractor, Chief of Party/Lead Hydro-
grapher, date and version (see Figure[G.1]in Appendix 7).

A. Equipment

Describe the major operational systems used to acquire survey data or control survey
operations. Include the manufacturer, firmware version, model number and serial num-
ber of all equipment. Indicate how the equipment was used, as well as any operational
settings. If applicable, indicate most recent calibrations and accuracy checks. Include
a description of the vessel(s) used to acquire survey data.

Specifically discuss echo sounding and lidar systems and operations in this section,
as well as other depth determination systems such as diver depth gauges, lead lines,
sounding poles, etc. Include discussion of system specifications (e.g., range scales,
number of beams, resolution and along track coverage) and indicate most recent sys-
tem calibrations and accuracy checks. State whether correctors were determined and
describe any nonstandard procedures used.

Discuss the computer hardware and software used for all data acquisition and process-
ing, and provide a complete list of all software versions and dates.

B. Quality Control

Describe all data acquisition and processing methods, procedures, and parameters
used.

Specifically discuss data processing routines for converting raw sounding data to the
final bathymetric grid deliverables. Attach processing flow diagrams. Include a descrip-
tion of the methodology used to maintain data integrity, from raw sounding data to final
soundings. Any methods used to derive final depths, such as cleaning filters, sound-
ing suppression parameters, data decimation parameters, gridding parameters, and
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surface computation algorithms, shall be fully documented and described in this sec-
tion. Discuss how the surface computation methodology (e.g., radius of propagation,
uncertainty weighting, etc.) is consistent with object detection requirements.

Discuss the methods used to minimize the errors and uncertainties associated with
depth determination, and provide details of how total propagated uncertainty (TPU) is
computed for each sounding (see Section[5.2.3.5](multibeam) or[5.3.1.2|for multibeam
and lidar, respectively). Any deviation from this requirement shall be explained here.

Discuss how under the navigation surface concept individual sounds are propagated or
combined into a node that is consistent with any specific object detection requirements
for the project.

Methods and standards used to examine side scan sonar data should be noted and a
description of processing procedures should be provided. Include the methods used for
establishing proof of swath coverage and the criteria used for selecting contacts. Addi-
tionally, include a brief description of how the review of side scan sonar data meets ob-
ject detection and accuracy requirements as per Section Any compression method
used in the review of the side scan display must be discussed (e.g., whether an average
or maximum pixel intensity within a regularly-spaced across track interval X meters is
used).

C. Corrections to Echo Soundings

This section addresses the methods used for the determination of all corrections to
echo soundings. Describe the methods used to determine, evaluate, and apply the
following corrections to echo soundings, including the uncertainties for each item:

¢ |nstrument corrections

* All vessel configuration parameters, offsets, and layback. Include pictures or fig-
ures of the equipment as installed on board

e Static and dynamic draft measurements

* Roll, pitch and heading biases and navigation timing errors. State the manufac-
turer, model, accuracy, and resolution of positioning and attitude sensor(s). Dis-
cuss accuracy and alignment test procedures and results. Include copies of system
alignment, accuracy and calibration reports

» All sound speed data applied to echo soundings, including sound speed profiles
and surface sound speed measurements

» Discuss the source of tide or water level correctors used for data processing and
final sounding reduction

D. Approval Sheet

The Chief of Party or Lead Hydrographer shall furnish a digitally signed statement of
approval for all information contained within the Data Acquisition and Processing Report
using the procedures prescribed in Section E under the Descriptive Report Approval
Sheet.

If appropriate, other personnel responsible for overseeing or directing operations on
this project report may also sign the Approval Sheet.

Data Acquisition and Processing Report Appendices. The Appendices shall be
submitted as a separate Adobe Acrobat file from the DAPR and in a digital format only.
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1. Vessel Reports: Include vessel offset reports, vessel layback reports, and dynamic
draft reports.

2. Echosounder Reports: Include echosounder system accuracy test (”"confidence
check”) and system alignment test ("patch test”) reports. Additionally, include
data processing flow diagrams. If applicable, include manufacturer calibration re-
ports.

3. Positioning and Attitude System Reports: Include positioning and attitude sensor
calibration reports (e.g. GAMS calibration report) and system configuration re-
ports (e.g. POS/MV configuration report).

4. Sound Speed Sensor Report: Include sound speed calibration reports.

8.1.5.2 Horizontal and Vertical Control Report The Horizontal and Vertical Con-
trol Report is a project-wide report which shall be submitted before, or not later than,
the submission of the last survey in project area. NOAA field units should also refer to
section 5.2.3.2.3 in the OCS Field Procedures Manual.

A digital copy of the main text of the Horizontal and Vertical Control Report shall be
provided in Adobe Acrobat format.

Include a cover sheet which contain the following general information:

* Cover Sheet - Include the type of survey(s), state, general locality, year and months,
project number, vessel(s), field unit/contractor, sub-contractors, and Chief of Party-
Lead Hydrographer.

A. Vertical Control

The Vertical Control section of the project Horizontal and Vertical Control Report shall
document all Tide and Water Level activities that took place as part of this project. Spe-
cific information pertaining to an individual survey sheet and the Request for Approved
Tides letter shall be documented in the Descriptive Report for the individual survey.
This section shall contain a discussion of:

» All stations established by the field unit (include gauge model/type). Give station
number, latitude/longitude, and the dates/times of operation.

* The method by which correctors for the field data were obtained and applied.
* The time meridian used to annotate the tide records.
* Alist of any unusual tidal, water level, or current conditions.

* The height and time corrections, and zoning if different from that specified in the
Hydrographic Survey Project Instructions.

* Ellipsoidal benchmark positioning techniques and procedures
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B. Horizontal Control

The Horizontal Control section of the project Horizontal and Vertical Control Report shall
document Hydrographic Position Control activities that took place as part of this project.
Specific information pertaining to an individual survey sheet shall be documented in the
Descriptive Report for the individual survey.

For horizontal control stations established by the field unit, describe the survey meth-
ods used to establish the station, and state the standards of accuracy used. Include
position accuracy plots (see Section [3.2.2)). For all horizontal control stations estab-
lished by the field unit, list:

The latitude to at least the nearest 1/100th of a second.

* The longitude to at least the nearest 1/100th of a second.

The station elevation (ellipsoidal height).
* The geodetic station name and year it was established.

* Briefly, describe the methods and adequacy of positioning system confidence
checks.

C. Approval Sheet

The Chief of Party or Lead Hydrographer shall furnish a digitally signed statement of
approval for all information contained within the Horizontal and Vertical Control Report
using the procedures prescribed in section E under the Descriptive Report Approval
Sheet.

If appropriate, other personnel responsible for overseeing or directing operations on
this project report may also sign the Approval Sheet.

8.2 S-57 Soundings and Features Deliverables

Features shall be attributed using the International Hydrographic Organization (IHO)
Special Publication 57 (IHO S-57), the IHO Transfer Standard for Digital Hydrographic
Data (current version is edition 3.1.2). The IHO intends for the standard to be used for
the exchange of digital hydrographic data between hydrographic offices, and for the
distribution of hydrographic data to manufacturers, mariners and other data users. It
was developed so that the transfer of all forms of hydrographic data would take place
in a consistent and uniform manner. IHO Special Publication 57 may be downloaded
free of charge at www.iho.shom.fr

A Composite Source File (CSF) and Project Reference File (PRF) shall be provided with
the Hydrographic Survey Project Instructions. In addition, a Prior Survey Feature File
(PRI) may be provided with the Project Instructions. The CSF is an S-57 attributed
dataset in .000 format and compiled from the largest scale ENC and/or preliminary
ENCs. All "Assigned” (asgnmt attribute) features from HSD OPS or the COR in CSF shall
be verified.
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The PRF is an S-57 attributed dataset containing reference layers such as survey limits,
junctions, and recommended bottom sample locations and features which are specifi-
cally targeted for investigation such as AWOIS points or Maritime Boundary points.

The PRF feature are represented by the following S-57 feature objects:

| REFERENCE FEATURE | S-57 OBJECTS | DESCRIPTION

AWOIS Points CRANES AWOIS investigation items

AWOIS Radii ACHBRT AWOIS search radius

Maritime Boundary CRANES Maritime Boundary investigation items

Survey Limits TESARE Outline survey limits

Junctions Limits TWRTPT Outline of junction survey

Bottom Samples SPRING Recommended bottom sample locations

Lidar Investigation BUAARE Placeholder indicating features
recommended for field verification

Lidar Junction Line FNCLNE Line denoting extent of verified Lidar
coverage

The PRF features are described with the following S-57 and NOAA extended attributes:

| REFERENCE FEATURES | ATTRIBUTION | DESCRIPTION \

AWOIS asgnmt Assigned or For Info Only
dbkyid Record number
invreq Type, Item status, Search type, Technique
radius AWOIS radius search
sftype AWOIS
TXTDSC AWOIS History in a .txt file
Maritime Boundary asgnmt Assigned or For Info Only
invreq Description of requirements
sftype Maritime Boundary
Survey Limits invreq Survey, Priority, Name
Junctions invreq Survey, Platform, Year, Scale
Bottom Samples asgnmt Assigned
invreq Description of requirements

The prior survey features are provided in Mapinfo and S-57 format. The prior survey
features are for reference only and do not need to be verified in the field. The S-57
file (PRI) contains features such as rocks, wrecks, and obstructions. The MaplInfo files
contain one file with the features and one file with the soundings.

All "Assigned” CSF features shall be delivered in a Final Feature File (FFF) in S-57 .000
format. Each FFF shall be broken down according to surveys. Only the features within
the survey limits shall reside in each survey deliverable (i.e. HXXXXX.FFF.000, not the
entire project feature data). The FFF shall contain attributed information on specific
objects that cannot be portrayed in a simple depth grid. Features to include in the FFF
include; all "Assigned” features from the Composite Source File (CSF) and any new fea-
tures found within the survey area. The FFF shall be in the WGS84 datum, unprojected
and have the following parameters set;

* Producing Agency = US Office of Coast Survey
* Navigational Purpose = 1 thru 5 according to chart compilation scale

* Individual Cell Code = H number of survey, H12345 becomes ‘12345’
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* Horizontal Datum = WGS84 (datum of S-57 file)
* Vertical Datum (for heights) = MHW

* Sounding Datum = MLLW

* Units = metric

e Compilation Scale = survey scale

* Coordinate Multiplication Factor = 10,000,000

* Sounding Multiplication Factor = 1,000

The FFF shall include shoreline data only if the hydrographer conducted shoreline ver-
ification. New features and changes to the source shoreline shall be portrayed in the
FFF and be as fully attributed as possible using 5-57 encoding rules.

U.S. Coast Guard maintained aids to navigation shall NOT be included in the FFF. The
hydrographer shall investigate all aids to navigation and report results as required in
section [7.2] Privately maintained aids and/or mooring buoys shall be included in the
FFF, unless they are temporary in nature or are repositioned frequently.

General soundings, contours and depth areas will NOT be included in the FFF since
these objects will be derived from Caris surfaces or final BAGs during chart compila-
tion. In rare cases, an isolated sounding may be part of the FFF if it is a navigationally
significant shoal and/or needs additional attribution.Required Objects and Attribution

These Specifications and Deliverables will not attempt to include all possible S-57 ob-
jects and attribution that may be used to support hydrographic survey data. They shall
identify the objects and attribution that are required for NOAA hydrographic survey
data when shoreline verification is required for a project.

Listed below are all the objects and attribution that shall be populated. The hydrogra-
pher shall attempt to provide as much additional information as possible on an object
to facilitate the Processing Branches in final chart compilation of the survey. The addi-
tional information shall be included with the feature in the NOAA extended attributes:
description, remarks and recommendations, instead of the Descriptive Report. Images
associated with a feature shall be included in the attribute ‘images’ (not PICREP). Im-
ages are used to document an individual feature (i.e. such as screen-grabs, side scan
snapshots, or digital photos). Images shall be delivered in JPEG format. Multiple images
shall be comma delimited and all images should be placed in the Multimedia folder with
a unique name. If the hydrographer has any questions on the appropriate attribution
for an object, they should contact the COR and/or the appropriate Processing Branch
for clarification.

ALL FEATURE OBJECTS

ALL feature objects shall have the S-57 attributes SORDAT and SORIND populated. For
features that originate from any source other than the current survey, use the SORDAT
and SORIND from that source.

For features addressed by the survey:

SORIND (Source indication) Country code, Authority code, Source, ID code

133



e Country code - US
US Authority code - US for OSC

e Source - graph
* ID code - registry number

Ex: US,US,graph,H12345

SORDAT (Source date) The last day of survey acquisition formatted as YYYYMMDD

ALL feature objects shall have the NOAA extended attributes descrp, prmsec and rem-
rks populated. All new features and feature disprovals shall have recomd populated
and all special feature types shall have sftype populated.

descrp (Description) - Description portrays the Field Charting Action.

New - New features or new positions for features
Updates - Modification of attribution, geometry, and/or feature object class

Delete - Disprovals or erroneous features

A

Retain — Addressed items that are represented properly on the chart. A remark
should be included for informational purposes as necessary

5. Not Addressed - For items that were ‘assigned’ by the HSD Operations Project
Manager or COR but that were not addressed. Include remark describing why the
feature was not addressed

prmsec (Status-Primary/Secondary) - Indicates the status of the feature. All verified
real world features in the FFF must be attributed as "primary”.

1. Primary - Principle feature that can be associated with one or more secondary fea-
tures. The primary feature is always the feature with the most accurate position
and least depth (if applicable). Features that have only one observation are also
labeled primary.

2. Secondary - Signifies that the feature is correlated to the primary.

3. Pending - A tool used during data processing. There should be no features left as
'pending’ once a survey is complete.

remrks (Remarks) - Used to provide additional information about features that is not
captured elsewhere in the digital data (e.g. S-57 attribution). For assigned features
that were not verified provide a comment such as "Retain as charted, Not investigated
due to being inshore of NALL"” shall be made in the remarks field.

recomd (Recommendations) - NOTE: required for new features and charted feature
disprovals. Recommendations is used to provide survey data reviewers and cartogra-
phers additional information about features through the final feature file. While explicit
charting recommendations are not mandatory it is important to clearly communicate
all information necessary to ensure proper charting of a feature.
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Do NOT include exact geographic positions (Latitude and Longitude), least depths, etc.
in remarks or recommendations as they are automatically generated at the process-
ing branches in the feature report. However, the practice of including the correlating
AWOIS number (RECRD field) in the remarks is acceptable.

sftype (Sepcial Feature Type) - NOTE: required for the special feature types listed below.
Indicates a feature with a special designation.

. ATON - for all ATON investigations
. AWOIS - for all AWOIS investigations

1

2

3. DTON - for all Dangers to Navigation

4. MARITIME BOUNDARY - for all Maritime Boundary investigations
5

. CEF - for all Catographic Evaluation File investigations

DEPTHS

Depth information is delivered as SOUNDG objects with all depth units in meters.
SOUNDG (Sounding) - A measured water depth or spot which has been reduced to a
vertical datum (may be a drying height). Only soundings for DTONs or other significant
shoals should be included in the feature file, and these should be attributed as follows.

Required Attributes:

* TECSOU (Technique of Sounding Measurement) — Individual soundings and fea-
tures shall be attributed according to the following table:

Technique of Measurement for Height | S-57 Attribute ID

or Depth

VBES (single beam) alone ‘1’ found by echo-sounder

Side Scan Sonar alone ‘2’ found by side scan sonar

Multibeam alone ‘3’ found by multibeam

Skunk Striping (full coverage SSS with '3’ found by multibeam, with

partial coverage multibeam) CATZOC reflecting lack of
full coverage

Diver depth ‘4’ found by diver

LIDAR alone ‘7' found by laser

Heights on rocks or islets using rangefinder | ‘12’ found by leveling

* QUASOU (Quality of Sounding Measurement) - All sounding features that were
surveyed using modern survey echosounder to NOAA/IHO standards are assumed
to be QUASOU Depth Known. In these cases QUASOU should be left un-attributed.
Attribute QUASOU only in the cases outlined below:

- Depth Unknown: Use this category for obstruction area objects, such as foul
areas, where “Unknown” is used for VALSOU and WATLEV.

- Least Depth Known: Shall be populated with point objects (i.e. wrecks, rocks,
and obstructions) under these circumstances:
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* Developments using Multibeam Echosounder (MBES) System

* Developments using Side Scan Sonar (SSS) System in conjunction with

VBES or MBES
* Developments using Vertical Beam Echo Sounder (VBES)
* Diver investigation using Diver Least Depth Gauge (DLDG)
* Manual Depth Measurement Equipment using lead line or sounding poles
* Sounding “designated” from the Surface

- Value Reported (not surveyed): Use this category for Side Scan Sonar contacts
in which a sonar depth is not acquired and which the side scan contact has
not been investigated.

FEATURES

All features should be attributed as fully as possible. Several common features are
listed below followed by their mandatory attributes and other attributes that may be
required or desirable. For all sounding-based features, see instructions for populating
TECSOU and QUASOU attributes under DEPTHS, above.

WRECKS (Wreck) - The ruined remains of a stranded or sunken vessel which has been
rendered useless. (IHO Dictionary, S-32, 5th Edition, 6027)

Required Attributes:

* CATWRK (Category of Wreck)

» WATLEV (Water Level Effect) - The attribute ‘water level effect’ encodes the ef-
fect of the surrounding water on an object (IHO S-57 Appendix A Chapter 2 - At-
tributes).

* VALSOU (Value of sounding) - The value of the measurement of a sounding relative
to the chart datum (IHO S-57 Appendix A Chapter 2 — Attributes). Should be left
blank if depth not available.

* TECSOU
* QUASOU

UWTROC (Underwater/awash rock) - A concreted mass of stony material or coral which
dries, is awash or is below the water surface (See Rock Attribution Figure in Ap-
pendix 8)

Required Attributes:

* WATLEV (Water Level Effect) - The attribute ‘water level effect’” encodes the ef-
fect of the surrounding water on an object (IHO S-57 Appendix A Chapter 2 - At-
tributes).

e VALSOU - The value of the measurement of a sounding relative to the chart datum
(IHO S-57 Appendix A Chapter 2 - Attributes). Should be left blank if depth not
available.

* TECSOU
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* QUASOU

OBSTRN (Obstruction) - In marine navigation, anything that hinders or prevents move-
ment, particularly any—thing that endangers or prevents passage of a vessel. The term
is usually used to refer to an isolated danger to navigation. (IHO Dictionary, S-32, 5th
Edition, 3503)

Required Attributes for OBSTRN objects:

« WATLEV (Water Level Effect) - The attribute ‘water level effect’ encodes the ef-
fect of the surrounding water on an object (IHO S-57 Appendix A Chapter 2 - At-
tributes).

- For line or area objects - If VALSOU is not known, use WATLEV = “Unknown”.
If a VALSOU least depth is given, use WATLEV = Covers and Uncovers, Awash
or Always Submerged.

* VALSOU - The value of the measurement of a sounding relative to the chart datum
(IHO S-57 Appendix A Chapter 2 — Attributes). Should be left blank if depth not
available.

- For line or area objects - VALSOU should represent the shoalest depth repre-
senting the feature or within the area obstruction and should match either the
shoalest grid node or designated data point. VALSOU should be left blank if
depth not available.

* TECSOU
* QUASOU
* CATOBS (Category of Obstruction) - Conditional if known.

« NATSUR (Nature of surface) - Define the nature of surface. Conditional if known.

SBDARE (Seabed area) Objects - The nature of bottom includes the material of which it
is composed and its physical characteristics. Also called character (or characteristics)
of the bottom, or quality of the bottom. (IHO Dictionary, S-32, 5th Edition, 515). Where
SBDARE is used to describe bottom characteristics obtained through bottom sampling.

Required Attributes for SBDARE Point Objects (Bottom Characteristics):

* NATSUR
* NATQUA (Nature of Surface, Qualifying Terms)
* COLOUR (Color)

Bottom characteristic objects will have NATSUR encoded and may also have NATQUA
encoded depending on the nature of the surface sampled. If a bottom sample was
attempted but no sample was recovered the NATSUR will be categorized as Unknown.
Multiple characteristics, colors and qualifiers may be used. The constituents should be
comma separated in order of predominance using the S-57 ID number. See Appendix ]|
for further details on encoding bottom samples.

Example: For fine sand, green mud and broken shells where sand is the major con-
stituent, followed by mud, then shells:
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¢ NATSUR = sand, mud, shells (4,1,17)
* COLOUR=green (-,4,-)
* NATQUA= fine, broken (1,-,4)

SBDARE line or area objects may be used to characterize areas with numerous discrete
submerged rocks (rather than encoding individual rock features) and/or areas of the
seafloor that are rocky in nature. In rocky nearshore areas, the least depths of many
features in a relatively small area may fail to be preserved, even by very high resolution
BASE surfaces. In these instances the hydrographer shall designate the least depths
on the shoalest of features. (See Section [5.3.1.2|for additional details regarding these
areas.) The extents of the area should then be delineated and characterized as SBDARE
(seabed area), and the attribute NATSUR (nature of surface) encoded as “rock”.

Required Attributes for SBDARE Line and Area Objects (Ledges, Reefs and Rocky Seabed
Areas)

* NATQUA = Rock

* WATLEV - Mandatory for reefs and ledges and for rocky seabed areas (with excep-
tions for those rocky seabed areas that extend to shore).

(NOTE: Do not use the NATQUA “hard” attribute for rocky seabed areas or rocky foul
areas.)

SHORELINE

Shoreline information, if required by project, should be encoded in S-57 using the fol-
lowing feature objects and attributes.

COALNE (Coastline) - COALNE is attributed with CATCOA (Category of Coastline), if
known. ELEVAT should not be attributed for this object.

LNDARE (Land area) - LNDARE point, line or area objects may be used to characterize
islets. LNDARE objects should be accompanied by LNDELV point or line object, denoting
the highest point of the feature. See Rock Attribution Figure[H.I]in Appendix 8 for verti-
cal height requirements by geographic area. The minimum horizontal requirements for
charting an islet as an area object are 0.65 mm by 0.5 mm at the largest scale chart of
the area.

LNDELY (Land elevation) - Elevation for islets is encoded using the object LNDELV, with
attribute ELEVAT, which is given relative to the MHW datum.

META-OBJECTS

Meta-Objects provide metadata and additional information for large areas of the sur-
vey, or to attribute the entire survey area. The mandatory meta-objects with their
mandatory attributes are listed below.

M_COVR (Coverage) - A geographical area that describes the coverage and extent
of spatial objects. The area that comprises the compiled data or extents of survey.
M_COVR may be used for the survey outline. See Section for further details.

Required Attributes:
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e CATCOV (Category of coverage)

- ‘1’ for coverage available: continuous coverage of spatial objects is available
within this area.

- ‘2’ for no coverage available: an area containing no spatial objects (i.e. an
area within the survey limits, not addressed by the hydrographer.)

* INFORM (Information) - Contains the Following String:

- Registry Number, Project Number, Platform or Contractor Name, State, Scale,
Year, Survey Type, Coverage Type (MB, SS or VB).

- Example: H12345, OPR-Q904-11, World Surveys Inc., AK, 2011, Hydro, MB

The optional Meta-Objects are listed below:

M_QUAL (Quality of Data) - A geographic area within which a uniform assessment of the
quality of the data exists.

Required attribute:

CATZOC (Category of zone of confidence in data)

- Areas of different coverage types should be separated and attributed accord-
ing to the following table:

| S-57 Attribute ID | CATZOC Description \

Al Object detection multibeam

A2 100% multibeam coverage or 200% sidescan coverage
with skunk- striping using multibeam

B Single beam bathymetry or developments, or
skunk-striping using VBES (single beam) or Lidar alone

C Single beam lines for reconnaissance

U For features with heights obtained with methods other

than sonar, or where extents were collected for islets,
reefs, ledges, shoreline construction, etc.

INFORM - Vessel(s) or aircraft name

POSACC (Positional Accuracy, in meters) — For USCG beacons or other modern
Differential GPS systems

SURSTA (Start date of survey) - Enter the start date of the field operations in for-
mat, CCYYMMDD

SUREND (End date of survey) - Enter the end date of the field operations in format,
CCYYMMDD.
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8.3 Side Scan Sonar
8.3.1 Side Scan Sonar Mosaic

A separate side scan mosaic for each 100 percent coverage shall be used as a graphic
means for demonstrating bottom coverage. Pixel resolution of the side scan mosaics
should be 1 m by 1 m. The hydrographer shall submit a digital file of each 100%
coverage (see Section(8.4.3).

If possible, the mosaics should be generated in one complete image file. If the survey
area is too large and/or creates a large image file that is unmanageable due to file
size, then the hydrographer shall subdivide the area into smaller more manageable
subsections. Contact the COR and/or appropriate Processing Branch to discuss file size
limitations for each survey. However, do not create mosaics for individual side scan line
files.

8.3.2 Side Scan Sonar Contact List
Contact List

A Sonar Contact List of all contacts, both significant (Section and insignificant,
are required and must include the specific elements of information which are described
below, along with a brief discussion of how each is to be derived. Specific entries may
vary by hydrographer. The format should be reviewed by the COR and/or Processing
Branch before data collection is conducted.

A digital copy of the contact list, ideally in spreadsheet format, shall be submitted with
the survey deliverables.

Column 1: Search Track Number—identifies the particular search track from which the
contact was observed.

Column 2: Contact Number—uniquely identifies the contact. An example of a contact
number is a number based on the date/time the contact was observed, followed by
a letter indicating the port or starboard (P or S) channel. For example, if a port-side
contact is observed on day 181 at 150125, the contact number will be 181/150125P.
Using signed (+ or -) contact range in column 4 eliminates the need for the P or S
indicator.

Column 3: Towfish Layback—the approximate distance in meters from the positioning
system antenna to the towfish. Unless computed by an automated system, the towfish
may be assumed to be directly astern of the towing vessel and on the search track.

Column 4: Contact Range—the horizontal distance from the towfish track to the con-
tact, expressed in meters.

Column 5: Contact Position—the preliminary position as determined by reconstruction
of the vessel position, towfish layback, towfish position, port or starboard channel, and
contact range at the time the contact was observed. The Contact Position shall be
stated as a latitude/longitude (decimal degrees) or X/Y (easting, northing) values.
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Column 6: Estimate of contact height computed from range and shadow length.

Column 7: Remarks—used to denote first impressions of the contact’s identity (e.qg.,
wreck, rock, etc.), or to make any comments deemed appropriate. If, after examining
the records and correlating targets from overlapping coverage, the hydrographer deter-
mines that a contact does not warrant further investigation, it shall be noted as such.
A brief statement of the reasons must be made. Any abbreviations should be defined
on the list.

Column 8: Comparison with shallow water multibeam data—used to note the corre-
sponding shallow water multibeam data (day/time, line number, etc.), the results of
comparing the side scan sonar data with the multibeam data (e.g., contact did not
appear in the multibeam data, swmb least depth = x.x—sss least depth = y.y).

Column 9: Contact is depicted in the S-57 feature file—answered in one of three ways:
(1) yes, obstr, (2) yes, sounding only or (3) no.

Once added to the list, a contact should never be removed. If, after further processing,
a contact is deemed not significant by the hydrographer, it shall be labeled as such
in column 7. The contact list, and any subsequent field examination lists and records
developed from the contact list, shall be included with the data submission in digital
form.

The contact list should be created such that it can be imported into a GIS for office
verifiers to analyze the distribution of contacts. However, if the hydrographer creates
any image files showing the distribution of contacts and/or other products to assist with
processing and analysis of the data, they may be included with the survey deliverables.

In some areas, significant contacts may be clustered (e.g., debris, boulder field). Such
an area may lend itself to being depicted as a single feature within the S-57 feature
file: a danger curve depicting the limit with accurately positioned least depth(s). If the
hydrographer has any questions to how the feature should be portrayed and attributed
within the S-57 feature file, they should contact the appropriate Processing Branch.

Contact Images

For each significant contact in the contact list, the hydrographer shall provide an image
of the contact. Digital images shall be in a standard image format (e.qg., tif, gif, jpg).
Copies of the images shall be included in the Multimedia folder. Digital file names shall
coincide with the contact name as depicted on the contact list.

8.3.3 Data Acquisition and Processing Abstracts

All sonargrams and data acquisition/processing comments shall be submitted digitally.
Time references shall be made in Coordinated Universal Time (UTC).

The hydrographer shall have a system to clearly indicate the status of the side scan

acquisition system. Historically, this was accomplished by annotating the paper sonar-
gram as the data was being collected. Further annotations could be made during field
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and/or office review of the sonargrams. Modern survey systems acquire the data dig-
itally, therefore, separate data acquisition/processing logs may be used to record the
needed information.

The following comments (or annotations) shall be made in a manner that they can be
correlated by time or other method back to the digital side scan sonar record.

System-Status Annotations

System-status annotations are required to describe the recorder settings and the tow-
ing situation. System-status annotations shall include:

Mode of tuning (manual or auto).

* Range-scale setting.

* Operator’s name or initials.

* Length of tow-cable deployed (tow point to towfish).
* Depressor in use (yes or no).

* Weather and sea conditions.
System-status annotations shall be made:

* Prior to obtaining the first position of the day.

* While on-line, whenever the system set up or status changes.

First Position/Last Position Annotations

The following annotations shall be made at the first position on each survey line:

Line begins (LB) or line resumes (LR).
» Tow-vessel heading (degrees true or magnetic).
* Towing speed (engine rpm, and pitch if applicable).

¢ Index number and time (at event mark).
The following annotations shall be made at the last position on each survey line:

e Line turns (LTRA, LTLA), line breaks (LBKS), or line ends (LE) index number and
time (at event mark).
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Special Annotations

The occurrence of any of the following events shall also be annotated:

e Change in operator (new name or initials).
* Change in range-scale setting.
» Confidence checks.
* Individual changes to recorder channel settings.
* Change in tow-cable length (tow point to towfish).
* Change in towing speed (engine rpm and pitch) or vessel heading.
* Change in tow point.
» Significant contact observed.
* Surface phenomenon observed (wakes, passing vessels, etc.).
* Passes by buoys or other known features within sonar range (identify object).
* Interference (state source if known).
» Time corresponding to the index marker.
The hydrographer shall make any other annotations necessary to note any occurrence

which may later serve to reconstruct the operation. Too much information is always
better than not enough.

Annotation Methods Header and system-status annotations may be made using
any of the following methods:

* By use of an automatic annotator, if available.
* Typed entries in the data acquisition system.
* Typed entries in a separate annotation file.

The method is left to the hydrographer’s discretion, but should be used consistently
throughout the operation.

8.4 Digital Data Files

The survey data will be supplied in a digital format. Hard copy plots and hard copy
printouts of reports are no longer required.

This section is provided as a summary for the major digital deliverables that may be
required for a typical hydrographic survey. Not all sections will apply to all surveys. For
both single beam and multibeam data, Contractors should separate digital deliverables
into two data types: raw and processed. Raw should be uncorrected or with exception
of online corrections. Processed data should include the Caris HDCS format or GSF.
NOAA field units should refer to Chapter 5 of the OCS Field Procedures Manual for other
guidance pertaining to survey deliverables.
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8.4.1 Media

Digital data shall be submitted on USB hard drives following the data directory structure
in Figure[in Appendix 12. Each registered survey shall be submitted on a separate USB
drive unless prior agreement is obtained from the COR or Processing Branch. Survey
data shall be accompanied by NOAA Form 61-29 Letter Transmitting Data. See Figure
[Klin Appendix 11. The hydrographer shall work with NOAA to ensure no compatibility
problems exist after data submission.

Prior to submitting digital data to NGDC, the field unit shall verify that all files are
present and none have become corrupt during transfer to a portable media. A check
sum shall be submitted by the field unit and generate a UNIX/LINUX hexadecimal for-
matted MD-5 hash of the content of the entire directory structure and include it in the
digital data submission. The relative directory data structure must be used to allow
verification at the processing branch.

8.4.2 Bathymetric Data

The hydrographer’s bathymetric data format shall provide complete traceability for all
positions, soundings, and correctors including sensor offsets, biases, dynamic attitude,
sound speed, position, sensor position, date and time, vertical datum reducers, and
sounding data from acquisition through postprocessing. Data quality and edit flags
must be traceable.

“Full resolution” data are defined as all data acquired and logged during normal survey
operations. Information and specifications on CARIS HIPS and data formats may be
obtained from CARIS at 506-458-8533.

Full Resolution Echosounding Data

The hydrographer shall submit full resolution echosounding data in a format readable
by CARIS HIPS. Full resolution echosounding data shall be delivered fully corrected for
tides, sound speed, vessel offsets, draft and dynamic draft. These corrections may be
made within CARIS, with data submitted as a complete CARIS project (including HDCS
files, sound speed files, Vessel Configuration, CARIS tide files, etc.). Contractors that
process with Caris, shall submit the fieldsheet directory so that re-computation could
occur if necessary.

Alternately, non-CARIS HIPS users may submit fully corrected, such that it will be read
in CARIS HIPS using a ‘zeroed’ Vessel Configuration file (.vcf or .hvf) and a ‘zero’ tide
file (.tid), etc.

Full Resolution Lidar Data

The contractor shall submit the full resolution lidar data in CARIS compatible format.
The submission will include the appropriate CARIS converter, lidar data before con-
version, and all necessary CARIS files so that NOAA can reconvert all files, if desired.
Contractors that process with Caris, shall submit the fieldsheet directory so that re-
computation could occur if necessary.
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CARIS BASE Surface and/or BAG

The final depth information from the survey will be composed of a collection of grids.
This collection of grids must reflect the state of the seafloor at the time of the survey,
with resolution and attribution as described in Section and/or the Hydrographic
Survey Project Instructions. The hydrographer must take steps to ensure that all data
has been correctly processed and that appropriate designated soundings have been
selected (see Section|5.2.1.2} |5.2.2|and |5.3.1.2). The collection of grids representing
the final reviewed results of the hydrographic survey shall be submitted as CARIS BASE
or BAG surfaces. For surveys conducted as ERS (Section [9), two sets of surfaces shall
be submitted: one referenced to the ellipsoid, and the other referenced to chart da-
tum. NOAA field units typically process hydrographic data using CARIS HIPS software.
CARIS’ format for the Navigation Surface is a Bathymetry Associated with Statistical
Error (BASE) surfaces, either an Uncertainty or CUBE Surface. CARIS users shall include
the version, service pack and hotfix numbers used during the creation of the surfaces in
the Comments section during Step 1 of the BASE Surface Creation Wizard. Non-CARIS
users may submit their Navigation Surfaces as a Bathymetric Attributed Grid (BAG).

All BAGS must adhere to the following naming convention: <Survey registry num-
ber>_<units of resolution>_<vertical datum>_<BAG file number>of<total number of
BAGS files for survey>.bag

Example: H11000_5m_NAD83CORS96_1lof6.bag

Example: H11000 50cm_MLLW_ 1of6.bag

Multibeam Calibration Data

The hydrographer shall submit data used for determining navigation time latency, pitch,
roll, and yaw biases in a separate directory on the submitted drive. The data format
shall be such that CARIS HIPS can convert the data, thus making it compatible as de-
scribed earlier in this Section.

Other Bathymetric Data

Bathymetry from other sources (e.g., diver’'s least depth gauge, lead line, sounding
pole, etc.) shall be submitted in a format readily understood and compatible with CARIS
HIPS. As with other sources of bathymetric data, these soundings shall be delivered fully
corrected for all offsets, biases, sound speed, and other factors, with corresponding
uncertainty estimates. These data shall also be included in the final grids as necessary
and appropriate.

8.4.3 Side Scan Sonar Data

The hydrographer shall submit digital side scan data in a format readable by CARIS SIPS.
Digital side scan sonar shall be geocoded using the towfish position (towfish position
corrected). Information and specifications on CARIS SIPS and data formats may be
obtained from CARIS.
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Side Scan Contact Images

The hydrographer shall submit digital images of all significant side scan contacts within
the contact list (see Section[8.3.2). Digital images shall be in a standard image format
(e.qg., .tif, .gif, .jpg). The file name shall coincide with the contact name as depicted on
the contact list.

Side Scan Mosaics

The hydrographer shall submit a digital image file for each 100 percent coverage. The
digital image file shall be in a standard geo-referenced image format (Section [8.3.1).
Contractors that process with Caris, shall submit the fieldsheet directory so that re-
computation could occur if necessary and include the referenced image file.

8.4.4 ERS Data Deliverables

Unless specified otherwise in the Hydrographic Survey Project Instructions, the follow-
ing deliverables are required for surveys conducted as ERS:

e Raw rover observed dual frequency GPS and inertial data used to produce the
IAPPK 3D vessel position

e Base Station Files in native format, if native format is other than RINEX

e Base Station Files in RINEX version 2.11+

Including navigation (.yyN) as well as observation files (.yyO)

RINEX files must include all types of dual-frequency observations, including
manufacturers SNRs: C1, L1, L2, P2, P1, S1, and S2

RINEX header shall include at a minimum: station / marker name, receiver
type / S/N, antenna type / S/N and antenna height

May use Compact RINEX (Hatanaka)

* Ephemerides used in IAPPK 3D vessel position

* Weekly user maintained base station OPUS reports and QC check reports as de-
scribed in Section[3.4]

* IAPPK 3D vessel position solution files in ASCII format to contain at a minimum:

Data rate
Time

Horizontal Position and uncertainty
Ellipsoidal Height and uncertainty

Heave

Roll, Pitch and Heading uncertainty

North, East and Down Velocity uncertainty
Number of SV’s
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- PDOP
- Baseline length (M)
- KGPS processing mode

» All processing log files integral to the IAPPK 3D position quality

* Separation model file if not the one provided in one of the following two formats:

- Comma separated values: decimal lat, decimal long, separation in meters
- NGS GEOID BIN format

e Sounding data referenced to the ellipsoid

8.4.5 Other Data
Tide and Sound Speed Data

The hydrographer shall submit tide data and sound speed data applied to all multibeam
depths on the project data drives. The hydrographer shall identify the data format and
all data element descriptions (e.g., ASCII text file or Excel spreadsheet file; date/time
referenced to UTC, tide relative to MLLW datum to the nearest centimeter). All tide data
required by Section |4} shall be sent directly to the appropriate CO-OPS office.

Vessel Configuration File

The hydrographer shall submit a CARIS HIPS compatible HIPS Vessel File (HVF) for each
vessel used during survey operations. CARIS-compatible HVF shall contain those static
and dynamic correctors, offsets and uncertainties which are to be applied to the “Full
Resolution Multibeam Data” set submitted as referenced in Section If the data
is submitted fully corrected with uncertainties already associated with each sounding,
then the CARIS HVF may be “all zeros”. In such a case, the hydrographer must provide
details on what values were derived for all the static and dynamic correctors, offset
and uncertainties and other information that is usually contained within a HVF in the
DR and/or DAPR. Information and specifications on the HVF format may be obtained
from CARIS.

Metadata

The following reports shall be included on the submitted data drive in a clearly labeled
directory;

* The main body of the Descriptive Report in Microsoft Word format.

* The Appendices and Separates to the DR in Adobe Acrobat .PDF format.

The Data Acquisition and Processing Report in Adobe Acrobat .PDF format.

* The Horizontal and Vertical Control Report in Adobe Acrobat .PDF format.
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S-57 Feature File

The S-57 feature file shall be included on the submitted drive in a clearly labeled direc-
tory.

Supporting Data

* Any associated text or image files to support S-57 feature file objects.

» Other interim data products that may help the Processing Branch verify the survey
and understand the pipeline from acquisition to final product.

9 Ellipsoidally-Referenced Surveys

This chapter covers the requirements for determining areas suitable for conducting
three-dimensional ellipsoidally-referenced surveys (ERS), requirements for operationally
conducting ERS, and requirements for vertical datum transformation and evaluating
ERS survey results.

9.1 ERS Planning and Operational Requirements

Survey planning and review by NOAA's Office of Coast Survey (OCS) Hydrographic Sur-
veys Division Operations Branch (N/CS31) shall include a component dedicated to the
evaluation of specific regions for ERS.

The three principal factors which determine survey project ERS-eligibility pertain to the
capabilities and infrastructure for:

1. Centimeter-level Global Navigational Satellite System (GNSS) kinematic position-
ing
2. Field unit capability

3. Ellipsoid-to-chart vertical datum (mean lower low water, MLLW) transformation

9.1.1 GPS Positioning

A post-processed GPS positioning methodology is preferred for reasons of quality con-
trol (QC). The required technique for NOAA ERS vessel positioning to obtain centime-
ter level 3D accuracy is tightly-coupled inertially-aided post-processed kinematic GPS
(IAPPK). Limits to operational parameters expressed below represent conditions most
favorable to achieve horizontal and vertical position uncertainty requirements.
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9.1.1.1 Reference Station Infrastructure

Baseline Limits

Centimeter level accuracy in carrier-phase differential GNSS positioning restricts the
length between reference station and survey vessel. For planning purposes, a hominal
maximum-baseline length of 20 km is used for the pair-wise, vessel-to-single reference
station configuration. A combination of National Continuously Operating Reference Sta-
tion (CORS) sites, field-installed temporary shore stations, and other approved stations
are used to satisfy the nominal maximum-baseline constraint. The maximum-baseline
length may be extended to 70 km when a network of at least 4 reference stations are
used to create a virtual reference station, and the separation between adjacent sta-
tions does not exceed 100 km. The option to use single reference station(s) or virtual
reference stations will be determined during the survey planning process and identified
in the Hydrographic Survey Project Instructions.

Data Rate

The nominal maximum required data rate for reference station data is equal to that of
the vessel (rover) data: 1 Hz. Reference station data rates as low as 30 seconds are
permitted when carrier-phase interpolation methods are used in IAPPK software.

Data Links

Field internet, radio-modem, and other data-link connectivity and bandwidth capabil-
ities are important to the ERS planning and review process. Dual-frequency, all-in-
view GPS data for each reference station must be transferred to the mobile field unit’'s
processing center day-to-day. At the nominal high-end data rate of 1-Hz (see section
above), dual-frequency all-in-view GPS receiver binary or otherwise compact/compressed
ASCII data equates to just under 20 MB per day. Reliable data link infrastructure must
then be capable of timely download of up to 20 MB multiplied by the number of refer-
ence stations involved in the ERS (single base or networked bases).

Additionally, precise orbit and clock data must be transferred to the field unit; however,
ephemerides data are orders of magnitude smaller than carrier-phase observable data
and can be downloaded with a basic internet connection.

Access to online NGS infrastructure, including the Online Positioning User Service (OPUS)
and NGS Datasheets are also required.

9.1.2 Field Unit Infrastructure

ERS capability shall be included in the Hydrographic Systems Readiness Review (HSRR)
or contractor quality assurance plan. Some general items that affect the broad notions
of ERS suitability criteria and procedures planning are listed below.
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Hardware

At a minimum, inertially-aided GPS hardware present on survey vessels must be capa-
ble of logging dual-frequency, all-in-view, GPS code and carrier phase data, as well as
high-rate inertial data.

Requirements for temporary reference stations are per that discussed above. The field
unit must have a sufficient mix of CORS and/or GPS receivers for base stations in hand
which can satisfy the reference station infrastructure (maximum baseline length) re-
quirements.

Software

Tightly-coupled inertially-aided GNSS positioning software capable of reading data as
logged by the inertial and GPS hardware for IAPPK solutions is required. There must
be sufficient licenses or “keys” with the field unit in order to sustain the processing
required to support the number of surveys to be conducted as ERS.

Personnel and Training

There must be sufficient personnel with the field unit with the knowledge, skills, and
abilities required to conduct the aspects of ERS which differ from, or are in addition to,
traditional tide-controlled hydrographic surveys. This includes, but is not limited to, es-
tablishing and maintaining base stations, establishing geodetic control when required,
post-processing of kinematic GPS data, and application of 3D ellipsoidal navigation so-
lutions to hydrographic data.

9.2 ERS Datum Transformation Requirements

The standard method for the ellipsoid-to-chart datum transformation is to utilize the
National VDatum transformation framework and software developed and published by
NOAA. However, certain ERS projects may proceed in areas lacking VDatum coverage
using one of the alternative ellipsoid-to-chart datum separation (SEP) models described
below. The method of datum transformation to be used will be prescribed in the Hydro-
graphic Survey Project Instructions.

9.2.1 VDatum

VDatum software is developed jointly by the NOS Tri-Office VDatum Team. VDatum
transformations utilize a combination of stepwise transformations between ellipsoidal,
orthometric, and tidal datums, leveraging the best available hydrodynamic models and
historical tidal and geodetic data at each step. At present time, uncertainties for VDa-
tum are known only at the shore stations used for separation model creation and are
still not fully assessed away from these shore stations for all VDatum models. There-
fore, the sole use of VDatum without additional validation requirements and QC checks
will be limited to instances in which there is confidence in the uncertainty of the sepa-
ration model throughout the entire survey area.
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VDatum QC Requirements

At the discretion of HSD, after reviewing the a priori uncertainty associated with the
particular VDatum region, certain additional QC requirements for VDatum evaluation
may be required. These steps will be determined by HSD and will be specified in the
Hydrographic Survey Project Instructions. Final determination of the method to be used
to reduce data to chart datum resides with HSD after evaluation of these QC checks
and may be based on a recommendation from the Chief of Party.

1. Point-wise Ellipsoid-MLLW SEP QC

¢ True validation of the accuracy of a VDatum ellipsoidal SEP value (e.g., ellipsoid-
MLLW) is achieved by obtaining a GPS height observation at a point wherein
the tidal datum is known. Presumably data from all tidal bench marks with
historical datums are already incorporated into VDatum and QC requirements
represent points/areas "far" from those nodal locations

e Traditional water level observations tied to the ellipsoid, acquired for 30 days
or more, provide an accurate point-check on the SEP. Such ellipsoid tidal da-
tum observations may be conducted using an ellipsoidally-referenced radar
gauge or a GPS tide buoy. Less accurate checks using water level observa-
tions of less than 30 days may be employed using the ERS vessel as a "tide
buoy" or water level "altimeter", followed by traditional comparison to water
levels from a primary NWLON station

2. ERS / Zoned Hydrography Comparisons

¢ A basic test methodology that includes the acquisition and processing of sound-
ing data in the "traditional" manner (i.e. reduction to MLLW using water levels,
discrete zoning, and/or TCARI), and then compared to ellipsoidally-referenced
data. Such VDatum verification survey lines should be conducted according
to the following basic guidelines:

- Line spacing is such that the high-frequency character of the overall SEP
surface is sampled. These specific line spacing requirements are detailed
in the Pl and SOW and are dictated by the local geoid and topography of
the sea surface (TSS)

- Spatial sampling should be adequate with respect to the zoned model;
satisfying guideline “a.” typically satisfies this guideline as well

In order for HSD to approve the use of VDatum as the method to transform final survey
data to vertical chart datum, QC checks should reveal that the uncertainty in this trans-
formation is equal to, or better than, utilizing traditional observed water level methods.
The typical contribution of the error for tides and water levels to the total survey error
budget falls between 0.20 m and 0.45 m (refer to Section [5.2.3.5)), therefore these QC
methods should show that using VDatum achieves results equal to or better than these
values, while ensuring that data do not exceed total allowable vertical uncertainty lim-

its (Section[5.1.3).

9.2.2 Ellipsoidally-Referenced Zoned Tides (ERZT)

An alternative option in areas lacking a published VDatum model is to relate "tradi-
tional" zoned water levels to the ellipsoid. This is done by measuring the height of
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the GPS antenna to the water line. Then a SEP is created by adding this ellipsoidally-
referenced water line measurement to the zoned water level “corrector.” The SEP is
then applied to the ellipsodially-referenced hydrography to reference it to chart datum.
ERS-ERZT data may be readjusted at a later date when VDatum coverage becomes
available.

9.2.3 Constant Value Separation Model

At the discretion of HSD, a constant SEP value for "small" survey areas in close prox-
imity to known ellipsoid-to-chart datum SEP points may be used. Certain additional QC
requirements for constant value SEP model may be required. These steps will be deter-
mined by HSD and will be specified in the Hydrographic Survey Project Instructions.
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A Appendix 1: Tide Station Report and Next Genera-
tion Water Level Measurement System Site Report
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Figure A.4: NJOMA121 Form 91-01 Next Generation Water Level
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B Appendix 2: Descriptive Report Cover Sheet (NOAA
Form 76-35A)

NMOAA FORM TG-354

.5 DEFARTMENT OF COMMERCE
MATICMAL OCEAMNIC AND ATMOSPHERIC ADMINISTRATION
MATIOMAL OCEAMN SERVICE

DESCRIPTIVE REPORT

Type of Survey
Project No.
Fegistry No.

LOCALITY

Ltate
General Locality
Sub-locality

CHIEF OF PARTY

LIBERARY & ARCHIVES

DATE

Figure B.1: Descriptive Report Cover Sheet(NOAA Form 76-35A)
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C Appendix 3: Descriptive Report Title Sheet (NOAA
Form 77-28)

MEORA FORM 77-28 U5 CEPARTHEHNT OF COMMERTE RESHTRY Ha
=y BATIGMAL OCEAMK AND ATHOERHERIC ADMINISTRATIIN

HYDROGRAPHIC TITLE SHEET

IMETRUZTIONS - The Hydrographic Skest chould be accompanied by this form, fllsd m as completely as possibls, when the shest 13
forwarded to the Difice

State

Ceneral Locality

Sub-Locality

Scale

Date of Survey

Instructions Dated

Project No.

Vessel

Chief of Party

Surveyved by

Soundings by echosounder

Verification by

Soundings in fathoms feet

at MLW MLLW

REMARKS:

Figure C.1: Descriptive Report Title Sheet (NOAA Form 77-28)
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D Appendix 4: Abstract of Times of Hydrography for
Smooth Tides or Water Levels

Project: OPR-P385-KR" Registry No.: H-ooooo!
Contractor Name:
Date:
Sheet Letter: !
Inclusive Dates: 2
Field work is complete.

Time (UTC)

Day? Start? End* Year

lproject Number, Registry Number, and Sheet Letter from SOW
Or Hydrographic Survey Letter Instructions.

‘Dates of the first and last days of data acquisition.
*Day of the vear (e.g. Bpril 30, 1998 = 120}

‘Start and end time of hydrography for the day.

Figure D.1: Abstract of Times of Hydrography for Smooth Tides or Water Levels
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E Appendix 5: Example Request for Smooth Tides/Water
Levels Letter

TO: NOAA, National Ocean Service
Chief, Requirements and Engineering Branch
SSMC4, Station 6515, N/C841
1305 East-West Highway
Silver Spring, MD 20910-3281

FROM: <Hydrographer=

SUBJECT: Request for Approved Tides/Water Levels

Please provide the following data:
1. Approved Tides/Water Level Note
2. Final Zoning in MaplInfo format (or the Hydrographer may
request the data in ArcView format)

3. Six Minute Water Level Data posted to CO-OPS web site.

Transmit the data to:
<Insert hydrographer’s name and shipping address>

These data are required for the processing of hydrographic survey:
Project: OPR-xxxx-KR

Registry Number: H-XxxXxxx

Sheet Letter: A

Locality: XXXXXXXXXXXXXXX

A progress Sketch or chartlet showing the survey area and Abstract of Times of Hydrography are
attached.

Tide/water level data are required within 45 days of this receipt. If this schedule cannot be met,
please advise HSD Operations at 301-713-2702 x112.

Figure E.1: Example Request for Smooth Tides/Water Levels Letter
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F Appendix 6: Danger to Navigation Report

REPORT OF DANGERS TO NAVIGATION
Hydrographic Survey Registry Number: H10851
Survey Title:  State: TEXAS
Locality: GULF OF MEXICO
Sublocality: 15 NM SSE OF GALVESTON
Project Number: OPR-L304-KR-99

Survey Dates: July 10, 1999 - July 29, 1999
Survey Danger Acquisition Date and Time: July 20, 1999; 2024 UTC

Features are reduced to Mean Lower Low Water using verified tides and are positioned on
NADS3.

Charts affected: 11323 55th Edition/July 5, 1997, scale 1:80,000, NAD 83
11330 11th Edition/September 30, 1999, scale 1:250,000, NAD 83

DANGERS TO NAVIGATION

FEATURE DEPTH (FT) LATITUDE (N) [LONGITUDE (W)
Shoal 25 29/45/31 094/20/20
Obstruction 31 28/45/14 094/20/10
Wreck 39 29/44/21 094/19/43

Buoy R “2" which is charted at 29/30/15N, 094/23/35W, was not found at its charted location.
The current position of buoy R “2" is 29/28/35N, 094/21/10W. The purpose of buoy R “2" is to
mark the northeast entrance into the Galveston Ship Channel.

Questions concerning this report should be directed to the Chief, Atlantic Hydrographic Branch at
(757) 441-6746.

Figure F.1: Example of Danger to Navigation Report
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P P T £ B oo 00,00 200.00 300,00 _1|'-|" 0o

Uncharted wreck with 37ft least depth in charted 49ft
Chartlet 1 of 1  SHEET J East

Project: OPR-K354-TC-05 Sounding Units: Feet Time Charter Davidson
NATIONAL OCEANIC AND Survey: H11475 Sounding Datum: MLLW
N State: Texas Horizontal Datum: NAD 83
ATMOSPHERIC ADMINISTRATION Localty: Gulf of Mexico Projection UM 15
NATIONAL OCEAN SERVICE Sub-locality: Atchafalaya Bay Central Meridian: 093* 00 00 May 20, 2005
Survey Scale: 120000 Scale Facter: g 9996

Figure F.2: Example of Chartlet to Accompany Danger to Navigation Report
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Appendix 7: Data Acquisition and Processing Re-
port

U.3, DEPARTMENT OF COMMERCE
HATIONAL OCEARIC AND ATRMOSPHERIC ADMINISTRATION
NATIOMAL OCEAN SERVICE

Data Acquisition & Processing Report

Type of Swrvey  Hydrographic & ————
ProjectNo. . OPR-O3 2 - R A o —

Time frame _  March - April 2000

LOCALITY

Stete Alaska

General Locality  Northern Clarence Strait

2000

CHIEF OF PARTY
...COR Daniel R. Herlihy e,

LIBRARY & ARCHIVES

..........................................................................................................................

Figure G.1: Data Acquisition and Processing Report

164



H Appendix 8: Feature Attribution

Fock attribution contained in a Feature file shall be in accordance with the NOAA Nautical Chart
Manual Section 4.9. Excerpts from this manual are shown below.

Atlantic Coast and Gulf of Mexico

NOAA Sunken Avwash at Sounding Awash that Bare
Classification Datum Uncovers
Depth < 1ft above MLLW Ift above MLLW
= 1ft above
= 1ft below to to MEW
1ft below MLLW 1ft above MHW
5-37 Object LNDARE and
UWTROC TUWTROC TUWTROC LNDELV
(height)
Mandatory WATLEV =3 WATLEV =5 WATLEV =4 .
Attributes VALSOU >0 VALSOU =0 VALSOU <o | ELEVAT=0
Pacific Coast
NOAA Sunken Awash at Sounding Awash that Bare
Classification Datum Uncovers
2 ; W 2 ; W
Depth = 9t below = 2ft abo:oe MLL ft abmtz:J MLL = 2t above
MLLW 2ft below MLLW | 2ft above MHW MHW
5-57 Object ILNDARE and
UWTROC UWTROC UWTROC LNDELV
(height)
Mandatory WATLEV =3 WATLEV =35 WATLEV =4 .
Attributes VALSOU =0 VALSOU =0 VALSOU =0 ELEVAT=0
Great Lakes
LWD = Low Water Datum
NOAA Sunken Awash at Sounding Awash that Bare
Classification Datum Uncovers
2 o T W
Depth = 2t below < 2ft above LWD to 2t abo:oe LWD = 4ft above
W 2 LW W
LWD ft below LWD 4t above LWD LWD
5-57 Object ILNDARE and
UWTROC UWTROC UWTROC LNDELV
(height)
Mandatory WATLEV =3 WATLEV =35 WATLEV =4 .
Attributes VALSOU =0 VALSOU =10 VALSOU =0 ELEVAT=0
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NOAA Extended Attributes

NOAA Required Attribution

In addition to S-57 Attribution, NOAA requires customized attribution to support H-
Cell (preliminary ENC) compilation by the cartographers and to highlight features (i.e.
DTON, AWOIS).

The following is a list of required NOAA extended attributes for new, updated, and
disproved features:

I.) descrp - Description from Field Charting Action

1. New - For new features or new positions for features
2. Updates - For modification of attribution, geometry, and/or feature object class

3. Delete - For disprovals or incorrect features, including all LIDAR or other investiga-
tion items that have been disproved.

4. Retain - For an item that was fully addressed or investigated, and found to be rep-
resented properly on the chart, with no edits or additions to attribution required.
A remark should be included for informational purposes as necessary

5. Not Addressed - For items that were assigned but that were not addressed. Include
a remark describing why the feature was not addressed

I1) prmsec - Status-Primary/Secondary - Indicates the status of the feature and is par-
ticularly helpful during side scan sonar processing. All real world features in the
Final Feature File shall be '1-Primary’. If prmsec is populated with ‘2-Secondary’
prkyid must also be populated. See item ‘VI' below under NOAA Discretionary
Attribution.

1. Primary - principal feature. May be associated with one or more secondary fea-
tures. The primary feature is always the feature with the most accurate position
and least depth (if applicable). Features that have only one observation are also
labeled primary.

2. Secondary - Signifies that the feature is correlated to the primary.

3. Pending - a tool used during data processing. There should be no features left as
pending once a survey is complete.

III) remrks - Remarks — Used to provide survey data reviewers and cartographers
additional information about features. The hydrographer’s feature remarks should
include techniques used to identify the feature, what the feature is and additional
information that is not captured elsewhere in the digital data (e.g. S-57 attribution,
etc.).

IV) recomd - Recommendations — NOTE: only required for new features and
charted feature disprovals. Recommendations is used to provide survey data
reviewers and cartographers additional information about features. Recommen-
dations shall be populated for those features that require further clarification than
the standard S-57 attributes.
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V.) sftype - Special Feature Type - NOTE: only required for the special feature
types listed below. Indicates a feature with a special designation.

ATON - for all ATON investigations

AWOIS- for all AWOIS investigations

DTON - for all Dangers to Navigation

MARITIME BOUNDARY - for all Maritime Boundary investigations

v & W N

CEF - for all Cartographic Evaluation File investigations

Do NOT include exact geographic positions (Latitude and Longitude), least depths, etc.
in Remarks or Recommendations. However, the practice of including the correlating
AWOIS number (RECRD field) in the remarks is acceptable.
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NOAA Discretionary Attribution

The following is a list of additional NOAA customized attributes that are not required
but may be helpful:

I.) asgnmt - Assignment Flag - Internal NOAA attribute that indicates items delivered
to the field unit as ‘assigned’ by the project manager or COR from HSD Operations.
These must either be addressed or flagged as “Not Addressed” in the descrp at-
tribute.

1. Unassigned
2. Assigned
3. For Info Only

Il.) images - Image(s) associated with a feature. The attribute is a uniquely identifying
filename including the file extension. Multiple images should be comma delimited.
The image format shall be JPEG or PNG and the images shall be delivered in the
Multimedia folder.

I11.) keywrd - user customized keyword to be used for processing or querying data.
Example: Lidar Investigation

IV.) acqsts - Acquisition Status.

1. Investigate

2. Resolved

This is a tracking tool used during data processing that ensures features are fully in-
vestigated as necessary. For example, a feature found using side scan sonar may need
additional information to get a least depth. This attribute allows the feature to be iden-
tified for further investigation, reminding the survey manager that further investigation
is required.

V.) invreq - Investigation requirements. The COR or project manager at HSD OPS uses
this field to deliver information and define specific investigation requirements for
the field. For example, the survey limit feature (TESARE) includes the H number,
Priority, and Sheet Name. In addition, there may be specific requests from cus-
tomers about particular features, or questionable features that may warrant extra
attention.

VI.) prkyid - Primary Key ID. The primary key ID shall be populated for secondary fea-
tures with the primary feature’s Database key ID (i.e. when prmsec = secondary).
This is a means for manual correlation in CARIS to associate the secondary feature
with the appropriate primary feature.
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NOAA Extended Attributes Schema

NOAA has created extended attributes in the acquisition and processing software to provide
further flexibility than can be obtained via the S-57attribute standards. The following extended
attributes are global to all S-57 object classes.

Acronym Name Description 1ISO8211 ID Type
acqsts Acquisition status Status of acquisition 2007 (E)numeration
asgnmt Assignment status Indicates whether a 2001 (E)numeration

feature is
(un)assigned
cnthgt Contact height Contact Height 2008 (F)loat
dbkyid Database key ID Unique ID for use in 1041 Free text (S)tring
relational database
descrp Description Field recommended 2000 (E)numeration
charting action
images Images List of comma- 2003 Free text (S)tring
delimited file
name(s); do not
include path(s)
invreq Investigation Specific instructions 2009 Free text (S)tring
requirements for investigation
requirements
keywrd Keyword List of comma- 2006 Free text (S)tring
delimited user
keyword(s)
onotes Office notes Office notes 2004 Free text (S)tring
prmsec Primary / secondary | Indicates whether a 2002 (E)numeration
correlation status feature is the primary
contact or a
secondary view
prkyid Primary key ID For Secondary 2010 Free text (S)tring
feature(s); the
Primary feature
dbkyid
recomd Recommendations Charting 1119 Free text (S)tring
recommendations
remrks Remarks Remarks 1118 Free text (S)tring
sftype Special feature type Indicates special 2005 (E)numeration
features
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The expected input values for the (E)nhumeration attributes are:

Acronym 1SO8211 Code | Enumeration 1D Meaning

New

Update

Delete

Retain

Not Addressed

descrp 2000

Unassigned
Assighed
For Info Only

asgnmt 2001

Primary
Secondary
Pending

prmsec 2002

ATON
AWOIS
DTON
MARITIME
BOUNDARY
CEF

sftype 2005

Investigate
Resolved

N0 A [ WIN|2|Ww N2 |W N2 o AW —

acgsts 2007

Table 1: Expected input values for NOAA enumeration attributes

Figure H.3: Expected input values for NOAA enumeration attributes
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I Appendix 9: Survey Progress Estimate

A B c D 3 G H 4 K L [} N [ P a R

=
2 |Survey Progress Estimate -- (Month of Report)
+ | FY 2010 Task Order Number XX

s ops FIELD
W Dare Field | Date Field | Estimated Ds i
roject nurmaer ang | sneer | negiomy |72 suw | Dote Fild| Date Fiid] Estimoted Dete] Viarch April Wiay June uly August_| September]  October November | December
e o | e estimates| compietea | work | work | ofsurvey | Cumulative % | Cumulative % |Cumulative 2| Cumuiative 5% | Cmulative % | Cumulative % | Cumulative % | Cumulative® | Cumwiative% | Cumulative %

; sum_| survevOusiine | segan | compiew| Sumission | compiecz | compiere | compiers | compiete | compiere | compiesz | compere Compiete compiere compiete
5
10
R —
12| tocation, state
12
14
15
16

Figure I.1: Survey Progress Estimate
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J Appendix 10: Bottom Classification

X
Tyvpe Term Grain diameter
Clay (mm)
Mud 0.02-0.1
Silt
Fine 0.1-0.3
Sand Medium 0.3-0.5
Coarse 0510
Fine 1-2
Grawvel Medium 24
Coarse 4-6
Fine 6-10
Pebbles Medium 10-20
Coarse 20-50
Stones 30-250
Boulders = 250

Figure J.1: Sediment Classification by Size
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Encoding for Bottom Samples

Bottom characteristics are limited in usefulness for charting purposes, but other users find the information
helpful for a multitude of purposes, such as geologic, fisheries or habitat studies. Only the main constituents
of the bottom sample you collect will be applied to the chart. Other constituents, as well as color, and many
of your qualifying terms, will be omitted for charting purposes, but archived and made available for other
users.

Use the S-57 object SBDARE (Seabed Area) for classification of bottom characteristics. NATSUR (Nature
of Surface) is a required attribute for all NOAA bottom samples collected. For NOAA purposes in describing
bottom samples the attribute NATQUA (Nature of Surface — Qualifying Terms) may also be used in
conhjunction with NATSUR, but is not to be used alone. COLOUR may also be used to further describe the
NATSUR term.

How to Encode Bottom Characteristics Multiple NATSUR terms may be designated, for example, sand,
gravel and shells. For more detailed descriptions the attribute NATQUA may also be used as a descriptive
term. For instance, the sand may be NATQUA, coarse and the shells may be NATQUA, broken. (NOTE: S-
57 permits multiple NATQUASs to be applied to any individual NATSUR term. For example, mud may be
both ‘sticky’ and ‘soft. However, for NOAA purposes do not apply multiple NATQUASs to a single NATSUR.)
COLOUR may also be applied to the NATSUR terms. (NOTE: S-57 limits the use of COLOUR to just the
first term, but for NOAA purposes we are applying COLOUR as needed for any or all of the terms.) See the
tables on the following pages for NATSUR, NATQUA and COLOUR options.

Follow these steps for encoding bottom samples.

(1) NATSUR: First determine the most appropriate general description of the seabed type using one or

more of the choices for attribute NATSUR. List them in order of the most predominate first, comma
delimited, using the S-57 ID number.

Example: For sand, mud and shells where sand is the major constituent, followed by
mud, then shells:

NATSUR = sand,mud,shells (4,1,17)

(2) NATQUA: Next, if clearly discernible, give more specific details for the NATSUR characteristics selected
using the attribute NATQUA. NATQUA attributes should be listed in the same order as the NATSUR
attributes to which they are associated, and should be comma delimited. For any NATSUR that has no
NATQUA qualifier, its place in the list must be left empty and held by a comma.

Example: Fine sand with mud and broken shells; mud is the only constituent with no
qualifier:

NATSUR = sand,mud,shells (4,1,17); NATQUA=fine,,broken (1,-,4)

Where the /ast NATSUR term has no qualifier, encode a trailing comma.
Example: fine sand and mud, (mud has no qualifier):

NATSUR=sand,mud (4,1), NATQUA=fine, (1,-)

(3) COLOUR: Finally, if appropriate, encode COLOUR as above for NATQUA.
Example: Fine white sand with black mud and broken shells

NATSUR = sand,mud,shells (4,1,17); NATQUA=fine,,broken (1,-,4); COLOUR=white,black (1,2,)

Figure J.2: Encoding for Bottom Samples
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I EMC wiewing software this is how the SBDOARE and its attributes will appear for 2 sample encoded as
'fine white sand, black mud and broken shells'.

[X]
ACronym Marme Acronym Mame
SEDARE Sesbedares | COLOUR Calour wihite, black, -
MATOUA Mature o surface - qualifving terms  Fine,-,broken

MATSUR Matura o curface cand,rmud,chals

M any S-57 feature managerment software applications will automatically format the cormma delimiters far
RATSUR, RATRUA and COLOUR.

HATSUR (Mature of surface)

D Meaning | NATSUR Description

1 rnud Soft, wet earth.
2 Particles of less than 0002 mrm; stiff, sticky earth that
clay becomes hard when baked.
3 it Particles of 0.002-0.0625mm; when dried on hand will rub
! off easily.
4 sand Particles of 0.05825-2 Omm; tiny grains of crushed or worn
rack.
A general term for rock fragments ranging in size from
5 stone pebbles and gravel to boulders or a large rock mass.
B gravel Farticles of 2 0-4 Omm; small stones with coarse sand.
Particles of 4 O-B4.0mrm; small stones made srmooth and
7 pehbles round by being rolled in water.
Particles of 54.0-286.0mm; stones worn round and smooth
g cobbles by water and used for paving.

Any tormation of natural origin that constitutes an integral
par of the lthosphere. The natural occurring material that

= roch forms firm, hard, and solid masses.

The tluid ar semifluid matter flowing from avolcano. The
1k lava substance that results from the cooling of the molten rock.
14 coral Hard calcareous skeletons of many tribes of marine polyps.
17 shells Exoskeletons of various water dwelling animals.

18 hioulder A rounded rock with dizmeter of 266mm (25 . 6crm) or larger.

Figure ).3: Encoding for Bottom Samples
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NATQUA (Nature of surface, qualifying terms)

ID Meaning NATQUA Description
Falls within the smallest size continuum for a particular

1 fine NATSUR term.

2 Falls within the moderate size continuum for a particular
medium NATSUR term.

3 Falls within the largest size continuum for a particular
coarse NATSUR term.

4 broken Fractured or in pieces.

5 sticky Having an adhesive or glue like property.

8 soft Not hard or firm.

7 stiff Not pliant; thick, resistant to flow.

8 volcanic Composed of or containing material ejected from a volcano.

9 calcareous | Composed of or containing calcium or calcium carbonate.

Firm; usually refers to an area of the sea floor not covered

10 hard by unconsolidated sediment.

COLOUR

ID Meaning

1 white

2 black

3 red

4 green

5 blue

6 yellow

7 grey

8 brown

9 amber

10 violet

11 Orange

12 Magenta

13 Pink

Figure J.4: Encoding for Bottom Samples
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NATQUA

NATSUR

Fine

2
Medium

3
Coarse

a4
Broken

5
Sticky

Soft

Stiff

8
Volcanic

9
Calcareous

10
Hard

1

Mud

X

X

X

2

Clay

3

Silt

4

Sand

5

Stone

6

Gravel

7

Pebbles

8

Cobbles

9

Rock

11

Lava

14

Coral

17

Shells

18

Boulder

Figure J.5: NATQUA/NATSUR Allowable Attribute Combination
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K Appendix 11: Survey Data Submission

NOAA FORM 61-29 U.S. DEPARTMENT OF COMMERCE | REFERENCE NO
(12-71) NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
LETTER TRANSMITTING DATA DATA AS LISTED BELOW WERE FORWARDED TO YOU
BY (Check)
D ORDINARY MAIL D AIR MAIL
To: D REGISTERED MAIL I:I EXPRESS
M M D GBL (Give number)

DATE FORWARDED

NUMBER OF PACKAGES

NOTE: A separate transmittal letter is to be used for each type of data, as tidal data, seismology, geomagnetism, etc. State the number of packages and
include an executed copy of the transmittal letter in each package. In addition the original and one copy of the letter should be sent under separate cover.
The copy will be returned as a receipt. This form should not be used for correspondence or transmitting accounting documents.

This package contains [List drive(s) with description (e.g. Seagate 500 GB) and CD number or drive name]
Containing Hydrographic Survey Data Submission "[Type of data (i.e. Field/Raw and Processed Data]"

Checksum

Survey: Hxxooox

Project: OPR-xxxx%-XX-XX

Size (bytes): 000,000,000

Files: 00,000

Name of Checksum File: Hxxxxx. md5

Survey: Hxooox

Project: OPR-x00¢-x%-xx

Size (bytes): 000,000,000

Files: 00,000

Name of Checksum File: Hxoox. mdS

Survey: Hooxx

Project. OPR-XXXX-XX-XX

Size (bytes): 000,000,000

Files: 00,000

Name of Checksum File: Hxxoox. mds

*[Add additional comments or hotes here]*

FROM: (Signature) RECEIVED THE ABOVE
(Name, Division, Date)

Return receipted copy to:

USDOC NOAA NOS
[Insert field unit address here]

NOAA FORM 61-29 SUPERCEDES FORM C AND GS 413 WHICH MAY BE USED. * U.S GOVERNMENT PRINTING OFFICE: 1988 - 554-006-61309

Reset

Figure K.1: Survey Data Submission for NOAA Units
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NOAA FORM 61-29
(12-71)

U5, DEPARTMENT OF COMMERCE

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

LETTER TRANSMITTING DATA

REFERENCE NO.

TO:

DATA AS LISTED BELOW WERE FORWARDED TO YOU

BY (Check)
D AIR MAIL

D EXPRESS

D ORDINARY MAIL
D REGISTERED MAIL

D GBL (Give number)

DATE FORWARDED

NUMBER OF PACKAGES

NOTE: A separate transmittal letter is to be used for each type of data, as tidal data, seismology, geomagnetism, etc. State the number of packages and
include an executed copy of the transmittal letter in each package. In addition the original and one copy of the letter should be sent under separate cover.
The copy will be returned as a receipt. This form should not be used for correspondence or transmitting accounting documents.

This package contains [List drive(s) with description (e.g. Seagate 500 GB) and CD number or drive name]
Containing Hydrographic Survey Data Submission "[Type of data (i.e. Field/Raw and Processed Data]"

Survey: X000

Project: 300-3000-xx-xx
Size (bytes): 000,000,000
Files: 00,000

Sunvey: X000

Project: Xxx-Xxxx-Xx-Xxx
Size (bytes): 000,000,000
Files: 00,000

Survey: XX

Project: xx-xxxx-Xx-Xx
Size (bytes): 000,000,000
Files: 00,000

*[Add additional comments or notes here]*

FROM: (Signature)

Return receipted copy to:

RECEIVED THE ABOVE
(Name, Division, Date)

NOAA FORM 61-29 SUPERCEDES FORM C AND GS 413 WHICH MAY BE USED.

Reset

* U5 GOVERNMENT PRINTING QFFICE: 1988 - 554-006-61309

Figure K.2: Survey Data Submission for Contractors
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L Appendix 12: Data Directory Structure

Data Directory Structure for NOAA Units

HSSD Appendix 2012
NOAA Raw Data Directory Structure

(T Raw_Public

() Backscatter

(M Bathymetry
(CIMBES
(1VBES

(M Features

(T Positioning

(18SS

CasvpP
CIBOT Files
CICAT Files

Figure L.1: Raw Data Directory Structure for NOAA Units
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HSSD Appendix 2012
NOAA Data Directory Structure

() OPR-X###-XX-##_Project_Name
COHXXXXX
(M Data
(M Processed
(O Fieldsheets
(C1GNSS_Data
(SBET
(OHDCS
(IMultimedia
(PSS
(18-57_Features
(SVP
(1 Tide
(X Separates
(C11_Acquisition_& Processing_Logs
(1 Acquisition_Logs
(1 Detached_Positions
(1 Processing_Logs
(111_Digital_Data
("1 Checkpoint_Summary_&_Crossline_Comparisons
(T Sound_Speed_Data
(111l Side_Scan_Sonar_Contact_Listing
(" Descriptive_Report
(1 Public_Relations_& Consituent_Products
(1 Project_Reports
(1 Coast_Pilot_Review
(1 Data_Acquistion_& Processing_Report
(" Horizontal_&_Vertical_Control_Report
(X Digital_A-Vertical_Control_Report
(T Digital_B-Horizontal_Control_Data
(CJATON_Data
() Base_Station_Data
(T Project_Correspondence

Figure L.2: Data Directory Structure for NOAA Units
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Data Directory Structure for Contractors

HSSD Appendix 2012
Contractors Data Directory Structure

() OPR-X###-XX-##_Project_Name
COHXXXXX
(M Data
(" Preprocess
() Backscatter
(T Bathymetry
(MBES
(O VBES
(T Features
(1 Positioning
(sss
(SVP
(1 Processed
() Bathymetry_& SSS
(C1GNSS_Data
(JSBET
() Multimedia
(C18-57_Features
(CISVP
(M Tide
(T Separates
(11_Acquisition_& Processing_Logs
() Acquisition_Logs
(‘) Detached_Positions
(1 Processing_Logs
(X 11_Digital_Data
(1 Checkpoint_Summary_&_Crossline_Comparisons
(1 Sound_Speed_Data
(11l Side_Scan_Sonar_Contact_Listing
() Descriptive_Report
(1 Public_Relations_& Consituent_Products
(T Project_Reports
(T Coast_Pilot_Review
() Data_Acquistion_& Processing_Report
(I Horizontal_& Vertical_Control_Report
(" Digital_A-Vertical_Control_Report
(" Digital_B-Horizontal_Control_Data
COATON_Data
() Base_Station_Data
(T Project_Correspondence

Figure L.3: Data Directory Structure for Contractors
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