
4 Tides and Water Levels Requirements

4.1 General Project Requirements and Scope

4.1.1 Scope

The requirements and speci�cations contained in this section cover the water level and vertical
datum requirements for operational support of hydrographic surveys and photogrammetric surveys
conducted as part of the NOAA Nautical Charting Program. The scope of this support is comprised
of the following functional areas:

1. Tide and water level requirements planning

2. Preliminary tidal zoning development

3. Control water level station operation, monitoring, and maintenance

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

5. Data quality control, processing, and tabulation

6. Tidal datum computation and tidal datum recovery

7. Generation of water level reducers and �nal tidal zoning

8. Quality control check of contractor submitted data to CO-OPS

For NOAA in-house surveys hydrographic survey, personnel from the NOAA's National Ocean Ser-
vice (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 speci�cations of this document is required
for NOS major program areas of navigational products and services. The �rst 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-OPS is responsible for all planning of tide requirements for NOS hydrographic surveys. 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 operations. 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 historical published bench mark information available for all historical tide
stations speci�ed for reoccupation. If CO-OPS provides a new preliminary tidal zoning scheme, the
contractor must use that zoning scheme �rst 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 �nal zoning 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-OPS manages the NWLON of approximately 200 (as of October 2007) 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. Veri�ed 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 veri�ed data are made available over the Web relative to MLLW datum,
station datum, or special water level datum (such as Columbia River datum) as an user option in
the interface.

Data Quality Monitoring

CO-OPS 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 monitor 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, and once these gauges are listed
on the hydro hot list by CO-OPS, as it does for all other NOS water level systems, including all
NWLON stations. The CORMS system description can be found in System Development Plan,
CORMS. CORMS is a NOS provided support function to the operational �eld parties and does not
relieve the hydrographer of responsibility for performing 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.

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 de�ned in
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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 de�ned for speci�c 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 signi�cant 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 dependent, 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% con�dence 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 measurements
to station datum. Gauges/sensors need to be calibrated, and sensor design and data sampling
need to include strategies to reduce measurement errors due to waves, currents, temperature,
and density e�ects. The measurements need to be properly referenced to the bench marks
and tide sta�s, as appropriate and monitored for vertical stability. The measurement error,
including the dynamic e�ects, should not exceed 0.10 m at the 95% con�dence level. The
processing 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% con�dence 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% con�dence level).

3. The error in application of tidal zoning. Tidal zoning is the extrapolation and/or interpola-
tion of tidal characteristics from a known shore point(s) to a desired survey area using time
di�erences and range ratios. The greater the extrapolation/interpolation, the greater the un-
certainty and error. Estimates for typical errors associated with tidal zoning are 0.20 m at
the 95% con�dence level. However, errors for this component can easily exceed 0.20 m if tidal
characteristics are very complex, or not well-de�ned, and if there are pronounced di�erential
e�ects 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 speci�cation 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.
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4.2 Data Collection and Field Work

The hydrographer shall collect continuous and valid data series. Accurate datums cannot be com-
puted for a month of data with a break in the water level measurement series in excess of three days.
Even breaks of signi�cantly less than three days duration will not allow for interpolation during times
when strong meteorological conditions are present and in areas with little periodic tidal in�uence.
Any break in the water level measurement series a�ects the accuracy of datum computations. Breaks
in data also result in increased error in the tide reducers when interpolation is required to provide
data at the time of soundings. At a critical measurement site where the water level measurement
data cannot be transmitted or monitored during hydrographic operations, 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 hydrographic
surveys and if so shall be speci�ed by NOS in each individual set of Project Instructions or State-
ment of Work. These stations shall be used to provide 6-minute time series data, tidal datum
references and tidal zoning which all factor into the production of �nal tide reducers for speci�c
survey areas. Station locations and requirements may be modi�ed after station reconnaissance or as
survey operations progress. Any changes shall be made only after consultation between the CO-OPS
and the hydrographer (and COTR if contract survey) as moving required stations to new locations
may require new seven-digit station identi�er numbers and new/historical station and bench mark
information.

The duration of continuous data acquisition shall be a 30-day minimum except for zoning stations.
Data acquisition shall be from at least 4 hours before the beginning of the hydrographic survey op-
erations to 4 hours after the ending of hydrographic survey operations, and/or shoreline veri�cation
in the applicable areas. Stations identi�ed 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 col-
lected throughout the entire survey period in speci�ed areas for which they are required, and not less
than 30 continuous days are required for accurate datum determination. Additionally, supplemental
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 speci�ed local low water level datum established for navigational purposes. Laguna
Madre and parts of Pamlico Sound are examples of such areas classi�ed as non-tidal which have
special low water datums. Some river areas also have special datums due to the e�ects 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 referenced to an established Low Water Datum relative to International Great Lakes Datum
of 1985 (IGLD 85).
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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 calibra-
tion 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 average 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 stations,
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 systems 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 pressure gauges, sound path air temperature di�erences for acoustic systems, and high
frequency wave action and high velocity currents for all sensor types.

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 Manual, 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 Paro-
Scienti�c intelligent pressure (vented) sensor incorporated into a gas purge system, or a well/�oat
with absolute shaft angle encoder (Great Lakes Stations) are used for water level measurements.
(For further 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 described 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 con�guration (Refer
to User's Guide for 8200 Acoustic Gauges, NOAA/NOS, updated February 1998). When using the
vented pressure sensor, a series of gauge/sta� comparisons through a signi�cant portion of a tidal
cycle shall be required (1) at the start, (2) at frequent intervals during deployment, and (3) at the end
of a deployment. Frequent gauge/sta� 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 sta� to gauge observations shall be at least three hours
long at the beginning and end of deployment and the periodic observations during deployment shall
be 1 hour long. The sta�-to-gauge comparison criteria are general requirements. When these sta�-
to-gauge observation frequency or time requirements cannot be met, then refer to section 4.2.4.
Sta� observations for further information. Along with the averaging procedure described above

11



which works as a digital �lter, NOS uses a combination protective well/parallel plate assembly on
the acoustic sensor and a parallel plate assembly (with 2" ori�ce chamber) on the bubbler ori�ce
sensor to minimize systematic measurement errors due to wave e�ects and current e�ects, as shown
in Figure 4.1.

When pressure sensors are used to collect the water level data, ori�ce should be mounted on vertical
surface such as piling of a wharf so that precise elevation of ori�ce below a sta� stop could be
measured with a steel tape, and the elevation of the sta� stop can be measured via di�erential
leveling to the nearest benchmark and with the primary bench mark. If the ori�ce is mounted
vertically and its elevation can be determined precisely with reference to the primary bench mark,
then sta� to gauge readings may not be necessary, and the requirement for sta�-to-gauge readings
may be waived (e.g. in seawater). If the ori�ce can not be mounted to a vertical surface i.e. if
the elevation of the ori�ce can not be determined precisely with the primary bench mark, then
sta�-to-gauge readings are required to relate the water level datums to the bench marks. Refer to
additional information about sta� and sta� 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 measurement system performance
for near real-time quality assurance is essential to properly support hydrographic survey operations.
Therefore, it is required that, where access 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 transmissions must use a message format identical to the format as currently
implemented in NOS' Next Generation Water 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 4.7 for References). Once station and gauge information is con�gured in DMS and station
listed on the Hydro Hot List (HHL), the NOS Continuous Operational 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 speci�ed in the above document so that data
can be loaded properly into DMS software. Refer to Section 4.6.3 for further details about the water
level data format speci�cations.

Close coordination is required between hydrographer and Requirements and Development Division
(RDD) 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 �eld, 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 RDD. Test transmissions conducted on site
are outside this requirement. This station and DCP information must be con�gured in DMS before
data transmissions begin so that the data will be accepted in DMS. The documentation required
prior to transmission in �eld is de�ned in the NGWLMS Site Report, Field Tide Note, or Water
Level Station Report, as appropriate. (Refer to Section 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 required. The hydrog-
rapher shall be responsible for security and/or protective measures, as required. The hydrographer
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shall install all components in the manner prescribed by manufacturer, or installation manuals. The
hydrographer or contractor shall provide CO-OPS of the position of all tide gauges installed before
hydrography begins, including those that were not speci�ed in the Statement of Work or 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 de-
signed or installed by contractors, shall be installed and maintained as prescribed by manufacturers,
installation manuals, appropriate local building codes, or as speci�ed by the Contracting O�cer's
Technical Representative (COTR), 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 station installation,
operations and maintenance, and station removal.

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 satel-
lite transmitter) and its supporting structure and a tide sta� if required.

� 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 sta� 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 a�ecting sensor output
or collection of data shall be documented in writing using appropriate maintenance forms (see section
on water level station documentation below) and retained 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 o�set, 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 following:
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� Closing levels - a level connection between the minimum number bench marks and the water
level sensor(s) and tide sta� 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.

4.2.4 Tide Sta�s

Sta�

The hydrographer shall install a tide sta� 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. ori�ce is laid over sea
�oor in case of pressure based bubbler gauges. Even if a pressure gauge can be leveled directly, sta�
readings are still required for assessment of variations in gauge performance due to density variations
in the water column over time. The tide sta� shall be mounted independent of the water level sensor
so that stability of the sta� or sensor is maintained. Sta� shall not be mounted to the same pile on
which the water level sensor is located. The sta� shall be plumb. When two or more sta� scales are
joined to form a long sta�, the hydrographer shall take extra care to ensure the accuracy of the sta�
throughout its length. The distance between sta� zero and the rod stop shall be measured before
the sta� is installed and after it is removed and the rod stop above sta� zero height shall be reported
on the documentation 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 sta�s can be extremely di�cult and costly. In these cases, the
physical installation of a tide sta�(s) may be substituted by systematic leveling to the water's edge
from the closest bench mark. The bench mark becomes the �sta� stop� and the elevation di�erence
to the water's edge becomes the �sta� reading�.

Sta� Observations

When using the vented pressure sensor, a series of gauge/sta� comparisons through a signi�cant por-
tion 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 deployment before gauge has been removed.
Frequent gauge/sta� comparisons during deployment shall be required to assist in assuring measure-
ment stability and minimizing processing type errors. The sta� to gauge observations at the start
and end of deployment shall be at least each three hours long and the periodic observations during
the deployment shall be at least 1 hour long. The sta� to gauge observations shall be performed
three times per week, during each week of the project, with at least an hour long observations of 6
minute interval for each time. Where sta� to gauge observations can not be performed three times
a week as required then an explanation is required for the de�ciency of number of observations and
sta� 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, whichever is convenient.

The sta�-to-gauge di�erences should remain constant throughout the set of observations and show
no increasing or decreasing trends. After the water level data has been collected, the averaged
sta�-to-gauge shall be applied to water level measurements to relate the data to sta� zero. A higher
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number of independent sta� readings decrease the uncertainty in transferring the measurements to
station datum and the bench marks. Refer to Figure 4.2 for an example pressure tide gauge record.

If the old sta� is found destroyed by elements during the deployment, then a new sta� shall be
installed for the remainder period of the deployment and a new sta� to gauge constant needs to
be derived by new sets of sta� to gauge observations. Also when a sta� or an ori�ce 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 station 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 sta�-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) - (Sta� zero below PBM) - (weighted sta�-to-gauge
constant)

Sta� zero below PBM = (Sta� stop below PBM) + (Sta� zero below Sta� stop)

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

The ori�ce elevation above station datum is also de�ned as accepted ori�ce o�set in CO-OPS Data
Management System (DMS).

Bubbler Ori�ce 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 �tting is screwed
into the top end cap and is used to discharge the Nitrogen gas. The Nitrogen gas �ows through
the bottom of the ori�ce at a rate su�cient 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 �ow across the ori�ce to prevent venturi e�ect. 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 Ori�ce Bottom Assembly
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Figure 4.2: Example - Pressure Tide Gauge Record
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4.2.5 Bench Marks and Leveling

Bench Marks

A bench mark is a �xed physical object or marker (monumentation) set for stability and used as
a reference to the vertical and/or horizontal datums. Bench marks in the vicinity of a water level
measurement station are used as the reference for the local tidal datums derived from the water
level data. The relationship between the bench marks and the water level sensor or tide sta� shall
be established by di�erential leveling.

Number and Type of Bench Marks

The number and type of bench marks required depends on the duration of the water level measure-
ments. The User's Guide for the Installation of Bench Marks and Leveling Requirements for Water
Level Stations, dated October 1987, speci�es the installation and documentation requirements for the
bench marks. Each station will have one bench mark designated as the primary bench mark (PBM),
which shall be leveled to on every run. The PBM is typically the most stable mark in close proximity
to the water level measurement station. The contractor shall select a PBM at sites where the PBM
has not already been designated. For historic NOS station reoccupations, CO-OPS will furnish the
designation/stamping of the PBM and PBM elevation above station datum, as appropriate and if
available.

The most desirable bench mark for GPS observations will have 360 degrees of horizontal clearance
around the mark at 10 degrees and greater above the horizon and stability code of A or B. Refer to
Section 4.2.10 GPS Observations, and User's Guide for GPS Observations, Updated March 2007,
for further information.

If the PBM is determined to be unstable, another mark shall be designated as PBM. The date of
change and the elevation di�erence 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 Electronic Levels, updated January 2003.

Leveling

At least, geodetic third-order levels (refer to Reference 19, 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 speci�ed in individual project instructions, as appropriate. Standards and
speci�cations for leveling are found in Standards and Speci�cations for Geodetic Control Networks
and Geodetic Leveling (NOAA Manual NOS NGS 3). Additional �eld 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. Speci�cations and standards for digital levels can be found in Standards and
Speci�cations for Geodetic Control Networks and additional �eld 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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Leveling Frequency

Levels shall be run between the water level sensor(s) or tide sta� and the required number of bench
marks when the water level measurement station is installed, modi�ed (e.g., water level sensor
serviced, sta�, or ori�ce 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 (�ve for 30-day minimum stations) are required (a)
if smooth tides are required 30 days or more prior to the planned removal of a applicable gauge(s),
or (b) after 6 months for stations collecting data for long term hydrographic projects.

Stability

If there is an unresolved movement of the water level sensor or tide sta� 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 between the sensor zero or tide sta� to the PBM. This threshold
of 0.006 m should not be confused with the closure tolerances used for the order and class of leveling.

4.2.6 Water level Station Documentation

The �eld team shall maintain a documentation package for each water level measurement station
installed for hydrographic projects. 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 time frames for submission of documentation in Section 4.6.6.

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 information 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 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 �nalized then contact CO-OPS and provide latitude and longitude of the gauge site at
least three business days prior to actual installation of the gauge in �eld. CO-OPS will assign
a new station number within three business days and inform the hydrographer.

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

Tidal datums are local vertical datums which may change considerably within a geographical area.
A geodetic datum is a �xed 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 Geodetic Spatial Reference System and is o�cially supported by the National Geodetic
Survey (NGS) through a network of GPS continuously operating reference stations. The relationship
of tidal datums to NAVD 88 has many hydrographic, coastal mapping and engineering applications
including monitoring sea level change and the deployment of GPS electronic chart display and
information systems, etc.

Existing geodetic marks in the vicinity of a subordinate tidal station shall be searched for and recov-
ered. A search routine is available at http://www.ngs.noaa.gov. An orthometric level connection
and ellipsoidal GPS tie is required at a subordinate tide station which has geodetic bench marks
located nearby as stated below for NAVD 88 Level Tie and NAD 83 GPS Tie requirements. NAVD
88 heights for published bench marks are given in Helmert orthometric height units by NGS. The
GPS ellipsoid network height accuracies are classi�ed as conforming to 2 cm or 5 cm standards
accuracies (Refer to NOAA Technical Memorandum NOS NGS-58. At the present time, GPS el-
lipsoid heights conforming to the 2 cm accuracy standards are required for contract hydrographic
surveying projects. Refer to Section 4.2.10 GPS Observations and User's Guide for Observations,
NOAA/NOS, Updated March 2007.

A connection to the geodetic datums at a water level station enhances the value of the tidal data,
allowing comparison with other data sets. The geodetic network essentially serves as a global refer-
ence datum to which all tidal datums can be referenced. The connection to geodetic datums involves
the following three ties:

1. NAVD 88 Level Tie

2. NAD 83 GPS Tie

3. NAVD 88 GPS Tie

4.2.9 NAVD 88 Level Tie

At all water level stations, a valid level tie to at least two Geodetic Bench Marks (GBM) is required
on each set of levels, where appropriate marks are available within 1.6 KM (1 mi) leveling distance
of the station location. A GBM is de�ned as a bench mark that exists, is useable, is available in
the NGS database, has a Permanent ID (PID), and has a NAVD 88 elevation published on the
datasheet.

At stations supporting hydro or other special projects, the tie shall be consistent with the accuracy
of the levels required for the project. Information on performing a valid level tie is provided in the
FGCC Standards and Speci�cations for Geodetic Control Networks, listed at the following website:

http://www.ngs.noaa.gov/FGCS/tech_pub/1984-stds-specs-geodetic-control-networks.htm#

3.5.

Also, Section 3.4 of Reference 2 User's Guide for the Installation of Bench Marks and Leveling
Requirements for Water Level Stations provides information regarding how to perform a valid level
tie.
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The Second Order, Class I tie is a requirement for digital levels to be accepted into the NGS database.
Since a level connection to GBMs with dynamic heights de�nes the IGLD 85 datum o�set at each
station in the Great Lakes, a valid connection to at least two GBMs is required at each site in the
Great Lakes.

A note shall be made in the remarks of the leveling section of the Tide Station Site Report that a
valid tie was achieved or not achieved. If a valid tie is not achieved, an explanation shall be provided
and/or recommendations made for making a valid tie in the future.

If the water level station does not have two or more GBMs within 1.6 km (1 mi) leveling distance
of the station location, then the level tie requirement is waived.

4.2.10 GPS Observations

GPS observations are required to obtain elevation ties between the tidal datums and GPS derived
datums.

1. References and standards:

Static GPS observations shall be performed at water level stations in accordance with Reference
8 �User's Guide for GPS Observations�, NOAA/NOS Updated March 2007. Reference 20 �NOS
NGS 58" provides further details. These guidelines are written for establishing GPS derived
ellipsoid height accuracy standards of 2 cm as outlined in NGS-58 document, for all survey
projects, and special project applications.

Static GPS surveys shall be conducted on a minimum of one bench mark at each subordinate
water level station installed/occupied for hydrographic or photogrammetric surveys.

Static GPS surveys shall be conducted at water level stations concurrently with the occupation
of NAVD 88 marks, if possible, to accomplish water level datum transfers using GPS-derived
orthometric heights.

2. Equipment and accuracies:

High accuracy static di�erential GPS surveys require a geodetic quality, dual frequency, full-
wavelength GPS receiver with a minimum of 10 channels for tracking GPS satellites.

A choke ring antenna is preferred, however, any geodetic quality ground plane antenna may
be used. More important than antenna type, i.e. choke ring or ground plane, is that the same
antennas or identical antennas should be used during the entire observing sessions. (If not,
a correction for the di�erence in antenna phase patterns (modeled phase patterns) must be
applied.) This is extremely critical for obtaining precise vertical results. The antenna cable
length between the antenna and receiver should be kept to a minimum when possible; 10
meters is the typical antenna cable length. If a longer antenna cable is required, the cable
must be fabricated from low loss coaxial cable (RG233 for up to 30 meters and RG214 over 30
meters).

A �xed height precise GPS antenna tripod is required for this type of a survey. This is a �xed
height, 2 meter pole with three adjustable legs, a bull's eye bubble to plumb the antenna,
and a magnetic compass to align the antenna to North. These �xed height tripods reduce the
chance of introducing an Height of Instrument (HI) �blunder� during the post-processing of
the data.

The manufacturer, model, and complete serial numbers of all receivers and antennas must
be noted for each occupation on each station/bench mark observation log sheet as shown in
Figure 4.18.
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3. Criteria for bench mark selection for GPS observations

The GPS Water Level Station Bench Mark (GPSBM) shall be selected based on the follow-
ing criteria: permanence or stability; historic GPS use; satellite visibility; and safety and
convenience.

� Permanence or stability of bench marks

NGS has de�ned the following monumentation quality codes, also called the stability
codes, for various bench mark settings.

Stability code A: monuments of the most reliable nature which may be expected to hold
their elevations very well; e.g. Class A rod marks, or marks installed on large boul-
ders/rock outcrop.

Stability code B: monuments which probably hold their elevations well; e.g. Class B rod
marks, or marks installed on large concrete footings/foundations.

Stability code C: monuments which may hold their elevations but which are commonly
subject to surface ground movements; e.g. pavement or concrete monuments.

Stability code D: movements of questionable or unknown reliability.

The station bench mark selected for GPS observations shall be of stability code A or
B. GPS observations on the primary bench mark (PBM) are preferred if the PBM is
either stability code A or B, and is suitable for satellite observations. Stability code C
and D bench marks shall not be used for GPS observations, unless NGS has previously
made GPS observations on those marks. Generally once a mark is selected for GPS
observations, future GPS observations shall be done on the same mark.

� Historic GPS use

In many states, CO-OPS has provided NGS with lists of selected marks suitable for
GPS observations at water level stations, and NGS has completed observations on these
marks. Some tidal marks designated as Federal Base Network (FBN) or Cooperative Base
Network (CBN) marks may be of stability code C. Generally once a mark is selected for
GPS observations, future GPS observations shall be done on the same mark. If leveling
reveals instability of the mark over time, select another mark.

Priority shall be given to a GBM for GPS observations because the GBM already has a
NSRS height (NAVD 88). The GBM considered here is one of the 10 tidal or water level
bench marks at a water level station.

� Satellite visibility

The most desirable bench mark for GPS observations should have 360 degrees clearance
around the mark at 10 degrees and greater above the horizon. Newly established marks
shall be set in locations that have these clearances, if at all possible. If a station does not
have any marks suitable for GPS observations, and it has been selected as needing GPS
observations, a new mark (stability A or B) shall be established. This new mark shall
be connected to the station bench mark network through conventional geodetic leveling,
and then GPS observations shall be made.

All existing station bench marks at operating stations shall be assessed for feasibility of
GPS observations, as time and resources permit. If electronic leveling equipment is used,
then a note shall be made, either in the APP �eld of the electronic leveling HA �le or
on a copy of the published bench mark sheet, stating the suitability of GPS observations
for each mark. The GPS visibility obstruction diagram shall also be completed for each
mark observed.

GPS visibility obstruction diagram shall also be completed for each mark observed as
shown in Figure 4.20.
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� Safety and convenience

The location of the GPS bench mark should be safe, secure, and convenient. Bench mark
locations which allow unattended GPS data collection are desirable as the �eld crew can
multi-task at the same time as collecting the GPS data. The safety of the GPS equipment
(vandalism proof) should be considered in the mark selection process.

The bench mark selected for GPS observations should be located on public property
rather than on private property, as permissions from private owners may be required in
the future to access the bench mark and for collecting the GPS data. The distance from
the station DCP should also be convenient.

4. Recording of data

Set the epoch update or recording interval (REC INT) for 15-seconds, which should agree
with the recording interval of the reference stations (IGS or CORS) used to post-process the
data. For GPS sessions greater than 30 minutes, collect data at 15-second epoch intervals,
starting at an even minute. The elevation mask (ELEV MASK) is typically set for 10 degrees
for static surveys; low angle satellites can degrade the �nal solution. Set the minimum number
of satellites to four. For static surveying, setting the minimum number of satellites (MIN SV)
is not as critical as for kinematic surveying. However, if the number of satellites tracked drops
below four, it could be an indication of other problems, such as an antenna or antenna cable
connection problem, RF interference, or an obstruction from tra�c (vehicle or vessel). The
GPS signal from the satellite is not very strong when entering the receiver, so anything that
produces further attenuation of the signal can cause the receiver to stop tracking satellites.

5. Position and photograph of the GPS bench mark

GPS (horizontal) positions (latitude and longitude) of each bench mark installed or recovered
shall be listed on the HA �les for laser levels, if used, or on the bench mark descriptions
sheet for optical leveling, as applicable, at each subordinate water level station occupied for
hydrographic or photogrammetric surveys.

Digital photographs shall be taken of all station bench mark disks in accordance with Reference
23 - Attachment R, Requirements for Digital Photographs of Survey Control, NGS, July 2005�.
A minimum of three photos shall be taken: close-up of the disk face; chest or waist level view
of the disk and setting; and horizontal view of location and direction of view. The digital �le
for a bench mark photo shall have the bench mark designation in its �le name, followed by the
view, with a jpg extension, i.e. CONTAINER setting.jpg, or CONTAINER location NE.jpg.

A digital photo of the stamping of the bench mark occupied must be made as shown in
Figure 4.22. If digital photo is not available, then a rubbing of the bench mark must be done
as shown in Figure 4.21. A digital photo of the stamping is preferred over rubbing of the mark.

Photos shall also be taken of station components such as protective wells, sta�s, tide house,
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 station photo
�les should be named such that the name of the �le will indicate the station number and the
type of photo taken. For example, the pressure sensor photo for DCP1 at San Francisco shall
be named as 94142901 sensor N1.jpg.

6. Miscellaneous

Additional GPS suitable marks may be connected during the static survey using rapid static
GPS procedures to verify bench mark stability, if time and personnel resources are available.
Priority shall be given to connecting to the NSRS, particularly to the North American Vertical
Datum of 1988 (NAVD 88) bench marks.
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4.2.11 North American Datum (NAD 83) GPS Tie

The NGS Online Positioning User Service (OPUS) is now used extensively for quick and convenient
processing of the GPS raw data for a variety of applications. The position solution provided by
OPUS is considered preliminary data and is not retained by NGS. Further information regarding
using OPUS is provided in the next section.

The expected ellipsoid height accuracy for a 4 hour OPUS solution is 1.8 cm (at the 67% con�dence
level), and that is desirable, practical, and achievable with the requirements as speci�ed in reference
20, NOAA Technical Memorandum NOS NGS-58, Guidelines for Establishing GPS-Derived Ellipsoid
Heights (Standards 2 cm and 5 cm), Version 4.3.

The length of GPS observation sessions depends upon the length of time the �eld crew has available
for GPS observations, security of the equipment, number of satellites available at a site, number of
GPS receivers available for GPS observations, etc.

For water level stations, collect a minimum of 4 hours of GPS data on the GPSBM. Extra care
shall be taken to ensure that the antenna height is precisely recorded, and that the antenna setup
is stable. A continuous long session (at least 4 hours long but less than 24 hours) repeated annually
is preferred to two or more shorter sessions (of less than 4 hours each) repeated on the same visit,
providing better data for OPUS and more independent observations.

After the data collection session is complete, two independent downloads are required from the GPS
receiver to the laptop computer. If one downloaded �le gets corrupted, the other �le may have good
data. Do not make a copy of the downloaded �le, as both the �les will have the same problem, if
there is a problem. Follow the NGS guidelines for naming these �les. Submit both copies of the
digital GPS data along with the necessary documentation as speci�ed in the User's Guide for GPS
Observations.

4.2.12 GPS Data Processing Using OPUS

Field parties shall use OPUS for processing the raw GPS observations. OPUS provides an easily
accessible, rapid method for submitting GPS data and receiving an almost instantaneous solution
response from NGS via email.

The NGS OPUS web page can be obtained at http://www.ngs.noaa.gov/OPUS/. The following
information is found on the OPUS web page but is also presented here for convenience of the reader.

OPUS allows users to submit their GPS data �les to NGS, where the data will be processed to
determine a position using NGS computers and software. Each data �le that is submitted will be
processed with respect to three CORS sites. The sites selected may not be the nearest to your
site but are selected by distance, number of observations, site stability, etc. The position for your
data will be reported back to you via email in both ITRF and NAD 83 coordinates as well as
Universal Transverse Mercator (UTM), U. S. National Grid (USNG) and State Plane Coordinates
(SPC) northing and easting.

OPUS is completely automatic and requires only a minimal amount of information from the user:

1. The email address where you want the results sent.

2. The data �le that you want to process (which you may select using the browse feature; raw or
RINEX accepted).
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3. The antenna type used to collect this data �le (selected from a list of calibrated GPS antennas).

4. The height of the Antenna Reference Point (ARP) above the monument or mark that you are
positioning.

Once this information is complete, you then click the Upload button to send your data to NGS.
Your results will be emailed to you, usually within a few minutes. You may upload multiple data
�les in a zip archive if you wish. However, be careful, the options that you choose will be applied to
all of the data �les in that archive (i.e. the same antenna type, ARP height will be used for all of
the �les in the zip �le).

The following are some simple guidelines for analyzing the OPUS solutions.

1. Make sure the antenna type and the ARP height are correct.

2. Review the solution statistics:

(a) A good quality OPUS run should typically use 90% or more of your observations.

(b) OPUS should have �xed at least 80% of the ambiguities.

(c) The overall RMS should seldom exceed 3 cm.

(d) The maximum peak to peak errors should be less than 2 cm for horizontal and 4 cm for
vertical (This depends, of course, on the accuracy you are trying to achieve).

NGS needs to receive orbit data from IGS in order to obtain a solution. If the data is submitted too
quickly, the submitter may need to re-submit the data at a later time. For best results, submit the
GPS data to OPUS at least 17 hours after the �rst midnight (in Greenwich Mean Time) following
the time when the observations were recorded. Compare the resultant solution to the last previous
solution made at the station, if available, to ensure that you do not have a blunder in the antenna
setup. This will be revealed by a noticeable discrepancy in the ellipsoid height. Include a copy of
the solution in the station inspection documentation package submitted to CO-OPS RDD/OET, as
well as the GPS data sets.

4.2.13 OPUS DB Preliminary Information

Pending NGS support, OPUS DB will be released by NGS. This advanced version of OPUS will
submit OPUS solutions directly to the NGS database if all required documentation is provided by the
submitter. Further guidance will be provided once OPUS DB is released and these speci�cations will
be updated as appropriate. Any data sets submitted to OPUS and the results will be subsequently
re-submitted by CO-OPS' RDD/OET to OPUS DB to ensure the data is published by NGS.

Height modernization guidelines are here: http://www.ngs.noaa.gov/heightmod/guidelines.

shtml

The Opus DB datasheet concept is fully listed at the following NGS web site: http://www.ngs.

noaa.gov/PROJECTS/draft/OPUS/OPUS-DB-concept.htm

The following tables identify the required data elements and optional data elements for OPUS DB

Respectively:
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ELEMENT RATIONALE

e-mail For identi�cation & correspondence
Filename Necessary to compute position
Antenna Necessary to compute position
Antenna height Necessary to compute position
Name of submitting agency Identi�es the observer
Permanent Identi�er (PID) Identi�es the station
Designation Identi�es the station
Descriptive text Aids in station recovery
Rod/pipe depth & units Describes monumentation quality
Sleeve depth & units Describes monumentation quality
Setting code & speci�c setting text Describe monumentation quality
Photograph (of marker) Aids in station recovery

Table 1: Required Data Elements (15 each)

ELEMENT RATIONALE

Photographs (of equipment, horizon) Equipment photos describe antenna height and
equipment used. Horizon photos aid in station recovery
and could explain visibility or multipath problems.

Vertical stability code Useful for stability assessment.
Magnetic property code Aids in station recovery.
Antenna s/n Useful in identifying equipment-speci�c problems.
Receiver Useful in identifying equipment-speci�c problems.
Receiver s/n Useful in identifying equipment-speci�c problems.
Receiver �rmware Useful in identifying �rmware-speci�c problems.
Stamping Aids in station identi�cation.
Condition code Useful for stability assessment.
Special application codes Identi�es the station type (tidal station, Public Land

Survey corner, etc.)
Remarks Allows user to record observation comments.

Table 2: Optional Data Elements (11 each):
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This information regarding the Required Data Elements and Optional Data Elements is for reference
only and not required at the present time. These requirements will be active once OPUS DB is
designated operational by NGS. Out of the 15 Required Data Elements, 13 are applicable to all the
marks and the remaining two - rod/pipe depth & units and sleeve depth & units � are applicable
only to rod marks.

4.2.14 NAVD 88 GPS Tie

The NAVD 88 GPS tie involves simultaneous GPS observations at the GPSBM and one or more
GBMs located up to 10 KM (6.26 mi) from the GPSBM. This �Height Mod� tie is deferred until
such time as NGS enables user-friendly bluebooking of campaign data (OPUS projects).

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 speci�ed 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 data from the water level gauges shall be quality controlled
to NOS standards by the contractor for invalid and suspect data as a �nal 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 sensor 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 �lling shall use docu-
mented 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 �agged. 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 speci�c
gauge user's guide) that may be due to vertical movement of any the gauge, sta�, 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 �les. Refer to Section 4.6 Data Submission
Requirements for details.

4.3.2 Data Processing and Tabulation of the Tide

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 products are found in Figure 4.3 and 4.4 for tide stations
and Figure 4.5 for Great Lakes stations. The times and heights of the high and low waters shall be
derived from appropriate curve-�tting 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 di�erent
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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 sta� zero, arbitrary station datum, MLLW, etc.. over the
duration of the data observations. 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 de�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.

4.3.4 Data Editing and Gap Filling Speci�cations

When backup sensor data are not available, data gaps in 6-minute data shall not be �lled if the
gaps are greater than three consecutive days in length. Data gap �lling shall use documented
mathematically and scienti�cally sound algorithms and procedures and an audit trail shall be used to
track all gap-�lls in observed data. Data gaps of less than 3-hours can be inferred using interpolation
and curve-�tting 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-�lling 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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Figure 4.3: High and Low Water Data
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Figure 4.4: Hourly Height Water Level Data for a Tide Station
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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 speci�c 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 water 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 Paci�c Islands where there exists a large diurnal inequality in the low and high
waters. The �modi�ed� method of range ratio comparison is generally used on the East coast and
Caribbean where small di�erences 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 error budget purposes, one month of
data results in a datum accuracy of 0.11 m (95% con�dence level) for Stations in the Gulf of Mexico
and 0.08 m (95% con�dence level) for east and West Coast stations. Examples of a tide by tide and
a monthly mean simultaneous comparison for datum determination are found in Figures 4.6 and
4.7. Descriptions of the tidal datum computational procedures are found in the Tide and Current
Glossary, Tidal Datum Planes, Manual of Tide Observations, NOAA Special Publication NOS CO-
OPS 1Tidal Datums and Their Applications and Computational Techniques for Tidal Datums.

4.4.3 Tidal Datum Recovery

Whenever tide stations are installed at historical sites, measures shall be taken to �recover� the
established tidal datums through leveling which shall be accomplished by referencing the gauge or
tide sta� 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 di�erences to the �new� gauge or tide sta� and compared to the MLLW elevation computed
from the new data on the same zero �0". Factors a�ecting the datum recovery (i.e. di�erences
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
between 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
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hydrographic survey operations. 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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(a)

Figure 4.6: Tide-By-Tide Comparison
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(b)

Figure 4.6: Tide-By-Tide Comparison (continued)
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(c)

Figure 4.6: Tide-By-Tide Comparison (concluded)
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(a)

Figure 4.7: Monthly Mean Simultaneous Comparison Example
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(b)

Figure 4.7: Monthly Mean Simultaneous Comparison (continued)
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(c)

Figure 4.7: Monthly Mean Simultaneous Comparison (concluded)
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(a)

Figure 4.8: Published Bench Mark Sheet
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(b)

Figure 4.8: Published Bench Mark Sheet (continued)
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(c)

Figure 4.8: Published Bench Mark Sheet (continued)
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(d)

Figure 4.8: Published Bench Mark Sheet (continued)
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(e)

Figure 4.8: Published Bench Mark Sheet (continued)
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(f)

Figure 4.8: Published Bench Mark Sheet (continued)
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(g)

Figure 4.8: Published Bench Mark Sheet (continued)
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(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 procedures 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 comparisons between subordinate and control
station data will often detect anomalous di�erences which should be investigated for possible gauge
malfunction or sensor movement. Datums shall be established from more than one bench mark.
Di�erences in elevations between bench marks based on new leveling must agree with previously es-
tablished di�erences from the published bench mark sheets. Any changes in the elevation di�erences
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 con�dence
gained from analyzing numerous monthly mean di�erences 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 appropriate, 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 hydrographic 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 4.4 and 4.5.
�Summary �les� shall be created for each subordinate tide station occupied for the survey. These
summary data facilitate the development of corange and cophase lines and �nal 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 �les 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 �le relative to a documented consistent
station datum such as tide sta� 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 �le is provided in Figure 4.9.

Summary �le 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 representa-
tive of water levels across a survey area. Tidal zoning shall be implemented to facilitate the provision
of time series water level data relative to chart datum for any point within the survey area such that
prescribed accuracy requirements are maintained for the water level measurement component of the
hydrographic survey. 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 char-
acteristics. 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 �eld work. For �nal processing, preliminary zoning shall be superseded by ��nal
zoning� which is a re�nement based on new data collected at subordinate stations during the survey.
With the �nal zoning scheme, correctors for each zone shall be derived from a subordinate station
speci�cally installed for the survey rather than the reference station used with preliminary zoning.
For contract surveys, the contractor shall develop and utilize a zoning scheme to the speci�cations
mentioned above such that water level reducers are within required accuracy across the entire survey
area. Zoning errors 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 speci�ed tolerances. The �nal zoning scheme and all data utilized in its development shall
be documented and submitted. Examples of zoning �les 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

Veri�ed time series data collected at appropriate subordinate stations are referenced to the NTDE
Mean Lower Low Water (Chart Datum) through datum computation procedures outlined in Section
4.4. Time series data collected in six-minute intervals and reduced to chart datum as speci�ed, 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 contractor such that tide reducers are within speci�ed tolerances. A Final Tide Note shall
be submitted for each hydrographic sheet with information as to what �nal tidal zoning should be
applied to which stations to obtain the �nal tide reducers. An example Final Tide Note and �nal
tidal zoning graphic is found in Figure 4.15.
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Figure 4.9: Tide Station Summary
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Figure 4.10: GIS Summary Data File
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Figure 4.11: Corange Line of Greenwich, High and Low Water Intervals (in hours)
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Figure 4.12: Tidal Zoning for Approaches to Nikiski, Alaska
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Figure 4.13: Example Tide Reducer File from NOAA Acoustic System
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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 management system. In addition, documentation for processing
and tabulation of the data, tidal datum computation, and �nal tidal zoning are required.

Data submission requirements for GPS project consists of project reports, station (bench mark)
description or recovery notes, observation log sheets, station visibility diagrams, photographs or
rubbings of station marks, raw GPS data, RINEX GPS data, and other info as pertinent.

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 4.6.6 for time frames for documentation submission requirements and Figure 4.14,
Water Level Station Documentation Checko� List. The station documentation generally includes,
but is not limited to the following:

1. Transmittal letter (PDF format).

2. Field Tide Note (PDF format), if applicable.

3. Calibration test documentation from an independent source other than the manufacturer 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 Excel 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 �oor, pier elevation, and sensor
elevation if sensor is mounted vertically.

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 location of the
water level gauge, sta� (if any), bench marks, and major reference objects found in the bench
mark descriptions. The bench mark sketch shall include 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 De-
scriptions, NOAA/NOS, Updated January 2003).

55



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

13. Digital photographs of bench mark disk faces, setting, bench mark locations from two di�erent
(perpendicular) cardinal directions, station, DCP, equipment, underwater components, and
vicinity (JPEG and PDF format). As a minimum, photographs shall show a view of the
water level measurement system as installed, including sensors and DCP; a front view of the
sta� (if any); multiple views of the surroundings and other views necessary to document the
location; and photographs of each bench mark, including a location view and a close-up view
showing the bench mark disk (face) stamping. Bench mark photo �le 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 component photo �le 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 �les) and �eld
notes of precise leveling, if applicable.

15. Level abstract (electronic �le for optical and barcode levels).

16. Datum o�set computation worksheet or Sta�/Gauge di�erence work sheet as appropriate show-
ing how sensor �zero� measurement point is referenced to the bench marks.

17. Calibration certi�cates for Invar leveling rods, if applicable (in PDF format).

18. Sta� to gauge observations, if applicable (in Microsoft Excel and PDF format).

19. Agreements, MOU, contract documents, utilities/pier agreements, etc., if applicable (in PDF
format).

20. Other information as appropriate, or as speci�ed in the contract (in PDF format).

21. Water level data download.

22. GPS Project report, GPS observations in raw and RINEX format, GPS observations log
sheets, antenna height measurements, visibility diagrams, OPUS results, as required GPS
documentation, if applicable, (all in various electronic format). The GPS documentation
requirements are described in detail in the next Section 4.6.2.

4.6.2 GPS Project Documentation

The following information in addition to the results obtained from OPUS shall be submitted to
CO-OPS at the end of the project (see the time frames for submission of GPS data later in Section
4.6.6) so that proper information can be forwarded to NGS for blue-booking purposes.

This documentation is important because most of the information is used to submit the GPS data
to NGS. In addition to the log, data must comply with the �Data Submission to NGS Section� of
NGS-58 and the �Input Formats and Speci�cations of the National Geodetic Survey (NGS) Data
Base� to become part of the NSRS.

GPS data collected by contractors or NOAA Ships for hydrographic survey support, or special
projects shall be processed by the parties, and �nal data product - Receiver Independent Exchange
Format (RINEX) data and appropriate forms - shall be submitted to CO-OPS which will be for-
warded to NGS, as per the contracts, project instructions, Statement of Work, or as appropriate.

GPS forms in PDF format can be found at the following NGS Federal Base Network web site:
http://www.ngs.noaa.gov/PROJECTS/FBN/index.htm
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Refer to Figure 4.16 through Figure 4.22 for GPS projects submission checklist and sample package
contents.

� Project report (Refer to Figure 4.16): One project report per GPS project is required.

� Station (bench mark) description or recovery notes (Refer to Figure 4.17): One per bench
mark, for which GPS observations are submitted, is required.

� Observation log sheets (Refer to Figure 4.18 and Figure 4.19): One per each GPS observation
session is required.

� Station/bench mark visibility diagrams (Refer to Figure 4.20): One per each bench mark, for
which GPS observations are submitted, is required.

� Photographs or rubbings of station (bench) marks (Refer to Figure 4.22 and Figure 4.21): One
per each bench mark, for which GPS observations are submitted, is required.

� Raw GPS data

� RINEX GPS data

� OPUS results
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(a)

Figure 4.14: Project Documentation and Data Checko� List
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(b)

Figure 4.14: Project Documentation and Data Checko� List (continued)

59



(c)

Figure 4.14: Project Documentation and Data Checko� List (continued)
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(d)

Figure 4.14: Project Documentation and Data Checko� List (concluded)
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(a)

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

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

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
di�erently. One of these areas is in Cook Inlet, Alaska. Nikiski has shown a signi�cant relative sea
level change due to continued vertical land movement after the 1964 earthquake. NOS has adopted
a procedure for computing accepted 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
updated values for Mean High Water (MHW) and Mean Lower Low Water (MLLW) derived through
standard datum calculation procedures. For Nikiski, the MSL value was computed 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 elevations used in surveys prior to January 1, 1998.
Subordinate tide stations in the area used for hydrographic surveys and controlled by Nikiski will
be a�ected similarly. Accepted datums have been computed and may be accessed on the Internet
through the URL speci�cation http://www.tidesandcurrents.noaa.gov.
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Figure 4.16: Project Submission Checklist
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(a)

Figure 4.17: Station Descriptive - Recovery Form
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(b)

Figure 4.17: Station Descriptive - Recovery Form (continued)
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Figure 4.18: GPS Station Observation Log
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Figure 4.19: GPS Antenna Height Measurements
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Figure 4.20: GPS Visibility Obstruction Diagram
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Figure 4.21: Station Pencil Rubbing Form
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Figure 4.22: Digital Photo of Stamping of Bench Mark

4.6.3 Water Level Data

The �nal 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 �nal 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 speci�ed below from the
water level gauges installed.

The original raw water level data and also the correctors used to convert the data to chart da-
tum shall be retained until noti�ed in writing or at least two years after the survey is completed.
All algorithms and conversions used to provide correctors shall be fully supported by the calibra-
tions, maintenance documentation, leveling records, and sound engineering/oceanographic practices.
Sensors for measurements used to convert data (e.g. pressure to heights) shall be calibrated and
maintained for the entire water level collection period.

All digital water level and ancillary data shall be transmitted to CO-OPS in a format dependent on
the DCP con�guration. If GOES satellite is used, the data shall be transmitted and received using the
NOS compressed pseudo binary format (see NGWLMS GOESMessage Formatting, Libraro, 1/2003).
These satellite messages are then decoded by NOS DMS upon receipt from NESDIS before further
processing and review by CORMS can be completed. If satellite transmission con�gurations cannot
be installed, the data shall be manually downloaded from the DCP and submitted to NOS, as shown

71



in the format below, in a digital format, on CD-ROM, or by email as an ASCII data attachment. It
may be prudent to submit data at more frequent intervals under speci�c circumstances.

Data download �les 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), w1 is the product code for 6-minute
data, and DAT is the extension (Use T = 2,3...if more than one �le is from the same station and
DCP). This is the format needed when the data is loaded into DMS. Also each water level data
�le (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 �les, each �le 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 �ll 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 �nal record) ends with a carriage return and excludes any extra-
neous 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 justi�ed, (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 (A1 for acoustic type)

Column 59-60 blank

Column 61-61 Data Source (S for Satellite, D for Diskette)
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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 justi�ed, (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 sta� observations as listed in Section 4.2.2
and 4.2.4, if applicable.

73



4.6.4 Tabulations and Tidal Datums

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

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

Each input record (including the �nal record) ends with a carriage return and excludes any extra-
neous 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 �le 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)

Column 17-17 Blank
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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

De�nition 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 �le 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)

Column 32- 32 Blank
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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)

Column 129-129 Blank
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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):

De�nition 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 �le shall be named in the following format: xxxxxxx.w5.DAT, where xxxxxxx
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

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

De�nition of Acronyms for Station Datum data are same as that for the Monthly Mean data.

Station datum data �le 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 avail-
able, then contractor shall provide that information in F5.2 format and that �le shall be named as
xxxxxxx.GWI.txt, where xxxxxxx is the seven digit station number.
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4.6.5 Tide Reducers and Final Zoning and Final Tide Note

The �nal zoning scheme shall be fully supported by documentation of data and methodology which
comprised the �nal zoning model. The contractor must provide �nal tidal zoning scheme digitally in
the MAPINFO, ARCVIEW, or CARIS compatible format. Final tidal zoning scheme in AUTOCAD
format is not acceptable.

Final tide reducers shall be submitted in the speci�ed format.

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

� Contractor created summary �les.

� Documentation of NOS summary �les utilized for �nal zoning

� GIS compatible zoning development steps in MapInfo©, ArcGIS© or CARIS© format in-
cluding geographical presentation of summary data and cophase/corange maps, if appropriate

� GIS compatible digital �nal zoning �les

� Final tide reducer data �les

� Final Tide Note

The �nal zoning scheme shall be fully supported by documentation of data and methodology which
derived the �nal zoning model.

4.6.6 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, GPS forms and data including OPUS results,
zoning and other reports (as listed above in Section 4.6.5) as required, shall be forwarded within 15
business days of the removal of the stations/gauges.

Submit a transmittal letter to the appropriate Contracting O�cer's Technical Representative (COTR)
listing what is forwarded to CO-OPS. Submit a duplicate transmittal letter, all data and documen-
tation to CO-OPS POC, as listed below.

All data and documentation submitted to CO-OPS shall be retained by the contractor for a period
of not less than three years or as stipulated in the contract, whichever is longer.

All data and documentation shall be submitted in digital format. Please refer to Section 4.6.1, 4.6.2,
4.6.3, 4.6.4, and 4.6.5 for details about various data and documentation.

Standard station documentation package includes the following:

1. Transmittal letter

2. Field Tide note, if applicable

3. Calibration records for sensors, if applicable
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4. E-Site Report, Xpert Site Report, or tide station report

5. Chartlet

6. USGS Quad map (7.5 minutes quadrangle maps)

7. Sensor test worksheet

8. Sensor elevation drawing

9. Water level transfer form (Great Lakes stations only)

10. Bench mark sketch

11. �Station To Reach� statement

12. Bench mark descriptions

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

14. Levels (raw) (electronic �les) and �eld notes of precise leveling

15. Abstract of precise leveling

16. Datum o�set computation worksheet or Sta�/Gauge di�erence work sheet as appropriate show-
ing how sensor �zero� measurement point is referenced to the bench marks.

17. Calibration certi�cates for Invar leveling rods, if applicable

18. Sta� to gauge observations, if applicable

19. Agreements, MOU, contract documents, utilities/pier agreements, etc., if applicable

20. Other information as appropriate, or as speci�ed in the contract

21. Water level data, 6-minute data, all tabulated data, such as hourly heights, high and low,
monthly means, and station datum data in the speci�ed format. (refer to Section 4.6.3 and
4.6.4)

22. GPS data and documentation, as applicable

23. Contractor created summary �les, �nal zoning, �nal tide reducer data, �nal tide note, and
cophase/corange maps if appropriate, etc.

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 abstract 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 information shall be placed in the various
folders and submitted on a digital media such as DVD/CD-ROM 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 tide 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 �les) and �eld notes of precise leveling

/Abstract of precise leveling

/Sta� to gauge observations, if applicable

/Datum o�set computation worksheet or Sta�/Gauge di�erence work sheet (elevation of sensor zero
measurement point referenced to bench marks)

/Calibration certi�cates for Invar leveling rods, if applicable

/Agreements, MOU, contract documents, utilities/pier agreements, etc., if applicable

/Other information as appropriate, or as speci�ed in the contract

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

/GPS data and documentation

/Final tidal zoning, �nal tide reducers, �nal tide note, summary �les, cophase/corange maps

Submit only required GPS deliverables (data and documentation) on a separate DVD/CD-ROM, so
that CO-OPS can forward that information to NGS. for example, GPS submission for San Francisco
tide station will be as follows:

9414290 San Francisco

/GPS data and documentation, as applicable
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Submit one copy of all the documentation, water level data, including GPS data and documentation,
�nal tidal zoning, �nal tidal reducers, �nal tide note, etc., in digital format. Submit one copy in
digital format of the only required GPS deliverables (GPS documentation and data including OPUS
results) on a separate CD-ROM/DVD for transfer to NGS.

Submit the completed station package to:

Chief, Requirements and Development Division
NOAA/NOS/CO-OPS/RDD
SSMC 4, Station # 6531
1305 East-West Highway
Silver Spring, MD 20910-3281
Tel # 301-713- 2897 X 145

Submit at the same time an original transmittal letter to the COTR, listing what was forwarded to
CO-OPS.

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.

Some of these documents are available on CO-OPS web site at http://www.CO-OPS.nos.noaa.gov.

1. Next Generation Water Level Measurement System (NGWLMS) Site Design, P reparation,
and Installation Manual, NOAA/NOS, January 1991.

2. User's Guide for the Installation of Bench Marks and Leveling Requirements for Water Level
Stations, NOAA/NOS, dated October 1987.

3. User's Guide for Writing Bench Marks Descriptions, NOAA/NOS, Updated January 2003.

4. User's Guide for Electronics Levels, NOAA/NOS, updated January 2003.

5. User's Guide for 8200 Bubbler Gauges, NOAA/NOS, updated February 1998.

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

7. User's Guide for 8210 Bubbler Gauges, NOAA/NOS, updated February 2001.

8. User's Guide for GPS Observations, NOAA/NOS, updated March 2007.

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

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, October 1989.
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13. Standing Project Instructions: Great Lakes Water Levels, June 1978.

14. NOAA Technical Report NOS 64 �Variability of Tidal Datums and Accuracy in Determining
Datums from Short Series of Observations�, Swanson, 1974.

15. Data Quality Assurance Guidelines for Marine Environmental Programs, Robert J. Farland,
O�ce of Ocean Engineering, NOAA, March, 1980.

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

17. NGWLMS GOES MESSAGE FORMATTING, Phil Libraro, 1/2003.

18. Computational Techniques for Tidal Datums, NOAA Technical Report NOS CO-OPS 2, U.S.
Department of Commerce, NOAA, NOS, DRAFT December 1998.

19. Standards and Speci�cations for Geodetic Control Networks, Federal Geodetic Control Com-
mittee, September 1984.

20. NOAA Technical Memorandum �NOS NGS-58, Guidelines for Establishing GPS-Derived El-
lipsoid Heights (Standards 2 cm and 5 cm), Version 4.3", November 1997.

21. Geodetic Leveling, NOAA Manual NOS NGS 3, U.S. Department of Commerce, NOAA, Na-
tional Ocean Survey, August, 1981.

22. NOAA Special Publication NOS CO-OPS 1Tidal Datums and Their Applications, February
2001.

23. �Attachment R, Requirements for Digital Photographs of Survey Control, NGS, July 2005�

24. Xpert Operations and Maintenance Manual, October 2006.
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