4 Tides and Water Levels Requirements

4.1 General Project Requirements and Scope
4.1.1 Scope

The requirements and specifications contained in this section cover the water level 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

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

o

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

Generation of water level reducers and final tidal zoning

[

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



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 specified for reoccupation. If CO-OPS provides a new preliminary tidal zoning scheme, the
contractor must use that zoning scheme first for each project, and then, may generate a new scheme
if the one provided is not adequate. At the conclusion of the survey, the contractor shall suspend
the use of preliminary zoning scheme and develop final zoning scheme using correctors derived from
the subordinate stations installed during the survey. Refer to Section [£.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.govl. Verified products, such as edited 6-minute data, hourly heights, high
and low waters, and monthly means are made available over the Web within one to four weeks after
data collection. NWLON data and accepted tidal datums are used in hydrographic surveys either
to provide tide reducers directly or for control for datum determination at subordinate (short-term)
stations. Preliminary and verified data are made available over the Web relative to MLLW datum,
station datum, or special water level datum (such as Columbia River datum) as 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 field parties and does not
relieve the hydrographer of responsibility for performing QC and ensuring proper gauge operation.
As stated in Section 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 defined in


www.tidesandcurrents.noaa.gov
www.tidesandcurrents.noaa.gov

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

4.1.6 Error Budget Considerations

The water level reducers can be a significant corrector to soundings to reduce them relative to chart
datum especially in shallow water areas with relatively high ranges of tide. The errors associated
with water level reducers are generally not depth 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% confidence level)
depending on the complexity of the tides.

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

1. The measurement error of the gauge/sensor and processing error to refer the 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 effects. The measurements need to be properly referenced to the bench marks
and tide staffs, as appropriate and monitored for vertical stability. The measurement error,
including the dynamic effects, should not exceed 0.10 m at the 95% confidence 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% confidence level.

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

3. The error in application of tidal zoning. Tidal zoning is the extrapolation and/or interpola-
tion of tidal characteristics from a known shore point(s) to a desired survey area using time
differences 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% confidence level. However, errors for this component can easily exceed 0.20 m if tidal
characteristics are very complex, or not well-defined, and if there are pronounced differential
effects of meteorology on the water levels across the survey area.

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



4.2 Data Collection and Field Work

The hydrographer shall collect continuous and valid data series. Accurate datums 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 significantly 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 influence.
Any break in the water level measurement series affects the accuracy of datum computations. Breaks
in data also result in increased error in the tide reducers when interpolation is required to 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 specified 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 final tide reducers for specific
survey areas. Station locations and requirements may be modified after station reconnaissance or as
survey operations progress. Any changes shall be made only after consultation between the CO-OPS
and the hydrographer (and COTR if contract survey) as moving required stations to new locations
may require new seven-digit station identifier numbers and new /historical station and bench mark
information.

The duration of continuous data acquisition shall be a 30-day minimum except for 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 verification
in the applicable areas. Stations identified as “30-day” stations are the “main” subordinate stations
for datum establishment, providing tide reducers for a given project and for harmonic analysis from
which harmonic constants for tide prediction can be derived. At these stations, data must be col-
lected throughout the entire survey period in specified areas for which they are required, and not less
than 30 continuous days are required for accurate datum determination. Additionally, 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 specified local low water level datum established for navigational purposes. Laguna
Madre and parts of Pamlico Sound are examples of such areas classified as non-tidal which have
special low water datums. Some river areas also have special datums due to the effects of seasonal
changes on the river, e.g., Columbia River Datum, Hudson River datum, and Mississippi River Low
Water are examples of this case. Great Lakes NWLON permanent stations will provide water level
data 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 differences 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-
Scientific intelligent pressure (vented) sensor incorporated into a gas purge system, or a well/float
with absolute shaft angle encoder (Great Lakes Stations) are used for water level measurements.
(For 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 configuration (Refer
to User’s Guide for 8200 Acoustic Gauges, NOAA/NOS, updated February 1998). When using the
vented pressure sensor, a series of gauge/staff comparisons through a significant portion of a tidal
cycle shall be required (1) at the start, (2) at frequent intervals during deployment, and (3) at the end
of a deployment. Frequent gauge/staff comparisons (at least two times per week or minimum eight
times per month) during deployment shall be required to assist in assuring measurement stability
and minimizing processing type errors. The staff to gauge observations shall be at least three hours
long at the beginning and end of deployment and the periodic observations during deployment shall
be 1 hour long. The staff-to-gauge comparison criteria are general requirements. When these staff-
to-gauge observation frequency or time requirements cannot be met, then refer to section {4.2.4
Staff observations for further information. Along with the averaging procedure described above
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which works as a digital filter, NOS uses a combination protective well/parallel plate assembly on
the acoustic sensor and a parallel plate assembly (with 2" orifice chamber) on the bubbler orifice
sensor to minimize systematic measurement errors due to wave effects and current effects, as shown

in Figure [L.1]

When pressure sensors are used to collect the water level data, orifice should be mounted on vertical
surface such as piling of a wharf so that precise elevation of orifice below a staff stop could be
measured with a steel tape, and the elevation of the staff stop can be measured via differential
leveling to the nearest benchmark and with the primary bench mark. If the orifice is mounted
vertically and its elevation can be determined precisely with reference to the primary bench mark,
then staff to gauge readings may not be necessary, and the requirement for staff-to-gauge readings
may be waived (e.g. in seawater). If the orifice can not be mounted to a vertical surface i.e. if
the elevation of the orifice can not be determined precisely with the primary bench mark, then
staff-to-gauge readings are required to relate the water level datums to the bench marks. Refer to
additional information about staff and staff observations in section .24

Data Transmissions

The Data Transmissions requirements are applicable where CO-OPS is monitoring the gauges as
described in Section[f:.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 for References). Once station and gauge information is configured 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 specified in the above document so that data
can be loaded properly into DMS software. Refer to Section .6.3]for further details about the water
level data format specifications.

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 field, information about the station
number, station name, latitude, longitude, platform-ID, transmit time, channel, and serial numbers
of sensors, and DCP shall be faxed, phoned, or sent to RDD. Test transmissions conducted on site
are outside this requirement. This station and DCP information must be configured in DMS before
data transmissions begin so that the data will be accepted in DMS. The documentation required
prior to transmission in field is defined in the NGWLMS Site Report, Field Tide Note, or Water
Level Station Report, as appropriate. (Refer to Section 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 respousible 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 specified 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 specified by the Contracting Officer’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:

e The installation of the water level measurement system (water level sensor(s), DCP, and satel-
lite transmitter) and its supporting structure and a tide staff if required.

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

e The preparation of all documentation and forms.

Operation and Maintenance

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

All repairs, adjustments, replacements, cleaning, or other actions potentially affecting sensor output
or collection of data shall be documented in writing using appropriate maintenance forms (see section
on water level station documentation below) and 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 offset, or time; personnel conducting the work; parts or components replaced; component
serial numbers; tests performed; etc.

Removal

A complete removal of the water level measurement gauge shall consist of the following:
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o Closing levels - a level connection between the minimum number bench marks and the water
level sensor(s) and tide staff as appropriate.

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

e The preparation of all documentation, forms, data, and reports.

4.2.4 Tide Staffs

Staff

The hydrographer shall install a tide staff at a station if the reference measurement point of a sensor
(zero of a gauge) cannot be directly leveled to the local bench marks, e.g. orifice is laid over sea
floor in case of pressure based bubbler gauges. Even if a pressure gauge can be leveled directly, staff
readings are still required for assessment of variations in gauge performance due to density variations
in the water column over time. The tide staff shall be mounted independent of the water level sensor
so that stability of the staff or sensor is maintained. Staff shall not be mounted to the same pile on
which the water level sensor is located. The staff shall be plumb. When two or more staff scales are
joined to form a long staff, the hydrographer shall take extra care to ensure the accuracy of the staff
throughout its length. The distance between staff zero and the rod stop shall be measured before
the staff is installed and after it is removed and the rod stop above staff 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 staffs can be extremely difficult and costly. In these cases, the
physical installation of a tide staff(s) may be substituted by systematic leveling to the water’s edge
from the closest bench mark. The bench mark becomes the “staff stop” and the elevation difference
to the water’s edge becomes the “staff reading”.

Staff Observations

When using the vented pressure sensor, a series of gauge/staff comparisons through a significant 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/staff comparisons during deployment shall be required to assist in assuring measure-
ment stability and minimizing processing type errors. The staff 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 staff 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 staff to gauge observations can not be performed three times
a week as required then an explanation is required for the deficiency of number of observations and
staff to gauge observations shall be performed at least (a) minimum eight times spread out over
each month (e.g. two times per week) and at each time at least 1 hour of observations at 6 minute
interval, or (b) minimum of four times spread out over each month (e.g. one time per week) and at
each time at least 2 hours of observations at 6 minute interval, whichever is convenient.

The staff-to-gauge differences 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
staff-to-gauge shall be applied to water level measurements to relate the data to staff zero. A higher
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number of independent staff readings decrease the uncertainty in transferring the measurements to
station datum and the bench marks. Refer to Figure for an example pressure tide gauge record.

If the old staff is found destroyed by elements during the deployment, then a new staff shall be
installed for the remainder period of the deployment and a new staff to gauge constant needs to
be derived by new sets of staff to gauge observations. Also when a staff or an orifice is replaced or
re-established, check levels shall be run to minimum of three bench marks including the PBM. Refer
to Section 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 staff-to-gauge
observations, all the water level data shall be placed on the station datum using the following
equation:

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

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

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

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

Bubbler Orifice and Parallel Plate Assembly

This bottom assembly is made of red brass, its chemical properties prevent the growth of marine
life by the slowly releasing copper oxide on its metal surface. A Swagelok@®) hose fitting is screwed
into the top end cap and is used to discharge the Nitrogen gas. The Nitrogen gas flows through
the bottom of the orifice at a rate sufficient to overcome the rate of tidal change and wave height.
This opening establishes the reference point for tidal measurements. The parallel plates produce a
laminar flow across the orifice to prevent venturi effect. A two inch by eight inch pipe provides the
correct volume gas for widest range of surf conditions encountered by most coastal surveys.
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FRESSURE TIDE GAUGE RECORD

Station Name: Station No. (7 digit #)
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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 fixed 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 staff shall
be established by differential 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, specifies 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 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 difference between the old and new PBM shall be documented. NOAA
will furnish the individual NOS standard bench mark disks to be installed. Bench mark descriptions
shall be written according to User’s Guide for Electronic Levels, updated January 2003.

Leveling

At least, geodetic third-order levels (refer to Reference but 2nd order class I levels are preferred)
shall be run at short-term subordinate stations operated for less than one-year. Requirements for
higher order levels will be specified in individual project instructions, as appropriate. Standards and
specifications for leveling are found in Standards and Specifications for Geodetic Control Networks
and Geodetic Leveling (NOAA Manual NOS NGS 3). Additional field requirements and procedures
used by NOS for leveling at tide stations can be found in the User’s Guide for the Installation of
Bench Marks and Leveling Requirements for Water Level Stations. Electronic digital/barcode level
systems are preferable. Specifications and standards for digital levels can be found in Standards and
Specifications for Geodetic Control Networks and additional field requirements and procedures used
by NOS for electronic leveling at water level stations can be found in the User’s Guide for Electronic
Levels, updated January 2003.
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Leveling Frequency

Levels shall be run between the water level sensor(s) or tide staff and the required number of bench
marks when the water level measurement station is installed, modified (e.g., water level sensor
serviced, staff, or orifice replaced), for time series bracketing purposes, or prior to removal. In any
case, levels are required at a maximum interval of six (6) months during the station’s operation, and
are recommended after severe storms, hurricanes, earthquakes to document stability (see stability
discussed below).

Bracketing levels to appropriate number of marks (five for 30-day minimum stations) are required (a)
if 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 staff zero relative to the PBM,
from one leveling to the next, of greater than 0.006 m, the hydrographer shall verify the apparent
movement by re-running the levels between the sensor zero or tide staff 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 field 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, ¢) 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 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 finalized 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 field. CO-OPS will assign
a new station number within three business days and inform the hydrographer.

4. The progress sketch shall show the field sheet, layout, area of hydrography, gauge locations,
and other information as appropriate. Verify the location of the gauge as shown on the
progress sketch, bench mark and tide station location sketch, field 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 fixed plane of reference for vertical control of land elevations. The North
American Vertical Datum of 1988 (NAVD 88) is the accepted geodetic reference datum of the
National Geodetic Spatial Reference System and is officially 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 classified 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 [£.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 defined 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 Specifications 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 defines the IGLD 85 datum offset 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 differential 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 difference 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 fixed height precise GPS antenna tripod is required for this type of a survey. This is a fixed
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 fixed 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
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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.

e Permanence or stability of bench marks

NGS has defined 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.

e 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.

e 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 field of the electronic leveling HA file 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
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e 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 field 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 final 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 traffic (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 files 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 file
for a bench mark photo shall have the bench mark designation in its file 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 If digital photo is not available, then a rubbing of the bench mark must be done
as shown in Figure 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, staffs, 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
files should be named such that the name of the file will indicate the station number and the
type of photo taken. For example, the 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% confidence
level), and that is desirable, practical, and achievable with the requirements as specified 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 field 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 file gets corrupted, the other file may have good
data. Do not make a copy of the downloaded file, as both the files will have the same problem, if
there is a problem. Follow the NGS guidelines for naming these files. Submit both copies of the
digital GPS data along with the necessary documentation as specified 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/0PUS/. 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 files to NGS, where the data will be processed to
determine a position using NGS computers and software. Each data file 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 file 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 file (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
files in a zip archive if you wish. However, be careful, the options that you choose will be applied to
all of the data files in that archive (i.e. the same antenna type, ARP height will be used for all of
the files in the zip file).

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 fixed at least 80% of the ambiguities.
(¢) 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 first 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 specifications 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/0PUS/0PUS-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 identification & correspondence
Filename Necessary to compute position
Antenna Necessary to compute position

Antenna height

Necessary to compute position

Name of submitting agency

Identifies the observer

Permanent Identifier (PID)

Identifies the station

Designation

Identifies the station

Descriptive text

Aids in station recovery

Rod/pipe depth & units

Describes monumentation quality

Sleeve depth & units

Describes monumentation quality

Setting code & specific 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-specific problems.

Receiver

Useful in identifying equipment-specific problems.

Receiver s/n

Useful in identifying equipment-specific problems.

Receiver firmware

Useful in identifying firmware-specific problems.

Stamping

Aids in station identification.

Condition code

Useful for stability assessment.

Special application codes

Identifies 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 specified minimum time period from which to derive tidal datums. CO-OPS
will monitor the installed system operation information for all gauges equipped with GOES satellite
radios. The 6-minute interval water level data from the water level gauges shall be quality controlled
to NOS standards by the contractor for invalid and suspect data as a final review prior to product
generation and application. This includes checking for data gaps, data discontinuities, datum shifts,
anomalous data points, data points outside of expected tolerances such as expected maximum and
minimum values and for anomalous trends in the elevations due to 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 filling 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 flagged. Water level
measurements from each station shall be related to a single, common datum, referred to as Station
Datum. Station Datum is an arbitrary datum and should not be confused with a tidal datum such
as MLLW. All discontinuities, jumps, or other changes in the gauge record (refer to the specific
gauge user’s guide) that may be due to vertical movement of any the gauge, staff, or bench marks
shall be fully documented. All data shall be recorded on UTC and the units of measurement shall
be properly denoted on all hard-copy output and digital files. Refer to Section Data Submission
Requirements for details.

4.3.2 Data Processing and Tabulation of the 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 [£:3] and [£.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-fitting of the 6-minute interval data. For purposes of tabulation of
the high and low tides and not non-tidal high frequency noise, successive high and low tides shall
not be tabulated unless they are greater than 2.0 hours apart in time and 0.030 meters different
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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 staff 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 definitions for the
monthly mean parameters as found in the Tide and Current Glossary. Examples of the desired
monthly means are found in 1.7} 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 Specifications

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

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

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

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

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

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

[ ] denotes infemrad water level valnes  Data Sttus: Varifisd

Figure 4.4: Hourly Height Water Level Data for a Tide Station
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Station: 9052030 QOswago, Laks Ontario , WY

HOUFLY WATEFR. LEVELS

National Ocaan Sarvice (NOAA)

Water Laval Heights in metars IGLD {1985)

Tima hleridi an:

Tuly 1998

TSW Diata Tvps: Great Lakss

HOUR
01
02
03

Wlzan

HOUR

Wlzan

Jul 1
75.21
75.25
75.26
75.25
75.25

Jul 2
75.21
75.21
75.21
75.20
75.21
75.21
75.20
75.21
75.21
75.20
7518

[ ] denotes inferred water lawsl values  Diata Statos

Jul 3
75.19
7518
7518
7518
75.20
7518
75.19
7518
7518
7518
7517
7518
7518
7518
75.17
7518
75.20
75.20
7518
7518
7518
7517
7517
7517
7518

Jul 12
75.14
75.14
75.15
75.14
75.16
75.15
7517
75.14
75.11

75.14
75.11
75.14

Jul 4
75.18
7518
7517
75.20
7518
75.20
75.19
75.21
75.20
7518
7518
7518
7518
75.21
75.19
7518
75.21
75.21
75.21
75.25
75.15
7517
75.24
75.20
7518

Jul 20
75.12
75.16
75.15
75.14
75.13
75.16
75.14
75.15
75.14

75.12
75.11
75.14

Jul 5
75.19
7512
7518
75.21
75.21
75.20
75.19
75.20
7518
7518
75.20
7517
7518
7518
75.17
7518
75.20
75.21
7518
7518
7519
7518
7518
7518
7518

Jul 7
75.15
7517
7518
73.17
7517
7517
75.18
7517
75.16
75.16
75.15
7517
75.16
75.14
75.14
7518
7517
75.18
7518
7518
75.15
7518
7518
7517
7517

Jul 23

7517
75.14

: Werifiad

Jul 11
75.21
75.20
75.21
75.21

Jul 12 Jul 13
75.21
7512
7518
7518
75.20
75.20
75.20
75.20
75.20
7512
75.20
75.20
7518
7512
75.18
7518
7518
75.18
7518
75.20
7519
7518
7517
7518
7518

T Jul 2B Tull®

T5.07
T5.00
T5.06
T5.00
75.11
T5.07
T5.06
75.08
T5.06
T5.07
T5.06
T5.07
75.05
75.08
T5.06
75.05
T5.07
T5.06
75.05
T5.07
75.05
T5.06
75.05
75.08
T5.07

Jul 14
75.17
7517
7518
7518
7517
7517
73.17
75.15
7518
7518
7518
7518
7517
7517
75.17
75.16
7517
75.15
75.16
75.16
75.16
7518
75.16
75.15
7517

Figure 4.5: Hourly Height Water Level Data for a Great Lakes Station
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Jul 15
75.17
7518
75.15
75.16
7518
75.14
75.14
7518

Jul 16
75.17
75.16
7517
75.16
75.16
75.15
73.17
75.15
75.14
75.16
75.15
75.16
75.16
7517
75.17
75.16
75.15
75.16
7517
75.13
73.17
75.13
75.13
75.15
75.16

Max HWL
03:00v01
75.150

7 Monthly

Min LWL

T 0400520

75.021

Monthly

MEL
75.152



4.4 Computation of Tidal Datums and Water Level Datums
4.4.1 National Tidal Datum Epoch

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

4.4.2 Computational Procedures

The equivalent 19 year tidal datums for subordinate stations are computed for certain phases of the
tide using tide-by-tide comparisons or monthly mean comparisons with an appropriate NOS long
term control station. Accepted 19 year mean values of mean tide level (MTL), mean range (Mn),
diurnal high water inequality (DHQ), diurnal low 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 Pacific Islands where there exists a large diurnal inequality in the low and high
waters. The “modified” method of range ratio comparison is generally used on the East coast and
Caribbean where small differences exist in the low and high water diurnal inequalities. For stations
requiring a datum determination, at least 30 continuous days of tide observations are required for
stations where adequate primary datum control exists. For error budget purposes, one month of
data results in a datum accuracy of 0.11 m (95% confidence level) for Stations in the Gulf of Mexico
and 0.08 m (95% confidence level) for east and West Coast stations. Examples of a tide by tide and
a monthly mean simultaneous comparison for datum determination are found in Figures [4.6] and
[477] 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 staff zero “0" to more than one existing bench mark (three bench marks are preferred) with
a published tidal elevation. Through this process, the published MLLW elevation is transferred by
level differences to the “new” gauge or tide staff and compared to the MLLW elevation computed
from the new data on the same zero “0". Factors affecting the datum recovery (i.e. differences
between old and newly computed datums) include the length of each data series used to compute
the datums, the geographical location, the tidal characteristics in the region, the length of time
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
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Figure 4.6: Tide-By-Tide Comparison
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Figure 4.6: Tide-By-Tide Comparison (continued)
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Figure 4.6: Tide-By-Tide Comparison (concluded)
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Figure 4.7: Monthly Mean Simultaneous Comparison Example
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Figure 4.7: Monthly Mean Simultaneous Comparison (continued)
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Figure 4.7: Monthly Mean Simultaneous Comparison (concluded)
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T.5. DEPARTHMENT OF COMNMERCE
National Oceanic and Atmospheric Adwinistration
National Oocesn Service

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

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

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

SETTING CLAISIFICATICN: Concrete sea wall

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

high concrete

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

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

BENCH MAPK 3TAMPING: EM 174 1925

DES IGMATION: 041 4290 TIDAL 174

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

SETTING CLASSIFICATICN: Concrete monument

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

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

[42.5 ft)
of an iron manhole cover.

(a)

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

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

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

TIDAL BEENCH MAEAERIEKSES

BENCH MARK STRAMPING: BM 176 1825

DESTGNATION: 941 4290 TIDAL 176

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

SETTING CLASSIFICATION: Concrete step

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

BENCH MARK STAMPING: 181 19435

DESIGHLTION: 941 4290 TIDAL 181

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

SETTING CLASSIFICATICN: Sea wall

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

(b)

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

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

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

TIDATL BENCH MARES

BENCH MARFK STAMPING: NO 2 1948

DESIGHNATION: CLARE EM 2

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

SETTING CLASSIFICATION: Sea wall

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

BENCH MAREK STAMPING: CLARE 1948

DESIGNATTION: CLARE

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

SETTING CLASSIFICATION: Concrete sea wall

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

(©)

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

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

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

TIDLAZTL BENCH MZRES

BENCH MARF STAMPING: 4250 K 1976

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

SETTING CLASSIFICATION: Bedrock

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

BEENCH MARF STRMPING: 42%0 L 13576

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

SETTING CLASSIFICATION: Bedrock

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

(d)

Figure 4.8: Published Bench Mark Sheet (continued)

43



7.5,

DEPARTMENT OF CCOMMERCE

National Oceanic and Atmospheric Administration
National Ocean Service

Page 5 of &

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

SETTING CLASSIFICATION:

Concrete foundation

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

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

BENCH MARK STAMPING: BM 175 1925

DEZTIGHATION: 941 4290 TIDAL 175

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

SETTING CLASSIFICATION: Sea wall

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

(e)

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

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

SETTING CLASSIFICATION: Concrete sea wall

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

and 3.20 m

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

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

National Oceanic and Atmwospheric Adwministration
MNational Ocean Jervice

Station ID: 9414290

Hame :

JAN FRAMJCIZCO
CALIFCRIIA

NOAL Chart: 15649

T3GS Cuad:

SAN FRANCIZSCO NORTH

PUELICATICON DATE:

Latitude:
Longitude:

TIDOALLZLL DATUOHS

Tidal dature at 3AN FRANCISCO bhased on:

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

CONTROL TIDE STATICH:

Elevations of tidal datwns referred to Mean Lower

HIGHEZT OBSERVED WATER LEVEL (01/27/1983)

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

HIGHER HIGH WATER (MHHI)
HIGH WATEE {MHW)

TIDE LEVEL (MTL]

SEL LEVEL (MSL)

LOW WATER (ML

LOWER LOW WATER (MLLWY

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

Bench Mark Elevation Information

Stamping or Designation MLLWT

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

(g)

Figure 4.8: Published Bench Mark Sheet (continued)

46

Low Water

o T o o Y ) )

[ I SN S i Y % T i I A I P o}

. B0
. 780
. 585
870
.851
L3486
.ooo
015
L8777

In METERS above:

IHTW

L37E
415
219
L3982

g

L B35
234
025
. 111
. 566
.051

Page 7 of

37° 45.4!
1zz% 27,9

in METERSG:

(=]

04/21/2003

I
w



T.5. DEPARTHMENT OF COMMERCE
National Oceanic and Atmospheric Administration
National Ocean Zerwvice
Page & of &

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

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

DEFINITIONSZS

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

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

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

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

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

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

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

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

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

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

(h)

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

It is essential for tidal datum quality control to have data processing and leveling 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 differences which should be investigated for possible gauge
malfunction or sensor movement. Datums shall be established from more than one bench mark.
Differences in elevations between bench marks based on new leveling must agree with previously es-
tablished differences from the published bench mark sheets. Any changes in the elevation differences
must be reconciled before using in any datum recovery procedure. Datum accuracy at a subordinate
station depends on various factors, but availability and choice of an adequate control station of
similar tidal characteristics, similar daily mean sea level and seasonal mean sea level variations, and
similar sea level trends are the most important. The length of series will also determine accuracy.
The longer the series, the more accurate the datum and the greater quality control and confidence
gained from analyzing numerous monthly mean differences between the subordinate and control
station. At reoccupied historical stations for which datum recoveries are made, updated datums
shall be computed from the new time series and compared with the historical datums as the survey
progresses.

4.5 Final Zoning and Tide Reducers

Data relative to MLLW from subordinate stations or from NWLON stations, as 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] and .5
“Summary files” shall be created for each subordinate tide station occupied for the survey. These
summary data facilitate the development of corange and cophase lines and final zoning schemes.
They also provide input into the NOS tidal datum bench mark publication process which supports
navigation, boundary and shoreline determination, coastal engineering and management. NTDE
values for Greenwich high and low water intervals, mean and diurnal ranges and high and low water
inequalities shall be tabulated in these summary files which also contain the datums, the time and
length of the series and NOS control station which was used to compute 19-year equivalent NTDE
values. NTDE datums shall be tabulated in the summary file relative to a documented consistent
station datum such as tide staff zero or arbitrary station datum. The elevation of the primary bench
mark shall be provided in this summary relative to the same zero or station datum. Latitude and
longitude positions shall also be provided. An example of a summary file is provided in Figure [£.9]

Summary file data from new station occupations and NOS provided summaries from historical

occupation and control stations within the survey area shall be used as input data to the tidal
zoning process.
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4.5.2 Construction of Final Tidal Zoning Schemes

As tidal characteristics vary spatially, data from deployed water level gauges may not be 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 field work. For final processing, preliminary zoning shall be superseded by “final
zoning” which is a refinement based on new data collected at subordinate stations during the survey.
With the final zoning scheme, correctors for each zone shall be derived from a subordinate station
specifically installed for the survey rather than the reference station used with preliminary zoning.
For contract surveys, the contractor shall develop and utilize a zoning scheme to the specifications
mentioned above such that water level reducers are within required accuracy across the entire survey
area. Zoning 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 specified tolerances. The final zoning scheme and all data utilized in its development shall
be documented and submitted. Examples of zoning files and graphics are provided in Figures

M.I1 {12 {13 and .15

4.5.3 Tide Reducer Files and Final Tide Note

Verified time series data collected at appropriate subordinate stations are referenced to the NTDE
Mean Lower Low Water (Chart Datum) through datum computation procedures outlined in Section
[4:4] Time series data collected in six-minute intervals and reduced to chart datum as specified, both
from subordinate gauges operated by the contractor and from NWLON stations where appropriate,
shall be used either directly or corrected through use of a zoning scheme as determined appropriate
by the contractor such that tide reducers are within specified tolerances. A Final Tide Note shall
be submitted for each hydrographic sheet with information as to what final tidal zoning should be
applied to which stations to obtain the final tide reducers. An example Final Tide Note and final
tidal zoning graphic is found in Figure .15
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Anchorage, AK (9455920)

ASEPTED_DATUMS Station ID - 9455920 233
EPDCH: 1983-2001 Venfied: | 12-4-D2 102
Accapted: | 4-17-03 888
HWL[12.454
MHHW[10.800] DHO[0.222 | ol
MHW[10.578 N/A
MTL(6.587 GT(8.889
DTL|6.356 MNl?.ssz
MNAVDBE
MSL[6.931
MLY/[2.596 DLO[0.685_|
MLLYY[1.911 1 End hi
LwL[-0.038 I 12/31/01 0000
Meters |
I
HWI[3.65 1
Lwil10.41 !
]
Balance? Extiome | Date | Time
DHQ DL | MN | BT | MIL | DIL HWL 10-24-1980] 18:18
YES YES YES | YES YES YES LWL I2-25-1355| 12:42

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

DR

o
. TC = Time Carectar

~RC = Rangs Carmectes

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

STATIOMDATETIME on MLLW

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

9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290
9414290

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

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

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

0.350
0.342
0.343
0.359
0.389
0.412
0.446
0.459
0.399
0.463

WL guality comnirol

flags
SIGMA  inerred  flat rofc  temp

metlers

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

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

Figure 4.13: Example Tide Reducer File from NOAA Acoustic System
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4.6 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 final 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, ¢) 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
Water Level Station Documentation Checkoff 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 floor, 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, staff (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).
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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 different
(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
staff (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 file names start with mark
designation followed by either “face” or “location” and direction of view, with jpg extension
(e.g. 8661070 B location south.jpg). All other station component photo file names start with
station number and view name (e.g. 8661070 tide station view south).

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

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

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

17. Calibration certificates for Invar leveling rods, if applicable (in PDF format).
18. Staff 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 specified 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 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 Specifications 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 final 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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http://www.ngs.noaa.gov/PROJECTS/FBN/index.htm

Refer to Figure through Figure for GPS projects submission checklist and sample package
contents.

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

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

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

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

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

e Raw GPS data
e RINEX GPS data
e OPUS results

a7



Project Numher: Locality:

For Each Water Level Siation:

PROJECT DOCUMENTATION AND DATA CHECEOFF LIST

Station Number: Station Mame:

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

1. WVerify station latitude and longitade with handheld GPS.

2. Werify work dates.

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

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

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

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

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

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

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

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

. Chart Section

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

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

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

. Bench Mark/Station Location Skeich

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

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

TEVISION

3. Enswre Morth avvow depicted.

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

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

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

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

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

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

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

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

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

F. Bench Mark Descriptions/Recovery Moies

1. 3tampings for new and recovered marks verified.

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

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

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

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

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

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

. Levels

1. Ensure all iformation written in inlk.

b-a

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

nnbers, date, persontiel,

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

. ataff information complete (if applicable).

. Collimation check shown.

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

. Headets on all applicable pages complete.

[ea il I o LU ) I N N

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

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

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

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

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

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

(b)

Figure 4.14: Project Documentation and Data Checkoff List (continued)
59




14. For electromic levels, provide original [N file in separate folder if modified IH file
1 provided.

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

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

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

H. Datum Offset Computation Worksheet

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

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

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

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

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

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

4. Check data contirnuty,

J. Transmitial Le ter

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

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

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

2. Verified complete by contractor and Include date,

II.

For the Projeci:

A. Files

1. Contractor created station summary files for subordinate stations

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

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

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

B. Final Tide Notes

| 1. Final Tide MNote for each H-Sheet

(¢)

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

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

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

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

2. Verified complete by contractor and Inclade date.

(d)

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

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

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

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

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

REMAREKS: RECOMMENDED ZONING

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

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

Refer to attachments for zoning information.

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

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

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

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

(a)

Figure 4.15: Final Tide Note and Final Tidal Zoning Chart
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(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
differently. One of these areas is in Cook Inlet, Alaska. Nikiski has shown a significant 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 affected similarly. Accepted datums have been computed and may be accessed on the Internet
through the URL specification http://www.tidesandcurrents.noaa.govl
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PEROJECT SUBMISSION CHECKLIST

GPS PROJECTS

Project Title:

Subrmitting Agency:

Ohserving Agency:

Fecever Type:

Anterina Type:

PACKAGE CONTENTS

Project Feport

Station Description or Fecovery notes

Chzervations Logs Sheets

Derter which raust ke filled out: Station Designation, Date (UTC), General Location, Day of Year,
Project Mame, Session [D, Obszervation Session Tiunes, Agency Full Mame, Operator Full Name,
Phone Mumber, GPS Fecelver, GPS Antenna, Antenma Height, Data File Mame

Station WVisibility Diagrams

Photographs or Fubbings of Station Warlss

Faw GPES data

RINEX GP3 Data - See below

OPUS results

Cither

A
e

Lt N S L
N T W

DATA REFORMATTING

Conwert the raw GP3 data to RINEXD formpat with your manufacturer's software The software should
require you to enter the raw data filenarne, the output filenames, your name, the observer's natme and
agency, and the antenna type used

The MNGE-standard data filenatnes are as follows:

Faw GPS input files: aasaddds oo
Where: aaaa = alphanumeric 4-character station identifier, ddd = day of year, s =
session, ywy = year of observations, and ooz is the recetver-dependent file extension

(eg,.DAT, EPH, .ION, MES, etc.)

RIMEXZ Mawvigation File: aazaddds yyn
RIMNEX2 Ohservation File:  aaaaddds. yyo

For example, RINEX2 filenames from station BALD 2 on session & of 12/31/98 are ALD365A 980 and
BALD365A 980

Copy the raw GPS data files and the conwverted RINEXDZ data files onto separate 3.5-inch electronic
formats currently in uze such as a CD ROLL

Figure 4.16: Project Submission Checklist
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FID:

--> Click here to clear the sample data <--

NATIONAL GEODETIC SURVEY
STATION DESCRIPTION / RECOVERY FORM

QEZ2736

Country: (usa; USA  State: OR

Latitude: n 44 4% 4917802

Designation & Alias:

BALD 2 RESET

County:
Longitude: w 124 08 56.23447

LINCOLN

Elevation: 17 O et 1 13

Original Description (check one):

Recovery Description (check one):

0 P | Preliminary (mark has not been set yel) [ F | Full descriphion of a station pof in the database
00 | Anesdy set mark T | Full description of a station i the database
R | A recovered mark 0 M | Paial descnphon of a stabon in the database

Established by: (G5 0G5/ Other )

Oregon DOT

Recoverad by (MES 1 Other )

Oregon DOT

Date:

Chief af Party jraialsy 777

Date:

Chief of Party jsias) CFS

Monument Stabhility (check one):

Recovery Condition {check one):

W8 | Of the most reliable nature; expectedio hold well | | #5  | Recovered in good condition
0B | Wil probably hold position and elevation well 0 M | Mot recovered or not found
0 G | May hold well, but subject to ground movement 0 P | Poor, disturbed, or mutilated
0 0 | Of guestonable or unknown reliabiliby [ X | Surface mark known destroyved
Setting Information: Slamping: BALD 2 1991
Marker Type: (Rod s Dl § Other) Agency Inscriplion: (NGS § OGS 1 Other) Cregon DOT
Setting Type' (Befick | Concrata ! Ofher ) Rod Depth meterd), Sleeve Depth [materi)
& /M /7?7 | Monument containg magnetic material? Monument is: (meh ¢ projecting / recessaa) (ermiingh)
Special Type (check all applicable): Transportation (check one):
0 F | Fault monitoring site W | Car
07T | Tidal Station 0 P | Light tuck (pickup, camy-all, etc )
¥ | Control Station: { FBMN / CBN / Bendfmark ) | |0 X | Four-Wheel Drive Vehicle
0 Airport Control Station: { PACE F SACS ) 0 __ | Other (snowCat, Plane, Boal, deacrits)
& M| Mark is suilable for GPS use? @ MN | Pack Time (hike) to mark? (thmmy; 00003

See Back of Form to add Text Description

(a)

Figure 4.17: Station Descriptive - Recovery Form
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General Station Location: The station is located in@boUt 10 km south from
Lincoln Bay, 13 km north from Depoe Bay, and at the US101
Boiler Bay wayside rest area.

[Describe genard locaion; indude aidine dstances (o thres towns or mapped fstures )

ownership: | he station is on the property of Oregon State
Department of Parks and Recreation.

(name, address, phona of landownar)

To Reach Narrative: Toreach he station fiom e intersection of S routes 5 and 101
in Depoe Bay, go north on US 101 for 1 km to the south entrance
of the Boiler Bay wayside. Bear left on entrance road for 0.4 km
to the parking area on the left. Pack northwest inside fence for
about 80 meters to end of fence and the station on the right.

(L0 ey dislancas and diections Mom majgor froad inted sacan 10 mark)

Monument Description and Measurements: The station s S€t INto drill hole in
bedrock, 7.6 m south from the north fence corner, 8.8 m east
from the west fence corner, and 3.6 m southeast from the
northwest end of the outcrop.

(Addd & beast three messurements bto pemanent, idenlifiabls, nearby objecls. and a description ofihe morument size, shape, height, &o)

NOTE: - Include a pencil rubbing, sketch, or photographs of mark.
Described by:___ John Q. Surveyor — phone:( (301)713-3194  e.mail:__las@ordot.gov

(b)

Figure 4.17: Station Descriptive - Recovery Form (continued)
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--> Click hare to clear the sample data <--

Siation Designation {check applicable: FEM /@EN | PAC | 340 ) | Station PID, if any. Dabe [UTC)
CPS STATION BALD 2 RESET QEZT 36 31-Dec-95
OBBELH;?ﬂm Ganard Locaon Aarport |, (F Ay Saton 4-Character 100 | Day of Year
{0 Ho-2000) Boiler Bay Wayside BALD 365
Project Mame Prrogescl Mumber Saton Serial & (S3M) Sassion ID(6 B el)
Sample GPS, 1998 GP3- 1234 A
MADEE Labude MADED Longhude MNADE2 Elipscidal Height Ageny Full Mame
44 49 49.17802 " [124 03 66.23447 |, Lucesometidd M5 | pprato puiname:  Ore@on DOT
Ommwumsﬁﬂjrmm [LFT:FI Epoch  ye a 17.0 meters | p John Q. Surveyor
Sahed Start 1200 Stop 1L.30. interval=_12 Soconds | 6561099 Geoid Heiont sl (301) 713-3194
Acual stent_11:55 swp 17:32 ook =_10_ pogroes -23.52 mokrs | o mal addrone ias@ordot.gov
GPS Receiver: GPS Antenna: it - sainlee- ﬂj 0 S a3
Manulacturer & hModel Manulochurer & Modal . Antanna onented 1o bss Molrl'h'f WY I ey
PR Leica SRS530 - Trimble Choke RII‘IQ Wealher cbeenved at arfierma hi e [N} axplan
’ pin 667122 pin 29659-00 Anbenna ground plane used? Y ) .

=M s/n 0030354 M s/n 02200-63591 Ankonna redoma ued¥ [ FMpge®  Hoyes,
Fmpere\oren:  Yferelon 3.0 Catio Longin. meters: 30 meeters | Eecamcoceupabon (-0 mn)? (Y INly? cusirve
$Camcosder Datery, 0 12V DG, 0 11OVAS, 0 Omer wﬁaﬂeuﬁnmz_s_ s N_l:llamm v aAME N :;;:L:.:LL;:\;:;:;:J:@ raarby :_"r.i:;v' 'u'lls:r:r:rrn

. Bofore Sessl i After Jession Ends;
J!Lp‘ﬂ*?nlr:ﬂﬁ?&mﬂa“ﬂﬂ'; F?ji? e ANTENNA HEIGHT i rr;‘;?h tﬁ&E’:mﬁ Ilm-t:“:;m;wi;ﬂh
M“E'E“EE:? Tiodel {500 back of form for messurement ilustration) ars 0 5 #
P None. A= Datum point 10 Top of Tripod  (Tripcd Height) 2.000 2.000
M 97.G
Last CalEsabon da 1998—1 1.01 B=agdtional offs o bo ARP if any (TribrachTpacer) -00'33 '0.003
Tri bral’.‘-‘h: Chieck o H=artnna Haight = A+B

i, 0 Wid GOF 22, 0 Topoon, 0 Omer [desonbe) = Datum Fomt to Anterna Relerence Port (AHF)

Laat Calibration date Mola: Melers = Feal X (0.3048) Please note &M0F skalch ANY unususl condibons
Heighl Enferad Into Racaner = 2.0099!9:3 Ba Vary Explicil as b whane and how Measurad|

Barometer: Weathar : : : - Woather
Menulaciurer & Model DATA Tu“?l? E‘.L“.‘J‘Jl’ 13”.5’ ::‘.T:ﬂ? 'Ji?’tl ﬁﬂ:ﬁ .ﬂ:‘; ﬁ‘,ﬂﬁs;',:;: Codes *
P R(r)el_fgl altiplus A2
n J.Q.8, Before | 12:00 |74.0 68.0 74 |29.4 00000
Lagt Calibration or check Dale .

11-Sep-01 Middle 14:45 |77.0 T2.5 81 29.6 00001
Psychrometer: After 17:30  |82.5 78.0 82 20.7 00102
Mwll:?tturﬂh& Ma:-:lal

sychrodyne * S back
M J_CII.S_ Ly Average of Readings Calculate ur}:ﬁm
Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:
1. Winds, calm at start, gradually increased to 20 knots by end of session.
2. Semi-trailer parked 12 meters SSE of antenna from 15:17 to 15:32 UTC, possibly blocking
satellites and causing multipath environment,
3. Center pole of tripod projected 3 mm into dimple of disk.
Atenna beighl wastheieiore&m - 3 mm = 1.997 m
DaaFlleNamets): B A| DIGSA, dat Vi vt Fon gz 0 Sieteseat | o BT
iifl' :an&ﬁga%jﬂaxﬁvaoﬁiissﬂwm sooc=fle dependant exfenson p‘u""lgﬁi'ﬂ;'“ Mi";;\ i:h:‘h:"‘ e JGE

Figure 4.18: GPS Station Observation Log

67




ILLUSTRATION FOR ANTENNA HEIGHT MEASUREMENTS:

Instructions for
Momure & rocard the $xod haighl ipod langlh (&)

and othar offsets, if any, between the fiped and the
Antenna Heterence Pont (ARF) (B)

Antenna Height -H-A +B

1. Measure the Slant Height (3)
Moeasurs the slops distancs fom o mak & al least thres notchos
on e Baltam of Ground Plans (BGP) usrg bas indepandsnt rulers
(&g . rsiric: and Impanial) Recohd measuraments in he 1@abls balow,
and compule Be aerans
Measure 5 Holch # Nolch # Molch # Average
Baofore, cm 22340 22330 223 30
Bafore, inch U7.95 G794 By 8d
After, om 223400 22340 223.30
Afer, Inch B7 07 87 96 BY.O0
I Hobie: om= inch x (2.54) I Crvarall sver age, cm I I
5= @m

2. Record the Antenna Radius (R)
and the Antenna Constant (C)

Thee anbenmna radus (R) is e honaontal dstance Fom e
canier of he anianna 1o the measurament nodch, The anbenna
contlant (C) & he vorbaal dizlancss Fom the ARP 1o the BGP
ConsUll Your anlennag Usars manial for amol maas ramants

Rs e
C‘_____§:§_Q _____ cm
3. Compute Antenna Height (H)

Uza the following F*)l!ha;;-:rcan oqiaakon

Antenna.Height=H=((,/S*-R*)-C)

ARP—BL

'-EH
= =
3 B
/ / x
8lA &, </ S3lH
2 cl|la & o
= (=] -/ s
- T 3/ D
S 2 =
D [ /
I c:':’ f
o b /
R @ |
L E J."
8|/
m In'
~ |/
.'I
v Vv _Datum VL -
P
Ill. Instructions for using the

Leica Brand Measuring Hook:

Follow e Loica oporating insinuctions, being sure o reducs
the height o e Antenna Refersnce Point [ARP), NOT fhe

L1 Phase Cenber

Antenna Height-H-a+b

Table of Weather Codes -- for entry into Weather Data Table on front of form:

CODE PROBLEM VISIBILITY TEMPERATURE | CLOUD COVER WIND
n MO FROBLEMS GO00 MORMAL CLEAR CaALM
srcounEred More e 15 mides 32" F lp Br°F Balow 207% Lindsr Smmph (8lmdh)
PROBLEMS FAIR HOT CLOUDY MODERATE
erouniarad T 16 15 milss Cregr BIPF (2T C) 209 o TO% 510 15 mph
2 — MOT USED — POOH COLD CVERCAST STRONG
; i LaRs hamn 7 miles Balow 3 F (0C) Cneal TR owver 1 Smph (24kmdn)
Examples. Code 00000 = 0= Mo problerns, 0 - good vimabilily, 0- mnormal emperalure, 0 - cdlear sky. 0 = calim wind
Code 12121 = 1 - Problems, 2 - poeor wisibilily, 1 - bl lempeiahes, 2 - ovaroast 1 - mcdedale wind

Figure 4.19: GPS Antenna Height Measurements

68




--> Click here to clear the sample data <--

NATIONAL GEODETIC SURVEY
VISIBILITY OBESTRUCTION DIAGRAM

27(270 ‘ 1ee.ﬂl rq‘S{] : } | N 990‘;
‘. ﬂlclﬂl? soulh{w:st‘k . oo

=

INST

ledenlify olss uctions by asmulh (magnetich and devation angle @hove hoizon) as seen rom staion mark
Indicate distancs and direction o nearby siuctures and reflective surfaces (polential mullipath sourees)
Designation: BALD 2 RESET FID: QEZ2736
Location: Boiler Bay Wayside County: LINCOLN
Reconnaissance By: John Q. Surveyor Height above mark: 2 Meters
Agency/Company: Cregon DOT Phone: {_(301}y713-3194 Date:1998-12-31

Figure 4.20: GPS Visibility Obstruction Diagram
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Station Pencil Rubbing Form

=-> Click here to clear the sample data <--

Location [ Airport Name

and 1D Boiler Bay Wayside Project ___ Sample GPS. 1998
Station Designation BALD 2 RESET PID  GDEZT36  gpe1998-12-31
Circle all applicable: Ohbserver &

PACE SACS @B FEN CPR OTHER Organization John Q. Surveyor, ORDOT

Station Pencil Rubbing

Instructions: Place the blank form (or other blank paper) over the mark and rob over the entire disk with a
pencil. For red marks, rob only the designation and date stamping from the rim of the dumiam bgo cap, If
it i pessable to make a rabbing of the mark, or if the rulbing appears mdistinet, a sketch and’or photograph
may be substituted,

= 2
= X
= - ‘-;:'
e (= e
- ol
rL_,-"'
LR
i [
S Cen
L

Remarks: " oy
This disk is reset into the same drill hole as Monument Type rass Uis
the original station BALD 1982,
Inseribed Agency Oregon DOT
BALD 2 1991

Stamping

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

The original raw water level data and also the correctors used to convert the data to chart da-
tum shall be retained until notified 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 configuration. If GOES satellite is used, the data shall be transmitted and received using the
NOS compressed pseudo binary format (see NGWLMS GOES Message 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 configurations cannot
be installed, the data shall be manually downloaded from the DCP and submitted to NOS, as shown
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in the format below, in a digital format, on CD-ROM, or by email as an ASCII data attachment. It
may be prudent to submit data at more frequent intervals under specific circumstances.

Data download files shall be named in the following format: xxxxxxxy.wl.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 file is from the same station and
DCP). This is the format needed when the data is loaded into DMS. Also each water level data
file (XXX.BWL or XXX.ACO) shall have only 3 months of data. If the water level station was
operational for more than three months, please submit multiple xxxxxxxy.DAT files, each file with
only three months of data.

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

Each input record (including the final record) ends with a carriage return and excludes any 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 justified, (e.g. 1138)
Column 33-38 Sigma (standard deviation in millimeters in integer format)
Column 39-44 Outlier (integer format)

Column 45-50 Temperature 1 (tenth of degrees C in integer format)
Column 51-56 Temperature 2 (tenth of degrees C in integer format)
Column 57-58 Sensor type (A1l 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 justified, (e.g. 1138)
Column 33-38 Sigma (standard deviation in millimeters in integer format)
Column 39-44 Outlier (integer format)

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

Column 53-53 blank

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

Sample data:

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

Note: pressure data must be accompanied by documented staff observations as listed in Section [4.2.2)

and if applicable.
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4.6.4 Tabulations and Tidal Datums

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

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

Each input record (including the final record) ends with a carriage return and excludes any 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 file shall be named in the following format:xxxxxxx.w2.DAT, where xxxxxxx is
the seven digit station number, w2 is the product code for the hourly heights data, and DAT is the
extension. This is the format needed when the data is loaded into CO-OPS DMS database.
High/Low Data Format:

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

Column 8- 8 Blank

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

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

Definition of Acronym:

H: Higher low water level value

L: Lower high water level value

HH: Higher high water level value

LL: Lower low water level value

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

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

Column 8- 8 Blank

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

Column 13- 13 Blank

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

Column 16- 16 Blank

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

Column 24- 24 Blank

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

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):

0
1

0 0 0 0 0 0 0
2 3 4 5 5 7 g

12345678%012345678501234567890123456785012345678501234567850123456785%012345678530
5414250 2004 01 123.456 123.456 123.456 123.456 123.456 123.456 123.456 123.456

0
S

1 1 1 1 1 1
0 1 2 3 4 5

12345678%012345678501234567890123456785012345678%012345678501234567850123
123.456 123.456 123.456 123.456 20040101 00:00 1 123.456 20040101 00:00 1

Definition of Acronym:

MHHW
MHW

DTL

MTL

MSL

MLW

MLLW

GT

MN

DHQ

DLQ

MAX_ WL
MAX_ DATE
MAX_ HOUR
MAX_MIN
MAX_OCCUR
MIN WL
MIN _DATE
MIN_HOUR
MIN _MIN
MIN_OCCUR

Mean Higher High Water

Mean High Water

Diurnal Tide Level

Mean Tide Level

Mean Sea Level

Mean Lower Water

Mean Lower Low Water

Great Diurnal Tide Range

Mean Range of Tide

Diurnal High Water Inequality
Diurnal Low Water Inequality
Maximum Water Level during the Month measurement period
Date of Maximum Water Level
Hour of Maximum Water Level
Minute of Maximum Water Level

Number of occurrences during the month the Water Level meets the MAX WL

Minimum Water Level during the Month measurement period
Date of Minimum Water Level

Hour of Minimum Water Level

Minute of Minimum Water Level

Number of occurrences during the month the Water Level meets the MIN WL
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Monthly Means data file shall be named in the following format: xxxxxxx.w5.DAT, where 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):

0 0 0 0 0 0 0 0

1 2 3 I 4 5 G 7 8
12345678901234567890123456789012345678901234567800123456789012345678901234567890
5414290 123.456 123.456 123.456 123.456 123.456 123.456 123.456 123.456

0 1 1 1 1 1 1

9 0 1 2 3 4 5

12345678%012345678501234567850123456789012345678%0123456785012345678%0123
123.456 123.456 123.456 123.456 20040101 00:00 1 123.45¢ 20040101 00:00 1

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

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

If the Greenwich High Water Interval (HWI) and Greenwich Low Water Interval (LWI) are avail-
able, then contractor shall provide that information in F5.2 format and that file shall be named as
xxxxxxx.GWLtxt, 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 final zoning scheme shall be fully supported by documentation of data and methodology which
comprised the final zoning model. The contractor must provide final 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 specified format.

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

e Contractor created summary files.

e Documentation of NOS summary files utilized for final zoning

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

GIS compatible digital final zoning files

Final tide reducer data files

Final Tide Note

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

4.6.6 Submission and Deliverables — Documentation and Time lines

The check list in Figures 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 as required, shall be forwarded within 15
business days of the removal of the stations/gauges.

Submit a transmittal letter to the appropriate Contracting Officer’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 [.6.1] [{.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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10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.

22.

23.

E-Site Report, Xpert Site Report, or tide station report
Chartlet

USGS Quad map (7.5 minutes quadrangle maps)

Sensor test worksheet

Sensor elevation drawing

Water level transfer form (Great Lakes stations only)

Bench mark sketch

“Station To Reach” statement

Bench mark descriptions

Photographs of bench marks, station, DCP, equipment, and vicinity in digital and paper format
Levels (raw) (electronic files) and field notes of precise leveling
Abstract of precise leveling

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

Calibration certificates for Invar leveling rods, if applicable

Staff to gauge observations, if applicable

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

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

GPS data and documentation, as applicable

Contractor created summary files, final zoning, final tide reducer data, final 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 files) and field notes of precise leveling

/Abstract of precise leveling

/Staff to gauge observations, if applicable

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

/Calibration certificates for Invar leveling rods, if applicable

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

/Other information as appropriate, or as specified in the contract

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

/GPS data and documentation

/Final tidal zoning, final tide reducers, final tide note, summary files, 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,
final tidal zoning, final tidal reducers, final 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.C0-0PS.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.

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

-~ W

User’s Guide for Electronics Levels, NOAA/NOS, updated January 2003.
User’s Guide for 8200 Bubbler Gauges, NOAA /NOS, updated February 1998.
User’s Guide for 8200 Acoustic Gauges, NOAA /NOS, updated August 1998.
User’s Guide for 8210 Bubbler Gauges, NOAA /NOS, updated February 2001.
User’s Guide for GPS Observations, NOAA /NOS, updated March 2007.

© »® N o

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.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

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

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

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

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.

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

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

Standards and Specifications for Geodetic Control Networks, Federal Geodetic Control Com-
mittee, September 1984.

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

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

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

“Attachment R, Requirements for Digital Photographs of Survey Control, NGS, July 2005”

Xpert Operations and Maintenance Manual, October 2006.
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