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Foreword

This edition of the Hydrographic Manual, a revision of Coast and Geodetic Survey
Publication 20-2 (Jeffers 1960), was compiled to meet these demands and to
define the applications of the latest available technology. It describes current
National Ocean Survey methods of planning, executing, and processing a hydro-
graphic survey. No claims are made for originality nor do we propose that the
techniques described become universally adopted.

This new Hydrographic Manual is designed so that revisions, additions, and ex-
tractions of the material can be made to maintain currency with the state of the
art. Our attitudes, approaches, and applications to meet our Nation's ever-changing
needs are not stagnant; thus, we cannot allow this instruction manual, that defines
the standards and methods through which we meet these needs, to become stagnant.
It is incumbent upon the readers and users of this publication to ensure vitality in
the information by constant review, evaluation, and improvement of the contents.

Allen L. Powell
Rear Admiral, NOAA
Director
National Ocean Survey

(Foreword; July, 1976)

Continual and unrelenting demands and pressures on the National Ocean Survey
for accurate nautical charts of the coastal waters of the United States and her
possessions have led to the development of new concepts and techniques in sur-
veying, innovations in cartography, and the introduction and use of sophisticated
automated data acquisition and processing methods. Acquisition, analysis, and
dissemination of related basic oceanographic, hydrographic, and littoral zone data
for coastal engineering and scientific research are charting by-products nearly equal
in importance to our nautical charting mission. Exploitation of the Nation's sub-
merged lands and natural resources and man's increased concern for his environ-
ment, wetland area, flood plains, and ecosystems have altered many of our tradi-
tional priorities and have encouraged the development of new techniques to meet
these new responsibilities.



Preface

This Hydrographic Manual, Fourth Edition, by the National Ocean Survey was
prepared under the able direction of Captain Robert C. Munson, Associate Direc-
tor, Office of Marine Surveys and Maps, and represents the culmination of more
than 160 years of experience in nautical surveying and marine charting. These con-
temporary instructions for hydrographic and related data surveys that define the
applications of the most modern available technology will allow the second and
third editions to be retired.

In this fourth edition, extensive changes have been introduced in both format
and content; the major changes are, of course, based on the use of modern auto-
matic data collection and processing techniques. Few of the basic requirements
of hydrography have been altered. An attempt has been made to identify stringent
specifications for hydrographic surveys and to describe survey methods and tech-
niques of accomplishment that result in the most effective utilization of manpower
and equipment. I hope each salty old hydrographer who looks askance at what
he  considers  to  be radical departures from tradition is offset by one of our
dedicated young crusaders from the binary generation who is convinced we are
moving too slowly. If this is the case, then I believe a satisfactory balance has
been achieved; thus this edition will retain the tradition of usefulness character-
izing the previous editions.

Recent streamlining of procedures between the completion of a hydrographic
survey and the production of a nautical chart has added responsibility upon
both commanding officers and those engaged in survey verification. In many areas,
increased emphasis is placed on quality control, completeness, and cohesiveness
of field survey data. Quality of our data is as important as quantity. The shop-
worn adage that "miles bring smiles'' can no longer be considered a hydrographic
commandment.

New ideas and information were received and added continually throughout the
preparation period. Ultimately, however, editorial deadlines neared, causing the
manuscript to be sent to the presses. Because the technology and state of the
art of hydrographic surveying are dynamic, the National Ocean Survey will make
a constant effort to keep this manual current by issuing periodic amendments
and supplements. Readers are urged to make suggestions and advise us on im-
provements. Through your written comments, the manual can reflect changes in
the state of the art.

The many improvements in this edition stem directly from the enthusiastic response
received from personnel throughout the NOAA fleet and at the Marine Centers and
Headquarters. Space does not permit one to credit each person who contributed in a
technical sense, although their efforts are sincerely appreciated; but special thanks
must go to those who made major outstanding contributions: Betty V. Arozian,
Gabriel J. Bren, Raymond H. Carstens, Donald R. Engle,I.Y.Fitzgerald, Walter F.
Forster II, Wayne L. Mobley, William J. Monteith, Robert K. Norris, Hugh L.
Proffitt, Jack WALLACE, and Dale E. Westbrook.

Melvin J. Umbach
Commander, NOAA
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Introduction

The ''Survey of the Coast,'' the earliest forerunner of the National Ocean Survey (a major element of the
National Oceanic and Atmospheric Administration), conducted its first hydrographic surveys in 1834. In
that year, the U.S. Naval schooners Jersey and Experiment, under the respective commands of Lieutenant
Thomas R. Gedney and Lieutenant George S. Blake, initiated field operations for nautical charting in the
vicinity of Long Island, N.Y.

Hydrographic surveying and the cartographic representation thereof in the form of nautical charts were not
unknown mysteries in 1807 when President Jefferson appointed Ferdinand Hassler as the first Superintendent
of the ''Survey.'' Over 4,000 years ago, Cretan warships and merchantmen plied the Mediterranean. Sea-
going junks had spread Chinese trade throughout the Indian Ocean well before the time of Marco Polo's ex-
plorations. These early navigators neither relied entirely upon memory in familiar waters nor did they en-
trust the safety of their commands to chance in uncharted or strange waters. While the instruments and
methods used by these ancient mariners are considered crude and unreliable by today's standards, water
depths were measured, shoals and channels delineated, landmarks and aids to navigation established, and
hazards identified; all were recorded and charted to the best of their ability. By the 19th century, hydrog-
raphy was accepted as a scientifically based surveying element capable of meeting rigorous engineering
standards. Unrelenting pressures and demands for surveys to make maritime commerce safe resulted in plac-
ing responsibility on the newer ''Coast Survey'' for the publication and maintenance of nautical charts of the
coastal waters of the United States and her possessions. Upon the arrival of the 20th century, the achieve-
ment of this mission by what was then the Coast and Geodetic Survey required the execution of surveys and
the continual updating of charts that included a water area in excess of 2 million square nautical miles.

Since the end of World War II, the demand for hydrographic surveys to update nautical charts has increased
tremendously because of expanded development in coastal areas, an enormous boom in the popularity of
recreational boating, and a sustained growth in waterborne commerce. The more than 9,000 hydrographic
surveys filed in the archives of the National Ocean Survey are the basis for an assemblance of about 970
nautical charts regularly updated and published. Each survey represents a unique and comprehensive rec-
ord of the coastline and adjacent waters. A detailed record of changes brought about by natural and cultural
causes can be compiled from a review of contemporary and prior surveys of the same area. These surveys,
conducted primarily for nautical charting, are used extensively for engineering, research, and various legal
purposes. Only selected important details and soundings from the surveys are shown on published nautical
charts.

The hydrographer is engaged in a unique and unusually complex arena within the field of surveying. Unique
because, unlike topographic surveying, hydrographic surveying is essentially inferential and deductive since
the hydrographer cannot directly view the sea bottom features and so must rely upon discrete sampling
methods to construct a continuum of the bottom configuration. And complex in that hydrographic survey-
ing includes consideration of and direct dealing with geodetic control networks, nautical datums based upon
an analysis of water level conditions, submarine topography, shoreline delineation, and foreshore detail (e.g.,
the precise location of navigational aids and landmarks), the total requiring a legion of surveying methods
and instrumentation to bring about the desired results.

(Introduction; July, 1976)vii

On February 10, 1807, an Act of Congress authorized the President ''. . . to cause a survey to be taken of
the coasts of the United States. . . . '' As it happened, 27 frustrating years passed before Lieutenant Gedney's
Jersey would run that first line of soundings on the south coast of Long Island between Conklins Point
and Green Point. This first hydrographic survey eventually was registered and achieved in 1837 (Wraight
and Roberts 1957).



Tools and techniques used in hydrographic surveying have improved continuously at varying rates. In the
early days of hydrography, water depths were measured and bottom characteristics determined solely by
lead lines, sounding poles, and wire sounding machines. Positions of the sounding vessel were determined
by three-point sextant fixes or, if the shore was not visible, by astronomic observations or dead reckoning.
All data were recorded manually for subsequent manual calculation, reduction, correction, and, eventually,
plotting. During the past four decades, considerable advances in the science of hydrography have been
achieved through the development of echo sounders and electronic navigation systems. With these instru-
ments, the hydrographer acquired much more information for detailed charting of submarine relief than
ever before. Although these instruments enabled a substantial increase in the rate and volumes of data acqui-
sition and greatly improved the accuracy and completeness of the hydrographic survey, the volume of
manual labor in recording, processing, and plotting the data was not reduced.

More recently, computer assisted data acquisition, machine plotting, and information processing systems have
materially increased the speed and efficiency of producing a hydrographic survey. Automated data acquisition
and treatment permits the hydrographer to select the optimum sounding line direction without being con-
strained by the geometry of the electronic positioning system. Time, depth, and position are recorded
automatically at a much higher rate than was possible manually and with minimal possibility of recording
error.Automatically entered data correctors have speeded the development of new instruments and techniques,
such as the real-time telemetering tide gage. The shipboard computer has opened new possibilities for the
future; among these are digital electronic sextants, which may result in more efficient surveys in areas where
visual control must be used, and heave correctors that compensate for vertical motion of the sounding vessel.

Other technological advances are beginning to tear away the veil of water that obscures the configuration
of the sea bed. Photobathymetry-underwater mapping with aerial photography — is showing its operational
usefulness. A family of swath mapping instruments is being developed, refined, and tested operationally to
provide complete sonar records analogous to aerial photography. Remote-sensing measurement devices,
such as laser depth scanners and air gap echo sounders, are around the corner. Worldwide high precision
positioning systems are in sight. All of these, together with computer analysis and processing that is replac-
ing the inefficient drudgery of processing data manually, promise to make the hydrographer more efficient
and effective.

(JANUARY 1, 1979) viii
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Verification reports6.6. 6-15

Smooth sheet7. 7-1
Definition and purpose7.1. 7-1
General specifications 7-17.2.

Sheet material7.2.1. 7-1
Sheet size and layout7.2.2. 7-1

7.2.3. Sheet margins and extensions 7-2
Insets and subplans7.2.4. 7-2

7.2.5. Drafting standards 7-3
7-37.2.5.1. Character of lettering
7-3Lettering orientation7.2.5.2.

Placement of lettering7.2.5.3. 7-4
7.2.6. 7-4Drafting materials
7.2.6.1. 7-4Selection and use of ink

Selection and use of pencils7.2.6.2. 7-5
7-5Drafting instruments and plotters7.2.7.
7-5Cartographic specifications and conventions7.3.

Projection7.3.1. 7-5
7-6Electronic positioning lattices7.3.2.

Control stations7.3.3. 7-6
Basic control stations7.3.3.1. 7-6

7-67.3.3.2. Supplemental control stations
7-67.3.3.3. Hydrographic control stations

7.3.4. 7-6Shoreline and topographic details
7-77.3.5. Low water lines
7-8Limit lines7.3.6.
7-8Hydrographic features7.3.7.
7-8Ledges and reefs7.3.7.1.
7-8Coral7.3.7.2.

7.3.7.3. 7-8Bare rocks
7-9Rocks awash7.3.7.4.
7-9Rock elevations7.3.7.5.
7-9Submerged rocks7.3.7.6.
7-9Submerged obstructions7.3.7.7.
7-9Visible obstructions7.3.7.8.
7-10Wrecks7.3.7.9.
7-107.3.7.10. Marine growth
7-107.3.7.11. Breakers, tide rips, and eddies
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7-10Wire-drag hangs, groundings, and clearances7.3.7.12.
7-10Soundings7.3.8.
7-11Sounding units and rounding7.3.8.1.
7-11Spacing of plotted soundings7.3.8.2.
7-11Selection of soundings and excessing7.3.8.3.
7-13Depth curves7.3.9.

7.3.9.1. 7-13Standard depth curves
7-14Selection of curves7.3.9.2.
7-14Bottom characteristics7.3.10.
7-147.3.11. Aids to navigation
7-14Landmarks and nonfloating aids to navigation7.3.11.1.
7-197.3.11.2. Floating aids to navigation
7-197.3.12. Miscellaneous detail
7-197.3.12.1. Cables and bridges
7-19Tide and current stations7.3.12.2.
7-197.3.12.3. Geographic names
7-20Descriptive notes7.3.12.4.
7-20Junctions and adjoining surveys7.3.12.5.
7-20Smooth sheet identification block7.3.12.6.
7-20Title block7.3.12.7.
7-227.4. Special projects and field examinations

Final inspection and approval8. 8-1
8-1Final inspection8.1.

Administrative approval8.2. 8-1
8.3. 8-1Shipment of records

PART THREE. APPENDIXES
Appendixes A through E

Equipment and instrumentsA. A-1
A.1. Introduction A-1

AA-1AA. Hydrographic survey vessels
AA-1A.A.1. Major survey vessels
AA-1AA.2. Coastal survey vessels
AA-1AA.3. Auxiliary and minor survey vessels
AB-1AB. Long range navigation systems
AB-1AB.1. Omega navigation system
AB-1AB.1.1. Equipment
AB-1OperationAB.1.2.
AB-3AB.2. LORAN navigation system
AB-4AB.2.1. Equipment

AB.2.2. Operation AB-4
AC-1AC. Medium range position-fixing systems
AC-1AC.1. Decca Hi-Fix and Sea-Fix systems

Hi-Fix and Sea-Fix chainsAC.1.1. AC-2
AC-4AC.1.2. System characteristics
AC-4AC.1.3. Lane integration and identification
AC-4AC.2. Raydist system
AC-5AC.2.1. System characteristics
AC-5AC.2.2. System components
AC-7AC.2.3. Checkout procedures
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AC-8AC.3. Hydrotrac System
AC-9AC.3.1. System Characteristics
AC-9AC.3.2. System Components
AC-10AC.3.3. Installation
AC-11Receiver OperationAC.3.4.
AC-11AC.4. ARGO System
AC-11Principles of OperationAC.4.1.
AC-12Description of EquipmentAC.4.2.
AC-13System CharacteristicsAC.4.3.
AC-13AC.4.4. Operational Features
AC-13AC.4.4.1. Multiple ranges
AC-13AC.4.4.2. Range Quality Indications
AC-13AC.4.4.3. Data Smoothing
AC-14Lane IdentificationAC.4.4.4.
AC-14AC.4.4.5. Hyperbolic Operations
AC-14Aircraft OperationsAC.4.4.6.
AC-14Built-In TestAC.4.4.7.
AC-14AC.4.4.8. Remote Antenna Tuning
AC-14AC.4.4.9. Selectable Frequencies
AC-14AC.4.4.10. Transmitter Protection
AC-14Data Outputs and FormatsAC.4.4.11.
AC-15AC.4.5. Installation and Operations
AD-1AD. Short range position-fixing systems
AD-1AD.l. Del Norte Trisponder system
AD-1AD.1.1. Description of equipment
AD-2AD.1.2. System characteristics
AD-2AD.1.3. Installation and operation
AD-4AD.2. Motorola Mini-Ranger III System
AD-4Description of equipmentAD.2.1.
AD-5AD.2.2. System characteristics
AD-5Installation and operationAD.2.3.
AE-1AE. Sextants
AE-1AE.1. Navigating sextant
AE-1Adjustment of sextantAE.1.1.
AE-1AE.1.2. Index error of sextant
AE-2AE.1.3. Use of sextant
AE-2Angles to faint objectsAE.1.4.
AE-4Inclined anglesAE.1.5.
AE-4AE.2. Electronic digital sextant
AE-5Adjustment and calibrationAE.2.1.
AE-6OperationAE.2.2.
AF-1AF. Sounding equipment
AF-1AF.1. Manual depth-measuring devices
AF-1AF.1.1. Lead line
AF-1AF.1.1.1. Marking lead lines
AF-2Verification of lead linesAF.1.1.2.
AF-2AF.1.1.3. Sounding leads
AF-3Sounding poleAF.1.2.
AF-3Bar check apparatusAF.1.3.
AF-3Modified trawl sweepAF.1.4.
AF-5Pipe dragAF.1.5.
AF-5Launch wire dragAF.1.6.
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AG-1AG. Echo-sounding equipment
AG-1IntroductionAG.1.
AG-1General principlesAG.1.1.
AG-1Echo-sounding transducersAG.1.2.
AG-1Echo pulse frequencyAG.1.3.
AG-2AG.1.4. Pulse duration and shape
AG-3Transducer beam widthsAG.1.5.
AG-4AG.1.6. Attenuation of acoustical signals
AG-4AG.1.7. Frequency, pulse length and shape, and beam width
AH-1AH. Echo sounders
AH-1AH.1. Introduction
AH-1Raytheon analog and digital depth soundersAH.1.1.
AH-1DE-723 depth recordersAH.1.1.1.
AH-2AH.1.1.2. Electronics cabinet unit
AH-2Digital depth monitorAH.1.1.3.
AH-2AH.1.1.4. Digital phase checkers
AH-3AH.1.2. Ross depth-sounding system
AH-3AH.1.2.1. Ross depth recorder
AH-4Ross transceiverAH.1.2.2.
AH-5AH.1.2.3. Ross digitizer
AH-5Raytheon portable echo sounderAH.1.3.
AI-1Side Scan Sonar EquipmentAI.
AI-1AI.1. Introduction
AI-1AI.2.1. General Principles
AI-1AI.2.2. Side Scan Sonar Applications
AI-1AI.2.3. System Description
AI-2AI.3. Side Scan Sonar
AI-2AI.3.1. Klein Associates, Inc. Side Scan Sonar System
AI-2Side Scan RecorderAI.3.1.1.
AI-2AI.3.1.2. Side Scan Transducers
AI-3Tow Cable AssembliesAI.3.1.3.
AI-3Operations ConsiderationsAI.3.1.4.
AJ-1AJ. NOS HYDROPLOT system
AK-1Tide and water level gagesAK.
AK-1Automatic gagesAK.1.
AK-1AK.1.1. Standard gages

AK.1.2. Fischer and Porter analog to digital recording
AK-1(ADR) gage
AK-3Gas-purged pressure gageAK.1.3.
AK-5AK.1.4. Stevens water level recorder
AK-5AK.2. Nonrecording gages
AK-5AK.2.1. Tide staff
AK-7AK.2.2. Tape gages
AK-7AK.3. Comparative observations
AK-8AK.4. Bench marks and leveling
AL-1AL. Miscellaneous equipment
AL-1AL.1. Protractors
AL-1AL.1.1. Plastic three-arm protractors
AL-1Odessey protractorsAL.1.2.
AL-2AL.1.3. Drafting machine
AL-2AL.2. Oceanographic equipment
AL-2AL.2.1. Nansen bottle
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AL-4AL.2.2. Reversing thermometers
AL-4AL.2.2.1. Care of reversing thermometers
AL-5AL.2.2.2. Corrections to observed temperatures
AL-5AL.2.3. Salinometers
AL-5AL.2.4. Hydrometers
AL-8AL.2.5. Temperature, depth, conductivity (TDC) sensors
AL-8AL.2.6. Salinity, temperature, depth (STD) sensors
AL-8AL.2.7. Bottom samplers
AL-10AL.3. Hydrographic clock

Cartographic codes and symbolsB. B-1

Miscellaneous conversions, tables, and graphsC. C-1

BibliographyD . D-1

E. Glossary of abbreviations and acronyms E-1

1-1INDEX

FIGURES
NOAA ship Fairweather1-1 1-2

Geographic designations for project numbering for the Atlantic2-1
and Gulf of Mexico Coasts and the Great Lakes 2-4

2-2 Geographic designations for project numbering for the
2-5Pacific Coast, Alaska, and the Pacific Islands

Layout of hydrographic survey sheets 2-82-3

Traverse with checked spur point 3-63-1
3-6Short base method for checking traverse spur point3-2

3-3 3-6Offset method for checking traverse spur point
Wing point method for checking traverse spur point3-4 3-6

3-103-5 Construction of large tripod signal

4-3Stamp 1, hydrographic field sheet title block4-1
4-54-2 Control station plotted by dm's and dp's on distorted sheet

4-3 4-6Drawing distance-arcs when station off sheet
4-64-4 Drawing arcs with three-arm protractor
4-124-5 Systems of sounding lines
4-154-6 Strong and weak three-point fixes
4-16Error contours for various configurations of three-point fix4-7
4-19Hyperbolic lattice for hydrographic survey4-8
4-20Hyperbolic lattice lane expansion4-9

4-10 Hyperbolic positioning system relative error contours for
4-21standard deviation of 0.01 lanes

4-11 Hyperbolic positioning system error contours for
4-22assymetrical base station configurations
4-22Root mean square error at electronically determined position4-12
4-23Range-range lattice for hydrographic survey4-13
4-24Error contours for range-range system4-14
4-24Line of sight over horizon4-15
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4-16 Manual record of electronic positioning calibration and
4-27computation of corrections
4-274-17 Comparison of electronic positioning calibrations
4-284-18 Position by range-angle method
4-28Determination of lane count by buoy circling4-19

4-20 Hybrid positioning system 4-31
4-21 Range-azimuth positioning system 4-31
4-21a 4-34bSounding interval vs speed
4-22 Manually recorded survey (NOAA Form 77-44, ''Soundings'')

Record of hydrography controlled by sextant fixes and Raydist4-23
4-24 4-51Recorded hyperbolic-visual controlled hydrography
4-25 Record of positions observed by theodolite intersection method
4-26

of day 4-53
4-27 4-53Stamp 3, electronic control information
4-28 4-53Stamp 4, record of sounding equipment
4-29 4-53Stamp 5, record of bar check
4-30 Stamp 5A, record of simultaneous comparison of echo sounder--

4-544-31 Stamp 6, record of weather throughout day
4-32 4-56Stamp 7, position of line beginning
4-33 4-57Stamp 8, verification of sextants and sounding clock

4-574-34 Stamp 9, statistics for day's work
4-35 4-57Stamp 10, processing checklist
4-36 4-59Data identification block and tape identification stamp
4-37 Survey information, processing/ statistics, and

personnel/ weather blocks 4-60
4-38 Lead-line comparison and bar check machine listings 4-61
4-39 4-61Stamp 11, graphic record for identifying bottom profiles
4-40 4-63Automated record of hydrography
4-41 4-64Sawtooth or analog record of vessel position
4-42 4-65Corrections to echo soundings
4-43 4-68Construction of predicted tide curve
4-44 4-73Direct Comparison Log for echo-sounding corrections
4-45 4-78Velocity correction curve from data in table 4-11
4-46 Velocity versus depth curve 4-81
4-47 Velocity correction curve with combined observations 4-82
4-48 4-83Echo sounder stylus arm-lenth error

4-84Echo sounder fine-arc error4-49
4-50 4-87Bottom profile (fathograms)

4-894-51 Problems of bottom profile interpretation
4-52 4-90Deepwater side echoes
4-53 4-97Descriptive Report Cover
4-54 Hydrographic Title Sheet 4-98
4-55 Deficiency Item Report 4-100
4-56 4-101Deficiency Item Report
4-57 4-106Stamp 30, oceanographic survey sheet data stamp

4-1064-58 Ocean Survey Sheets (OSS) and letter identifications
4-59 Position of ship from astronomic observations 4-109
4-60 Layout of tag line survey 4-111

5-1 Symbols used drawing progress sketches 5-2
5-2 Monthly Progress Sketch 5-3
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AD-3 Del Norte Trisponder vessel installation

Page

Descriptive Report cover sheet5-3 5-5
Hydrographic Title Sheet5-4 5-6
Field Tide Note5-5 5-11
List of Geographic Names5-6 5-12

5-145-7 Sounding Correction Abstract
Electronic (position) Corrector Abstract5-8 5-15
Station List5-9 5-16

5-10 5-17Abstract of Positions
5-11 Side I of NOAA Form 76-40, ''Nonfloating Aids or

5-19Landmarks for Charts''
5-20Side 2 of NOAA Form 76-405-12

6-1 Change of datum on hydrographic sheet 6-13
6-16NOAA Form 77-27, ''Hydrographic Survey Statistics''6-2

Verification approval sheet 6-176-3

7-27-1 Smooth sheet, dog ear or temporary extension
Subplan of small cove7-2 7-3
Three- and four-digit soundings plotted at angle 7-47-3

7-7Correct and incorrect shoreline delineations7-4
Use of 0.5-ft soundings and dashed depth curves 7-127-5

7-15Example one of completed hydrographic smooth sheet7-6
7-177-7 Example two of completed hydrographic smooth sheet
7-20Stamp IA, smooth sheet identification block7-8

Title block non-automated Hydrographic Sheet 7-217-9
7-227-10 Title block automated Hydrographic Sheet

AA-1AA-1 NOAA ship Davidson
AA-2AA-2 NOAA launch 1257
AA-2AA-3 NOAA 29-ft. hydrographic launch
AA-2AA-4 Skiff outfitted for shoal water surveying
AB-2AB-1 LORAN-C navigation coverage diagram
AB-3AB-2 Omega shipboard navigation unit

AB-3 LORAN-C shipboard navigation unit AB-4
AC-1AC-1 Decca Sea-Fix positioning system shipboard installation
AC-2AC-2 Decca Hi-Fix shore station
AC-5AC-3 Raydist positioning system vessel components
AC-6AC-4 Raydist shore station installation
AC-12AC-5 Typical 4 Range Transmission Sequence (ARGO)

AC-6 Standard ARGO Fixed Station Interconnecting
AC-13Cabling Diagram

AC-7 Standard ARGO Mobile Station Interconnecting
AC-13Cabling Diagram
AC-15AC-8 ARGO Control and Display Unit and Range Processing Unit
AD-1AD-1 Del Norte Trisponder positioning system components
AD-2AD-2 Del Norte Triponder shore station installation
AD-3
AD-5AD-4 Mini-Ranger III System
AD-5AD-5 MRS III schematic diagram
AD-7AD-6 Transponder antenna and radiation patterns
AE-1AE-1 Hydrographic sextant with telescope
AE-3AE-2 Corrections to inclined sextant angles
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AE-4AE-3 Electronic digital sextant
AF-4AF-1 Trawl board construction
AF-4AF-2 Modified trawl sweep

AF-3 AF-4Technique for launch wire drag
AG-2AG-1 Short acoustical pulse

AG-2 AG-2Long acoustical pulse
AG-3AG-3 Shape of echo sounder acoustical beam
AH-1AH-1 Raytheon DE-723 echo sounder recorder
AH-2AH-2 Raytheon DE-723 echo sounder electronics cabinet
AH-3AH-3 Raytheon DE-723D digital depth monitor
AH-3AH-4 Ross depth sounding system components

AH-5 AH-5Raytheon Echo Sounder Model DE-719
AH-6 Raytheon Echo Sounder Model DE-719 housing with

AH-6storage area
AI-1 AI-2Klein Hydroscan Dual Channel Side Scan Sonar Recorder

AI-3AI-2 Klein Side Scan Sonar Towfish
AJ-1AJ-1 HYDROPLOT system block diagram

AJ-2 AJ-1HYDROPLOT installation aboard ship
AJ-2AJ-3 HYDROPLOT system launch installation
AJ-3AJ-4 Hydrographic data logger aboard ship
AK-1AK-1 Standard tide gage
AK-2AK-2 Standard tide gage installation
AK-2AK-3 Front view of Fischer and Porter water level recorder

AK-4 AK-2Side view of Fischer and Porter water level recorder
AK-5 AK-3Fischer and Porter punched tape record

AK-3AK-6 Gas-purged pressure (bubbler) gage components
AK-7 Bubbler gage strip chart recorder AK-4
AK-8 AK-8Bubbler gage gas flow system components

AK-6AK-9 Stevens water level recorder and digital recorder
AK-6AK-10 Tide or water level staff installation

AK-11 AK-8Tide or water level electric tape gage
AL-1AL-1 Plastic three-arm protractors
AL-1AL-2 Calibration of three-arm protractor

AL-3 AL-2Odessey protractor
AL-2AL-4 Engineer's drafting machine
AL-3AL-5 Nansen bottle

AL-6 AL-4Reversing thermometers
AL-7 AL-6Induction-type salinometer

AL-6AL-8 NOS hydrometer set
AL-9 AL-7Conversion of apparent specific gravity to salinity
AL-10 Temperature, depth, and conductivity (TDC) metering system 

Expendable salinity, temperature, and depth (XSTD) system  AL-11
AL-12 AL-9Bottom sediment sampler
AL-13 AL-9Clamshell snappers for bottom sampling
AL-14 AL-10Hydrographic clock

Rock symbols and elevation references for Atlantic andB-1
Gulf Coasts B-8

B-2 Rock symbols and elevation references for Pacific Coast B-9
B-10Rock symbols and elevation references for Great LakesB-3
B-11Symbols and elevation references for reefs and ledgesB-4

Line-of-sight nomographC-1 C-6
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PageTABLES

Position numbering of hydrographic survey1-1 1-12
1-191-2 Field reports

2-1 Area limit designations for project numbering 2-3

4-1 Projection line intervals for various scales 4-3
4-204-2 Hyperbolic versus range-range system considerations

4-3 Empirically determined velocities of propagation for
4-29medium range frequencies
4-364-4 Depth units for scaling soundings and applying corrections
4-374-5 Standard depth curves

4-6 Supplemental depth curves 4-38
4-45Hydrographic survey horizontal positioning errors4-7
4-454-8 Hydrographic survey sounding errors
4-464-9 Bottom sediments classified by size

4-10 4-59Definitions of terms used in figure 4-37
4-774-11 Velocity correction computations, STD cast
4-794-12 Velocity Correction Table
4-80Velocity correction computations, Nansen cast4-13
4-854-14 Time tolerances for scaling peaks and deeps
4-914-15 Conversion of reduced soundings

4-16 4-106Ocean Survey Sheets (OSS) series numbers and limits

5-235-1 Landmark classifications, definitions, and rules

AC-3AC-1 Characteristics of Hi-Fix and Sea-Fix Positioning Systems
AC-2 Characteristics of Raydist DR-S Electronic

AC-5Positioning System
AC-9AC-3 General Characteristics of the Hydrotrac System

AC-4 General Characteristics of the ARGO Electronic
AC-13Positioning System
AC-14AC-5 ARGO Smoothing Codes
AD-2AD-1 Del Norte Trisponder system characteristics
AD-3AD-2 Trisponder time-sharing constraints
AD-6AD-3 MRS III package operating characteristics
AF-2AF-1 Markings for lead lines graduated in fathoms
AF-2AF-2 Markings for lead lines graduated in feet
AH-2AH-1 Characteristics of Raytheon sounders
AK-9AK-1 Maximum allowable leveling error between bench marks

B-1 through B-9 are cartographic codes and symbols.
Control stations B-1B-1

B-1Low water line and associated featuresB-2
B-2Dangers to navigationB-3

Soundings B-4B-4
B-5Shoreline and alongshore featuresB-5

B-6 Buoys B-6
B-7 Bottom characteristics B-6

Nonfloating aids to navigation and landmarks B-7B-8
B-7Miscellaneous featuresB-9
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C-1C-1 Conversion factors (U.S. Survey Foot)
C-2Linear distance conversion (fathoms, meters, feet, and yards)C-2

Linear distance conversion (nautical miles, statute miles,C-3
C-3and kilometers)

Temperature conversion (Celsius to Fahrenheit andC-4
C-3Fahrenheit to Celsius)

Microwave horizon distance, range versus antenna heightC-5
C-4(kilometers)

Microwave horizon distance, range versus antenna heightC-6
C-4(nautical miles and statute miles)

Velocity correction factors for calibration velocity ofC-7
C-5800 fm/s

E-2Abbreviations and acronymsE-1
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A 4-109bisectrics in
4-108, 4-109errors in

E-1Abbreviations, glossary of 4-109probable position, and the
4-35Abnormal depth curves and inaccuracies 4-110sun, on the

Abstract of corrections to 4-108time of, important
4-96, 5-7, 5-13, 6-7echo-soundings 4-108—4-106track line surveys, on

4-96, 5-7Descriptive Report, in the Astronomic position fixes and the
6-7Accuracy of analog depth records AB-1 AB-3Omega navigation system

4-107Accuracy of astronomic observations Astronomical azimuth stations 3-4,3-5
Accuracy Standards for Atlantic Ocean, the

Hydrographic Surveys, International 1-3, 4-85 1-15depth unit for
AG-4, AH-1Acoustical signals, attenuation of 1-15hydrographic reference datum for

Acronyms, glossary of E-1 Atmospheric conditions, unusual,
Adjectives for bottom listed in Descriptive Report 5-8

B-6characteristics, symbols for Atmospheric noise and electronic
Aerial photography 4-30positioning systems

advance use of 3-13 Automated data processing,
1-10tide-coordinated 5-10Descriptive Report, a section of the

Aerotriangulation stations selected Automated hydrographic survey
3-12, 3-13prior to aerial photography systems 1-6, AJ-1—AJ-4

Agencies, contact with other, prior Automated techniques in verification 6-1
3-2, 4-43, 4-95to survey Automatic digital recording

Aids to navigation 1-15, AK-1—AK-3(ADR) gages
5-9Descriptive Report, listed in Azimuth

7-19floating, smooth sheet, on beacon ranges, of 4-42
1-4, 1-18, 4-1, 4-41,locating 1-18determination, responsibility for

4-84, 7-14, 7-19
Azimuth and astronomic observations 3-5

7-4names and designations of, smooth sheet, on 4-18Azimuth array sheets, preconstructed
4-42nonfederal, Descriptive Report, listed in Azimuths in use with electronic

7-14, 7-19nonfloating, smooth sheet, on positioning systems 4-31
1-4, 1-18, 4-1, 4-41,surveys and Azimuth marks at control stations 3-27-14, 7-14

Azimuth orientation in theodolite
Alongshore detail intersection method of positioning 4-18

1-17-1-18bottom characteristics 4-31Azimuth, polaris or solar observations for
1-17verification of Azimuth stations, selection of 3-4
4-94"Altitude and Azimuth, Tables of Computed''

AG-4—AH-6Analog depth recorders B
Analog depth records

4-86 Bar check(s) 1-13, 4-71, 4-72interpreting
AF-3apparatus for4-84—4-90scanning

4-62 4-74data, corrections to soundings fromAnalog position data
4-80errors and the velocity correction curveAnalog records, supplementary 4-62

AK-1, AK-3 Bare rocksAnalog to digital recording (ADR) gage
(see Rocks, bare)Anchorage holding characteristics, bottom

1-18 4-4Basic control stations on field sheetsdescriptions showing
4-44 Basic hydrographic survey, theAnchorages, bottom characteristics and 1-5, 4-1

4-105Bathymetric mapping surveysAngulation instruments 3-5
AC-6 Beaches and soundings 4-9Antenna couplers, note on

Beacon ranges, azimuths of 4-42Antenna height versus range,
Beam compass used for plottingC-4microwave horizon distance, table of

control stations 4-58-1Approval of surveys, final
6-18 Bench marksApproval sheet and verification

AK-9maximum allowable leveling error betweenArcs
AK-9line-of-position plane of flotation, and the1-12,4-4, 4-5, 4-11

4-28, 4-31 AK-9principal qualities of
Bench marks and tide and waterlocus 4-11—4-13

AK-8, AK-9level gages, leveling between4-5plotting of
Bibliography D-1ARGO, a long-range
Bottomposition-fixing system

4-54, 7-13configuration of, sounding selection, and(see also Position-fixing systems)
AC-11—AC-15 consideration of nature of 1-11ARGO Survey Systems

4-11contours and sounding line systemsAstronomic observations
4-108 materials classificationaccuracy of, factors affecting 4-46

I-1
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charts available for 4-47 Calibration procedure for electronic positioning
description of 4-46—4-47 equipment and stations 1-8, 1-9, 4-25—4-29

4-3—4-4profiles of Calibration sheets
1-13importance of 4-1 Calibration standard for echo sounders
1-17interpreting kelp and 4-86, 4-87, 4-88 Caribbean Sea, shoreline detail

sounding lines, and 4-7 B-1Cartographic codes and symbols
sample spacing, guidance on 2-2 Cartographic standards for smooth sheet 1-5, 7-1

AL-8—AL-10 C-band positioning equipmentsamplers 4-28
samples Celestial bodies and astronomic observations 4-109

5-13Descriptive Report, listed in Channels
field survey, in dredged, maintenance of4-1 4-13
storage of 4-44 shoal indications in 1-11

sampling 1-4 sounding lines in 4-13
1-17, 1-18, 4-45, 4-93frequency of 5-9, 6-13—6-14Chart comparison and verification

4-45 Chart Evaluation Surveyssediment samples to Smithsonian Institution 2-1, 2-7, 4-1, 4-93—4-105
Chart depths, term definedslopes 4-65

 1-19, 5-24—5-25Chart inspection reportabrupt changes in  7-11
sand and mud, in 4-9 Chart(s), nautical

 accuracy of 4-44 1-3surface layer sampling
 1-10  data for compilation of 1-3topography of

Bottom characteristics  1-17, 1-18, 4-44, 4-46, 7-14, B-6
 Omega navigation system, forabbreviations used on smooth sheet  7-14, B-6

Chief of Partyadjectives and symbols for B-6
1-17—1-18  changes in operation plans by 2-7along shore detail, and

 7-22 to be named on smooth sheetdescriptions of
 5-221-18 Chimney as a landmarklimits for

1-18 4-90Choppy seas and irregular profilesuses of
Circles, drawing, on hydrographic sheets 4-6nouns and symbols for B-6

 7-14 Circular pattern generation ofsmooth sheet, and the
 AC-1, AC-2 position fixing systemssurvey scales, and 1-5

Clamshell bottom snappers in bottom sampling 4-44symbols, cartographic B-6
Classification of bottom materials 4-46Breakers

4-1—4-24-41 Classification of surveysdetached, seen during soundings
4-46Clay, definition ofsymbol for B-3

4-54, AL-10Clocks used on hydrographic surveysBreakwaters on the smooth sheet 7-9
Cloth in the construction ofBridges

3-11—3-12hydrographic signals4-42cable crossings in surveys, and
1-19, 4-93—4-95, 5-24Coast Pilot reports4-42field sheets, shown on

3-11—3-13Coastal mapping in shoreline surveys5-22Building as a landmark
4-35Coastal shelves, depth curves onAF-1—AF-2Bunting used with lead lines

1-3Coastal zone managementBuoys
3-11Coastal zone maps to support nautical charting(see also Aids to navigation)

B-1Codes and symbols, cartographic4-28radar reflectors and
B-6Codes, bottom characteristics, for4-70settlement and squat, used in measuring

Colors and symbols, bottom characteristics, for B-64-28U.S. Coast Guard to be informed of use of
4-37, 4-38Colors of depth curves4-27—4-28used in phase comparison systems
6-15, 6-18Comparison with prior surveys

Comparisons, direct, for determiningC
velocity corrections 4-71

Cable(s) Compass
4-42 4-5cable crossings and bridges in surveys beam, used for plotting control stations
4-42 4-55field sheets, shown on type to be part of records

3-14sensor conductor, marking of 4-75 Compilation photography in shoreline surveys
Calibrating positioning systems, Computer programs for use with

AJ-1, AJ-24-27,4-28 HYDROPLOT systembuoys used in
AL-6, AL-84-1Calibration data in field survey Conductivity sensors

4-2—4-3Calibration of electronic Construction of field sheets
4-25—4-29 Contemporary nautical chart andpositioning stations

8-2Calibration of instruments 1-8, 4-25—4-29, AB-1 field survey records
4-46Continental Shelf, bottom materials of theCalibration phase checks on Ross
4-29AH-4analog depth recorders Control chain's geometric strength
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Current measurement methods3-12, 3-13Control identification in shoreline surveys
1-7, 2-2 defined on Progress Sketch 5-2Control instructions

Currents instructions 2-65-8Control listings with Descriptive Report
1-4Currents, observations ofControl station(s),

1-16Curve lines, supplemental, on field sheetshydrographic 1-9, 3-7—3-10, 4-4—4-6
2-6 Curve(s), depthbeyond limits of sheet

(see Depth curve(s))5-7Descriptive Report, listed in
4-4field sheets, on
7-6horizontal, smooth sheet, on D
3-2newly established, recording of

Daily journal during survey 5-4
4-4numbering of

1-18Dangers to navigation
1-9—1-10photogrammetrically located

B-2cartographic codes and symbols for, tabulated4-4plotting on field sheets
Descriptive Report, in the 5-9recoverable, and the Season's
field survey, in 4-15-4Progress Report

4-1importance of discovery ofsmooth sheet, and the 7-2, 7-6
indications of 4-393-1spacing

1-19, 5-24report on7-6supplemental, smooth sheet, on
shoals and 4-39—4-41weak signals of, discussed in

7-8—7-10smooth sheet, shown on5-8Descriptive Report
submerged, awareness of 4-403-4Control, supplemental
transfer to field sheet 4-74-33Control, visual

DataConversion tables
data-acquisition programs,

C-1area measurements
HYDROPLOT AJ-3, AJ-4C-3Celsius to Fahrenheit

data listings and printouts,C-3Fahrenheit to Celsius
verification of 6-8C-1length measurements

data sheets, forwardingC-2linear distance
1-14requirementsC-1mass measurements

defective, causes of 4-86C-1mathematics
1-14faulty, correction ofmicrowave horizon distance, range

historical oceanographic, toC-4versus antenna height
correct echo soundings 2-6C-2speed measurements

hydrographic
temperature measurements C-2, C-3

4-3field sheet, and theC-5velocity correction factors
1-14problems during processing ofAL-5Copenhagen Standard Sea Water

4-32, 4-57identification, Julian dates andCoral
3-14photobathymetric, described7-8description of

photogrammetric support, in7-8smooth sheet, and the
3-14shoreline surveys, list ofCorrections

4-7prior survey, transfer to field sheet of4-1data in field survey, in
4-2, 4-93, 4-95processing of, and the field sheet4-68—4-70dynamic draft

7-10wire-drag, on smooth sheet overlay
4-67echo sounding, standard practices concerning

1-15, 4-6, 7-8, AK-8Datum lines, low water4-27in calibration of positioning equipment
4-67Datum reduction, definition of1-14, 4-65, 4-74in sounding records
6-13Datum ticksAB-1Omega

Datum, United States Standard 6-12, 6-134-67units of
Dead reckoningversus applicable depths in

4-110corrections for known factors in4-76velocity Correction procedures
current drift allowances and 4-1104-55Course changes to be noted in records

4-109definition ofCoxswain's duties in tag line survey 4-111
4-109—4-110vessel engine speeds inB-3Crib, symbol for

4-88Debris, echoes fromCrosslines
Decca Hi-Fix Manuals 4-184-13—4-14bottom profiles, and
Decca Hi-Fix, a medium-range1-11,4-43discrepancies, and

1-10—1-11 position-fixing system

(see Position-fixing systems)
framework of

1-10—1-11soundings by
4-18, AC-1, AC-2Decca survey systems6-8—6-9verification of

5-22 Deep water echo sounders 1-13Cupola as a landmark
4-35Current drift allowances in dead Deep waters and depth curves
6-144-109—4-110 Deficiencies of verified surveys, list ofreckoning procedures
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4-93 5-24Deficiency investigations dangers to navigation report in
4-18Del Norte Operations Manual Descriptive Report text 5-5
4-18Del Norte Technology 4-32detached positions in

Del Norte Trisponder, a short-range 5-7echo sounding corrections listed in
AD-1—AD-4 5-10position-fixing system electronic control parameters, detailed in

(see also Position-fixing systems) electronic position control detailed in
1-17 5-13abstract of corrections toDelimiting of alngshore areas
1-16 entries inDepth curves 5-4, 5-5

5-10abnormal 4-35 field tide or water level note in
4-35 5-13, 5-24coastal shelves, on geographic names in

4-37, 4-38colors of hydrographic position control listed in 5-8
7-14congestion on steep slopes hydrographic sheets in 5-7
4-13 index of sheets ofdisplacement on steep slopes 5-5

4-35—4-37 6-10field sheets, on inspection for verification purposes
4-37 7-20group numbers, and junctions and adjoining surveys, and

4-35, 4-37intermediate junctions detailed in 5-8
4-37intervals of landmarks for charts filed with 5-15
1-16nonstandard list of stations in 5-13

7-13, 7-14smooth sheet, and the miscellaneous information to be
5-104-37standard, list of included with
5-104-37, 4-38, 7-14supplemental order of inserts with

4-37topographic experience and 5-8photogrammetric problems listed in
3-15verification plane table surveys, and6-9

Depth measurements in hydrographic position verification, and 6-3
1-5 2-6Presurvey Review, and thesurveying, allowable errors in

4-7—4-8Depth-measuring 6-2preverification, and
AF-1—AF-5Depth-measuring devices, manual prior survey comparisons in 5-8

Depth recorders project number included in 5-7
AH-I recommendations for additionalanalog

5-104-67calibration of work to be riled with
5-104-45errors listed referral list of separate reports in

4-52 5-10Precision sheet projection, and the
4-48 shoreline details in 5-8Depth records

1-14,4-86 54,7-1smooth sheet, and theanalog, interpreting
1-13, 4-57 5-7graphic sounding equipment listed in

AL-6, AL-8 5-7Depth sensors sounding vessel(s) listed in
5-4, 7-22Depth-sounding equipment

(see Equipment, sounding)
special project, for a

7-22survey details
5-91-15—1-16, 4-35Depth units statistics summary to be included in

3-10Depth(s) subjects for inclusion in
4-75 title sheet forchecking measurements of 5-5, 7-22
1-14 5-7digital and graphic, differences between unconventional survey methods listed in
4-84 verification review ofrecorded, checking of 6-8
4-74 4-53Deviations from standard value, notation ofstandard observation, oceanographic
7-20 AB-1Descriptive notes on smooth sheets Differential Omega

1-19, 5-4—5-15 4-62Descriptive Report Digital depth readings
4-66abstract of corrections to echo Digital depths, note on
4-88soundings to be filed with Digital echo sounders, side echoes and5-7, 5-13, 6-7

5-13abstract of positions reported in Digital electronic sextant
(see Sextants)adequacy of survey reported in 5-9

4-42, 5-9 8-2aids to navigation in Digital records on magnetic tapes
1-13anomalies in the control adjustment listed in Digital sounding(s)5-7
4-845-15approval sheet to be filed with considered primary data

area surveyed entry in 5-7 4-34equipment and sounding intervals
5-10 4-86automated data processing reported in spurious
5-13bottom samples reported in Direct comparison log for recording
4-27 bar check data 4-72calibration of equipment differences, and

5-9, 6-13, 6-14comparison with area chart and the Direct comparisons combined with
4-79control stations shown in, 5-7 oceanographic determinations

"Directions for Using a Transit Magnetometer''cover sheet for 5-4 2-6
4-43—4-44crosslines detailed in 5-8 Discrepancies, hydrography, in
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4-43 4-70crossings, at salinity and temperature observations and
4-43 4-69,4-70settlement and squat, andDescriptive Report, and the
4-44 side echoes injunctions and overlaps, at 4-8

4-44, 4-45, 6-7sources of error, and standard nomenclature in 4-65—4-67
6-20unresolved verification and stray echoes, and 4-86
3-14 4-83Discrepancy prints in shoreline surveys stylus arm length errors in

4-841-7Disks, National Ocean Survey stylus belt length errors in
3-2 transducer correction inDisks, reference, uses of 4-84

4-14 velocity correction computations,Distance, estimated, and vessel positioning
4-56 4-76—4-79examples ofDistance estimates to be noted in records

Distance-measuring instruments 4-71,4-76velocity corrections, and, table of3-5
Distance-measuring systems, electronic 4-24 Echoes

4-4 side 4-88Distortion between meridians and parallels
4-104-4Dividers, the use of desirability of

hyperbolically-shapedDocks and piers' soundings shown 4-88
7-2on smooth sheet subplans or insets 4-90slant distance to shoal, and

4-864-110 Docks and tag line surveys stray
4-41 1-13Docks and wharves, soundings along Echogram

Dog-ears Eddies
7-10instructions on smooth sheet, shown on2-10

symbol for7-1smooth sheets, avoidance on B-3
use on smooth sheets Editor, field, and alongshore detail7-2

verificationB-2Dolphin, symbol for 1-17
5-22Dome as a landmark EDM equipment 3-3, 3-5

Draft copies of Project for measuring distances 3-8
Instructions 2-2 periodical testing of 3-3

4-66 Edmonston Beam HolderDraft, dynamic 4-5
4-66, 4-69Draft, static 5-10, AK-7Electric tape gage

Drafting instruments and the smooth sheet 7-5 Electronic control systems aboard
AL-2Drafting machine nonautomated vessels 4-32

4-5—4-6Drawing circles, methods of Electronic data
Duck blinds processing in verification procedures 6-1

4-55smooth sheets, on the 7-9 recorded in records
symbol for Electronic depth digitizersB-3 1-14

Duplicate field sheets 4-3 Electronic digital sextant
(see Sextants)4-68Dynamic draft correction

4-66Dynamic draft, term defined Electronic lattices indicated on arcs 4-4,4-5
4-18—4-31Electronic position control

E corrections in the Descriptive Report 5-8  5-13
4-20-4-23hyperbolic positioning systems

Echo sounding(s) Electronic positioning lattices on
(see also Soundings)
abstract of corrections to,

smooth sheets 7-6
Electronic positioning systems

5-13, 6-7Descriptive Report, and the (see Position-fixing systems)
Electronic positions, erroneous,comparisons with depths measured by lead line 1-13

5-7corrections shown in Descriptive Report 6-6—6-7resolution of
direct comparison method for 4-74—4-75Electronic sensors, precision of

4-71determining velocity corrections AG-1—Al-3Equipment, sounding
equipment 4-53comparison of

(see Equipment, sounding) echo sounding
fish echoes and 4-88

acoustical signal attenuation, and AG-4
historical oceanographic data, and 2-6 4-66adjustment of

4-80, 4-83initial errors in
AF-3bar check apparatus

instrumental errors in velocity
AG-3beam width, and

4-80correction procedures 4-56changes in types of, to be noted in records
4-72lead-line depth comparisons, and 4-52, AG-4deep-water

oceanographic and limnologic AG-1description of
4-74—4-79determinations, and faulty operation of 1-11

4-83phase errors in fix marker on 4-61
4-34records produced by AG-1frequencies of pulses of

reduction of field soundings 4-90 frequencies used with AG-4
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4-55 1-14lead-lines, interspersed with erroneously scaled values in soundings
4-66maintenance of 4-7 heave, correction of

4-62, AH-1National Ocean Survey, used by human and sextant errors 6-6
AG-1 4-80principles of initial, in setting echo sounding pulse
AG-2 AH-4pulse duration and shape instrumental
AG-4pulse length and shape in velocity correction procedures 4-80-4-84
AG-1pulses of phase, explained 4-83
AH-1Raytheon analog and digital depth sounders 4-21propagation contours, illustrated

4-51—4-53record-keeping, and sources of 4-44,4-45
4-52, AG-2shoal water 4-11survey, in, vessel speed variations and

1-16smooth plotting, and update, of the Del Norte
AG-4 AD-3stabilizing system, and trisponder position-fixing system

4-134-111tag line survey, in Estuaries, sounding line system for
AG-3transducer beam widths Exceptions to third-order control procedures 3-8
AG-1transducers of

FAG-2undamped transmission pulse, illustrated
AJ-1HYDROPLOT system

False color photographs 3-11(see also HYDROPLOT system)
lead line(s) Fathogram 1-13

FathomsAF-1description of
as depth units 1-15AF-1marking of

AF-1lead lines marked inAF-1purposes of
4-56Feature investigations to be noted in recordsAF-2sounding leads of

Federal Geodetic Control Committee 1974 3-1AF-3sounding pole alternative to
FeetAF-1—AF-2units of measurement, and

1-15as depth unitsAF-2verification of
AF-2lead lines marked in4-80—4 84malfunction of

Field and calibration sheets from Marine Centers 1-9AF-1manual depth-measuring devices
Field editAF-3modified trawl sweep

1-19, 3-13, 5-15reportAF-5pipe drag
3-13—3-15shoreline survey manuscripts inAF-5construction of

surveys 4-38AF-5use of
Field editor, responsibilities of 3-13, 4-37Raytheon analog and digital depth
Field investigations, surveys classified as 4-2AH-1sounders
Field numbers, instructions on 2-6AH-2accuracy of
Field reports 5-1AH-2characteristics of
Field operation of survey party 2-1AH-2digital depth monitor of
Field sheet(s)AH-2digital logic output of

4-3—4-4calibration sheetsAH-2digital phase checkers of
4-2compilation ofAH-1electronics cabinet unit of

4-2—4-3construction ofAH-2environmental specifications of
4-4—4-6control lattices constructed onAH-2error, phase position shift

control stations on 4-4,4-5AH-2operating frequency of
4-7dangers to navigation transferred toAH-2transmitted pulse length of

data processing, and 4-2AH-1use of
definition 4-2, 4-37AH-5Raytheon portable echo sounder

4-35, 4-37depth contours onAH-3—AH-5Ross depth sounding system
dog ears on 2-6AH-4calibration phase checks on
duplicate sheets 4-3AH-5digitizer

1-19examination for clarityAH-4initial error, and
4-2explanatory notes required onAH-4instrumental errors subject to

features of the 4-2AH-4phase error, and
1-19—1-20forwarding ofAH-4stylus belt length error, and

importance of 1-5,4-2AH-4transceiver
inspection by Chief of Party 1-19,4-43Error(s)
labeling of 4-34-108astronomic observations, in

AK-9 1-6, 2-7, 4-3margin requirements ofbench mark
material 1-6erroneous electronic positions,

6-6—6-7 method of making duplicates 4-3resolution of
numbers 2-9erroneous positions recognized at verification 6-3

6-5—6-6erroneous visual positions, resolution of overlays, transparent, and 4-7
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4-85projection line intervals for 4-3 secondary, uses of
uses of1-6projections 1-13

signal descriptions on 4-4 Graphs, miscellaneous C-1
size of Grass (kelp) a problem in1-6, 4-2

4-86, 4-87—4-881-16, 4-35soundings interpreting bottom profiles
4-6—4-7transfer of topographic detail to Great Lakes, the

4-90—4-91 1-15Field soundings, reduced depth unit for
4-1 hydrography reference datum for 1-15Field survey(s), hydrographic
6-1data, verification of 3-13photogrammetry used in shoreline surveys of

1-16Final inspection and approval of survey 8-1 shoreline detail on field sheets of
Final inspection team 8-1 surveys of, low water datum line not shown on 4-6

4-84 AK-5water level recorder in use inFine arc errors in echo sounding
AK-1Fischer and Porter water level gage 1-15Greenwich Mean Time (GMT)

4-54(see also Tide and water level gages) used in records
4-88Fish, echoes from 7-9Groins on the smooth sheet

7-9Fish houses on the smooth sheets Growth, marine
Fishing areas, bottom descriptions showing 1-18 (see also Kelp; Grass)

7-10Fix marker on echo sounder 4-61 smooth sheet, on
5-22 1-15Flagpole as a landmark Gulf of Mexico, the depth unit for
5-22 4-75Flagstaff as a landmark Gulf Stream, temperature variations and the
5-22 4-28Flagtower as a landmark Gyroscope repeater and pelorus

Floating aids to navigation
1-4, 1-18hydrographic surveys, in H

recommendation procedures regarding 1-18
Harbors1-18reporting procedures when off station

4-10line spacing inFoot, U.S. Survey, conversion factors based on C-1
shoal indications in 1-113-12Form letter to property owners

Hastings-Raydist, Inc 4-291-17, 7-8Foul areas in shoreline plotting
Hazards to navigation

(see Dangers to navigation)
Foul, symbol for B-3
Frequencies of positions along

Heave correction, term defined 4-664-32sounding lines, factors influencing
1-14Heave error in soundings4-84Frequency errors in echo sounding

Horizontal control 1-6—1-7
angulation instruments 3-5G
azimuths and astronomic observations 3-5

Gages basic control 3-1—3-4
4-67monitoring of connections to existing control 3-5

tide and water levels connections to geodetic control
1-15, 5-10, AK-1, AK-7observations established by other organizations 3-2

5-22Gas or oil tank as a landmark control station spacing in 3-1
AK-3—AK-5Gas-purged water level gage density of main scheme control, and 3-1

(see also Tide and water level gages)
General instructions for

design of traverse in 3-6
distance measurements in 3-5

hydrographic survey 2-2 geodetic control reference system 3-1
Geodetic control diagrams 2-2, AK-8 horizontal angles in 3-5
Geodetic control established by instruments, distance-measuring 3-5

other organizations, connections to 3-2 main scheme control station spacing 3-1
1-19, 5-25Geodetic report monumentation 3-4

Geodetic triangulation manual National Ocean Survey instructions1-7, 5-4
Geodimeters on location of photo-hydro stations 3-9

models of position checks on spur points 3-63-3, 3-5
3-6readings with recovery of existing stations 3-1—3-2

6-12 second-order directions and azimuthsGeographic datums and verification procedures 3-3
1-19, 5-13, 5-23Geographic Names Report second-order traverse in 3-2—3-3

7-19Geographic names on smooth sheets 3-1—3-16shoreline surveys
4-47Geophysical Instruments and Supply Co. slope correction procedures 3-6

Glossary of abbreviations and acronyms E-1 station marks and descriptions 3-2
1-13, 1-14, 4-57, 4-62Graphic depth record station spacing 3-4

Graphic depth recording equipment, stations
1-14compensation for errors in (see also Control stations, horizontal)
1-13Graphic record of sounding profiles 3-4, 3-14supplemental control
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third-order control data submission 3-7—3-8 basic 1-5, 2-1, 4-1
3-4 bottom characteristicsthird-order control specifications

1-17—1-18third-order measurements with alongshore
microwave instruments 3-5 14sampling in

3-6—3-7 cartographic standards intraverse design procedure 1-5
2-1, 2-7, 4-1, 4-93—4-105verification of 6-2 Chart Evaluation Surveys

1-19Horizontal positioning errors in a Chief of Party's inspection responsibilities
4-1—4-24-45hydrographic survey, list of classification of surveys

Horizontal traverse angles, control instructions in 2-2
1-10—1-11observation methods crosslines in3-3—3-4

5-22House as a landmark current observations in 1-4
AJ-3data-acquisition programs andHumidity

3-3electro-optical measurements, effects on data to start surveys 2-6
1-14—1-15datums of reference inmicrowave measurements, effects on 3-3

4-31 definitionHybrid positioning systems 1-3
Hydrographer delimiting of alongshore areas 1-17

1-164-38cooperation with field editor depth curves in
1-14 1-15—1-16depth units forjudgment exercised by
3-14 1-14electronic depth digitizers inresponsibilities of

Hydrographer-field editor coordination, electronic positioning system in 1-7, 1-8, 1-10
3-14essentiality of equipment used in 1-12, 1-13

AL-10 field edit surveys inHydrographic clock 1-17
1-19—1-20field reports inHydrographic control stations

(see Control stations, hydrographic) field sheet in 4-2
4-1Hydrographic field survey, list of requirements for (see also Field sheet)

4-2Hydrographic records
(see Records, hydrographic)

importance of
1-16soundings on

Hydrographic sheet(s) 1-4floating aids in1-5, 1-6
field sheet Gulf Coast Low Water Datum (GCLWD), a1-5, 4-2, 4-3

1-15, 1-172-7 reference datum inlayout
general instructions formaterial 2-11-6, 7-1

1-3—1-4numbers general standards2-9, 2-10
1-6rubber stamping of 3-1geodetic control inadequate for

scale of survey 1-5—1-6 1-11hazards to navigation in, discovery of
sheet projections horizontal control 14—1-5, 1-71-6,4-3
sizes of sheets 1-6, 7-1, 7-2 shoreline surveys 3-1—3-16
smooth sheet 1-9hybrid control systems in1-5, 7-1

2-7—2-101-4, 3-10—3-12Hydrographic signals hydrographic sheet planning
4-4brief descriptions of, helpful on field sheet hydrographic sheets in 1-5

3-11—3-12 importance of region of survey to navigation 1-11building materials for
inclement weather, andcalibration of electronic 4-2

4-28,4-29 inshore surveys inpositioning system using 1-5
3-10—3-11construction of inspection team 8-1

3-10 1-16junctions, adequacy ofdefinition of
line-of-sight measurements in3-11 1-8entrance on private property, and

3-10 AJ-3logger electronics, andexamples of acceptable
4-4field sheet, on the Low Water Datum (LWD), a

1-153-11 reference datum inform letter to property owners regarding
horizontal control, in 3-9 Mean Low Water (MLW), a

3-10—3-11 1-15reference datum innatural and cultural objects as
3-11publicly-owned areas, in Mean Lower Low Water (MLLW),
3-13 1-15a reference datum inratio prints in location of
3-12selection of meteorological data in 3-3
3-10spacing of microwave instruments in 3-3

Hydrographic Survey Inspection Team(HIT) 8-1 modern definition of 1-3
Hydrographic stations, location by sextant angles 3-9 Navigable Area Surveys 1-5, 2-1, 4-1, 4-92, 4-93

1-18Hydrographic surveying
(see also Running hydrography)

navigation aids in
1-18navigation dangers in
1-121-3 numbering of positions inaccuracy, degrees of

aids to navigation in 1-4 ocean surveys 1-6
2-2—2-10automated systems in 1-6, AJ-1—AJ-4 office planning
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AJ-3 AL-5off-line plotting programs in Hydrometers
offshore installations and 1-4—1-5 HYDROPLOT

2-10 AJ-2adjunct equipment selection andoperations  planning
AJ-1operations relative to computer4-2
AJ-21-11—1-12overlap at junctions computer programs for use with
AJ-21-7 controllerphotogrammetric surveys

2-10plan of operation 4-32, 4-34data acquisition and processing system
plane table in 4-57, 4-58, 4-59, 4-62, 6-4, AJ-2

Del Norte Trisponder position-fixing
3-9—3-15

planning for, note on 1-3
AD-22-1—2-10plans and preparations for system, and the

1-9—1-10 AJ-2plotting control echo sounders and
AE-4polyconic projection in 1-6 electronic digital sextant, and the

1-4position fixes in manual 4-75—4-76, B-1
AJ-2position fixes spacing in 1-4 multiplexer
AJ-1position frequency intervals 1-12 plotter

1-12position numbering example Raydist DR-S positioning system
positioning control 1-7—1-8 integrates with AC-4

1-12positions Raytheon analog and digital depth
AH-1Presurvey Review in 2-6 sounders, and

priorities for 2-1 Hydrotrac, a medium-range position
project numbers 2-1—2-5 system

(see also Position-fixing systems)purpose of 1-3, 4-1
AC-8—AC-11reconnaissance 4-1 Hydrotrac Survey Systems

1-14—1-15reduction of soundings Hyperbolic lattices should be machine drafted 4-3
1-19—1-20 AC- 1report and records Hyperbolic mode of position-fixing systems
1-19—1-20report evaluation by Marine Center Hyperbolic positioning systems

4-201-17rocks in shoreline plotting in considerations for, tabulated
1-14salinity measurements in 4-20description of

scale of survey 1-3—1-6 error propagation contours in 4-21
scale selection in 1-5 lane expansion factor, and the 4-21

4-211-8sextant angles in measurement of fractional lane reading in
sextant-controlled hydrography in 4-20range-range systems, versus1-7, 1-8
sextant three-point fix in restriction of use of1-7, 1-8 4-23
shore stations in 4-211-8 shore station configurations in
shoreline surveys in 3-11—3-15 4-20slave and master stations in
smooth sheet in, the 1-5 4-21whole lane value, and the
sounding lines in 1-4,1-10—1-12 Hypervisual positioning method 4-30

1-14sounding records corrections
soundings, plotted, and 1-4 I
special 4-1

7-20Identification block on smooth sheetspecial reports in 1-19
Information sought from those usingspecific standards in 1-4—1-5

1-14 local waters 4-40spurious traces reconciliation in
3-121-14 Infrared photography, tide-coordinatedtemperature measurements in
4-80Initial errors in echo soundingtide and water levels observations in 1-15

Insets to sheetstransfer of topographic and 2-9, 7-2
1-16—1-19 Inshore preliminary positionplanimetric detail in

overlays and verification 6-4ultimate purpose of 4-2
Inshore surveysvertical control in 1-51-5

electronic positioning systems invertical datum and reference of sounding 1-91-5
1-19vessels in Inspection procedures relative to field sheets

Inspection report(see Vessels, survey) 8-1
Inspection team, hydrographic survey 8-1visual position control in 1-7—1-8
Instruction manual for obtainingwire sweeps in 1-10, 1-11

wrecks, obstructions, and shoals in oceanographic data 2-61-5
Instructions in hydrographic surveysHydrographic title sheet 5-5

4-1—4-111 control instructionsHydrography 2-2
AB-1 currents instructionsinstruments and equipment for 2-4

general instructionsrunning 2-2
(see Running hydrography) hydrographic instructions 2-2

visually-controlled 3-8 magnetics instructions 2-6
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method for making2-6 2-7—2-9miscellaneous instructions
2-6oceanographic or limnological instructions tracing to be sent to NOS headquarters 2-7

1-13photogrammetric instructions Lead line and echo soundings comparisons1-7, 2-2
1-13Project Instructions Lead lines2-1—2-6,2-10

tides or water levels instructions 2-2 (see also Equipment, sounding)
Instrument errors correction and echo sounders, used with 4-55

AF-14-79,4-80velocity correction procedures purposes of
AA-1 recording soundings of 4-53Instruments and equipment

4-72International Accuracy Standards for vertical cast procedures, and
1-10Least depths over pinnacles, determination of1-3Hydrographic Surveys

International Association of Physical Ledges and reefs, smooth sheet, on the 7-8
4-74 Lettering on smooth sheets 7-3Oceanography, standard observation depths of

AK-8International Great Lakes Datum Leveling instrument placed ashore 4-70
AK-8International Hydrographic Bureau Leveling, state maps for1-3, 4-105

1-3, 4-85 Light List, the (U.S. Coastaccuracy standards of
4-41, 5-9, 5-21, 7-194-74,4-75International Standard Depths, use of Guard)

4-17—4-18 Limit lines and the smooth sheetIntersection, theodolite 7-8
1-12, 1-13Intervals, sounding, Limitations in using third-order

4-34 traverse methods 3-8guidelines regarding
B-2Islet, symbol for Limnological instructions 2-6

Line-of-sight measurements in
hydrographic surveyingJ 1-8

4-10Line spacing in harbors and restricted areas
4-32Julian dates and data identification Lines
4-48in records closely-spaced 1-11

Junctions 1-12consecutive numbered positions on
7-20adjoining surveys smooth sheet, and the 1-11split

4-8and overlap soundings Location of photo-hydro stations
1-12between survey sheets pricked on to photographs 3-9

4-11—4-13Locus arcs
K 4-5field sheets, on

4-74Log sheet-AKelp
Long-range hyperbolic navigation system

(see LORAN navigation system)
4-86, 4-87, 4-88echo sounding, and

7-10smooth sheet, on
5-22Lookout tower as a landmarkB-3symbol for

LORAN long-range navigation system
(see Navigation systems)

AI-2Klein Side Scan Sonar

Low Water Datum 1-15, 4-6L
Low water lines on smooth sheet 7-7, 7-8

7-14, 7-19, 4-92, 4-94Landmarks
5-22—5-23classifications of, listed M

5-15for charts, Descriptive Report, listed in
4-7Magic marker pen used on field sheet3-11importance of
4-2Magnetic observations5-18, 5-21nomenclature standardization, and
2-6Magnetics instructions5-18preparation of reports on

1-19Magnetics report5-25reports on
4-41 Maintenance of echo soundingrunning hydrography, in

4-7equipment, importance of5-18supporting chart sections on
Mangrove and swamps and unconventionalLandmarks and nonfloating aids to

survey methods 3-91-19navigation report
Manually plotted surveys, duplicate4-23Lane counters in range-range systems

field sheets for 4-34-62, 4-65Lane gains and losses in records
1-20Marine Center evaluation of reports4-56Latitudes and longitudes, recording of

Marine Center processing divisions,Lattice labels on smooth sheets 7-6
smooth plotting by 7-14-5Lattices, usefulness of

1-10 Marine Centers' requirements 1-9Launch hydrography
6-12MEADES RANCH stationsextant-controlled 3-8

4-34 Meridianssoundings in
4-76 4-4adjacentLayer corrections and velocity readings
4-75 7-6labels for, on smooth sheetsLayer selection for velocity determination

3-3Meteorological data and distance measurementsLayout, sheet
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5-21AB-1 report on nonfloating aids toMicro Omega
Navigation systemsMicrowave horizon distance, range

AC- 1Decca Hi-Fix systemC-4versus antenna height, tables of
AB-1long-rangeMicrowave instruments
AB-33-5 LORAN navigation systemthird-order measurements with
AB-4charts for use with3-3used to measure survey line
AB-43-3 equipment forMicrowave measurements, humidity affecting
AB-4LORAN C data correctionsMicrowave line-of-sight distance
AB-44-25 operation ofcomputation formula
AB-3Mini-Ranger position-fixing system phasing out of LORAN A
AB-4position fixes for use in(Motorola)
AB-3range of(see Position-fixing systems)

4-55-4-56 AB-3Miscellaneous entries in record of survey range-range positioning, and
skywave correction values, and AB-44-1Miscellaneous operations in field survey

1-19 AB-4tables forMonthly Activities Report
AB-3transmitters of1-19, 5-1, 5-3Monthly progress sketch

1-19 medium-range position-fixingMonthly Ship Accomplishment Report
1-19 AC-1 AC-15systemsMonthly Survey Status Report
5-22 Omega long-range navigationMonument as a landmark

AB-1Motorola Mini-Ranger III short-range system
AD-4—AD-7 AB-1position-fixing system cesium beam frequency

AB-1(see also Position-fixing systems) charts to be used with
4-9Mud and sand in bottom slopes determining systematic bias of AB-3
7-5Mylar smooth sheets, pencils used on AB-1equipment for

AB-1integration of components of
N AB-3lane counters values

AB-1operation of5-13, 5-23Names, geographic
AB-1AL-2 range-range operation of theNansen bottles
AB-1AL-3 skywaves corrections, anddescription of
AB-1AL-3 stations formessengers, and

AL-4 AB-1tables forreversing thermometers, and
4-75 AA- 1spacing of NOAA ship Davidson
4-74water sampling, for NOAA ship Fairweather 1-2, AA-1
AL-3winch used, and the Nomenclature

Nansen cast data in velocity 5-18, 5-21regarding landmarks
4-77correction procedures 4-65-4-67standard, in echo sounding

4-29, 4-107National Bureau of Standards "North American Datum of 1927"' 6-12, 6-13
National Geodetic Survey 3-1, 3-4 3-13"Notes to the Hydrographer"

data to be submitted to 3-7, 3-8 Nouns for bottom characteristics, symbols for B-6
3-2disks 4-4Numbering of control stations

3-7—3-8third-order control data submission to
Numbering of projects 2-1—2-5

National Horizontal Control Network 3-2, 3-4
Numbering of survey positions 1-12

National Ocean Survey 1-3, 1-5, 1-13, 1-14, 1-15,
1-17, 1-18, 1-20, 2-1, 2-2, 2-6, 2-9, 3-1, 3-5, 3-8,

3-12, 3-14, 3-15, 4-1, 4-2, 4-7, 4-9, 4-18, 4-26,
4-38, 4-41, 4-46, 4-57, 4-62, 4-66, 4-67, 4-70,

0

Objects
4-74, 4-105, 5-1, 5-4, 5-15, 5-21, 5-23, 5-24, natural and cultural, as

7-3, AB-4, AH-1, AK-I 3-10—3-11hydrographic signals
1-19nautical charting program of

verification of survey control 3-2
AK-8State Map for Control Leveling 4-65Observed depths, term defined
4-68Tide Tables of Obstructions

1-5Nautical chart construction 1-11finding of
Nautical Chart Symbols and Abbreviations 4-46 7-9submerged, on the smooth sheet
Navigable Area Surveys 1-5, 2-1, 4-1, 4-91, 4-92 Ocean Survey Sheets
Navigation series numbers and limits 4-105, 4-107

aids to 4-105track line surveys plotted on
(see Aids to navigation) Ocean surveys and the Continental Shelf 1-6

dangers to Oceanographic and limnologic
determinations, velocity(see Dangers to navigation)

1-18 4-74---4-79navigational ranges of sound, and the
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3-12Oceanographic determinations Photogrammetry, aerial
4-79 Photo-identification ofcombined with direct comparisons

AL-2—AL-10 3-14Oceanographic equipment aerotriangulation control
5-252-6Oceanographic instructions Photographs and special reports
1-19''Oceanographic Log Sheet-M, Photographs report
3-13Bottom Sediment Data'' 4-44 Photography, infrared

Oceanographic stations Photo-hydro stations 3-8
2-2shown on Project Instructions charts location by radial intersection 3-9

4-6, AL-1, AL-2 location by transferOdessey protractors 3-9
1-104-10—4-11Offshore surveys, line spacing in positions

B-2 2-9Piers and docks, showing on sheetsOil or gas well, symbol for
Omega long-range navigation system

(see Navigation systems)
7-9Piles on the smooth sheet

Pilots' notes 4-2
1-10, 1-11, 4-40, AF-5Pipe drags4-46Ooze, definition of

4-10 Pipe, symbol for B-3Open coasts, line spacing along
2-102-10 Plan of operationOperations planning

Plane table2-10Operations plans subject to change
Descriptive Reports 3-93-12Orthophoto mosaics

3-0,3-15use of4-44Overlapping survey areas, discrepancies in
4-4Plane table control stationsOverlaps

Plane table methods and the7-20extensive, and the smooth sheet
3-15Descriptive Report

1-11, 4-8junctions, soundings in, and
Planimetric detail in

7-1Overlays to smooth sheets
1-16—1-19hydrographic surveys

3-12Planimetry, interior, in shoreline surveys
P 2-1Planning, hydrographic survey

Platforms, symbols for B-3Pacific Ocean, the
Plessey Environmental Systems Model 9090,

an expendable salinity, temperature
depth units for 1-15

1-15hydrographic reference datum for
AL-8and depth measurement system

Parallel straight sounding lines
Plotters and the smooth sheet 7-5

4-11advantages of
Plotting

4-11disadvantages of 4-3automatic
Parallels 1-9—1-10control in hydrographic surveying

4-4adjacent 4-45errors listed
4-85Peaks and deeps, time tolerances for scaling 7-2hand
4-46Pelagic sediment 7-1smooth sheet

4-345-1Periodic reports required, list of sounding line
4-24Phase comparison systems Polaris observations 3-3, 3-4
4-27 4-31buoy use in azimuth by

AF-34-29 Pole, soundingsignal must be uninterrupted in
4-52 Polyconic projectionPhase corrections and frequency checks

7-5smooth sheets, used forPhase errors in graphic depth
1-14 use of 1-6recording equipment

3-9Polyester drafting film for plane table surveysPhotobathymetric compilations,
Position fixes4-8junctional soundings from

1-12additional, occurrences requiring3-13Photobathymetry
1-4in hydrographic surveying3-13advantages of

4-14on sounding lines7-13smooth sheet, and the
spacing in hydrographic surveying 1-46-9—6-10verification of

Position-fixing systems
Photogrammetric

AC-2accuracy of
3-13bathymetry ARGO System

control stations 1-7,44 AC-11principles of operation
instructions 1-7, 2-2 AC-12description of equipment

6-10locations of shoreline, verification of AC-13characteristics of
3-8—3-9methods of locating control stations AC- 1circular pattern generation, and
1-19,5-4 AC- 1precompilation field report Decca Hi-Fix and Sea Fix systems

3-13—3-15support data in shoreline surveys Del Norte Trisponder short-range
position-fixing systemPhotogrammetrists, experienced,

3-15 AD-1in shoreline survey basic unit
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AD-2 AC-5radiated power ofcharacteristics of
AC-5AD-3 range ofdata recording for

AD-3 AC-4range-range mode advantages ofdistance measurements, note on
AC-5AD-2electronic drift, and readout resolution of

AD-1 AC-6shielding methods necessary withequipment
AD-4 AC-7error, update, for shore station checkout procedures
AD-3 AC-6fail-safe operation of slave or relay stations of
AD-2 AC-5system components offeatures of
AD-1 AC-4system manuals forfrequencies of
AD-2 AC-5wave transmission ofHYDROPLOT controller, and the
AD-2 AC- 1Sea-Fix positioning systeminstallation of
AD-1 characteristics of AC-4microwave frequency energy of

AC-3AD-2 mode of operation ofmode of operation of
AD-1 AC-3operating range ofoperation of

AC-3AD-4 pattern transmission frequency ofposition-error possibility, and
AD-1 AC-3round trip time of signal of power supply for
AD-3 AC-3radiated power ofsignal overlap and interference prevented in
AD-1 AC-3readout accuracy ofsignal time of
AD-1 AC-3stations of. receiver speed of
AD-2 AC-1time-sharing option of shipboard installation of
AD-3 AC-3Hi-Fix and Sca-Fix chains transmission, type of

AC-2Hi-Fix positioning system slave and master stations in
AC-3 AC-2accuracy of, claimed stations used in
AC-4 1-12,4-32characteristics of Position frequency
AC-3 1-12mode of operation of Position numbering
AC-3 4-32Position numbers, assigning ofoperating range of
AC-3pattern transmission frequency of 6-3Position overlay, verification of data and the
AC-3 Positional data in recordspower supply for 4-55
AC-3 1-7—1-8Positioning control, hydrographicreadout accuracy of
AC- 1hyperbolic pattern generation, and Positioning, electronic control systems 4-18—4-30
AC-2increased accuracy requirement, and 4-14—4 18Positioning, visual
AC-4 three-point sextant fixlane count in 4-14
AC-1lattice patterns of Positioning lattices, electronic, on smooth sheets 7-6
AC-3locking signals used in Positioning systems and requirements 4-14—4-31

Motorola MRS III system Positioning systems, electronic,
AD-5 4-55characteristics of and data recording

Positioning systems, hyperbolicAD-4coding system of 4-20—4-23
description of operating characteristics of Positioning vessel, theodoliteAD-6

intersection method forAD-4equipment of 1-8,4-47—4-18
AD-4pulse radar system, a Precompilation field reports 5-4
AD-6 4-68radiation patterns of Predictions, tidal
AD-4 Preliminary sounding overlayrange of 6-7
AD-5transponders for Presurvey Review 2-6—2-7,4-7
AC-1operating principle of approval of 2-6
AC-2range-range mode, and the examination of entries in 4-56
AC-4Raydist DR-S system 1-4Primary shore stations in hydrographic surveying

all-weather system, an AC-4 Prior records furnished as presurvey data 2-6
AC-6 4-7antenna coupler for Prior survey data transfer to field sheet
AC-6 4-1—4-2antenna height, and Prior survey information in field survey
AC-6batteries use, and Priorities for hydrographic survey 2-1, 2-10
AC-5 7-19characteristics of Private markers shown on smooth sheet
AC-7checkout procedures 4-57Processing/Statistics block in survey records

high frequency band operation of AC-4 Progress Sketch
contents ofHYDROPLOT system integrated with AC-4 5-1

AC-7mobile station checkout procedures current measurement methods on 5-2
AC-5mode of operation of 5-1registry numbers, and
AC-4NAVIGATOR, and the scales to be shown on 5-1
AC-5operating frequencies of sheet limits to be shown on 5-1

operating principle of AC-4 survey details to be shown on 5-1
AC-5positional accuracy of 5-2symbols to be used on
AC-5 2-1—2-6,2-10power supply for Project Instructions
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amendments to column entries in 4-542-2
charts furnished with compass type used to be noted in2-2 4-55

4-55draft copies of course changes in2-2
Project preparation 2-6—2-7 data identification in 4-57

4-56Projection intersection, plotted, day's work statistics in
deletion of nonessentialand control station plotting 4-6

4-57Projection line intervals for various sheet scales 4-3 information from certain blocks
4-48,4-57Pronounced topographic features, depth records

4-544-13sounding lines alongside deviations from standard value in
AL-1Protractors digital depth readings in 4-62
AL-1 distances, estimated, in 4-56Odessey
AL-1plastic three-arm 4-48electronic control information, and

4-56used in manual plotting equipment operation to be noted in4-6
6-4Pseudofixes, verification and feature investigations to be noted in 4-56

4-95Public relations-user evaluation 4-47field records, essential
Greenwich Mean Time used in 4-54Pulse radar position-fixing system AD-4

1-19inspection of
Julian dates in 4-48Q
lane gains and losses in 4-62

6-14Quality control procedures 4-56latitudes and longitudes in
Questionable features and

4-48legibility requirements in
1-17alongshore detail verification

4-47manually recorded data
4-56notations on passing features inR
4-48page headings in

Radar position-fixing system AD-4 4-55positional data in
4-55—4-56remarks column in theRadar reflectors as an aid in finding buoys 4-28

5-22 4-56rock heights to be noted inRadar tower as a landmark
4-48rubber stamps inRadial intersection location
4-47of photo-hydro stations sheet registry number, and the3-8

Radiating sounding lines shipment of4-13 8-1
4-56shoal examinations inRadio in theodolite intersection

4-25 shore station information to be noted in 4-56positioning method
5-22Radio mast as a landmark 4-57simultaneous comparison in
5-22Radome as a landmark 4-55simultaneous soundings, of

4-514-5 sounding equipment, andRange arcs on field sheets
4-31Range-azimuth positioning system 4-54,4-57soundings

4-23—4-25,AC-2Range-range positioning systems 4-47NOAA form 77-44
4-24distance-measuring 4-56speed of vessel in

AB-3 4-55supplemental angles inLORAN C navigation system, and the
4-62supplemented by analog records4-24phase comparison systems

4-23—4-24 4-57phase-matching systems survey information blocks in the
4-20 4-57tape number entries inversus hyperbolic system, table

4-59Range-visual system terms used in4-31
4-55theodolite intersection data inRapids, symbol for B-3

AC-4 4-56tidal anomalies to be noted inRaydist DR-S positioning system
(see also Position-fixing systems) time of occurrence in 4-48

AH-1 visual control and 4-48Raytheon analog and digital depth sounders
AH-5 4-48watches on ship, andRaytheon DE-719 depth recorder
AH-5 4-54weather conditions, andRaytheon portable echo sounder

(see also Equipment, sounding) 4-91Reduced soundings, conversion of
1-14,4-90Reconnaissance surveys Reduction of soundings4-1,4-94

1-144-47 datums of reference inRecords, hydrographic
4-674-47 Reductions, tide and water levelsabbreviations used in

4-86analog depth, interpreting Reference datums in hydrographic
1-14, 1-15, AK-8surveys4-56analog depth recorder phase to be noted in

3-2Reference mark disks4-62analog position data
2-9—2-10Registry numbers, instructions on4-47automated data recording and

4-55—4-56Remarks column in records of survey4-57—4-58automated survey records
1-19bar check in 4-57 Reports
5-244-47 Chart Inspectionchronological recording method for
5-244-54, AL-10 Dangers to navigationclocks used in hydrography, and

I-14



INDEX

4-39,5-4—5-13 4-41soundings along wharves and docksDescriptive
1-20 4-34asounding intervalevaluation by Marine Center

1-19,5-1—5-25 4-34, 4-34bsounding speedfield
verification of charted features 4-42—4-435-18landmarks, on

4-34vessel speed, factors influencing5-1periodic, list of
4-545-25 weather conditionsspecial reports and photographs
4-415-21 wrecks and obstructionstide and water level station, on

6-15verification reports
S6-1Responsibilities of verifier of survey data

Restricted areas
1-10Safety of personnel and equipment4-10line spacing in

Salinity4-110, 4-111tag line surveys, and
4-74—4-75checks ofReversing thermometers

(see Thermometers, reversing) determinations 2-6
1-14, AL-5measurement of2-6—2-7Review, Presurvey

4-70temperature observations and4-56examination of entries in
AL-5Salinometers

Rocks
AL-8Samplers, bottomawash
4-44Samples, bottom, storage of7-9smooth sheet, on the

1-18,4-47Sampling of bottom7-9symbol for
4-9Sand and mud, bottom slopes inbare

4-46Sand, definition of7-8description of
4-62Sawtooth record described7-8elevations of
4-83Scale errors and stylus arm length7-8photogrammetric manuscripts, on

Scale selection in hydrographic surveying 1-5, 1-67-8smooth sheet, and the
4-84—4-90Scanning analog depth recordscartographic codes and symbols

Schedules for hydrographic surveys 2-1illustrated B-8, B-9, B-10
Sea conditions and running hydrography 4-547-9dangerous, elevations of
Sea-Fix medium-range position-fixing system

4-39Descriptive Report requirements, and
(see Position-fixing systems)4-39determination of heights of

Seamountelevations on the smooth sheet 7-9
definition of 4-1074-56heights to be noted in records

4-107track line surveys, insubmerged, on the smooth sheet 7-9
1-19Season's Progress Report

B-2symbol for
5-4control stations and the4-9Rocky bottoms, and, soundings

Season's progress sketch 1-19, 5-24-9Rocky coasts, and, soundings
Second-order, Class II surveys,Root mean square error in uncertainty

requirements for 3-14-22example
Second-order directions and azimuths 3-3AH-3—AH-5Ross depth-sounding system
Second-order traverse 3-2—3-3(see also Equipment, sounding)

directions in 3-34-66Rough seas and heave correction
distances in 3-3Ruins, symbol for B-2, B-3

Sedimentology 4-454-32—4-43Running hydrography
Sensors4-41aids to navigation

precision of 4-754-57—4-58automated survey records
AL-8salinity, temperature, and depth4-32beginning the survey
AL-8temperature, depth, and conductivity4-44—4-47bottom, characteristic of, and

Settlement and squat4-42bridges and cable crossings
buoy used to measure 4-704-42cable crossings and bridges
instruments for measuring 4-704-33course change limitations

1-14soundings, in4-39dangers and shoals
transducer displacements, and 4-694-35depth units

Sextant angle observations and4-43field sheet inspection
hybrid positioning systems 4-314-35field sheet soundings

Sextant angles to locate hydrographic4-42floating aids to navigation
stations 3-94-33, 4-34following proposed sounding lines

Sextant control stations 4-44-35measuring depths
Sextant-controlled hydrography 1-74-42nonfederal aids to navigation

4-41 changes of fix required in 4-11nonfloating aids and landmarks
Sextant-controlled launch hydrography4-34, 4-35 3-11plotting sounding line

4-54 Sextant cuts to locate hydrographic stationsrecords in 3-9
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Sextant fixes height values, note on 4-25
4-31position control, and information to be noted in records 4-56

special problems in 4-17 site selection
vessel position from 4-17 factors in 4-29

Sextant positions, erroneous, local topography and 4-30
4-14verification procedures and 6-5 used in vessel positioning

Sextant surveys and the numbering 4-107Shore ties in track line surveys
of control stations 4-4 Shoreline

1-17Sextant three-point fix 1-7 actual and apparent
Sextants 7-6, 7-7delineation on smooth sheets

AE-1 detailadjustment of
AE-2 1-17star in, use of changes in
AE-2angles to faint objects, and on field sheets 1-16, 1-17, 4-6
AE-4electronic digital type features verification 6-10
AE-5 1-10adjustment and calibration of manuscript
AE-4 1-17description of and approximate shoal and channel limits
AE-5 3-13direct readings from drum, and prints as support data

encoder scale of 7-7AE-4 not to be smoothed or generalized
AE-4error-free digitizing of 7-7revised
AE-4HYDROPLOT system, and the surveys of
AE-1index mirror of 3-13aerial photogrammetry in
AE-5 3-12observer safety, and Atlantic Ocean, methods for
AE-6 3-12operation of Caribbean Sea, methods for

sturdiness of AE-4 3-11—3-15Coastal mapping
AE-5 3-13telescope attachment use, and compilation photography in
AE-1horizon mirror of control identification 3-12—3-13
AE-4 3-14—3-15inclined angles, and discrepancy examples in
AE-1 3-14index error of discrepancy prints in
AE-1 3-14micrometer drum sextants field edit of manuscripts in
AE-1 3-12mirrors, position of Great Lakes, methods for
AE-1 3-12Gulf of Mexico, methods fornavigating sextant, description of
AE-2 3-1—3-15horizontal control, andscaling angles from field sheets, and
AE-1screw clamp type, use of hydrographer and field editor in,

3-144-111tag line survey, in coordination essential between
AE-2three-point fixes using 3-11importance of topographic features in
AE-2 3-14use of Marine Center Director's role in

2-7—2-9 3-11Sheet layout orthophoto mosaics in
3-12Sheet limits on progress sketches photobathymetry in5-1
3-15plane table methodsSheet planning
3-152-7—2-10hydrographic plane table surveys in

2-9 3-11subplans and insets planimetry, interior, and
3-14Sheets, field relief displacement errors in

3-13—3-14(see Field sheets) support data, photogrammetric, in
Sheets, hydrographic 3-11topographic survey methods in

Side echoes(see Hydrographic sheets)
Sheets, smooth (see Echoes, side)

Side Scan Sonar(see Smooth sheets)
AI-14-40,4-56Shoal examination to be entered in records General principles
AI-1B-3 applicationsShoal, symbol for

1-12 AI-3Shoal water digital echo sounders operations, considerations of
1-12-1-13preference for Signals, hydrographic

(see Hydrographic signals)1-12, 4-52Shoal water echo sounders
4-46Silt, definition of4-88Shoalest depths and side echoes

4-110, 4-1111-11Shoaling, investigation of Skiff, tag line survey, used in
Shoals Skywave correction values,

AB-44-39—4-41,4-92and dangers inaccuracies of predicted
1-11,4-40 Skywave corrections and thedevelopment of

AB-14-39indications of Omega navigation system
4-40—4-41record of examination of Slant distance to shoal and side echo 4-90

1-10Small-boat hydrographyShore station
Smithsonian Institution,4-21configurations, accuracy of
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4-45 8-2nautical chart and the, contemporarybottom sediment samples to
7-11 numbersSmooth bottom soundings, plotting 2-9, 2-10

6-1—6-20 7-9Smooth plotting obstructions, submerged, shown on
7-9obstructions, visible, shown onSmooth sheet

annotation of control stations on 7-2 7-3orientation of lettering on
arrows used on 7-4 7-1overlays, material for

7-13, 7-14bottom configuration shown on 7-5pencils used on
7-10 7-1permanent record of survey, is thebreakers shown on
7-19buoy symbol on 7-13photobathymetry and the

7-4cartographic specifications and conventions 7-5 placement of lettering on
7-5cartographic standards for polyconic projection used for7-1

7-19characters, standard, used on private markers shown on7-5
7-22 7-1chief of party to be named in protection o

composite, may be a registry numbers2-9 2-9, 2-10
7-3control stations beyond sheet limits, and retention in government archives7-2

control stations to be described on rocks shown on7-6, 7-20 7-8, 7-9
scale ofdanger areas shown on 7-8 1-5, 7-1

7-14definition and purpose of 7-1 selection of depth contours, and
7-13, 7-14 8-1depth curves and the shipment of

7-20 7-13depth curves in overlap areas shoaler soundings plotted on
7-20descriptive notes on 7-6, 7-7shoreline details on

7-1Descriptive Report and 7-1 size and layout
7-1dog ears and smooth position overlay, with2-10, 7-1

drafting aids for delineating depth sounding numerals on 7-3, 7-10
7-13 7-10, 7-11, 7-13curves on soundings, and the

7-1 7-13drafting film used for soundings overlap, and
7-4drafting materials for soundings, selection of 7-11, 7-13

7-22drafting standards for special projects and7-3
electronic position lattices, and 7-1specifications, general7-1, 7-6

7-10erasures on tide rips and eddies shown on7-5
7-20, 7-22extension of survey coverage on 7-2 title block on

7-6final approval of 8-1 topographic details on
7-10fixative used on 7-5 wire-drag hangs, and
7-14formula for determining area of coverage 2-9 zero-depth curve and the

7-19geographic names on 7-8zero soundings, and
7-10grass shown on B-3Snag, symbol for
7-10 4-109groundings and clearances, and Solar observations

AI-1-AI-3hand plotting of 7-2 Sonar, Side Scan
1-13hydrographic features on 7-8 Sounder, echo, calibrations for

7-20identification block on 1-12, 1-13Sounders, types of
ink for 7-4, 7-5 5-13Sounding correction abstract

1-10, 1-127-2insets and subplans Sounding line(s)
4-146-20, 7-1inspection and approval of abnormal tides and

2-7instructions for layout of beach observation advantage, and the 4-13
instruments, drafting, used on 7-5 beaches, and 4-8

7-20 4-7junctional notes lettering on bottom profile, and the
7-20junctions and adjoining surveys and changes and turns in course, and 4-33
7-10kelp on the channels, in 4-13

labels for meridians on 7-6 control, visual, and 4-33
labels for parallels on 7-6 4-33course change limitations, and

7-14, 7-19 crosslineslandmarks symbols on 4-13—4-14
lattice labels on 7-6 4-39dangers and shoals, and

2-7—2-9 4-11layout deep ridges and valleys, in
ledges and reefs on 7-8 4-11,4-35depth curves, and
lettering on 4-9Descriptive Reports, and7-3, 7-4
limit lines and the 7-8 echo sounders, and 4-7, 4-52
low water lines on 7-7 estuaries, system for 4-13
margin areas, note on 7-2 following of proposed 4-32—4-33
margins and extensions frequencies of positions along7-2 4-31

7-10marine growth on the harbors, spacing in 4-10
4-8—4-9material used for 7-1 inshore limits of surveys, and
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junctions and overlaps1-4intervals and spacing 4-8
lead-line, note on4-11—4-13locus arcs 4-53, 4-55

marine vegetation, and 4-7 NOAA form 77-44 to be used to record 4-47,4-65
4-35measuring depths, and numerals on the smooth sheet 7-3

4-10—4-11offshore surveys, in plotted, uniformity of 4-35
parallel straight preliminary, overlay4-11 6-7

1-12recording, between fixes4-10parallel system of
4-34 1-14—1-15parallel to shoreline reduction of

4-33—4-34plotting of 4-9rocky bottoms, and
1-15—1-164-32position identification, and rules for recording of
7-11, 7-134-31 selection ofpositions along, factors influencing

pronounced topographic features, along 4-13 settlement and squat, and 4-69,4-70
4-13radiating 4-55simultaneous, by two instruments
4-39rock heights, and small docks and piers, in,

4-9rocky coasts, and smooth sheet, and the 7-2
recording of numbered 4-47Sounding Volumes

4-31—4-32positions along 4-52sources must be shown in records
spacing of plotted4-10 7-11restricted areas, spacing in

shallow water, in 4-14 symbols, cartographic, tabulated B-4, B-5
4-10 4-32taken at highest speedside echoes' desirability, and
4-34 transfer to field sheet 4-7sounding intervals, and
4-32 7-11soundings taken at highest speed units and rounding

4-541-10, 4-9—4-10, 4-33spacing of units, changes to be noted in records
4-70—4-804-32steering arcs, and velocity corrections, and

streams, and verification of 6-74-8
4-10—4-11systems of 4-39visible evidence of dangers during

4-8 Spacing of sounding lines 1-10, 4-9, 4-10tidal areas, in
7-224-14vessel positioning, and Special projects and smooth sheets

4-13 1-19vessel steered along arc, from Special report (field report)
4-1, 4-2, 4-105visual control 4-33 Special surveys

with S indicatorwind and current difficulties, and 4-13, 4-33 2-1—2-2
1-13, AF-3 Speed of sounding vesselSounding pole

4-33factors influencingSounding record, conversion of
4-91reduced soundings on 4-11survey errors, causing

to be noted in records 4-56Sounding(s)
5-22(see also Echo sounding(s); Sounding line(s)) Spire as a landmark

4-54 4-13accuracy and units used in Splits and sounding line spacing reduction
4-8 1-11beaches, and Split lines, use of

1-12 B-3Spoil area, symbol forchange in vessel speed, and
4-53 3-6comparison of equipment for Spur points, check on geomeric position of
4-57completion of records of Squat and settlement, combined

4-69—4-704-74 effects ofcorrections, incremental, scaling of
4-691-13, 1-14, 4-65—4-91 Squat, definition ofcorrections to
5-224-41detached breakers, and Stack as a landmark

1-13digital B-2Stake, symbol for
AK-74-65discrepancies dsovered in Standard tape gage

4-54 Standard conversion table C-1entry in records
AF-1 Standardizations recorded in aequipment
4-51records, entered in 4-53Sounding Volume
1-13 1-3—1-4erroneous, reconciliation of Standards, general, hydrographic survey

5-22Standpipe as a landmark4-45errors, lists of
4-35fathom as depth unit in Static draft

4-7 measurement of 4-69first operation, a
4-1, 7-10 4-69variations inimportance of

Station control errors listed 4-45in hydrographic surveying, vertical
datum reference and 1-5 Stations

established by other organizations, use of4-40 3-2information sought from local persons
5-134-34,4-85 list of, in Descriptive Reportintermediate

3-24-34, 4-34a, 4-34b marks and descriptionsinterval(s)
4-34, 4-34a, 4-34b monumentedguidelines regarding 3-2

AC-2used in position-fixing systems4-34hydrographer responsible for determining
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AL-8 4-18radio use inSTD sensors
Steep slopes, displacement of depth 4-18third direction observations, and

4-13curves on 4-74, AL-4Thermometers, reversing

AK-5 AL-4care ofStevens water level recorder
description of operation of(see also Tide and water level gages) AL-4

AL-44-8Stray echoes Nansen bottles, and
AL-5Streams seasoned, with stable calibration histories

Third-order control data submissionsoundings, and 3-7—3-84-8
4-18theodolite directions and stadia in Third-order control specifications 3-4

Three-point sextant fix(es)B-2Stump, symbol for
4-154-83Stylus arm length errors in echo sounding accuracy of

4-84Stylus belt length errors in echo sounding 4-15beginners using

4-52Stylus revolutions, check of 4-17change of fix in
4-174-1 creation of aSubmarine topography, changes in

Subplans 4-15delineation of strong

in sheet planning 2-9 4-15relative strength of, estimation of
4-17on smooth sheets 7-2 revolvers to be avoided in

4-109 4-14Sun, observations on selection of objects in

3-10 4-15Sunlight, hydrographic signals, reflected by small angles to be avoided in
4-17special problems inSupplemental control stations

(see Control stations, supplemental) 4-17split fix, and the

4-75Surface check values, water 4-17swingers to be avoided in
Three-station hyperbolic positioning system

(see Hyperbolic positioning systems)
Surveys, hydrographic

(see Hydrographic surveys)
Swamps and mangrove and 4-45Tidal and water level observations, errors listed

3-10unconventional survey methods 4-8Tidal areas and soundings

AF-3 Tidal or water level reducers, verification, andSweep, modified trawl 6-7

4-90Swell, sea, and irregular profiles Tidal waters' shoreline detail
1-16, 1-17Swingers and verification 6-5 on field sheets

B-6Symbols, cartographic, bottom characteristics, for Tidal zoning, preliminary 4-68
AK-14-11Systems, sounding line Tide and water level gages
AK-1analog to digital recording (ADR) gage
AK-1T automatic gages
AK-8bench marks and leveling

Tables AK-1bubbler gage
miscellaneous C-1 AK-7comparative observations

4-75oceanographic
AK-1, AK-7electric gage

Tag line survey 4-110 Fischer and Porter gage,
4-111equipment used in AK-1description of

method exemplified 4-110 AK-1gas-purged water level gage
5-23Tank as a landmark

AK-5accuracy of
5-10, AK-7Tape gages AK-3operating principles of

(see also Tide and water level gages) AK-1nonrecording gages
Tapes, master data 1-11

AK-1spring-driven gage
TDC sensors AL-6

AK-7standard tape gage
5-23Television tower as a landmark AK-5Stevens water level recorder

Tellurometer, models of 3-3, 3-5 AK-5description of
4-70Temperature and salinity observations AK-5importance of

Temperature measurements, periodic,
AK-7tape gages

1-14in hydrographic surveys AK-5tide staff
Temperature observations 2-6 AK-7installation of

AL-6Temperature sensors
AK-7location of

Temperature, water, checks of 4-74, 4-75 AK-5National Ocean Survey, scales on
Templates for drawing circles on sheets 4-6 AK-7protection of
Theodolite cuts and position control 4-31 AK-1uses of
Theodolite intersection stations 1-8, 3-1 AK-1weight-driven gage
Theodolite intersection method 1-8, 4-17 Tide and water level reductions 4-67

accuracy requirements 4-18 5-21Tide and water level station reports
4-17advantages of 1-15Tide observations, manual of
4-18azimuth orientation in Tide or water level observations 1-15,4-95
4-18drafting machines in field survey, in 4-1
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6-12,6-13United States Standard DatumTide rips
7-10smooth sheet, shown on U.S. Army Corps of Engineers 4-13, 4-43, 5-9, 4-93
B-3 surveys by 4-8symbol for

AK-5 U.S. Coast GuardTide staff 4-41, 4-43, 4-93
4-42(see also Tide and water level gages) beacons maintained by

4-67Tide stages, predicted values for U.S. Naval Oceanographic Office AB-I
U.S. Navy Bathymetric Charts,4-68Tide tables, NOS

Tide-coordinated infrared photography track line surveys plotted on 4-1053-13
4-14Tides, abnormal, and crosslines C-1U.S. Survey Foot, conversion factors based on

Tides and water level station report
1-19 Vand records

Tides or water levels instructions 2-2, 2-4
Vegetation, marine, and soundings 4-7Time synchronization,
Velocity corrections 4-70AB-1Omega shipboard receiver, and the

4-71bar checks, and4-54Times used in records
4-75layer selection in7-21, 7-22Title block on smooth sheet

4-76, 4-77, 4-80sample computation4-85Tolerances, time, for scaling peaks and deeps
standard methods for determining 4-71Topographic and planimetric detail
tables of 4-76, 4-77, 4-78, 4-79, C-51-16—1-19hydrographic surveys, in
temperature variations and 4-754-6—4-7transfer of, to field sheet
transducer and 6-76-10Topographic features, verification of
vertical casts, and 4-72Topographic maps of area furnished

Velocity of propagation
a factor in use of electronic

2-6at start of survey
Topography

positioning systems 4-29,4-307-6smooth sheets, on
medium-range frequencies of

4-1submarine, changes in
4-29,4-30electronic positioning equipment, and5-23Tower as a landmark

of electromagnetic wave, uncertainy of 4-304-105—4-111Track line surveys
1-14Velocity of sound through water, soundings and4-107—4-109astronomic observations in

Verification4-105charts for
approval sheet in 6-204-105position change recording in
automated techniques in 6-14-107seamounts in

6-13, 6-20chart comparison, and4-107shore ties in
charted features, of, during survey 4-42—4 434-106, 4-107soundings logging in

6-4checking of detached positions atuncharted features found in 4-107
6-14common deficiencies of verified surveysAH-4Transceiver, Ross
6-10comparison with adjoining surveys, andTransducer
6-20compliance with instructions, andAG-3beam widths and echo sounders

6-8—6-9crosslines, of4-84correction in echo sounding
data listings and printouts, of 6-81-14draft in soundings

6-13datum ticks, and4-45errors, list of
depth curves, of 6-94-69settlement displacements, and
Descriptive Reports, of 6-84-7Transparent overlays on field sheets
erroneous position recognition and 6-34-4Traverse control stations
excess sounding overlays, and 6-8Traverse, design of, in third-order

6-12geographic datums, and3-6measurements
horizontal control, of 6-2Traverse methods, third-order,
human judgment in 6-13-8limitations to be observed in using
inshore surveys, and 6-83-9Traverses used to locate photo-hydro stations

6-9least depths variations, andAF-3Trawl sweep, modified
machine-plotted positions and 6-55-23Tree as a landmark
parallel sounding lines and 6-36-12Triangulation networks established in US

6-9 — 6-10photobathymetry, andTrisponder position-fixing system
position verification 6-3(see Position-fixing systems;
preverification in 6-2Del Norte Trisponder system)
prior data evaluation and 6-114-11Troughs and parallel sounding lines

4-88Turbulence, echoes from prior survey data, and 6-11
6-14quality control procedures, and

U 6-15reports of
6-5 — 6-6resolving erroneous visual positions4-4Unconventional control stations

61rocks and4-1Underwater features in field survey
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AK-1Water level recorders6-10shoreline, of
6-1 — 6-20 5-23smooth plotting, and Water tower as a landmark

sounding overlays, of 6-7 Waterfall, symbol for B-3
soundings, of 6-7 6-4Weak positions and verification

6-2stages of
Weather and sea conditions and

6-1survey, of
4-54running hydrography6-7tidal or water level reducers, of

Weather conditions and distance6-20unresolved discrepancies and
4-28 — 4-29verifier's responsibilities in measurements variation6-1

weak positions and 6-4 Wharves and docks, sounding along 4-41
wire-drag comparisons, and 6-11 Wilson's Equation 4-70, 4-75, D-5

6-20wire-drag surveys, and Wind and current difficulties,
work schedules in 6-1

sounding line systems, and 4-13Verification. report furnished to
Winding sloughs, theodolite8-1survey officers

4-18directions inVertical angle observations 3-3
Vertical cast comparisons Wire-drag comparisons and verification 6-11

4-72in velocity corrections 7-10Wire-drag hangs and the smooth sheets
with echo soundings 1-13 6-20Wire-drag surveys and verification reports

Vessel positioning
3-10Wire, floating

electronic, errors listed 4-45
1-10, 1-11, 4-40Wire sweepsvisual, errors listed 4-45

WrecksVessel positioning and shore station
4-41description4-25height values

Vessel positioning systems and 4-86echo-sounding discrepancy, and
4-1 — 4-31requirements obstructions, and 4-41

Vessel speed smooth sheet, on 7-9, 7-10
4-33factors influencing

symbol for B-2variations, alertness of
4-11hydrographers, and

Vessels, nonautomated electronic X
4-32control systems on

X-band positioning equipment 4-28Vessel(s), survey
AL-8AA-1 XSTD systemsauxiliary and minor

coastal AA- 1
major AA- 1 Y
NOAA ship Fairweather,

description of AA- 1
AA-1 ZNOAA ship Davidson

1-19Visit to authorized chart sales agent report
Zero depth curve4-39Visual control and three-point fixes

7-14a legal seaward boundary
W smooth sheet, on 7-8

5-10, AK-7Zero electric tape gage (ZETG)AK-1Water level and tide gages
(See also Electric Tape Gage (ETG))Water level or tide observations 1-15
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