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Author’s Note


The warning statements shown in this book can be found on every nautical chart and in most navigational publications. They are not simple disclaimers, as the skeptic may think: instead, they reflect the reality of an environment that is hostile to human habitation—the sea. Navigation is a flawed science that requires knowledge, skill, and attention to many details while you pilot your boat. Read and heed these warnings.











 


INTRODUCTION



    

Thanks to the great response to the first edition of Basic Coastal Navigation, I am now fortunate to have the opportunity to present a new edition and to share with you new experiences and knowledge gained on the subject of coastal navigation. It also gives me the excuse to further simplify the navigation processes which I am constantly researching and testing. Each time I take my boat out, I calculate a predicted run for a specific time on a predetermined course. The times obtained from these runs are checked by computer against the predicted times. Analyzing the results, I develop new techniques to improve my boat’s predictability on the water.


The changes in the new edition result partly from my acquisition of a 25-foot boat and partly from the predicted log contests—a great way to add dimension to the boating experience. I discovered that navigation processes which work well for larger boats are not sufficient for smaller boats if you want to attain a high level of accuracy. I have acquired a new admiration for all small boat operators who are good navigators.


If you want to know why small boats are so unpredictable, this is the book for you. I have found that DR accuracy, boat base weight, weight loss, weight shift, current, depth of water, and wind are the critical parts in this navigational puzzle and I have provided easy-to-use solutions. Being able to solve these problems is critical to your ability to accurately predict your boat’s speed. Omit one and your predictions will be off the mark. Most mariners use only one or two of these navigation elements—dead reckoning and current vectors—and eventually lose confidence in their ability to predict accurately. Unfortunately, many new mariners rely solely on electronic navigation devices but don’t understand the basics of navigation. In Florida, 64 percent of boating accidents and 83 percent of boating deaths involved operators with no boating instruction. According to the Coast Guard, approximately 85 percent of boating fatalities involve such operators. These statistics alone should provide you with the incentive to become proficient in navigation, among other boating skills.


Nautical terminology can be confusing and is one of the greatest deterrents to the study of navigation. This book is written in simple, easy-to-understand terms. I wish such a publication had been available when I started out. Each navigational technique is explained in simple language with easy-to-follow, step-by-step instructions. I have focused on practical navigational techniques that should be used every time you go out on your boat, and have omitted those that I never use. Every novice can learn a lot from this book. Experienced boat owners will brush up on their navigational skills after extended periods away from their boat. Even old salts will learn a few new tricks that will help make them better navigators. If you are studying for your Captain’s license, the information provided in the book will help you pass the piloting section of the exam.


Basic Coastal Navigation is written in a self-instruction format with exercises, questions, and answers included in each chapter. For those of you who teach navigation, a full set of lesson plans is available. This instructor package contains the black-and-white artwork necessary to make overhead transparencies for each lesson. Also available is a disk, Computerized Basic Coastal Navigation, that contains all of the navigation calculations needed for a twenty-leg trip. If you have Windows 95 with EXCEL on your IBM compatible personal computer, you can use this software. This disk performs many of the navigation calculations explained in this book and much more, such as dead reckoning, compensating for heading change due to current, compensating for speed change due to current, correcting planned speed for water depths under eighteen feet, correcting planned speed for wind, and calculating a Speed Curve Worksheet. For information on the lesson plan or the disk, contact Sheridan House at 1-888-SHERIBK or check out their web site at http://www.sheridanhouse.com.


Read This Warning Carefully


The sea is a hostile environment for the sailor so plan to use every care to safeguard your life. The aids to navigation depicted on nautical charts comprise a system of fixed and floating aids with varying degrees of reliability. Therefore prudent mariners will not rely solely on any single aid to navigation, particularly a floating aid. Read the introduction to the U.S. Coast Guard Light List and the U.S. Coast Pilot for the specific details of these problems. While the Coast Guard uses every modem technique to position buoys accurately, there are many reasons why a buoy may be off station. Sound signals may not function or lighted buoys may be extinguished. Charted depths can change due to shoaling, shifting of the seabed, and storms, or you may be using an out-of-date chart. The Coast Guard makes every effort to maintain aids to navigation in an operable condition. However, don’t assume anything while on the water. Keep your charts updated to the latest Local Notice to Mariners, a free service offered by the Coast Guard. Double check everything when you transit unfamiliar waters—LORAN and GPS are not always infallible. Train yourself to become a rational skeptic about the sea.


Now that you have been warned, let’s begin your journey to learn about basic coastal navigation.
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Nautical Charts


Your road map of the sea is the nautical chart. Without it, you are like a blind person. All it takes is one small rock or shoal to spoil a beautiful day and put a large dent in your bank account. The dangers are out there. I found a few the hard way before I learned to read a chart. In this chapter, we’ll discuss the importance of nautical charts and explain the wealth of nautical information shown on them that can keep you and your family safer.


For the purpose of charting, the earth is considered to be a perfect sphere (a ball). In creating a chart, the cartographer or map maker must face the problem of presenting the features of the earth on a flat surface. From a practical point of view, it would be difficult to plot courses on a rounded surface. The chart maker uses a technique called projection to accomplish the transition from the sphere onto a flat plane or chart.


THE MERCATOR PROJECTION


Charts used aboard small boats are usually Mercator projections with the exception of the Great Lakes where polyconic projections are utilized. A Mercator projection is created by transferring the spherical surface of the earth onto a cylinder. This procedure is illustrated in Figure 1.1. A polyconic projection is made by transferring the earth’s spherical surface onto a cone.
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Fig. 1.1 The Mercator Projection. (T. J. Larkin)


The vertical lines on Mercator projections are called meridians of longitude and they are drawn so that they are equally distant from and parallel to each other. On a sphere or globe, meridians of longitude project distance accurately at only one location on the globe—the equator.


Refer to Figure 1.1 and observe how the meridians of longitude converge to meet at the North and South poles. Note how meridians of longitude become distorted as they approach the poles and, therefore, cannot be used for measuring distance on a nautical chart.


Longitude is measured 180 degrees east and west from the prime meridian, located at Greenwich, England, for a total of 360 degrees. These longitude lines meet at a point called the International Date Line on the opposite side of the globe. Longitude is labeled as either east (E) or west (W) of the prime meridian. Each degree of longitude has 60 minutes and each minute has 60 seconds.


The horizontal lines on nautical charts are called parallels of latitude because they are parallel to each other. Since they are parallel and not distorted like meridians, they are used to measure distance on a nautical chart. The parallel of latitude called the equator is labeled as zero (000) latitude. Parallels of latitude increase numerically northward and southward from zero (000) degrees at the equator to ninety (090) degrees at the poles for a total of 180 degrees for each hemisphere, which together equal 360 degrees. Each degree of latitude has 60 minutes and each minute has 60 seconds. One minute of latitude is equal to one nautical mile (nm). Latitude is labeled as either north (N) or south (S) of the equator.
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Fig. 1.2 Latitude and Longitude. (T. J. Larkin)


Study the graphic in Figure 1.2 until you fully understand how the numbering system for latitude and longitude works.


THE NAUTICAL CHART


Nautical charts contain a variety of information that is important to you as a boat operator. Charts show the depth of the water, lights, buoys, lighthouses, prominent landmarks, rocks, shoals, reefs, sandbars, and much more information that is essential for the safe operation of your boat.


Chart Orientation


Nautical charts are oriented with true north at the top, east on the righthand side, west on the left-hand side, and south at the bottom. Review Figure 1.3, the Piloting Practice Chart, as an example of the design of a typical nautical chart.
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Fig. 1.3 The Piloting Practice Chart Orientation. (T. J. Larkin)


 

Small craft (SC) charts have a different orientation since they are made to follow a coast line and coastal bays. The area charted is more important on a SC chart than the location of true north. Figure 1.4 presents a sample section of a small craft chart. Note where true north is oriented on a SC chart and how this direction is different from a regular nautical chart. If you are not sure about the location of true north when using a small craft chart, you can make serious piloting errors very easily.


As mentioned in the previous section, the lines that run horizontally across the nautical chart are called the parallels of latitude. They are measured on the scales printed at the left and right margins of the chart. I use the phrase “LAT IS FLAT” as a memory aid.


One minute of latitude is equal to one nautical mile. The latitude scales on charts for areas in the northern hemisphere are numbered from the bottom of the chart toward the top. Review Figure 1.3 and observe the scale at the right-hand (easterly) side of the chart.


The lines that run vertically (up and down) on the nautical chart are the meridians of longitude. They are measured from scales located at the top and bottom margins of the chart. Note that these meridians of longitude scales are not as wide as the parallels of latitude scales found on the left-and right-hand sides of the chart. Stop here and measure the difference between a minute of longitude and a minute of latitude on the Piloting Practice Chart in Figure 1.3 so that you are convinced this is true. Never use the longitude scales on a nautical chart to measure distance. One degree of longitude does not equal a nautical mile.


Any position on a nautical chart can be expressed in terms of latitude and longitude. Review Figure 1.2 and study the numbering scheme. Your position will always be either north or south of the equator and east or west of the prime meridian.


In piloting, parallels, meridians, the equator, and the poles are all used as reference points to determine your boat’s position; i.e., Boston is located at a latitude that is north of the equator and at a longitude that is west of Greenwich, England. Boston Light is positioned at 42 degrees, 19.7 minutes North and 70 degrees, 53.7 minutes West.


The Compass Rose


Every nautical chart has at least one compass rose. Figure 1.5 shows am example of a typical compass rose. Observe how the compass rose is similar to the card on your boat’s compass. Each compass rose has two circles. The outer circle is aligned to true north on your nautical chart; the inner circle gives magnetic directions. Course directions can be measured by using the compass rose on your nautical chart. Study the following characteristics of a compass rose in Figure 1.5:
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Fig. 1.4 A Small Craft Chart. (Source: NOAA nautical chart)
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Fig. 1.5 A Compass Rose. (Source: Nautical Chart No. 1)




	•True directions are printed around the outer circle of the compass rose.


	•Magnetic directions are printed around the inner circle of the compass rose. This inner or magnetic scale is oriented toward magnetic north.


	•Note that true north on the outer scale and magnetic north on the inner scale point to different directions.





In the Boston area, magnetic north (inner scale) is located approximately 15 to 16 degrees west of true north (outer scale). This difference between true north and magnetic north is called variation.


Variation will differ in relation to your location on the earth’s surface. However, it is a predictable difference, and it is precalculated and printed for you in the center of each compass rose. Always use the variation printed on the compass rose nearest to your position on your nautical chart for course conversion calculations.


Find the variation in the center of the compass rose shown in Figure 1.5. It should read 4° 15’ W, which is read as 4 degrees, 15 minutes West.


In piloting, variation is used to convert a compass course to a true course or vice versa. The formula for converting a true course to a compass course is covered in Chapter 10 of this book.




 


Soundings and Water Depth


Depth designations are depicted on a nautical chart with numbers, color codes, contour lines, and a system of standardized symbols and abbreviations. The NOAA publication Chart No. 1 contains all of the symbols and abbreviations used on nautical charts. This publication is explained in Chapter 2. Many of the figures used in this chapter are taken directly from Chart No. 1.


Water depths or soundings are the printed numbers on a nautical chart. These numbers can be expressed in feet, meters, or fathoms. A fathom is equal to six feet. The baseline measurement from which the chart’s vertical or water depth measurements were made is found in the general information block on a nautical chart. Ordinarily this baseline reflects an average of the low water depth predictions for the area covered by the chart.


Figure 1.6 shows a sample general information block from a nautical chart. The depth in this example is expressed as “Soundings in Feet at Mean Low Water.” This means that the depths on the chart are in feet and represent the average of the low water levels of the tides in the Boston Inner Harbor.


Remember that depths are averages and, therefore, can be lower or higher than the depth printed on the chart. Water depths can be affected by weather. Always allow yourself a margin of error when using the water depths shown on a nautical chart. Personally, I highlight every location on my charts that shows a depth of six feet or lower. This gives me a quick visual alarm when I get near shoal areas.


In the future, the new and revised NOAA charts will be metric. You will also see a progression toward “Lower Low Water” references on charts. These are more conservative predictions that use only the lowest of the daily low tide predictions to compute the average water depth. Usually tide cycles on the East Coast have two high tides and two low tides each day. The predicted depths of these tides will often be different on each tide cycle. Obviously, your greatest danger is at low tide, so it is important for you to understand that, since soundings or depths shown on your chart are averages, the depth of the water can at times be lower than the depth printed on your chart. Chapter 15 will explain how to determine the height of the tide at any time.


Contour Lines


Contour lines, also called fathom lines, connect points of roughly equal depth to provide a linear profile of the ocean’s bottom. Contour lines can be numbered or coded to show depth. Figures 1.7 and 1.19 (see the section on “Other Charted Features”) show some examples of contour lines. These codes are a series of lines, dots, or dashes. Figure 1.7 is taken from the NOAA publication Chart No. 1 and provides information that will help you interpret the meaning of the contour lines shown on nautical charts.
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Fig. 1.6 The General Information Block from a Nautical Chart. (Source: NOAA nautical chart)
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Fig. 1.7 Depths. (Source: Nautical Chart No. 1)


Shadings


Generally, the shallow water on a nautical chart is tinted a darker blue, while the deeper water is tinted a lighter blue or white. The meaning of these different shades is explained in Chart No. 1 in the section on “Depth Contours” (see Figure 1.7).
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Fig. 1.8 Tidal Information Block. (Source: NOAA nautical chart)


Heights of Bridges


The clearance heights for bridges on a nautical chart are measured upward from the high water mark. The high water mark datum is found in the “Notes” section on your nautical chart. Turn back to Figure 1.6 and find the note “Heights.” It states that heights on this chart are measured in feet above mean high water (MHW). Bridge height is measured to the lowest projection of the bridge over the navigable channel. Look at the tidal information block in Figure 1.8 and you will find that mean high water (MHW) is 9.4 feet at Castle Island and 9.5 feet at Charlestown. Always use the datum that is closest to your position.


Heights of Objects


The heights of objects such as a lighthouse are measured upward from the mean high water mark. This vertical datum is found in the tidal information block on your nautical chart along with a unit of measure. Again refer to Figure 1.8, which shows a sample tidal information block.


Note that lighthouses and other fixed lights are measured from the mean high water mark to the height of the focal plane of their light (the height of their light bulb).


BASIC CHART INFORMATION


It is important that you read all of the information printed on your nautical chart. Scan the complete chart for this information. You will be surprised at what you can learn about your boating area from your nautical chart. Figures 1.9(a) and (b) show the standard layout for the information shown on a nautical chart.
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Fig. 1.9(a) Chart Number, Title, and Marginal Notes: Sample Chart. (Source: Nautical Chart No. 1)
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Fig. 1.9(b) Chart Number, Title, and Marginal Notes: Explanation of Chart Notation. (Source: Nautical Chart No. 1)


The General Information Block


The general information block on a nautical chart contains veiy important data about your chart. Reference the general information block shown in Figure 1.6 and identify the following items of information:




	1.The chart title is usually the name of the prominent navigational body of water in the area covered by the chart. When ordering charts, the chart title may be quoted in addition to chart number.


	2.A statement of the type of projection (Mercator or polyconic).


	3.A statement of the scale of the chart at an indicated latitude; i. e., 1:10,000. This means that 1 inch on the chart represents 10,0 inches on the earth's surface. The scale is precisely as stated only at the latitude quoted. Chart scale is discussed in detail in the section on “The Scale of a Nautical Chart.”


	4.A statement of the unit of measurement of soundings for the chart. This measurement unit can be either meters, feet, or fathoms, i.e., “Soundings in Feet.”


	5.All cautionary notes should be read before using any nautical chart. Pay close attention to all notes that you find on your chart because they contain information that cannot be graphically presented on the chart. Look for notes that:

   

	•Explain the meaning of special abbreviations used on the chart.


	•Indicate the need for caution regarding dangers found on the chart.


	•Show special tidal and current information for the area.


	•Explain magnetic interference information in the area.


	•Refer to anchorage areas and special lighting regulations in anchorage areas.


   








Number and Edition of the Chart


The chart number, edition number, and the date of your chart are located in the margin at the lower left-hand comer of a chart. See Figure 1.10 for an example. The edition number and date indicate the last calendar date and year when information on your chart was updated by NOAA. This means that all essential corrections concerning lights, beacons, buoys, and dangers that were known by NOAA as of this date of issue are printed on the chart.


Also explained in this area is the identification of any lattice lines on the chart. This information may be coded as:




	1.The letter “D” for Decca.


	2.“LORAN-C Overprinted” for Loran-C.


	3.“Omega Overprinted” for OMEGA.





Figure 1.9(a) shows an example of a “LORAN C Overprinted” note.


Corrections that occur after the date of issue of a chart are published in the “Local Notice to Mariners” (LNM). You must correct your chart from this weekly publication. The LNM can be obtained free of charge from the local district office of the Coast Guard in your area. Appendix 8 carries a complete listing of the addresses and telephone numbers of all of the U.S. Coast Guard offices in the United States. Call the office in your district and get your name on this list today.




 

[image: chpt_fig_001]


Fig. 1.10 Number and Edition of a Nautical Chart. (Source: NOAA nautical chart)


 

Another NOAA publication called the “Dates of Latest Editions” shows all nautical charts and their edition numbers and dates. This is a small white booklet and can usually be found at authorized chart dealers. This publication is explained in Chapter 2.


The Scale of a Nautical Chart


The scale of a nautical chart is found in the general information block. This scale is the ratio of a unit of distance on the chart to the actual distance on the earth’s surface. On a chart with a scale of 1:2,500, 1 inch equals 2,500 inches (approximately 70 yards) on the earth’s surface. Please note the following:




	•Small-scale charts cover a large area of the earth’s surface and show little detail. They will have high scale ratios, i.e., 1:150,000.


	•Large-scale charts cover a small area and show more detail and features of the earth’s surface. When navigating in an area, always use the largest scale chart available. Large-scale charts will have low scale ratios, i.e., 1:5,000.


	•Coast charts are produced in scales of between 1:40,000 and 1:150,000. These charts sire used for coastal navigation, for entering bays and harbors of considerable width, and for navigating large inland waterways.


	
•Harbor charts are produced at scales larger than 1:50,000 and are used in harbors, anchorage areas, and smaller waterways.


	•Small craft charts are produced at scales of 1:40,000 and larger. They are special charts of inland waters, including the Intracoastal Waterway (ICW). These special editions of conventional charts are printed on lighter weight paper and Eire folded. The chart numbers on these charts will be suffixed with the letters “SC,” for example, 11354SC. Small craft charts contain additional information of interest to small craft operators, such as data on facilities, tide predictions, weather broadcasts, ramps, marinas, repairs, fuel, etc. Figure 1.4 is a section taken from a small craft chart.





Chart Symbols and Abbreviations


Chart No. 1, published jointly by the Defense Mapping Agency Hydrographic Center and the National Ocean Survey, lists all of the standard symbols and abbreviations used on nautical charts. Often there are some symbols and abbreviations printed on your nautical charts in the “Notes” section. These symbols Eire a shorthcind used to identify the physical characteristics of a charted area, the details of the avsiilable Eiids to navigation, and the significEmt landmarks on a nauticsil chEirt. Figures 1.5, 1.7, Eind 1.9(a) and (b) are pages from Chart No. 1 thatshow chart symbols and abbreviations.


Use of Color on a Nautical Chart


Color is used to distinguish various categories of information for the msiriner, such as shoal water, deep water, and land areas. Red Eind green are used to color Eiids to navigation on a nautical chEirt so that they Eire easier to see Eind interpret.


A nautical purple or magenta-colored ink is used for some notes and to highlight lighted suds to navigation. This purple ink is easily read under a red light.




CAUTION: The use of red lights in the bridge (steering) area of a vesseldoes notinterfere withthenightvisionofthehelmsperson and lookouts. Be aware that a sudden burst of white light impairs the night vision of a person for approximately 30 minutes. This is why you should not show bright white lights forward at night (running lights excluded) and never shine search lights at another boat’s bridge area.








Lettering on a Nautical Chart


The lettering on a nautical chart provides important information about aids to navigation. Slanted lettering is used to label all information about objects that are affected by tidal change and current (floating objects that can move about). Bottom soundings are the exception. All descriptive lettering for floating aids to navigation is slanted. Vertical lettering is used to label all information that is not affected by tidal changes or current. Lighthouses, ranges, and small lights are fixed navigational aids and are lettered vertically. Figure 1.11 illustrates this charting procedure.
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