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CHARTS AND PUBLICATIONS [CW01] WORKBOOK


	Name
	

	Rate
	

	Unit
	

	Date
	




Introduction
Charts are only correct on the day they are published, and they must be updated and maintained.  Charts and amendments are issued by the relevant national agencies (e.g. UK Hydrographic Office - http://www.ukho.gov.uk).  When a chart is manually amended it is often undertaken using a fine magenta pen. 
A chart is a flat representation of the earth surface.  The method used to create the map is called Mercator’s Projection.  This can be best represented as imagining you put the earth in a vertical tube of paper, with the earth being semi-transparent and you place a bulb in the centre of the earth.  The projection on the tube is the basis of the map.  Other methods of projection include Gnomonic for navigating long distances.
Charts are used for navigation to find your way around safely or pilotage when you come in, go out of port or anchoring.  When navigating you tend to record your position at least every half an hour, pilotage you will be monitoring and recording your position almost continuously as you will be in shallow water or close contact to shores etc, you need to be more precise.
Charts come in a range of scales, if a chart is 1: 100,000 then 1mm on a chart =100m in distance.  You can get small scale charts that cover very large areas and large-scale charts which cover smaller areas in more detail e.g.  Harbours.
A chart plotter is an electronic version of a chart – electron map.
Measurements are taken from charts using the scale on the latitude as this gives consistent measurements.  Longitude does not give consistent measurements as each ring of longitude gets shorter as it goes up or down – see above diagram where the 50oN ring is smaller than the 0oN.
Because of small variation in definitions of longitude and latitude, because the earth is not a perfect sphere, charts are given a basic reference, chart datum, and if using a GPS then the GPS and Chart Datum need to be set the same.  The Chart Datum for the UK is WGS48.
When looking at a chart it is always wise to:
· Read the Notes and General information section first as this contains information on scales, datum’s, local rules and hazards, local magnetic anomalies, tides; and
· Check the scale as these can be different from one chart to another.
Chart 5011 details chart symbols and abbreviations and is a booklet and not a chart.


[bookmark: _Toc471050930]CW01a: Introduction: Navigation charts – why?
A nautical chart is one of the most fundamental tools available to the mariner.  It is a map that depicts the configuration of the shoreline and seafloor.  It provides water depths, locations of dangers to navigation, locations and characteristics of aids to navigation, anchorages, and other features.
The nautical chart is essential for safe navigation. Mariners use charts to plan voyages and navigate ships safely and economically.   Legal regulation often requires most commercial vessels to carry nautical charts.
Like a map for the land the navigation chart is the map for the sea containing graphics representing different things from buildings, depth of the water, lights etc.  Charts come in large scale and small-scale sizes to provide the most relevant information for the task at hand.
If I wanted to navigate (or pilot) into Lowestoft (near Great Yarmouth, Norfolk, UK) you would use the chart that focuses on that detail.  
[image: http://www.stanfords.co.uk/Content/Images/uploaded/LISTING%20PAGES/Sports%20and%20Outdoors/maritime%20charts.jpg]

[image: http://www.seachest.co.uk/image.php?type=back&f=aW1nX2NoYXJ0Mi5KUEc%3D&mw=1024&mh=768]If we wanted to plan a trip across the Plymouth Sound the above type of chart would not be suitable, you would need somethings else in a larger scale (right).
As we move away from paper, to technology, we have zoom capability, so we can work on a single chart but use them for different purposes. The disadvantage is a) electricity and water don’t go together, b) you cannot look at both large scale and small scales charts at the same time. 


[bookmark: _Ref460252702][bookmark: _Toc460253588][bookmark: _Ref460252656][bookmark: _Toc460253577][bookmark: _Toc464994004][bookmark: _Toc460350763]CW01c: Other Navigation Publications
[image: ]Notice to Mariners:  The United Kingdom Hydrographic Office (UKHO) is the major organization dealing with upkeep of charts and numerous nautical publications. The Hydrographer of the Navy in United Kingdom is under the command of Admiralty – an administrative authority commanding the Royal Navy. Of their various functions one is to gather information in the form of hydrographic data, scrutinize it carefully, update it and broadcast the contemplated data in the form of paper charts, electronic charts and several allied publications.  These are posted in a Notice to Mariners for specific charts (example right).
https://www.admiralty.co.uk/maritime-safety-information/admiralty-notices-to-mariners 

NP131 Catalogue of Admiralty charts and Publications:   A series of diagrammatic representation and index showing geographical limits of charts is provided in The Catalogue of Admiralty charts and Publications (NP 131). These publications have various regions of world into folios, which contain further detailed charts for those regions.

[image: http://www.piplers.co.uk/media/catalog/product/cache/1/image/800x470/9df78eab33525d08d6e5fb8d27136e95/5/0/5011.gif]Chart 5011 Symbols and Abbreviations Used on Admiralty Charts
A key to symbols and abbreviations used on Admiralty and International paper charts compiled by the UK Hydrographic Office.  Essential to have so that you can understand chart symbols 


Tidal atlas
[image: http://a5.mzstatic.com/us/r30/Purple/v4/ff/14/ba/ff14ba64-17aa-3b5e-cdc7-9a9d5a835be8/screen520x924.jpeg]A tidal atlas or a tidal stream atlas is used to predict the direction and speed of tidal currents.  A tidal atlas usually consists of a set of 12 or 13 diagrams, one for each hour of the tidal cycle, for a coastal region. Each diagram uses arrows to indicate the direction of the flow at that time. The speed of the flow may be indicated by numbers on each arrow or by the length of the arrow.  Areas of slack water may be indicated by no arrows or the words "slack water".

[image: The Nautical Almanac 2009 cover]NP134 The Nautical Almanac
This is the essential yearly reference work for celestial navigation at sea using a marine sextant. It is carried on every ship of the Royal Navy and on many sea-going vessels around the world. It is also at the core of celestial navigation training courses worldwide.
[image: ]The Nautical Almanac contains tabulations of the Sun, Moon, navigational planets and stars for use in the determination of position at sea from sextant observations and lots more information.  There are commercial ones, most common is Reeds, which is the indispensable trusted annual compendium of navigational data and provides all the information required to navigate Atlantic coastal waters around the whole of the UK, Ireland, Channel Islands and the entire European coastline from the tip of Denmark right down to Gibraltar, Northern Morocco, the Azores and Madeira. 


[bookmark: _Ref460252663][bookmark: _Toc460253578]CW01d: Chart work equipment
[image: http://www.vhf.ie/portals/30/Chartplotter.jpg]In addition to a chart there is a range of additional equipment needed to make chart work easier and more accurate, these include:
Navigation dividers are designed to be used one handed, and to be opened with the points crossed. 
Do not be frightened of pressing the points in to the chart, this will help you to hold them steady and to measure distances more accurately, just do not press them in so hard you damage the chart. 
Remember to place a protective surface between the chart and the surface you are working on to avoid damage.
Navigational plotter (most popular tool for this is a Breton or Portland Plotter - they are essentially the   same thing).  They are a rectangular ruler with a rotating compass rose fixed in the center and used for plotting and measuring directions.
[image: http://www.working-the-sails.com/images/parallel-ruler.png]Parallel ruler is used to plot direction on your nautical chart. They are, essentially, two straight- edges hinged so that they maintain the same angle.
2B pencils are soft so they do not damage the chart and will keep a point for a reasonable period.
Many navigators now use a propelling pencil as they do not require sharpening (you will need spare leads).
Eraser that is soft and will not remove the chart surface, there are some that are slightly crumbly when used and they can be ideal.
A basic calculator can be useful for calculating the time of a passage (don’t forget electric and water don’t work well together so keep it dry (and remember extra batteries). 
Pencil sharpener will be used frequently, select one that retains the sharpening debris and dry to keep it dry.  In the salty atmosphere on a yacht, the blades frequently rust and do not last long.
A supply of sealable food bags or a hill walker's map case are essential if you wish to take a passage plan or pilotage notes on deck in wet weather. If the paper is not protected all your hard work will turn to paper-mâché in a few minutes.
[image: http://2.bp.blogspot.com/_0xwCEJJys0M/TAQmD8Z0VNI/AAAAAAAAAJw/ZGLq1B1ExWY/s1600/img028.jpg]Spare paper for calculating on or recording bearings is useful. 
Always have a small towel handy so that when navigating in wet conditions, use it to dry off each time you visit the chart table so that you do not drip on the charts. There is nothing that wrecks charts faster than getting them wet and working on them, any point where you rub on the chart will probably remove the surface and the features.
Log Book or Passage Plan form / template to record the details of your planned trip, the directions you will take and what you will see (passage plan) and record how you did and what you would do differently next time (log).
Obvious?
Don’t forget you will need the correct chart(s), Chart 5011, the Almanac for the area or at least tide tables and tidal flow tables.

[bookmark: _Toc460253579]CW01d: Quiz Sheet: Navigation equipment and other publications (page 35)
	Name
	Rank
	Date

	
	
	



	[image: Product Details]
	What are these and what are they used for?

	[image: Product Details]
	What is this and what is it used for?

	[image: Product Details]
	What is this and what is it used for?

	[image: Image result for parallel ruler]
	What is this?

Is it better or worse than the item above?


	[image: Product Details]
	What is this and what is it used for?

	[image: http://image.slidesharecdn.com/howtodrawparallelandperpendicularlines-120115122847-phpapp01/95/how-to-draw-parallel-and-perpendicular-lines-8-728.jpg?cb=1326630607]
	What is this an alternative for?

How do you use it?

	[image: 17  0 Stream copy.jpg]
	What is this?

What does it show?

	[image: http://www.piplers.co.uk/media/catalog/product/cache/1/image/800x470/9df78eab33525d08d6e5fb8d27136e95/5/0/5011.gif]
	What is this?

Why is this document important?


CW01i: Chart Notation
What are the important points on a chart?
[bookmark: _Toc460253589][image: http://www.skysailtraining.co.uk/images/plotter.jpg]
[image: http://www.skysailtraining.co.uk/images/plotter.jpg] CW01i: Chart notationChart title
Compass rose (gives magnetic variation)
Tidal height datum
Chart Scale
Large scale charts are used where detail is required, like entering a harbour.  Large scale plans are often call plans.  The scale refers to how many times the chart has been reduced 1/12500 means one inch on the chart is equal to 12,500 inches in rea life.
Depths
Depths are referenced from chart datum (Lowest Astronomical Tide [LAT]).  Depths less than 20m often include decimal 202 = 20.2m

Chart number


Chart scale
Latitude scale (used for measuring)
Longitude scale (DO NOT use for measuring)
Edition, use to check chart list to ensure you have the latest version
Small corrections
Chart datum (WGS)
Tidal height and diamonds
Warnings and other important information

[bookmark: _Toc471050931][bookmark: _Toc460253590]CW01b: Navigation charts – Land, shoreline and sea
Like a map that shows land and the height of land (contours) a chart shows the sea and the depth of the sea.  The chart allows you to plan a safe passage, avoid dangers and combined with tide tables ensures that you have enough water under the boat to travel safely.
Chart 5011 (Symbols and Abbreviations used on Admiralty Charts) is the definitive guide.  
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/d/d1/Courbe_niveau.svg/1000px-Courbe_niveau.svg.png]Contours on a map join areas of equal height together.  The example, right, shows a simple hill that rises sharply on the left-hand side and gentler on the right.  Taking slices, at regular intervals, joining places that are the same height (horizontal lines) allows you to map the contours.
If you invert this thinking you can map the depth of water, with the lines joining places of equal depth.  The problem with have with the sea is the tide – it comes in and out.  Depending where you are in the world depends on how much change the is. In the UK, we have semi-diurnal tides which means twice a day – approximately 12 hours 25 minutes between high waters and between low waters.  Others like Australia are diurnal and have one high tide a day.  
The highest tides in the world can be found in Canada at the Bay of Fundy, which separates New Brunswick from Nova Scotia. At sometimes of the year the difference between high and low tide in this Bay is 16.3 meters, taller than a three-story building. Some of the smallest tidal ranges occur in the Mediterranean, Baltic, and Caribbean Seas. A point within a tidal system where the tidal range is almost zero is called an amphidromic point.  In the United Kingdom regularly experiences tidal ranges up to 15 metres between England and Wales in the Severn Estuary.
The Chart shows you, in colour, the basic land, sea and shoreline features, these are:
	Land
	Land that covers and uncovers with the tide
	
	
	




[bookmark: _Toc471050932]Activity
Why not try to make hills using polystyrene tiles and a hot knife.  This can be used to demonstrate contour lines or inverted to show the sea bed.


[bookmark: _Toc460253591]CW01b: Example Chart Key (refer to Chart 5011: Symbols and Abbreviations for a definitive guide or US Chart 1)
	Yellow
	Land above high-water level.  The black line around the edge is Mean High-Water Springs (MHWS)

	Green
	Areas that cover and uncover according to the tide.  The edge of the green is 0m and represents the Lowest Astronomical Tide [LAT]

	Blue
	Shallow water.  This can be graded from dark blue, shallowest, to lighter blue which is deeper

	White
	Deep water



On large scales maps: dark blue 0m to 2m, light blue 2m to 5m then white over 5m

On small scale maps: dark blue 0m to 10m, light blue 10m to 20m and white over 20m

[image: ]24	Indicates that the water depth is 2.4m below the chart datum (0m).  Depths usually identify the least deep areas as it is impractical to measure the whole ocean floor, especially as tidal stream etc. continually change the shape of the sea bed.
24	Indicates drying heights and associated with areas colored green indicating the height of an item above the chart datum, 0m.  In this example a rock would be 2.4m high above.
	Landmark are often included where they may have benefit for navigation e.g. a lighthouse, church steeples, houses, chimneys, and sometime even trees.  These symbols are often self-explanatory.
[image: ]	Rocks and other underwater dangers are included on charts.  The basic principles are – keep away from all stars and crosses in shallow water, particularly if they have dark blue around them.
[image: ]Indicates tidal information for that point is available, usually found in a grid on the chart displaying direction of the tidal stream, speed in knots for both spring and neap tides at various hours between high and low water. 
Charts also include a range of navigational aids e.g. buoys (See CSN001) and a very much the same shape on the chart as the buoy is shown in IALA guidance.

CW01h: Chart markings (Drying heights)Chart datum is the imaginary line created by the lowest expected possible tide taking all astronomical factors into account.  Depths are measure from this level.  This means that depths should be worst-case.
Lowest the tide is ever expected to reach 
Highest the tide is ever expected to reach 
Chart depths
Drying height
Lowest Astronomical Tide [LAT]
Chart Datum
Highest Astronomical Tide [HAT]














[image: Drying height of 1.8m.]Drying heights are those items that cover and uncover as the tide comes in an out.  These areas are shown as green on a chart.  The numbers indicate the meters above chart datum (the underline indicates also that it is above chart datum).  In the example, right, the area is 1.8m above chart datum and covers and uncovers with the tide. 
Drying heights are those items that cover and uncover as the tide comes in an out.  These areas are shown as green on a chart.  The numbers indicate the meters above chart datum (the underline indicates also that it is above chart datum).  In the example, right, the area is 1.8m above chart datum and covers and uncovers with the tide.
Drying heights are not always displayed as green, in the chartlet right, there is a rock that is 1.8m above chart datum.  This is shown by an underlined number, and figures of less than 20 often include decimals as a subscript text.  In the chartlet this is shown as 18m.  
Additionally, because the number is not on the exact spot where the hazard is (“*”) the numbers are shown in brackets denoting that they are near the item referred to.
Which is land?
Which is water?
Which is deep water?
What does the green show?


CW01h: Chart markings (Chart Notation: rocks)
Rocks can be deep and therefore not a hazard to boating or shallower where they do become a hazard to boaters.  A rock can change from not being a hazard to being a hazard with changes in the tide.

Rock which covers & uncovers, height above Chart Datum, where known
(18)
Underwater rock depth unknown, but considered dangerous to surface navigation
Rock awash at the level of Chart Datum
(46)
Rock which covers & uncovers, height above chart datum where known
Dangerous underwater rock of known depth
(57)






(57)










Depths are normally expressed in meters and denoted by an “m” (not to be confused with nautical miles which is shown as “M”).  You should check the chart to ensure that it is in meters.
A line joins equal depths together (isobath).  Depths of less than 20m often include decimals shown in subscript (see 91 is above image which shows the water depth is 9.1m.  
If the number has an underline (as 18 then it indicates a trying height and not water depth).
Generally, water deeper than 10m is white 5 – 10m light blue, less than 5m darkest blue and green if it is a drying height (above lowest Astronomical Tide [LAT] / chart datum) as can be seen in the above image.

Activity
Use the chart flash card (SCC_CW_Charts_Flash_Cards) or PowerPoint presentation (SCC_CW_P_Charts_Flash_Cards) on chart symbols



[bookmark: _Toc471050941][bookmark: _Toc460253575][bookmark: _Ref471049696]CW01b/h: Chart markings (Symbols: Shoreline, sea and land)	 (Page 36)
	[image: ]

	[image: ]

	[image: ]
	[image: ]

	[image: ]
	[image: Depth indication of 5.6m.]

	[image: Drying height of 1.8m.]
	[image: ]

	[image: ]
	[image: ]

	[image: ]
	[image: ]


	Using Chart 5011, what does these represent?
S ____________	f ____________	c ____________
M ____________	Wd ____________	Sh ____________	bk ____________
St ____________	R ____________	P ____________


[bookmark: _Toc471050933]CW01h: Chart markings (Wrecks)
	Wreck 
	Classification 
	Definition 
	Image 

	Non-dangerous wreck 
	non-dangerous 
	A wreck which is not considered to be dangerous to surface navigation. 
	[image: WreckND.png]

	Dangerous wreck 
	dangerous 
	A wreck which is considered to be dangerous to surface navigation. 
	[image: WreckD.png]

	Distributed remains of wreck 
	Distributed remains 
	(Foul ground) An area over which it is safe to navigate but which should be avoided for anchoring, taking the ground or ground fishing. 
	[image: WreckND.png]

	Wreck showing mast/masts 
	Mast showing 
	Wreck of which only the mast(s) is visible at the sounding datum indicated. 
	[image: WreckD.png]

	Wreck showing any portion of hull or superstructure 
	Hull showing 
	A stranded wreck of which any portion of the hull or superstructure is visible at the sounding datum indicated. 
	[image: WreckS.png]




[image: ]
[image: ]
CW01h: Chart markings (Depths and Heights)
Chart depths are measured from the chart datum which is the lowest astronomical tide [LAT] – this is the lowest expected water level taking all astronomical factors into account.  To show areas that are always covered in water they are white and get darker blue as they deeper, those areas of ground that cover and uncover (drying height) with water are denoted green and those that are always dry yellow (and brown depending on density of population).  Heights are measured from the highest astronomical tide [HAT] or mean high water spring [MHWS].  By using LAT and HAT we look at the worst case – lowest the water will be and the lowest gap between the sea and something above it.
[image: http://www.sailtrain.co.uk/navigation/images/levels.gif]




[bookmark: _Ref460252671][bookmark: _Toc460253581]


[bookmark: _Toc471050935]CW01e: Latitude and Longitude
[image: http://www.ghanalap.gov.gh/LUPMIS/images/imageAN01_WO3.jpg]The issue for people who make charts is how to take a sphere (ball) and put it on a sheet of flat paper.  This is achieved through complex maths and projections (Mercator Projection – Mercator was a map maker and invented the technique in 1569).  The image right shows what a chart would look like if you tried to unpeel the world and make it a flat image.  
This is the basis of making a chart and series of charts.  However, it is difficult to see where you are and your position on the chart and therefore a system of reference was devised. Your position on the earth can be pinpointed by your latitude and longitude bit like the reference used in a game of battleships.  
[image: http://halimk.iics-k12.com/files/2014/02/earthlatitudergb.jpg][image: http://media.skyandtelescope.com/images/latitude_chart_l.gif]The latitude runs from the equator (0o) to the North and South Poles and is therefore up to 90-degree North (90oN) to 90 degrees South (90oS) and is always given as nnoN/nnoS.  One degree has 60 minutes (‘).  The full latitude is therefore shown as 89o59’.23N. 

Longitude is measured east or West of the Prime Meridian (Greenwich) and runs from 0o at Greenwich to 180o West (180oW) to 180o East (180oE) and is written as nnnoW/nnnoE.  A full longitude position is shown as 010o12’.12W or 017o19’.22E 
[image: ]When measuring distance on a chart you must be careful to use the correct scales as the distance between lines of latitude and longitude reduce or increase the greater North or South you go.  Longitude is never used for measuring.  Latitude is used for measuring distance and to ensure accuracy you should use the scales parallel to your location on the latitude scale.
Position is always given as latitude then longitude – if you can’t remember then “a” comes before “o” in the alphabet.  Latitude is a little bit like altitude so something like height (up/down).  Also, longitude in longer that latitude running 180W to 180E = 360 and latitude 90N to 90S = 180.  This means when we bring latitude and longitude together we normally give the latitude first then the longitude -  89o59’.23N 	 017o19’.22E.  
Note that the latitude only has two figures for degrees as this represents the fact that latitude goes up to 90 only and longitude has three as that goes to 180.
[bookmark: _Toc471050936]Activity #1: The Orange Test
Try and peel an orange (satsuma) in one piece and use to show Mercator chart image – how globe is displayed on a sheet of paper and how latitude and longitude work out.


Latitude
Maximum is 90N or 90S
[image: Latitude.]

Longitude
Maximum is 180W or 180E
[image: Longitude.]
Latitude or Longitude?
Longitude covers a greater range (180E to 180W = 360 degrees) and is therefore longer that latitude (covers 90N to 90S = 180 degrees). Therefore, the longest way around the earth (360 degrees) must be the longitude!
What comes first?
Latitude has the smallest range (90N to 90S) and smallest numbers always come before bigger numbers (Longitude 180W to 180E = 360 degrees).  Therefore, when writing down a position it must be latitude first followed by Longitude!
46 26 .10N	006 15 .40W


[bookmark: _Toc471050944][bookmark: _Toc460253582]CW01e: Latitude and Longitude
[bookmark: _Ref471050143][bookmark: _Toc471050945]Quiz Sheet: Latitude / Longitude (Pages: 2 and RYA Chart 2 Required) (page 37)
	Name
	Rank
	Date

	
	
	


Latitude and Longitude
[image: http://facweb.bhc.edu/academics/science/harwoodr/geog101/study/images/LongLatpractice.gif]












	Using the above mini chart
	

	What is represented by the scale 180 to 180?
	

	What is represented by the scale 90 to 90?
	

	What is the reference of point A?
	

	What is the reference of point B?
	

	What is the reference of point C?
	

	What is the reference of point F?
	





CW01e: Latitude and Longitude
Quiz Sheet: Latitude / Longitude (Pages: 2 and RYA Chart 2 Required) (page 38/39)

	Using RYA Chart number 3, what is at?
	

	46 21 .22N	006 14 .60W
	

	46 26 .10N	006 15 .40W
	

	46 23 .40N	006 23 .4W
	

	46 28 .50N	006 14 .80W
	

	46 21 .40N	006 17 .20W
	

	Plot the following route (use extracts)
	

	45 37 .80N	006 10 .00W
45 37 .80N	006 20 .00W
45 40 .40N	006 10 .00N
45 44 .00N	006 10 .00N
	




` Latitude 45 degrees, longitude 006 degrees
[image: ]
 [image: ]

[bookmark: _Toc471050938]CW01f/g: Distance
[image: http://halimk.iics-k12.com/files/2014/02/earthlatitudergb.jpg]A nautical mile is a unit of measurement defined established by 1’ (one minute of latitude = 1/60 degree of latitude).
This means that a nautical mile is 1852 meters (6,076.12 feet or 1.2 statute miles or 1609 cables). 
Each degree of latitude = 60 nautical miles, 1 minute = 1 nautical mile and 1 cable = 1/10 nautical mile. 
A cable is 1/10nm or about 185m.
The unit of distance is the nautical mile (see above) and speed is measured in knots, nautical miles per hour.  Sea measurements are about 15% greater than their land equivalents 1nm = 1.15m, 30kn = 34.5mph. 

Writing a capital “M” after the distance signifies nautical miles. 

A lower case “m” is used to signify metres.


[image: ]Because there are large changes in the length of a line of latitude – the ones near the poles are a lot shorter than those near the equator we use the latitude scale for measuring distance as the degree of change is shorter and they are consistent for the degree of latitude.  You should always use the latitude for measuring distance.
Latitude scales should always be used for measuring distance – use the scale in line with the area you want to measure

[image: Image result for nautical distance chart]






[bookmark: _Toc471050947][bookmark: _Toc460253586]CW01f/g: Distance (page 40)
	Using RYA Chart number 2,
	

	How many nautical miles are there between Latitude 50o20’00N and 50o25’.00N
	

	What is the distance, in nautical miles, between?
50o11’.50N	004o25’.00W
50o14.50N	004o29’.00W
	

	What is the distance, in nautical miles, between?
50o14.50N	004o29’.00W
50o27’.30N	004o29’.30W
	

	How many miles are there in a nautical mile (approx.)
	





CW01j: Dead Reckoning
Process:
· Obtain a fix;
· Add course beingsteered
· Overlay time and distance
[image: http://webspace.webring.com/people/gk/k_o_dionysus/scuba/uw_nav/cross_bearings_2.gif]By taking a bearing to the lighthouse from the boat we can determine it is 60oT but what we cant determine is how far away from the lighthouse we are and therefore a second bearing is required.  We can now determine that we must be at the intersect of these two bearing.  We have now fixed our position (we would mark our chart accordingly with a fix symbol noting date and time – fix symbol = ).
[image: http://upload.wikimedia.org/wikipedia/commons/d/dd/Visual-fix-by-three-bearings.png]It is also possible to use contour lines to help determine a fix but these can be less reliable.  Including more transits improves the fix e.g. 3 transits.
Dead Reckoning is established by marking the chart with the course steered/water track “>” (oT) and marked with the distance travelled. 
Example:
[image: ]A fix obtained at 2300 is plotted on the chart. From the fix the navigator then draws a line representing the course that is being steered, in this case 100°. The ship's speed, as recorded by the ship's log, is 10 knots: this works out at 1 mile every 6 minutes. So, at one-mile intervals on the line he has drawn, the navigator marks the ship's forecast positions with a cross. Note that the course being steered is written alongside the line on the chart and the speed is shown in a box. In addition, the Dead reckoning (D.R.) positions must always be accompanied by the time. Use 2-figure times except for the first DR in a new hour. 
In the above example we have chosen to forecast the ship's future positions at 6-minute intervals. What interval you will use will depend on the circumstances - check this point with your instructor - but 6 minutes is a very convenient interval, allowing you to divide the ship's speed by 10. For example, a ship's speed of 19 knots represents 1.9 miles travelled every 6 minutes. Many navigators use this system, which is sometimes called the `six-minute rule'. 
	[image: http://www.sailtrain.co.uk/navigation/images/groundtrack.gif]Advaced
The position is then adjusted for tide “>>>” (in one hour incremnets to reflect chnages in direction and speed of tidal flow).  Ensure time travelled and tidal adjustment are for the same period of time.  This gives the estimated position “”.    The Ground Track (or Course over Ground [COG]) is important as that is the course the boat will actually take and it needs to be free from obsticles, hazards and issues.
[image: ]Circle of error: It should be noted that allow for a 10% error rate for each estimated position e.g. position #1 would have a 10% error, position #2 20% and so on.
The Speed over Ground (SOG) is measured by reference to the Ground Track in terms of measuring the ground track distance and adjusting for time 


CW01j: Waypoint (page 41)
A waypoint  is an intermediate point or place on a route or line of travel, a stopping point or point at which course is changed, it most often refers to coordinates which specify one’s position on the globe at the end of each "leg" 
Expressed as latitude and longitude.
Using RYA Chart 3, what is at each of these locations:
	Using RYA Chart number 3, what is at?
	

	46 21 .22N	006 14 .60W
	

	46 26 .10N	006 15 .40W
	

	46 23 .40N	006 23 .4W
	

	46 28 .50N	006 14 .80W
	

	46 21 .40N	006 17 .20W
	

	Plot the following route (use extracts)
	

	45 37 .80N	006 10 .00W
45 37 .80N	006 20 .00W
45 40 .40N	006 10 .00N
45 44 .00N	006 10 .00N
	




Why do we use waypoints?






CW01j: Fix (page 42)
[image: http://upload.wikimedia.org/wikipedia/commons/d/dd/Visual-fix-by-three-bearings.png][image: http://webspace.webring.com/people/gk/k_o_dionysus/scuba/uw_nav/cross_bearings_2.gif]By taking a bearing to the lighthouse from the boat we can determine it is 60oT but what we cant determine is how far away from the lighthouse we are and therefore a second bearing is required.  We can now determine that we must be at the intersect of these two bearing.  We have now fixed our position (we would mark our chart accordingly with a fix symbol noting date and time – fix symbol = ).



It is also possible to use contour lines to help determine a fix but these can be less reliable.  Including more transits improves the fix e.g. 3 transits.


Symbol for a fix:




Example:
Using RYA Chart 3 – where am I?
Fix #1		45o 47’.25N		005o41’.80W
Fix #2		45o 50’.45N		005o47’.70W
Fix #1		45o 46’.60N		005o46’.60W
[image: ]


CW01j/k/l: Laying off a course (page 43)
Using the fix from the above example:
If you are travelling on 338oT, which direction will you be travelling?


If you travel at 16 nautical miles per hour, and you travel for 12 minutes, where would you be?


Do you envisage any problems?




Summary (page 44)
	Using RYA Chart 3
	Answer

	What is the chart number?
	

	What is the scale of the chart?
	

	What IALA Buoyage System us used?
	

	Which satellite system is being used?
	

	What are the four (4) main issues not including the buoyage system?
	

	How far West is the centre of the chart from Greenwich?
	

	How fare North from the equator is the centre of the chart?
	

	When was the chart published?
	

	Are there any notices that we need to be aware of?
	

	What was the magnetic variation when the chart was published (degrees and minutes)?
We cover this in more detail later.
	

	What is LAT and why is it important?
	

	Demote a drying height of 2.8m
	[bookmark: _GoBack]

	What do numbers in brackets mean e.g. (28)?
	

	What does this represent? 
	

	What does 120M represent?
	

	What is an isobath?
	





[bookmark: _Toc460253580]















INSTRUCTOR MATERIAL

[bookmark: _Toc460253584][bookmark: _Ref471050149][bookmark: _Toc460253583][bookmark: _Toc471050946][bookmark: _Toc460253587][bookmark: _Ref471050871][bookmark: _Toc471050949]Answer Sheet: Navigation equipment and other publications (page 8)
	Name
	Rank
	Date

	Sheffield Sea Cadet
	Answer sheet
	


 
	[image: Product Details]
	What are these and what are they used for?
Navigation dividers (single-handed), used for measuring distance


	[image: Product Details]
	What is this and what is it used for?
Parallel ruler, used to plot direction


	[image: Product Details]
	What is this and what is it used for?
Douglas protractor, used for calculating and plotting angles and direction

	[image: Image result for parallel ruler]
	What is this?				Parallel ruler
Is it better or worse than the item above?
Is lightweight and can tend to slip on the paper resulting in non-parallel lines.

	[image: Product Details]
	What is this and what is it used for?
Portland plotter (also known as Breton plotter) used to measure and plot direction.

	[image: http://image.slidesharecdn.com/howtodrawparallelandperpendicularlines-120115122847-phpapp01/95/how-to-draw-parallel-and-perpendicular-lines-8-728.jpg?cb=1326630607]
	What is this an alternative for?	Parallel ruler
How do you use it?			The left-hand square is set so that the right hand can slide upwards/downwards with top face remaining parallel to original line.  Left hand square can be ruler or straight edge.

	[image: 17  0 Stream copy.jpg]
	What is this?			Tidal atlas/flow chart
What does it show?		Shows the tidal flow at certain hours before or after meaning high water at a standard port (normally Dover).  It shows direction and speed (knots for neaps and springs).

	[image: http://www.piplers.co.uk/media/catalog/product/cache/1/image/800x470/9df78eab33525d08d6e5fb8d27136e95/5/0/5011.gif]
	What is this?		Chart 5011, symbols and abbreviations
Why is this document important?
For UK Admiralty charts shows the symbols and abbreviations used on charts.  This helps you understand the chart.


Symbols: Shoreline, sea and land	Answers: Land, shoreline and sea 
(Page 15)
	Name
	Rank
	Date

	SHEFFIELD SEA CADETS ANSWERS
	
	


 
	[image: ]Rock (islet) which does not cover, height above datum
	[image: ]Rock which covers and uncovers, height above datum (if known)

	[image: ]Rock awash at datum
	[image: ]Marsh, swamp, salt marsh

	[image: ]Chart datum =0.  Drying heights = green.  Always covered by water = blue
	[image: Depth indication of 5.6m.]Depth of water below chart datum = 5.6 metres

	[image: Drying height of 1.8m.]Drying height above chart datum = 1.8 metres
Note: underline indicate drying
	[image: ]Small hills on the land

	[image: ]Steep coast / cliffs
	[image: ]Bridge with horizontal clearance

	[image: ]Bridge with vertical clearance above MHWS
	[image: ]Groin always dry, intermediate and always underwater

	Using Chart 5011, what does these represent?
S _Sand		f _fine			c _course
M _Mud		Wd _Weed		Sh _Shell		bk _broken
St _Stone		R _Rock		P _Pebble




Answer Sheet: Longitude and Latitude (Pages: 22)
	Name
	Rank
	Date

	SHEFFIELD SEA CADETS ANSWERS
	
	


Latitude and Longitude
[image: ][image: http://facweb.bhc.edu/academics/science/harwoodr/geog101/study/images/LongLatpractice.gif]









	Using the above mini chart
	

	What is represented by the scale 180 to 180?
	Longitude (longest 360)

	What is represented by the scale 90 to 90?
	Latitude

	What is the reference of point A?
	60o00’.00N	090o00’.00W

	What is the reference of point B?
	00o00’.00N	150o00’.00W

	What is the reference of point C?
	30o00’.00S	060o00’.00W

	What is the reference of point F?
	37o00’.00N	070o00’.00E




Answer Sheet: Longitude and Latitude (continued)


Part A Questions (what is at)? 		Latitude 45 degrees, longitude 006 degrees
[image: ][Grab your reader’s attention with a great quote from the document or use this space to emphasize a key point. To place this text box anywhere on the page, just drag it.]Latitude 45 degrees

[image: ]
Answer Sheet: Distance (page 27)
	Name
	Rank
	Date

	SHEFFIELD SEA CADETS ANSWERS
	
	



	Using RYA Chart number 2,
	These points have already been identified in previous examples/questions

	How many nautical miles are there between Latitude 50o20’00N and 50o25’.00N
	5-minute difference, 1 minute = 1 nautical mile => 5 nautical miles

	What is the distance, in nautical miles, between?
50o11’.50N	004o25’.00W
50o14.50N	004o29’.00W
	4 nautical miles
Wreck, 56m down
South Combe Island Old Light House

	What is the distance, in nautical miles, between?
50o14.50N	004o29’.00W
50o27’.30N	004o29’.30W
	12.9M (allow 12.8M-12.9M)
South Combe Island Old Light House
Thatcher Rock
This could be measured off the chart = 12.9M (note “M” is symbol for nautical miles “m” for meters).
Alternate, they are both on same longitude and therefore could subtract the latitude e.g. 50o27’.30N - 50o27’.30N = 0o12’.80 = 12.8M

	How many miles are there in a nautical mile (approx.)
	1.2 statute miles = 1 nautical mile





Waypoint (page 29)
	Using RYA Chart number 3, what is at?
	

	46 21 .22N	006 14 .60W
	Light house

	46 26 .10N	006 15 .40W
	Rock

	46 23 .40N	006 23 .4W
	Racon

	46 28 .50N	006 14 .80W
	Wreck

	46 21 .40N	006 17 .20W
	Port can

	Plot the following route (use extracts)
	

	45 37 .80N	006 10 .00W
45 37 .80N	006 20 .00W
45 40 .40N	006 10 .00N
45 44 .00N	006 10 .00N
	

Unfortunately, you will aground on the final leg





Fix (Page 30)
[image: ]


Laying off a course (page32)
[image: ]Travelling at 16 nautical miles an hour for 12 minutes = travelled 3.2nm.  You will end up at the wreck on the South end of the reef.  You could be stranded or sunk!



Summary and review (page 33)
	Using RYA Chart 3
	Answer

	What is the chart number?
	RYA Training Chart 3

	What is the scale of the chart?
	1:100,000 at Latitude 46o00’

	What IALA Buoyage System us used?
	Region A (red to port) except in Neptune Islands where they use Region B (red to starboard).

	Which satellite system is being used?
	Satellite derived position is WGS84.

	What are the four (4) main issues not including the buoyage system?
	Pipelines, Ferries, High Speed Craft and Traffic Separation Schemes.

	How far West is the centre of the chart from Greenwich?
	6o00’W

	How fare North from the equator is the centre of the chart?
	46o00’N

	When was the chart published?
	2nd March 2006

	Are there any notices that we need to be aware of?
	2006 – 8195 – 8812 – 9040

	What was the magnetic variation when the chart was published (degrees and minutes)?
We cover this in more detail later.
	7o25’W

	What is LAT and why is it important?
	LAT is the Lowest Astronomical Tide, the chart datum from which all water depths are measured.

	Demote a drying height of 2.8m
	28

	What do numbers in brackets mean e.g. (28)?
	The numbers are out of position and near to the item they relate to for example a rock.  In this example, it is a drying height of a nearby item of 2.8m above chart datum

	What does this represent? 
	Underwater rock depth unknown but considered dangerous to surface navigation. 

	What does 120M represent?
	A capital “M” means nautical miles (nm) a lower case “m” represents meters.  The example is 120 nautical miles.

	What is an isobath?
	A line that joins areas of equal depth together
























ADDITIONAL INFORMATION


Types of Charts

Raster Charts
[image: http://www.1yachtua.com/nauticalcharts/images/my_example.gif]
High resolution scanned images of paper charts and format is identical to paper charts.  Any errors on the paper charts or because of the scanning process are inherent in the charts.  As a scan these charts to not carry any additional information or data.









Vector Charts

Are comprised on lines, points or areas that also contain detailed data for example the type of light or buoy.  The data and information are contained in layers that can be “turned on” or “turned off” as required by the user.

The zoom function enables more data to be shown unlike Raster Charts where the same information is just shown on a larger scale (things just get bigger not more detailed).

[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcRODCbv0e5cYhRlB8PY03A7XQtA3e6XF-6QCRp6cd9PsB9HtPyM]Because of the detailed information the charts take up significant IT space and are distributed, normally, on CD-ROM requiring IT equipment to upload/amend the charts


True Course
The course to steer is critical to ensure you arrive at your destination.  The course to steer is adjusted to take account of tide and leeway.

The process is relatively simple, and the process is:
1. [image: ]Plot the start [waypoint  or fix  a fix in this example] and end points []
1. Draw in the ground track [>>], extended through the destination [] – AD
1. Calculated the estimated boat speed and roughly calculate the journey time (nearest half hour)
1. Draw in the tide [>>>] for the time of travel at the start [] - AC
1. Measure of the distance the boat would travel in the allotted time and measure this from the end of the tidal vector [>>>] to the ground track [>>] and mark off - I
1. Draw in the water track [>] from the end of the tidal vector [>>>] to the mark on the ground track [>>] - CI
1. Measure the water track (125oT) and adjust for magnetic variation and deviation and leeway - CI

The boat should steer at the equivalent ground track angle whilst crabbing along the water/ground track line – AD

Speed over ground (SOG)

The distance the boat will travel in the allotted time is the equivalent of CI / time * 60 = SOG.  

The actual distance to travel is AD, which in this case is longer and the time to get there will be distance / SOG * 60 = TTG


The course to steer is critical to ensure you arrive at your destination.  The course to steer is adjusted to take account of tide and leeway.  GSN022 set out the basic principles to determine Course to Steer (CTS) and now we look at adjusting for leeway.


In CSN022 we stabled an example:
[image: ]









If we know the boat has 10% of leeway, then we would need to counteract that by adjusting the course to steer, in this example the course to steer was 125oT but with 10o of leeway we now need to steer at 135oT
[image: ]


If the wind was blowing in the opposite direction then we would adjust the course to steer accordingly, in this example to 115oT
[image: ]


Laying Off Course – Navigation Web
A Navigation Web can be drawn onto the chart well in advance to help quick and easy decision making and to confirm position.
Firstly, plot the ground track (blue dashed) showing your planned direction to the waypoint.  Draw radiating tracks from the waypoint at 10o intervals (red).  Using a compass add distance lines in at, in this case, 1nm apart (green).
Providing that the angle is between 050oT and 100oT then the boat will be deemed as safe.  For contingency planning you may set your tolerance to 040oT to 090oT
If using as GPS it will provide the distance to the waypoint, through the bearing and distance it is quick and easy to mark the position of the boat on the navigation web.

[image: ]
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