Kayak Navigation for Normal People

Tim Mattson, timothy.g.mattson@intel.com
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Deceptlon pass chart prowded by Don Beale



The Essence of Kayak Navigation

* A kayaker at ANY point should be able to
answer the following questions

1. Where are we?

2. How are we moving (direction and speed)?
3. When will we get there?

4. What risks are we taking?

Kayak navigation is the set of skills required
to answer those 4 questions.



Why not just use a GPS

° GPS Advantages g _ Space Component
— Easy to use. %
\\
S

— Accurate ... even with
restricted visibility /

 GPS Problems: \

— Electronics can fail ... a _
marine environment is hard {—\

on electronics e
— Batteries have limited life- @

spans ... and seem to fail
when you need them most.

User Component Control Segment

It fundamentally comes down to Aesthetics ... we paddle to immerse
ourselves in nature. So why navigate with your nose in a tiny LCD screen?

A GPS is a great back-up for limited visibility emergencies.
Leave it in your day hatch.




The Practice of Navigation

Orientation

Locations and Directions

Moving consciously across the water
Dealing with the environment



Orientation in the marine world

 Home based orientation... know the

direction towards home at all times.

— Great for your “"home waters”. Not practical for long
distance journeys or navigation in unfamiliar waters.

Figure 18 from David Lewis, “We the Navigators”



Orientation in the Marine World

« Chart—based orientation ... | know where my

*home” is relative to a chart, and | know where |
am relative to features on the chart.
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Earth’'s Coordinate System
Latitude Longitude

MNorth

Prime
Meridian
Equally spaced lines Closer together east to west as
North to South you approach the poles

http://www.geographyalltheway.com/ks3_geography/maps_atlases/imagesetc/latitudelongitude.jpg



1 minute of latitude = 1 nautical mile

Readlng a Nautlcal Chart
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Soundings (depths) from chart datum ... the mean lower low tide (when

in doubt, check the chart legend). NOAA tide tables use the same datum.




Charted depths and elevations

Charted depth (assume
7 ft in this case)

Reference elevation for
objects that “stay dry”

4
A

Typical
NOAA Chart | oo,
Datum. % 4+ (3rk *
Used for \ *8 o
depths F. ......... O (5)
Defines zero IR
on NOAA Sec o9 . 7
tide tables
Uncovers Always water
(green) (white or blue)

mean High tide

Lower low tide (0)

*(2) Always dry

(yellow or tan)

Based on Burch figure 2-6
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Reading a Nautical Chart
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submerged at high water)
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Alternating
White/Red light, 30
sec period 220 ft
above mean high
tide and visible
from 18 miles away

Green square
shaped beacon
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with the number

ITION
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AYE

16
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| visible from three miles with :

Flashing Green nght 4 sec
period on a tower 15 ft
above mean high tide and

the number “1” on it
(“Ra Ref’ = Radar reflector)
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Meaning of symbols from “Chart No. 1”
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Aids to navigation: Channel Buoys

Port side: odd When headi Starboard side:
numbered aids en heading even numbered

into port (In
North America)
Red Return
Right
FIG6s FIG4s FIR4s

Fl R 6s
Light Lighted Buoy Light Lighted Buoy
AN
R

Day Beacon Day Beacon

Aids to Navigation: A mark or object “outside the boat” to support navigation (e.g. buoy).
Source: US Coast Guard Light List, 2009. Navigational Aids: A tool used “:inside the boat” to support the navigator (e.g. compass)
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Learning about the symbols on a chart

Chart 1 defines the full set of symbols found on a nautical chart
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CHART NO. 1
UNITED STATES OF AMERICA

NAUTICAL CHART

Symbols Abbreviations and Terms

. It's free www.nauticalcharts.noaa.gov/mcd/chartno1.htm



Navigating by chart alone
can be tough

« Connecting what you see with
what’s on the chart can be hard.
« The picture below is what you'd

see if you were sitting in the red
kayak on the chart.

Source: Photo and Chart from Pat Welle



Navigating by chart alone can be tough

5“ 1 fr
- Connecting what you see 28/ 4 s 800
with what’s on the chart - bl LA
can be hard. 2 ' :..'1 Bay
750
Cape Foulweatt

you'd see if you
were sitting in the
red kayak on the
chart

Source: Photo and Chart from Tim Mattson

* This picture is what



Navigating by chart alone can
be tough

« Connecting what you see
with what’s on the chart can
be hard.

« The picture below is what
you'd see if you were sitting
In the red kayak on the
chart.

Jen Rahn off Cape Foulweather Oregon, picture by Tim Mattson and Kathleen Mattson



The Practice of Navigation

Orientation

Locations and Directions

Moving consciously across the water
Dealing with the environment



Finding directions and fixing locations

When a chart is not enough ... you need help fixing
your location.

When visibility is restricted or a crossing is too far to
eyeball navigable features ... you need help fixing
your direction.

When the going gets touch, you need a
compass

www.opticsplanet.net/brunton-compasses-70p.html
pricsp P P store.silva.com.cust.shopatron.com/products/345156/Ranger_CL__ 515 Compass



Earth’s magnetic field and the compass

« Compass: Spin
. Axis
— a magnet that aligns .
with the earth’s - Macneti
magnetic field ... Fi;g’:fnfs
points to “magnetic
north”.
. )
N @ |
Ay 77 |
: ) "e""
:@f':* Magnetic
et Axis

http://hyperphysics.phy-astr.gsu.edu/HBASE/magnetic/magearth.html



Compass basics: parts and usage

Compass needle

Orienting arrow / Direction of travel-arrow

/ The parts of a
—
hand held
compass
Orienting lines Compass dial (housing)

If you want to face ~
Northwest, (1) rotate ¥ %
the compass dial to & N, m—
) N

point Northwest

k ;\\\\\\m
%. (2) hold the compass flat and square to your body.
S

(3) rotate yourself (keeping compass flat and square to
your body) until North on the orienting arrow lines up
with the red compass needle.



Compass jargon

« Basic terms: bearing, heading, course, and line of position

®
Current or
wind
Towers
A Poorly
‘ ‘ drawn buoy =
. =
ot %@
& o 9
& b
)
QO y

i

/HP ESS
==

~~—,

© P

« Deviation: the difference between an accurate and the observed magnetic bearing
due to man made compass interference. For example, a large metal object
packed beneath a deck compass will cause a deviation.




Magnetic North Pole

Magnetic North is different than

. true north pole.
Location of the North Pole The Angular difference

between true and magnetic

poles (0) is called
“variation” on sea or

“declination” on land.

Note that the north pole is
actually a south pole since the
field lines go “into the earth” at
this point ... but its traditionally
been called the north pole and
the name has stuck.

http://gsc.nrcan.gc.ca/geomag/nmp/northpole_e.php



North Pole Movement (secular variation)

 The North Pole is ' i
drifting at about 25
miles per year ... the
rate of drift seems to
be increasing.

* |t could be in Siberia

In 50 years!
Year Latitude ( °N) Longitude ( °W)
2001 81.3 110.8
2002 81.6 111.6
o A | o™
2003 82.0 112.4 . Path of Pole . L
movement since
2004 82.3 113.4 its discovery in
B 1831
2005 82.7 114 .4 L R

10 gy 100" W W
http://gsc.nrcan.gc.ca/geomag/nmp/long_mvt_nmp_e.php



Connecting the compass to a nautical chart:

The compass rose
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* You read
magnetic
bearings from
your compass

 You read true
bearings form
the longitude
lines on the
chart.

« The compass

rose reports
the difference
between true
and magnetic
north ... this is
called the
“variation”.



Using Bearings from a chart

You are at John’s pass and want | - - - | 1. Draw a line from John’s pass
a compass bearing to the tip of |-~ Jp to the tip of Waldron island
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Using Bearings from a chart

You are at John's pass and want
a compass bearing to the tip of
Waldron island
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1. Draw a line from John’s pass

9B

to the tip of Waldron island
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4. Read the bearing
off the compass.

| This is a “true”
bearing (52 deg).
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3. Rotate the dial until the orienting lines line

| up with the longitude lines (north south lines)
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Using Bearings from a chart

You are at John's pass and want = o
a compass bearing to the tipof |-~ ="
: - 74 P

Waldron island R

_}:F ] Em 574 = 1 :
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Memorize the formula to
modify true bearing with
the variation to produce
the magnetic bearing.

In the west U.S.

Put compass onto chart,
(mag. to true) add

You need a magnetic bearing to
take a bearing in the “real world”.

~ 9B

-

Bkipjack lsland  =e .,

e 0 F=rm¥s
¥uwn e .

22 !

N .00 [#¥ .87

Flas1eem . 94

N ..00 ¥ 8¢

N .00 Je¥ 8¢

compass rose as a
. \ conversion table ...
%l just read off the rose

variation.

— Take compass off the
chart (true to mag.),
subtract variation S

52 deg — 18 deg = 35 deg.
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Triangulation to fix your position.

* Take your bearing to two known points on

a chart. Draw the lines tOIfIX your location.
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The Practice of Navigation

Orientation

Locations and Directions

Moving consciously across the water
Dealing with the environment



Moving consciously across the water

As you move across the water, you need to know
where you are from one moment to the next.

You need to move across the water in a well
defined and controlled way.

You need to know how you are moving at any
moment.

Two key methods:

— Piloting ... using landmarks and other features

— Dead reckoning ... deducing motion based on time and
velocity



Piloti

4

ng

._,f..'ﬁﬁ Flvds
AR g

Piloting ... navigating by
traveling from one known
feature to the next ....

Combine a set of features to
define a route to your
destination

The key to piloting is to
always keep track of where
you are with respect to
features on your chart.

— Use triangulation from enry
time to time to verify your
position.

— Use ranges underway to
gauge progress relative
to known features.

gauge your location relative to key landmarks.




Ranges and detecting motion off-shore

« Ranges: a pair of objects lined up to define a line of position.

* Pick two well separated objects. The motion of the rear object shows
your motion.

Use Rangesto |
make sure you are <
Current or making progress

wind Towers
3 (2)
D l ®
&
o)
(@)
o
©
2
%)
QO
Q

AL /

A Poorly ﬁ
drawn buoy

>
=
»»




Dead Reckoning

* Dead Reckoning ... deducing your position over
time based on your velocity and the elapsed time:

— Requires accurate idea of your paddling speed and
environmental forces that impact your speed (current,
wind, etc.).

 When do we use Dead Reckoning:
— when there are no landmarks or
— when there is reduced visibility.

— to keep track of progress between chart features when
piloting.



Dead Reckoning Example

« Paddling at a three knot pace against 1
knot of current for 30 minutes. How far
have you traveled?

(3 nm/hr — 1 nm/hr) * (1/2 hr) =1 nm

To use Dead Reckoning correctly, you must develop a
feel for your paddling speed and pay close attention to
the currents around you.

Nm = nautical Mile, hr = hour



The Practice of Navigation

Orientation
Locations and Directions
Moving consciously across the water

Dealing with the environment
— Current

— Weather

— Tides



Current and wind

* Current (and wind) can push you off course.

You must learn how to
plan around current

— Paddling with
current can be fun.

— Paddling against
the current can be
difficult, stupid or
even dangerous.

— Current squeezing
through
obstructions and
over submerged
shelves forms
rough water ...
called a “tide race”.

Warren Williamson at deception pass in 50+ knots of wind and 6 knots of current. Photo by
Pam Powell taken from the deception pass bridge. Source: Sterling's kayaks web page.



Crossing in Current (Rosario Strait)
Crossing from tide pointto | - - :»ff /

Obstruction pass with a fixed
compass heading

)] LN —q ‘.J = .
Yl o ! # .
o N
s - 2 (ol
V-t ) %
e, v .
o o, )
R i
"
. : [ )
1

Obstruction
Pass

Current

Nautical miles



Crossing in Current (fixed headlng)

Crossing from tide point to Wl
Obstruction pass with a fixed /< bk

compass heading

Obstruction
Pass

: \ Sum of cuvsrent and
kayak motion -

Nautical miles

-~ | Afixed heading

In current puts
you past your
goal




CFOSSIng |n Current (always pomtlng atyour goal)

Crossing from tide point to obstruction

pass while pointing at your goal

Obstruction
Pass

Once again,

you puts you
past your goal

Nautical miles




Crossing IN Current (Compensate for current)

How do you safely navigate a crossing when current (or high wind) are
pushing you past your goal? .... Let's consider a specific example

§ SINC

L))

- 1 You are leading a group from Tide
- ™| Pt. to Obstruction pass during peak
® | flood ... 2.5 knot current

The group is experienced, can hold a

Obstruction
| 3 knot pace for an hour

Pass

| Should you do the crossing now?
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Crossmg In Current (Compensate for current)

| You are leading a group from Tide
Pt. to Obstruction pass during peak
flood ... 2.5 knot current

"~ | The group is experienced, can hold a
| 3 knot pace for an hour

| Should you do the crossmg now?

Obstruction

_ O ; ,?Q

Pass

| ‘ | Flrst step . figure out
w1 e S .j-\:_: what the current would
L. )” 2| do to a direct path

\;* Tide Pt. || across the channel
.',_‘I NN s W ) TR

B | A K EL Y
i 1 AU ) \
4 "/-‘ - E’\ ‘ "\ e fa NG ‘;)

Nautical miles



Crossmg In Current (Compensate for current)

| You are leading a group from Tide
Pt. to Obstruction pass during peak
flood ... 2.5 knot current

The group is experienced, can hold a

Resultant = | 3 kot pace for an hour
: path %}

5/6 hr
knots

Should you do the crossing now?

Obstruction *; E = AR
Pass » = N
FE () R
RN &
(e A B
L% 2.5nm,5/6 hr @3knots | | T9e Pt
3 P RN _',J'f'-
1. Draw line for path W|th no Ve N T
= ] \ ;\\ /ap

current ... measure distance

(2.5 nm) and compute zero .\ - A9 So now YOU know just

current crossmg time (5/6 hr) N S . | how far the current will
T SSancY .. 3 push you off course.
2. Use that tlme and current N S L YN 727205
speed to find vector for how AN B R L - ﬁ/ 2 IR W=7
far current will push you. Y /| N - /AN ) :/j-{i&
s AT ,/ [iile ] NI o L 7 N {
7ttt 7!

3. Add them togethertoget | 0 | 1 5
route. Nautical miles




Crossing in Current (Get high. Stay high)

Solution: you have two options:
1. Don’t cross now. Wait for less current

2. Go now , but “get high and stay high”
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Obstruction
Pass
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I ] o
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7

P Roseston

A

Get high l.e. head upstream
before starting across.

Stay high ... plan to arrive
upstream of your target (note:
we use the same technique
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Ranges and ferry angles

* Ferry ... modify your heading to face into current or wind to offset its
effect on your course.

« Use ranges to set and verify your Ferry angle

Adjust Ferry angle to keep 4
Current these object in line Towers

Ferry Angle

A Poorly

\/ / o drawn buoy
S
oW



Current Hazards ... tide races

Tim Mattson at Sechelt Narrows, B.C. (Skookumchuck), Aug. 2010. Video by Sterling Donaldson.



Working with Forecasts

* You must look up currents before you go on a trip
S0 you can plan around them.

Remember: most paddlers can only hold a 3 knot pace over long
distances so any current approaching 3 knots or more can get you into
deep trouble!

weather and swell http://www.wrh.noaa.gov/

tide height http://tidesandcurrents.noaa.gov/tides11/

current information http://tidesandcurrents.noaa.gov/currents11/




Current Definitions

Set of the current — the direction towards which the
current is flowing.

— E.g. A current flowing from the north to the south is called a
southerly current. Notice that this is opposite to the convention
with wind for which direction indicates where it is blowing from.

Drift of the current — its speed in knots.

Flood — the current that occurs when the water flows from
the sea towards shore and increases the level of the tide.

Ebb — a current that occurs when water flows from shore
towards sea and the level of the tide decreases.

Slack — the state of relative calm when the current
changes from an Ebb to a Flood or visa versa.

— Notice: the more precise term now used on current forecasts is
“‘minimum before flood” or “minimum before ebb” since in
many cases the water never stops moving.




NOAA current entry page
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2009 Tidal Current Predictions

MNOTE: NOAA's Center for Operational Oceanographic Products and Services {CO-0OPS) has created a supplemental tidal
current publication for the marine nawvigation community of Cook Inlet, flaska for the last quarter of 2008 and all of 2009. The
tidal current predictions in this publication are a reproduction of data that is published in the 2009 Tidal Current Tables, with
the addition of two new stations near Mikiski. These two new stations, Tesoro Pier and Unocal Pier, S of. will be published in
the 2010 Tidal Current Tables. Data collected at the two new sites in summer 2008 were gathered in response to user
requests to provide more representative current velocity predictions aiding in the safe docking of large ships at these piers.
In this supplemental publication of the Tidal Current Tables, Tesoro Pier is published as a Table 1 station to provide daily
predictions at this critical location. The Forelands serves as the primary reference station for the Table 2 secondary stations
in central Cook Inlet. Unocal Pier, S of. appears in Table 2 as a secondary station referenced to The Forelands. These
updates provide improwved tidal current predictions for safe marine navigation within central Cook Inlet.

Link: Special Predictions for Central Cook Inlet {PDF) {Get PDF reader)

This system will allow you to obtain tidal current predictions computed by CO-0OPS for more than 2,700 tidal current locations
along the U.S. coastline. The publication of full daily predictions is limited to a select number of "reference stations." The
remaining stations are referred to as "subordinate stations." Tidal predictions for subordinate stations are be obtained by
applying specific differences to the times and speeds of the predicted tidal currents for the specified reference stations.

These pages provide a listing of the 2,700 plus reference stations and subordinate stations. Selecting the "predictions" link
beside a station listing will provide tidal current predictions for the location with the differences already applied.

Unlike tide stations, which are normally located along the shoreline, most tidal current stations are located offshore in
channels, rivers, and bays. Tidal current stations are often named for the channel, river, or bay in which they are located or
for a nearby navigational reference point. & map or some personal knowledge of the area may be necessary to help identify
stations in the area you are interested in.

The list of subordinate stations has been broken down into states and other areas where tidal current stations are located.
Each state is further broken down into regions. Each region presents a list of the tidal current stations in the area. The
stations are listed geographically; thus, stations that are near each other along the shoreline appear together in the listing.
This assists the user in locating a station of interest.




Current Regions in Oregon and Washington

File Edit View Favorites Tools Help

=] B |

Tidal Current Tables - Microsoft Internet Explorer

D

. — n N
QBack - J ~ | ,y: .'_\J | P ) search “;\'/ Favorites Q-‘i

Address Iﬁj http: fftidesandcurrents.noaa. govfcurrents09/cpred2. himl #0R

B = = |Links =

OREGON and WASHINGTON

Oregon Coast

Columbia River

Washington Quter Coast

Strait of Juan de Fuca

Admirality Inlet

Hood Canal

Puget Sound, north of The Marrows
Puget Sound, south of The Marrows
Possession Sound to Skagit Bay
Rosario Strait
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ALASKA

Dixon Entrance, Pierce & Portland Canals
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Lynn Canal & Chatham Strait

Sitka Sound to Salisbury Sound
Eeril Strait to Cross Sound

Glacier Bav to Icy Bav

Erince William Sound




Columbia river current stations

‘ ; Current Station Locations and Ranges - Microsoft Internet Explorer
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COLUMBIA RIVER and APPRORCHES BEverage Speed and Direction
| Min EBefore Min EBefore
] Flood Flood Ebb
Station Depth Latitude Longitude S5pd Dir 5pd Dir 5pd Dir

| Sand Island Tower, lnm SE of (midchannel) 15 4% 15,17 123%59.,45" 0.1 0le 3.9 107 0.3 181

{| Bredictions d Island Tower, 0.9nm S5E of (north channel) 15 4% 15.47" 123°59.67" 0.2 015 .1 092 0.1 184
Predictions Baker v entrance, E of Sand Island Tower 23 4% 15.72° 123°59,.88" .2 008 - - - =
Predictions Clatsop Spl NNE of 15 4% 14,77 123°59.685" .6 114 1.2 205
Predictions 5Sand Island, S55F~gQf 12 4% 15.33" 123°58.08" .6 097 - - - -
Predictions Youngs Bay Entrance 17 4% 11,18 123°53.27" 1.7 093 0.1 0086
Predictions Youngs Bay Bridge 9 4% 10.87" 123°52.1 - - - - 0.8 135 0.1 222
Predictions Hammond, northeast of ship chamagl 15 4% 12.87" 123°56 0.1 218 0.8 134 0.1 230
Predictions McGowan, 55W of 1.7 107 - - - =
Predictions FPoint Ellice, east g There are so many Of them Soc I fOCUS on 1.8 .1 338
Predictions Point Adams, NNE OF . . 1.8 0.4 210
Pmicons crineck pozzc, wsv 4 tNE WOISt case scenario and pick the 2.2 0.4 199
Predictions Tongue Point, northw . . . 0.8 - - - -
Erenicnons wesay 1sana crennel] St@tION With the greatest current swings 10 118 - - - -
Predictions Woody Island Channell—e==r = = - — = - — 0.5 081 0.1 358
Predictions Quinn Island, Prairie Channel 8 4% 14,23 123°30.20" - - - - 0.5 087 - - - -
Eredictions Clifton Channel 10 4% 13.07" 123%27.32" - - - - 0.5 118 - - - -
Predictions Hunting Island, south of 20 4g°% 12.43" 123°24.25" 0.1 208 0.3 12 - - - =
Predictions Cathlamet Channel, SE of Nassa Point 19 4% 03,37 123°18.90" 0.1 221 0.2 103 - - - =
Predictions Walker Island, south of 12 4% 08.47" 123°02.75" - - - - 0.4 148 - - - -




Sand Island, 1nm SE of (midchannel)
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i Sand Island Tower, 1nm SE of {midchannel)}

: Predicted Tidal Current October, 2009

: Flood Direction, 107 True. Ebb (-)Direction, 275 True.
MNOL&A, Mational Ocean Service

Slack Maximum Slack Maximum Slack Maximum Slack Maximum Slack Maximum
Water Current Water Current Water Current Water Current Water Current

Time Time Veloc Time Time Veloc Time Time Veloc Time Time Veloc Time Time Veloc
h.m. h.m. knots h.m. h.m. knots h.m. h.m. knots h.m. h.m. knots h.m. h.m. knots

0021 03220 -4.2 0736 1057 +3.2 13202 1549 -4.2 2003 2310 +2.7

0109 0401 -4.5 0808 1118 +3.4 13324 1625 -4.8 2038 2337 +3.2
‘ 0153 0438 -4.5 0839 1132 +3.5 1404 14857 -5.3 2112

oooz +3.5 0235 0512 -4.5 0910 1151 +3.7 1433
0030 +32.7 0315 0545 -4.2 0942 1218 +3.7 1502
0102 +3.8 0358 0618 -4.0 1017 12499 +3.7 1533
0141 +3.8 0442 0655 -3.7 1055 1325 +3.7 1807



The 50/90 rule

« The NOAA tables provide times for slack and peak.
 Use the 50/90 rule to estimate current at other times:

Peak flood or ebb

N

il

Minimum before ebb
or flood (slack)

Peak ebb or flood
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Divide time from
peak to slack into
three equal
segments (~1 hr)

2r'|d 3rd 15’[ 2r'|d
hour hour hour hour

*90% of peak after 1st segment
*50% of peak after 2" segment
*0% (slack) after 34 segment

Reverse process back to peak

*50% of peak after 1st segment
*90% of peak after 2" segment
*100% (peak) after 3" segment

This rule interpolates abs(cos(n*pi/12)) for n =0 to 12. it comes from David Burch, Fundamentals of kayak Navigation, 1987




Weather

« Dealing with weather is simple ... always check
forecasts and know your limits.

 It's the wind that matters most. Key issues for
understanding wind:

— Direction: Stated in terms of where the wind comes
from (opposite of the convention with current).

— Fetch: the span of water the wind blows over.
— Time: How long has the wind been blowing?

Anything over 25 knots is very tough! Only advanced paddlers working in
well practiced teams should choose to paddle beyond 30 knots ... and
even then, you better hope you're heading downwind!




Weather underground .. llwaco WA Oct 16, 2009
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Marine Forecast, llwaco WA Oct 16, 2009
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Marine forecast options OR/WA coasts

Marine Forecast : Weather Underground - Microsoft Internet Explorer
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Marine forecast Oct. 16, 2009
cascade head to cape shoalwater westward 20 nm
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Origins of tides

* Tides come from
oceans bulges due to
gravitational forces
from the sun and the
moon.

» Biggest bulges when @

the sun, earth and
moon are lined up

Animation from Diederik Willemsen, www.sailingissues.com



Spring and Neap Tides

Neap Tide:
moon 90° from
sun/earth axis

}

Spring Tide: moon
in line with
sun/earth axis

Heiz hi

Water Level
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A HW
N

—= Time

half moon
N—

Full and new moon
__J/

~

~ seven days

Figure from Diederik Willemsen, www.sailingissues.com



Tides depend on
many factors:

« Shape of the
water basin

* Frictional forces
* Coriollis effect
 Weather

3 Types of Tides

* Diurnal: one high and

one low (e.g. Corpus
Cristi, TX)

e Semidiurnal tide: two

highs, two lows per
tidal day. Roughly
equal magnitude (e.g.
Boston, MA)

 Mixed: wide variation

in highs and lows with
longer tidal cycles
than a diurnal tide
(e.g. Tacoma, WA).
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2009 Water Level Tidal Predictions

This system will allow you to obtain tidal predictions computed by CO-0OPS for more than 3,000 water-level stations. The
publication of full daily predictions is limited to fewer stations. These stations with full daily predictions are referred to as
"reference stations." The remaining stations are referred to as "subordinate stations." Tidal predictions for subordinate
stations can be obtained by applying specific differences to the times and heights of tides of the specified reference stations.

These pages provide a listing of the 3,000-plus subordinate stations with the differences already applied. These differences
are located in the prediction header. The list of subordinate stations has been broken down into states and other areas where
water-level stations are located. Each state is further broken down into regions. Each region presents a list of the water-level
stations in the area. The stations are listed geographically; thus, stations that are near each other along the shoreline are
near each other in the listing. This simplifies locating a station of interest.

A description of the information provided in this section can be found by clicking on the ﬁ symbol found throughout the
listing of subordinate stations.

Bookmarks/Links:

Bookmarks/links may be created to the daily predictions for specific stations using the URL listed when the predictions for that
station are displayed. Bookmarks/links may also be created to the station listings for a region. However, that bookmark/link will
only provide access to the predictions for the year available when the bookmark/link was created. Each successive year of
predictions will use a different URL, and thus any bookmarks/links must be updated to access each new year of predictions.

memzienont - Glick the link for your state
=71 (Washington in this case)

£ table chan

home | products | programes | partnerships | education | help

NOAA [ National Ocean Service
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Washington/Oregon tide stations
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+« Puget Sound

5 Edmonds. Seattle, Des Moines area

5 Tacoma, Arcadia. Olympia ares

3 Possession Sound, Port Susan, Skagit Bay area
* Rosario Strait

ALASKA

Dixon Entrance and Portland Canal
Revillagigedo Channel and Tongass Marrows
Behm Canal
Clarence Strait
Cordova Bay and Dall Island
Meares Passage to Davidson Inlet
Sumner Strait and Wrangell Narrows
Keku Strait, Fredrick Sound. Stephens Passage
Lvnn Canal and Chatham Strait
Baranof Island. Salisbury Sound. Chichagof Island
Cross Sound and Icy Strait
Gulf of Alaska
Prince Wiliam Sound
Kenai Peninsula and Cook Inlet
Kodiak and Afgonak Islands
Alaska Peninsula
Aleutian Islands
5 Unimak and Unalaska Islands
5 Umnak, Yunaska, Atka [slands
o Adak, Kanaga. Tanaga, Rat and Attu Islands
« Bristol Bay
+ Kusokwim Bay and Bering Sea
« Morton Sound. Bering Strait. and Arctic Ocean

Pacific Islands

Marianas Islands

Federated States of Micronesia

Marshall Islands

Hawaiian Islands

Erench Polynesia

Cook Islands, Samoa Islands. Tonga Islands
Eijl. Tuvalu and Kinbati
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Tide Stations along Columbia river
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Baker Bay (a-jetty) tides
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Tidal variation from day to day

« Basic facts:
— Earth rotates once per 24 hours.
— Moon orbits earth in 28 days.

 Moon position at same time Day 1
from one day to another

— When you finish a full rotation,
the moon has moved 1/28 of an
orbit ahead of the previous day’s
position

* Impact on tide:

— Tidal bulge follows the moon’s
position.

— Hence tide moves “forward” by
1/28t of a cycle or ...

— Tide is shifted 24/28 * 60 = 51
minutes later.

®@ Day 2

Earth



Estimating tidal variation from day to day

Rule of sevent

moon earth

Spring -0—e—0

Full moon
7 days
moon
Neap ;earth
Half moon
7 days
earth moon
Spring O—e—0
New moon
7 days
earth
Neap i
moon Half moon
7 days
moon earth
Spring -0—e—0
Full moon

NS

« 7 days from spring
to neap.

« Assume a linear
variation, 1.e.:

— Each day tidal range
changes by 1/7
spring/neap change.

 Example:
— Spring range 12 feet
— Neap range 6 feet

— 3 days after full
moon, tidal range

will be:
12 — 3*(12-6)/7 = 9.4 feet



Estimating Tides: The rule of 12t"s
Tide varies from low to high (and back again)
according to a smooth curve called a sine wave.
The rule of 12"’s approximates a quarter sine wave

— Divide time from low to high tide into six segments (~ one hour
segments).

— The change after each segment (hour) expressed as a fraction of 12:

First hour 1/12 ~ ioh fide
|

Second hour +2/12 [ |

Third hour +3/12

Fourth hour +3/12 >

Fifth hour +2/12

Sixth hour +1/12 /

Low tide /




Summary

* You should always know:
1. Where are we?
2. How are we moving (direction and speed)?
3. When will we get there?
4. What risks are we taking?

« Kayak Navigation: the tools to answer those questions:
— Orientation
— Locations and Directions
— Moving consciously across the water
— Dealing with the environment




Next Steps

You can not learn navigation by listening to a
lecture. You must go out and practice.

— Get a chart for local waters you enjoy ... make sure its
big open waters with lots of interesting features.

— Study the chart with a copy of “chart 1" in hand and learn
the symbols.

— Get a compass and play with it until its use is second
nature.
« Setting and holding a heading
* Moving between true and magnetic bearings
 Triangulation

— Routinely track weather, current, and tide forecasts for
iInteresting areas ... get familiar with the jargon




Chart 1 ... all the
symbols found on
a NOAA nautical
chart. PDF
available online
from NOAA.

We the navigators
by David Lewis ...
A study of the
greatest
navigators in
human history
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