Introduction to Sound Speed
and its Application to
Multi-Beam Data




Sound Speed Protile

e Why do we need to measure the water column sound
protile?

e What data problems occur it we don’t?

e How do we measure the profile?

* How do we apply the profile data to our Multi-Beam
Echo Sounder data?




How sonar measures depth

t, = ping time down

t, = ping time up

S = speed of sound
in water

d = water depth
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Example

Our ping takes 4/100" of a second for the echo
to return to the ship

t, + t, = 0.04 seconds
S = 1500 meters/second (assumed)

t, = ping time down

t, = ping time up

S =speed of sound in
salt water (~1500 m/s)

d = water depth




Factors which affect sound speed in
Sea Water

* Temperature:
speed increases by about 4.6 m/s per degree C.

e Salinity:

speed increases by 1.3 m/s for each PSU increase.

e Pressure:

less than 0.2 m/s per atmosphere increase
(each 30 meters depth)*




Measuring sound speed

water Doy melers

Summer CTD cast showing measured temperature and salinity relative to depth,
the sound speed profile (right) may be calculated from these using
Velocwin program.




June - Alaska
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Sound Speed Profile

April -
Puget Sound
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April -
Lake

Washington
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Chen - Millero Equation

c(S,T,P) = Cw(T,P) + A(T,P)S + B(T,P)S3/> + D(T,P)S>

Cw(T,P) = (Cpo + C, T + C,, T2 + C ;T3 + C, T4 + C, . T5)+
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A(T,P) = (A, + Ag T+ A, T2+ A T3 + A T4) +
(Alo + AuT v A1sz + A13T3 +A14T4)P +
(Ag + AT + AL TP
s i s Celsius
B(T,P) =B, +B_T + (B, + B,T)P tepperderean de?grees Celsius
S = salinity in PSU or ppt
P = pressure in bar

D(T,P) =D, + D, P . L
Everybody else 1s a coefficient
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Simplitying this Cast
! .




How a Vertical Beam 1s Affected

Average sound
speed for water
column = 1498m/s
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Round trip time: = a4m - 0.0294 seconds

1498 m/s

If we use the sound speed 0.0294 sec * 1503 m/s = 22.07 meters
at the surface we will measure 2

the depth to be:




How an Outer beam 1s attected
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As the returning SONAR beam
passes through the thermocline
it is refracted.

The larger the sound speed variation is
above and below the thermocline, the
more the beam is bent.
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Snell’s L.aw of Retraction
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Sound Velocity Error
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Signature of Sound Speed Artifacts
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Visual of Sound Speed Error

Ship track lines

.

2 dimensional and 3 dimensional view of
data which needs sound speed applied.
Yellow stripes are the ship track lines.

ey

The ripples which run perpendicular to
the ship track lines are a heave artifact;
a subject of another lesson.
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How do we measure sound speed?

Tools:
Velocimeters
Sound speed and depth
CTDs
Conductivity (salinity)
Temperature
Pressure (depth)
XBT
Temperature only
TSG (Thermo-Salino Graphs®
Temperature
Conductivity (Salinity)




How we download and process sound speed?
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Concatenation

20.45
20.55
26.72

0.99
1.04
2.88
3.95
5.06
5.98
6.91
8.00
9.01
10.00
10.99
11.98
13.03
14.32
15.15
15.97
17.03
18.41
18.81
18.91
24.59

0.80
0.85
297
4.04
4.98
597
6.98
8.01
8.97
9.94
11.01
12.05
13.00
13.96
14.97
16.03
16.96
18.04
19.52
20.35
20.66
20.85
27.10

1.07
1.1
2.93

1503.03
1503.03
1503.12

Section 2008-300 21:39 41:06:35 -072:24:10

1502.24
1502.28
1502.35
1502.38
1502.41
1502.44
1502.49
1502.53
1502.56
1502.58
1502.62
1502.69
1502.81
1503.07
1503.22
1503.27
1503.31
1503.36
1503.37
503.37
1603.73

Section 2008-301 '2:51 41:06:26 -072:24:13

1502.35
1502.40
1502.52
1502.61
1502.66
1502.69
1502.72
1502.77

One cast :

the header lists
date, time, lat/lon.
CARIS HIPS needs
this information to
determine which
cast to apply to a
given line of MBES

data.

1502.81

1502.84
1502.85
1502.86
1502.90
1502.94

Sound speed
(m/s)

1502.97
1502.99
1503.01
1503.03
1503.05
1503.06
1503.07
1503.07
1503.21

Section 2008-301 18:01 41:06:59 -072:24:29

1502.77
1502.76
1502.52




Applymg the Cast using HIPS:




Data After .svp 1s Applied




Questions?




