






























































































































































































4.5 Wind 

Wind direction and speed are controlled by the presence of the Aleutian low in 

winter and by the North Pacific high in summer. The Aleutian low produces strong 

south to southeasterly winds in winter while the summer months bring northwesterly 

winds along the southern British Columbia coast and southeasterly winds along the. 

northern coast. 

4.5.1 Data Description 

While the Aleutian low and the North Pacific high are predominant in this region, 

there are other local effects on wind patterns. Winds are modified by fiords and the 

coastal mountain ranges near the coastline. The flow of air gets interrupted around these 

obstacles, causing it to be accelerated in some regions and slowed in others. The wind 

also tends to blow along the coastline and funnel into or out of fiords. Wind speed shows 

a tendency to decrease as the coast is approached. 

A high pressure system is usually formed over western North America during the 

winter months. This system brings cold arctic air into northern British Columbia and on 

occasion into southern British Columbia. This arctic air occasionally cascades down 

mountain passes and produces very strong outflow winds in coastal inlets. These winds 

are dangerous to maritime operations for several reasons; gale or storm force winds, 

severe icing conditions and poor visibility. Any or all of these conditions can exist 

during this phenomenon, called an arctic outbreak [Figure 4.7]. This can be persistent in 

northern coastal regions, but occurs less frequently around Vancouver Island. In the 

southern region, arctic outbreaks will normally take place in the vicinity of the Strait of 

Georgia but reach the west coast of the island on occasion. 

79 



Figure 4.7 Typical arctic outbreak along British Columbia coast. Winds can reach 
60 knots or more [after Pengelly and Oja, 1990]. 

Figure 4.8 is a rose key explaining the data which follow. Wind roses for all seven areas 

of interest are contained in Figures 4.9 - 4.15. 

4.2.5 GIS Data 

The GIS contains wind speed and direction charts covering west coast areas of 

interest. Both wind speed and vector diagrams of wind speed and direction are included. 
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MacLaren Plansearch Limited, 1993]. 

81 



40 07-

<O~ 
40% 30 40% 

25 
25 

30 30 

•••••.• 20 •..•... 20 20 

•..... ~ .... 20 ., 
'0 

; ( / ;' 9.3 . ". ". \ \ 50 ... ~ .. 15 : , 3 : 

:. .... .... ..... III : .:' i i 15 ........ ~ ..... :' i 
............. :: ........ ~ ............. :.: .... 10 .:..................... .: : ..... 10 

5 5 
100:>': 

kt. kt. 
Samples = 1552 Samples = 

JANUARY FEBRUARY 

25:>:: 30 07-
30% 

30 

20 20 20 

15 
15 

50 : 
10 

10 

.' 

5 
5 

1007-
kts ........ k1. 

Sample. = 1097 Samples = 

APRIL MAY 

40% 25 07-
40% 

30 

... '\(:; .... 15 ··X';··· 151 

: . . V '. 
/., ..... '.: "'1'0 .' •.. 10 1 

• .' • ..' I '0 " 

;' (.~.: ~.~ ". 50 10 :~ ". . ... ~. : 
" .... ~ .. 

5 
5 

1007-
kts kt s 

Samples = 1290 Semples = 

JULY AUGUST 

45+_ 07- 45+ i"ii' 4 o !I! 
25 30' 

30 
20 25 ....... 20 

15 : .... ~ ...• 20 
: ., " . 

50 : : 04 :: 
10 

" . . .' .' ' 15 

..... ~-. ... ,: :' 
10 5 ........ 

100:>': 
5 

kt. kt s 
Samples . 1708 Samples = 

OCTOBER NOVEMBER 

07-

50 

1007-

1121 

07-

50 

1007-

1169 

07-

50 

1007-

1710 

07-

50 

1007-

1678 

25:>:: 

20 ...... , 5 

." '0 

MARCH 

40T. 

•·· .... ··30 

.~. 
. . •.... 20 '. 

:' .. ' . 10 ". 

(' ,::' ::.,. 2' '--: '. 

", ", ......... 

JUNE 

30% 
. 25 

.~ · .. ·20·. 

>~';' ...... .. ·x· 5 '. . . ::' " ),.' . . , 4:2~ 
.. ~ ~.' .. . ··.1·.·.: 

....... 

SEPTEMBER 

JO~ 

25 
......... 20 

.' ...... '5 " . 

35- 07-
25 

20 

151 50 

10 

1007-
kts 

Semp'es = 1144 

30 07-
20 

15 

10 
50 

5 

I 
1007-

k t • 
Samples = 1120 

40 'ft 07-
20' 

15 
I 

10 1 

50 

5 

1007-
kts 

Sarnples = 1770 

45+ __ 07-
JC I I 

25 1 

:.":: '.: ... <~~~;~ ........ " ..... ' . 
:::~I':: 

20 

15 50 

::., · .. 4,{:·.:· 
" .. "-".~ .............. ~: 

DECEMBER 

10 

5 

1007-
kts 

Samples = 1876 

Figure 4.9 Monthly frequency of wind speed and direction in area 1 - west coast 
Vancouver Island [after MacLaren Plansearch Limited, 1993]. 
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Figure 4.11 Monthly frequency of wind speed and direction in area 3 - Hecate Strait 
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Figure 4.13 Monthly frequency of wind speed and direction in area 5 - west coast 
Charlottes [after MacLaren Plansearch Limited, 1993]. 
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Figure 4.14 Monthly frequency of wind speed and direction in area 6 - Bowie [after 
MacLaren Plansearch Limited, 1993]. 
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[after MacLaren Plansearch Limited, 1993]. 

88 



4.6 Wave Height 

Wave height can be an important factor in maritime operations. All vessels 

experience some degree of discomfort in moderate to high sea states. For smaller boats, 

this can become critical to vessel safety. Wave height can be attributed to the following 

factors: 

a. Wind speed; 

b. Fetch - the distance which the wind blows across the water from the same 

direction and with constant speed; and 

c. Duration - the length of time the wind persists without changing direction 

or speed. 

4.6.1 Data Description 

For small vessels, wave steepness can be more critical than wave height. It can 

be easier for a boat to ride a high wave with a long wavelength than a short, steep wave. 

An example of the latter is a cross wave, where one set of waves is moving at a different 

angle from another. When they meet, pyramidal shapes are formed with short, sharp 

crests. This condition can occur in two ways. Wind waves and swells can propagate in 

different directions. This happens when new waves are created after a distant storm has 

left an old swell. The second method occurs after the passage of a frontal system. The 

waves existing on the leading edge of the front will confront the newer waves created as 

the front passes through. A third method of creating these cross waves is through wave­

current interaction. This occurs when the wind is blowing across the direction of the 

current. Mariners must also be aware of increases in wave height near the shore or over 

shallow areas before the waves break. 

In all areas, the highest wave heights occur in the winter months in the presence 

of the strongest winds. In sheltered areas such as Queen Charlotte Sound, Hecate Strait 
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and Dixon Entrance, sea states are lower due to less severe winds being present. In 

addition, the shorter fetch distances do not allow the sea state to build as much. Even so, 

sea states can still build up to 9 metres about three times a year. 

The key which explains the wave roses that follow can be found in Figure 4.8 in 

the previous section. Figures 4.16 - 4.22 illustrate wave roses for all areas. 

4.6.2 GIS Data 

The GIS contains scanned images of combined wave height charts. These show 

the percent that waves are less than 2 m or greater than 6 m. 

90 



40X 

30 

.• ' ····20. 

JANUARY 

50X 
.•.•....•..... 40 

7.0+ 

6.0 

5.0 

4.0 

3.0 

2.0 
1.0 

07. 

50 

1007. 
m 

Semples = 744 

7.0+ 
5.0 

07. 

•. ······30 4.0 

(~'\:;)) :: 
......... 

APRIL 

••••• 60X 

50 

1007. 
m 

Semples = 7 19 

4.0 07. 

( ... ·::~:~l.\ 2.0 

50 

1.0 ..... '" ....... 
............. " ,'".'.,:' 

'. 

........... 

JULY 

50ll: 
................... -. 40 

1007. 
m 

Samples = 744 

4.0 07. 

c::···ii'·::·········\ 
\ ........ <>.:: .... :'.:::'. ::"-:'./.:::.:;~:/ 

3.0 

2.0 50 

" 
...... 

......... 

OCTOBER 

1.0 
1007. 

m 
Sample. - 744 

FEBRUARY 

50'1 

40 

.··•· .. ·30 

07. 

50 

1007. 
m 

Samples = 680 

5.0 T"T 0,.. 

3.0 

(:f7ji,.::> ......... . 
.... .•.• . ... ". . ............... ,: .. .. 

", \' ....... , ........ pO" •••• .. 

50 

2.0 

1.0 

'. 

: 

........ 

MAY 

AUGUST 

..... ". 30 

.··· .. ·20 

NOVEMBER 

1007. 
m 

Samples = 744 

3.0 

2.0 

1.0 

07. 

50 

1007. 
m 

Semples = 744 

70+ II 
07. 

6.0 

5.0 

4.0 50 

3.0 

2.0 
1.0 1007. 

m 
Sample. = 720 

30 

. .... 20 

.. 10 

:~~':'. 
..... ····/1···· .,: .-+"" ....•...... 
"'. " ... .I::t .... 

MARCH 

7.0+ -

50 
4 I) 

3.0 

2.0 

1.0 

m 
Semples = 74 I 

~o" 7.g:o-

JUNE 

~O 

50" 
40 

........ 30 

. . . .... 20 . 
;' .: :'. .., 10 .... ~ 
....... . 

: : : : : .', 

: . '. 00 : : 

.... :.., ............................... :: 

SEPTEMBER 

40>1 
.,-"., 

30 
..... 

20 

." 10 

~":\ :/].: .: 
' . " " ".. ..' : 

. " .. ·····S······ .. · .. . 

DECEMBER 

4.0 

30 

2 a 

1.0 

50 

1007. 
m 

Sa moles = 720 

7.0+ -
4 a 
3.0 

2.0 

1.0 

07. 

50 

1007. 
m 

Se-np1es = 720 

70+ II 6 O. 
5.0 II 
401 3.0 

2.0 

1.0 

07. 

50 

1007. 
m 

Samples - 744 

Figure 4.16 Combined wave height for area 1 - west coast Vancouver Island [after 
MacLaren Plansearch Limited, 1993], 
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Figure 4.17 Combined wave height for area 2 - Queen Charlotte Sound [after 
MacLaren Plansearch Limited, 1993]. 
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Figure 4.18 Combined wave height for area 3 - Hecate Strait [after MacLaren 
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Figure 4.19 Combined wave height for area 4 - Dixon Entrance [after MacLaren 
Plansearch Limited, 1993]. 
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Figure 4.20 Combined wave height for area 5 - west coast Charlottes [after 
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4.7 Flying Weather 

The conduct of flying operations at sea requires that certain visibility 

requirements be met in many cases. These operations include helicopter flights from 

ships, and search and rescue launches. This section looks at flight visibility in the areas 

of interest. 

4.7.1 Data Description 

Figure 4.23 presents various combinations of cloud height and visibility which 

are indicators of different flight conditions. Although the limits vary slightly from 

standard IFR limits, the following limits apply to IFR and VFR conditions: 

a. 

b. 

c. 

VFR 

IFR 

below IFR 

Visibility ~ 2.2 nm and ceiling ~ 1000 ft; 

Visibility ~ 0.5 nm and ceiling ~ 300 ft and 

visibility < 2.2 nm or ceiling < 1000 ft; and 

Visibility < 0.5 nm or ceiling < 300 ft. 

The data include seven marine forecast areas and two land stations at Totino and Cape 

St. James. VFR conditions can be calculated from these charts using 

VFR .. 100 % - (% freq < IFR + % freq IFR) 

4.7.2 GIS Data 

Scanned charts of flying weather, including percentage at and below IFR 

conditions, are contained in the GIS. 
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Figure 4.23 Flying weather statistics for west coast areas [after Brown et aI., 1986]. 
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4.8 Visibility 

The dangers to marine vessels caused by poor visibility are similar to those 

encountered by aircraft. Marine navigation becomes more difficult. Military exercises in 

which all emissions are restricted can result in risk of collision. 

4.8.1 Data Description 

Fog poses a great threat to visibility on the open ocean. The major cause is the 

movement of relatively warm moist air over a colder sea surface. This causes fog to 

form primarily in fall, winter and spring. Fog can be found in summer when air is 

transported from the west and northwest over cold upwelling regions near the coast. This 

is called advection fog [Petro-Canada, 1983]. 

As a rule, rain does not excessively restrict visibility, although it can during 

severe storms. Infrequent winter snow storms can impose a restriction on visibility, 

particularly along the north coast. Figure 4.24 illustrates shipping visibility throughout 

. the west coast areas, with visibilities in the following ranges: 

a. < 0.5 nm; 

b. ~ 0.5 nm to < 1.1 nm; 

c. ~ 1.1 nm to < 2.2 nm; 

d. ~ 2.2 nm to < 5.4 nm; and 

e. ~ 5.4 nm. 

4.8.2 GIS Data 

The GIS contains scanned charts showing shipping weather contours for the west 

coast region. 
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Figure 4.24 Shipping weather for west coast areas [after Brown et aI., 1986]. 
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4.9 Precipitation 

Precipitation in the form of rain, sleet and snow can have a profound effect on 

visibility to shipping and aircraft, and can affect operator performance due to the 

discomfort it creates. This section examines its impact in the west coast areas. 

4.9.1 Data Description 

Precipitation data in coastal areas is characterized by the occurrence of the 

heaviest amounts in the late autumn (October and November), and the lightest amounts 

in the summer (July). Precipitation is particularly heavy along the north coast. 

Topography plays a significant role in this, due to orographic uplift caused by moist air 

ascending the steep terrain and condensing to form cloud. Figure 4.25 illustrates this 

process. As a result, annual precipitation is higher at coastal stations than in offshore 

areas. Figure 4.26 presents percent precipitation statistics for west coast stations. 

--- - ----

(a) DRY (b) MOIST, STABLE (c) MOIST, UNSTABLE 

--
(d) GRADUAL UPSLOPE 

Figure 4.25 The extent of cloud development under various conditions of 
orographic lift [Canadian Forces Air Command, 1984]. 
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Figure 4.26 Precipitation statistics for west coast areas [after Brown et aI., 1986]. 
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4.9.2 GIS Data 

The GIS contains contoured charts of precipitation percentage, snow percentage 

and the limit of snow activity. 

4.10 Air Temperature 

Mean air temperature statistics are required to determine whether personnel and 

equipment can operate effectively and safely. Extreme statistics can also aid in the 

selection of materials and equipment. 

4.10.1 Data Description 

Air temperatures along the west coast are moderate. They show about a 38°C 

difference between minimum and maximum on the west coast of Vancouver Island, and 

a 30°C difference on the north coast. Isotherms tend to run parallel to the shoreline near 

'the coast in winter and perpendicular in summer. In the open ocean, isotherms tend to 

run parallel to lines of latitude. Air temperature statistical data can be seen in 

Figure 4.27. Ice accretion charts, often a result of low air temperatures and high winds, 

are included in Figure 4.28. 

4.10.2 GIS Data 

Scanned contour charts are located on the GIS, which display mean air 

temperature and the standard deviation. 

104 



o~ 

~i 

Q~ -

1=' 1"-0-' ~-...--r-
~, 1 
uJo~ .. 

2 !. 
2 2 : • 
It 'I 
301 
-'1 
1,;;1 

<ol 
-;>r 

1 
C' 

~i 
01 
".,. 

'I 

LEGEND: 

"'+++'" 

I 
o 

'W 

~~' -'~~-~-----~--M-O-N-f-~~--~-u~~~--~ 

maximum 
95'1. upper limit and 
5'1. lower limit 

1 standard deviation 

median 
minimum 

~r 

J 
.... 1 

I 0, 
---1· 
i 

~ ",...: .... -----r 
~~J : 
!51 
<oj • 
es 7f 

3"ll 
~J .... ~ 

! o. 
"!"f 

1 

'::: ~ 
.or 

I 
I 
~~'---'~~~7.~~~~,---_~~~-J~~~­

MJNir. 
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Chapter 5 

Ambient Noise Sources 

Ambient noise is the prevailing, unwanted background of sound at a particular 

location in the ocean at a given time of the year [Etter, 1991]. It is caused by a wide" 

variety of sound producers in the oceans. These create ambient noise problems for ASW 

operators which increase the difficulty in detection and classification of surface and sub­

surface contacts. This unwanted underwater sound can even completely mask specific 

signals and hide targets from the operator. A knowledge of these sources of noise is vital 

to a successfu~ ASW prosecution. 

Unlike deep waters which have relatively well-defined ambient noise levels, wide 

temporal and spatial variations can occur in coastal regions. Noise in these areas varies 

mainly due to shipping and industrial noise, wind noise, and biological noise. This 

chapter examines the commercial sources, environmental sources and biological sources 

along the west coast of Canada. 

5.1 Commercial Sources 

Shipping and fishing f1~ets are the major source of commercial activity in the 

ocean. The ambient noise created by these vessels is the result of the various machinery 

on board. This is the principal source of noise in a frequency band from 50 to 500 Hz. 

This traffic can contribute to the noise spectrum to distances of 1600 km or more. In 

bays and harbours, the contribution of industrial activity is also significant. 

109 



5.1.1 Impact on Maritime Operations 

The ambient noise spectrum in the deep ocean is composed of several identifiable 

bands, as illustrated in Figure 5.1. Each segment has a different slope that is defined by 

the principal source of noise which contributes to it. Below 1 Hz, band I is associated 

with hydrostatic noise caused by waves, tides and seismic activity. Ocean turbulence is 

the primary contributor in band II. These two bands are difficult to measure due to self 

noise of the hydrophone and its supporting structure. Distant shipping dominates band 

III up to 500 Hz. Band IV is dominated by noise originating at the sea surface, and can 

be correlated to wind speed and sea state. Thermal noise resulting from molecular 

motion of the sea is the main contributor to band V [Urick, 1983]. This deep sea noise 

spectrum is classified as a red spectrum (i.e. spectrum level decreases as frequency 

increases) with the exception of band Y, which has a positive slope. 

Figure 5.1 

: 

1'1 
] z J! :::z: 

! \ " I \ I 
'21"' lJ \ \ 

~ '/ -' \ I I \ I 

'Ief- \1 

I 
100r 

0 

eat 
, 
"--
" 30 
:n 

70 L "0 

:; 
~ 

60 L 
.!!! 

2 ,ot .... 
" "-

<J) 20 
~o 

I 
30L 

! 
"~ 'cc ·.ceo :C.:C: ~oe.ooe 

=recuency. HZ 

Sample spectrum of deep sea noise showing five frequency bands of 
differing spectral slopes. The slopes are given in decibels per octave of 
frequency [after Urick, 1983]. 
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When operating in deep water, an average ambient noise spectra chart is used to 

predict expected conditions. This is shown in Figure 5.2. Below 20 Hz, a single line is 

used where the dependence of wind speed is uncertain. Shipping dominates up to about 

500 Hz. In this range, the light shipping curve is used for locations remote from ship 

traffic and the heavy shipping curve is used for operations in the vicinity of shipping 

lanes. At higher frequencies, wind speed and sea state are the main contributors to 

ambient noise. There is an intermediate area where the contributions of both shipping 

and wind speed must be accounted for. 
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Figure 5.2 Average deep water ambient noise spectra, called Wenz curves [after 
Urick, 1983]. ' 

Unlike the well known ambient noise levels found in deep waters, wide variations 

exist in coastal water noise levels. Due to the variability of the sources, both temporal 

and spatial variations of ambient noise must be taken into account. As a result, the 

operator can only obtain a rough indication of the levels that might be encountered. 

The spatial variability of shipping noise can be attributed mainly to the 

distribution of shipping routes. In coastal waters, the temporal variability is affected by 
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port arrival and departure times and by the seasonal activity of fishing fleets. One 

interesting phenomenon is caused by coastal shipping which can contribute to the noise 

field in the deep sound channel of low latitude regions through the process of down-slope 

conversion. Shipping noise propagating downwards at high angles is reflected off the 

shelf bottom and enters the deep sound channel. Once in the channel. it propagates long 

distances, changing depth with the sound channel as it changes depth with latitude. 

Figure 5.3 illustrates this process using theoretical ray considerations. In an 11 km band 

seaward from the shelf break, surface ship noise which has radiated downward can 

reflect off the bottom and enter the deep sound channel. 
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Figure 5.3 Illustration of the conversion of coastal shipping noise, represented by 
high angle rays, to noise in the deep sound channel, represented by 
horizontal rays [after Etter, 1991]. 
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5.1.2 Data Set 

The data presented in this section are provided by the following publications: 

a. Initial Environmental Evaluation for Renewed Petroleum Exploration in 

Hecate Strait and Queen Charlotte Sound [Chevron Canada Ltd., 1982]; 

and 

b. Marine Climatological Atlas - Canadian West Coast [Brown et al., 1986]. 

The data presented to illustrate shipping density are derived from ship-of­

opportunity data, as was used in Chapter 4. The data are contained in the Comprehensive 

Ocean-Atmospheric Data Set (COADS), a global set of marine data collected from 1854 

to 1979. COADS was also augmented by additional shipping data to bring its coverage 

to 1985. This provides quarterly density charts of reporting ships. 

5.1.3 Data Assessment 

The lengthy reporting period provided by the ship-of-opportunity data allows for 

an accurate assessment of shipping patterns and density in the coastal region of British 

Columbia. In addition, more detailed shipping analysis is provided for the northern 

region through Queen Charlotte Sound and Hecate Strait from Statistics Canada data on 
, 

large carriers and small vessels. It provides a year long snapshot of traffic patterns in this 

area, but gives a good representation of typical patterns. 

5.1.4 Data Description 

The southern portion of the west coast area is dominated by high density shipping 

emanating from the large metropolitan regions located along the coast. The largest of 

these include Vancouver, Seattle and Portland. As a result, there is a great deal of traffic 
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that passes through Juan de Fuca Strait and exits the Columbia River on transits between 

North America and southeast Asia. Figures 5.4 - 5.7 give an indication of the location of 

these shipping lanes. It is also evident that shipping density is greater near other smaller 

ports along the coast, particularly into Prince Rupert and near the Alaskan ports of 

Juneau, Anchorage, Valdez and Kodiak. 

Aside from the major shipping lanes which traverse the Pacific Ocean to Asia, 

there is a wide variety of traffic in the northern region. It consists of deep-sea vessels 

(cargo carriers, bulk containers and cruise ships) and coastal vessels (tugs, barges, ferries, 

fishing boats and recreation boats). On the north coast of British Columbia, Prince 

Rupert is the major freight terminus. Larger communities in the region have scheduled 

barge and tug service. Figure 5.8 shows the principal marine traffic routes through the 

northern region. 

5.1.5 GIS Data 

The GIS contains scanned images of quarterly shipping density charts for the 

. northeast Pacific Ocean and principal marine traffic routes for the northern region. 
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Figure 5.4 Density of ships-of-opportunity observations, used in the gathering of 
oceanographic data, for January (185-+-1985) [after Brown et ai., 1986]. 
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Figure 5.7 Density of ships-of-opportunity observations for October (1854-1985) 
[after Brown et aI., 1986]. 
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Figure 5.8 Principal marine traffic routes for 1977 [Chevron Canada, 1982]. 
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5.2 Environmental Noise 

The presence of environmental noise in the northeast Pacific Ocean is mainly the 

result of wind and wind generated surface waves. The noise peaks in the winter months 

when the Aleutian low is located over the region, and storms and poor weather are most 

prevalent. In addition, the high degree of seismic activity along the coast and 

precipitation are intermittent sources of environmental noise that are discussed in this 

section. 

5.2.1 Impact on Maritime Operations 

At frequencies above those of shipping noise which were discussed in 

Section 5.1, the dominant noise source is that generated by surface disturbances. This 

noise source is important above 100 Hz and is dominant from 300 Hz to 50 kHz. It can 

be correlated to the local wind speed or the sea state (i.e. wave height). Urick [1983] 

believes the following processes are used to create this noise: 

a. Breaking whitecaps, which produce crash noise when breaking occurs; 

b. Flow noise, which is produced by the wind as it blows over a rough sea 

surface; 

c. Cavitation, which is caused by the collapse of air bubbles formed by 

turbulent wave action in the air-saturated near-surface waters; and 

d. Wave generating action of the wind on the sea surface, caused by 

turbulent winds near the sea surface that generate waves of different 

wavelengths that travel along the surface with speeds dependent on 

wavelength. 
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On continental shelves, wind speed is the dominant cause of noise levels over a 

frequency range from 10 to 3000 Hz. The increase of intensity has been found to be 

about 7.2 dB for each doubling of the wind speed [Urick, 1983]. 

Falling rain increases noise levels to an extent which depends on the rate of 

rainfall. Also, the area over which the rainfall extends, plays a factor. As an example, 

heavy rain can increase the ambient noise level by as much as 30 dB in the 5 to 10 kHz 

range. Figure 5.9 shows the effects of rainfall on the ambient noise spectrum level. 
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Figure 5.9 Theoretical spectra of rain noise for different rates of rainfall. Dashed 
curve is for deep sea noise at wind force 2 without rain [after Urick, 
1983]. 
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The Pacific coast lies on the 'ring of fire', a region where a great deal of seismic 

activity takes place due to the presence of tectonic plate boundaries. Figure 5.10 shows 

the location of the boundary which corresponds to the path of the volcanic and seismic 

belt of the Pacific Ocean, called the Andesite line. The Juan de Fuca plate lies to the 

west of Vancouver Island, and its interaction with the North American plate creates a 

subduction zone where the plates move toward each other. The Juan de Fuca rift is 

located at the boundary between the Juan de Fuca plate and the Pacific plate 

(Figure 5.11). The two plates are moving away from each other, creating a divergent 

boundary. To the north of these two boundaries lies the Queen Charlotte-Alaska­

Aleutian seismic zone. It is one of the world's most active plate boundaries, joining the 

Pacific and North American plates. It extends 5000 km northward from the northern 

portion of the Juan de Fuca plate around the coast of Alaska into the northwest Pacific. 

Between 1905 and 1969, about 17 % of the world's earthquakes occurred along this 

zone. A strike-slip fault is found on the portion running parallel to the west coast of the 

Queen Charlotte Islands [Nishenko and Jacob, 1990]. The unrest caused by these faults 

is an important cause of low frequency noise that is always present. It is present in 

frequencies below 1 Hz, below frequencies used in sub-surface detection, but can be an 

important source of ambient noise up to frequencies of 100 Hz, especially in areas of low 

. surface traffic. 

The depth dependence of ambient noise has been measured in the Pacific Ocean. 

The results show a decrease of noise with depth for low frequencies up to 250 Hz, and a 

slight increase in the noise level with depth at 500 Hz as wind noise overcomes the 

dominance of shipping noise. However, below the critical depth there is a sharper drop­

off in ambient noise level due to the loss of refracted sound energy [Etter, 1991]. Figure 

5.12 shows these results. 
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5.2.2 Data Set 

Due to the intermittent and unpredictable nature of seismic events, no data are 

provided. Data on wind, wave height and precipitation can be found in Chapter 4. These 

can be applied to the Wenz curves found in Figure 5.2. 

5.2.3 GIS Data 

Contoured charts depicting wind speed, wave height and precipitation levels can 

be found in the GIS. 
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Figure 5.10 The Pacific 'Ring of Fire'. Dashed line shows the Andesite line [after 
Tchernia, 1980]. 
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Figure 5.11 Plate tectonic framework of the northeast Pacific Ocean [after Yuan et 
aI., 1992]. 

5.3 Biological Sources 

The near-shore and offshore waters of British Columbia are home to a large 

variety of marine mammals, fish, crustaceans and invertebrates. While all of these 

species are sound emitters, marine mammals are the biggest sea life contributors to 

ambient noise. This section discusses the various mammals found in British Columbia 

waters and their associated noise characteristics. 
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5.3.1 Impact on Maritime Operations 

Marine mammals can contribute significantly to the ambient noise level. They 

emit sounds ranging from simple clicks, grunts and impulses to longer tonals and 

complex signals. These signals are transient in nature, and can often be identified as 

non-submarine related by ASW operators. The combined strength of a group of these 

animals can easily exceed that of other noise sources in an area. In addition, whales, in 

particular, are good reflectors of acoustic energy. Therefore the active sonar operator 

must be aware of migration routes of marine mammals. Thorough analysis of any 

contacts is necessary to avoid the incorrect upgrading of a false contact. 

5.3.2 Data Set 

The data set for this section is derived from the following literature: 

a. Offshore Queen Charlotte Islands Initial Environmental Evaluation 

[Petro-Canada, 1983]; 

b. Initial Environmental Evaluation for Renewed Petroleum Exploration in 

Hecate Strait and Queen Charlotte Sound [Chevron, 1982]; 

c. Offshore Hydrocarbon Exploration and Development...A Preliminary 

Environmental Assessment [Langford, 1983]; 

d. Sounds and source levels from bowhead whales off Point Barrow, Alaska 

[Cummings and Holliday, 1987]; 

e. Environmental guide for maritime operations in the Canadian Arctic 

Archipelago [Boilard, 1993]; and 

f. Marine Bioacoustics [Tavolga, 1964]. 
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5.3.3 Data Assessment 

Through the study of marine mammals, both in their natural environment and in 

captivity, there are extensive data available on populations and characteristics of these 

creatures. As a result, the coastal water data for British Columbia is quite complete. 

5.3.4 Data Description 

Marine mammals which migrate within British Columbia coastal waters are 

presented in this summary. The information included consists of the animal's route and 

time of migration, acoustic characteristics, and numbers present. Figure 5.13 also 

illustrates gray whale and fur seal migration routes, and sea lion and seal haul outs and 

rookeries. 

Sperm Whale A species which is very common in the Pacific, but does 

not usually travel north of 500 N latitude or into waters less than 100e. They are 

generally found off-shore but occasionally wander into Hecate Strait, Queen Charlotte 

Sound and Dixon Entrance during late spring, summer and early fall. 

Sound 

clicks 

whistles 

yelps 

Beaked Whale 

Repetition 

100's /s 

Duration 

0.1 - 0.25 ms 

0.3 - 5 s 

Frequency 

40 Hz - 32 kHz 

500 Hz-lO kHz 

255 Hz-20 kHz 

Amplitude 

184 dB 

> 160 dB 

160 dB 

These whales travel in small pods, are rare and have 

seldom been seen, although spotted once north of Graham Island and once in Hecate 

Strait. They emit the same range of sounds as the sperm whale. 
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Fin Whale The fin whale is common in off-shore waters and less 

commonly found in exposed straits around Vancouver Island and the Queen Charlotte 

Islands. 

Sound 

moans 

clicks 

pulses 

Sei Whale 

Repetition 

sporadic/pulsed 

6 -7 /s 

Duration 

40 s 

6 - 35 min 

Frequency 

12.5 - 390 Hz 

4 - 14 kHz 

20 - 8000 Hz 

Amplitude 

189 dB 

153 dB 

184 dB 

This species is abundant off the west coast of Vancouver 

Island during the summer months while it migrates from California to the north Pacific. 

Sound 

moans 

clicks 

pulses 

Minke Whale 

Repetition 

6 - 7/s 

Duration 

40 s 

6 - 35 min 

Frequency 

12.5 - 390 Hz 

4 - 14 kHz 

20 - 8000 Hz 

Amplitude 

189 dB 

160 dB 

184 dB 

They are a solitary whale and difficult to follow. They 

prefer protected waters and have been sighted frequently in Haro Strait. During the 

winter months, they move down to southern waters. 

Sound Repetition Duration Frequency Amplitude 

downsweep 0.2 - 0.3 s 60 - 130 Hz 165 dB 

grunts 8 - 97 /s 0.16 - 0.32 s 80 - 140 Hz 175 dB 

'A'train 0.05 - 0.07 /s 60 s 100 - 200 Hz 

ratchet 850 Hz 151 dB 
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Killer Whale These mammals travel in pods of up to 40 and are common 

in all areas along the coast and into the deep water areas. They are year round residents 

in all areas. 

Sound 

clicks 

screams 

whistle 

Gray Whale 

Repetition 

up to 350/s 

seldom 

Duration 

0.8 - 0.25 ms 

0.1 - 5 s 

lOs 

Frequency 

10 - 30 kHz 

0.5 - 28 kHz 

0.5 - 18 kHz 

Amplitude 

180 dB 

178 dB 

There are an estimated 11 000 gray whales in the northeast 

Pacific. Almost the entire population migrates along the west coast of the Queen 

Charlotte Islands and Vancouver Island from late March to June. Some whales also 

travel along the coast in Hecate Strait. 

Sound 

moans 

knock 

exhalation 

Blue Whale 

Repetition 

25 in train 

2 - 10 

Duration 

2s 

1.75 s 

Frequency 

20 - 200 Hz 

< 500 Hz 

15 - 175 Hz 

Amplitude 

152 dB 

142 dB 

Although rare, it does migrate well off the coast of 

Vancouver Island in June and November, either singly or in small numbers. Estimates 

put their numbers at about 1500 in the northeast Pacific. 

Sound 

moans 

pulses 

Repetition Duration 

hours 

129 

Frequency 

20 - 100 Hz 

20 Hz doublet 

Amplitude 

159 - 183 dB 

181 dB 



Humpback Whale This species appears off Vancouver Island in May and June 

and in Hecate Strait and Dixon Entrance during migrations in March and April. It emits 

the same range of sounds as does the fin whale. 

Bowhead Whale A very rare species estimated at 100 - 200 individuals. 

Occasionally seen during the summer in the waters west of the Queen Charlotte Islands. 

Sound 

moans 

songs 

gargle 

Repetition 

irregular 

Duration 

3s 

146 s 

1.5 s 

Frequency 

25 - 900 Hz 

0.2 - 5 kHz 

400 Hz 

Amplitude 

129 - 178 dB 

158 - 189 dB 

152 - 169 dB 

Pacific Pilot Whale This whale lives in waters deeper than 130 m. British 

Columbia waters are at the northern extent of their range and hence they are rarely seen. 

Sound 

clicks 

whistles 

yelps 

Repetition 

100's /s 

Duration 

0.1-25 ms 

0.3 - 5 s 

Frequency 

200 Hz-35 kHz 

500 Hz-lO kHz 

255 Hz-20 kHz 

Amplitude 

184 dB 

> 160 dB 

160 dB 

Harbour Porpoise This animal can be found year round in protected waters 

out to 32 kIn from shore. Usually observed in groups of two to four. 

Sound 

whistles 

clicks 

Repetition 

pulsed 

Duration 

up to 1 s 

0.1 - 250 ms 

130 

Frequency 

100 Hz-120 kHz 

40 Hz-170 kHz 

Amplitude 

222 dB 

t 



Dall's Porpoise The most abundant porpoise in the area, it lives from the 

near shore out to 2400 km offshore. Schools are common in Hecate Strait, Queen 

Charlotte Sound, Dixon Entrance and the straits to the east of Vancouver Island. This 

mammal emits sounds like those of the harbour porpoise. 

Striped Dolphin Schools of these mammals can be spotted from October to 

January in Hecate Strait, off the Queen Charlotte Islands and in the straits east of, 

Vancouver Island. During the summer months, they move offshore and have been 

reported as far as 1600 km from shore. 

Sound 

whistles 

squeals 

Repetition Duration 

up to 1 s 

up to 1 s 

Frequency 

100 Hz-180 kHz 

100 Hz-180 kHz 

Amplitude 

California Sea Lion They can be found near southern Vancouver Island from 

October to May, although most do not proceed that far north. 

Sound 

clicks 

barks 

Repetition 

up to 50 /s 

Duration Frequency 

600 - 1000 Hz 

Amplitude 

Stellar Sea Lion A resident animal of British Columbia coastal waters, it 

only breeds at rookeries in the Scott Islands, on Kerouard Island and on North Danger 

Rocks. After breeding, the bulls move to sites along the west coast of Vancouver Island, 

the Queen Charlotte Islands and the adjacent mainland. They communicate by 

transmitting loud roars underwater. 
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Harbour Seal The harbour seal can be found throughout the area. 

Breeding occurs over the entire range as well. Sounds emitted by this species include 

grunts, growls and click trains. 

Sound 

clicks 

calls 

Northern Fur Seal 

Repetition 

up to 100 / s 

pulsed 

Duration Frequency 

0- 10 kHz 

< 1000 Hz 

Amplitude 

130 dB 

These mammals migrate through the area from March to 

June. They return to California in the fall and winter. During migration, their route 

varies from 32 to 800 km offshore. They emit sounds like those of the harbour seal. 

Northern Elephant Seal Rarely seen in British Columbia waters. Occasionally in 

the area from April to June in Hecate Strait and off the west coast of Vancouver Island. 

They emit sounds like those of the harbour seal. 

Sea Otter The otter has small numbers due to extensive hunting in the 

. 19111 century and remains in near-shore waters off northern Vancouver Island and the 

Queen Charlotte Islands. This mammals emits a variety of calls and grunts. 

5.3.5 GIS Data 

The GIS contains scanned images of gray whale and fur seal migration routes, 

and sea lion and seal haul outs and rookeries. 
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Chapter 6 

Acoustics 

Shallow water acoustics differ significantly from deep water acoustics due to the 

greater interaction of sound energy with ocean boundaries, both on the ocean surface and 

the bottom. This creates a very complex acoustic field, something which is still not yet 

fully understood. Chapter 2 discussed the ocean bottom, its composition, and the 

characteristics of bottom reflection. Water masses, including their temperature and 

salinity composition, and how they influence the propagation of sound were covered in 

Chapter 3. This chapter examines sound speed, propagation paths associated with 

different sound speed profiles, a brief summary of available range prediction modelling 

techniques, and representative profiles of the coastal areas off British Columbia. 

6.1 Sound Speed 

The speed of sound in water is a function of temperature, salinity, and pressure. 

These components determine the behavior of sound propagation in the ocean. If anyone 

of these parameters is increased, it results in a corresponding increase in the speed of 

sound, as determined by the sOltnd speed equation shown in Section 3.1.1. This section 

looks at the effect of various sound speed profiles on the propagation of acoustic energy, 

and presents numerous profiles for Pacific coastal regions. With up-to-date profiles 

obtained from bathythermographic and salinity information, the operator can employ a 

range prediction program to give him an indication of expected ranges. 

Today's acoustic range prediction packages contain a variety of propagation loss 

models to account for various conditions which might exist. These normally include ray, 

normal mode and parabolic equation models. One such package is the Integrated Multi-
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model Acoustic Propagation Prediction System (IMAPPS), which contains five models 

to choose from; FACT lOB (ray theory), IFD PE (parabolic equation), SAFARI (fast 

field theory), SUPERSNAP1 (normal mode theory), and PROLOS (normal mode 

theory). Further details on these particular models can be found in 'Underwater Acoustic 

Propagation Modelling Techniques: Theory, Operation and Comparison' [Roy, 1993], a 

master's thesis produced at RRMC. 

6.1.1 Impact on Maritime Operations 

When an operator processes XBT buoy data, he is presented with a sound speed 

profile. This profile enables the determination of the depths at which he can effectively 

employ his sensors. In the deep ocean, the 'typical' temperature distribution and 

accompanying sound speed profile are shown in Figure 6.1. The conversion from the 

temperature profile to the sound speed profile in this figure is based on a constant 

salinity. 

Figure 6.1 

Temperature. _ Sound Speed _ 

Mixed Layer 

~~;:~ --_. -----r------
Depth Thermocline 

Sonic Layer 
- Sonic Layor Depth 

- - - - - Sound Channel Axis 

Conjugate Depths 

.c: 
n ., 
Cl 

Deep Isothermal Layer 

-----r----- - Cd",,1 D'plh 

_:~~~hJ:~~~~: ___ _ 

Schematic relationship between temperature and sound speed profiles in 
the deep ocean [after Etter, 1991]. 
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It can be seen that the two profiles are divided into several layers. In the 

uppermost region of the temperature profile is found the mixed layer. This is created by 

the turbulent mixing associated with near-surface waters. Its corresponding layer in the 

sound speed profile is the sonic layer (sometimes also called the surface duct). This 

exists because the temperature and salinity are constant, and hence only the increase in 

depth influences the sound speed. Below this layer is found the thermocline. This rapid 

decrease in temperature with depth is the principal factor influencing the sound speed,' 

and causes a strong negative gradient in the sound speed profile. The deep waters of the 

ocean are isothermal. As with the mixed layer, the combination of constant temperature 

and salinity at these depths creates a positive sound speed gradient, because an increase 

in pressure is the only factor affecting the sound speed. Below the sonic layer, and 

between the negative sound speed gradient of the thermocline and the positive gradient of 

the deep isothermal water, is a point at which the sound speed is a minimum. This is 

called the sound channel axis. In such profiles, the critical depth occurs at the point 

below the axis at which the sound speed equals the near-surface maximum value. Any 

distance below the critical depth to the ocean bottom is referred to as depth excess. 

Various propagation paths exist due to the characteristics of the sound speed profile. 

Surface Duct: It was understood long ago that sound travelling in a surface duct 

provided good propagation. This is the result of the positive sound speed gradient which 

refracts acoustic energy upward to reflect off the surface, thereby trapping energy in the 

layer. Figure 6.2 illustrates this through the use of a ray diagram. 

For a source in this layer, most of the energy remains in the layer, with a large 

shadow zone evident below the layer (shaded area). Although most of the energy is 

trapped in the sonic layer, some leakage does occur. This is caused by surface 

roughness, duct thickness, the gradient below the layer and frequency [UriCk, 1983]. At 

very low frequencies, sound ceases to be trapped in the surface duct. The maximum 

wavelength in metres that can be trapped in the surface duct is given by 
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A = 851 X 10-3 H3/2 
max 

where H is the depth of the layer in metres. For example, in a 30 m layer, the maximum 

trapped wavelength is 1.4 m, which corresponds to a frequency of about 1070 Hz. 

Although not a sharp cut-off, wavelengths much longer than this no longer remain 

trapped in the surface layer [Etter, 1991]. 
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o 

Figure 6.2 

2.0 4.0 6.0 8.0 
Range, kyd 

10.0 12.0 14.0 160 

Ray diagram for sound transmission from a 50 ft (15 m) source in a 200 
ft (60 m) sonic layer. Rays are drawn at 10 intervals for the profile at 
the right [after Urick, 1983]. 

Deep Sound Channel: This is sometimes referred to as the sound fixing and ranging 

(SOFAR) channel. The sound speed minimum at the sound channel axis causes the 

ocean to act like a lens. The acoustic energy is continually refracted towards the axis due 

to the negative gradient above the axis and the positive gradient below it. The advantage 

of propagation in this channel is that the energy does not experience vertical spreading 

losses or the scattering losses associated with encountering the surface or the ocean 

bottom. This condition results in extremely long transmission ranges. Figure 6.3 shows 

the transmission of acoustic energy in a sound channel, with steep angled rays escaping 

the channel to reflect off the surface and bottom. 
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Convergence Zones: A convergence zone exists if there are refracted rays which leave 

the source horizontally, are refracted downward into the deep water, and are brought 

back to shallow depths by refraction. For this to occur, there must be a depth excess and 

the ray must not be reflected by the surface or the bottom. As different rays are refracted 

downward, they spread. On the upward refraction, they converge again near the surface. 

Figure 6.4 shows how this occurs. 

o 

1.000 

2.000 

5 15 20 
Range,mites 

25 30 35 40 

Velocity, f t Is 
000000 
~g~889 
-ci.¢q'uittitri 

1 
I 

1 1 I i \ _'h. I I 1 1 I L/l I I I I lLt-!---l..'1'- Z' I 1 J !A - , ...:i .1 .j 
I i I :-.. '-:-.... 1220''\' "-1 I 1 I I: T b.L V"L 'ii \ I 
I 1 I I I 1\1 I I I I I I ! 1 I 1 I i"-, I .1 

1 I \, i'l f-l--j\,' i I II I I ! 1 1 ' 1 I I H-
I i i\ I • '\ 1 I V I 1 I I tt i 
ill ." ! I 1 ,f- LJLI I I I H- 1 .1 \ I 

H-, -t-, -,:-, H---+-H-il:\J-",. -t:-+-+-+I-l-j • "\ 1 Y' I It-lLl-=-' i-I, +-l- 1 1 
I I Iii 1 I ;-..., . ,I I I IX I 1 V : J + L I 1 1 _L ' .1 I I I 
I I, I . 1 :"- 15 19~T'N:!5i9:..r 'I i j- " i I I I I 1 ' I j 

1.000 

2.0CJO 

Figure 6.3 Ray diagram of transmission in the deep sound channel for a source on 
the axis [after Urick, 1983]. 
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Internal Sound Channels: At intermediate depths between the surface layer and the 

deep sound channel there can exist an internal sound channel due to the seasonal 

thermocline. This is a seasonal phenomenon, but can impact significantly upon acoustic 

operations. Sound propagates in internal sound channels just as it does in the deep sound 

channel, although since the channel has a shallower depth, low frequency energy does 

not remain trapped and leakage occurs, as with the surface duct. 

Shallow Water Ducts: Shallow water propagation is characterized by numerous 

encounters with both the surface and the bottom. Differences from one shallow water 

region to another are dictated mainly by the composition and structure of the sea floor. 

Acoustic energy striking the bottom at shallow grazing angles is almost totally reflected 

back to the surface. This results in near-cylindrical spreading for 100 - 1500 Hz 

frequencies. At lower frequencies, the acoustic field can extend into the ocean bottom, 

and sound is returned to the water column by sub-bottom reflection or refraction. 

Shallow Water Topographic Effects: The effect of shallow ocean bottoms near 

the continental margin can have a significant impact on sound propagation. These effects 

include: 

a. Slope enhancement 

i. Downslope enhancement 

ii. Upslope enhancement; 

b. Topographic shading; 

c. Topographic noise stripping. 

Downslope enhancement is the same principal described in Chapter 5 for the 

downslope conversion of shipping noise into the deep sound channel. Acoustic signals 

are transmitted from shallow water sources into the deep sound channel, where they may 

be detected far offshore. It is also referred to as the megaphone effect. 
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The opposite effect occurs when offshore subsurface targets positioned in the 

deep sound channel have their acoustic signals converted to bottom bounce signals on the 

continental margin, thereby increasing the sound intensity in the bottom bounce annulus 

upslope of the source. 

Topographic shading becomes important to the ASW operator in offshore areas 

where convergence zone and/or deep sound channel propagation is possible, but. 

seamounts and ocean ridges are present. When these topographic features extend high 

enough from the ocean floor, they can eliminate the depth excess necessary to propagate 

beyond the topographic feature (Figure 6.5). This effect is likely to occur in the northern 

and western portions of area Explorer. 

Topographic Shading of CZ 

: ". 
" ., 

. '.' 

Figure 6.5 Topograhic shading. 
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To reduce the effects of ambient noise due to distant shipping, topographic noise 

stripping can be used. To do so, certain requirements must be met: 

a. The water depth must be less than the critical depth, to eliminate 

convergence zone propagation; 

b. The water depth must be greater than the sum of the conjugate depth plus 

370 m, to ensure propagation in the sound channel; 

c. A high loss bottom must be present to reduce the effects of bottom bounce 

propagation; and 

d. The bottom slope must be less than 6 degrees. 

Figure 6.6 illustrates how topograhic noise stripping is used to reduce the noise created 

by surface shipping while maintaining the ability to detect a sub-surface contact. 

Topographic Noise Stripping 
(TNS) 

IConjugate Depthl--

Figure 6.6 Topographic noise stripping. 
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Once the predicted sound speed profile has been determined, the sonar equations 

are used by ASW operators to quantify certain aspects of sonar performance, the 

environment and the target. Prior to running a range prediction program, the operator 

normally conducts a figure-of-merit (FOM) calculation. Since the FOM equals the 

transmission loss under certain specific operating conditions, it gives the operator an 

indication of expected sonar ranges for corresponding transmission loss curves. 

There exist equations for both active and passive acoustics. The active case 

further contains a noise limited equation and a reverberation limited case. The active 

noise limited sonar equation is 

SL - 2TL + TS = N L - D I + DT 

The active reverberation limited sonar equation is 

SL - 2TL + TS = RL + DT 

The passive sonar equation is 

SL - TL = NL - DI + DT 

Table 6.1 defines each of the parameters found in the sonar equations. 

Since the FOM is equal to the total transmission loss (Le. the remaining 

parameters in the sonar equations), the operator can use the FOM on a transmission loss 

curve to give his 50% probability of detection ranges. It is important to remember that 

the FOM is a figure based on very specific parameters, some of which are a best guess 

(such as noise level). The ranges derived from a transmission loss curve are only 

estimates from the figures used in the calculation of a FOM. 
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The theoretical basis for all mathematical models used in the production of 

transmission loss curves is the wave equation. Due to the complexity in solving the wave 

equation, certain approximations are made. The two main approaches to resolving the 

wave equation are ray theory and normal mode theory, although three other methods will 

be discussed; multi path expansion, fast field models, and parabolic equation models. 

Table 6.1 

Parameter 
Source Level 

TrallSmission Loss 

Target Strenatb 

Noise Level 
Directivity Index 

Reverberation Level 

Detection Threshold 

Sonar parameter definitions and reference locations [after Etter, 1991]. 

Symbol 

SL 
TL 

TS 

NL 
DI 

RL 

DT 

Reference 
1 m from source on its acoustic axis 
1 m from source and at target or receiver 

1 m from acoustic centre of target 

At hydrophone location 
At hydrophone terminals 

At hydrophone terminals 

At hydrophone terminals 

Definition 
Ratio of intensity of source to reference intensity 
Ratio of signal intensity at 1m to signal intensity at 
target or receiver 
Ratio of echo intensity at 1 m from target to 
incident intensity 
Ratio of noise intensity to reference intensity 
Ratio of noise power from non·directional 
hydrophone to noise power from actual 
hydrophone 
Ratio of reverberation power to power from signal 
of reference intensity 
Ratio of signal power to noise gower 

Ray Theory: Ray theory models calculate transmission based on ray tracing. The 

essence of ray theory is 

a. The postulate of wave fronts, along which the phase or time function of 

the solution is constant; and 

b. The existence of rays perpendicular to the wavefronts that describe where 

in space the sound emanating from the source is being sent. 

Ray theory is appealing to operators because it provides a clear picture of where the 

energy is going in the form of a ray diagram. This theory is however restricted to high 

frequencies or short wavelengths because it does not provide a good solution if the radius 

of curvature of the rays or the pressure amplitude changes greatly over one wavelength. 

It also cannot account for acoustic intensity in shadow zones due to leakage [Urick, 

1983]. 
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Normal Mode Theory: Normal mode theory describes propagation in terms of normal 

modes, each of which is a solution to the wave equation. It does give a formally 

complete solution, but the solution is difficult to interpret and requires a great deal of 

time in deep waters. It is therefore usually used only in shallow water situations or at 

low frequencies. 

Multipath Expansion Models: This method has been referred to as the WKB method 

due to the Wentzel, Kramer, and Brillouin approximation used to obtain a solution. This 

approximation assumes that sound speed varies gradually with depth. Unlike ray 

solutions, this method accounts for first-order diffraction effects and caustics. Multipath 

expansion techniques are useful in deep water at intermediate and high frequencies. 

Fast Field Models: In this model, the wave equation is first separated according to the 

normal mode approach. The resulting integral is then evaluated by means of a fast 

Fourier transform (FIT). This method requires that the sound speed vary exponentially 

with depth within each layer of the model. This model does not allow for range 

dependence. It is best suited for lower frequencies [Urick, 1982]. 

Parabolic Equation: This method assumes rays are almost horizontal. The advantage 

of this solution lies in the fact that the differential equation can be stepped out in range, 

making it a range dependent solution. Its main shortcoming is that the solution at the 

starting range must be calculated by another method. It is also impractical to run the 

parabolic equation at frequencies higher than 500 Hz due to excessive execution times. 

Figure 6.7 summarizes the various methods previously described, while Table 6.2 

lists various propagation models along with their modelling technique. 
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APPLICATIONS 

SHALLOW WATER DEEP WATER 
MODEL TYP£ 

LOW FREQUENCY HIGH FREQUEIICY LOW FREQUENCY HI GH FREQUENCY 

RI RD RI RD RI RD RI I RD 

RAY THEORY 0 0 () • () () • I • 
NORl".AL MODE • () • () • () () I 0 
HULTIPATH EXPANSION 0 I 0 () 0 () 0 • I 0 
FAST FIELD • 0 • I 0 • 0 () I 0 
PARABOLIC EQUATION () • 0 0 () I • () I () 

Figure 6.7 

6.1.2 

LOW FREQUENCY « 500 HZ) RI: RANGE-INDEPENDENT ENVIRONHEflT 

HIGH FREQUENCY (> 500 HZ) RD: RANGE-DEPENDENT ENVIRONMENT 

• HODElLlNGAPPROACH IS BOTH APPLICABLE (PHYSICALLy) AND PRACTICAL (COMPUTATIONALLY) 

() LIMITATIONS It: ACCURACY OR IN SPEED OF EXECUTIOfl 

o N£iTHER APPLICABLE flOR PRACTICAL 

Domains of applicability of underwater acoustic propagation models 
[after Etter, 1991]. 

Data Set 

The sound speed profiles presented in this section are derived from the 

temperature, salinity and depth data presented in Chapter 3. The sound speeds were 

calculated using the sound speed equation in Section 3.1.1. 
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6.1.3 Data Assessment 

Since the profiles employed in this chapter are derived from data in Chapter 3, the 

data assessments in Sections 3.1.3 and 3.2.3 apply. 

Table 6.2 Summary of underwater acoustic propagation models [after Etter, 1991]. 

Modelling Technique 

Ray Theory 

Normal Mode 

Multipath Expansion 

Fast Field 

Parabolic Equation 

Range Independent 

FACT 
FURT 
PLRAY /VLA 
RANGER 

Range Dependent 
FACTEX 
GRASS 
HARPO 
MEDUSA 
MPC 
MPP 
Pederson Continuous Gradient 
RAYWAVE 
RP-70 
SHALFACT 
TRIMAIN 

AP - :2 / 5 ADiAB 
COMODE ASERT 
FNMSS ASTlw.. 2 
NEMESIS / PLMODE COUPLE 
NLNM Kanabis Shallow Water 
NORMOD 3 KRAKEN 
NORM 2L 
PROTEUS 
Stickler Normal Mode 
SUPERSNAPl 
FAME 
MULE 
NEPBR 
RAYMODE 
FFP 
Kutschale FFP 
MSPFFP 
SAfARI 
IFD-PE 

147 

MOATL 
PRO LOS 
SNAP 
3 - D Ocean Acoustics 

HYPER 
IFD / Wide Angle 
FOR 3D 
PAREQ 
3DPE 
PE 
PE-FFRAME 
PESOGEN 
Corrected PE 
ULETA 
UNIMOD 



6.1.4 Data Description 

There exist similar characteristics in all the profiles for British Columbia coastal 

areas. In winter, there is normally a surface duct present to a depth of about 100 m. This 

duct disappears in spring, turning into a strong negative gradient by mid-summer. As 

one moves off the shelf into the deeper waters off Vancouver Island, there exists a deep 

sound channel year round with a channel axis at about 500 m. Close examination of the 

profiles shows near-surface channels present, particularly in the fall months on the 

continental shelf break. Figures 6.8 - 6.12 show sound speed profiles for the coastal 

areas. A map showing the locations of these profiles can be found in Figure 3.3, located 

in Section 3.1.3. 

6.1.5 GIS Data 

Sound speed profiles presented in this section can be found in the GIS. 
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Chapter 7 

Conclusion 

The last ten years have brought a great deal of political change to the world. 

With these changes, an increased importance has been given to coastal defence. This 

guide has been developed to aid ASW operators and others in mission planning and to 

increase their expertise in shallow water operations. Each parameter affecting ASW 

performance and operations has been examined in terms of its impact on maritime 

operations, and a description of the available long term data has been presented. 

The discussion of bottom parameters indicates that bathymetry and sedimentation 

play an important role in shallow water ASW, due to the degree of interaction between 

acoustic energy and the sea floor. Although the coastal regions of British Columbia are 

narrow when compared to the east coast, there are many interesting features such as 

submarine canyons along the Vancouver Island shelf and many seamounts in the deeper 

waters to the west of the continental slope. Shelf sediments vary considerably along the 

coast, but the slopes are relatively void of sediment, with build-ups along the rise. 

Although only a limited amount of magnetic anomaly data is available, flights off the 

west coast of Vancouver Island show an increase in magnetic noise as the shoreline is 

approached. 

The oceanographic data in Chapter 3 show marked similarities throughout the 

region. Winter profiles of temperature normally have a mixed layer at the surface, while 

in summer, there is a strong thermocline at the surface. Salinity profiles display lower 

levels at the surface, with deeper waters fairly consistent at about 34%0. Operators must 

be wary of near shore waters, which tend to have lower salinities due to freshwater 

intrusion. Circulation in the area is influenced by the bottom topography, with currents 

flowing parallel to the shore along the shelf break, and along contour lines in the 
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northern region between the Queen Charlotte Islands and the mainland. The impact of EI 

Nino on the coast is also briefly discussed. 

Meteorological data are presented in Chapter 4 and provide monthly wind, wave, 

visibility, precipitation, pressure and air temperature means. These data do not eliminate 

the need to use real time data for actual mission planning. 

The contributions of ambient noise to the acoustic operations is significant. 

Common sources of sea life, commercial traffic, and environmental noise all contribute 

to make detections more difficult. Seismic activity, significant throughout the Pacific 

Ocean, is also a contributing factor to the ambient noise level. Operators must be aware 

of spatial and temporal variations in the ambient noise level, which can seriously impact 

upon ASW operations. 

The acoustical aspect is discussed in Chapter 6. The importance of the sound 

speed profile, and how it is used to obtain range predictions, are covered. Typical west 

coast profiles are presented, and their impact on acoustic detection is examined. 

Gaps remain in the data presented in this document, particularly in the northern 

regions around Dixon Entrance and off the west coast of the Queen Charlottes. Magnetic 

anomaly data are sparse for all areas except the region adjacent to Vancouver Island. 

These are areas which can be modified in the future. The GIS, previously developed and 

containing east coast and arctic data, now contains data for the west coast, the final stage 

of this project. The system contains a wide variety of information related to maritime 

operations. To maintain its value, the system requires continued updating, particularly 

for the aforementioned areas. 

This guide has been prepared to give operators a better understanding of their 

operating environment. It is hoped that the data are presented in a clear manner to 

facilitate this goal, and to make operations on Canada's west coast more effective. 
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