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Preface 

Coastal zones are unique examples of interaction be- 
tween land, water, and man. In response to increasing in- 
terest in and concern for the land and water resources of 
Canada’s west coast-,-. the Lands Directorate of the De- 
partment of the Environment commissioned the Univer- 
sity of British Columbia to produce the Strait of Georgia- 
Puget Sound Water and Generalized Land Use Maps. 
The two maps, prepared by Mr. L. Skoda and Mr. J. C. 
Robertson, present a wide range of land and water re- 
source information for this critical basin which spans the 
Canada-United States boundary. 

Such a vast amount of data presented in map form is 
rather complex. Consequently, a textual framework was 
prepared in order to assist in the interpretation of the 
material. In this Geographical Paper, Dr. Mary Barker of 
Simon Fraser University emphasises the nature of trends 
in land and water resource demand and use. By describing 
the nature of these changes, the paper adds a dynamic di- 
mension to the information presented on the maps. To- 
gether, the cartographic and textual presentation of in- 
fo‘rrr1_ation'forms a comprehensive examination of land 
and water resource activity i_n the Strait of Georgia-Puget 
Sound Basin.

' 

R. J. McCormack 
Director General 
Lands Directorate 
Environment Canada
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. Préface 

Les zones cotiéres sont un exernple unique de l’interac- 
tion entre la terre, l’eau et 1’homme. Par suite de l’intérét 
accru et des préoccupations croissantes dont font l’objet 
les terres et les eaux de la cote ouest du Canada, la Direc- 
tion générale des terres du ministére de l’Environnement 
a charge l’Université de la Colombie-Britannique de-dres_- 
ser une carte hydrographique. Préparées par M. L. Skoda 
et M. J .C. Robertson, les deux cartes présentent une foule 
de données sur les ressources des terres et des eaux de ce 
bassin critique par ou passe la frontiere du Canada et des 
Etats-Unis.

“ 

Une aussi grande quantité de données présentée sur . 

une carte ‘rend celle-ci plutot compliquée. C’est pourquoi 
un texte a été rédigjé pour en faciliter Pinterprétation. 
Dans cette étude géographique, le professeur Mary Barker 
de l’Université Simon Fraser souligne les tendances de la 
demande et de l’utilisation des terres et des eaux. En dé- 

. crivant la nature de ces modifications, Pétude ajoute uri 
coté dynamic aux données présentées sur les cartes. Cette 
double presentation, cartographique et textuelle, cons- 
titue une étude pou,s_s_ée des activités reliées a la ressource \ 

des terres et des eaux du bassin formé par le détroit de 
Georgie et le Puget Sound. 

R.J. McCormack 
Directeur général 
Direction générale des terres 
Environnernent Canada



Abstract
\ 

The interaction of water, land, and air on Canada’s 
west coast produces a distinctive freshwater-marine envi- 
ronfnent. The Strait of Georgia-Puget Sound Water and 
Generalized Land Use Maps present a wide variety of 
data on water and land use, as well as related resource 
activity. Insets, at a scale of 1-:500,000, present detailed 
information on land use, foreshore and offshore water 
use, appropriated water rights, waste discharge, and 
power generation. Smaller insets provide data on physio- 
graphy, precipitation, streamflow, ‘hydrogeology, ship- 
ping, fishing, water quality, major water uses and popu- 
lation. 
The text portion of this Geographic Paper serves as »a 

framework for interpretation of the complex array of in- 
formation presented on the two maps. The report begins ' 

by providing a regional overview a_nd then highlights the 
physiographic, climatic and other factors that influence 
the supply of water. The increasing demands for water 
and the changing patterns and trends of water use are de- 
scribed. In addition, the interplay ofvarious water uses 
and related land resource activities is emphasised. Policies 
and programs for water management in both British 
Columbia and Washington are discussed. The report con- 
cludes by describing strategies for the future. 

Résumé 

L’interaction de l’eau, du sol et de 1’air de la cote ouest 
du Canada constitue un environnement particulier d’eau 
douce et d’e_au de mer. Les cartes des eaux et de l’utilisa- 
tion générale des terres du détroit dc Georgie et le Puget 
Sound présentent une grande variété de données sur l’uti- 
Iisation des eaux et des terres, ainsi que sur les activités 
des ressources connexes. Les cartons, a l’é'chelle de 
1:500,000, présentent des données détaillées sur l’utilisa- 
tion des terres, des cétiéres et hauturieres, l’acquisition de 
droits de jouissance de l’eau, 1’évacuation de déchets et la 
production d’énergie. Des cartons plus petits inettent en 
valeur des dét_ails sur la physiographie, la précipitation, le 
débit, l’hydrogéologie, la navigation, la péche, la qualité 
de l’eau, les principales utilisations de l’eau et la population. 
Le texte de la présente étude géographique sert de base 

a Pinterprétation de la foule de données complexes pré- 
sentée sur les deux cartes. Le rapport donne d’abord un 
apereu regional et ensuite les principaux facteurs physio- 
graphiques, climatiques et autres qui touchent l’apport en 
eau. Les demandes croissantes dont l’eau fait l’object et la 
modification des modes et tendances d’u_ti1isation y sont 
d_écrit_s,. En outre, le rapport souligne l’interaction qui 
existe entre les diverses utilisations de l’eau et les activités 

T terrestres qui y sont rattachées. Les politiques et les pro- 
grammes de gestion des eaux de la Colombie-Britannique 
et de 1’Etat de Washington y sont discutés. Pour conclure, 
le rapport décrit des stratégies pour l’avenir.
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Chapter 1 

Setting the Stage 

Many west coast residents are more aware of local, 
regional, and international conflicts concerning water use 
because of recent events wh_ich have had extensive rnedia 
coverage. The Santa Barbara oil spill and the Alaska 
pipeline dispute, for example, have drawn attention to 
the threats to environmental quality and to the need for 
careful management of the natural resources,.‘Cherry 
Point, Skagit Valley, Moran Dam, oil tanker routes, and 

. the energy crisis have become familiar names and phrases 
in the province of Biritish Columbia and in the state of 
Washington. Issues such as these have raised serious 
questions about the growth ethic, environmental quality, 
national sovereignty, private versu_s public rights, and 
regional versus federal powers. Because these questions 
are usually discussed in relation to specific areas orvcon- 

A 

flicts, it is diflicult to find a sense of perspective. What, 
_ 

for instance, are the existing and emerging problems? 
Where are they? How critical‘ are they ? How can they be 
overcome and others prevented ? 

Few people, other than some of the professionals who 
are involved in managing water resources, have a pool of 
inforrnation that they can use for defining a broader 
perspective—a perspective encompassing the role of 
water in the regional economy, the interplay between 
water and related land. resources, and the impact of 
certain activities on environmental quality. The Water 
Use\Map, supplemented by the map of Generalized Land 
Use, provides a regional context for looking at the fol- 
lowing relationships: the distribution, amount and quality 
of marine and freshwater resources; the demand for 
water and related land resources ;- and the range of ‘choice 
available, including some of the opportunities and con- 
straints involved in using and managing water resources. 

This report is intended as a framework for interpreting 
the complex array of information that is presented on the 
maps. A reservoir of data on resources and their use has 
been accumulated by federal, provincial, and state gov- 
ernment agencies in recent years. Most of the informa- 
tion has been prepared for internal use by the agencies 
and is not readily available to the interested public. 

‘ Many of the reports deal with very specific topics and are 
highly specialised. They vary in rangeeof coverage, 

quality, and age. Because of their technical~f_ormat, the 
reports usually need to be interpreted before being cir- 
culated more widely. Until this report and-the accom- 
panying maps were prepared, there was little attempt to 
integrate the pool of specialised knowledge describing the 
relationships between resources, resource uses, and man- 
agement programs in British Columbia. Over 100 widely 
scattered reports were collected in order to compile the 
maps and describe trends in the Strait of Georgia-Puget‘ 
Sound Basin. Two comprehensive studies provided most 
of the background material for the southern part of the 
basin, The Puget Sound and Adjacent Waters Study and 
the Columbia-N. Pacific Region Comprehensive Frame- 
work Study of Water and Related Lands, both of which 
were prepared for the Pacific Northwest River Basins 
Commission in 1970 and 1972 respectively. 
The fundamental theme in the maps and the report is 

the spatial dimension of environmental problems. The 
Strait of Georgia, Puget Sound, and Juan de Fuca Strait 
function as a single system — a characteristic that must be 
recognised if planning and management programs are to 
be effective. Awareness of existing and emerging con- 
flicts between uses of water and adjacent lands is growing. 
The myth of unlimited resources and uses that are inde- 
pendent of each other is disappearing as people recognise 
some of the problems that are caused by intensive use of 
water and land in the heavily urbanised coastal zone. The 
maps offer a graphic description of the relationships 
between the growing demand for water and shoreline re- — 

sources, and the impact of these demands on the physical 
environment. The maps integrate a wide range of in- 
formation within a common spatial context and empha- 
sise the linkages across the international boundary. 
Water uses and management problems transcend politi- 
cal borders. Surface water, groundwater, and coastal 
waters move or extend across the artificial boundaries 
that have been erected between municipalities, counties, 
provinces, states, and countries. 
As well as providing a broad regional context, the 

maps highlight the dynamic nature of water and water 
uses. The basin is dominated by the freshwater cycle’ of its 
landward margins and the marine cycle of its inland sea.

1



The two systems are intimately bound together. Man’s 
, 
activities and uses of water are interrelated in much the

I 

same way. Just as precipitation andrunoff from the 
mountains affect the movement and salinity /of water in 
the inla_nd_sea, so the use of watercourses as waste dis- 
posal sinks affects-other downstream, uses. - 

The Water Use Map underlines these themes, some 
more successfully than others. Most of the information 
collected by government agencies in Canada and in the 
United States has been concerned with the physical re- 
source, particularly the hydrological and biological 
aspects. Very little attention has been paid to the eco- 
nomic, social, a_nd institutional aspects of resource use 

- and management. Because all of the available information 
could not be shown on one map, the Water Use Map 
concentrates on describing available water supplies and 
existing wa_ter‘u_ses. The report fills‘ in the ‘background by 
describing factors that influence water supply, trends in 
the demand for water and related l_ands, and manage- 

ment p‘rog'rarr‘is“ rmder'way in the Strait of Georgia- 
Puget Sound Basin. 

"
I 

The report begins with a description of the physical
\ 

setting of the basin, its maritirne c_l_i__r'nate,— and the nature 
and distribution of its water resources. This introduction 
provides a framework for understanding the demands 
made on water and related resources by the growing 
urban-ilndustsrial population of the west coast. The report 
describes programs and problems in managing resources 
and activities within the basin. Looking at some of the 
past, present, and emerging trends, a number of key 
themes are underlined, including: the dynamic and inter- 
related nature of resources and uses; the concentration of 
urban pressure in the coastal zone, particularly on the 
estuaries; the growing pressure on the quality of coastal 
waters and the lower reaches of rivers flowing into the 
inland sea»; and the need for a regi_onal overview in plan- 
ning and regulating water and land uses in the basin.

\



F Chapter 2 

Water Resources—Quantity and Quality 

_ 

Two of the most outstanding assets of the Strait of 
Georgia-Puget Sound Basin are its marine setting and its

J 

abundant freshwater resources, The interaction of water, 
land, and air produces a distinctive freshwater-marine 
environment. This is a region of vivid contrasts: rugged 
islands, estuaries, tidal flats and long, narrow fjords; 
gently rolling lowlands and high, jagged mountain ranges. 
The basin is best described by dividing it into five parts; 
the GeorgiaDepr'ession,the Coast Mountains,theCascade 

A 

Mountains, the Olympic Peninsula and the Vancouver 
Island Range. (Figure 1) The mountain ranges that flank 
‘the Strait of Georgia-Puget Sound water body dominate 
the freshwater cycle of the basin. The Georgia Depression 
includes the inland sea and the coastal lowlands, and is 
the focus of fresh and oceanic water exchange in the basin. 

The Evolution of Land Forms 
The five physiographic units reflect major structural 

trend_s in the earth’s crust along the northwest coast of . 

North America. The Strait of Georgia and Puget Sound 
occupy a depression in a coastal trough that extends 2,500 
miles from southeast Alaska to the Gulf of California. 
The Georgia Depression is flanked by consolidated sedi- 
mentary rocks and igneous massifs that have been uplift- 
ed and arched into the Vancouver Island Range and the 
Olympic Mountains to the west, and into the Coast and 

‘ Cascade mountains to the east. Vancouver Island is sepa- 
rated from the Olympic Peninsula of Washington by Juan 
de Fuca Strait — another structural depression which is 
bounded by major east-west trending faults. 
The coastal trough originated from a downfolding of 

the earth’s crust along the Pacific margin in Mesozoic 
times, more than 150,000,000 years ago. The trough 
gently subsided and accumulated thick deposits of marine, 
non-marine, and volcanic material. During this time 
mountai_n.bui_lding, accompanied by intense folding and 
the intrusion of igneous massifs, began on the Pacific 
coast. This activity continued until a few million years 
ago. The material eroded from the mount_ain ranges accu- 
mulated in the trough. The Georgia Depression took on 
its present form more than 1,000,000 years ago, but the 
early pattern has since been modified by continued down- 

warpilng, glacial scouring, and the erosion of bedrock. 
The mean depth of the water body is 85 fathoms (510 
feet), but it reaches 300 fathoms at the northern end of 
Puget Sound and 230 fathoms near Texada Island in the \ 

Strait of Georgia. 

While the major physiographic subdivisions within the 
basin reflect the structural evolution of‘ the Pacific coast, 
more recent glacial and fluvial action has modified the‘ 
land surface considerably. About 1,000,000 years ago, the 
basin was invaded from the northeast by lobes of ice from 
the Cordilleran ice sheet. Ice advanced and retreated at 
least four times and left evidence of glacial erosion and 
deposition in the form of deep, U-shaped valleys, inter- 
rupted drainage patterns, and unconsolidated m_aterials 
deposited either by the ice or by meltwater. Volcanic acti- 
vity was extensive in the Coast and Cascade mountains 
during this period when Mount Baker, Glacier Peak, and 
Mount Rainier were active. Meanwhile, ice covered all 
but the highest peaks and extended as far south as the 
Seattle region in the lowlands. The ice finally retreated 
from Puget Sound about 14,000 years ago, and from the 
Strait of Georgia about 10,000 years ago. After the 
weight of the ice was removed from the basin, the earth’s 
crust rebounded; raised beaches, deltas, and. glacie- 
rnarine deposits were left along the coastline up to 
470 feet above present sea-level in the north, and up to 
250 feet in the Victoria region. Since this time, drainage 
has been readjusting to the modified land surface. Erosion 
continues in theimountains and the suspended material 
is carried and deposited in the lower reaches of rivers and 
streams. The Fraser River has carried enough eroded 
material in post-glacial times to build up a delta 15 miles 
out into the Strait of Georgia. 

Two inset maps on the Water Use Map illustrate the 
major physiographic and geological features of the basin 
and the text on the Land Use Map offers a regional sum- 
mary of the physiography. The Puget, Fraser, and Nan- 
aimo lowlands, and the Gulf Islands are the landward

I 

margins of the Georgia Depression. Much of the area is 
covered by unconsolidated marine, glacial, and fluvial de-. 
posits up to 1,000 feet thick on the Fraser Lowlands and 
2,800 feet thick on the west coast of Puget Sound. These 

3':
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. deposits support the richest agricultural land in the basin 
and are the main reservoirs for groundwater. The bedrock 
below these deposits consists of interbedded sandstones, 
conglomerates, and shales. These outcrop on the east 
coast of Vancouver Island, on the Puget Lowlands, and 
in the San Juan Islands, where some igneous rock is 

exposed as well.
K 

The east and west flanking mountain ranges have dis- 
tinct geological hi_s'to_ries;.; The Coast and Cascade moun- 
tains consist of intrusive igneous and-. metamorphic 
massifs that show evidence of recent glacial and volcanic 
activity. They are the highest mountain ranges in the 
basin. A spectacular chain of snowcapped, dormant vol- 
canoes rises above the eroded bedrock surface of the 
Cascade Range. The mountains to the west of the Georgia 
Depression have a more subdued relief than the Coast or 
Cascade mountains..An arch of igneous and metamorphic 
rock forms, the backbone of Vancouver Island, which is 
separated from the Olympic Peninsula by a fault—bounded 
depression, the Juan de Fuca Strait. The Olympic Moun- 
tains are dominated by folded sandstones and shales, and 
by volcanic rocks that have been eroded into sharp, steep- 
sided ridges bounded by a narrow belt of coastal lowland

‘ 

in the north. 

Climate 
The basin, which is dominated by maritime air masses, 

has a temperate climate with cool summers and mild, wet 
winters. The prevailing air movement comes from the west 
across the open Pacific but in winter, the area may be 
invaded by cold, continental air from the northeast. The 
climate is one of local contrasts brought about by regional 
variations in topography. Coastal areas follow the general 
trend of cool summers and mild, wet winters and have a 
long growing season. The climate in the mountains is 
almost subarctic, with lower temperatures, higher pre- 
cipitation with much of it falling as snow, and a short 
growing season. 

In summer, the basin comes under the influence of a 
high pressure system in the northeast Pacific. North- 
westerly winds dominate the coast and average monthly 
temperatures range from 55°F (l3°C) to 64°F (l8°C) in 
the Puget Lowlands, and from 51°F (1 1°C) to 58°F (l9°C) 
on the west cost of Vancouver Island. By fall or early 
winter, a low pressure cell over the Aleutian Islands 
intensifies and the high pressure system moves south and 
wea_kens. By late winter, winds along the coast reverse 
and become southeasterly, shifting to southerly, along the 
outercoast of Vancouver Island. Between October and 

‘ 

April, average monthly temperatures range from .40°F 
(9°C) to 50°F (l0°C) in coastal areas and from 24°F (—9°C) 
to 43°F (6°C) in the Coast and Cascade mountains. Most 
of the precipitation falls in the winter months, when the 
Puget Lowlands receive 30 inches and the west coast of 
Vancouver Island receives more than‘l00 «inches,

6 

Wind ‘Patterns ’

. 

Because of local topographic effects, the surface wind 
pattern does not always follow the general northwest 
or southeasterly seasonal trends along the coast. Puget 
Sound, the Fraser Valley, and Juan de Fuca Strait act as 
funnels/th_at‘ govern the wind pattern in the Strait of 
Georgia. "Sometimes a counter-clockwise circulation can 
develop around the Gulf and San Juan islands in winter. 
This breaks down during the summer months, when a 
weal_<'ened SW-SE pattern develops over the San Juan 
Islands, and nearby lowlands. In addition to shifts caused 
by topographic effects, the general pattern can be dis- 
turbed in winter by the invasion of polar continental air. 
Fjord inlets and the major valleys act as funnels for the ’ 

cold air that streams across the Coast and the Cascade ' 

mountains towards the Pacific. The temperature of‘ the 
cold air tends to be moderated by the warmer water. The 
polar‘ air only occasionally penetrates as far south as 
Seattle.

‘

v 

The direction and speed of surface winds influence the 
circulation of surface water in the Strait of Georgia and 
Puget: Sound. Wind speeds u,sua_lly range between four 
and 15 miles per hour, but cyclonic storms, which 
periodically move into the area, can generate winds up to 
55 miles per hour. The Strait of Georgia and Juan de 
Fuca Strait can be hazardous to small craft in these con- 
ditions. Because of the short fetches within the enclosed

I 

waters, waves rarely exceed six feet in Puget Sound and» 
the Strait of Georgia. 

Temperatures 
Daily and seasonal temperature ranges increase as the 

moderating influence of the coastal waters is lost. The 
lowest mean daily temperatures occur between January 
and March throughout the basin. The gradient between 
coastal and inland areas is best developed in British 
Columbia where minimum mean temperatures range from 
34°F (1°C) to 46°F (7°C) on the west coast of Vancouver 
Island and from 19°F (:—7°C) to 42°F (5°C) in the 
Coast Mountains. (Figure 2) The length of 'the growing 
season decreases with distance from the moderating‘ 
marine influence, and decreases locally with elevation. 
The Puget Sound Lowlands and the San Juan Islandsehave 
a‘frost—free period of 180-220 days. This period.is reduced 
to 145-175 days in the valleys and the foothills of the 
Cascade Range. In the foothills, there is a strong pos- 
sibility of freezing temperatures from early November 
onwards, but, on the coastal lowlands and islands, the 
onset of frost is often delayed until early December. 
Frosts generally end in midi April along the coast but 
continue until mid or late May in the Interior. The warm- 
ing trend continues until the peak summer months of July

_ 

and August, when mea_n daily temperatures range from 
50°F (l0°C) to 65°F (1 8°C) on the west coast of ‘Vancouver 
Island and increase eastwards to between 45°F (7 °C) and 
74°F (23°C) on the Fraser Lowlands. (Figure 2)
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FIGURE 2. Mean Temperature and Precipitation 

Mean daily temperatures in degrees Fahrenheit are shown as a black line. The figure adjacent to the line is the 
mean ann_ual_temperature for that station. The mean total precipitation for each month is shown by the bar graphs. 
The figure adjacent to the bar graph is the mean annual precipitation measured over a 30-year period. 
The upper row of stations is a progression from the west and east coasts of Vancouver Island, to the Sunshine Coast, 
the lower Fraser Valley, and the Coast Mountains. 
The lower row of stations is a west-east progression from the Olympic Peninsula across Puget Sound to the foothills 
and peaks of the Cascade Range. ‘



Precipitation 
Althoughthe region has a moist, maritime climate, the 

rapid changes in relief produce great local variations in 
_precipitation. Moist air moving in from the Pacific rises 
over the outer mountain range and releases moisture as it 
cools-.; This orographic effect produces more than 150 
inches of precipitation annually on the west coast of 

V 

Vancouver Island. The eastern side of the island lies in 
the rainshadow of the mountains and receives les_s than 
50 "inches of precipitation a year. To the south, the Gulf 
and San Juan islands and the adjacent lowlands lie in the 
rainshadow of both the Olympic and Vancouver Island 
ranges and receive between 15 to 30 inches annually. 
Orographic lifting across the Coast and Cascade moun- 
t_ain_s produces up to 200 inches annually on the higher 
west-facing slopes. 

Most of the precipitation falls between October and 
March on the coastal lowlands and the length of thewet 
season increases with elevation in the Interior. July and 
August are the lowest rainfall months and irrigation be- 
comes essential for some crops during this period. Lower 
temperaturesprevail in the mountains and much of the 
precipitation falls as snow on the high ground. Lowland 
areas receive from ten to 30 inches of snow, the foothills 
75 to 100 inches, and the mountains 300 to 500 inches. 
Snow begins to accumulate in October on high ground 
and remains until June or July except on the highest 
peaks, which have permanentsnowfields a_nd "glaciers. 

The accumulation of large depths of snow at higher 
elevations has important implications for the pattern of 
spring runofl‘. Ice fields and glaciers act as moisture 
reservoirs that release rneltwater in spring and summer. 
Most of the’ streamfiows, therefore, peak in summer 
rather than in winter, when most of the precipitation 
occurs. Unless streamflow is regulated as part of a water 
supply or a hydroelectric power project, the period of 
peak flow coincides with the greatest moisture demand of 
crops on the agricultural lowlands-. Meltwater also feeds 
groundwater supplies and the water-table in aquifers 

tends to be high in early SuIIlII‘l€l'_. In this way, an addi- 
tional source of water is provided at the time of peak 
demand. Meltwater does not always act as a positive 
benefit, however, as it creates a flood hazard in lowland 

j areas in spring, when heavy rainfall combines with rapid 
snowmelt. 

Fog 
Coastal fog is a hazard to navigation during the winter 

months in the Strait of Georgia. In late summer, passage 
through the Gulf and San Juan islands can be hampered 
by fogl Fog occurs in northern coastal waters during the 
winter months when saturated air, moving into the area
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. available to them. Two values must be defined: potential 

across warm waters, is cooled on contact with the land 
surface. To the south, fog is more common in late sum- 
mer when warm, moist air from Juan de Fuca Strait is 
cooled by the cold channel water of the Gulf and San 
Juan islands.» 

Moisture Balance 
A water surplus, or water deficit, occurs in an area 

when the amount of water gained by precipitation is not 
balanced by the amount lost through evaporation from 
water surfaces and through transpiration from vegeta- 
tion.-covered surfaces.‘ (Figure 3) The combined loss by 
these two processes is called evapotranspiration. The rate 
of evapotranspiration slows down in summer as the 
plants adjust to the smaller amount of soil moisture 

evapotranspiration (PET), which is the amount of water 
that would be lost if there wasa continuous vegetation 
cover" and enough soil moisture to meet plant needs; and 
actual evapotranspiration, which decreases as soil mois- 
ture is used up. To measure the water deficit in an area, 
available water (precipitation) is compared to water need 
(potential evapotranspiration‘) and the water storage 
capa<':it'y of soil (in this case, assumed to be six inches). 

Potential evapotranspiration refers to the amount 
of water needed for optimum plant growth in an area. 
Values range from 16 to 26 inches in Canada, and 
from 18 to 24 inches in the basin. In summer, when there 
is’ little rainfall, potential evapotranspiration is often 
greater than precipitation. Evapotranspiration continues 
until the moisture stored in the soil is used up. Rainfall 
is then the only source ofwater until the soil moisture can 
be recharged by the infiltration of renewed runofl‘. At this 
time, water need is greater than water supply and there is 
a water deficit. Figure 4 shows average water surplus and 
water deficit during the year for two sites in the study 
area: Sequim, on the south coast of Juan de Fuca Strait,- 
and Palmer weather station, in the Cascade foothills. The 
two diagrams show ver.y"clea'rly the west-east transition, 
from an area of water deficit in the rainshadow of the 
Olympic Mountains to an area of water surplus for much 
of the year in a high rainfall region. 

Annual water deficit ranges from zero in the mountains 
to between six and eight inches in the Gulf and San Juan‘ 
islands and the adjacent lowlands. (These values are based 
on an assumed soil moisture storage of four inches.) The 
water deficit reaches a peak between June and September 
when some crops on the lowlands are irrigated. The distri- 
bution of irrigated ‘acreage on the Land Use Map clearly 
reflects the water deficit areas. (Compare with Figure 3) 
Elsewhere, the water surplus, which peaks in winter and 
early ‘spring, feeds the rapid surface runoff and recharges 
groundwater aquifers.
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FIGURE 3. Average Annual Moisture Deficit
_ 

The amount by which water need (potential evapotranspiration) exceeds available water (precipitation). (The values 
for British Columbia are based on an assumed soil storage capacity of 4 inches.) 

Source: Manuscript map for Atlas of C|irr_Iat_ic Resources of British Columbia.
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FIGURE 4_b. Moisture Balance—~Palmer 
The two graphs show the transition from a water deficit 
area in the ra'in‘sha‘dow of the Olympic and Vancouver 
Island Mountains (4a), to a water surplus area in the 
high foothills of the Cascade Mountains in Wash,ing_ton 
(4b).. 

These diag'ra'ms can be compared to Figure 3 which 
shows a similar west-east t_ran,siti_on. 
Source: Puget Sound and/ldjacent Waters Study (1 971 ), Appendix Ill, 

p. 26, 27. ‘ 

Marine Waters 
The estuary is a,,c,onstantly flowing system of inflowing 

seawater and outflowing freshwater that supports a wide 
variety of marine anim_al and plant life. Although the 
Strait of Georgia has been studied for several decades as 
part of the program to maintain the commercial fishery, 
the picture of the complex oceanographic system remains 
incomplete. Very little is known about the interplay 
between physical features and biological productivity (for 
instance-, the effect of water circulation on nutrient dis- 
tribution) or about the impact of‘ pollution on the system. 
Research programs undertaken by government agencies 

' and universities reflect the growing interest in how this 
inland sea functions. 

1 

Water.Exchange and Circulation 
The movement of water is governed by several forces 

including freshwater inflow, tidal currents, and wind- 
generated currents. Freshwater enters the estuary from 
lo_cal drainage, runoff, and direct precipitation. Seawater 

_ 

enters the Strait of Georgia and Puget Sound through 
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Juan de Fuca Strait, and a smaller inflow takes place 
through the northern channels of Johnstone Strait and 
Discovery Passage. The large supply of freshwater ac- 
counts for the low salinity of Puget Sound and the 
Strait of Georgia. After circulating and mixing, the water 
is eventually flushed out into the open Pacific. The rate of 
flushing is controlled by the inflow of freshwater, by 
tidal currents, and by the volume and salinity of inflowing 
oceanic water. Deep oceanic water is thought to exchange 
once a year between the Pacific Ocean and the Strait 
of Georgia, but the brackish surface layer may flush 
through more frequently. The greatest exchange of water 
takes place in the fall and winter, when the major inflow 
of oceanic water occurs.

’ 

Most of the runofl", by far the most important source of 
freshwater, enters the southern’ part of the basin. Inflow 
is dominated by the Fraser River, which provides 80% 
of the freshwater entering the Strait of Georgia.» There are 
seasonal variations in runoff but the discharge is at a 
maximum in late June or early July. During the freshet 
season, the Fraser River discharges, on the average, more 
than 350,000 cubic feet of water per second in its lower 
reaches. At the mouth of the river, seawater mixes with 
freshwaterand extends up the river as a deep saltwater 
wedge with the incoming tide. The brackish water flows 
out from the estuaries in a surface layer above the deep 
saline water. The amount of freshwater and the rate at 
which it enters from the estuaries significantly affect the 
way the inland sea behaves. The freshwater inflow in- 
fluences the distribution and viability of marine life, and 
the dispersal of pollution that is discharged into the rivers. 
It also carries large amounts of debris and floating logs, 
which create a navigational hazard" in open waters and 
build up along the shoreline during high tides and storms. 
As the brackish water flows seaward on the surface, 

' 

dense cold seawater moves in at depth through Juan de 
_ 
Fuca Strait. The two layers mix around the San Juan 
Islands as the dense seawater moves over a series of sills 
and basins on the ocean floor. The intense tidal turbulence 
in the narrow channels between the islands adds to the 
mixing process by destroying the vertical layering of the 
surface brackish water and the deep seawater. A density 
gradient builds up as the saline water is increasingly 
diluted with brackish water. The currents set up by this 
gradient influence the circulation of deep ocean waters in 
the inland sea. This process is not fully understood. Be.- 
cause it affects the dispersal of pollutants and influences 
the circulation of nutrients and food sources for young 
fish, more information is needed about the gradient. 
A systematic study of tides and currents has been 

underway in the Strait of Georgia and Juan de Fuca 
Strait since 1968. Drift bottle studies, conducted in the 
early 1930s, have shown that thereis a general counter- 
clockwise circulation, but this is not a steady feature. 
Occasiona_l_ly it is modified, or even reversed, by fresh- 
water runoff, by tid_es, or by strong surface winds. The 
map shows the counter-clockwise‘ movement of surface.

\



drift;.-'Because*- the pattern is very sensitive to shifting 
winds and runoff, itshould-be interpreted only as a gen- 
eral trend. Recent studiesmade with self-recording current 
meters have not confirmed a general counter-clockwise 
circulation, except in localised areas. 

Isolines, plotted at six-inch intervals, show tidal ranges 
in marine waters. (See Water Use Map) The difference 
between mean low and high tides increases from Juan 
de Fuca Strait" towards the coastal inlets. The ,tidal range 
increases from eight feet around the Gulf Islands, to more 
than 11 feet in the narrow channels north of Texada 

' 

Island, and to 15 feet near Olympia. The maximum range 
of spring tides rarely exceeds 16 feet, but even small 
ranges can affect large areas of the intertidal zone along 
the gently sloping shoreline. Water moving in across the 
‘broad expanse of Juan de‘ Fuca Strait travels through 
narrow channels between the islands and fast tidal cur- 
rents vary from six to nine knots. There are even narrower 
passages north of Texada Island and tidal currents can 
reach 14 knots. . 

Both tidal and non-tidal currents are important for 
marine navigation. Theyare also instrumental in the 
dispersal of pollution and possible oil spills resulting 
from the collision or grounding of oil tankers and cargo 
vessels plying these waters. These currents also govern 
the pattern of erosion and deposition along the coast. 
Information about the behaviour of tides and currents is 
essential when decisions are made to change the shape of 
thecoastline. The construction of seawalls and groins, for 
example, changes the pattern of longshore drift and shifts 
the sequence of erosion and deposition along the coast. 
Dyking along the coast can decrease the area of intertidal 
salt marsh, which acts as a sediment trap. On a_ larger 
scale, the construction of superports, such as Roberts 
Bank, creates a- new coastline, a phenomenon which may 
lead to the erosion of recreational beaches and wildlife 
habitats, and the deposit_ion of sediments in other areas 
causing navigational problems. The greatest risk of 
damage occurs in highly populated urban areas where 
intensive use is made of the shoreline for industrial, 
residential», transportation, and recreat_ion_al activities. It 
is in these intensive use zones that there is a need to anti- 
cipate the impact of a change in patterns of erosion and 
deposition before decisions are made to radically alter 
the coastline by dyking or landfill projects. 

Marine Life
V 

The abundant animal and plant life of the basin, which 
contributes a great deal to the attractiveness of the marine 
setting, is the basis of an important commercial and 
sport fishery. The rich variety of estuarine, shoreline, 
and open water habitats supports more than 200 species 
of fish, 300 species of invertebrates, including shellfish, 
134 species of marine-associated birds, and 16 species of 
marine ai_1im_als. Colonies of marine plants range from 
plankton blooms to forests of giant kelp that proliferate 
in the deeper water offshore. 

Estuaries are the key to the biological productivity of 
the basin: they are nurseries for the young of many 
species; they collect nutrients brought in on the salt- 
water wedge from the ocean; and they produce, nutrients 
and food materials in the salt-marsh vegetation and 
marine life of the intertidal zone, (Figure 5) Nutrients are 
the building blocks for a food chain that supports the ‘fish 
and animal population of the inland sea. The first step in 
the food chain is the population of minute plants, phyto- 
plankton, that harnesses the sun’s energy and nutrients 
in sea. The phytoplankton population tends to be small 
in the brackish water off the coast but concentrated in the 
freshwater and seawater mixing zones. The small plants 
floating in the surface layers provide food for the zoo- 
plankton. Both of these ‘primary producers’ are con- 
sumed by small fish and filter-feeding shellfish, the 
‘secondary producers’ of the food chain. In turn, these 
animals are food for the young and the adults of the 
larger carnivorous species_. Salmon,’ seals, killer whales, 
and many species of sea birds are indirectly dependent on 
the production and circulation of nutrients in the food 
chain of the inland sea. 
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FIGURE 5. Relative Productivity of Estuaries 
Estuaries are among the most productive areas of the 
earth's surface. They produce six times as much plant 
materials /acre t_han wheat /acre on a,r‘ab|_e |_and. 

Source: Modified from The Peace-Athabasca~De/ta‘ (1972), ‘p. 6 

Marine life in the intertidal zone is governed by the 
temperature and salinity of the water, and by exposure to 
wave action. Some sandy beaches may be sparsely popu- 
lated while the rocky shorelines are crowded with many 
species of shellfish, juvenile fish, and plants. The domi- 
nant species of shellfish and crustacea are clams, oysters, 
shrimp, and, in some areas, abalone. These fish and 
crustacea support a large commercial and sport fishery, 
and contribute to the enjoyment of beachcombers wan- 
dering along the shoreline. Unfortunately,_ shellfish are 
susceptible to contamination from sewage and ‘ other 
wastes that are discharged into estuaries and coastal
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waters. Because oysters and clams _are unfit for human 
consumption when they absorb fecal matter carrying 
pathogenic bacteria, some shellfish beds are periodically 
closed to commercial harvesting, and private collecting 
is discouraged. « 

.

‘ 

The basin contains most of the fish species found along 
‘ 

the Pacific coast in temperate latitudes. Herring is the 
dominant species in terms of biomass (volume) and these 
fish, together" with other abundant fish, such as sandlance 
and anchovies, provide the main food source for larger 
fish. Lingcod, Pacific cod, halibut, and sole are important 
commercial groundfish species. The most important 
commercial and sport fish are the five species of salmon — 
coho, pink, sockeye, chum, and chinook. Steelhead and 
cutthroat trout, which migrate to streams in the basin, 
support an intensive sport fishery. The abundant fish 
population also provides food for the seals, sea lions, 
mink, and otter that frequent rocky coasts. Porpoises 
and killer whales are among some of" the larger marine 
mammals that visit the open waters of the Strait of 
Georgia and Juan de Fuca Strait. 

The estuaries are very important as feeding stops for 
birds migrating down the Pacific flyway from the Arctic 
south to California. An estimated 4,000,000 waterfowl 
move down the coast during the fall migration. Some use 
the outside passage west of Vancouver Island, but many 
follow the more sheltered route over the Strait of Georgia 
and Puget Sound. Mallards, pintail, widgeon, and snow 
geese are some of the species that winter in the estuaries. 
As many as 300_,000 snow geese from the Russian A_rctic 
winter in the Fraser and Skagit estuaries, and an esti- 
mated 25% of the world’s trumpeter swans stay in the 
estuaries of Vancouver Island. The resident seabird popu- 
lation is dominated by glaucous-winged gulls but other 
species, such as ducks, cormorants, and loons, are 
common. 

Marine Water Quality 
Graphs on the map show general trends drawn from 

data selected from the records of marine monitoring 
stations in the basin. Puget Sound has 120 water quality 
monitoring stations, and inforrr‘_1_ation from some of these 
has been selected to show trends in the East Passage, 
Hood Canal, and Admiralty Inlet. Records from 12 
cruises by a research vessel of the Marine Sciences 
Branch of the federal government in 1968 were used to 
plot graphs in Canadian waters. Because the records are 
incomplete and because the pattern shifts rapidly as 
freshwater runoff, surface currents, and wind change, the 
graphs indicate general trends and should not be inter- 
preted as precise levels of quality. (See _Water Use Map) 
Four water quality characteristics are shown — tempera- 

ture, salinity, dissolved oxygen, and orthophosphate. 
Temperature and salinity play central roles in the func- 
tioning of the oceanic system and reflect seasonal fluctua- 
tions’ in runofi‘, insolation, and circulat_ion. Dissolved 
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oxygen and orthophosphate relate to the biological 
F 

productivity of.the system and indicate how it copes with 
domestic sewage and waste discharges from industrial 
and agricultural activities. 

Temperature and salinity vary with, seasonal fluctua- 
tions in the inflow of seawater, freshwater runoff, and 
insolation. There is a net outflow of warm brackish water » 

on the surface and a net inflow of cold, saline water at 
depth. The salinity of water in Juan de Fuca Strait 
undergoes little seasonal change but, away from the 
ocean, water becomes increasingly diluted and seasonal 
changes are quite marked, due to variations in runoff. 
In’ Puget Sound, the salinity ranges from 13 %,, (pa_rts per 
thousand) during the period of greatest runofl‘ to 33 %o in 
low flow periods when more saline water intrudes. The 
difference between r_r,1,aximurn and min_imum values is 

equally marked in the Fraser estuary, where the salinity 
ranges: from 5 %, to 25 7,0. The decrease in salinity towards 
the coast is accompanied by broad seasonal fluctuations 
in water temperature. Winter and summer temperatures 
range between 43°F (6°C) and 59°F (l2°C) in Juan de 
Fuca Strait, and between 43"F (6°C) and 64°F (l8°C) in 
the estuarinelwaters of the Strait of‘Geo1"gia;. The brackish 
water floats on the denser seawater that moves in at 
depth and this stratification means that the dissolved 
contents, such as nutrients, tend to circulate in the upper 
layers. Stratification breaks down in the turbulent areas, 
such as the narrow passages, and in winter, when the 
combined action of cooling, evaporation, reduced run- 
off, and increased winds encourages vertical mixing-. 

The amount of dissolved oxygen and nutrients in 
oceanic "water determines biological productivity (the 
carrying capacity for marine life). Areas that are well 
supplied are able to support larger plant and animal 
populations. Measurements taken of nitrates and ortho- 
phosphate, two principal nutrients, are not plentiful in

' 

British Columbia-, but the graphs include orthophosphate 
content in Puget Sound. In general,‘the basin is thought 
to be under-supplied with nutrients, except in the major 
areas of production—estuar'i'es and inlets, which have a 
restricted circulation. The discharge of fertilisers, phos- 
phate detergents, and human and other organicchemical 
wastes adds to the supply of nutrients that are brought 
in from the Pacific or produced in the estuaries. The 
surface waters flush through often enough so that an 
overabundance of nutrients, which may cause excessive 
plant growth and reduce the dissolved oxygen content, 
is not a problem, 

There are localised problems of low dissolved oxygen 
in the vicinity of industrial and domestic waste dis- ' 

charges but, in general, the marine waters are well 
oxygenated. The circulating and flushing action of the 
inland sea reduces the threat to the whole system of 
irreversible damage from pollution, but the long-term 
efi‘ec,ts of discharges -are unknown. There are some severe 
problems, but these are confined to heavily populated and



industrialised coastal areas where the circulation of water 
is restricted. The developed estuaries, where there is a 
real risk of damage to water quality and wildlife habitats, 
are the major zones of conflict. Sulfite waste liquors from 
pulp and paper mills cause local damage to the fishery 
and destroy aesthetic values. The discharge of untreated 
domestic sewage from many communities also harms 
shellfish bejds. Steps are being taken in British Columbia 
and Washington to improve waste treatment in the forest 
products industry and to increase primary and secondary 
treatment of domestic sewage in some of the major 
population centres. 

Inland Waters 
River Discharge 
The study area is dominated by the Fraser River, which 

has a drainage basin of 89,940 square miles, extending far 
beyond the map boundary from a source in the Rocky 
Mountains. Much smaller rivers flow from the slopes of 
the Cascade and Olympic mountains to Puget Sound. The 
Skagit and Snohomish are the largest rivers, but their 
combined flow is only a quarter of the Fraser discharge at 
Hope. Despite the large total supply, water is not always 
available when and where it is needed because of regional 
variations in runoff and seasonal fluctuations in flow. 
Average annual runoff varies from less than 15 inches in 
the central Fraser Valley to 140 inches on the highest 
peaks. Seasonal fluctuations in precipitation and snow- 
melt lead to high freshets and periods of low flows. This 
pattern of regional and seasonal variation in the amount 
of water available for many competing uses has acted as 
an incentive for stream management—regulation by 
reservoir storage, stream diversions, and watershed 
conservation programs to control runoff. (In_set graphs 
on the Water Use Map show variations in discharge for 
the Fraser River at Hope, Mission, and Port Mann.) 

Surface runoff is the amount of water received by a 
drainage basin as precipitation, less the amount lost 
through evapotranspiration, groundwater seepage, and 
consumptive uses. Regional trends in surface runofi 
largely reflect the amount of precipitation, although the . 

pattern is regulated by storage in snowpacks and by 
groundwater movement. Peak flows occur in late spring, 
when there is rapid snowmelt. There is a second peak 
during the winter in Washington, due to high precipita- 
tion on the western slopes of the Cascades. The amount of 
water that flows during the freshet period depends on the 
size of the snowpack, the persistence of warm weather in 
the region, and the amount of precipitation during the 
freshets. The lowest mean monthly flows occur in Feb- 
ruary and March, when most of the moisture is stored as 
snow and ice in the mountains. 

Floods 
The major threat of flooding occurs in late spring, when 

heavy precipitation is combined with snowmelt in the 
lowlands and the foothills. The areas most susceptible to 

frequent and damaging floods are the very areas that are 
most attractive for urban and agricultural development. 
Severe floods hit the Fraser Valley in 1894, 1948 and in 
1950, when the water rose to between 22 and 25 feet on 
the river gauge at Mission. The 1948 flood inundated 
more than 5,000 acres of agricultural land and left 2,000 
people /homeless. The total damage is unknown but 
$20,000,000 was paid in compensation for flood losses. 
(A flood of this magnitude has a one in 150 chance of 
occurring each year and is known as a 150-year flood.) 
As industrial and intensive agri_cultural development 
continued, the damage figure would have increased 
sharply if protective measures had not been taken. 

In response to the 1948 flood, the existing dyke pro- 
tection was expanded. A federal—provincial_ program was 
set up in 1968 to improve the existing river and sea dykes, 
bank protection, and pumping facilities. These improve-. 
ments, scheduled to be completed by 1978 at a cost of 
$80,000,000, are a protection against the 150-year flood. 
The program emphasised dyke construction and channel 
improvement and excluded other non-structural means 
of protection. Flood insurance and land-use zoning 
were not adopted and the program relied on the local 
authorities to enact their own floodplain regulations. A 
floodplain policy, adopted in 1973, prohibits building 
within two vertical feet of the 200-year flood level (28 
feet on the Mission guage). The permit system of the B.C. 
Environment and Land Use Committee allows certain 
exemptions in areas where development has already 
occurred and where there is adequate flood protection. 

Dam construction was proposed by the Fraser River 
Board in a 1963 report as a means of providing hydro- 
electric power and regulating the flow of the Fraser 
River for flood control. It is unlikely that this scheme 1 

would receive approval because it would remove the 
river as a sockeye salmon run (the largest in North 
America). The Fraser salmon are an important part of the 
province’s heritage and represent a way of life to the‘ 

Indian fishermen along the river. The annual commer- 
cial catch of salmon on the Fraser is valued at $45,000,000 
(wholesale). 

Dams are used as a means of‘ flood control on some 
Washington rivers, although the primary purpose of the 
upstream storage is for water supply and power genera- 
tion. The average annual damage from flooding on the 
Puget Lowlands has been estimated at $7,000,000 and 
almost half of this is incurred in the Skagit-Samish 
Valley. The existing facilities provide limited protection 
in the form of levees_, dykes, and channel improvements 
on the agricultural lowlands but, if the region was hit by a 
100-year flood (which has a one in a hundred chance of 
occurring each year), 750,000 acres would be inundated. 
Except for the Green and Puyullap valleys, which are the 
most intensively urbanised, flood protection is not 
designed to cope with floods of this magnitude. As in 
British Columbia, there has been little attempt until
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recently to use land-use regulations to control activities 
.on thewfloodplains, exceptiin Skagit,.Snohomish, and 
_Ki_n‘g counties, 

Low Flows 
At the opposite end of the scale, low flows can cause 

local water shortages and reduce a river’s ability to cope 
with the discharge of pollutants. The lowest mean mon- 
thly flows occur in February and March, when little 
moisture’ is released from the mountain snowpacks. A 
more critical low flow may occurin late August, after 
the period of rapid snowmelt has ended, and when there 
is little rainfall. At this time, low flows and high water 
temperatures can reduce the river’s ability to support a 
large fish population and to assimilate pollution. Releases ' 

from upstream storage reservoirs can ease this situation, 
if the timing does not coincide with peak demands for 
water supply or power generation.

\ Storage 
The capacity of active reservoir storage in the Washing- 

ton part of the basin was ‘approximately 3,200,000 acre- 
feet in 1965. Dams constructed in the river basins adjacent 
to the major urban-industrial centres of Seattle and 
Tacoma are the major sources of water supply. Other 
rivers have been developed primarily for hydroelectric 
power. The major power development is situated on the 
Skagit River, where storage in Ross Lake provides a 
360,000 kilowatt capacity for Seattle City Light. Based 
on 1970 data, the storage capacity of reservoirs in 
British Columbia is approximately 4,600,000 acre-feet. 
The major storage areas are located in the valleys of the 
Coast and Cascade mountains adjoining the Lower 
Mainland, and in the Comox—Strathcona area of Van- 
couver Island. The major portion of Vancouver’s water 
supply and some of its power come from- Capilano 
Reservoir, north of Burrard Inlet. In bot_h British Colum- 
bia and Washington, the figures given on the Water Use 
Map include storage for power" development, domestic 

\ and industrial water supply, flood control, and re- 
creational use. 

Water Quality . 

The Water Use Map shows regional trends for seven 
characteristics; temperature, dissolved oxygen, ortho- 
phosphate, nitrate, pH, turbidity, and coliform counts. 
The graphs in Washington are based on data collected at 
49 monitoring stations that were set up between 1959 
and 1968. The coverage has not been as comprehensive in 
British Columbia, but the Pollution Control Branch of 
the provincial government has recently set up a network 
of monitoring stations. In addition to the water quality 
graphs, a table of municipal and industrial waste dis- 
charges shows trends in volume, total solids conte_nt, and 
biochemical oxygen demand (B.O.D.) for the British 
Columbia and Washington parts of the basin. 
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There are major differences in the ability of marine 
«and freshwater to cope with pollution, and water quality 
criteria for inland and oceanic waters should be inter- 
preted with these differences in mind. Except in confined 
inlets, an open estuary system is able to disperse, and 
therefore dilute, pollutants fairly readily. Although no 
one knows the long-term impact of such materials as 
heavy metals or insecticide residues, the inland sea 
probably flushes through frequently enough to avoid 
major damage. Inland waters present a very different‘ 
picture because‘ rivers and streams do not have the same 
capacity to disperse pollutants discharged directly into 
them. Wastes occur in high concentrations at points of 
discharge and are more diflicult to disperse in the more 
constricted channels and reaches, particularly in low 
flow periods. This problem is reduced in the freshet period 
when large volumes of water are flushed through the 
river systems. 

The basin is not‘ faced with a major regional water 
quality problem at the present time, but certain local 
areas are faced with a serious deterioration. This results 
in da.mage to the commercial and sport fisheries, the 
closure of recreational beaches because of a public health 
risk, damage to wildlife habitats, and a. general loss of 
aesthetic quality. A widespread problem is‘ bacterial 
contamination from untreated domest_ic sewage that is 

V discharged into the rivers and estuaries. The coliform 
organism is used as an indicator of bacterial contamina- 
tion from domestic sewage. This organism is not harmful 
in itself but indicates the possible presence of other 
pathogenic organisms. In heavily urbanised areas, coli- 
form counts often exceed the limits of standards set for 
water-contact recreation, and beaches are periodically 
closed. Some shellfish beds are barred from commercial 
harvesting because of raw sewage contamination. 
Low dissolved oxygen counts occur in areas where un- 

treated or inadequately treated municipal and industrial 
wastes are discharged. Large amounts of organic waste 
consume oxygen as they decay and reduce the amount of 
dissolved oxygen available for freshwater life. The 
amount of oxygen required by organic waste materials 
is calle_d the biochemica_l oxygen demand (B.O-.;D.). 
Different organisms require differing amounts of dis- 
solved oxygen in the water in order to survive. Salmon, 
for «example, need levels of at least 5.0 mg /1 during mi- 
gration and even higher levels for. spawning. At present,
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dissolved oxygen levels are high in most of the rivers, 
except where wastes are discharged in heavy concentra- 
tions into constricted reaches, where little flushing takes 
place. 

Cvrthophosphate and nitrate indicate the amount of 
nutrients added to streams and rivers by organic life and 
by the drainage of fertilisers, phosphate detergents, and 
other organic chemicals. The nutrient content of most 
inla.nd waters in the basin is not very high, except in 
streams and rivers flowing through highly urbanised 
areas or through land used for intensive agriculture.



The rivers normally carry high sediment loads and 
large quantities of wood debris. To some extent, this is a 
function of erosion and rapid runoff from forested slopes 
and exposed mountain surfaces in the drainage basins. 
However, logging practices have added to the amount of 
suspended sediment and debris carriedby some of the 
rive_rs..An estimated 1,500,000 cubic*feet of wood debris 
comes down the Fraser in the freshet season as well as a 
considerable volume of logs, which escape from the log 
rafts and booming areas’ on the river-. Wood debris 
accumulates on the river bottom and damages fish 
habitats and spawning areas, The larger logs damage 
boats and fish nets and cause aesthetic damage in the 
lower reaches of many rivers. 
A 

Toxic materials from industrial discharges and pesticide 
residues are normally found in trace amounts and are 
not recorded on the water quality graphs. There are some 
signs of shellfish and other wildlife in estuaries con- 
taining unusually high levels of heavy metals, such as 
copper, manganese, silver, and chromium. These trace 
metals accumulate over a period of time as higher ani- 
mals in the food chain eat the shellfish, but whether the 
amounts are large enough to have a serious long-term 
effect on marine life or on the health of people eating fish 
and shellfish is uncertain. 

Groundwater 
Groundwater potential in the basin is shown on the 

inset map of Hydrogeology, which describes the distri- 
bution of surficial and bedrock deposits, and the present 
pattern of groundwater use. (Water Use Map) Although 
rainfall and surface water are generally abundant, there 
are some areas where industrial, domestic, and agri- 
cultural needs for water are met almost entirely, by 
groundwater sources. Over 85,000,000 gallons per day are 
withdrawn from groundwater aquifers in the Puget 
Bas_in-. This figure represents 13% of the total daily 
demand for water. In the sub-ba_sins of Puyallup and 
Stillaguamish, groundwater meets 90% of the demand, 
while 35 % of the total water supply comes from ground- 
water sources on Whidbey and the San Juan Islands. 
The major use of‘ groundwater throughout the Puget 

Basin is irrigation, which took 51% of the total with- 
drawal in 1970. Of the remainder, 28% was used for 
municipal purposes, 16% for industry,-and 5% to meet 
rural domestic needs. Similar figures were not available 
for British Columbia, but more information has been 
released since the completion of the map. Communities 
southof the Fraser River in the Lower Mainland rely 
heavily on groundwater supplies, with 37% of the total 
daily requirements coming from this source. Parts of the 
east coast of Vancouver Island, including Duncan and 
Cowichan, rely almost entirely on groundwater to meet 
their water needs. 

In the Gulf‘ Islands, Saltspring has sufficient surface 
storage, but other islands have very limited surface and 

groundwater supplies. Precipitation on these islands 
averages less than 30 inches a year and much of this is 
lost through evapotranspiration and runoff from the 
bedrock surfaces, leaving little for groundwater recha,r'ge. 
Domestic use of water on these islands has been limited 
to five gallons per person per day’ in some areas. 

Fluvial sands and gravels on the coastal lowland_s of the 
Strait of Georgia and Puget Sound are the primary 
groundwater reservoirs_. Precipitation and runoff seep , 

through the porous fluvio-glacial deposits where they 
occur on the surface, and accumulate in aquifers that can 
extend for several hundred feet below the surface. These 
reservoirs are ‘unconfined aquifers’ recharged directly

, 

by the infiltration of rainfall in winter and spring. Deeper 
‘confined aqu,ifer‘s’ occur as porous sandsand gravels 
beneath impermeable clays and silts. They receive water 
by seepage from over-lying surface aquifers. 

The water level in unconfined aquifers fluctuates with 
seasonal variations in precipitation, and with changes in 
irrigation, drainage, land use, and the rate of pumping.
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FIGURE 6. Groundwater Level and Precipitation.» 
The two graphs show the recharging of groundwater 
after periods of heavy precipitation in the lower Fraser 
Valley. 

Source: C. Halstead, Hydrology Research Division, Water Resources 
Branch, Environment Canada. 

The more deeply confined aquifers are much less res- 
ponsive to such fiuctuations and there is little variation 
in the water level. The inset map of Hydrogeology 
(Water Use Map) shows present average well yields from 
confined and unconfined aquifers. These ‘should be 
interpreted as general trends because yields are depen- 
dent, to a large extent, on the depth and spacing of the 
wells, and "on the method of "construction. ' 
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Groundwater is flushed through the coastal lowlands 
- each year as the aquifers are recharged in months of high 
precipitation and as water‘ is discharged by continuous 
seepage to rivers and streams. Recharge is i_nf/ter'mittent 
and little‘ takes place in the peak summer months of July 
and August. (Figure 6) Natural discharge occurs all the 
time and the amount of water lost by seepage to streams 
and rivers is far greater than present well withdrawals in 
the basin. Much of the water is withdrawn from depths of 
less than 200 feet, and the rapid flow-through means that 
water quality in the unconfined _aquifer‘s maintains 
reasonable levels. Septic tank contamination, industrial 
pollution, and,the accumulation of ' nitrates from agri- 
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cultural fertilisers could become more serious problems 
in some localities if intensive urban development cone 
tinues without sufl“1cien‘t controls on waste discharges. 
At the present time, groundwater is often more desirable 
than surface supplies because it does not commonly 
require treatment and its temperature and chemical 
content remain fairly constant. Because the larval stages 
are extremely sensitive to changes in water quality, fish 
hatcheries commonly make use of groundwater supplies, 
where available, to avoid expensive treatment processes. 
Local problems of saline water intrusion near the coast 
in the Puget Lowlands may exist where excessive pumping 
of groundwater occurs,



A 

Chapter 3 

The Growth of Water Demands 

The marine setting and abundant water resources of the 
Strait of Georgia-Puget Sound Basin have yielded seem- 
ingly limitless benefits for the people who live on the 
northwest coast. The protected waterways, deep natural 
harbours, and marine life of the inland sea have en- 
couraged rapid expansion of trading and commercial 
activity. The spectacular meeting of mountains and sea 
has attracted and inspired resident_s and visitors alike. 
The high scenic values offer considerable recreational 
potential and the beauty of the natural setting forms a 
backdrop for a strong regional identity. 

Lured by the basin’s abundant physical assets, many 
people have assumed that water and related resources 
would always be freely available to meet a variety of 
competing demands. The inland sea and its rivers are 
used for shipping, commercial and sport fishing, domestic 
and industrial water supplies, power generation, irriga- 
tion, recreation and wildlife. As well as providing a 
continuous water supply, the rivers, the streams, and the 
ocean have been convenient receptacles for all of the 

. wastes discharged by these activities. To a certain extent, 
the demands can be met and the environment can cope 
with waste materials, but experience in other areas warns 
us of the danger of overtaxing our water resources. 
There are limits to the amount of water to be shared 
among growing and competing uses, particularly when 
these activities are heavily concentrated in urban- 
industrial centres. There is a growing awareness that not 
all of these demands are compatible, and that the dis- 
charge of wastes into rivers, lakes, and marine waters 

' 

presents an increasing threat to environmental quality. 
‘ The problem of allocating limited, not limitless, 
supplies of water among increasingly competitive de- 
mands has to be faced before irreparable damage occurs. 
The pressure on water and related land resources is felt 
most strongly in the highly urbanised coastal zone. The 
Strait of Georgia-Puget Sound Basin has always been the 
focus for urban and industrial expansion on the north- 
west coast since the early days of furs, gold, fish, and 
lumber. By 1970, 75 ‘X, of British Columbia’s population 
lived in Vancouver, the lower Fraser Valley: and Victoria. 
The population of the Strait of Georgia area had grown 

to 1,400,000 by 1971, a 60% increase over the previous 
decade. Two-thirds of Washington’s population lives in 
the Puget Sound area, which has grown by 26 ‘X, over the 
last decade. Most of the population lives in the major 
growth centres of Seattle, Tacoma, and Everett. In- 

creasing urbanisation and industrialisation are likely to 
continue as the regional economies of the basin develop. 
The trend is important and should be recognised be- 
cause it will mean more pressure on available space and a 
growing competition for water and land resources. 

The Growing Urban Population 
British Columbia ‘ 

The population of British Columbia has doubled over- 
the last two decades. Between 1961 and 1971 the popu- 
lation increased by 34 "/0 and reached a total of 2,184,621. 
The province had the highest rate of population growth in 
Canada during this period when the national average 
was 17%. Total employment in British Columbia grew 
by 60% and personal incomes by 90 "/0. The greatest 
absolute increase in population occurred in the urban 
centres of the Strait’ of Georgia area as more and more 
people were attracted to the growing employment 
opportunities in manufacturing, trade, transportation, 
and services. The population of the 11 regional districts 
in the Canadian portion of the basin reached 1,400,000 
in 1971. 

Much of the increase has been due to migration into 
the province rather than to natural increase (the balance 
between birth and death rates). A major trend has been 
the lowering of the birth rate with a shift to more non- 
family households. The birth rate has dropped from 26.1 
per 1,000 in 1957 to 16.8 per 1,000 in 1968. The move- 
ment of people into British Columbia accounted for 60 ‘X, 
of the growth during the 1960s. The rate of migration has 
generally responded to employment op'portunitie‘s and 
the population grew quickly when the resource industries 
boorned, The age distribution of the immigrants has 
differed from the age distribution of the local population 
and this has had a major impact on the labour force. 
Most of the immigrants are less than 40 years old, and 
40 ‘X, are between the ages of 20 and 39. This means that
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a large proportion of immigrantsenter the labour market. 
With economic expansion and the growth of‘ resource- 
based jobs in the Interior and northern British Columbia, 
there has been a drop in the rate of ’ migration to the 
Lower Mainland.\Between 1956 and 1961, the Lower 
Mainland absorbed 75% of the net migration into the 
province. This figure had dropped to 50% between /1961 
and 1966. The population of the Strait of Georgia area 
is growing at a slower rate than some parts offthe pro- 
vince, but the area is still experiencing the largest ab- 
solute growth in numbers.

1 

Employment in the province has increased "by 60% 
in the last decade. Primary resource activities, such as 
agriculture, fishing, forestry, and mining, have experienc- 
ed relative or absolute losses in employment. The growth 
has been concentrated in manufacturing, transportation, 
construction, and service industries. The shift away 
from employment in resource extractive industries to 
manufacturing and services is the result of two forces: 
1,) increased mechanisation and higher labour pro- 
ductivity in the primary sector; 2) a growing export and 
local urban market requiring goods and services. 
(Figure 7) 
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FIGURE 7. Employment, 1970 
Sources: Br/'_t_/fs/_-7 Ca_/u_mb_ia Facts and Statistics (1972), p. 17; U.S. 

Census of Population, 1970. 

Most of the manufacturing industry is located on the 
Lower Mainland where it serves a growing export market 
and an increasingly urbanised and affluent local popula- 
tion. Trends in the regional economy indicate some shift 
towards the export of processed and partly processed 
resources. Employment trends in manufacturing disguise 
‘the continuing dependence of the provincial economy 
on resource extraction. The manufacturing industry is 

dominated by fish packing, sawmilling, pulp and paper 
production, and primary metal processing. 

Vancouver and Victoria are the growth nodes ‘in the 
Strait of Georgia are'a—Victoria as the seat of the pro- 
vincial government and Vancouver as the centre of 
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emanagernent and financial control for the resource 
industries of British Columbia. Vancouver is one of the 

_ 
largest: ports on the west coast of North America and 
serves the resource export-based economy of western 
Canada. It has all the head offices, banks, investment 
companies, and consulting firms concerned with resource 
extraction and processing in the province. The ’city’s 
continued growth is placing more and more pressure on 
its hinterland "in the Strait of Georgia area. Urban and 
industrial activities compete for space with the rich 
ag7rictiltural land in the Fraser Valley and discharge 
growing volumes of waste materials, while intensive 
recreational developments are causing concern in the 
neighbouring Gulf Islands. Victoria is beginning to exert 
similar pressures on a smaller scale, in marked contrast 
to otherparts of the Strait of Georgia area,‘ which remain 
sparsely populated. For example, the Sunshine Coast 
remains largely inaccessible and is very dependent on 
employment in the forest industry. Between these two 
extremes, Vancouver Island is undergoing a period of

‘ 

transition-, from total dependence on resource extraction 
to the growth of local wood and fish—processing industries. 
(Figure 8) 

Washington 
The population of Washington has inc_rea_sed by 20% 

between 1960 and 1970, in comparison to the national 
average of 13% for the United States. Two-thirds of 
Washington State’s population is concentrated in the 
Puget Sound region, which reached 2,100,000 in 1970. 
This figure represents a 24% increase over the previous 
decade. Population growth and urbanisation have 
continued at incr'easi_ng rates during the fluctuations in the 
regional economy. About 85% of the" population ‘of 
Puget Sound lives in King, Pierce, and Snohomish coun- 
ties, in the expanding urban—ind'ustri_al complex of Seattle- 
Tacoma-Everett. Snohomish recorded the highest growth 
rate of 54% between 1960 and 1970, but increases in the 
surrounding counties reflect a trend towards increasing: 
decentralisation. More and more people are commuting 
from outlying suburbs to central places of employment 
and many are building second homes on the islands of 
Puget Sound. Vashon and Bainbridge islands, directly 
west of Seattle, are prime examples. The commuter ferry 
service between Vashon Island and Seattle averages more 
than 60 runs a day, a frequency which is matched only by 
some bus routes within the urban cores on the mainland{ 
T here.has been a steady increase in population between 

1920 -and 1970, with-a boom in the 1940s and 1950s due to 
the tremendous expansion in the shipbuilding and aero- 
space i_ndustries. In this period, two-thirds of the increase 
resulted from migration into the region as people res- 
ponded to the greatly expanded employment opportuni- 
ties in the Seattle-Tacoma area. The influx, which was 
dominated by-people between the ages of 25 and 45, ‘has 
had a major impact on birth rates and on labour partici- 
pation rates in the Puget Sound region. Natural increase
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has been responsible for much of the growth since 1950, 
since the decline of the aerospace industry-in the late’ 
1960s reduced /the rate of in-migration in‘\search of 
employment. 

Employment in the ‘region has increased by 35% be- 
tween l96_0 and 1970, compared to a 60% increase in 
British Columbia as a whole. There has been an absolute 
decline in employment in agriculture, fishing, and forestry 
over th_is period as manufacturing and service industries 
assumed a dominating role. More than 75% of the 
manufacturing and service industries were concentrated 
in Snohomish, King-, and Pierce counties by 1970. The 
regional economy has been particularly sensitive to 
fluctuations in the major growth industries of Puget 
Sound——aeros_pace and shipbuilding. The decision to halt 
the production of an American SST in 1971 had major 
repercussions in this region, which is tied very closely 
to the aerospace industry of Seattle. A period of recovery 
is underway and there is increasing employment in 
aerospace,shipbuilding, machinery, and fabricated metals 
in the three counties. The western area has experienced 
growth i_n the pulp and paper industry-,« while the northern 
counties have shown significant gains in trade, services, 
and primary metal processing. 

The Puget Sound area i_s dominated by the growing . 

metropolitan influence of the Seat-tle-Tacoma-Everett 
complex. King, Pierce, and Snohomish counties contain 
the urban core of the region, with 70 to 90 % of their popu- 
lation living in designated urban areas in 1970. The trend 
to decentralising homes and industries throughout the 
metropolitan area during this period is reflected in the 
small -absolute loss of population from the city of‘ Seattle. 
As in British Columbia, the major management and 
financial centre (Seattle) is divorced from the state 
government, which is seated in Olympia. The major 
growth industries oftrade, commerce, and manufacturing 
are concentrated in Seattle and Tacoma, which are the 
two major ports serving the Puget Sound Basin. 

Emerging Trends for the Future 
The most important question to be faced now is 

whether these urban growth trends are going to continue 
at the same, a greater, or a lesser pace. Many people 
living in large urban centres are beginning to question 
the value of unlimited economic growth. Higher incomes 
have led to more leisure time and much greater mobility, 
and people’s expectations about the quality of life are 
changing. There is a growing concern that an economy 
based on unfettered growth will lead to greater pressure 
-on our land and water resources, and to a deterioration 
in environmental quality. There is a very broad range of 
opinions about the value of free enterprise and the role of 
government in controlling theeconomy, but many resi- 
dents agree that environmental quality in the Strait of 
Georgia-Puget Sound Basin must be safeguarded. It is 
necessary that future pressures in the area be anticipated. 
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Projections of the future population of the basin vary 
because different assumptions are made about trends in 
the economy, employment opportunities, labour partici- 
pation, and migration. All the forecasters agree on two 
things. — the growth of population and the urbanising 
trend will continue. The disagreements arise only over the 
projected rates of growth. In 1969, the Bureau of Econo- 
mics and Statistics of the government of British Columbia 
projected a 55% increase in the provincial population 
by 1980. The population of the Lower Mainland is 

expected to grow by 30% in this period, and the popula- 
tion of Vancouver Island by 52 %. Much of the growth is 
expected totake place in the Interior and northern British 
Columbia as resource-based industries expand. By 1980, 
the provincial population could reach 2,900,000 people 
with 1,500,000 living on the Lower Mainland. If present 
trends continue, the Lower Mainland will have a popula- 
tion of 2,400,000 by the year 2000. 

In 1970, a population forecast for The Puget Sound and 
Adjacent Waters Study projected a 29 ‘X, increase between 
1963 and 1980 when the region’s population would reach 
2,700,000. This estimate was based on economic data 
from 1963 and does not take into account recent changes 
in the economy of the Puget Sound area. More recent 
projections by the Bell Telephone Company suggest an 
increase of only 6% between 1970 and 1980 because of 
setbacks in some manufacturing in‘dustn'es. It is antici-- 

pated that most of the increase will occur in growth areas 
adjacent to the existing metropolitan cores, which will 
take a smaller share of the new population. Projections to 
the year 2000 are of questionable value because of 
fluctuations in the state’s economy. 

The population of the Puget Sound region and the 
Lower Mainland of British Columbia will reach between 
3-,-900,000 and 4,200,000 by 1980. _(These figures do not 
ir_'iclude changes in the population of the rest of the B.C. 
mainland or the Vancouver Island portion of the study 
area). Large absolute increases will take place in the major 

’ urban-industrial centres of the basin but small growth 
nodes,’ based on local resource processing industries, will 
expand at a much faster pace. Population growth and 
the concentration of commercial and industrial activities 
are going to exert more pressure on the land and water re- 
sources of the basin. Land in direct urban. and industrial 
use covers a small proportion of the total land surface, but 
it is heavily concentrated on the coastal lowlands. These 
activities occupied 4% of the total space available in the 
Puget Sound area in 1970 but the Water Use Map, and 
particularly the Land Use Map, offer a strikingiillustra- 
tion of the intensity of coastal occupancy. A report for the 
Planning Department of the Greater Vancouver Regional 
District (G‘.V.R.D.) estirnate_d that urban uses occupied 
75,364 acres in Greater Vancouver in 1973. Urban and 
industrial uses in this area are projected to increase by 

- 26% to 95,000 by 1980, and could grow to 117,450 acres 
by the year 2000. Similar changes are taking place on the
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Puget Sound Lowlands and, toa lesser extent, on the 
east coast of Vancouver Island. - 

The brunt of these pressures is being borne by the 
coastal zone where activities dependent on waterfront 
location, such as port terminals and certain manufactur- 
ing industries, compete with private recreational and 
residential uses, which_ are attracted by the amenities of 
the shoreline. The estuaries are critical nutrient-producing 
and nursery areas for countless species of marine life. 

Seventy per cent of all fishery species (including shell- 
fish) spend some or all of their lives in the coastal zone. 
Estuaries are also transfer points which link water-borne 
commerce to landward population centres. An increasing- 
ly affluent urban population is exploring the recreational 
potential of the shoreline and vacation homes, marinas, 
and camp sites are springing_ up along the coast. More 
conflicts arise as domestic. and industrial activities dis- 
charge waste materials which inflict aesthet_ic and econo- 
mic costs on other users. 

The proportional graphs of land use on the Water 
Characteristics inset map bring thetcornpetition for shore- 
line access and water use into sharp focus. (See Water 
Use Map) Urban and industrial uses occupy between 25 
and 30% of the waterfront along the lower Fraser 
Valley. A slightly lower proportion of the shoreline of 
Vancouver Island is devoted to urban uses; in this case 
mainly residential development. While 36% of the south 
and west coasts of Vancouver Island is in some form of 
recreational use, less than 1 ‘X, of the banks of the lower 
Fraser falls into this category. It should be noted that a 
very small proportion of the Sunshine Coast is in re- 
creational use because ofthe physical difficulties of access 
(except by boat). 
The coastal zone has been developed very rapidly and 

it has been diflicult for the various levels of government 
involved to resolve the conflicts and plan for orderly 
growth. The situation is complicated by the divided and 
sometimes overlapping responsibilities of the various 
administrative bodies. In 1971, the State of Washington 
passed the Shoreline. Management Act in an eflbrt to. 
coordinate any future development of the coastal zone. 
In British Columbia, the Official Regional Plan for 
Greater Vancouver sets guidelines for overall land deve- 
lopment. In 1971, the Greater Vancouver Regional 
District (G.V.R.D.) adopted an advisory policy of 
preserving as much foreshore as possible for the public 
benefit as a part of its ‘Livable Region Program’. The BC. 
Land Registry Act (1960, amended_l972) permits the 
leasing but not the sale of lands within 10 chains (660 
feet) of lake and coastal shorelines. However, there is 

no comprehensive policy on coastal zone management . 

in British Columbia at the moment. 

Domestic and Industrial Water Use 
Appropriated water rights for municipal, industrial, 

and irrigation purposes are shown on three-dimensional 

bar graphs and described in the text of the Water Use 
Map. The bar graphs represent the total diversion rights 
granted by the state or province for present or future 
uses. Appropriated water rights in Brit_i_sh Columbia 
amounted to 1,366 million gallons per day in 1970. In 
"the Puget Sound area of Washington, rights for munici- 
pal, industrial, and irrigation uses were more than 3,300 
million gallons per day. Water rights may exceed the total 
capacity of the watershed in some areas because the 
figuresusually refer to diversions where only a small 
proportion of the water is actually consumed. Half of the 
water used for irrigation is lost to evap_otranspiration or 
groundwater recharge, and the other half returns to the 
surface watercourses where it is available for other uses. 
More than 90% of the water withdrawn for domestic, 
municipal, or i_ndustrial activities is used as a medium to 
transport solid, liquid, or heat wastes, and less than 10 ‘X, 
is totally consumed. The rest is returned to rivers and 
streams and made available for downstream uses. The 
quality of the water returned is often impaired by the 
discharge of domestic sewage, solid wastes, chemical 
pollutants, and heat. Although the water is not totally 
lost to the system, the added wastes reduce the oppor- 
tunities for some in-stream uses, such as recreation, fish, 
and wildlife. The wastes also impose aesthetic and econo- 
mic costs on downstream users. 

Municipal authorities in the basin normally withdraw 
their water supplies from storage areas in the headwaters 
of watersheds" where upstream uses are very strictly 

limited. Often, such uses are naturally limited because 
many of the storage lakes and reservoirs are remote and 
virtually inaccessible by road. In most cases, where access 
is possible, the recreational use of the watershed of the 
water body itself is banned. These measures protect the 
quality of the water source and reduce the cost of 
treatment. 

In the Puget Sound area, the major watershed areas 
developed for municipal water supplies total 500 square 
miles. The largest developments are located in the Cedar- 
Green Basin, which provides Seattle with most of its 
municipal and -industrial‘water requirerner’its.’In British!

‘ 

Columbia, the watersheds of the Capilano, Seymour, and 
Coquitlam rivers supply Vancouver’s water. Many of 
the rivers on the eastern slopes of Vancouver Island 
have storage facilities for municipal and industrial 
purposes. - 

Pulp and paper mills located on the coast are the major 
consumers and the diversion of water for these and other 
uses is beginning to create problems of low flows in the 
downstream reaches. Urban land demands are beginning 
to encroach on water supply areas throughout the basin 
and the agencies responsible are taking steps to assume . 

full control where watersheds are not fully protected. 

The total water demand for municipal, domestic, and 
industrial purposes in the Strait of Georgia-Puget Sound 
Basin is more than 1,190 million gallons a day. Municipal
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requirements are 570 million gallons, a day (mgd), which 
average 120 gallons a day for each person in the basin». 
Industrial activities use 820 million gallons a day (mgd), 
or almost 70% of the total daily requirements. About 
70% of industrial requirements are for the paper and 
all_ied forest products industry. An estimated 15% is used 
by the chemical and petroleum industry. The coastal 
concentration of large water consumers is illustrated on 
the inset map of Water Characteristics and Major In- 
dustrial Users. This inset map shows plants in British 
Columbia which consume more than 250,000 gallons a 
day, and paper and allied industrial plants in Washington. 

Municipal and industrial requirements are expected to 
increaseby more than 60 % and 40 % respectively between 
1970 and 1980. On the basis of population and economic 
projections, the Pacific Northwest River Basins Commis- 
sion estimated an increase in municipal requirements to 
472 mgd in 1980, and an industrial demand of 766 mgd 
‘by the same year, Similar increases can be expected in 
British Columbia. The major pressure on water supplies 
centre in and around the urban-industrial complexes of 
the basin. 

Seattle, Tacoma, and Everett consume 60 % of the total 
municipal supplies and account for 40% of the total 
industrial demand of the Puget Sound area. For the most 
part, the growing demand will be met by increasing the 
storage capacity in the watershed sources, by transferring 
water from basins with a water surplus to the areas of 
greatest demand, and by the increased use of ground- 
water sources. 

The Gulf and San Juan islands are the only areas that 
will experience difficulties in meeting the growing de- 
mand for water. Already some islands are experiencing 
water shortages as a result of low rainfall, rapid runofl‘, 
and limited groundwater storage. A few islands have 
adequate supplies in surface water reservoirs but many 
will be faced with water limitation or with importing 
freshwater supplies if further residential development 
occurs. 

Water Treatment and Waste Discharges 
The inset map of Water Characteristics and Major In- 

dustrial Users shows 1971 treatment levels at discharge 
points in British Columbia and 1968 treatment levels in 
the Puget Sound area of Washington (before new inter- 
state regulations were implemented). Primary treatment 
consists of screening, sedimentation, and’ disinfection 
(usually by chlorination). These steps remove 65 % of the 
suspended solids, reduce the biochemical oxygen demand 
(B.O;.;D.) by 30 % and remove 50 % of the coliform content 
before chlorination, Secondary treatment goes beyond 
this and includes aeration, which speeds up the break- 
down of the organic wastes which consume oxygen during 
decomposition. This process removes nearly all of the 
suspended solids and coliforms, and reduces the B.O.D. 
by 85%. Tertiary treatment involves a wide variety of 
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processes to remove trace organic chemicals and nutients. 
There is a substantial increase in cost from primary to 
secondary levels of treatment-, and tertiary treatment is 
considered to be prohibitively expensive in many cases. 

In 1971, the Pollution Control Board in British 
Columbia set province-wide standards for municipal 
domestic waste treatment. The board is currently placing 
all discharge points under permit. At present, only about 
15% of all outfalls in the Greater Vancouver area are 
under permit. The remaining outfalls however, are 
registered. Information is available as to their location, 
the general nature of their discharges, and the amount 
of wastes. 

' 
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The board’s policy is to provide continued multiple use 
of the Fraser River and, therefore, upstream discharges 
should not interfere unduly with downstream activities. 
In 1967-, the provincial government decided that there 
should not be less than primary treatment for all new 
discharges and that existing discharges should receive at 
least primary treatment by 1975. Secondary treatment will 
be introduced in areas where there are- heavy concentra- 
tions: of municipal and industrial discharges. 

In 1973, 33 % of all domestic discharges on the Fraser 
River received no treatment and 67% received primary 
treatment. By 1986, 68% of all domestic discharges are 
planned to receive primary, and 32 % to receive secondary 
treatment. A federal-provincial task force has recently 
established effluent standards for the forest products in- 
dustry in order to limitwastes discharged from pulp and 
paper mills. Another set of standards concerning chemical 
and petroleum industry effluent has been announced_. 

In 1968, in the Puget Sound area of Washington-, 10% 
of wastes discharged into marine waters and 66% of 
wastes discharged into freshwaters received some form of 
treatment. This was the situation as it existed before the 
Interstate Standards were implemented in 1972. This 
program is aimed at achieving secondary treatment of all 
waste discharges by 1974-5 and the introduction of some 
ter-tiar?y treatment to reduce toxic chemical concentra- 
tions in heavily industrialised areas. 

[ndu_strial activities discharge a wide variety of wastes 
into receiving waters. Paper and allied industries are the 
main users of water and also the major producers of 
oxygen—dem,anding- wastes and total solids. Nine pulp 
and paper mills in British Columbia and 13 in Washington 
ccintribute more than 1,700 tons of treated organic waste 
a day. This is more than 85% of the total daily organic 
wastes discharged into receiving waters in the basin. 

. Chemical industries discharge toxic and oxygen-demand- 
irig materials. Metal-plating plants are the main sources 
‘of toxic metals, such as copper, chromium, and lead. A 
major portion of the solid wastes discharged into the 
watercourses consists of paper, cardboard, glass, and 
plastics as well as organic material. e
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Heavily packaged goods and the use of non-biode- 
gradable materials, such as plastic's,- add to" the large 
volume of solid wastes discharged into streams, rivers, 
and marine waters in the basin. This problem could be 
reduced by less packaging, by the recycling of paper 
products, plastics,,and glass, and by the use of improved 
disposal methods. The- present practices of landfill and 
refuse dumping at sea risk the contam_ination of ground 
and surface water resources. A third alternative is in- 

cineration, which is more expensive, but it could be the 
most effective technique, provided that proper air pollu- 
\tion controls are used. , 

The Forest Products Industry 
The forest industry has played a leading role in the 

economic development of the Pacific northwest. British 
Columbia produces 70% of the softwood lumber in 

Canada, 24% of the pulp, 15% of the paper and paper- 
board, and 90% of the plywood. Forest products rep- 
resent half of the province’s manufacturing output 
value with substantial exports of lumber, pulp, and news- 
print to the United States, Japan, and the United King- 
dom. Washington provides 11% of the lumber and pulp, 
and 7% of the total paper production of the United 
States. The industry does not occupy such a domina_nt 
position in the state economy, but it does supply a large 
domestic market in the midwest and northeastern states. 
The abundant rainfall and moderate temperatures of 

coastal areas in British Columbia and Washington have 
supported the growth of “dense stands of large coniferous 
trees. The principal species on the coast are western 
hemlock (40% of the forest area), Douglas fir, S_itka 
spruce, balsam fir, and red cedar. Exploitation of the 
forest began with mill construction on the coast because 
of readily accessible stands of timber, the ease of salt- 
water transportation, and tidewater sites that could be 
developed for hydroelectric power. There was an early 
concentration of forest product mills in the lower Fraser 
Valley and in Puget Sound. The advantage of natural 
transport linkages, for moving logs to the mills a_nd 
sawn lumber to markets, continues to encourage coastal 
locations. 

The forest products industry has become increasingly 
integrated with pulp mills, which are located close to
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sawmill operations to take advantage of mill residues for 
pulp and fibreboard production. More than half of the 
‘pulp mill requirements are now met by sawmill residues. 
There ha_s been a rapid expansion in the pulp, plywood, 
and fibreboard sectors of the industry. There are now ten 
pulp and paper mills in the southern Strait of Georgia 
area and 13 in the Puget Sound Basin. The total capacity 
of coastal mills in British Columbia is two and a half 
times greater than that of interior mills. The dramatic 
expansion of forest product industries in the central and 
northern Interior, as a result of the exploitation of new 
timber lands, has not displaced the southwest coast as the 
core area for wood processing, 

The market for forest ‘products has shifted in recent. 
years with most of the pulp being used in the secondary 
manufacture of paper packaging products. By tonnage, 
the annual output of pulp is three times as great as paper 
in British Columbia. The west coast differs from eastern 
Canada, where much of the output is exported to tariff- 
free newsprint markets in the United States. The emphasis 
on cellulose pulp in British Columbia and Washington 
has encouraged the take-over of kraft sulphate processing 
from sulphite pulp production in the last decade. 

Water Demands 
Pulp and paper mills are the heaviest users ofwater in 

the Strait of Georgia-Puget Sound Basin. Depending on 
the type of process and the availability of water, the pro- 
duction of one ton of pulp requires from 35,000 to 55,000 
gallons of water. A pulp mill with a capacity of 500 ton_s a 
day withdraws more than 20,000,000 gallons of water a 
day, This amount is eq'u_iva1ent to 100,000 domestic users. '' 

Some coastal mills with larger capacities use more water, 
but in each case the amount of water actually consumed is 
very small. Most of the water is used for cooling pur- 
poses and in the debarking _of sawlogs. 

Environmental Impacts 
The important role of the forest industry in the econ- 

omy of the Pacific northwest must be balanced against 
the environmental disruption which it causes. 

Three activities in the forest products industry are 
liable to cause major environmental damage if the activ- 
ities are not regulated or controlled: stream-bank logging 
practices, water transportation and storage of logs, and 
pulp and paper production. Stream-bank logging and the
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movement of heavy machinery in logging camps can 
increase erosion and disturb wildlife habitats. Bark loss at 
every stage of log handling can lead to a chemical deter- 
ioration of water quality and damage to the biological 
community. The major problem is bark accumulation 
on the bottom of streams, lakes, and estuaries, which 
smothers wildlife habitats and has a very high biochemical 
oxygen demand (B.O.D.). The removal of oxygen during 
the decomposition of bark in water can create anaerobic 
conditions in which hydrogen sulphide and other noxious 
chemicals are produced. Water-stored logs in booming 
grounds release soluble organic compounds, called leach- 
ates, which colour the water and have a high biochemical 
oxygen demand. Pulp and paper mill effluents, if inade- . 

quately treated, cause local aesthetic and ecological dam- 
age around the estuarine sites. Mill wastes can have direct 
toxic effects on marine life, and bottom accumulations of 
debris and eflluent reduce the amount of dissolved oxygen 
and increase turbidity around the outfalls. 

Clear-cutfting to the edge of watercourses is the most 
economical way to log an area. For a long time, the prac- 
tice has been opposed by fish and wildlife agencies be- . 

cause of the potential damage to salmon, trout, and other
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wildlife-. Trees along the banks of watercourses shade the 
water from direct sun, provide foodfrom insects and 
dissolved nutrients, and give cover for fish from preda-

K 

tors. A green strip also helps to prevent stream-bank and 
soil erosion-, and acts as a buffer against logging debris. 
Any indiscriminate movement of heavy machinery and 
clear-cutting to stream-bank can lead to increased silta- 
tion, thereby reducing a stream’s capacity to support fish 
life. Shaded water, food sources, and clean spawning 
gravels can disappear very quickly. 

. In British Columbia, the B.C. Fish and Wildlife Branch 
has campaigned for green strips to be left along the entire 
length of watercourses in logging areas. The agency argues 
for flexible guidelines adjusted to local conditions, such 
as runolf characteristics, soil types, and tree species, 
rather than a strip of standard width. For some time this 
stand was opposed by the forest industry and by the B.C. 
Forest Service because it is not economical. The division 
of responsibility between the two provincial agencies did 
not encourage the parties to see eye-to-eye on this issue. 
However, recently improved relations between the Forest 
Service and the Fish and Wildlife Branch resulted ‘in 
a new directive in September, 1972. ‘Planning Guide- 
lines for Coast Logging Operations’ recognised that 
“wildlife and fish habitats of significance must receive 
special consideration”. 

The transportation and storage of logs between logging 
operations and mills can cause navigational problems, 
damage to the fishery, aesthetic damage, and impose addi- 
tional costs in clean-up operations. It is very diflicult to 
place dollar values on fishery and aesthetic damage, but a 
number of estimates have been made of boat'damage and 
debris clearance costs. More than $3,000,000 are lost each 
year on the Fraser River, $2,000,000 of which are in- 
curred by the forest industry in the form of log escape- 
ments. The B.C. Forest Service estimates that more than 
half of the wood debris in the Fraser River comes from 
forest industry operations: 

Sawlogs broken loose from booms . 

in transit of storage 15 ‘X, 

Logging wastes 
, 

31 % 
Lumber 5 ‘X, 

Natural debris 49% 
The debris pattern varies through the year depending on 
tides, runoff, the types of industrial operation and waste 
disposal, logging practices, the movement of log ra_fts, and 
the dumping of log barges. 

Logs are towed or carried by barge from logging sites 
along the coast of British Columbia and Washington to 
the numerous log-booming foreshore leases in the basin. 
The major log handling areas in the Canadian portion in- 
clude the Fraser River arms in Greater Vancouver, Howe 
Sound, and along the east coast of Vancouver _Island near
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large wood processing plants, for example, at Port 
Alberni. The Vancouver Forest District has 800,000,000 
board feet watered inits area. Log’ stocks in the booming 
grounds of Puget Sound average 380,000,000 board feet. 
The major storage areas ‘are located at Budd _Inlet 

(Olympia) and Henderson Inlet», which services the large 
T millsof Everett and Tacoma. 

There is a 30 to 40% fluctuation in volume of stored 
logs between late spring and summer. Stocks are drawn 
down in late spring and built up during the summer, as 
the sawmill withdrawals are replaced by the season’s log- 
ging output. An estimated 3 % is lost by escapement or 
sinkage-24,000,000 board feet in the Vancouver Forest 
District alone. Most of the damage to fishing boats, tow 
boats, and pleasure craft is caused by escaped sawlogs, 
which turn end up when ‘waterlogged. These ‘deadheads’ 
are particularly hazardous in open coastal waters because 
they are not easily spotted from boats moving at high 
speed. Licensed salvage operations have been set up to 
supplement local, provincial, and state efforts to collect 
and dispose of floating logs in the basin. 

In addition to losses and damage from escaped logs, 
costs are i_mposed by bark loss, which occurs at every 
stage of log handling. Apart from aesthetic damage, the 
major problem is the impact of accumulated bark on 
water quality and bottom-living marine life. Marine habi- 
tats and freshwater spawning beds are smothered, and the 
amount of dissolved oxygen can be badly depleted. In 
some cases, the oxygen demand of the slowly decompos- 
ing bark Creates anaerobic conditions that lead to fish 
kills. The water storage of logs releases highly coloured, 
oxygen-demanding ‘leachates’. Long log booms also re- 
duce the amount of sunlight filtering through to bottom- 
living plants. 

A number of steps have been taken in British Columbia 
and Washington to combat the problems of log transpor- 
tation and storage in water. Most logs escape from flat 
rafts where all the-logs float inside a boom. Bundle booms 
are more expensive but there is les_s log loss from this 
me_thod, and less water" storage space is needed. Barges 
offer another alternative, but this method would require 
increased loading facilities at shipment points along the 
coast-. More sorting-, scaling, and storing on land would 
reduce the problem of escapement and chemical pollu- 
tion, but leachate runofi‘ still persists when log piles on 
land are water-sprinkled to prevent damage and deterio- 
ration of the wood. 

Any change from water to land-based operations will 
have an impact on shoreline land uses, waste disposal 
problems, and transportation systems. Land storage takes 
up large areas of valuable shoreland and is no more aes- 
thetic than water booming grounds. However, land stor- 
age would release the leased water areas for other activi- 
ties. The issue of land versus water storage has yet to be 
resolved. Improvements are obviously needed in the water 
transport methods and in the management of booming
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A log raft being towed oh the 
lower Fraser River 
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There are limited areas of Class I and l_l land in the basin. The b_ésf agricultural land is found in the-lower Fraser Valley 
—_ - 
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and on the coastallowlands. Classl and II land_can support intensive c'ulti\‘/jatiori‘~of*a widerran.ge‘of_ crops. Class III
I 

and IV land can support a reduced range of crops because of a number of limiting factors (poor drainage, erosionf. 
low soil fertility, etc.). Class V-Vlll land is able to support only permanent pasture, wildlife, and woodland. 

—— ‘ *‘ 
Sources: British Columbia—manuscript maps from the Ca_n_ada Land Inventory, Department of the Environment, Victoria. 

Wash_i_ngton—Columl2‘ia-N. Pacific Region Study (1972); Main Report, Figu_re 6, p. 30, 31.
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grounds_. Four‘ government task forces have addressed 
these problems in British Columbia and Washington 
sinc_e 1972. At that time, Washington State introduced 
regulations for industry to increase land sorting and stor- 
age of logs. Policy changes have not been announced in 
Briti's_h Columbia at the time of writing this report.

I 

Sulphite pulp mill wastes are particularly injurious 
to juvenile salmon, phytoplankton, and bottom-living 
organisms. High concentrations of untreated eflluent near 
mill outfalls can prove fatal to marine life as oxygen is re- 
moved and toxic chemicals released into the water. Per- 
mits to discharge wastes have been granted to 23 pulp and 
paper mills in the basin and higher treatment standards 
for these plants are at present being enforced. Modern sul- 
phate mills with in-plant treatment facilities are better 
able to deal with their eflluent. The problem is essentially 
one of upgrading treatment in the older sulphite mills at 
considerable expense. Schedules of compliance are being 
set up with the industry in order to reduce the risk of r_n_ills 
being forced to close down because of prohibitive costs. 

Water for Irrigation 
There are more than 1,000,000 acres of irrigated land 

in the study area, and 70% is concentrated in the Wash- 
ington part of the basin. The region has a moist marine 
climate and irrigation is used primarily to prevent total 
crop failure and to maintain plant growth during low 
rainfall periods in the height of summer-. Most of the irri- 
gated acreage in the Puget Sound area is scattere_d among 
larger areas of non-irrigated land in the Nooksack-Sumas 
and Stillaguarnish basins. There is a heavier concentration 
of irrigated land on the Elwha Lowlands, which lie in the 
rainshadowp ofthe mountain ranges to the west and have 
a serni-arid climate. In the Canadian part of the basin, 
there are 25,000 acres of irrigated land in the lower Fraser 
Valley and 10,000 acres on the eastern lowlands of Van- 
couver Island. Irrigation is used in these areas to supple- 
ment low summer rainfall during the period of peak crop 
demand.- 

Approximately 15 ‘X, of ‘the crops are irriga_te_d and these 
include field crops,'berries, vegetables, and forage crops. 
The Generalized Land Use Map picks out the concentra- 
tion of intensive agriculture on the fertile floodplains and 
terraces of ‘the lowlands and inland valleys. The coastal 
lowlands of the Strait of Georgia-Puget Sound Basin are 
very important for dairying, poultry and egg production, 
small fruits and vegetables,'and for the cultivation of 
specialty crops, such as mushrooms, bulbs, and orna- 
mental shrubs. These intensive agricultural activities are 
oriented towards the rapidly expanding urban markets of 
the Lower Mainland and the metropolitan area of Seattle, 
Tacoma, and Everett. In the Puget Sound area, the 
irrigated acreage is expected to increase by as muchas 
50% by 1980 as the demand for agricultural produce 
increases.

~ 
The extension of irrigation will depend on the soil 

characteristics, drainage, and the availability of ground 
and surface water. About 25 ‘X, of the Puget Sound area is 
suited to the cultivation of crops and 10% of the total 
acreage’ falls into the highest categories of agricultural 
capability. A smaller proportionof the Canadian part of 
the basin has potential for arable cultivation, but the 
richest agricultural areas are concentrated on the flood- 
plain of the lower Fraser Valley. The Land Capability 
Map outlines the most fertile agricultural land i_n the 
basin and it is these areas that will accommodate the 
expansion of irrigated cultivation. (Figure 9) 

These same areas of floodplain and river terraces are 
under the greatest threat from urban encroachment. 
Agricultural land in the lower Fraser Valley and on 
Vancouver Island provides most of the farm produce in 
British Columbia. These areas are also the most attractive 
sites for new residential, industrial, and transportation 
developments. Farmland in British Columbia is being 
urbanised at the rate of 10,000 acres a year, and the Fraser 
Valley alone lost 50,000 acres between 1951 and 1966. 

In response to the growing urban encroachment, the 
provincial government passed the Land Commission Act 
in May, 1973. A five-member Land Commission has been 
appointed to establish agricultural reserves in British 
Columbia. Subdivisions or changes in designated land 
uses cannot be made without the consent of this body, 
which also has the authority tovset aside agricultural lands 
in a ‘land bank’. Changes in the agricultural development 
of the coastal lowlands and the extension of irrigated acre- 
age in this part of the province will depend on the steps 
taken by the Land Commission over the next few years. 

Power Development 
The rapid development of electric, power in the Pacific 

northwest has kept pace with the expansion of population , 

and industry in British Columbia and Washington. Local 
hydroelectric and thermal generating plants do not have 
the capacity to meet the demand for electric po'w'e1"‘ in the 
Strait of Georgia-Puget Sound Basin and electricity is 

imported from outside the region. Two-thirds of the peak 
demand in the Puget Sound area- is met by outside 
sources. The major external power sources for the 
Washington part of the basin are hydroelectric installa- 
tions on the main stem of the Columbia River, parti- 
cularly Grand Coulee Dam. More than 90 % of the electric 
power generated in British Columbia comes from hydro- 
electric installations which are concentrated in the 
Interior and in the north on the Columbia and Peace 
rivers. High voltage transmissi_on lines link these major 
hydroelectric projects with the Lower Mainland. 

The installed generating capacity of the Strait of 
Georgia-Puget Sound Basin is over 5,000,000 kilowatts, 
70 ‘Z, of which originates in the Canadian part of the study
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area. Hydroelectric idncstallations provide most of the 
capacity in the Puget Sound area where the Skagit River 
is ‘-the most heavily developed sourc_e of power. Thermal 
generating stations are located in the major urban centres 
and small hydroelectric proje_ct_s serve local markets else- 
where in the basin. Thermal power dominates the 
Canadian portion of the basin and is heavily concen- 
trated in the greater Vancouver area. 

~ There are a few thermal plants on ‘the east coast of 
Vancouver Island and along the Sunshine Coast which 
supply local domestic and industrial needs, but hydro- 
electric projects meet most of the power demand in these 
areas. At present, more than half of the demandof 
Vancouver Island is met by power supplied by submarine 
cable from the Lower Mainland. The recent development 
of the Jordon River hydroelectric project on southern 
Vancouver Island helps to meet the growing peak loads 
in the Victoria area. ~ - 

Public utilities in the basin provide the greatest share of 
electric power. (Figure 10) The BC. Hydro and Power 
Authority supplies more than 60% of the total demand 
_in the province. Larger mining concerns and, to a lesser 
extent, the pulp and paper industry, generate the re- 
maining 40 Three-quarters of the electric power in the 
Puget Sound area is generated by public utilities and the 
rest is produced by private utilities, pulp and paper 
companies, and mining concerns. I 

The demand for electric power in British Columbia has 
increased by an average of 7.5 % a year over the last de- 
cade. (Figure 11) If these trends continue, the total 
generating capacity of the province will have to be 
doubled every seven years. Energy sales in the Puget 
Sound area have increased at the same rate and, if the 
demand continues to grow at this pace, less than 20% 
of the needs could be met by local power sources in 1980. 
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Most of the growth will have to be accommodated by 
imports from the Columbia River, hydroelectric projects. i 

In 1972, 50% of the total demand for electric power in 
British Columbia came from industry, 28% from do- 
mestic, and 22 ‘X, from commercial customers. The grow- 
ing population, industrialdisation, technical advances, and 
the proliferation of time-saving electrical appliances as 
well as home heating, have accounted for the considerable 
growth in energy requirements. 
-Two steps‘ can be taken to meet this situation: one is to 

continue increasing electric power supplies to meet the 
growing demand, and another is to slow the rate of 
increase in'demand. Each step does not automatically 
exclude the other. One solution would be to increase 
generating capacity to meet future demands and, at the 
same time, curb the rate‘ of growth of these demands. 
Growth could be slowed by a different system of pricing 
which would discourage the waste of power and the 
excessive productcion of electrical gadgets for the con- 
sumer market. 

These controls could be used in conjunction with in- 
centives to encourage the ofl'-peak use of electrical power. 
These, and other methods aimed at slowing the demand 
for energy, are receiving widespread public attention as _ 

the US. energy crisis brings the problem into sharp focus.. 
At the present time, power authorities in British Columbia 
and Washington are trying to curb the growing demand 
for power by cancelling advertising programs and begin- 
ning a program of public education. No fundamental 
changes in policy have been announced at the time of 
writing this report. 

It is unrealistic to take the extreme step of trying to 
— stop growth entirely. Energy demands will continue to 
grow even if steps are taken to slow down the rate of 
increase. Additional sources of power will have to be~~~ 
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developed for the Strait of Georgia-Puget Sound Basin. 
Potential sourcesof supply include hydroelectric genera- 
tion, thermal installations using fossil fuels or natural gas, 
and nuclear power plants. Thermal generating stations 
are being phased out in the Puget Sound area and are 
used as back-up capacity for peak loads. Hydroelectric 
generating capacity can be increased by 600 megawatts 
(MW), or 33% of the present production, with the de- 
velopment of new projects in the Snohomish and Skagit- 
Samish basins. 

More power can be imported from the Columbia Basin 
at increased cost. If energy requirements continue to grow 
at the present rate, the total generating potential of the 
Columbia River will probably meet regional demands 
until 1990. Meanwhile, nuclear fueled steam-electric 
plants have received very serious’ consideration, and one 
is planned on Kiket Island. Nuclear plants have very 
specific site requirements/. They require large amounts of 
cooling water, a coastal location where strong currents 
disperse the heated effluent, and deep-water access. These 
requirements limit potential sites to the northern part of 
Puget Sound or Juan de Fuca Strait. 
The Canadian part of the basin will have to rely on 

v more imported power, if the concentrated urban-indus- 
trial demand continues to grow at the present pace. The 
B.C. Energy Board commissioned a study of future power 
needs to 1990 and released the Provincial Power Study in 
1972. The known undeveloped hydroelectric potential in 
British Columbia is estimated to be more than 35,000 
MW. Rivers with the greatest power potential are the 
lower Fraser, the Columbia, the upper Liard, the Skeena, 
and the Stikine. Because the rivers that flow into the 
Pacific from the Coast Mountains are valuable as major 
salmon spawning grounds, there is very strong opposit_ion 
to their development. 

Alternatives to hydroelectric power include thermal 
plants using coal, oil, gas, or nuclear ‘fuels, All of these 
plants demand convenient and cheapjsources of fuel and 
large amounts of cooling water. In Greater Vancouver, the 
generating capacity of thermal plants, which use natural 
gas from northern British Columbia, has been recently 
expanded. Proven gas reserves in the northern area are 
117 billion cubic feet-._ All of the natural gas currently 
produced comes from the Peace River district. A gas 
pipeline was built in 1957 to link this gas field with the 
Lower Mainland. I 

The province has sufficient water and fuel resources to 
maintain a greatly expanded generating capacity in ther- 
mal and hydroelectric projects for some time on the main- 
land. The situation on Vancouver Island is somewhat 
different because it is dependent on imports from the 
mainland for half of it_s energy requirement_s. Nuclear 
power has been considered as one alternative to reduce 
the island’s.dependence on transmissions from the Lower 
Mainland. Some public concern has been expressed about 
the possible location of a nuclear power plant near the 

highly-populated southern area of the island- Increases in 
future energy requirements are not expected to be large 
enough, over the short term, to warrant the construction 
of a nuclear installation, which has the capacity of over 
1,000,000 kilowatts. ~ 

The development of large-scale thermal and hydro- 
. electric projects can ‘lead to undesirable con_sequences for 
the environment. Thermal installations use non-renewable 
fossil fuels and generate air and heat pollution.‘ Hydro- 
electric projects flood extensive areas of valley bottorna. 
lands, reduce downstream flows and dissolved oxygen 
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content to levels critical for wildlife, and prevent anadro- 
mous fish from moving up-river from the sea to spawning 
beds in the upper reaches. Measures to counter some of 
these environmental effects are included in several pieces 
of recent Canadian legislation, including the amended 
Navigable Waters Protection Act, the Fisheries Act, and 
the Clean Air Act. 

Technical advances have reduced some of the problems 
associated with therm_a_l power generation. If stack pre- 
cipitators were installed, they would remove most of the 
fly ash emitted from plants using solid fuels. The problem 
of sulphur dioxide remains and the use of high sulphur 
coal is very strictly limited. A system of cooling ponds can 
be used to dissipate heat before the water from thermal 
plants is returned to rivers and streams. Considerable 
care mu_st also be taken to minimise releases of radio- 
active, gaseous, and liquid wastes from nuclear power 
plants. Here the major concern is over the health hazard. 
Ground storage of radioactive wastes presents a very real 
problem because there are no means for recycling these 
wastes, given our existing technology. Ground and sur- 
face water supplies around the storage areas can be 
contaminated if the containers leak. 

Measures to protect the anadromous fish resource in 
hydroelectric projects include the construction of fish- 
ways past the dam, and the construction of hatcheries and 
rearing areas where the salmon spawning beds have been 
destroyed. For example, the migration of coho and 
chinook salmon up the Capilano River was blocked when 
a dam was built in 1954 to provide Vancouver’s water 
supply. The river was virtually lost as a spawning channel 
until 1972 when the Capilano hatchery was built down- 
stream from the dam. At an initial cost of $3,000,000, the 
federal government has embarked on a program of build- 
ing up the native coho, chinook, and steelhead fish stocks 
for the sport fishery of the Strait of Georgia. 

The engineering skills developed for harnessing water 
power are highly advanced. Our ability to predict the en- 
vironmental and ecological consequences of these con- 
struction programs is not as well developed, and former 
hydroelectric projects have frequently resulted in unanti- 
cipated damage. (For example, the W.A.C. Bennett dam 
on the Peace River, completed in 1968, had an adverse 
impact on the Peace—Athabasca Delta downstream. The, 

, 
rich and varied wildlife of one of the world’s largest fresh-
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water deltas in Lake Athabasca began to suffer from the 
lowering of water levels caused by the regulation of flow 
upstream. A major research effort at all levels of govern- 
ment was directed to measure the environr_ne_nt_al damage 
and to find solutions to the problem. Reme_dial action is 
now underway" to restore the water level of Lake Atha- 
basca and to halt the ecological changes that had begun 
on the delta. This action imposes considerable costs which 
could have been avoided if the environmental impact of 
such a large project had been anticipated.) 

A more immediate example of the potential impact of 
hydroelectric schemes in the Strait of Georgia-Puget 
Sound Basin is the Skagit River. The Canadian govern- 
ment entered an agreement with Seattle Power and L_ight 
to flood part of the Skagit Valley on the Canadian side to V 

provide storage for power developments downstream in 
Washington. The agreement involved cortipéiisation pay- 
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ments to Canada in cash or power equivalents. Three 
dams were constructed on the.Skagit, one of which created 
Ross Lake which extends over the border into Canada. 
’The lake level was raised to 540 feet in 1949, with an agree- 
ment to raise it to 650 feet, when the demand for power in 
Seattle required a greater hydroelectric capacity (in 1974). 
When the Seattle power utility approached the provincial 
government to raise the lake level, it was met with consid- 
erable opposition. A 1971 report by the International 
Joint Commission, which investigated the Skagit propos- 
al, stated that the environmental and ecological impact of 
the design had been underestimated. The report cited the 
flooding of forest and plant communities, a decrease in 
the wildlife population and the disappearance of some 
species, and a temporary reduction in the sport fishery. 
Over the long term, there would be an increase in the re- 
creational benefits from the enlarged lake, Both the pro- 
vincial and federal governments of Canada have objected 
‘very strongly to any further flooding in the Canadian part 
of the Skagit Valley. The dispute, and the public concern 
that it aroused-, con,t_inue,. 

Shipping 
Vancouver and Seattle are the major ports for the 

Strait of Georgia-Puget Sound Basin. Vancouver, and the 
new superport’ at Roberts Bank, handled almost 37 
million tons of cargo in 1972. It is one of the three largest 
ports on the Pacific seaboard of North America, sur-- 

passed only by the San Francisco Bay area in total inter- 
national and domestic shipping in 1967.. Vancouver plays 
a dominant role in international trade and 10% by value 
of all the non-domestic cargo handled is exported. 

Seattle is the most important U.S. port north of Los 
Angeles and the San Francisco Bay area. It handled 8 
million tons of cargo in 1968 and plays an important role 
in the import trade inaddition to handling a large volume 
of domestic coastwise and international traffic. Foreign 
shipments have grown rapidly in recent years, but Seattle 
is closely rivalled by Tacoma in international trade. 
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The port of Vancouver has shown the highest growth 
rate in total foreign and coastal shipping-._ Between 1954 
and 1967, the. amount of cargo handled by Vancouver 
grew by an average of 6.1 % a year. During this period, 
exports grew at a much faster‘ rate than imports as inter- 
national trade expanded between Pacific Rim countries, 
and as export-based resource industries went through a 
rapid development phase in British Columbia. Over the 
last decade, the province has exported more than 60 ‘X, of 
the total goods produced. Imports have not grown at the 
same pace because the regional market for such goods 
has not been very large, and because western Canadian 
markets have traditionally been supplied with foreign and‘ 
domestic goods from distribution centres in the east. 

Almost half of the trade handled by Vancouver is 

carried on with the United States, but the Pacific Rim 
countries, particularly Japan, are gaining in importance. 
There has been a rapid growth in the export of forest 
products and minerals to Japan in return for the import 
of manufactured goods, Quarterly shipping trends for 
major ports in British Columbia between 1968 and 1971 
show a sharp increase in the export of coking coal from 
the coalfields of Alberta and northern British Columbia 
to Japan. (See Water Use Map) Forest products are the 
most important item and account for 60% of total ex- 
ternal trade. 

There has been an overall increase in general cargo, 
while fluctuations in shipments of fuel, gas and grains 
reflect change_s in the international trade scene and Cana- 
dian domestic policy. Vancouver is the major centre for 

- oil and petroleum product shipments in British Columbia. 
Imports are relatively small as most of the local demand 
is met by the Trans-Mountain Pipeline, which runs from 
oil-producing areas of Alberta to Washington-, through 
British Columbia. 
The primary Canadian ports in the study area, outside 

of Vancouver, are Victoria and New Westminster. These 
ports handle domestic coastwise shipments of forest prod- 
ucts and general cargo and play a smaller role in foreign 
trade. Most of the ports handle shipments of lumber, pulp, 
paper, and newsprint between the forest products mills 
on the coast. Campbell River, Crofton, and other ports 
deal with forest products, while Britannia, Texada, and 
Vananda are among the ports handling sand and gravel, 
copper ore, and limestone from local mining operations. 

The foreign and domestic shipping of Puget Sound in-. 
creased by -50 ‘Z, over the 13-year period between 1952 and 
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1966. This increase included an annual average growth 
rate of 3.6% in foreign and domestic coastwise tonnage, 
and a growth rate of less than 2% a year for internal 
traffic. Shipping has not grown as rapidly here as in cer- 
tain areas of British Columbia, but it has undergone a 
series of fluctuations in response to phases of growth and 
recession in the regional economy. 

Overall trends show a very large increase in the export 
of forest products to meet the growing demand for logs‘



and wood chips in the Far East. Imports of bulk cargo 
and petroleum have been stepped up in order to supply 
local domestic and industrial markets. Forest products 
and nonmetallie minerals accounted for almost 70% of 
foreign trade in Puget Sound ports ‘in 1968. 

The port of Seattle, which dominates Puget Sound, 
handles 30% of the foreign shipping‘ and almost half of 
the domestic coastwise and internal traffic. It has a large 
share of the trade in forest products, foreign and domes- 
tic shipments of general cargo, and the movement of 
petroleum products within Puget Sound. Tacoma and 
Everett are major centres for the forest products industry 
and handle half of the foreign trade and one-third of the 
domestic internal shipments of 
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forest products in Puget 
Sound. / 

There is some foreign trade in bulk petroleum and 
petroleum products in Puget Sound, but most of the local 
demand is met by the Tran_s-Mountain Pipeline, which 
supplies four refineries in Washington. There is a substan- 
tial coastwise movement of petroleum and its by—proiducts 
between Pacific ports in the United States. These ship- 
ments account for 80% of all coastwise shi ments in‘ P. 
Puget Sound. Oil refineries at Anacortes, Tacoma, and 
Seattle account for most of this movement. Internal ship- 
ments of crude oil between Puget Sound ports are declin- 
ing as road, rail, and pipeline shipments play an expand- 
ing role within the region. 

Trends for the Future
, 

A significant growth in foreign and domestic commerce 
is projected for the basin if economic growth continues 
and if the relaxation of trade tariffs and quotas continues 
to encourage international trade. If the growth rate con- 
tinues at 2.-5"/0 a year, total shipments for Puget Sound 
ports will reach 63 million ton_s by 1980.- In 1972, a report 
‘by the Pacific Northwest River Basins Commission sug- 

. gested a doubling of foreign and coastwise shipments of 
petroleum, a 60% increase in bulk grain, and a 33 ‘X, in- 
crease in forest products shipments between 1968 and 
1980. Domestic internal traflic is not expected to expand 
very much and the coastwise movement of logs and petro- 
leum products is expected to slow down as the export 
market for forest products and the transportation of oil 
by pipeline assume greater importance. 
Major increases in the export of resource products are 

projected for British Columbia as industrial markets 
around the Pacific Rim continue to expand. Exports 
should increase at an accelerated rate as new operations 
get underway in lumber, pulp and paper, copper, asbestos, 
and coal. Coal exports to Japan from the new Roberts 
Bank superport are expected to grow from $2.1 million in 
1969 to a total of $1.3 billion over the next ten years. 
Copper concentrate exports worth $96 million in 1969 
have increased to $174 million in 1973 and this trend is 
expected to continue. A sale of 1.5 million tons of grain to 
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the Soviet Union took place recently and improved trad- 

ing relations with China resulted in a sale of 59 million 
bushels of wheat, which will be shipped from British 
Columbia ports. 
The acceleration of 

M 

overseas trade and the growing 
significance of the Pacific Rim has encouraged the devel- 
opment of more deep-sea facilities in the study area. 
Facilities to handle container ships are being expanded 
in Seattle, Tacoma, Vancouver, and New Westminster on 
the Fraser River. The growth of containerisation has in- 
tergrated the movement of goods by rail, truck, and vessel 
but it has required the construction of specialised facili- 
ties at the major ports. 

S_eattle’s first container terminalwas built in 1964 and 
the subsequent addition of three more terminals have 
made it one of the foremost container-load centres on the 
Pacific coast. Lack of planning and port development in 
Vancouver increased the competitive position of Seattle 
to the point where one-third of 
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the container cargoes 
bound for the west coast of Canada are now diverted to 
Seattle. A new terminal is now under construction in the 
port of Vancouver and additional facilities are planned 
for New Westminster, The terminals at Seattle have been 
expanded to meet an expected 10 to 15 ‘X, annual increase 
in containerised shipments. After 1980, a shortage of 
waterfront space for new industrial and terminal facilities 
at Seattle and Tacoma may cause a shift to other ports in 
Puget Sound, including Everett or the Nisqually Estuary. 

Superports capable of dealing with a growing fleet of 
supertankers and bulk cargo vessels are receiving in- 

creasing attention on the west coast. Roberts Bank 
superport, situated near Vancouver, is to be enlarged to 
480 acres from its present 50-acre site over the next ten 
years. Existing facilities handle coking coal exports to 
Japan. Coal, sulphur, and potash are expected to be the 
main cargoes handled by the superport after expansion. 
A proposal to construct a deep-sea terminal at Squamish 
for the shipment of forest products and copper concen- 
trate was rejected in 1972 on the grounds of its environ- 
menta_l impact on Howe Sound. A proposal for a forest 
products terminal at Nanaimo, on the east coast of 
Vancouver Island, is now being considered. x 

A growing issue on the Pacific coast is the projected 
increase in supertanker trafiic due to the construction of 
the Trans-Alaska Pipeline, which will bring North Slope 
oil to western U.S. markets. In 1973 the U.S. Army Corps 
of Engineers completed a study of potential deep-water 
ports on the west coast. This was done in expectation of 
increased tanker traflfic from Alaska, or from the Middle 
East and Indonesia had the Alaska pipeline proposal 
been rejected. Eleven deep draft sites capable of handling 
large vessels were reviewed, including three on Puget 
Sound — at Ferndale, Anacortes, and Port Angeles. The 
study was released for public debate in a series ofhearings 
held in Washington State. 
The government of British Columbia has protested 

such a proposal on the grounds that the passage of large
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oil tankers through Juan de Fuca Strait would increase 
the threat of oil spills, which would damage the coastline 
and marine resources of Washington and British Colum- 
bia. The issue became controversial in the State of 
,Washington also, and the debate is likely to continue. 
If there is a major increase in supertanker traflic in the 
basin over the next few years,‘ the Cherry Point refinery 
(north of Bellingham) will receive a major share of the 
shipments. 

In addition to the increased movement of oil and 
petroleum products along the west coast, there will be A 

considerable growth in the number a_nd size of cargo 
vessels plying these waters. In 1970, there were 3,501 
sailings from major Canadian ports in the study area, and 
4,368 sailings from U._Sv.'ports_ in the basin. With the 
expected growth in trade, the expansion of trafiic and 
larger vessel sizes are going to ‘place more and more 
pressure on existing port facilities and on navigational 
aids. - 

The standard size of tankers has increased from 
16,000 deadweight tons (dwt) in the 1940s to 90,000 dwt 
in the 1960s. Larger vessels draw more water, with a 
loaded draft of 45 to .55 feet. There is a similar trend to 
larger, faster bulk cargo carriers of 50,000 to 75,000 dwt. 
These vessels range between 700 and 900 feet long. At 
the moment, there are over 300 tankers of more than 
150,000 dwt in operationaround the world, and 115 ships 
of 200,000 dwt or more are on order. 
There are,several sites on Puget Sound that could 

receive 150,000 dwt vessels but there are major naviga- 
tional problems. Heavier vessel traffic in the study area 
increases the risk of collisions, fgroundings, and oil spills 
from large cargo carriers and tankers. Fog, the complex 
pattern of tid_al currents, and narrow passages between 
islands present considerable obstacles. Ferry routes and 
pleasure craft in these waters complicate the navigational 
task facing large tankers, which are not very maneuver- 
able: The U.S. Coast Guard is now developing a com- 
puterised vessel-control system to cover Puget Sound and 
Juan de Fuca Strait as far as Dungeness Bay (inter- 
national waters). A Canadian system is being developed 
along similar’ lines and will extend to Dixon Entrance. 
There was _a clear need for regional control across the 
international boundary and co-operative arrangements 
between Canada and the United States will result in an 
electronic-linkage of the two systems. ‘ 

In addition to improved navigation controls, both 
parties have set up emergency measures to deal with oil 
spills. The United States and Canada are reaching an 
agreement on an international contingency plan for 
adjacent coastal waters. Meanwhile, in British Columbia," 
the federal Ministry of Transport is responsible for the 
prevention and clean-up of ‘oil spills. The Environmental 
Protection Agency (Department of the Environment) is 
responsible for clean-up methods used and for the re- 
habilitation of the environment. In Washington, the U.S.. 

32 

,\| 

\ 
Coast Guard, the Environmental Protection Agency, and 

~ the Washington State Department of" Ecology are re-. 

sponsible for the quality of the marine environment. A 
regional contingency‘ plan has been drawn up for the 
prevention and control of oil spills. Also, oil industry 
firms in the Puget Sound area have set up a co-operative 
to deal with oil spills.

‘ 

Commerical and Sport Fishing 
Freshwater and marine fish in the Strait of Georgia- 

Puget Sound Basin are prized for their local commercial 
and export values, for the recreational enjoyment they 
provide, and as part of the cultural heritage of the west 
coast Indian. More than 201 native species" of fish, shell- 
fish, and marine mammals in the basin are valued for their 
commercial use. British Columbia provides 60% of 
Canada’s total fishery value while Washington ranks 
eighth in the United States in terms of landed fisheries 
value. There are approximately 19,000 licensed fishermen 
in the province and the state. Sport fishermen in Washing- 
ton and British Columbia spend more than $110 million 
a year for bait, tackle, boats, and other fishing expenses. 

Graphs on the Water Use Map show commercial catch 
trends for salmon and other fish in the British Columbia 
and Washington parts of the basin between 1961 and 
1968. Anadromous fish dominate the catch, with the five 
salmon species contributing 70% of the total wholesale 
value of fishery products in British Columbia and 50% 
in Washington. Steelhead and cutthroat trout are other 
anadromous species that are highly prized sport fish. 
Second to salmon, the most important commercial species 
are halibut, herring, lingcod, true cod, rockfish, sole, and 
ocean perch. These species provide commercial food, 
support a sport fishery, and are processed into fertiliser, 
vitamins, and pet food. Pacific and Olympic oysters are 
commercially harvested in many areas. Crabs, shrimps, 
clams, octopus, and abalone are harvested by commercial 
and sport fishermen in the basin.

A 

The herring fishery has been closed in recent years to 
allow the regeneration of badly depleted stocks. In 
British Columbia, it was opened in 1971 for- the first time 
since 1967 for human food only. As a result of the de- 
mand for protein food, the herring fishery is a rapidly 
expanding multi-million dollar industry. It was worth 
$12.6 million in 1972, and more than ‘twice that value 
in 1973.. The major market is Japan, which imports the 
herring roe and fillets. - 

Commerical Fishing 
Anadromous salmon and trout spend their adult lives 

in the marine waters of Puget Sound, the Strait of 
Georgia, and the open Pacific before migrating to 
tributary rivers and streams to spawn. The young fish 
spend _va_ryir'1g amounts of time in nursery streams and 
estuarine waters before moving to the open marine en- 
vironment. The five species of salmon are sockeye, chum, 
coho, pink, and chinook (spring). Sockeye is the principal



Credit: Vancouver Sun 

On September 25, 1973 the Erawan and Sun Diamond collided" at the entrance to Vancouver. A small spill of bunker \ 

oil reached the city's beaches. 
‘

- 

Credit: Vancouver Su_n 

A containment boom in operation during beach clean-up when the oil reached the shore of North Vancouver. 
A larger oil spill would impose heavy damage on shoreline and marine resources.
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food fish with the highest commercial value of all the 
salmon caught off the west coast. Sixty per cent of the 
total salmon catch in British Columbia is canned, 32 ‘X, is 
frozen, 2 ‘X, is sold fresh, and the rest is cured. 

TABLE 1 

Salmon Catch by Species, 1968 

British Columbia 
. 

Washington 

Chinook 8 ‘X, 24 ‘X, 
Chum 20 22 
Coho‘ / 18 31 
Pink 

A 
31 l 

Sockeye 23 _20 

25.8 million 
$9.7 million 

182.3 million 
$44.9 rnillion 

Total pounds 
Landed Value 

The heaviest salmon runs occur in the Fraser River 
and i_n the Nass and Skeena rivers north of the study area. 
Sockeye and chinook migrate from the ocean to fresh- 
water spawning areas between late spring and fall. Adult 
coho travel upstream between September and January. 
Churn begin to migrate in August and continue migrat- 
ing until early winter. Sockeye salmon runs peak in four- 
year cycles and large runs of pin-ks occur in alternate 
years. Other migrating species show little cyclical varia- 
tion in numbers. 

Salmon are harvested as they move towards spawning 
grounds.(Figure 12) The fish are caught by trolling-, seines, 
and gill-nets. Gill-nets and seines are the most commonly 
used methods but the pattern is changing in British 
Columbia as trolling increases_. This method is less effi- 
cient than netting for taking quantity, but the quality of 
the catch is superior. To protect the resource and allow 
sufficient fish to reach the spawning beds, the seasonal 
catch is monitored and regul_at_ed daily by the Internation- 
al Pacific Salmon Fisheries Commission, the Canadian 
Fisheries Service, and the Washington State Department 
of Fisheries; The commercial fishery is managed on a 
‘sustained yield’ basis to prevent exhaustion from over- 
fishing by modern fleets. The number of ‘Canadian vessels 
is limited by a licensing system. Other foreign vessels are 
excluded from a 12-mile fishing zone, which extends from 
a line drawn from headland to headland. The length of 
season and catch size are regulated annually to allow sal- 
mon stocks to regenerate at a suflicient rate to balance the . 

removal of mature fish. 

The International Pacific Salmon Fisheries Commis- 
sion regulates sockeye fishing in Juan de_ Fuca Strait and 
the Fraser River pink runs. The Fraser River fishery is 
managed under the Reciprocal Fishing Privileges Treaty. 
This treaty sets out rules by which Canadian and Ameri- 
can fishermen can participate in each other’s harvest. In 
recent years, the two parties have shared the Fraser River 
catch on a 50 :_50 basis. The agreement expired on June 15, 
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1973, and negotiations broke down as Canada and the 
United States presented opposing views on the allocation 
of catches. The treaty was temporarily renewed to retain 
some of the exchange fishing rights in coastal waters. 
The U.S. claimed a greater share of the Fra_ser salmon 
/run because it had shared the cost of the Hell’s Canyon 
fish ladder built in the 1940s to aid migration to spawn- 
ing beds that had been blocked off by the 1914 landslide. . 

Canada opposed the catch of B.C. salmon by Amer- 
ican vessels and raised the issue of a 200-mile limit that 
would ensure the catching of fish in the country in which 
they are produced. Jack Davis, Minister of Environment 
Canada, rejected the U.S. argument that Canadians were 
benefiting undulyrfrom the migration of fish across the ~ 

international border from the extensive hatchery program 
in Washington State. In October, 1973, an international 
task force began to review an overall west coast salmon 
treaty in order to resolve these differences. 

Salmon landings dominate the Canadian west coast 
fishery, but bottom fish and other species provide 30 ‘X, of 
the total landed value in British Columbia and -50% in 
Washington. A large proportion of the catch is halibut, 
which are fished largely outside of the basin in northeast 
Pacific waters. Within the study area, sole, true- and ling- 
cod, flounder, and rock fish are important commercial 
species. The herring fishery had been closed in recent 
years but the industry is rapidly expanding now. The 
principal shellfish and crustacea harvested commercially 
in the area include crab, shrimp, clams, and oysters. 
Shellfish beds in the Lower Mainland, parts of the Gulf 
Islands, and along the east coast of Vancouver Island 
were closed indefinitely in 1973 because of sewage con- 
tamination. Similar closures have been enforced in 
Puget Sound. 

Sport Fishing 
The marine and freshwaters of the basin offer excellent 

opportunities for sport fishing by residents and non- 
residents alike. Salmon is the most important catch with 
over 750,000 coho, chinook, and pink caught each year 
in the marine waters. Fishermen spend approximately 
800,000 recreation days a year in the Canadian part of the 
basin. This figure represents almost equal proportions of 
days spent angling from the shorevand fishing from boats. , 

Most of the salmon fishing is concentrated in . the 
Vancouver-Howe Sound area, around Victoria, and in the 
northern Strait of Georgia in British Columbia. The 
most popular areas in the Washington part are the inner 
Puget Sound and the coast of Juan de Fuca Strait. 

Some bottom fish are caught by sport fishermen in the 
inland sea but these represent a very small proportion of 
the total saltwater sport catch. The ha_rvesting of clams 
and oysters is popular in intertidal areas that have not 
been closed as a result of sewage contamination of shell- 
fish beds. Many of the lakes, rivers, and streams in the 
basin are frequented _ by freshwater anglers seeking 
salmon and trout.

'
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Sport fishermen, are ‘beginning to express growing 
concern about congestion, overfishing, and pollution in 
the basin. Many are calling for more intensive fisheries 
management. and stricter ,controls on activities that 
pollute or damage wildlife habitats. Congestion is 
causing problems in some areas close to the large urban 
centres adjoining the Strait of ' Georgia and Puget Sound. 
Concern is being expressed about overfishing in these 

\ 

areas.
I 

Non-resident fishermen (which make up 15% of the 
total number in both British Columbia and Washington) 
are now required to purchase licenses in British Colum- - 

bia waters. As a temporary measure, it has been suggest- 
ed that non-resident fishermen in the province be encour- 
aged to fish in the less crowded areas as part of this license 
stipulation, Controlled access for residents and non- 
residents has been suggested as a long-term measure. 
However, the limitation of free access to the public do- 
main would represent a major change in Canadian policy. 

Indian Fishing 
Fish, particularly salmon, have played an important 

role in the economic and cultural life of Indian bands on 
the west coast. They supported a distinctive way of life of 
the native inhabitants-the Muckleshoot, Puyallup, and 
Nisqually Indians of Puget Sound, and the Squamish, 
Halkomelem, and Lillooet of southwest British Columbia. 
Fish provided a food staple, a good trade with inland 
bands, and a ritual symbol in their culture. When the west 
coast was settled by Europeans, treaties were signed with 
the native inhabitants to protect the right to and use of 
reservation" lands in perpetuity. Specific articles were 
written into the treaties in British Columbia and Wash- 
ington to secure Indian rights to pursue a salmon-based 
livelihood without restriction. 

Conflicts have arisen over the extent of these rights as 
commercial, sport, and Indian fishing have placed increas- 
ing pressure on fishery resources of the basin. A number 
of Indian ban_ds claim that the use of ‘usual and accus- 
tomed fishing grounds’ free of all regulation and control, 
provides the right to fish wherever and wheneverthey like. 
This claim includes areas outside the reservations, which 
may or may not be capable of meeting the bands’ food 
requirements. Commercial fishermen are concerned by 
such off-reservation competition for fish in waters where 
controls are placed on them but where Indians would be 
exempt from restrictions. Between 1958 and 1967, the 
Indian catch in Puget Sound averaged 6% of the total 

A 

harvest, behind the sport fishery (8.5 %) and the non- 
Indian commercial fishery (85.5 °/,). 

The federal government wishes to protect un'regu_l_ated 
fishing rights in reservation waters but wants to subject 
Indians fishing in off-reservation waters to strict super- 
vision, and in some cases, to prohibit fishing entirely. 
Government agencies are concerned about depletion of 
stocks in some streams through overfishing caused by 
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some of the Indian fishing gear and techniques. ‘The dis- 
pute continues as local Indian groups sporadically ignore 
ofi‘-reservation restrictions and as regulating agencies try 
to improve the confused legal situation that has develop- 
ed since the origin_al treaties were signed.

\ 

Protection and Enhancement’ 
Commercial, foreign, and sport fishing in the rivers and 

coastal waters o_f British Columbia and Washington are 
regulated by the respective federal, provincial, and state 
governments. In Canada, an amended Fisheries Act, the 
Coastal Zone Fisheries Protection Act, and the Territo- 
rial Sea and Fishing Zones Act are directed at maintaining 
the fishery resource. Control over commercial and sport 
fishing is divided between the federal Fisheries Service and 
the provincial Fish and Wildlife Branch, which has been 
delegated to enforce the Fisheries Act with regard to 
freshwater sport fishing. 

In Washington, the State Department of Fisheries regu- 
lates commercial and sport fishing in coastal Waters, sal- 
rnon runs, and shellfish ha_r’vest_ing._ The State Department 
of Game has similar responsibilities for freshwater fishing. 
Federal, provincial, and state agencies in Canada and the 
United States are involved in enhancing fish stocks 
through the construction of hatcheries, fishways, and 
spawning channels. They have two major goals — the pre- 
servation and enhancement of fish protein stocks, and, 
more recently, the preservation of the natural fish resource. 
The three sets of government agencies have to deal with 

three major pressures on the fishery resources of the west 
coast: over'fish_ing-, water pollution, and physical damage 
or destruction of fish habitats. Depletion of stocks by 
overfishing is safeguarded by the adoption of a ‘sustained 
yield’ policy, which regulates the number of licensed 
vessels, type of equipment, length of season, and size of 
catch. In some cases, fishing is prohibited in certain areas; 
for example, commercial salmon fishing in Howe Sound. 
Concern for water pollution and habitat damage tends to 
focus on the coastal zone where most confljcts arise be- 
tween fishing and other water and land-based activities. 
The possibility of "problems arising in the open marine 
waters of the basin should not be discounted. We simply 
do not know the capacity of the inland sea in terms of the 
fish population it can support, or the amount of pollution 
it can assimilate without long-term adverse effects on the 
fishery resource. 

Anadromous fish are particularly sensitive to changes 
in the quality of streams, estuaries, and coastal waters in 
their migration between the open ocean and spawning 
beds. They cannot ‘tolerate abnormally high or low 
temperatures. Streams with reducedtflows have a smaller 
capacity to maintain fish populations because of fierce 
competition for food and space. Floods can eliminate 
stream-bank vegetation, destroy fo_od sources, and dis- 

’ turb spawning gravels. Some of these problems occur 
naturally but the sudden, -large-scale changes induced by 
man’s activities can wreak great havoc.



Water pollution is by far the most critical problem in 
maintaining the fish resource. Wastes discharged from « 

pulp and paper mills, pesticides, mining wastes, industrial 
eflluents, and domestic sewage all contribute to a lowering 
of water quality in the basin. There is little firm evidence 
that the regional fishery as a whole has been significantly 
damaged by pollution, but local fish kills occur near ' 

eflluent outfalls when excessive amounts of toxic wastes 
have been discharged. Federal, state, and’ provi_ncial 
regulations now insist that effluent be treated before dis- 
charge, particularly where pollution sources are located 
on or near confined bodies of water. Washington is aim- 
ing towards secondary treatment of sewage wastes in the 
next few years. In British Columbia, an amendment to 
the federal Fisheries Act has permitted specific eflluent 
standards to be introduced for the pulp and paper in- 
dustry. Similar standards are being set up for the petro- 
leum and food processing industries. The level of do- 
mestic sewage treatment is being upgraded gradually.- 

Fish habitats, nutrient-producing areas, and spawning 
beds can be harmed by natural processes, such as land- 
slides, erosion,‘ and si_lti_ng-. Some of the greatest damage 
and destruction is caused by man’s activities. Migration 
channels and spawning beds can be damaged by stream- 
bank logging, landfill projects, mine tailings, erosion from 
urban development sites, and water storage and diversion 
projects. The accumulation of debris, disturbance of 
stream beds in spawning areas, and the blocking of 
migration routes reduce the food sources and habitat 
areas of anadromous fish species.

I 

Fishery agencies in the basin have embarked on a pro- 
gram of protecting and restoring natural habitats using 
minimum flow regulations, water quality standards, and 
pollution controls. A second thrust has been the en- 
hancement and replacement of natural habitats by stream 
improvement, and the construction of fishways, spawn- 
ing channels, and hatcheries. There is a strong commit- 
ment to replacement by hatchery programs where natural 
spawning is inadequate or where dams prevent access to 
spawning beds. (Figure:-.12) Hatcheries short-circui‘t..the 
freshwater stages of juvenile chinook and coho salmon. 
Eggs from adult salmon are stripped by hand and in- 
cubated under controlled temperature conditions. Finger- 
lings are released into the stream or river and make their 
way towards marine waters where-they spend their adult 

- life. As under natural conditions, very few eggs survive to 
reach adulthood because of predators, lack of food 
sources, or adverse water quality conditions. Of 3,000 
eggs hatched, only a handful of adult salmon survive to 
migrate to their spawning beds two to five years later. 
The Washington Department of Fisheries maintains 

hatcheries in the basin and one more is supported by the 
federal Bureau of Sport Fisheries. The program in the 
Puget Sound area was well established before Canada 
began hatchery construction. In British Columbia, the 
first hatchery was built at Big Qualicum in 1968 and 
another was completed on the Capilano River in 1972. 

Coho and steelhead are the major species at Capilano, ,- 
which is open to the public.-The Canadian programlis 
directed mainly towards enhancing the sport fishery in 
British Columbia waters and is intended to increase the 
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Strait of Georgia coho and chinook catch by 25 %. 
Another hatchery is under construction at Quinsam, near 
Campbell River, and others are being planned. (Figure 12) 
The heavy investment in hatchery programs in Wash- 

ington and British Columbia is beginning to raise new 
questions about the carrying capacity of the inland sea. 
For example, hatchery coho are thought to have removed 
much of the food material previously available for the 
pink salmon in Puget Sound. Travel habits of native and 
hatchery fish within local waters are not precisely known_. 
This has obvious implications for investment in hatcheries 
and for the international dispute over the Fraser salmon 
harvest. Both the federal governments of the US. and 
Canada are conducting research in this area. 

In addition to hatcheries, fishways, and other stream 
improvements to enlarge fish stocks in the basin, the 

' State of Washington and a few private companies are 
experimenting with aquaculture, or fish.-farming. At 
present, the techniques have not proved very economical, 
but this area is receiving increasing attention. Research 
and development by government and industry in the next 
few years may yield very profitable results. 

Recreation 
The seascape, mountains, and freshwater landscape of 

the basin h_ave a tremendous appeal, attracting many 
visitors to the west coast and contributing to the recre- 
ational enjoyment of local residents. The open waters and 
the wide variety of shoreline and freshwater habitats 
offer opportunities for sport fishing, boating, camping, 
swimming, beachcombing, and general sightseeing. The 
Washington part of the basin has 1,928 miles of shoreline 
and more than 170 islands in the San Juan Archipelago, 
The shoreline in British Columbia extends 3,270 miles 
.and includes the Gulf Islands and northern islands.of 
the Strait of Georgia. Most of the shoreline in the basin 
consists of long expanses of low bluffs and tidal flats 
interspersed with wide, sandy beaches. Narrow, steep- 
sided fjords dissect the mainland coast north of Van- 
couver. The shores immediately accessible from the ur- 
ban centres of the basin are intensively used by residents 
and visitors. More than 60 ‘X, of the recreational activities 
take place during the summer, and particularly on week- 
ends. This places considerable pressure on the expand- 
ing recreational hinterland of the heavily urbanised 
coastal zone. 

The maps indicate national, provincial, and state 
parks, and areas in common recreational use. The Water 
Use Map shows a variety of recreational facilities on the 
coast, including marinas, boat moorings, and yacht 
clubs. Beaches, picnic and camping areas, and historic 
sites have not been shown because the scale of the map 
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does not permit the locati_on of individual sites. Game 
management,‘ wildlife refuge, and bird sanctuary sites 

have not been shown separately but are included within 
the park and principal waterfowl areas. 

Parks 
The Strait of Georgia has 30 provincial parks with 

water frontage (in addition to the Pacific Rim National 
Park, just north of the study area on the west coast of 
Vancouver Is_land). Most of the provincial parks are ‘ 

located close to major population centres in the southern 
part of the Strait of Georgia coast and the Gulf Islands. 
Away from the coast, a total of 1,640 square miles of land 
are held in Strathcona Provincial Park’ on Vancouver 
Island and in Garibaldi Provincial Park in the southern 
Coast Mountains. These outstanding scenic areas are 
preserved for public recreation and other uses of the land 
are strictly controlled. In addition to the system of large 
provincial parks, there are many smaller areas situated in 
or close to the major urban centres, which are managed 
by local park boards. - 

The Puget Sound area has 69 state parks and recreation 
areas, in addition to -30 small state-administered islands 
'in the San Juan Archipelago. Forty-two of the parks have 
foreshore access. The Olympic, Mount Rainier, and 
North Cascades national parks cover‘ 1,545 square miles 
and provide protected access ‘to the striking mountain 
ranges.‘ The National Parks Service also administers the 
San Juan Island Historical Park and the Ross Lake 
National Recreation Area in the Skagit Va_lley. These 
parks in the Canadian and American portions of the 
basin provide recreational opportunities along the coast 
and in r_nou_ntai_n areas, and serve the function of pro- 
tecting the natural landscape. The process of‘establ_ishing 
parks continues to this day. The North .Cascades.1National 
Park and the Pacific Rim National Park are among the 
most recent acqu'isitions in or around the basin. Attend- 
ance figures are not collected for every park but most of 
the parks are intensively used. For example, the national 
parks in the Puget Sound area received 2,000,000 visitors 
a year in the mid 1960s, and approximately 75% were 
\Washi_ngto_n residents. 

Protected Natural Are_as
‘ 

A system ‘of Ecological Reserves has been set up in 
British Columbia as part of the International Biological 
Program. These areas are preserved by the provincial 
government to protect the natural ecology from disturb- 

‘ 

ance, and extensive recreational use is discouraged. There 
are nine reserves on or near the Strait of Georgia coast 
which protect unique colonies of marine mammals and 
sea birds, and special habitats such as saltwater marsh. 
There are two large Nature Co_n'servanc‘y Areas within 
‘Garibaldi and Strathcona provincial parks which protect 
rare or distinctive examples of alpine flora and fauna. 
In the Washingtonpart of the basin, there are 14 desig- 
nated Outstanding Natural Areas where plants "and 
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animal communities,- fossil beds, and other geological 
features are preserved. Nine of these sites are located in 
the San Juan Islands, on Widbey Island, or on the 
mainland coast of Puget Sound. 

Beaches 
Puget Sound and the southern part of the Strait of 

Georgia are well endowed with beaches. The most exten- 
sive sandy beaches in the basin arefound around the 
perimeter of the Fraser delta and on the east coast of 
Vancouver Island. Approximately 13% of the Puget 
Sound coastline consists of wide sandy beaches, which 
are used most intensively near Seattle, Tacoma, and 
Everett. As an indication of the tremendous demand for 
urban beaches, the Vancouver Parks Board estimates 
that Stanley Park beaches receive ‘2,000,000 visitor-days 
of use a year. (Visitor-days are the number of individual 
visits made and include the numerous visits that can be 
made by one person.) Restricted access is a growing ' 

problem in both British Columbia and Washington be-’ 
cause of private recreational developments along the 
coast and the expansion of industrial activities on the 
waterfront. Less than 9% of the waterfront land of 
Puget Sound is publicly owned (by the state or federal 
governments). Private homes and summer cottages domi- 
nate the mainland coast near Seattle, Tacoma-, and 
Everett, and the islands in Puget Sound. A similar prob- 
lem is emerging in the Gulf Islands of British Columbia 
where extensive stretches of shoreline have been sub-: 
divided into waterfront lots. The beaches themselves are 
not privately owned but people wishing. to use the 
beaches are often deterred by ‘No Trespassing’ signs on 
the private lots between the access road and the shore. 
People visiting the area in boats can still use these 
beaches. In other areas, access is limited by the physical , 

configuration of the coastline where steep bluffs and 
cliffs present a barrier to all but the most agile visitors. 
Other areas, particularly along the Sunshine Coast, have 
few public roads leading to the shoreline. The problem of 
access has not reached a critical level in most areas yet, 
but it is important to recognise the potential threat of 
public shoreline use in the basin. Coastline attractions 
are not confined to sandy beaches. The rich marine life 
and scenery of the rocky shoreline give enormous pleasure 
to photographers, painters, and others interested in 
nature study, picnicking, beachcombing, and walking. 

Cottage Development 
The Gulf and San Juan islands, Widbey and Kitsap 

Island have undergone the most intensive development of 
shoreline subdivision in the basin. Less accessible areas 
among the northern islands and channels of the Strait of 
Georgia, and the west coast of Vancouver Island are 
beginning to undergo a similartransformation. The value 
of waterfront land suitable for residential development 
has greatly increased over the last ten years. The southern 
islands of the Strait of Georgia and Puget Sound lie within



Crowded boat moorings on the 
coast north of Vancouver reflect 
the pressure on marine recreation 
faciliities.

‘ 

Credit: Vancouver Sun 

In contrast, the west coast of 
Vancouver Island, 

\ Credit: British Columbia Government 
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easy reach of the urban populations on the mainland. The 
islands have the advantages of very, scenic attractions and 
a dry climate. The islands were originally popular for 
summer cottages but they are attracting a greater propor- 
tion of permanent ‘residents every year. As the i_sla_nc_ls 

take on an increasingly ‘developed’, urbanised appear- 
ance, long-term residents are beginning to express con- 
cern about the continued subdivision and real estate

' 

speculation. Only recently, lots in the Gulf Islands were 
being sold for $100-$250 a waterfront foot where services 
were provided. In areas with rocky beach frontage and 
bluffs, lots were being sold for $75-$150 a waterfront foot. 

The more isolated ‘west coast of Vancouver Island has 
very high rainfalland a cliff shoreline, but more and more 
people are attracted by the wildbeaches and, at least 
temporary, solitude. The northern part of the Strait of 
Georgia has heavier-rainfall, fewer hours of sunshine, and 
is less accessible than the popular Gulf Islands, but real 
estate values are increasing as more people buy waterfront 
lots. Both the San Juan and Gulf islands are receiving con- 
siderable attention from the respectivestate and provincial 
governments who have expressed growing concern for 
the loss of public recreational resources along the shore- 
line of the basin. In response to the overall urban- 
industrial pressures growing in the Strait of Georgia, 
Jack Davis, Minister of Environment Canada, has pro- 
posed a system of marine parks for the area. This 
proposal is receiving attention from the provincial and 
federal governments. ‘ 

Boating 
Sailboats, yachts, and boats powered by inboard and 

outboard motors are extremely popular. In 1966, there 
were 94 boats per 1,000 population in the Puget Sound 
area and 53 boats per 1,000 in British Columbia. Most of 
the boat-owners in the province live around the Strait of 
Georgia and so the number of boats per 1,000 population 
in the basin is much higher than this provincial average 
suggests. 

The greatest activity occurs near the major centres of 
population in the more sheltered waters of the inland 
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sea—.--Indian Arm, Burrard Inlet,'and Howe Sound near 
Vancouver, and the Hood Canal and Puget Sound near 
Seattle and Tacoma. Both the islands and the northern 
part of the Strait of Georgia are heavily,used by Canadian 
and A‘merican boaters on extended holiday cruises. 

Interest in boating has grown very rapidly in recent 
years’ and at least 35 ‘X, of the local population engages 
in some form of pleasure boating. In 1966-, there were 
186,000, pleasure craft in the Puget Sound area, and 72,000 
in the Strait of Georgia. The number has grown consider- 
ably since then, although precise figures are not available. 
In 1966, more than 60 ‘X, of the boats owned by Canadian 
residents in the basin had inboard or outboard motors, 
over 6 ‘X, were sailboats, and the rest were hand-operated. 
Cruising and fishing were the most important activities of 
the boating population. 
The growing interest in this activity has led to an in- 

creased demand for marina facilities and m/oorings 
throughout the basin. A 1971 study in British Columbia 
estimated that there were almost 13,000 moorings in the 
Strait of Georgia area. Most of the moorings are concen- 
trated near Vancouver, Victoria, and in the Gulf Islandns. 
There were 12,000 moorings in the Puget Sound area in 
the late 1960s and the expanded demand has led to‘ a 
shortage of at least as many facilities. The existing dis- 
tribution of moorings and marinas is shown on the Water 
Use Map. 
As the urban population becomes more affluent and 

has more leisure time, the interest in boating i_s going to 
grow and place more pressure on the existing facilities in

’ 

the Strait of Georgia and Puget Sound. The Pacific 
Northwest River Basins Commission has projected a 50 ‘X, 
increase in the number of days of water-related recreation 
between 1970 and 1980. This projected increase includes 
boating, water skiing, swimming, fishing, and camping 
among other activities. Participation‘ in boating activities 
on Puget Sound is expected to increase by 5-5% and a 
similar pattern can be projected for the Canadian part of‘ 

the basin. The provincial government is engaged in an 
intensive program of land acquisition“‘for marinas and 
moorings in the Strait of Georgia in anticipation of these 
trends.



— [Chapter 

« Managing Our Water Resources 

The management of water resources is almost entirely 
a public responsibility involving federal, provincial, state, 
and local governments. What does management mean? 
It is the planning, development, and regulation of water 
and related resources to meet society’s goals. Goals are 
set which are designed to maintain and improve economic 
and social well-being, and the quality of the environment. 

Management involves monitoring the physical environ- 
ment so that’ we know how much water there is and when 
and where it occurs. We need to understand how water 
and related resources behave. It is also important to know 
about resource use, and the impact of different uses on 
each other and on the physical environment. The type 
and amount of information collected depends on the 
specific goals and policies. Once goals have been set, we 
have to evaluate and choose among alternative ways of 
fulfilling them; for example, comparing different methods 
of increasing water supply, maintaining water quality, or 
controlling floods. Once this planning stage is completed 
and the decision to adopt a certain program is made, the ~ 

project is financed. and implemented. Ideally, the project’ 
or program should be re-evaluated afterwards so that we 
can learn from experience. 

, Critical Themes 
Water has a number of special features that affect its 

management. Specific provisions have to be made for 
these characteristics which, if ignored, lead to the inap- 
propriate allocation of water and other undesirable 
side effects. 

—Water is dynamic in that changes in one part of the 
surface-ground-atmosphere cycle lead to changes in 
other parts of the system. For example, natural or 
man-made changes in surface runoff can lead to 
changes in soil moisture availability, river discharge, 
and groundwater storage. 

—Water is inevitably related to other elements of the 
’ 

physical environment; uncoordinated management 
programs lead -to inappropriate uses of the available 
land and water resources. 

‘—Water is used for many different purposes. These uses 
are int_errel_a_ted; they can complement or conflict with 
each other. For example, the discharge of untreated 
wastes upstream can adversely affect or even prevent 
certain downstream uses. 

—Water is contained in streams, rivers, lakes, oceans, or 
groundwater aquifers. There are different rights of‘

‘ 

ownership and use that separate the contained water 
from the adjoining land. 

—Water ignores jurisdictionalboundaries‘; it flows across 
provincial, state, and international borders. Activities 
in one jurisdiction often have repercussions that over- 
flow into adjoining jurisdictions; for example, pollu- 
tion and upstream storage projects. 
The history of resource management in the Strait of 

. Georgia-Puget Sound Basin reflects a growing awareness 
of some of these implications. The early development of 
the resource industries on the west coast followed the 
traditional pattern of using abundant resources with 
little formal management or control. 

After all, resources were abundant. Land and water 
resources were usually developed for a single purpose ina 
particular place; for example, for the fisheries or for 
hydroelectric power. As development intensified, the 
resources of an area were used for multiple purposes and 
conflicts began to arise. When government agencies were 
set up to regulate resource use, they followed theearly 
single-purpose trend. One agency was responsible for 
power, another for forest resources, and a third for the 
fisheries. As the use conflicts in asingle watershed or 
river basin intensified, they could not be forestalled or‘ 

resolved very easily because of the division of‘ power 
between specialised agencies. . 

The single-purpose philosophy underlies much of the 
management today, although changes are beginning to 
take place. With a growing awareness of the interrelated- 
ness of physical environment and man’s activities, there 
is a shift to multi—purpose use guided by comprehensive 
planning and coordinated management of resources; for 
example, the Coastline Management Act, passed in\ 
Washington.in 1972, and the B.C. Environment and Land 
Use Act of 1971. Comprehensive management is begin-
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ning" to gain wider acceptance but has not been fully 
implemented in’ all resourceareas. Legal and philosophi- 
cal hangovers still offer resistance to change. / 

The division of proprietary rights and legislative 

jurisdiction between the federal and provincial or state 
government in Canada and the United States has com- 

. pounded the problem, Both arebasic constitutional rights 
granted by the British North America Act in Canada 
and by the U.S. Constitution. The Canadian federal 

, 
government was granted exclusive control over naviga- 
tion, fisheries, trade and commerce, and federally-owned 
land in the provinces. The provinces were given the 
ownership of land and water resources within their 
boundaries. These proprietary rights were coupled with 
powers that gave them the right to allocate resources and. 
regulate their use. This includes the right to «introduce 
pollution legislation. The federal and provincial govern- 
’ments have overl_apping responsibility for agriculture, 
boundary and coastal waters. 

In the United States, the federal government has exclu- 
sive control of navigation, trade and commerce, and 
federally-owned land within the states. The states own 
most of the land and water resources within their bound- 

. aries, but again there are overlapping responsibilities. A 
combination of state land law, federal water law, and 

I 

state ownership of bottomlands along the coast means 
'that any significant use of the land-water interface 
involves fede_rial,Js'tate, and local governments. ‘ 

In some cases, ownership and legislative rights have 
been divided in such a way that situations can arise where 
the federal governments have the power" to pass‘ laws 
which apply to the use of provincially -— or ‘state-owned 
resources. Water provides a classic example. Important 
constitutional questions have been raised by the Canada 
Water Act (1971),.which contains provisions for federal 
action in provincial or inter-provincial matters if the 
provinces do not act or cannot reach agreement. 

It_ has been a tradition that waterflowing in a defined 
channel cannot be owned by a private individual. A 
person owning the adjacent land normally had the right 
of access and use of the water. This tradition developed 
into a riparian right——the right to a reasonable use of the 
water by the owner of the adjacent land, provided that 
downstream riparian uses were not impaired by such 
\activities. Federal, provincial, and state governments 
have passed laws at various times which have altered these 
Apre-existing common laws. For example, the B.C. Water 
Act reverts all ownership and rights of use back to the 
Crown. In both Washington and British Columbia, all 
water users must obtain a license for the right of water 
use. On the one hand, the property owner has the sole 
rights of access to adjoining waters but public control 
resumes beyond the average hi gh-water mark. This means 
that you can have the confusing situation of legal ‘no 
trespassingisigns on the private property separating a 
visitor from his right of access to public beaches. Water 
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rights and public access to the foreshore are included in 
Washington law, but public ownership‘ of beaches has 
been waived in some cases and foreshore is in private 
ownership.

' 

There is no outright private ownership of water or air— 
they are ‘common property’ resources. Because they are 
not privately owned, they have been taken for granted as 
free goods and expendable waste sinks. Pollution, as a 
cost of production, has been borne by society and the 
environment rather than by the polluting activity. There 
has been little incentive for private interests to improve 
environmental quality. Because no one owns air or" 

water, users have continued to compete forthern without 
regard for the inevitable overuse and decline in quality. 
The aesthetic appearance and quality of water and air are 
beginning to be regarded as ‘amenity rights’, rights which 
are inherent and to be defended at all costs. More rigorous 
measures are being adopted by public agencies to defend 
these rights and protect environ_menta1 quality. Strategies 
include the form of direct regulatory measures controlling 
the _discharge of wastes, or a system of economic incen- 
tives or charges which force the polluter to incorporate 
treatment costs as a cost of production. 

The scale of water resource availability and use has 
major implications for management. Jurisdictional power 
and a particular problem or set of side—efl'ects may not 
coincide within the same area. The impact of one use on 
other uses can range in scale from the entire northwest 
Pacific to a small part of a single watershed. Problems can 
range across local, regional and international boundaries.

‘ 

A number of international examples have already been 
discussed, There is the salmon fisheries dispute, which 
arose due to competition between Canada and the 
United States for fish that move across the international 
border in the Strait of Georgia and Juan de Fuca Strait. 

.' There is the movement of large vessels through Canadian 
-and U.S. waters to ports "in British Columbia and 
Washington, which constitutes a potential major water 
pollution problem. 

Changes in water levels in Lake Athabasca, as a result 
of the construction of W.A.C. Bennett Dam upstream on 
the Peace River, is an example of a transfer of adverse 
effects across provincial boundaries.‘ Comprehensive 
planning on the scale of watersheds, river basins, or some 
other naturally-defined area, could take account of these 
‘spillovers’ from one area into others. The Strait of 
Geor‘gi_a;-Puget Sound Basin would reap enormous bene- 
fits if a regional perspective was adopted in the planning 
and implementation of water management schemes. 

The Strait of Georgia-Puget Sound Basin is not an 
independent entity that can contain its resources and 
activities within neat boundaries. It contains parts of 
system_s with even larger scales» For example, port facili- 
ties serve not only the local coastal zone, but a much 
larger hinterland which includes the provinces and states 
to the east. Wildlife refuges in the basin play an important _

I



role‘ as stop-overs for birds migrating along the Pacific
' 

flyway between the Arctic and warmer areas to the so1ith;.; 
The national and international. significance of the 

resources and activities of the basin suggest that regional 
management programs must be coordinated with federal 
policies and actions in Canada and the United States. 
International cooperation is also essential in managing 

' adjoining water and land resources. Eflective consulta-: 
.tiorl, coordination, and joint planning obviously have 
to take place within and between various levels of 
government. ‘ 

The most important jurisdictional and legislative 
features of water management in the basin are introduced 
but not covered in detail in this report-. The central themes 

A 
discussed above can be traced throughout the history of 
water use and management in the Strait_of Georgia- 
Puget Sound Basin, It is beyond the scope of this report 
to describe all the decision-making that led to existing 
patterns. of waterand related land use shown on the maps. 
The division of formal authority is often complex and 
confusing, but it is eas_ier to document acts and agencies 
than to describe the laws which have been selectively 
enforced or ignored, or the range of alternative strategies 
that were not considered by various agencies. Gaps be- 
tween the opportunities provided and the action taken 
within the legal framework depend on the discretion of 
administrators who have to act under a variety of con- 
strai'nts—tight- budgets, political pressure, interagency 
relations, and personality differences. Some, of the con- 
straints are not imposed by outside pressure but reflect 
the personal interpretations of the administrator. 

Policies and Programs in British Columbia 
Control of resources is divided between the provincial 

and federal governments. There are 17 federal and 27 
provincial laws concerned with managing the use and 
quality of water and related land resources. The federal 
government has exclusive jurisdiction over fisheries, 
navigation, trade and commerce, and Indian affairs. 
The provincial government owns water and land resources 
and has ju‘_risdiction over use and pollution in local situa- 
tions. There are a number of confusing overlaps between 
provincial and federal jurisdictions. Some of the pro- 
vincial responsibility is delegated to local «government 
corporations established under provincial law. These 
corporat_ions range from Regional Districts to Special 
Water Districts. 

The division of powers between the federal government 
_ and the province was established in the British North 
America Act (1867) which forms the‘ Canadian constitu- 
tion. Where the two parties have exclusive jurisdiction, 
they are not bound by each other’s rules. For example, 
federal lands within British Columbia are not controlled 
by the province.

~ ~ 
Cooperation is essential where jurisdictional and 

legislative powers overlap in "the multiplicity of agencies. 
Where problems occur they usually arise from a lack of 
communication or a" failure to appreciate ‘each other’s 
viewpoint. If agreement cannot be reached in disputes 
arising from the complexity of the constitutional frame:-. 
work then the matter is referred to the courts.,As prob- 
lems arose in the past, they were referred to the courts for 
a ruling. Over time, the flexible nature of the British _North 
America Act began to disappear. Clarity also disappeared . 

as the original principles were obscured by a succession 
of separate rulings. Pollution was not mentioned in the 
constitutional acts because it was not foreseen as a pro- 
blem in Canada.,_ Is pollution a question of property 
rights ora purely local problem, and therefore provincial ? 
Or is it a matter of health affecting much of Canada, and 
therefore federal? These are some of the issues that 
confuse public decision-makers. 

' J 

Provincial Concerns 
, . 

The legislative framework of British Columbia is 

permissive /and gives considerable discretionary powers 
to the people administering the acts. It is per‘missi[v‘e« in 
the sense that the initiative for development has to come 
from private individuals rather than from the government. 
For example, the Water Rights Branch or Pollution 

- Control Board cannot issueeorders unless someone has 
applied for a l_icense or permit, or is involved in some 
activity which, by law, requires control. The Director of 
the Pollution Control Board and the Comptroller of 
Water Rights are allowed considerable legal discretion 
in judging the merits of particular policies and circum- 
stances.

“ 

In addition to its regulatory powers, the provincial 
government is responsible for collecting and making 
available information on water resources. Regional 
districts formed under provincial law are required to 
prepare land use plans. To a_ large extent, the manpower 
and budget allocations of provincial-agencies are directed 
towards their regulatory responsibilities and this limits 
the basic information collecting effort. The federal 
government is much more deeply involved in ‘data 
collection. 

. The use of water in the province is controlled by the 
Water Rights Branch (Water Resources Service), which 
issues water licenses. The fundamental piece of legisla- 
tion affecting surface and" groundwater use is the most 
recent edition of the B.C. Water Act (1960). Rights are 
granted by license for specific uses of water. The parti- 
cular purpose and source of water must be specified. The 
licensing system allows multiple use of water in a parti- 
cular watershed but single-purpose developments con- 
tinue to be emphasised in the license applications. The 
Act is concerned only with quantity of use and makes no 
reference to quality. Until recently-, the only control over 
water pollution was a common law right of a property 
owner to sue in court fordamages.
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The B.C. Pollution Control Ac-t.of 1967 concerns itself 

With aims-r1d,~; and :;.».wa.tcr'~po11utiOn..._Un1il<e. the. Water V 

‘Act,’ -it'”established"a"specific organisation to administer 
the Act, a Pollution Control Branch. It attempted to" 

define pollution and what was to be done to control it, 
but subsequent amendments have made the contents far 
from clear. The director of the Pollution Control Branch 
may grant permits forwastes that must meet specified 
eflluent ,s'ta_ndards‘ at the point of discharge. Anyone 
discharging eflluent before March 1, 1972,1had to notify

' 

the director and, when ordered, apply fora permit. The 
Act is permissive in that it has no initiative beyond the 
restricted power to order a permit applicationl A polluter 
is not in default until a permit is actually i'ssued.; 

The B.C. Pollution Control Act is very flexible in that 
the director has very broad discretionary powers as to 
‘effluent standards and the issue of permits. It has received 
criticism because of the board’s cooperation with industry 
in setting efliuent standards. There is some fear that the 
polluter holds more technical information and therefore 
may. have undue influence in deciding which standards 
can or cannot be met. 

The provincial Water Act and Pollution Control Act 
do not specify much coordination of both licensing sys- 
terns; The Water Rights Branch is required to notify the - 

Pollution Control ‘Board of an application for a permit 
but the reverse does not follow. T here is an informal 

_ system of exchanging information which has improved 
in recent years. Neither Act contains realistic methods of 
making everyone who benefits from the licensed activities 
contribute to costs. For example, sport fishermen and 
other users downstream from a pollution source do not 
contribute to the cost of in-plant treatment of eflluent 
before discharge. There are two views on this subject; 
one is that the polluter should-«pay all costs, and-the other 
is that the beneficiaries should contribute. 

The Forest Service of the B.C. Department of Lands, 
Forests, and Water Resources is responsible for adminis- 
tering commercial forest exploitation on Crown land. 
The amount and quality of watereis heavily dependent on 
the grgund cover and land use practices in a watershed. “ 

However, there is no comprehensive management of 
resource use within watersheds. The Fish and Wildlife ~ 

Branch of the B.C. Department of Recreation and 
Conservation has had a conflict of interest with the. 

independent Forest Service. Past experience suggests that 
the damage had probably been done by logging practices 
before either agency had realised there was a problem. 
Informal communication and cooperation has increased — 

but there are still no legislative teeth to ensure the 
~ ‘adoption of a comprehensive watershed policy. 

Strong legislation aimed at the comprehensive planning 
and management of water and land resources is begin- 
ning to appear in British Columbia- The passage of the 
Land Commission Act and amendments to the Land Act 

’ in 1973 reflected a recognition of the need for a land use 
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policy. Local governments are'now~ required to submit 
....land use'plans to a five-member commission,_des'ignating 
areas of valuable agricultural land to be set aside and 
protected from urban encroachment. 
An Environment and Land Use Committee has been 

set up under the Environment and Land Use Act of 1971 
to improve communication and coordinationlbetween 
departments having responsibilities for resources and 
regional development. The committee consists of cabinet 
ministers from the following departments-: Municipal 
Affairs, Health, Mines and Petroleum Resources, High- 
ways, Agriculture, and Recreation and Conservation. It 

. is chaired by -the Min_iste_r' of Lands, Forests; and Water 
Resources. Potentially, the committee has substantial 
decision-making powers. Among other things, it is 

empowered to: 
1. “establish and recommend programs designed to 

foster increased public concern and awareness of the 
environment ; 

2. ensure that all aspects of preservation and mainten- 
ance of the natural environment are fully considered 
in the administration of land use and resource devel- 
opment commensurate with «a maximum beneficial 
land use, and minimize and prevent waste of such 
resources, and despolation of the environment; 

3. if considered advisable, make recommendation to the 
' 

Lieutenant-Governor in Council respecting any 
matter relating to the environment and the develop- 
ment and use of land and other natural resources.” 

An'Env’ironrnent and Land Use Secretariat was set up 
in 1973 to conduct research and make policy recom- 
mendations to the committee. It will concern itself with 
recreation, fish and wildlife, water resources, -forestry, 
mining, agriculture, and industrial and urban develop- 
ment. Some suggested special ‘research projects include 
shoreline development, harbour development, transpor- 
tation, and settlement patterns.

' 

The move to coordinate research and policy making 
reflect the concern of a few key administrators in_t_he, 

provincial government. The flexibility and breadth of 
such a program is very attractive and hopefully the 
concept of comprehensive planning and management_will 
be embodied in the future actions of the committee. 

Federal Concerns
, 

The passing of major pieces of legislation and the 
reorganisation of federal ministries and departments has.

; 

had sweeping effects on environmental management in 
Canada-. A Department of the Environment was set up in 
1970 bringing together" "federal agencies responsible for - 

V 

managing inland and marine waters, and air. The Minister 
was given a mandate relating to the protection and en- 
hancement of the quality of the natural environment, 
including water, air, and soil quality. He also has direct 
responsibility for the federal agencies concerned with

‘ 

fisheries, forestry, land, and wildlife. These-changes repre-



sent a: shift to an: integrated view of environmental quality 
‘ management. A Ministry of State for Urban Afl'airs was 
formed in 1971 to coordinate research and policy making 
for urban Canada. /The provinces andiseparate federal 
departments are responsible for urban areas and so 
Urban Affairs can serve only in a coordinating and ad- 
visory capacity. Again, the ministry reflects the growing 
interest in establishing management bodies which fit the 
nature and scale of the problem and which coordinate all 
of the policies and actions affecting a single area. 

Some important legislation affecting water and related 
land resources has been passed by the Canadian govern- 

4 
ment in the last three years: the Canada Water Act 
(1970), the Navigable Waters Protection Act‘ (amended 
1970), and the Shipping.Act.(amended 1971). 
The Canada Water Act is directed to the management 

of water resources, including research and development 
for conservation and use. It includes provisions for setting 
up joint federal-provincial bodies for collecting data, and 
for planning and coordinating policies and prograrns. 
These bodies can be set up at a national,‘ provincial, 
regional, or local scale. Federal-provincial agreements on 
water resource management predate the Act but are 
founded on the same concepts. The Canad_a Water Act 
gives the Department of the Environment" power over 
conflicts of ‘significant national interest’concerning inter- 
provincial or boundary waters. There are provisions for 
uniilateral action where the provinces do not agree or in 

“matters of ‘urgent national concern’. The problem is 

defining matters of urgent nat'io'na‘l concern and there is 
some doubt as to. the constitutional validity of unilateral 
action within the vaguely defined terms of reference. 
Where there is no urgent national concern, the federal 
government can only consult with, advise, and coordinate 
efforts in the provinces. The main strength of the Water 
Act is its emphasis on regional quality programs that are 
scaled to the nature and size of the problem, and its 

recognition that federal and provincial cooperation is 

essential. 

The Navigable Waters Protection Act of 1970 states 
that there can be no interference with navigable waters 
without federal permission. The Act forbids the durjnping 
of material likely to interfere with navigation. The 
provisions are not very clear becau_se ‘navigable waters’ 
are not defined. The courts have held that the term in- 
cludes any water capable of ‘floating logs commercially. 

The Fisheries Service, now within Environment 
, 
Canada-,,ha_s always concerned itself with commercial 
fishing on the west coast, particularly the salmon fishery. 
In an informal agreement during the ,l9:30s, the fresh- 
water sport fishery was delegated to the provincial Fish 
and Wildlife Branch, which administers the relevant 
sections of the Fisheries Act. An important amendment 
to the Act was made in 1970.‘It now forbids the disposal 
of any ‘deleterious substance’ into water frequented by 
fish. The legislative areais widely defined and regulations

~ 
can be established under the Fisheries Act or under any 
other federal act, (e.g. Canada Water Act), to control 
waste discharges. The "Fisheries Act also contains provi- 
sions» regarding the obstruction of the free passage of 
fish.'The Minister of the Environment can order an owner 
of a dam to construct fishways or pay for theconstruction 
of a hatchery to maintain the annual return of r_'nigr'ati_~ng 
fish. Minimum flow requirements are enforced under this 
piece of legislation. The federal government does not 
own the water or riverbed and so provi_sion_s of the Act 
are administered with the cooperation of the provincial 
government concerned. For example, the Pollution 
Control Branch sets industrial eflluent standards which 
take into consideration the level of water quality required 
for the protection of fish. 

An amendment to the Shipping Act in 1971 provides 
for the prevention and control of pollution in Canada’s 
12-mile territorial sea and in certain ‘special bodies of 
water’. It also establishes exclusive‘ Canadian fishing 
zones within the l2_-rnile zone; for example, Hecate 
Strait, Dixon Entrance, and Queen Charlotte Sound to 
the north of the study area. 

The various acts concerned with the use and quality 
of coastal waters are administered by the Ministry of 
Transport and agencies within the Department of the 
Environment, such as the Fisheries Services and the 
Environmental Protection Service. These bodies are able 
to coordinate their efforts where legislative powers over- 
lap. The major problem arises when federal and provincial 
jurisdictions overlap or are unclear. 

A typical example is the dispute over the ownership 
and powers to regulate and control the development of 
mineral resou_rces on the ocean floor in the Strait of 
Georgia. Conflict over mineral ownership has been high- 
lighted by the federal proposal for a national marine park 
in the strait in response to British Columbia’s considera- 
tion of leasing mineral exploration rights for the .seabed a 
few years ago. British Columbia claimed to annex more 
than 180,000 square miles of seabed on the adjacent 
continental shelf. The development of economic deep- 
water drilling techniques in the last few years has made it 
possible to explore the oil and natural gas potential of the 
Strait of Georgia Depression. There is very little public 
information available about such potential.- Coal deposits 
and manganese nodules are known to occur in the sub- 
merged basin-. The division of proprietaryand legislative 
rights over the‘ seabed between Canada and British 
Columbia is very confusing. The distinction between 
ownership of the seabed lying beneath territorial waters 
and the continental shelf, has not been settled on the west 
coast. With the present climate of opinion in British 
Columbia, neither party is likely to permit underwater 
drillingin the Strait of Georgia in the near future. Still in 
political dispute is the suggestion of a national marine 
park within, what the province considers to be, internal 
and not territorial waters. 0 
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The Canadian government has the legislative respon- 
sibility for supra-national‘ questions. An International 
Boundary Waters Treaty was signed in 1909 by England 
(acting on behalf .of Canada) and the United States. An 
International Joint Commission was established to collect 
information‘ and act in an advisory capacity to both fed- 
eral governments. Any plan to divert and use any water 
that flows across the "international border requires the 
approval of‘ the commission and the federal governments 
of Canada and the United States. There can be no changes 
of levels of boundary waters without the consent of these 
three parties. (The power agreement for the Skagit Valley 
fell within this provision.) Navigational rights also have 
to be maintained for both parties. In addition, the treaty 
provides that water flowing across the boundary “shall 
not be polluted on ‘either side to the injury of health or 
property of the other.” There are no legislative teeth to 
enforce this ruling and it is probably ineffective except 
for major pollution problems where damages could be 
claimed under property rights. 

The International "R'i'vers' Improvement Act of 1955, 
(amended in 1970), req1_i‘i_res that a special license be "ob- 
tained from the federal government before changes are 
made in the flow of an international river. This does not 
apply to consumptive uses that withdraw water, but it is 
eflective ‘in flood control p_rogr'arns. The provisions are 
concerned with the quantity of water, and to some extent‘ 
with pollution. The powers of the International Pacific 
Salmon Fisheries C-.‘or_‘if1_'r,niss'ion and the treaty governing. 
the Fraser River fishery have already been covered in the 
section on commercial and sport fishing. 

Discussions between federal, provincial, and state 
governments over oil pollution controls and navigation 
in the Strait of Georgia-Puget Sound Basin may lead to 
further international agreements which have legislative 
backing. Both Canada and the United States are looking 
to the Law-of the Sea Conference (Caracas, Venezuela, 
1974) to help resolve some of the ditficult legal problems 
in the international use and management of marine 
1',e501,1I'C€$.- 

_
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Policies and Programs in Washington 
The constitution of the United States divides owner- 

ship and legislative control of water and land resources 
between the federal government and the states in much 
the same way as in Canada. Laws concerning navigable 
waters, trade, and.‘ commerce are federal in origin. In 
some cases, authority has been delegated to the states. 
The states own and control most of the land resources 
within their boundaries in a framework of proprietary 
rights. Control over local land use planning has generally 
been transferred to a local government institution, such 
as the municipalities or the Metropolitan Area. The 
division of authority between federal and state law is not 
always clear and there may be overlaps. For example, the 
uses made of the coastal zone at the ‘interface between 

. 
.46

\ 

‘water and land usually involve federal, state, and local 

’ of special districts’ at the local level have responsibilities ‘

\ 

bodies; 

State Interests 
'

. 

Seventeen state departments and agencies, and 15 kinds 

for managing water and related activities in the Puget" 
Sound Basin. Their responsibilities include the regulation 
of uses and their‘efi'ec,ts, and enhancement programs such 
as marine parks, navigational improvements, and fish. 
hatcheries. The key agencies are the Department of ' 

Ecology, the Department of Fisheries, andthe Pollution 
Control Hearings Board. The Department of Natu_ral 
Resources, directed by a Commissioner of Public Lands, 
manages five million acres of uplands, tidelands, and sub- 
merged areas which are state-owned. The Departrnent of 
Fisheries is responsible for the regulation and enhance- 
ment of commercial and saltwater fishing, and for ana- 
dromous fish- 
The Department of Ecology, created in 1970, is respon- 

sible for coordinating the pollution control programs of 
the Water Pollution Control Commission, the Air Pollu- 
tion Control Board, and the Department of Health. It is 
also responsible for solid waste disposal programs, and 
water resource management programs of the Department 
of Water Resources. Its primary function is the compre- 
hensive management of surface and groundwater a11oca-

' 

tion, flood control, flow requirements, and waste manage- 
ment. The enabling act contains provisions for research, 
coordinated environmental planning, and regulatory 
controls. 

One of the most important legislativechanges in recent 
years was the passage of the Shoreline Management Act 
in 1972. A number of events precipitated this move. Citi- 
zens, interest groups, developers, and "industry had been 
embroiled in a series of‘ protracted battles over develop- 
ment versus protection of the coast, Confl_i_c't’s centred on 
"the possible location of an aluminum plant at Guemes 
and a commercial recreation complex at_ Anderson Cove, 
and the proposalby the Tacoma Port Authority for a 
deep-water port on the Nisqually Delta. All of the proj- 
ects were defeated and the specific controversies broad- 
ened out into a concerted effort by environmentalists to 
push for a centralised authority with strong regulatory 
powers. Concern for environrnentjal quality along the 
coast was fueled by the Santa Barbara oil spill and the 
Alaska pipeline proposal. 

An early draft of the Act included a comprehensive plan 
and permit system that would accomplish the following 
goals": protect natural resources an_d beauty; provide and 
protectpublic access to public shorelines ;‘ minimise inter- 
ference with aesthetic amenity rights, outdoor recreation 
opportunities, and navigational rights; conserve and en- 
hance fish and wildlife; ‘provide adequate locations for 
commercial and industrial developments needing a 
shoreline location.

I
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The Act was to ‘apply to all saltwater and freshwater 

bodies in a zone extending 500 feet inland from the nor- 
mal high water mark. The Department of Ecology was to 
be responsible for preparing and administering a compre- 
hensive plan and permit system. Washington would be 
divided into seven regions, each with a regional citizens 
council to advise on plan development and issue permits. 
The early draft was received with bitter debate and several 
crucial amendments were made. The shoreline zone was 
reduced from 500 feet to 200 feet. The accepted draft 
contained a more even balance between development and 
conservation. Local government was given a far greater 
role in planning and administering controls. It now has 
the primary responsibility for initiating and running the 
regulatory program. The'Departme'nt of Ecology is to 
act in a supportive a_nd review capacity. Local plans and 
use regulations have to be submitted to the department 
for approval. 

The mandate for strong regional coordination of plan- 
ning has been weakened as local counties, particularly the 
less developed ones, opposed state control of use and 
development. The success of‘ the program will depend on 
how the individual counties use their discretionary powers. 
Despite the weakening of the Act, it represents an impor- 
tant step towards the comprehensive planning of the land- 
water interface. 

In addition to the Coastline Management Act, the Water 
Resources Act, (1971), directed that a comprehensive 
state water resources program be set up to plan future 
allocation and uses. This program is to be coordinated by 
the Department of Ecology, in conjunction with 13 other 
state departments. The aim is to complete the plan by 
1975 and feed it into the comprehensive joint plan of the 
Pacific northwest (U.S.). 

Federal Concerns 
The most important departmental agencies of the U.S. 

federal government owning or regulating water uses’ in 
the Puget Sound Basin are the US. Corps of Engineers 
(Department of Defense), the U.S. Coast Guard (Depart- 
ment of Transportation), the Bureau of Sport Fisheries 
(Department of the Interior), and the National Oceanic 
and Atmospheric Adrnin‘ist_,ration (NOAA) and its Na- 
tional Marine Fisheries Service (Department of Com- 
merce). The Corps of Engineers regulates all uses made of 
navigable waters and conducts programs aimed at enhanc- 
ing their use. The Coast Guard is the major regulator of 
marine trafiic. The Bureau of Sport Fisheries works with 
the State Department of Game to regulate and enjhance 
the sport fishery and waterfront production. NOAA co- 
operates with the State Department of Fisheries in the 
‘commercial fishery, and it conducts oceanographic 
research. 

The Departments of Agriculture and of the Interior 
have important specific responsibilities with reference to 
the management of land and water resources in the basin.

~ 
The wa_te_r_sheds of 

_ 

the Mt.- Baker, Olympic and Snoqual- 
mie national forests, for example, are the principal mu- ' 

nicipal water supply sources for the Puget Sound metro- 
politan areas. ~

‘ 

A number of independent commissions play central 
roles in regulating power and environment quality‘ in 
Washington. The Environmental Protection Agency 
plays an important role-—in' regulating environmental 
impacts in general. A-Council on Environmental Quality 
regulates federal agency activities and federally funded 
programs. Environmental impact statements must be 
submitted by federal agencies involved in projects or’ 
programs affecting the environment. The Federal Power 
Commission has strong regulatory policies for power 
production, and the Atomic Energy Commission has 
exclusive rights in regulating radioactive wastes. 

The National Environmental Policy Act (1969) es- 
tablished the federal Council on Environmental Quality 
and a requirement for environmental impact statements. 
Statements must be compiled by the. responsible federal 
agency and submitte_d to the council. Copies are also sent 
to interested state and“federal agencies and made avail- 
able to the public. Public hearings must be held before a 
final statement is submitted to the council, which does not 
approve the project itself. An accepted statement is a pre- 
requisite for a federal agency to approve a project that 
has environmentalimplications.

A 

Washington State has also introduced environmental 
impact statement requirements for activities undertaken 
or approved by state agencies (State Environmental 
Policy Act, 1971). This more or less\‘duplicates the fed- 
eral provisions, with the State Department‘ of Ecology as 
the approving body. It is not clear what authority this 
department has over requiring submissions by local 
government bodies. 

In the Water Quality Act of 1970, the federal govern- 
ment delegated authority to the states to set water qual- » 

ity standards. The Department of Ecology sets standards 
and issues permits for discharges’ into navigable waters. 
Once the state sets standards that are satisfactory to the 
federal Environmental Protection Administration, the 
EPA recognises these standards as its own. The Corps of 
Engineers is required to issue permits for any activity that 
might inhibit the movement of ships or products in navi- 
gable waters, These permits can only be issued after the 
state Department of Ecology has issued its permit. The 
Fish and Wildlife Act (amended 1964) ensures that the 
impact of discharges on fish and wildlife is checked by the 
U.S. Fish and Wildlife Service (Department of the 
Interior), which then advises the Corps of Engineers 
before it issues a permit. The Corps also must file an 
environmental impact statement with the Council on 
Environmental Qualsity. The only exceptions to‘ Ecology 
and Corps permit systems are radioactive wastes regulated 
by the Atomic Energy Commission, and the blocking of « 

rivers for power production under the exclusive control of 
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the Federal Power Commission. A complex series of 
checks and balancesare built into the overlapping regu- 
latory authorities of both federal and state bodies. 

The regulation of navigable waters is particularly com- 
plex because the federal government claims basic juris- 
diction but has delegated some -of its authority to the 
state; for example, water quality regulation. Users have 
to acquire a series of concurrent favourable ildecisions 
from several federal and state claims to lands underlying 
navigable waters. By the Submerged Lands Act of 19-53, 
the ownership and regulation of uses within a three-mile 
limit was handed over to the states. In Washington, the 
Department of Natural Resources issues permits or~ 
leases. For example, oil exploration and drilling requires a 
lease from the state Department of Natural Resources, 
and permits from the U.,S. Corps of Engineers'an'd the 
state Department of Ecology. In any event, the Director 
of the Department of Natural Resources declared a 
moratorium on oil drilling in Puget Sound in 1970. 

Federal and state programs and legislation in Puget 
Sound offer‘ a very confusing_ and complex maze. In 
general, federal action tends to be better coordinated 
than state management. In both cases, there is a shift 

. towards a comprehensive view of land and water man- 
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-agement. "In 1962-, the US. Corps of Engineers was 
authorised to conduct flood control studies in the Puget 
Sound area. At a very early stage, it became obvious that 
a comprehensive study was essential. A Puget Sound 
Task Force was established in 1964. In, 1965, the passage 
of the federal Water Resource Planning Act provided for 
the creation of federal-state river basin commissions 
coordinated by a Water Resource Council at the national 
level. The Pacific Northwest River Basins Commission 
was set up in 1967 and assumed control of the Puget 
Sound Task Force. This body prepared a Comprehensive 
Study of Water and Related Land Resources for Puget 
Sound and Adjacent Waters, which was published in 16 
'volumes in 1970. A large number of state departments, 
commissions and committees, and several federal depart- 
ments cooperated in the effort which included an exten- 
sive program of public hearings held throughout the 
ba_sin;.; The River Basins Commission has since incorpo- 
rated this study into the Co,lujnbia-N. Pacific Region 
Comprehensive Framework Study published in 1972. This 
study ofi‘er's a comprehensive coverage of coastal and river 
basin resource and use inventories, and regional planning 
guidelines. Much of the Washington material used in this 
report was gathered from these two volumes of reports.
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Chapter 5/ 

Strategies for the Future 

The problems and conflicts in the Strait of Georgia- 
Puget Sound Basin have not reached the critical stages 
now facing the lower Great Lakes or San Francisco Bay, 
for example. Urban-indus_tr'i_a,1 activities are not as inten- 

V 

sively developed and the natural environment has so far 
been able to respond to the demands we have made on its 
resources and on its capacity to assimilate wastes. How- 
ever, symptoms of overuse and damage are beginning to 
appear and it would be irresponsible to ignore them until 
we are faced with a ‘crisis’. The problems of more densely 
populated areas on the east a_nd west coasts provide ample 
warning of what could happen if the symptoms are ne- 
glected. The challenge that faces us is one of balancing 
development in the coastal zone with protection of the 
environment. 

Urban and industrial growth on the northwest coast is 
concentrating a large number of water-demanding activi- 
ties in.the Strait of Georgia-Puget Sound Basin. These 
activities include domestic, industrial, and agricultural 
uses, transportation and port facilities, hydroelectric 
power developments, commercial fishing, recreation, and 
the aesthetic enjoyment of the scenery and wildlife. The 
concentration of and competition between some of these 
uses are beginning "to cause problems: water, land, and 
air are becoming polluted, the urban waterfront is becom- 
ing congested, and habitats and wildlife are being injured 
or destroyed.

‘ 

The pressure points are the valley bottoms and estuar- 
ine areas of the basin where urban and industrial activities 
are concentrated. Estuaries are the key to the biological 
productivity of the inland sea. They are nutrient producers 
and collectors, and nurseries for the young of many wild- 
life species. They also happen to be the most attractive 
areas for residential, recreational, commercial, and indus- 
trial development. Log-booming grounds, deep-sea port 
facilities, boat marinas, second homes, wildlife refuges, 
and parks all compete for water and shoreland in the 
estuaries.

' 

In recent years, pressure from government agencies and 
interest groups in the basin has forced the rejection of 
landfill a_nd intensive development in intertidal areas. A 
proposed superport on the Nisqually Delta in Puget 
Sound was rejected. The wildlife habitats of Boundary 

Bay, just south of Vancouver, have been protected. A 
superport development at Squamish (on Howe. Sound) 
was rejected on environmental grounds. ~ 

Controversies erupt every time some major develop- 
ment is proposed on the coast because the protection re- 
sponsibilities of government are extremely fragmented. 
Effective planning, which includes a full consideration of 
side eifects and alternatives, is hindered by thedivision of 
powers. To give an example from British Columbia, the 
following agencies are involved in shoreline planning and 
development: municipalities, regional districts, railroads, 
port authorities, and the provincial Department of Lands, 
Forests and Water Resources, the Department of I-Iigh- T

C 

ways, the Pollution Control Branch, the Department of 
Municipal Afl‘airs,:and the Department of Recreation-and 
Conservation. Superimposed on these agencies are the 
federal Ministry of Transport, the Ministry of State for 
Urban Affairs, and the Department of the Environment. 

Estuaries are the major centres of competing uses and 
their attendant problems, but conflicts and damage are by 
no means confined to these areas. The influence of Van- 
couver and the urban complex of Seattle-Tacoma-Everett, 
extends well beyond the city limits. Lifelines supporting 
commercial and industrial activities in the urban centres 
along the coast extend into the land-water environs of the 
basin, and beyond the basin itself. Forest products mills 
depend on distant logging sites, hydroelectric projects are 
constructed to meet the basin’s energy needs, resources 
and manufactured goods are exported and imported 
through its ports, and urban residents commute to sum- 
mer homes in the Gulf and San Iuan islands. 
The major threat to this larger hinterland is the damage 

inflicted on other uses and the environment by polluting 
activities. Some water uses such. as power projects and 
flood‘-control schemes ca_n happily coexist and generally 
complement each other, but others cannot. ‘A number of 
conflicts have been traced in the basin, including fish ver- 
sus power ?;1 fish versus logging; and recreation and aesthe- 
tic enjoyment versus the discharge of untreated wastes. 

Opinions about the priorities to be assigned to water and 
shoreline problems in the Strait of ‘Georgia-Puget Sound 
Basin vary widely. In British Columbia, for example, the 
provincial Pollution Control Board, federal Department 
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of the Environment, the pulp and paper‘ industry, and 
environmental action groups all have different opinions 
about the severity of damage caused by mill eflluents and 
log debris; and abouthow these problems should be 
resolved. However, expert opinions converge in two areas: 
the criticalaneed to manage shoreline and estuarine activi- 
ties; and the need to reduce damage caused by the dis- 

_ 
charging of lmtreated or; inadequately treated wastes into 
the fresh and marine waters of the basin. 

Because most of the problems have not reached critical 
levels there is an excellent opportunity to take a strong in- 
itiative in managing the water resources in the Strait of 
Georgia-Puget Sound Basin,-.» In the future-,v goals, policies, 
and management programs should be comprehensive if 
we are to anticipate and deal_with problems before they 

. become irreparable, This will mean a shift from reacting 
to’ ‘crises’ to more coordinated longer-range planning. 
Tentative steps- in this direction have already been dis-

I 

"cussed in the report. Single-‘purpose agencies are giving 
way to bodies responsible for a range of policies and 
programs. ‘ 

If the range of choice is to be broadened, we need to 
look at the assumptions that these agencies hold about 
the future of the basin. There is the question of whether 
‘industrial and economic growth is going to continue or 
whether we can or should slow growth to protect the 
quality of ‘life and of the environment- Often we simply 
assume that present trends will continue, probably at an 
accelerated rate, and that action has to be—tal_<en to accom- 
modate these changes. (Generating capacity is increased . 

to meet the growing demand for energy.) Instead, can we 
begin to think about controlling the growth of these de- 
mands rather than increasing the supply at the risk of 
environmental damage ? This is notto say that population 
and economic growth should be stopped completely, even 
if that were possible. We need to look at a variety of op- 
tions for the Straitof‘Georgia-Puget Sound Basi__n, ranging 
from the present policy of adjusting to existing trends, to 
taking steps to modify those trends. This would be a major 
shiftpfrom the current situation where government agen- 
cies largely respond (positively ornegatively) to the'-de- 
velopme/nt initiatives of private individ,u_al_s or companies. 

» . The existing legislative framework is a complicated pic- 
ture of overlapping responsibilities and problems caused 
by lack of communication. The alternative is not simply 

- ‘to set up/a rigid hierarchical structure to deal with envi- 
ronmental issues at the local, regional, and national levels. 
Instead, we can maintain a great deal of flexibility by 
allowing regional problems to be treated at the regional 
level within an umbrella of federal guidance. 

The Pacific Northwest River Basins Commission serves V 

this purpose in Washington State. The spatial linkages of 
water uses and conflicts in the Strait of Georgia-Puget 
/Sound Basin favour the setting up of an international 
body to coordinate planning activities and management 
programs across the international border. A similarbody 
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has already been established in theGreat Lakes region to‘ 
deal with joint problems of pollution. Steps have been 
taken on the west coast tocooperate on.navigation con- 
t_rols,'oil spill contingency measures, and commercial fish-' 
ing regulation, but there is no overall coordination of 
water and shoreline management activities. 

Water plays an importa_nt role in the regional economy, 
and water and land uses cannot be managed independent- 
ly. Land and water planning should be integrated at a re- 
gional level, whether at the scale of the entire Strait of 
Georgia-Puget Sound Basin, or at the smaller scale of in- 
dividual river basins or watersheds. The quality and quan-- 
tity of water is intimately related to the way in which the 
surrounding land is managed. Separate agency respon_si:- 
bilities can lead to haphazard development and conse- 
quences that are less than optimal. 

Any re-evaluation or reorganisation of management 
responsibilities must be supported by continued research 
and information gathering. Most of the research effort has 
been directed towards inventories of water supplies, par- 
ticularly surface water. In recent years, there has been a 
growing investment in environmental impact studies and 
biological research. Research programs in Canada and 
the United States are expanding in an eflbrt to learn more 
about the biological productivity and waste-assimilating 
capacity of marine and freshwater. It is hoped that biolo- 
gical indicators can be set up as an early warning system 
forenvironmental damage. There has been little research 
into the economic and social aspects of water manage- 
ment, partly because there has not been a sense of urgency 
and partly because their relevance has not been under’- 
stood. The problems are more clearly recognised now and 
social, economic, and institutional studies are receiving 
some support. Critical areas of research include studies of 
water demand, an analysis of the impact of developments, 
the influence of different institutional arrangements on re- 
source planning, and the role of values in.decision-making. 

Water and land management problems influence econo-
_ 

mic development and have a considerable impact on the A 

vtenvironment. They affect the livelihood and lifestyles of 
people who use these resources. Concern for environ- 
rnent_a_l quality has grown and people are showing a great- 
er interest in resource rn_an,agem_entv; some want to become 
involved in planning the future. A very important part of 
planning and introducing management schemes is listen- 
ing and ‘talking to the people and organisations who will’ 
be affected. Information aboutthe environment and the- 
range of choices open to us is distributed in a variety of 
ways—reports, maps, films, displays, and lectures. Gov- 
ernment agencies also have the responsibility of soliciting 
information and opinions from citizens and organisations 
in the regional communityf The emerging government —_ 
industry cooperation in some resource sectors cannot 
stand alone. Residents in the region have a vital role to 
play in shaping the future of the-Strait of Georgia-Puget 
Sound ' 

Ba_sin.
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GENERALIZED LAND USE MAP 
STRAIT OF GEORGIA—PUGET SOUND 

Dr. A. L. Farley 
INTRODUCTION 

Portrayed on this map is the Strait of Georgia — Puget Sound lowland and the mountainous areas which flank it on the east and west. Although the area represented constitutes only about 
6 percent of the combined area of the Province of British Columbia and the State of Washington, it contains more than two-thirds of their total population. The main cities and centres of 
commercial and industrial activity of both are concentrated here. The waters of Puget Sound and the Strait of Georgia act as regional bonds, rather than barriers, carrying raw resources to 
the industrial sites, semifinished products between and from those sites, and forming an important medium of transport for passenger traffic within the region. Because it contains the urban, 
commercial, and economic heartland of Washington and British Columbia, the Strait of Georgia— Puget Sound lowland has a regional and national importance much greater than its rather 
modest areal extent would suggest and it is increasingly the focus of questions concerning human interaction with the environment. 
One of the most effective approaches to an understanding of this complex man—land interaction is through an examination of the uses to which land has been put. The map shows the 

nature and extent of present land use in the Strait of Georgia — Puget Sound region. The use categories are generalized to fit the scale of the map, but they reveal an intricate pattern of land 
use that strongly reflects elements of the physical landscape as well as those dimensions of human activity that may be broadly grouped under historic, economic, and cultural influences. 
Although the map portrays a static pattern, individual forms of land use are expanding, remaining constant, or declining in particular areas through time. The more important forces of change 
are described, especially in relation to urban growth. 

PHYSIOG RAPHY 
The Strait of Georgia— Puget Sound lowland is part of a great structural trough or depression that extends in a northwesterly direction along the west coast of North America, from the 
Gulf of California to Alaska. In the region shown on the map, the depression is largely submerged, cradling the waters of the Strait of Georgia and Puget Sound. The Strait of Juan de Fuca, 
which separates Vancouver Island from the Olympic Peninsula in Washington, represents a steep-sided break in‘ the western wall of the depression. The terrestrial margins of the trough, 
including the areas into which the deltas of the Fraser and Skagit rivers have been built, are areas of low relief, and it is in these areas that the population of the region is concentrated. 
The floor of the depression is irregular, and is formed of Cretaceous sedimentary structures, mostly interbedded sandstones, conglomerates, and shales, which clip eastward and give rise 

to a series of cuestaform features in the vicinity of Vancouver Island. Marine and sub—aeriaI erosion have carved these features into a series of ridges, valleys, and embayments. The valleys 
were sites of early agricultural settlement, and the associated, sheltered waterways have provided scenic variety for water-based recreation activities. In their complex configuration, the 
British Columbia mainland coast and adjacent Puget Sound waters also have great appeal for boating.

; 

In addition to recreational boating, the Strait of Georgia and Puget Sound carry much commercial passenger‘ and freight traffic. The sheltered marine waterways provide a convenient 
medium for the transport and temporary storage of raw and semiprccessed materials moving to and from coastalforest industries and other industrial plants. 
The mountainous areas that flank the Strait of Georgia— Puget Sound lowland are high and rugged on the eastern side, lower and less rugged on the west. North of the Fraser River 

delta, the batholithic complexes of the Coast Mountains rise steeply from the valley to elevations over 5500 feet; Toward the northern portion of the region, the peaks and ridges are over 
10,000 feet high and generally inaccessible, although they are less than 100 miles from Vancouver. Throughout their length in British Columbia, the Coast Mountains are wild and rugged, O 
and are characterized by slopes that rise steeply from the valley floors. They are deeply fiorded and partly dissected by streams, but there are very few natural routeways through them. The 
most important of these is the trench formed by the Fraser River, which was important in the historical development of British Columbia and now carries the Trans-Canada Highway and 
two transcontinental railways that link Vancouver with the interior. Pockets of arable soils are found in very few ‘locations, and partly for this reason agriculture in the valleys of the Coast 
Mountains is almost nonexistent. In ‘many places the~summit areas support permanent snowfields. These may be regarded as remnants of a Cordilleran ice sheet that during the Pleistocene 
Period buried all but the highest peaks, modified and scoured the valley walls, and left only a thin veneer of coarse-textured soils after its retreat. In view of the nature of the terrain, its geo- 
morphic history, and its associated physical restrictions of climate and soil, most of the Coast Mountains area is cl ‘ssified as unproductive. Aside from the glaciers and permanent snowfields. 
the upper slopes are rocky and barren or support only alpine meadow and stunted trees which comprise much ofthe land mapped as unproductive woodland. It would be inappropriate to 
consider the alpineiareas as insignificant components of the total land-use pattern, however, because they form important areas for summer and winter recreation for urban residents, and 
have extremely impdrtant hydrologic implications for the region. I 

The Cascade Mountains extend southward through the region from the Fraser River trench in a great mountain mass reaching far beyond the areal limits of the map sheet. Unlike the 
Coast Mountains, the Cascades consist mainly of basaltic, extrusive rock as the result of a succession of lava flows} that have an accumulated thickness of thousands of feet. The lava platform 
of the Cascades is capped by a chain of spectacular volcanic peaks between which are regions of lower, broken,_ but less rugged topography. The highest of these peaks is Mount Rainier, 
near the southern boundary of the region. It has an elevation of 14,410 feet above sea level, approximately 1000Ifeet above the highest peak in the Coast Mountains (Mount Waddington) 
which is located immediately northwest of the map region. Reflecting the difference in geologic structure, the Cascades are characterized by a much less abrupt rise of their slopes above 
the coastal lowlands. Streams coursing from the summits have deeply dissected the west—facing slopes, and in a few places have extended their headwaters eastward to form passes of rel- 
atively Iow elevation through the mountains. Although the Cascades have been much modified by the sculpting action of coalescing alpine glaciers in Pleistocene time, the intensity of glacia- 
tion was less toward the south. In the Cascades, features of ice deposition are more apparent and arable soils are more widely distributed. In other physical aspects, the Cascades are not 
unlike the Coast Mountains, but the greater thicknesses of soil and the more amenable topography are reflected In a considerably greater extent of productive forest land. 
The mountains along the western edge of the Strait of Georgia — Puget Sound lowland are rather more subdued than those to the east. Consisting of a complex of rock structures, includ- 

ing extrusive and intrusive volcanic rocks, the mountains forming the Olympic Peninsula of Washington and the backbone of Vancouver Island do not attain summits much more than 7000 
feet above sea level. The highest peak, Mount Olympus in Washington, is less than 8000 feet high. In general, the terrain is broken and irregular, but valley rouites extend through the moun- 
tains, many of them serving as locations for main—haul logging roads. Except for the highest elevations, most of the land area is productive timberland. The part of Vancouver Island that 
is included in the map region has a higher forest productivity than any other area in British Columbia of comparable size. Although less suited to winter recreation than those of the main- 

««— land, the mountainous areas of Vancouver Island and the Olympic Peninsula are important recreationally, e peciall for hunting and fishing. Like their counterparts to the east. these mountains 
also figure prominently in the hydrology of the region. 
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Climate and Hydrology = 

Topographic variations within the Strait of Georgia — Puget Sound region are strongly related to variations in the local climate. Although these variations reflect a complex interplay of many 
climatic controls, the effect of topography may be illustrated by considering the variation in mean annual precipitation recorded along a transect of the region. The annual precipitation declines 
from more than 100 inches on western Vancouver Island to less than 30 inches at Victoria and the southern Gulf Islands, but increases again along the western flanks of the Cascade 
Mountains to totals comparable to those on western Vancouver Island. Except for the effects of elevation, temperature variation along a similar transect is less pronounced. Most of the low- 
land may be classed as Mediterranean (Koeppen), characterized by cool summers. The mountainous areas have a subarctic climate. In these mountainous areas, the diurnal and seasonal 
temperature variations are large, the growing season is very short, and much of the precipitation falls as snow.

I The Strait of Georgia — Puget Sound lowland is as climatically distinct from the flanking mountain areas as it is topographically. While there are many local variations within it, the lowland 
experiences mild, wet winters and warm, dry summers. The growing season averages more than 230 days, and the coldest winter temperatures are generally above 0“F. Frequent mid-latitude 
cyclonic storms in winter give rise to variations in weather, but cloudy conditions prevail. Cold winter temperatures are associated with infrequent outbreaks of fresh polar air which extend 
westward through topographic breaks in the Coast and Cascade mountains. When these polar outbreaks occur, fiord inlets and large valleys become funnels for the cold air, channeling it 

toward the Strait of Georgia and Puget Sound. The intensity of the cold temperatures associated with these outbreaks is modified to some extent by the waters of the Strait and the Sound. 
As a result, the lowest temperatures recorded along eastern Vancouver Island are generally less severe than those along the mainland coast and in the Fraser and Skagit Valleys. 
Summer conditions in the lowland are generally dry and warm. Protracted periods of rainless, clear weather a_re related to a northern extension of the subtropical ridge of high pressure 

which typically builds over the southern British Columbia coast in July and August. Because of this, supplementary irrigation is generally required for most crops. An important relationship 
exists between the dry summer conditions of the lowland and the high winter snowfall conditions of the adjacent mountains, especially the Coast Mountains and Cascades. The areas of 
snow accumulation in the mountains act as moisture reservoirs, releasing meltwater to the streams during the spring and summer. Thus, the major rivers reach their peak flows in summer rather 
than in winter. Some of the streams, notably those in Washington, have been developed for irrigation purposes. but under natural conditions highest river discharges occur near the time 
of major moisture demand by crops, Especially on the floodplains and deltas, groundwater tables are high in early summer, thus reducing the need for irrigation. 

The relationship between summer conditions and stream runoff in the lowland is not always advantageous. Depending upon depth of snowpack, the lateness of the spring, and the per- 
sistent onset of warm weather, abnormally high flood conditions may be generated. June floods that cause economic loss are common. The major floodplain-delta areas, especially the 
lower Fraser Valley, are protected by dikes, but devastating floods sometimes occur. In the case of the Fraser RiverI conditions prevailing far beyond the limits of the map area affect the nature 
and extent of seasonal flooding. Within the region, however, certain land-use activities strongly influence the runoff pattern for the large rivers and for the smaller, rain-fed, coastal streams. 
Increased human activity in the past half-century, particularly in logging and land-clearing, has changed the nature of stream response. Total surface runoff is not only greater, but it is faster 
and potentially more hazardous. Thus, an appreciation of the complex interplay between the various physical components and economic activities in the region is important to an appraisal 
of present land use and to the formulation of future land-use policy. 
Settlement and Resource Development 
European settlement in the Strait of Georgia — Puget Sound lowland dates from 1843, with the establishment of Fort Victoria by the Hudson's Bay Company. The fur—trading headquarters 
was relocated from Vancouver, Washington, to Victoria, British Columbia in response to American political claims to the Oregon country, and in anticipation of the decision to extend the 
international boundary westward from the Rockies to the Pacific coast along the 49th parallel. For more than a decade, settlement on the British side of the border was limited to the Cape Flatten! 
Saanich Peninsula, north of Victoria, and to one or two agricultural settlements along the east coast lowland of Vancouver Island. The pace of settlement on the American side was more 5 
rapid. partly because of generous land—acquisition laws for settlers, and after 1848 was stimulated by the demand for food supplies and timber in California. Population in the region was 
strongly water-oriented. It was supplied by sea, and communication between centres was by watercraft. Although these settlement nuclei were based mainly on agriculture, the potential 
value of other resources, particularly those of the forest, was recognized. Until external markets and transport connections were developed, however, logging was confined to the immediate 
hinterland of the settlement nodes. The heavy growth of coniferous forest that originally mantled the lowland was at first a hindrance rather than an asset. Except for low—lying areas, where 
high water tables and seasonal flooding favoured the development of grasses, shrubs, and non—commerciaItree cover, the areas most amenable to agricultural development supported heavy 
stands of timber. The high commercial quality of such stands facilitated development of outside markets and sawmills were soon established. Sawmilling, the first major form of industrial 
land use to appear in the region, dominated until the 19505. Because the forests were abundant and the early technology of extraction was primitive. coastal location was a distinct advantage. 
Trees could be felled and limbed, slid or rolled to the water and floated to sawmills which were commonly located at sources of hydromechanical power. The advantages of tidewater for 30: moving Iog_supp|ies. and also for transporting finished products, have continued to act as important Iocative and integrative forces in the industrial development of the region. 
_ 

Discoveries of placer gold from the 1850s onward gave tremendous stimulus to the regional economy and a new orientation to settlement. Gold strikes spread from California northward 
into Oregon, and in the 18505 and 605 into Washington's "lnland Empire" and to the alluvial bars of the Fraser River. By the mid-1860s settlement was established in the lower Fraser 
Valley: New Westminster, at the head of deep-sea shipping on the Fraser River, became an administrative centre for the mainland colony of British Columbia and began to compete with 
Victoria as the main commercial and administrative centre in the British territory west of the Rockies. Settlements on Puget Sound, while peripherally located with respect to early economic 
development in the Northwest States, benefited from the economic stimulus provided by the placer mining elsewhere. Timber products were in demand, especially in California, and con- 
siderable shipment of lumber was made. Rivalry between ports on Puget Sound soon developed. The sites with good natural harbours and ready access to exploitable timber resources 
developed most rapidly. Tacoma and Seattle emerged as the main competitors. Pillar Pt 

Railways and Urban Growth 
It was with the extension of rail service_ to the region in the 1880s and the associated integration of external trade connections by land and sea, that resource exploitation and settlement |flfl|GA'|'E|] ACBEAGE BY sUB.BAs|N 
greatly increased. The railways also provided a measure of stability to the regional economy and promised sustained growth. They did not significantly change the existing pattern of settle- 
ment, but rather followed the major natural routeways, the Fraser—River in British Columbia, the Puget Sound lowland in Washington, and later, the 3000—foot Snoqualmie Pass through the 
Cascades. On both sides of the international border they extended through areas that were rich in timber and other resources, but little new settlement occurred. The track maintenance and '“"°‘ 

service hamlets that ‘came into existence along their routes lacked the advantages of site and situation that had already become apparent among the coastal cities. Industrial development 
stimulated by the railways was great, but it was concentrated in and around the existing port cities, especially Tacoma, Seattle, and Vancouver. Deepwater frontage on sheltered, natural 
harbours and enough flat land for industrial development were critical site factors. The economic impact of railway extension was particularly apparent in British Columbia where, in the 1880s, 
Vancouver, a small milltown on Burrard Inlet, was transformed from a collection of shacks to a city with over 13,000 people. By the turn of the century it had far outstripped nearby New 
Westminster and was vying with Victoria as the major city in British Columbia. As a result of earlier political decisions, the provincial administration had become centred in Victoria. While 
resource industries continued to play a part in that city's economic development, the administrative role became its dominant function. Vancouver quickly assumed supremacy as the in- 
dustrial, commercial, trade, and transport centre for all of British Columbia. With the railway, a vast resource area in the interior was made tributary to Burrard Inlet. A wave of settlement on 
tIie_Canadian prairies around 1900 accelerated the demand for sawn lumber and generated prosperity for the coastal mills. By 1910, Vancouver's population had risen to over 120,000, estab- 
lishing it as one of the two principal cities in the Strait of Georgia — Puget Sound region. By the same date, Seattle had become the most populous city in Washington; its population of more 
than. 200,000 inhabitants was almost three times that of Tacoma, its chief competitor in the Puget Sound area. Like Vancouver, Seattle had sprung into prominence as a result of railway ex- 
tension to the coast. During the gold rush to the Klondike and Alaska at the turn of the century it was the outfitting and departure centre for A|aska—bound adventurers from the Northwest 
States. It soon established itself as the regional supply and service centre for Alaska, a function that it still retains. 

Present Settlement Pattern 
The regional settlement pattern that had developed by 1900 has persisted. Population growth has been rapid in the existing cities, especially in Vancouver, Seattle, and Tacoma, and has 
spread outward from them into the adjacent lowland. Much of this settlement expansion had an agricultural emphasis, and was stimulated by rapidly growing turban markets, but the process 
of agricultural expansion could not long be sustained. Limitations of topography and soil restricted the areas int which agriculture could profitably be extemded, and__byMf|_f320_y_iIg.iallX all 

the developable agricultural land in the region was occupied. During the past 50 years few new settlements hay: 5 3 
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been established but many ofthe existing settlemeiits have merged.‘ 
result, settlement is nearly contiguous from Vancouver southward through Bellingham, Mount Vernon, Everett, Seattle, and Tacoma. On the western side of the coastal trough the pattern 
is less continuous, largely because less land is suitable for agricultural development. The settlement is much more extensive on the eastern side of the coastal trough, and is largely associated 
with alluvial and deltaic lowlands. The largest of these lowlands is the lower Fraser Valley in British Columbia and the contiguous Nooksack Valley in Washington. In these areas and along 
the low, glaciated, southern margins of the coastal trough, the conflict of interest between urban and agricultural land uses is most apparent. 
Present Population 
The population of the region is about 3.6 million, 80 percent of which is concentrated in cities and municipalities of over 10,000 people. The metropolitan areas of Vancouver and Victoria 
together comprise two—thirds of the provincial total, and Tacoma and Seattle contain half the population of the State of Washington. These major cities now have a combined population of 
about 3 million and their numerical growth is more rapid that that of the smaller urban centres. The following table shows population growth for the metropolitan areas and suggests the trend. 
POPULATION GROWTH IN VANCOUVER. VICTORIA, SEATTLE. AND TACOMA SINCE 1940. 
BASED ON CENSUS DATA. 

~~~~~~~ 

Percentage Percentage Percentage 
1940 1950 increase 1960 increase 1970 increase 

Vancouver 377,000 531,000 41 790,000 49 1,071,000 36 
Victoria 76,000 113,000 49 154.000 36 1 94,000 26 
Seattle 594,000 845,000 42 1,110,000 31 1,422,000 28 
Tacoma 182,000 276,000 52 322,000 17 411,000 28 ’I 5 000 

Total 1,229,000 1,765,000 44 2,376,000 35 3,098,000 32 _—Ioé3go 
"' ACRES~~ ’*3.000 T 

I I?-;~I),ooo At these rates, the total metropolitan population could reach 4 million by 1980 and 5 million within 20 years. During the next decade,_ the total population of the region will probably exceed 
4 million people, most of whom will be urban residents. Thus, increasingly greater numbers will be concentrated inand around the existing large centres, and Will spread to those areas where 
the physical, economic, and administrative constraints are least. 

Forestry ECONOMIC INFLUENCES 
Throughout its European settlement history, economic development in the Strait of Georgia — Puget Sound lowland has been closely associated with the forest industry. As described above, 9f>Ui'idaiY f>fIriVer_baSiri (Wii5_liiii910ri) 0' Iflater 
logging and sawmilling at first took place in close proximity. The forest resource was abundant and sites that offered sheltered, deepwater access were numerous. As the more accessible ii9Iii5 administrative area (British Columbia) 
timber was cut, however, competition for the available resource increased. Along with competition came advances in the technology of log extraction and this gave rise to a separation of 
logging and sawmilling. The latter, and subsequently the more advanced forms of wood processing, became concentrated at comparatively few locations. The mill locations that have per- 
sisted through time are those that have been strategically located with respect to timber supplies and to the assembly of those supplies at the mill site. Thus mills on sheltered tidewater sites 
or with short-haul road and rail connections to deep-sea loading facilities became characteristic of the industry. In general, such mills are spatially associated with the main urban centres in 

-j- International boundary 

Irrigated acreage data based on: the region. 
By 1900, logging was rather widely dispersed in the Vancouver area, along the east coast lowland of Vancouver Island, and along the western shores of Puget Sound. As extractive tech- Washington —- average number of acres under irrigation 

nology improved, and as readily accessible stands were cut, logging expanded away from the coast. Primitive man-handling techniques gave way to the use of bull teams and horse teams, between 1963 and 1966 
and these in turn were replaced by application of inanimate energy. Because of the large size of individual logs and because of the youthful nature and flashy characteristics of coastal streams, British Columbia — accumulated water diversion licences 
rivers were little used as a medium of transport. The lower Fraser River was an exception. I issued up to the end of 1970 by the Water Rights Branch, 
A combination of amenable topography in the lowland portion, the high quality and volume of timber stands, and the introduction of the steam engine and logging railway facilitated the British Columbia Water Resources Service. 

separation of logging and milling sites.This growing spatial dissociation contributed to the development of large-capacity, fixed mills that could draw upon a large resource—hinter|and for their 
continuing operation. With the gradual evolution of major corporate control in the industry, milling has tended to become centralized, but logging has expanded areally. Today, logging crews 
operate far inland from the coast and cutting has been extended into the headwater areas of coastal streams wherever the economics of extraction will permit. Individual logging settings are 
linked to log-dumping points by an intricate pattern of main and secondary haul roads. These roads are also used tomove employees to and from the logging operations, so that isolated camps. 
characteristic of earlier development, are now infrequently found. Today's woodsman lives in town and commutes to his place of work much in the same fashion as an urban employee. While 
the importance of logging in the overall pattern of land use should not be underestimated, and though logging ranks with agriculture in number of persons employed, the distributional patterns

_ 

of logging and settlement are very different. The areas of agricultural settlement are much more restricted. This difference carries implications in terms of the nature and intensity of associated 
land use. D 

The most extensive land-use category on the map is that of productive woodland. Virtually all the area in this category is or has been the scene of logging activity, but not all of it has the 
same inherent productivity. Because of differences in topography, climate, and soil factors, the species and timber volumes vary. Hemlock, Douglas fir, and cedar are the most valuable species 
and constitute about three-quarters of the total annual cut. With selective tree breeding, large-scale reforestation, and careful management it is possible to harvest a mature crop of Douglas 
fir, which is economically the most desirable species, every 30 to 40 years. More intensive management techniques would seem to hold greatest promise in the locations that have the highest 
growth potential, which are in and around the settled parts of the lowland. Available evidence suggests that the economic returns from forest management of such locations would be great. U RBAN 
Thus, much of the land that is presently classed as agricultural, including unimproved pasture, might be at least as productive under forest. Viewed in a different perspective, such pos- , _ _ , _ , _ _ _ _ , , , _ 

sible change of land use might represent a down grading of regional lifestyles in some areas. ’ Residential, commercial, civic—institutional, transportation, military installations, power rights-of-way and 
small-scale industrial development. Agriculture , 

The map clearly shows the limited extent of land, about 1 million acres in all, devoted to sedentary agriculture: range, and pasture in the region. The agricultural land is contained within 
the lowland margins of the coastal trough, but the pattern is distinctly fragmented. Patches of agricultural land are interspersed with woodland, rural non-farm land, and built-up areas. The

~ 

fact that agricultural land uses are so limited is largely a reflection of physical constraints.
; 

From the earliest period of European settlement, lowland areas with agricultural potential were sought out, but such land was greatly limited by topography, soils, and climate. Recent _ , 

alluviums associated with the lower reaches of major stream valleys provided the best sites for agricultural development. Other sites are related to deposition of finer-textured till and drift A/I.3l:iUfaCtUlIn9:_5t0r399 and malor P?” Waterfront area_3- 
_ _ 

deposits found along the east coast lowland of Vancouver Island, in the Port Angeles vicinity, and in a prominentiarc-like area flanking the southeastern margin of Puget Sound. British Columbia: land use boundaries closely approximate actual development and encompass mining, 
Despite its fairly limited areal extent, agriculture represents an important component of the regional industrial base. Among the primary industries it is second only to logging in value of qI_IaI.IyIng and sand and gI.aveI operafions 

production, and employs about the same number of primary workers. The agricultural processing phase of the industry is also significant, though in production value and employment it W h. _ d . 

' 

CI 
. d . 

I 

. 
.I I II d I d I, 

. d .

I ranks far below the manufacture of forest products. Except for sand, gravel, and cement products, mining and mineral processing in the region are confined to a few localities, mainly in the 85 |n9t0n- Categoiv represents eslgnate In ustrla sltes not nel-73553" V U V 5V3 ope or In Usma 
British Columbia portion. Except for constructional materials then, the regional economic value of agriculture appears to be substantially greater than that of mining. Similarly, the regional uses, 
importance of the fishing industry is modest, and would appear to rank well below agriculture. f 

The relative contribution made by regional agriculture to the provincial and state economies is distinctly different. In the Canadian portion, the lowland of Vancouver Island and that of the 
lower Fraser Valley contribute about two—thirds of the total annual value of argriculture in British Columbia. The Iower Fraser Valley alone accounts for about half the total. Because of the RU RAL physical limitations to agricultural expansion and the importance of the Frasor Volleg in the pI"o|\/inciaI_Ihagricu|lturaI eoonolrny, t(Iie increasIn%ly rapid ecrlicroachmmfint of fithér |landbuseBs must b: . MM, ' 

viewed with concern. In Washington, the relative importance of the coastal ow an s is muc ess. e tota agricu tura pro uctivity o t e irrigate interior va eys, t e I 
o um ia asin, _a_n . . . . . 

41.. Pajousg country completely omshadowsthar onhe Puget s9und_a,ea,ye1,Ju1ni;.;g=,a b§§i§the1_i(gg_frgm thgVIattIer_is_I'iigIji.IFurther, the coastal valleys reprfient prlfle opIpo[_t_LiriitIes 
I 

Small nucleated permanent settlements, low density residential, associated commercial and other non- 
for agricultural enterprises catering to the needs of adjacent urban complexes. On these grounds, the regional importance of such lowland valleys as those of the Nisqually, Puyallup, Snoqual- M‘ ‘ ~ farm development, 9 r 

. 
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mie, Skagit, and Nooksack is hard to deny. 1 _ _ . 
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Because of the mild, humid limate of the Strait of Georgia - Puget Sound lowland, a considerable variety of crops can be grownI Summer temperatures are.» lower than in the interior, but VV::I.s»I.1t'.ngt0n Category also Includes private cottage areas and development assoclated with recreatlonal
; 

the combination of a long frost-free period and generally mild winter temperatures provides a high potential for plant growth. In addition, summer moisture defi_cits_are lower here than inland, ac IV‘ Ie$- 
II.ItematIoI,.IaI boIIII’I.IdaI.y 

and in many valley locations there is no need for irrigation because of high groundwater tables. Only about 5 pe'cent of the total 'agric_ultural land ‘in the region is classed as irrigated, and 
_ I 

water applications are made as a supplement to, rather than a replacement for, natural supplies. This contrasts strojgly with the dry interior, _where irrigation’ is essential to the growth of most KING County (Washin 'ton) 
crops. The characteristic vegetation‘ in the region is dense forest. There is very little grassland, and livestook grazing under tree cover, which is common in the open forests of the interior, RECREATIONAL .._.........___________ _ _ _ _ _ _ 

is seldom found. Livestock are grazed extensively, but on land that has been cut ovfeilr and irrI(prIoved forkagricooltural ulse. d I 
_ 

H fl _d Ik d _ d I d It ft t 

. CAPITAL Regional District, (British Columbia) 
About half the agricultural land is planted to hay and pasture for various types 0 ivestoc . ivestoc an ivestoc pro uc s, especia y ui 

I 
mi airy pro _uc s, an pou ry, cons I u e - - - 

I 

- - - - - -

I 

the largest share of the total value of agriculture in the region. This emphasis on livestock represents a response to market demand and to environmental conditions that favour the growth B"t'sht.coIIur:b'aI provmtclal and larger mumclpal parks’ 90” courses and other private and commercial ::I City or municipality 
of pasture, hay and forage crops. Also, fluid milk is both highly perishable and vulnerable to freight cI'iarges.‘AI;cordingly, centres of production tend to be spatially associated with urban . 

l'eC|'ea_ Iona eVe_ Opmen 5- 
_ I _ _ _ _ ; 

markets. The relationship between dairying and urban markets in the region may be said to be symbiotic. But it is in the very areas where this agrioultural enterprise has concentrated that Washington: national, state and community parks, wilderness areas and designated alpine zones within Major highway . 

the competition between urban and agricultural uses is most apparent. The tendency has been for agricultoral land to be taken out of production in favour of higher-intensity land use. If the NatIonaI I:oI.esIs_ 
~

I 

the process is to continue, the relative costs of providing viable alternatives for the supply of freight-sensitive agricultural products must be carefully considered. , , , ,_ . 
_ .. . Major I_aIIWay 

Recreation I

i 

The pattern of recreational land use shown on the map is dominated by the large Strathcona, Garibaldi, and Manning provincial parks in British Columbia,‘ and by the Olympic, N_orth_ Cascades, 8350. Elevations In feet 47 o 

and Rainier national parks in Washington. The extensive and contiguous National Forests of the Cascades also! have an important recreational function. A marked distinction is apparent
I 

across the international boundary in terms of the recreational use and status of the upper forest adjacant to the alpine 2one_._T_hese parks and forest reserves provide a wIde range of oppor~ . "—\400a//" Contours (at 2000/ ImeIVaIs) 
tunities for summer and winter outdoor recreation. The accessible parts are already heavily used and as access and use facilities are expanded, the number of recreationists using them Will AG . 

escalate. Serious questions are now being raised about the advisability of improving access to these apparently ragile natural environments. 
_ . I _ _ _ / _\ /,_ contour (1000!) 

Also shown on the map are the smaller, provincial and state parks, which receive heavy use especially during the summer season. Unlike the mountain parks, these lie sufficiently close to Homculturel orchards, C-rop|and and Improved pastuIve_ 7090 --
I 

urban concentrations and main traffic routes to have been rendered essentially "non-naturaI". These easily accessble parks are intermediate in function between cIty parks and wilderness or 
natural environment parks. The smaller park reserves fulfill an important role in meeting the outdoor recreational needsof urban residents. The myriad public and private recreational sites and 
developments throughout the region are not shown on the map. These range from beach cottages, ski huts, and fishing camps to hobby farms, and they satisfy a growing need among the 
urban populace for outdoor recreational opportunities. Although the importance of these recreational sites is not assessed here, they should be recognized as a substantial part of the total G LAN D 
pattern of recreational land use. U . d I CI d I I I d h. 

I d b .d d FORCES OI: CHANGE nimprove pasture, natura mea ows an some open ores range an , t iny vegetate rai e stream STATUTE MILES 
In attempting to describe the processes that are at work in bringing about changes to the land use pattern within the region, one consideration dominates all others. That fundamental con- befl_5- 

I _ _ _ _ 0 5 III 20 30 
sideration is population growth, and its implications are far—reaching. Industrial and commercial activities are becoming increasingly concentrated in the larger urban places and their popu|a- Brmsh CoIumbIa; category based on vegetation cover rather than use; may include (particularly In the 

I I I I I I I I I I I I I 
tions are growing faster than the provincial and state averages. Population in the metropolitanlareas. nearly doubled from 1940 to.1960 and can_ be expected to double again before the end of Fraser VaIIey) abandoned farms and IaI.ge_Iot noI.I_I:aIm I.esIdentIaI deVeIopment_ 

I I I I I I I I 

the century. If present lifestyles are to be maintained, the demands for basic goods and services, industrial resources, and physical space for i_ndus_trial and residential expansion, as well as I I I I I l I 

recreational opportunities must escalate in proportion. Changes in the quality of the environment, urban and non-urban, are likely to ensue and, judging from experiences elsewhere in Canada 0 5 I0 20 30 40 50 
and the United States, it is questionable whether such changes will be for the better. 

I I _ _ _ _ _ 

It seems inevitable that one of the implications of urban growth will be the continued encroachment on agricoltural land. To some extent it canIb_e controlled by the implementauon of FOREST; commercjafly productwe 
zoning regulations. Economic encroachment, however, is subtle and is expressed in rising land costs and increasing difficulty in recruiting and retaining farm labour. Many agriculturists in I _ _ I _ I _ _ _ 

the region have adjusted to this by further reduction of farm size, intensifying produotion on the remaining acreage. and drawing upon the farm family to supply the needed labour force. The Mature and Immature forest smtable for commerclaj umber production Includes stands wlthln n'|un|cIpaI 
long-term effect on the land—use.pattern of such institutional and entrepreneurial adjustments is difficult to estimate, but the pressures are greatest at tho urbaln fringe. AI: expanded taxdbegso Water Supp” areas and some reserved stands not aVaIIabIe for noImaI forest harvesting 
occasioned by a change from agricultural to urban-residential use p_rovidesIa strong eoonomic incentive for municipal governments to relax zoning regulations. t has long een recognize t a . 

one of the implications of urban sprawl is the high cost of extending basic services in low-density areas. Zoning regulations have been promulgated tocontrol such sprawlland thus c.on_trol 
spiralling municipal costs. In the concern with financial matters, one of the basic considerations that is often forgotten is the relative desirability of agricultural land for residential building. 

KILOMETRES 
MAJOR SOURCES OF INFORMATION 
COMPREHENSIVE STUDY OF WATER AND RELATED LAND RESOURCES, PUGET SOUND AND ADJACENT WATERS: APPENDIX V—WATER-RELATED LAND RESOURCES, AP- 
PENDIX VII —— IRRIGATION, APPENDIX X— RECREATION, Puget Sound Task Force, Pacific Transverse Mercator Projection — Scale 1:500,000 

Often land that was formerly in and well-suited to agricultural use has been subdivided for residential development. While level sites and lack of obstructions may facilitate the original con- I ‘I cOmmercIaIIy unproductive NOTIITWGSI RIVGY BEISIDS C0l1’1mlSSl0l'|. VanC0UVeVr W35hln9I0n. IVla|’CI'l 1970. 
struction, high water tables and seasonal flooding may seriously reduce residential quality and may generate other sets of urban problems. _ I _ _ _ _ _ 

Changes in land use age also rerslulting from greatelr leisure time, gregtor plrivate an: public gfflulenoie, andcghreater mooilitg of popIitlation.':I\/|.arIiy st_Iidies do(oulInetnht 
the efffectlof ti;rip_rov:fcI MaInIy confined to sub-a|pIne zones and to Small stands of nonflcommercufl species. LANDFORMS OF BRITISH COLUMBIA' A PHYSIOGRAPHIC OUTLINE. Stuart 3. Holland, 

automobile access on ur an morp ology, recreationa opportunities an aciities, an non-ur an an use. anges in an —use pa Iern an in e_nsi y cause ‘y I 
.9 use o prIva aircr ~ - - 

I 

- - - 
_ BI_IIIetII.I N0_ 48 BI,I.IISh C0IIIm I D - - . 

to provide access to remote locations have been little studied. At present this impact is slight, but the growing Doplilarity and versatilitv of small aircraft implysignificant potential for future fBrmsI'II Columbéadcalegory also '.mI:|udes. recently logged out areas’ burnt or diseased stands not Sans ' b a epartment of Mmes and Petroleum Resources’ Vlctona' 1964' 
change. Such change would probably have greatest impact on the pattern of recreational land use. Privately owned watercraft may also be seen to hold considerable potential for land-use aCIOll Y TGSIIOC 9 Wit Commelcla 5PeC'e5- PRESENT LAND USE manuscript Ma Series .I_.I 26 720 Ca ad L d I B . . 

change. The region is attractive for yachting, and studies are available that analyze the activity patterns and socioeconomic status of the boaters. Little attention has been given to family 
I I 

‘ ‘ V H I 

' p ' I I n a an nVem50I'Y: “I-lsh Base maps compiled from: 
boating as an instrument of land-use change but these small craft provide access to the coves and channels along the coast and provide private transportation between secluded, otherwise Columbia Department of Agllcultl-"er Vlctollar (Unpublished maps. field Checked between 1955 
isolated waterfront properties of high quality and the urban marina. 

I I 
and 1969). 1, A ro rjate sheets of the Canadian Nafiona| To 0 ya mg 5 stem at 

Another force of change is that of public attitudes toward the urban and rural environment. These changing attitugeséliavehresultiled I'll: greate(;.awaIIenesskof 1hI‘le conseéqueztnctzs of nIato]s ,I_5Og%Og SCaIe Surveys and Mappmg Branch Dgpagtngent OI)/Energy 
interaction with the environment and e questioning of the objectives of unrestrained industrial and economic growt . ey ave a so a to stu ies t at see a etter un ers a_n ing 0 
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underlying mechanisms of land-use change. These studies of complex man—|and interactions can_provide the basis for formulation of relevant land-use p_0IioY. Local governments in the region Malznly (flonfmed to hlgh elevanon above tlmberlma At low elevauons’ category Includes cuffs and bare Surveys and Ma In Bralgch 0BI,)ItIshos(':aI;I:IIm;)?:hI_;:cI2£:0.fee'%.T?e.M‘?I%7FiIrOduct'°n D““S'°n' Mmes and Resources: 1963'65r and reV'5ed from recent 3” Ph°t0 
have become aware of the desire among urban residents for amenity environments, as reflected in recent zoning regulations that restrict the minimum size of lots in some rural municipalities. 700 SUI’ 3093- pp 9 I i- ‘V109: ‘C Ollar - mosaics and other pubII5I~Ied maIeIIaI_ 
and in the preservation of land zoned for agricultural use. 

_ _ I I _ _ I _ _ 

Whatever directions these forces may take in affecting the pattern of land use in the region, it seems probable that changing lifestyle expectations and the continuing demand for environ- 
mental quality will be increasingly significant. Because of its remarkable natural endowments, its accelerating pace of development, and the attendant problems that are being generated. \ 

the Strait of Georgia - Puget Sound region is a particularly appropriate and challenging area for land-use study. 

2. Appropriate sheets of Western United States 1:250,000 Series, United 
States Geological Survey, 1963-65 and updated from recent published 
material. . 

VICTORIA AND VICINITY, Air Photo Mosaic 1 inch to 1 mile, The Air Division, British Columbia 
GLACIERS AND SNOWFIELDS Land Service, Victoria, 1970.
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ENVIRONMENT CANADA 
LANDS DIRECTORATE, ENVIRONMENTAL MANAGEMENT SERVICES 

The production of this map was commissioned by Environment Canada to provide a 
comprehensive view of water use and related resource activity in the Strait of Georgia-—- 
Puget Sound Area. Environmental quality issues are receiving increasing public atten- 
tion in this region, and it is important to ensure that both government officials and the 
public are provided with the information necessary to gain a better appreciation of these 
issues. It is hoped that the map will be a significant addition to the flow of public infor- 
mation on the region's resources and their use. - 

COMMENTS ON WATER USE INFORMATION SHOWN ON THE MAP 
The Strait of Georgia, greater Puget Sound, and Juan de Fuca Strait form an inland sea that has 
an immediate drainage basin of about 30,000 square miles. Within this region lie the population 
and industrial heartlands of the Province of British Columbia and the State of Washington. 
Rapid population growth of the main coastal urban complexes centred on Victoria, Vancouver, 
and Seattle, and increased economic activity have produced a variety of pressures on available 
water resources. Awareness of emerging problems in water use, water management planning, 
and particularly of the environmental aspect of water quality has been steadily growing in 
recent years. Some of these problems, such as wastewater disposal, assume an additional 
dimension because the receiving marine waters are divided by an international boundary line. A 
number of studies and water management programs have been set up in Washington State and 
British Columbia in response to the increased public concern. Some of the specialized informa- 

'tion collected for these studies and programs has existed for some time, but had not been 
integrated to show interrelationships on a regional scale. The map summarizes and correlates 
some of this existing information within a framework of selected physical, demographic and 
economic aspects of the basin. 

LOCATION AN D PHYSIOG RAPHY 
The physiographic map in the upper left hand corner locates the study area within its broader 
setting. The Strait of Georgia— Puget Sound water body occupies a depression in a coastal 
trough that was formed about 1,000,000 years ago during the Tertiary Period. The landforms of 
the region are pre-Pleistocene in origin but have been modified by extensive and repeated 
Cordilleran glaciation, which ended about 10,000 years ago. At high elevations and along the 
northern part of the coast, ice movement produced characteristic glacial features, such as 
cirques, U-shaped valleys, and fiords. On lowlands, the glacial drift varies in thickness from a 
few inches over the mountainous areas to more than 2500 feet in some parts of Puget Sound. 
Permeable unconsolidated sands and gravels, whether at the surface or confined beneath less 
permeable drift, constitute reservoirs for the storage and movement of groundwater and are 
important in terms of the total water resources of the region. 

PRECIPITATION, STREAMFLOW, AND STORAGE 
The climate of the Strait of Georgia—Puget Sound basin is dominated by marine air masses and 
is characterized by a dry season in the summer and a wet season during the winter. Orographic 
lifting of the moist air masses moving eastwards, produces increased precipitation with eleva- 
tion. Annual precipitation varies from less than 40 inches on the lowlands to over 200 inches in 
some parts of the Cascade and Coast mountains. The driest part of the study area, the Victoria- 
Whidbey Island vicinity, is partly under the rain shadow of the Olympic and Insular mountains, 
and receives between 15 and 30 inches of precipitation annually. Most of the study area has a 
large year-round soil moisture surplus characteristic of a humid climate. 

Much of the precipitation at high elevations falls as snow and this has a marked bearing 
on the pattern of spring run-off and the discharge of those rivers that drain areas of permanent 
snow and ice accumulation and associated glaciers. The Fraser River discharge graphs, which 
are representative of the discharge pattern of most of the major rivers in the basin, show a peak 
flow in June. Some rivers draining into Puget Sound, such as Puyallup, Cedar, and Green, 
record two maximum flows, one in December and one in June. This discharge pattern is the 
result of the wet season run-off in the foothills and lowlands and the snowmelt from the higher 
elevations in June. 

The total active reservoir storage in the Washington part of the basin, based on 1965 data 
is 3.2 million acre feet. This excludes reservoirs with less than 5000 acre feet capacity. The active 
reservoir storage in the British Columbia part, based on water licences issued up to the end of 
1970, totals 4.6 million acre feet. Both the Washington and British Columbia figures include 
storage for hydroelectric development, recreation, industrial use, and municipal water supply. 

Glaciers are an important part of the water resources of the study area since they act as 
solid-state reservoirs. The surface area of glacier ice in the Washington part of the basin was 
reported to be 116 square miles‘ in 1965, representing a water equivalent of 13 million acre feet 
and producing an annual melt yield of over half a million acre feet. The extent and volume of 
glacial ice in the British Columbia part are not known but, because of the extensive ice fields in 
the northern part, they are probably several times the figures quoted for Washington. 
‘(This figure may need to be modified to about 200 square miles when the results of a current survey become available.) 

HYDROG E0 LOGY 
Although rainfall and surface water are in abundant supply throughout most of the study area, 
there are some localities where the industrial and municipal needs for water are almost entirely 
met by groundwater resources. The extent to which groundwater is used to supply daily needs 
in the Puget Sound area is shown on the Hydrogeology map by percentage graphs. Comparable 
information for the British Columbia part of the basin was not available at the time of publica- 
tion, but available data indicates that a situation similar to Puget Sound exists in the Fraser 
Valley and along the east coast of Vancouver Island. The municipalities of Langley and Matsqui 
in the central Fraser Valley rely entirely on groundwater for their domestic and municipal needs. 

In the Washington part of the basin, over 85 million gallons per day come from ground- 
water reservoirs. This represents 13% of the total daily demand for water. A similar situation can 
also be assumed in the British Columbia part of the study area. 

Groundwater storage is mainly associated with post-glacial alluvial and inter—glacial 
fluvial deposits, which constitute aquifers that provide for the storage and movement of signifi- 
cant volumes of water. In the Fraser Valley, for example, the total groundwater available is over 
25 million gallons per day. This volume is almost sufficient to supply the domestic needs of the 
entire population of the Valley. The aquifer yields shown on the Hydrogeology map are based 
on information from operating wells. Yield depends partly on the nature and thickness of the 
deposits and partly on the recharge rate. 

SHIPPING 
Shipping activity represents an important element of non-consumptive water use and serves as 
a partial indicator of industrial activity in the study area. It also indicates present and potential 
environmental hazards deriving from shipping operations, particularly the transporting of bulk 
oil and petroleum products. The Shipping map shows only standard industrial cargo and does 
not include local movement of scows, log booms, ferries, and other. passenger traffic. To con- 
sider total traffic, fishing boats and a vast fleet of pleasure craft should also be added. 

Vancouver is the main Canadian port on the Pacific Coast and, in terms of cargo handling, 
the largest in the study area. Origin and destination data were used to construct the shipping 
flowlines. The Coastwise Traffic and Domestic Internal Traffic insets summarize the local flow 
of traffic between ports for which precise origin and destination figures were not available. 

Roberts Bank, near the Fraser River estuary, is a major new port which became operational 
in 1970. Coal exports to Japan, which constitute its only commodity, are not included in the 
traffic flowline. The total volume of shipping in British Columbia, including the increasing 
volume of coal from Roberts Bank, is depicted by a bar graph adjacent to the map. In 1970, the 
coal shipment from Roberts Bank was 4.9 million short tons. Projections based on signed 
contracts with Japan indicate that this volume will increase to 13.2 million short tons by 1973 
and 14.4 million short tons by 1974. 

SELECTED LAND AND WATER USES (Main map) 
Land Use 

Only four selected categories of land use are represented on the main map. The first three 
categories, built-up areas, rural non-farm areas (in Washington), and major industrial areas, 
including port developments, have been selected because their distribution corresponds to the 
main concentrations of domestic and industrial water users. They are also the particular areas 
that present the greatest threat to water quality of the basin. Extensive recreational areas are 
located inland and small-scale recreational developments are located along the waterfront. 

Water Use 
Appropriated water rights, which are granted by state or provincial agencies, are repre- 

sented on the 3-dimensional bar graphs. They indicate potential water requirements and repre- 
sent total diversion rights granted for present and future use. In the Washington State part of 
the study area, these appropriated rights for municipal, industrial, and irrigation purposes 
totaled over 3300 million gallons per day in 1968. In 1970, the appropriated water rights in the 
British Columbia part of the study area for the same purposes were 1366 million gallons per day. 

Locally, these rights may exceed the total capacity of the hydrological system of a river 
sub-basin because appropriated rights figures often refer to diversions where only a small per- 
centage of the water is totally consumed. Most of the diverted water, particularly hydroelectric 
power developments, re-enter the system and is available for re-use. Except for irrigation water, 
which may be regarded as almost totally consumed in the process, less than 10% of water used 
for domestic, municipal, and industrial purposes is actually consumed or lost by evaporation. 
More than 90% of the water is simply used as a transportation agent for solid, liquid, or heat 
wastes. 

Estimates of the actual municipal—domestic and industrial demands are indicated on the 
map by total water discharges through registered effluent outfalls. Registration and control of 
effluent quality at each outfall are part of the water quality management program administered 
by the appropriate provincial and state agencies. This information for British Columbia is 

incomplete because the management program of the Pollution Control Board was not fully 
operative by the end of 1971. Although this should not significantly change the overall regional 
discharge, volumes and waste loads shown for individual sub-basins should be regarded as 
approximate. 

Based on this information, the total water demand for municipal—domestic and industrial 
purposes in the Strait of Georgia—Puget Sound basin is over 1190 million gallons per day or 
about 360 gallons per capita daily. Of this total, 820 mgd, or almost 70%, is used by industry. 
The average municipal use in the basin is about 120 gallons per capita per day (gpcd). In the 
Washington part of the study area, total per capita use is expected to reach 380 gpcd by 1980 
and 390 gpcd by the year 2000. Similar increases may be expected to occur in the British 
Columbia part. 

Municipal and industrial wastewater discharge 
Volumes and Loads 

British Columbia (1971 population about 1.3 million) 
Volume B.O.D. “ Total Solids 

Municipal—domestic 182.2 mgd 123.4 tons/day 325.3 tons/day 
|ndustrial"" 400.7 mgd 724.0 tons/day 5,466.9 tons/dav 

TOTALS 582.9 mgd 847.4 tons/day 5,792.2 tons/day 

Washington (1968 population about 2 million) 
Volume B.O.D. Total Solids 

Municipal—domestic 189.6 mgd 83.5 tons/day no data 
Industrial ‘ ‘ 419.7 mgd 1,186.5 tons/day 

TOTALS 609.3 mgd 1,270.0 tons/day 
‘Biochemical Oxygen Demand 
‘ ‘Excludes water used for cooling purposes 

Analysis of waste leads of domestic and industrial discharge in the British Columbia P3" 
of the basin has been limited to B.O.D. and total solids. For total water quality control, analysis 
of discharge of phosphates, toxic chemicals, and metals, such as mercury or lead, may be just 
as important, but this information so far is not available in mappable f0Fn'1- The Waste I0_ad 

generated by agriculture was also not included because of lack of data. Data On total SOIICIS 
indicate the volume of organic, persistent, and nondegradable wastes Qenefated In The basin- 
In the industrial category, the main contributors are pulp and paper mills and mining Operations- 

The B.O.D. load in the Washington part of the study areas is based on 1968 figures prior 
to the full implementation of the interstate and coastal waters quality standards planned for 
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1970-72. In 1968, 10% of the effluents discharged into marine waters and 66% of those dis- 
charged into fresh water received some form of treatment. The new standards of 1970-72 
require that all effluents receive treatment and those discharged into fresh water receive higher 
levels of treatment. The total B.O.D. load of 1270 tons per day, in 1968, is expected to be 
reduced by almost 750 tons per day during 1970-72 as a result of the water quality implementa- 
tion program 

In the British Columbia part, 1971 data were used to compile discharge volumes and waste 
load. The figure of 123.4 tons per days for municipal—domestic B.O.D. loads indicates that only 
a part of the wastewater received treatment. The British Columbia Pollution Control Board 
program for the Fraser River Valley area requires that at least primary treatment be provided by 
1975. 

Foreshore and Offshore Use 
The foreshore information on surveyed waterfront lots in the Strait of Georgia was compiled 

from provincial land registers, which cite the purpose for which a lease was issued. Foreshore 
information on oyster and clam beds in the Puget Sound waters designates general localities 
in which commercial exploitation of these shellfish occur. Log booming, sorting, and storage 
areas, which are characteristic of the region, usually occur close to logging operations or wood 
processing plants. This information is only shown for the British Columbia waters; comparable 
data for the Puget Sound area were not available at the time of publication. Industrial, recrea- 
tional, and sea farming uses are mainly confined to the immediate foreshore; the offshore 
marine waters have special uses, such as ferry traffic between the urban centres of the region. 

POPU LATION 
The Strait of Georgia—Puget Sound basin contains the largest population concentration on the 
Pacific Coast north of California. According to the 1970 (U.S.) and 1971 (Canada) censuses, 
there are almost 3.5 million people living in the area. In the Puget Sound part of the Basin, the 
population increased from 1.4 million in 1950 to 2.1 million in 1970 and is expected to reach 
2.7 million by 1980 and 4.3 million by the year 2000. About 85% of this population is in the 
Everett—Seattle—Tacoma urban industrial complex and this percentage is expected to rise to 
over 90% by the end of the century. Population in the British Columbia segment of the basin 
increased from about 1.2 million in 1961 to 1.3 million in 1971. Population projections for the 
Victoria—Vancouver urban regions are 1.5 million by 1981 and 2.1 million by 2001. 

The population map shows population density and distribution in the study area and 
supplements the urban and associated land use information on the main map. The pattern of 
population density and nucleation indicates the intensity of competition within the urbanized 
areas for waterfront and shoreline space. 

For the British Columbia section, 1966 population figures were used because 1971 census 
data were not available at the time of compilation. The larger cities and municipalities shown 
recorded an average increase of 15% in the five-year period, with the magnitude of.the increase 
being inversely related to the population size of each center. The smallest increase, just under 
3%, was shown by Vancouver, which had an absolute population increase of 11,900 people. 

WATER CHARACTERGTICS AND MAJOR INDUSTRIAL USERS 
The U56 0f The I3BSIn Waters 10? Waste Chsposal produces an immediate decline in quality of the 
waters adjacent to the shorelines. However, it“1s.prec‘1se|y along this interface that the demand 
for sustained and improved quality is highest because of the intense competition for shoreline 
and its contiguous foreshore. The capacity of the basin waters to absorb the growing amount of 
wastes without adversely affecting recreation and the many other water uses in the region is of 
immediate concern. The Water Characteristics and Major Industrial Users map focuses on some 
of the dynamic and chemical properties of the basin waters in relation to their specific function 
as waste-receiving waters. The purpose is not so much to pinpoint local problems as it is to 
present broad regional patterns. The presence of the international boundary demands special 
consideration; it presents no barrier to the circulation of. pollutants yet adds an extra problem 
for effective management of water quality in the marine waters of the region. 

Waterfront Land Use 
The percentage graphs on the map show the proportion of shoreline devoted to urban and 

recreational uses in each coastal segment. Information was obtained from coastal 1:50,000 
land use maps. Measurements for segments 3 and 4 exclude the shorelines of the islands along 
the northern boundary of the Strait of Georgia. Comparative data were not available for the 
Washington part of the coast. 

The following table provides further information on the fast-growing utilization of the 
shoreline environment for recreational purposes. Recreational facilities shown in the table ex- 
clude riverine and other freshwater sites, except for the Fraser River shoreline, downstream from 
Mission City. 

EXISTING RECREATIONAL FACILITIES 
by coastal segments ~~ ~~ ~ ~ SEGMENT BRITISH COLUMBIA WASHINGTON STATE 

FACILITY 1 Total 1 10,31 

PARKS 1 9 5 2 e — 25 3 8 9 9 a 3 40 
PICNIC SITES — 35 5 1 9 — so 3 6 17 11 1 2 4o 

CAMPING SITES 8 A45 32 6 7 2 107 4 3 7 7 5 —— 26 

i"J",‘?J‘i’oF,‘:'i';‘iGi\,(’§‘”° 11 217 70 57 102 42 509 29 37 182 37 26 9 320 

TOTAL FACILITIES 20 307 118i 76 125] 44 591 39 54 215i 64 4o 
[ 

14 426 
Note: Various sites in each segment are NOT mutually exclusive. 

Water Use and Wastewater Discharge 
Treatment levels at discharge points in the Washington part of the study area are based 

on 1968 data, before the full implementation of the new 1970-72 interstate standards. 
Discharge points in the British Columbia segment are according to 1971 treatment levels. 

All individual outfalls in the British Columbia part with average daily discharge of over 
100,000 gallons are shown. Comparable data for the Washington part were not available; what 
is shown is a generalized distribution of discharge points which may include more than one 
outfall. All industrial water users with requirements in excess of 250,000 gpd are shown in the 
British Columbia part of the study area. In the Washington part, this category is represented by 
paper and allied industries. 

Paper and allied industries, most of which are located adjacent to marine waters, are the 
main water users in the region and the principal generators of industrial wastes. The nine pulp 
and paper mills in the British Columbia part of the region and the thirteen in the Washington 
part require a total of 620 million gallons of water per day. This represents 52% of the total 
water requirements within the basin. Using 1968 figures for Washington and 1971 data for 
British Columbia, the pulp mills contribute more than 1700 tons per day of treated organic 
wastes, which is over 85% of the total daily organic wastes discharged into the receiving waters 
of the basin. 

Water Quality 
_ 

Description of chemical characteristics of the basin waters was limited to specific sites for 
which suitable data were available. 

Inland waters of the Washington part of the basin were monitored by 49 water quality 
sampling stations, which had been established gradually from 1959 to 1968. Samplings were 
taken on a monthly, bimonthly, and quarterly basis. The water quality graphs show only a 
selected number of the water quality parameters that were considered in the routine samplings. 

‘The marine waters of the Puget Sound region are covered by more than 120 water quality 
monitoring stations. The marine water graphs show generalized information on water quality 
derived by integrating a number of sampling stations in the graph's general area. 

The British Columbia Pollution Control Board is currently establishing a comprehensive 
network of monitoring stations comparable to those in the Puget Sound area, but sampling 
data and information were not available at the time of publication. The water quality graphs 
shown on the map are based on data from on-going sampling carried out underthe International 
Hydrological Decade programme. The marine water quality graphs on the British Columbia part 
of the map are based on 1968 records from 12 oceanographic cruises by a research vessel of 
the Marine Sciences Branch. The graphs represent integrated monthly data selected from 79 
stations established by the cruises. 

Hydrodynamics 
The objective of disposing wastes into marine Waters is to accomplish effective diffusion 

by dilution of the concentrated pollutants. The effectiveness of such a method depends largely 
on the dynamic properties of the receiving waters to effectively mix and disperse the added 
materials. 

The inland sea complex of Puget Sound, Juan de Fuca Strait, and the Strait of Georgia is 
basically a two-layer oceanographic system: a surface layer containing various concentrations

~ 

of freshwater moving seawards and a more saline layer of oceanic waters moving shorewards, 
mainly through Juan de Fuca Strait. These two layers are subject to varying degrees of inter- 
mixing, which is influenced by surface meteorological"conditions, river discharges, tides, and 
the physical constraints of the submarine topography. Two characteristics relating to mixing and 
diffusion processes are shown on the map: tidal variations and associated tidal current velocities, 
which relates primarily to mixing, and residual currents in the Strait of Georgia. 

lsolines, plotted at six-inch intervals, show the difference between mean low and high 
tides in the marine waters of the area. In general, tidal range increases with distance away from 
open sea. In the Strait of Georgia, this range attains its maximum of over 11 feet northwest of 
Texada Island, designating a general area in which the flood tides from the south meet the flood 
tides entering the Strait from the north. In the Puget Sound, the mean tidal range is 15 feet in 
the Sound's southern parts. Local variations in this pattern appear to be induced by the pecu- 
liarity of topography and are associated with relatively high tidal current velocities. 

Available data indicate that, particularly in the central and southern parts of the Strait of 
Georgia, there is a general drift of surface waters in an anticlockwise direction. The anticlock- 
wise circulation may be modified or even reversed at times, however, depending on factors such 
as volume of Fraser River discharge, tides, and surface winds. Wind direction has a major 
influence on surface currents, particularly in the central and southern parts of the Strait of 
Georgia. 

The deeper, more saline layer of the inland sea enters Juan de Fuca Strait and moves 
landward as a result of density differences between sea and fresh water. The first major topo- 
graphic barrier to the intruding oceanic water is in the Victoria-Port Angeles vicinity. Several 
such barriers divide the inland sea into a series of marine basins and often become mixing 
zones. The saline oceanic waters mix with the fresher surface waters, producing a mixture that 
becomes the deep layer in the next landward basin. As a result, the water in each basin is pro- 
gressively fresher in a landward sequence. The decrease in salinity is accompanied by a wider 
range between summer and winter temperatures and also by an increase in tidal range’. The 
rate of landward movement of the deep oceanic waters is partly governed by the_chang_es in the 
characterized by higher density at a time when the waters near estuaries attain their lowest 
density gradient of the water as a result of the progressive dilution of the oceanic waters in the 
landward sequence. During late summer, the oceanic waters entering Juan de _Fuca Strait are 
characterized by higher density at a time when the waters near estuaries attain their lowest 
density due to previous winter and spring run-off. Because of this extreme density gradient, the 
landward movement of the dense oceanic waters becomes quite rapid with the result that most 
parts of the inland sea are flushed once a year by replacement of the low-density wateriby 
higher-density oceanic water. In general, this flushing action of the water prevents accumulation 
of wastes in most parts of the inland sea complex. 
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GLOSSARY 
Active storage —— sometimes called usable or effective storage; the volume of the reservoir from the normal 
maximum operating level to the top of the inactive storage level. 
Aquifer —— a porous, rock stratum or a zone below the surface of the earth which allows waterto percolate 
through it. 
Drift deposit — any accumulation of material of glacial origin. 
lsoline — a line on a given reference surface, drawn through all points, where a given quantity has the same 
numerical value. 
Orographic rain — rain which falls because mountains stand in the path» of moisture-laden air; this air is 

forced to rise, is thereby cooled, and, if sufficient water vapour IS present, rain falls on the high ground. 
Rain shadow — an area that has a relatively light average rainfall because it is sheltered from the prevailing 
rain-bearing winds by a range of mountains or hills; occurs on the lee side of the range. 
Steamflow — the water that flows in a stream channel; often used interchangeably with stream discharge 
to designate the rate of flow. 
Tidal range — the difference in water level between high tide and low tide. 
B.O.D. — (Biochemical oxygen demand). The total amount of oxygen required for the life processes of 
organisms and for the aerobic biochemical decomposition of organic matter present in water. B.O.D. is the 
biochemical oxygen demand exerted over a period of five days. 
J.T.U. — (Jackson Turbidity Units). A measure of the lack of water transparency caused by suspended fine 
materials too small to be seen as individual particles by the naked eye. 
mg/I — Milligrams per liter. 
mgd — Million gallons per day. 
M.P.N. — The most probable number of coliform bacteria in a volume of 100 milliliters of water. 
T.S. — Total solids. 
Primary treatment — the removal of suspended solids from water by application of mechanical and/or 
gravitational forces. The treatment efficiency of removing organic and other solids varies greatly with the 
type of installation and may be as much as 59%.. 
Intermediate treatment — waste treatment of higher efficiency than primary treatment; in the form of lagoons, 
which favour the natural biological process of bacterial reduction. 
Secondary treatment — the removal from wastewater of dissolved and colloidal materials that cannot 
normally be separated by primary_treatment processes. A secondary treatment will generally reduce the 
B.O.D. content of domestic sewage by 85%. 
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